




Model Z-2 
Model Z-2D 

One or two disks 
System Two 

Dual disk 
Up to 512K of RAM / ROM Up to 51 2K of RAM / ROM 

Up to 184K of disk 
Up to 512K of RAM / ROM 

Up to 184K of disk 

FiD your CODlputer needs 
with the industry's 

most professionailDieroeomputers 

# 1 IN RELIABILITY 
When you choose Cromemco you 

get not only the industry's finest 
microcomputers but also the indus­
try's widest microcomputer selec­
tion. 

What's more, you get a computer 
from the manufacturer that compu­
ter dealers rate #1 in product re­
liability. " 

Your range of choice includes 
our advanced System Three with 
up to four 8" disk drives. Or choose 
from the System Two and Z-2D with 
5" drives. Then for ROM-based work 
there's the Z2. Each of these com­
puters further offers up to V2 mega­
byte of RAM (or ROM). 

We say these are the industry's 
most professional microcomputers 
because they have outstanding fea­
tures like these: 
• Z-80A microprocessor - oper­

ates at 250 nano second cycle 
time - nearly twice the speed of 
most others. 

"Rated in The 1977 Computer Store 
Survey by Image Resources, Westlake 
Village, CA. 

Up to 512 kilobytes of RAM and 
1 megabyte of disk storage 

System Three 
Two to four disks 

Up to 512K of RAM / ROM 
Up to 1 megabyte of disk 

• 21 card slots to allow for un­
paralleled system expansion us­
ing industry -standard S-100 
cards. 

• S-100 bus - don't overlook how 
important this is. It has the in­
dustry's widest support and Cro­
memco has professionally imple­
mented it in a fully-shielded 
design. 

inc 0 r p 0 r 8 ted 

SpeCialists In computers and peripherals 

• Cromemco card support of more 
than a dozen circuit cards for 
process control, business sys­
tems, and data acquisition in­
cluding cards for A-D and D-A 
conversion, for interfacing daisy-

I wheel or dot-matrix printers, even 
a card for programming PROMs. 

• The industry's most professional 
software support, including FOR­
TRAN IV, 16K Disk-Extended 
BASIC, Z-80 Macro Assembler, 
Cromemco Multi-User Operating 
System - and more coming. 

• Rugged, professional all-metal 
construction for rack (or bench 
or floor cabinet) mounting. Cab­
inets available. 

FOR TODAY AND TOMORROW 
Cromemco computers will meet 

your needs now and in the future 
because of their unquestioned tech­
n ical leadersh ip, professional ism 
and enormous expandability. 

See them today at your dealer. 
There's no substitute for getting 

the best. 

seenextr\. 
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!~s~1'6~v~:t{~~ED DIGITAL 
l 100Wfll Hotfel! AnnUf 
(907)117-6)11 

HuntuiUf,ALH80S 
COMPUTERLAND Of HUNTSVILLE 

~~Jf) ~l~_;f~i:o Orin, N.W. 

-LillIe 11.0(11, All. 72206 
COMPUTE R PRODUCTS UNL IMITED 
l~ll SCiulli B.OldwJV 
fSOI )11 1.{).U9 

:'YTEISH~~ ~~~~OENIX 
l~W. C.llnelbiCk Rd. 
(601) 16S-0065 

~M~IUT~~ S:ff~"RCII CORP. 
1215 W. MIn. Vltw !tOld _ No.6 
(602)943-8119 

~C:~IUT~~ '~g~to 
1110W,uL"klpu, 
(601)943-8915 

TU(JOn.A .iI~n'8$716 
BYTE SHOP OF TUCSON 
26 1 2EulOr(l,ldw~v 
(602)127-4S79 

· ~m';i l~ ~J~~UTER COMPANY 
207 105011111 LupwGOd Antill. 
(211) J27·1118 

• iW~t ~~~~;~ftR9:A~~TO 
6041 GfHnhc:k L'ne 
(9 16) 96 1·BYTE 

EICmi lo.C~gH)O 
COMPUTERLAND EL CERRITO 
II014~nP'bloAvfnuf 
(4U)21HOIO 

• ~~r~~~~~I'1 ~~~~~~TlNG 
87SfiW,rn"A,vtf1LJ.t 
(714)848·8)88 

f.f\no,CA91701 
BYTE SHOP OF FRESNO 
1119 E. MclClnleyA>'fn llr 
(2091485·1411 

~b~;u~tRi.~~610F HAVWARD 
116HFoolhIll80ul~'rd 
(nSISl8-8080 

~~~I~~':i~t~c~it~Jlf4ioMPUTERS 
756 1 Rhine Olive 
(11417S1-8080 

~'3~;uTbftA~JIlJF W. lOS ANGELES f::f, ~~~n:f Ooulh'"d 

uwnd.ll •• CA 92060 
BVTE SHOP OF LAWNDALE 
6S08 Iliw,hnrn.Ooulrvud 
(2111]1 1.1411 

e Looml\.CA9S650 
KINGMONT ENTERPRISES. INC. 
9900 Klnl Ro,d 
1911.)988-8119 

~:tRnl~~~~U~~ER COMPANY 
1 6S5Sawl.UrBoul~lrd 
111l1477-2(6) 

MrnloP"k.C~9402S 
COMPUTADATA PROCESSING SERVICE 
llU Sh"on Ro~d _ No. 114 

Mlulon VltJo. CA 916]0 
COMPUTER LAND SADDLEBACK VLV 
1400 1 VIii Fibrlunlr _ No.904 
(714) 710.{j1) I 

MOlill il.CA94U6 
ACCOUNTING BV COMPUTER 
116 1 L"chAvr. 
(415))16-11.)0 

e Mounuln View. CA 94040 
BYTE OF MT. V IEW 
106] W. EI C,mlno Rul 
(415)969·5464 

gg~~~f:iift~T 
6ll-BWrll KilrUIB/WltVilld 
(7H)6H·llll 

PilloAllo.CA94)06 
BYTE SHOP PALO ALTO 
1111 EI Camino R .. I 
(41S))11-8080 

1'110 Aho. CA 94)01 
MICROTEC/I eXPORTS 

~~;Sr'j;r:7W/rt 
PU.adltlil.CA91101 
BYTE SHOP PASADENA 
496Soulh ukeAvtnue 
(1 11)68<1.)):1 

PliIC,nollle.CA95661 
GRANITE BUS INESS SYSTEMS 
670Pluunl VilUcy ROild 
(9 16)616-11.61 

SICIlmen lo.CAGJ8 16 
MICROCOMPUTER APPLICATIONS SVS 
2311 Capllill Avtnut 
(916)4))-4944 

~O~pt':'E~~J:,\~F SAN DIEGO 

tN1)~6~~;~ I~"CCI 
SanDlt.o.C~921 1 1 
THE COMPUTCR CENTER 
11205 Ronlon Rn il d 
(114)291-5)02 

Silnfunchtn. CA9410S 
COMPUTERLAND Of SAN FRANCISCO 
III F'lmotllStrnl 
(41$1546-1592 

e i~lco~rJt~: :n~E OF S.F. 
1093 MluJon SUftl 
(41514l1-()6.t0 

SiIlIF'iIl\(lt/:o.CA94111 
THE NETWORK: 
495nlld"vlnue_No. 8 
!4U)121.1111 

e OENOTES 'SVSTEM nIREE' DEALER 

BYTE August 1978 

SEE YOUR LOCAL DEALER 
SinlOll, CA9S 114 
BYTE SHOP III of SAN JOSE 
'2616 UnlonA~cnut 
(408))77468S 

SilnlO'M,CA' 9S11l 
nlE COMPUTER ROOM 
124_HOlnuom llill Rnld 
(408) 1~6,8l83 

~LA~Eb~~'lS~b~KS 
1S84MlnloCourl 
(408) 161-GS66 

Siln Lundlo.CA 94577 
COMPUTER LAND CORPOItA TION 
14400CauJi,..Stltft 
14 15)895-93.63 

e S,nMllcu. CA94401 
COMPUTER TERM INAL 
1095. Slit MiII~o Drive 
(415)347·9894 

e Slnll Anil. C'A 91105 
ADVANCED MICROCOMPUTER PROD. 
1l10EuIEdln.o, 
(7141 558-881l 

SilntilCliIIA.CA9505T 
TIlE BYTE SHOP OF SANTA CLARA 
]400 EI C.n,lno 1t.,1 
(408)1494'211 

S.nll hlonle;.CA 90401 
TIlE COMPUTER STORE 
81OBloldwily 
(11l) 451.{j71l 

Sunnyvillr. CA 94086 
BYTE INOUSTRIES 
910W. hliludc 
(415)719.8~ 

e Sunny~~lt. CA 94086 
RECR[A TlONAL COMPUTER CI:NTER 
1114 South Miry A'·rnllf 
(408)7)1 ·3108 

TuUln.CA9U80 
COMPUTERLANO OF TUST IN 
I04WtHFlntSlrcct 
(714) 544.{jj41 

e ~O~I~uVt~~~~J6NENTS 
5848 StpulvoiU BoultYilld 

WillnIlIC, .. k.CA94596 
BYTE SIlOI' COMPUTERS Of OIABLO VL Y 
1989N. ~liIlnSurel 
(415)911-61!2 

~y-jEWS1%'pC8F8~~lfPAllO COUNTY 
146) Soulh AcomlSllHI 
(101)16 1-6311 

hllflrli:l.CT06430 
COMPUTERLANO OF FAIRFIELD 
141501iICkRockTurnpih 
(101)314·1111 

Wind$ol Loc: k,.CT06006 
H IE COMPUTER STORE 
6)SoulhhhlnSuttl 
(20))61MIB8 

Ne.urk.OE 19111 
COMPUTERlANO OF NEWCASTLE CiTY 
Amo Shopplnl Ct-nu. 
Klrkwondttlp, •• y 
(3021738·9656 

ft . uud •• dli.,FL ll134 
BYTE OF FT. LAUDERDAL[ 
1044 E. O,kll"d P~lk Blvd. 
(J05) 56 1.1981 

Ft. uudc:ldllt. FL ]])11 
COMPUTERS FOR YOU. INC. 
1608W. lltow"dBlyd. 
(10SJS81.894S 

e fl, Meyrn.FL31901 
MICRO COMPUTER SYSTEMS. INC. 
11800U.S. 41 Soulh 
(81l) 48 1.)316 

Pllntlllnn. FL])117 
COMPUTER AGE 
1400S.W. 10lh Avtnut 
()05) 191-8080 

e 1~crd ~~~lptO:ER SYSTEMS 
14~ S. Dale Mlbry Annu. 
(813)8794115 

e AtlmU.GA)0140 
A TLANT A COMPUTER MA RT 
5D9 1 ~B Oufnld II ll1hw,y 
(404)455-0647 

Mill;tIU, GA· ]0060 
EOUCATIONAL DATA SERVICES 
790dord ROild 

elhlku.~liIu;:\u 96708 
CAPACITY. INC. 
r .O. llu. A 
(8081515·2910 

e HonQ!ulu.lli96815 
COMrACT COMPUTERS 
lOS Roy,1 tbwl llm.5Ie. 401 
(808))7].1751 

KillIu •• O.hu. III 96H4 
MICROCOMPUTER ENTERPR ISES 
1450 Mokulul Dfln 
(808)161·1281 

A. Un ltonll.ilhls.IL60004 
COMPUTERLAND ARLINGTON lITS. 
SOEnl R~ndRtwI 
(1I2)2S5-64SS 

~~~t:lro/~,~lt~A 'GN 
160~ S. Ntil Sueel 
(1 11)l52·111l 

~~lo~5bl~ iO:~lTTON. INC. 
516 1 S. MlliudAvonuc 
()11)1l5-6200 

L1sle,IL60Sl1 
COMrUTeR" CONTROL AffiLIATE 
4115 Aulu. No. 401 
()12) 968-6548 

Lombilrd, IL·60148 
MIDWEST MICROCOMPUTERS. INC. 
108 Soulh Milln Slrul 
1)121 .. 95-9889 

Nlptfvllit.II: 60S40 
ILLl NIJ,UCROCOMPUTERS 
611 Eu,O,dfnAvrnue 
(311) 410-881l 

Nlln. IL 60648 
COMPUTERLAND NIL ES 
9S 11 N.M llwlukttAYfnUt 
()llj967·1714 

Oilkl ....... n.IL604Sl 
COMPUTER LAND Of OAIC LAWN 
l09lS SoUlhClcc,oA,cnut 
(111)411-8080 

Rockfo.rd.IL61101 
IMPER IAL COMPUf[R SYSTEMS 
1105 - 2J,dAvtnUt 
(815)226-81.00 

Sch,umbullI, IL60195 
OATA OOMA IN SCHAUMOURG 
1612 filn Allonquln ROild 
(111))91-81.00 

e 8\oomlnJlon. IN 41401 
DATA DOMAIN 
406 SouthCnllrlrAvrnue 
(811)l34·)607 

e fOIl W~ynf. IN 46805 
DATA DOMA IN OF FORT WAVNE 
1805 Eall SlI160nuiev"d 
(119)484.1611 

~:¥~iI~~'1~N~rl~0IANAPOLIS 
7017Mlchll'nRnild 
(lI7J 25 1.]1!9 

Wt\ll..irrhVtllc.IN47906 
DATA DOMAIN OF WI:ST LAfAVETTE 
119WU1CQlu",bl~ 
(111)741·)951 

Mlnlon.K.S66101 
COMPUTER CENTER 
S81S l()hnwn DI;~t 
(91l101·298) 

Ovrl landPllk . KS66106 
PERSONAL COMPUHR CENTEIt . INC, 
38 19 w. 9SIhSUtfi 
(913)649·5941 

Lt~lnllo.n. KV40S01 
DATA DOMAIN OF LEXINGTON 
506· l f2EutlldAvenur 
16(6)2)).)).46 

LoultvUJf,KV40122 
COMPUTERLANO Of LOUISVILLE 
813-0 Lyndon Lilne 
(SOl! 41S-810ll 

Loul \yllle, KY40220 
DATA DOMA IN OF LOUISV ILLE 
)018"unlinl~1 L'M 
(5011456·5141 

Lnul\Yl\1f.)(Y40106 
PRAGMAHCII 
21 10 Mtllwood Avntut 
(501)1195.11)0 

e OUltinlllon. MA 0180) 
TIlE COMPUTER STORE 
110 Camblldlr SlfHI 
(617)271-8170 

Concord. MA OH41 
TRAIL EQUIPMENT COMPAN Y 
61M.in 
(6 171 )69-85;'1 

Collt •• Pillk,M020HO 
INTELL IGENT BUSINESS MACl II NES 
1138 BilItJmolt.A~.nuc. Sultt20D 
()O l) 119·7998 

• PlhiVlllt,MO 1 1208 
MODULAR SYSTEMS. INC. 
400S SrvtnMflt unt 
(301)4&4-6)'21 

e Rochiltt. MD 10852 
COMPUTER WORKSIIOP 
1716 £ut Jrff.nun 
1)0 1)468-0-163 

Rnc:k .. illf.MD208S5 
COMPUTERLAND Of GAlTttERSBURG 
16Q65 f.tdfl ld: ROld. Rou lf)H 
(1011948·7616 

SilytlSprinl.M0209Q 1 
C &- .'.1 ENGINEER ING. INC. 
9J I8 WOrlh AYtnUf 
(101) 589-l779 

eToW1on.MD'll204 
COMr UTERS ETC. 
I).AAII""'.nyAYfnUf 
()01) 196-0520 

Ann Albor. MI 481G4 
NEWMAN COMPUTER EXCllANGE 
1150 NOllht.lillnSII •• t 
(Jl]I"4·4445 

AnnA'bor.M I 48104 
TilE COMPUHR STORt 
) IOhuWA\hlnlton 
(113)9<J5·7616 

AnnA,bol. MI4811)4 
UNITED MICROSYSTEMS CORP. 
16Ol SoulhSlillcSI/fCt 
(Jl1) 668-6806 

e B~,rl~n Spr!nl\.MI4910) 
T HE ABACUS 
Roul., No. 1.110. 1 9).(NIl~1 Avenut) 
(6Ui) 419·)OH 

GI.ndR.pid,.MI49'08 
JEPSAN,GROUPIC 
4706 MorninaudtOrh'r.S.E. 
(616) 698·90S1 

Roy.1 OJk,MI 4807) 
COMPUTER MART Of ROYAL OAK 
I800Wt.1114Milr Ro,d 
1)1))576-0900 

EdlnOil.MNS5415 
COMPUTER DEPOT. INC. 
)S ISWQI70IhSI'Ht 
(611) 917·56()1 

cntUfrfitid. MO 6]017 
COMPUTER SYSTEMS CTR ST. LOUIS 
1146 1 Olive Boulevalll 
1) 14)576·5020 

Lilkt St. Loull .M061167 
DATA OVNAMICS.INC. 
1000 l'kt S~lnl Blvd.. SIt. 114 
() 141615.1~OO 

Nnhul. NH 03060 
COMruTERLANO Of NASHUA. 
419Amh~nt 
(603)889·51)8 

li obohn.NJ01010 
HOBOKEN COMPUTEIt WORKS 
No. 10liudlonPIOiIct 
(10 1)410. 1644 

e helln.NJ088l0 
COMPUTER MART OF NEW JERSEY 
501 ROIII~ No. 27 
(101) 18H1600 

MOlrlllown.NI 01960 
COMPUTERLANO OF MORRISTOWN 
lUeHutSI/ctl 
(101) Sl94077 

It,no.NV89501 
BYTE SI101' OF R[NO 
4 104 Klulkcune 
(701)816-8080 

~~~'~~TNE~L~'~gOF BUFfALO 

1fll;) ~~"l~': t,~111 80ul"illd 

eBufblo,NYI4116 
CORSON COMPUTER CORP .• INC. 
)8)4 M.ln SUUI 
(716)831·0662 

Dr Win , NY '1)114 
COMPUTER ENTERPR ISES 
J470E.lcBoulevilldEut 
(1IS)4>l6·118<1 

Ht ... lru.NY lU71 
LOUIS SCIIAEFfER 
)f9H,mlhonAvtnu", 
(SI6))14· I186 

e /loml.NY 1141] 
SYNCIIRO·SOUND ENTERP'USES 

:::2f!J8:'1~c; AYtnut 

Ithou.NV \4850 
COMPUTERLAND OF ITHACA 
115 Elml11 Roid 
1601)1774888 

~YTls;~o~tlA~.f 10016 
I)OE.40thSueet 
(1 11) 889-4'lG4 

RochtUtI .NV 14609 
COMPUTER 1I0USE .INC. 
711 AllilnlleAvtnur 
(7161654·91)8 

- Clnclnnilll.OH 45~09 
OIGITAL DESIGN 
7694 C,mill.O Rd. ("hdlt"j 
I5IJ)561.61l3 

Cincinnilli. OH 45101 
l IST CENTURY SIIOP 
16 COIWcnllonWIY 
Skyw.lk. Vlnt&RAct 
(51))65 1·1 111 

Columb~$.OH41lO l 
MIDWESTERN DIGITAL ELECTRON ICS 
80WcIILmeAvrnue.Sultt1/ 
(6 14/194·199 1 

e DIYlon. 011 .. 5409 
DATA OOhiAIN Of DA VTON 
1911B,o ... nSlltfl 
(51l111)·n48 

ICtnl. OH 44240 
OHIO MICRO SYSTEMS 
1)3 SouthWucl StftCI 
(1 16) 678·S101 

~~~f~dT~~i~~8~~~WVELANO EAST 
1188 Som Ccnlcr Ro.d 
(116)461·1100 

~t~~;[Cfll~6~&,~106 
1611 NOJlhwrl\ 2]r<lSlr«1 
(405)S1UOO8 

Btlvrno)lI . OR 9100S 
BVTE SUOI' Of BEAV ERTON 
)481 S.W. Ctdu Hllh BoulnUd 
150])644.1687 

EII.~nc. OR 97401 
REAL OR[GON COMPUTER CO. 
1(15 Wnt Ttnlh SlIccl. P.O. BOll 51 
(S03) 484·1G40 

AlliwnP •• k.PA1510 1 
R. DON KR IGGER 
9180 Splinlflrld DI/ve 
(411))64-4945 

Iluntln.ton Vll1~y. PA. 19006 
MARKETI.INE SVSTEMS. INC. 
1))1 Phllmonl Avrnue 
(215)947-6670 

K;naofl'lu"iil.PA 19406 
COMPUTER MART OF PENNSYLVANIA 
S50DtKilib Pikt (Roule2011 
(115)165·1580 

Plm bu' .h. PA 1S231 
ELECTRONICS PLACE 
7150 McNIJhI ROld 

eCol llm bl ~ . SC 2920J 
BVTE SHOP Of COLUMBIA 
2018 Grun Suut 
(80])171.1824 

Nuhyille. TN )1106 
COMPUTER WORLD 
615 MllnSuc'tl 
(615)144-6094 

- N.uwlllr, T";Jl1I1 
SURYA CORPORATION 
57JJ Nolrnlvlllr Ro)ld 
(615)814·5638 

Amuillo. TX 19109 
COMPUTER CORNER, INC. 
1800Soulh GtnlllA St .• No. 3 
(806)lSl·4194 

eAuuln.TX 787) 1 
COMPUTERS'N TIII NGS 
1815lhncock Drl~t 
(511)4J).5970 

e Corp!.l\Chrllll,TX 78411 
MICRO SYSTEMS SERVICES. INC. 
nOI Enlhut. SpiIC~ H _ P.O. au 65)5 
(5 11)U5-45H5 

e O,lIu. TX Hl0 
COMPUSIIOP 
21 1 K.Y$lo)n Pa rk. 1)911 Nnrt h Crntl~1 
(114)134·3411 

e Houilon. TX'nOS7 
COMPUTERLAND OF S.W. HOUSTON 
6439Wnlholmff 
(7 1)1977-0909 

e Hounon. TX'l1006 
COMPUTERTEX 
2)OORlchmondA.cnut 
(71))516-6914 

HOU~lon. TX 71036 
INTERACTIVE COMPUTERS 
7646·1/1 Duhwood.P.O. BOJ(36S84 
(11)1977-1037 

[3 cromemeo 
inc 0 r p 0 rat e d 

Specialists in computers and peripherals 
280 BERNARDO AVE., MOUNTAIN VIEW, CA . (415) 964·7400 

e HOUIlon. TX 77098 
THEMOS 
185lRlehmondAnnllt 
(713In7-aOD8 

Lubbock. TX 19411 
COMPUTER MART Of W. TEXA.S 
1506 DAnnllt.Q 
18(6) 76S·71l4 

Rlchudwn. TX 75080 
THE MICRO STORE 
634SouthCcnlfilIEllp,n, .... y 
(214)111·1096 

P,OVO. UT a.%o l 
THE COMPUTER WORKS 
715 SlXIlhStlItSII'ftI.'.O. Box N 
(801)37)·7521 

Alr.undlll,VA11104 
COMPUTERS PLUS. INC. 
618S.PlckmStrHI 
(10l)7S1·56S6 

~O~;UT~~ i~~~EMS STORE 
1964cnlln Blldac Roud 
(701182 1-3])) 

SUUlc.WA98 11S 
THE RETA IL COMPUTER STORE 
410N.E. 12nd Suetl 
(106)514-4101 

e AppltlOn,wi S4911 
SOUND WORLD. INC. 
10I5W.Wit/:on~nAvrnllt 
(41")7)4·7698 

t.bdl\on.WIS1711 
HIE MADISON COMPUTER STORE 
1863 MnnlocSllft1 
(608)255·5551 

MilwilukH.WISl108 
MILWAUKEE COMPUTER STORE 
4710WutNolthAvenIH 
(414)4454180 

e R"lne,WI Sl405 
COLORT RON TV 
2111 Lil lhtopAYtnllt 
(414)617·2003 

• INTERNATIONAL . 

Ctoydon. VjCl •• Au"'~IIi1 .1 116 
COMPUTER ART & EDUCATION 
1 St.phtnCtnctnl 

Pfilhlln. VI~;o.rlil.AUU/III •• )1&1 
GEMINI MICRO COMPUTERS 
P.0,Bo.99 

W"I Ptnh, 600S, W. Aun'l' ... 
AUST RA LI AN COMPUTER PRODUCTS 
llOOHlySllct l 
(09~J'l1-6497 

e A.2401 fhlt:mend. Auwl. 
KREBS GES. M.8 .H. 

~;tb~6Ii~~~.bt l4 

~~t:c:.t:6~1,~S Can,dl 

5Q9·16 AVtRUe N.W. 
(~Ol) 282-9496 

Monllul. Qo.o~bfc:. Can. 1110 lC9 
fUTUR BYTE. INC. 

Ul~I76I\I!fi::IIUt 

TOlonlo.On; .• Can, M4G)BS 
COMPUTER MART. LTD. 
1S41 B.yyJewAvcnut 
(416)484·9701 

TOfonto.On; •• em. M4R IAI 
FIRST CANAOIAN COMPUTER STORE 

t:,~fl;SI;.~nlle Wt\1 

iRI~"T~g~ics':'l-r~.5V 111 
186QuunSlletlWtll 
(416)598-0160 

~lil~o~~t~:t~"s~~~ 4T9 

UJl) W~11~\h SUett. S.W. 

e g~b:'.ilE~oJii~uPEi;l!.0~j Camb" 
COMAfI.T LIMITED 
14AM1lktl5qulrf 
0-I8()'115{)oS 

p"l,lJOn. f"nt~ 
COMPUTER OOUTIQUE 
149 Annll rdfWlp'1l'n 

~~as;fJp'~~O~OI. lapIn 

1-6-6 SO!Oklnd~ 
0)255·1984 

Knhlwil CII\· Chibil Pf. l11. lap.n 
BELLKEY TEC.INC­
J .9.1-ChomtK,,, 

Tokyol06.J'p.ln 
lEE CORPORATION 
4 .)1.1-Chomf. Ropon.'. M I,..tok~ 
(0)) 585·23ll 
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In This ~~11 
What are readers' experiences with 

building actual robotic mechanisms? 
Stephen A Allen and Anthony J 
Rossetti's commentary On Building 
a Light-Seeking Robot Mechanism 
describes their work in this area on 
an undergraduate engineering project. 
An on board com pu ter hel ps thei r 
robot decide what action to take when 
avoiding obstacles between it and a 
light source. 

page 24 

Until now microprocessor users had 
the choice of using either an 8 bit or a 
16 bit processor. With the advent of 
the 6809, Z-8000 and 8086, we now 
have available a hybrid machine with 
both 8 and 16 bit capabilities. This 
may have an effect on how language 
are written on the processors . Charles 
H Forsyth and Randall J Howard take 
a look at this in Compilation and 
Pascal on the New Microprocessors. 

page 50 

Do you need to perform extensive 
mathematical calculations, but fret 
over the time needed to write, debug 
and use floating point operations and 
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transcendental functions? The new 
National Sem iconductor M M571 09 
processor will help you with this 
problem . Turn to The Number 
Crunching Processor by Peter Nelson 
for details on how to interface an 
MM57109 with an 8080 system, and 
a review of this unique processor. 

page 64 

Pascal is the fastest growing new 
computer language. Few languages 
have the support from the typical 
university computer science depart­
ment that Pascal has. To find out more 
about this fascinating language read 
Steven R Alpert's article, Pascal, 
a Structurally Strong Language. 

page 78 

A 179 year old android that can 
draw pictures and write poetry? It 
may sound like science fiction, but 
The Franklin Institute's Charles F 
Penniman reveals all in Philadelphia's 
179 Year Old Android. page 90 

This month we continue Dr James 
Williams' 3 part series on Antique 
Mechanical Computers with Part 2: 
18th and 19th Century Mechanical 
Marvels . Read about J acquet-Droz's 
incredible writing and drawing auto­
maton that contains the equivalent 
of three quarters of a million bits of 
read only memory and can draw in­
tricate pictures and transcribe poetry. 

page 96 

Using a structured language such as 
Pascal helps the programmer easily 
organize the logic of a program. Often, 
it is not necessary to write a logic dia­
gram for the program . To this end, 
David Mundie compares a well written 
Pascal program to a Warn ier-Orr logic 
diagram in his article In Praise of 
Pascal. page 770 

Business applications for personal 
computers are more and more in evi­
dence these days. Pascal lends itself 
well to business applications with the 
addition of some special features 
described by Ken Bowles in Pascal 
versus COBOL. page 722 

One of the newest developments in 
software is structured programming. 
Many features of the technique have 
been described, but often the actual 
procedure for constructing a struc­
tured program is not mentioned. 
Chip Weems describes the steps in­
volved in Designing a Structured 
Program. 

page 743 

Light pens are one way to improve 
the user-computer interface, but 
there's an even more direct way: a 
noncontact scanning digitizer. Simply 
touch the screen of your video display 
to enter information! Steve Ciarcia 
shows you how in Let Your Fingers 
Do the Talking: Add a Noncontact 
T ouch Scanner to Your Video Display. 

page 756 

If you like to gamble, but don't 
want to wait for legalized gambling in 
your state, try JACPOT. Author 
Edwin Hastings has written a straight­
forward BASIC simulation of a slot 
machine. Now you can gamble (for 
fun only, of course) to your heart's 
content without depleting your bank 
account. You can lose everything 
and then turn around and lose it again! 

page 766 

Pascal is an exciting language that 
can help you program more effi­
ciently. It was developed in 1969 
as an extension of the ALGOL family 
of languages. Author Allan Schwartz 
compares Pascal to BASIC, a language 
familiar to many BYTE readers, in 
Pascal versus BASIC: An Exercise. 

page 768 



Identical twins ... almost. 

This one prints. 
$395. 

This one prints & plots. 
$795. 

In 1977, AXIOM pioneered low-cost 
electrosensitive line printing, setting an 
example which others have been quick 
to follow. 

However, we believe that once you 
are the market leader, you should stay 
out in front. So we're proud to announce 
the birth of two exceptional new 
products, the EX-S01 MicroPrinter 
and the EX-S20 MicroPlotter which set 
new standards for versatile low-cost 
hardcopy. 

These babies are beautiful, housed in 
sleek molded cases designed by the 
award-winning Inova design group. But 
beauty is more than skin deep. Each 
unit is packed with unique features. Like 
serial RS232C/20mA and parallel ASCII 
inputs as standard. Reverse printing. 
Oversized input buffers. Expandable 
character sets. User program memory 
for real "intelligence: ' 

Twins , yes, identical, not quite .. 

Meet the MicroPrinter 
Here's the answer to a micro (or mini) 

computer's fondest dreams. Designed 
around the Intel S04S microprocessor, 
the EX-S01 MicroPrinter operates to 
160 cps (that's 14 times faster than a 
TTY), and gives you the choice of 3 

Circle 18 on inquiry card. 

intermixable character sizes to provide 
SO, 40 or 20 columns on 5-inch wide 
electrosensitive paper, making this 
printer ideal for CRT hardcopy, data 
logging , remote message printing, 
program listing , record keeping . . . In 
fact, any app lication needing fast, 
low-cos t copy. 

Introducing the MicroPlotter 
Our EX-S20 MicroPlotter does 

everything the EX-S01 does - plus it 
plots . Under software control, you have 
unlimited flexibility to mix alphanumeric 
ASCII and graphics on any line. Just 
define the size of each graphic field , 
and choose from 3 pre-programmed 
dot resolutions up to 12S dots per inch . 
Once the fields have been defined, the 
EX-S20 automatically formats graphic 
and alphanumeric printouts to 
your specs. 

Complete stand-alones 
The EX-S01 and EX-S20 are both 

complete stand-alone units , including 
molded case, power supply, parallel 
ASC II and Serial RS232C/20mA 
interfaces, character generator, low 
paper detector, bell, built-in self tester 
and paper roll holder. Not to mention 
a whole range of fantastic low-cost 

options like 2K character buffer, 256 
character set and user PROM memory. 

Any questions??? 
OEM discounts? The above prices 

are single quantity end-user. If you're 
an OEM they sound even better. 
Distributors? Everywhere in the USA 
and in 1S overseas countries . Service? 
Just call one of our 20 nationwide 
service centers. Maintenance? Minimal. 
The printhead is self-adjusting and 
there are no inky ribbons to change. 
MTBF? 11.6 million lines . Need we 
say more? 

Whether you need sophisticated 
graphics or simple printout, AXIOM 
still has the lowest cost, highest 
performance printers in the field - so 
we're still the market leaders . Phone or 
write today for the whole story on our 
almost identical twins. 

AXIOM CORPORATION 

5932 San Fernando Rd ., Glendale, CA 91202 
(213) 245-9244· TWX: 910-497-2283 
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E~ii()pial 

By Carl Helmers 

Based on a computer 
graphic suggestion by 
students joel McCormack 
and Owen Hampton at 
UCSD, we arranged with 
Russell Myers for this 
statement of an extreme 
opinion about Pascal . ... 

"UCSD Pascal" 

6 August 1978 © BYTE Publica(ions Inc 

A Vision of an Industry 

In mid-March of this year, I finished a 
trip to the West Coast by having a day long 
meeting with Ken Bowles and his associates 
at the University of California, San Diego. 
The purpose of this meeting was to explore 
some of the possibilities which arise from 
the standardization of extensions to Niklaus 
Wirth's language Pascal, and the equally 
important implications of the technology of 
intermediate languages such as the optimized 
form of "P-code" developed at UCSD. 

I came to this meeting with a background 
of familiarity with the reasons for encour­
aging highly structured languages such as 
Pascal. Before starting BYTE, I had been 
involved with the NASA HALlS language 
developed by my employer of the time, 
Intermetrics Inc of Cambridge MA. I lived 
and breathed considerations of software 
reliability, ease of program design and the 
conceptual economy of a detailed program 
representation which doubles as the docu­
mentation of the algorithm. My personal 
experiences were with the context of the 
need to "man rate" the flight software of a 

contemporary spaceship through the use of 
high reliability software tools and techniques. 
These points are made elegantly in a number 
of books and papers which have been 
publ ished on the subject to date . 

What came out of this meeting with Ken 
Bowles is a vision of an impo rtant synthesis 
of machine independent software representa­
tions, the technology of printing machine 
readable software on paper, and the distribu­
tion of software in the form of convent ion­
ally printed and bound publications. It is a 
vision of what the software publishing 
business could look like over the course of 
the next few years. 

Out of this vision of a machine independ­
ent software publishing industry comes a 
serendipitous justification for suppo rt of 
Ken Bowles' efforts to estab lish a "band­
wagon" effect of support for the Pascal 
language and machine independent software 
systems. The purpose of this essay is to 
discuss the present dimensions of the soft· 
ware publishing problem, the technology 
which exists for preparing and printing 
mach ine readable represen tations, and the 
vision of machine independent software 
publishing which Ken Bowles and I saw 
inherent in the Pascal P·code technology as 
we discussed it that day. 

Publishing Software 

As the users of the personal computer 
expand in number, the means of distribution 
of software become critical to those who 
would distribute such software. In personal 
computing we are faced with a kind of 
problem which is completely new in the 
computer industries: the number of machines 
installed is becoming incredibly large by 
standards of the past 20 years, and the price 
paid per unit installation is becoming incred­
ibly small. The computers which are a 
potential market for software are in the 
in itial stages of becom ing a mass market: too 
large a market for the custom craftsmanship 
of the traditional software vendor. To be 
convenient for the customers programs must 
be distributed with a machine readable copy 
which eliminates the need for hand key-

Continued on page 133 



PASCAL 

121 EAST ELE VE NTH , EUGENE , OREGO N 9740 1 (503) 485-0626 

Circle 286 on inquiry card. BYTE August 1978 7 



e 

answerlsa 
It's the serious 

solution to the 
small ~omputer 
question. 

Sol Systems are the key to effective, economical 
small computer power. Sol Systems give you the force of a 
powerful general purpose computer, the problem solving 
capability of high level languages and the operational simplicity 
of everyday office equipment. 

From the ground up, Sol Systems were designed to do 
a complete job without adding a load of costly extras. In fact, 
when you compare the "everything included" price of 
a quality, field proven Sol System with anything else on the 
market, you'll be happily surprised to find out how little 
the extra performance and convenience costs. 

For example, complete Sol Systems with 16,384 bytes 
of RAM memory start at less than $2500~ Expanded systems 
with 49,152 bytes of RAM memory, 1.5 million bytes of 
on-line disk memory, disk operating system and Extended 
Disk BASIC cost less than $8000~ Both systems are fully 
assembled, burned-in, tested and ready to go. 

Sol Compatibility 
Sol Systems feature the S-100 bus for pin-to-pin 

compatibility with a wide variety of add-on devices such as 
voice input and computer graphics. Standard Sol 
parallel and serial interfaces will drive most standard printers, 
modems and other peripherals. 

A word about languages 
No system is complete without software, and at Processor 

Technology we have tailored a group of high level languages, 
an assembler and other packages to suit the wide capabilities 
of our hardware. 

Take a look at our exclusive Extended BASIC as an example. 
In cassette form, this BASIC features string and advanced 

·U.S. prices only. 



file handling, special screen commands, timed input, complete 
matrix, logarithmic and trigonometric functions , exponen­
tial numbers, 8 digit precision and square root. The language 
handles serial access files , provides tape rewind and 
offers cursor control for graphics capability. 

The disk version has all the number crunching talents 
of the cassette BASIC plus instant access to data and programs 
on floppy disks. It includes random as well as sequential 
files and a unique ability to update sequential data in place. 

Processor Technology FORTRAN is similar to FORTRAN IV 
and has a full set of extensions designed for the "stand alone" 
computer environment. Thousands of special application 
programs available through books and periodicals have already 
been written in this well established language. 

Processor Technology PILOT is an excellent language 
for teachers. It is a string-oriented language designed expressly 
for interactive applications such as programmed instruction, 
drill and testing. 

No wonder we call it the serious solution 
to the small computer question. 

It's the small computer system to do the general ledger and 

the payroll. Solve engineering and scientific problems. 
Use it for word processing. Program it for computer aided 
instruction. Use it anywhere you want versatile 
computer power! 

Sold and serviced only by the best dealers. 
Sol Systems are sold and serviced by an outstanding group 

of conveniently located computer stores throughout the 
United States and Canada. They are also available in Australia, 
Europe, the United Kingdom, Central America, South 
America, Japan and Singapore. 

For more information contact your nearest dealer listed on 
the following page. Or write Department B, Processor 
Technology Corporation, 7100 Johnson Industrial Drive, 
Pleasanton, CA 94566. Phone (415) 829-2600. 

Circle 305 on inquiry card . 
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Your 
Sol dealer 
has it. 
AL: Birmingham: ICP, Computerland, 1550-D 
Montgomery Hwy .. (205)979-0707. AZ: Tempe: 
Byte Shop, 1425 W. 12th PI., (602)894-1129; 
Phoeni x: Byte Shop, 12654 N. 28th, (602) 
942-7300; Tucson: Byte Shop, 2612 E. Broadway, 
(602)327-4579. CA: Berkeley: Byte Shop, 
1514 University, (415)845-6366; Costa Mesa: 
Computer Center, 1913 Harbor, (714) 
646-0221 ; Hayward: Byte Shop, 1122 " B " St., 
(415)537-2983; Hayward: Computerland of 
Hayward, 22634 Foothill Blvd., (415)538-8080; 
Lawndale: Byte Shop, 16508 Hawthorne, 
(213)371-2421; Mt. View: Byte Shop, 1063 EI 
Camino, (415)969-5464; Mt. View: Digital 
Deli , 80W. EI Camino, (415)961-2670; Orange: 
Computer Mart, 633-B W. Katella, (714) 
633-1222; Pasadena: Byte Shop, 496 S . Lake, 
(213)684-3311; Sacramento: Micro-Computer 
Application Systems, 2322 Capitol, (916) 
443-4944; San Francisco: ByteShop, 321 Pacific, 
(415)421-8686; San Jose: Byte Shop, 2626 
Union, (408)377-4685; San Rafael: Byte Shop, 
509 Francisco, (415)457-931 1; Tarzana: Byte 
Shop, 18424 Ventura, (213)343-3919; Walnut 
Creek: Byte Shop, 2989 N. Main, (415)933-6252. 
CO: Boulder: Byte Shop, 3101 Walnut, 
(303)449-6233; Denver: Byte Shop, E. 1st Ave. & 
University, (304)399-8995. FL: Ft. Lauderdale: 
Byte Shop, 1044 E. Oakland Pk., (305)561-2983; 
Miami: Byte Shop, 7825 Bird, (305)264-2983; 
Tampa: Microcomputer Systems, 144 So. Dale 
Mabry, (813)879-4301 . GA: Atlanta: Computer 
Mart , 5091-B Buford, (404)455-0647. IL: 
Champaign: Computer Co. , 318 N. Neil , (217) 
359-5883; Numbers Racket, 623Y, S. Wright , 
(217)352-5435; Evanston: itty bitty machine co, 
1322 Chicago, (312)328-6800; Schaumburg: 
Data Domain, 1612.E. Algonquin , (312) 397-8700. 
IN: Bloomington: Data Domain , 406S. College, 
(812)334-3607; Indianapolis: Data Domain, 7027 
N . Michigan, (317)251-3139. tAo Davenport: 
Computer Store, 4128 Brady, (319)386-3330. 
KS: Overland Park: Personal Computer Center, 
3819 W. 95th St .. (913)649-5942. MA: Boston: 
Computer Warehouse Store, 584 Commonwealth, 
(617)261-2700. MD: Towson: Computer Etc., 
13A Allegheny, (301 )296-0520. Mt : Ann Arbor: 
Computer Store, 310 E. Washington, (313) 
995-7616; East Lans ing: General Computer Store, 
1310 Michigan, (517)351 -3260; Troy: General 
Computer Store, 73 W. Long Lake Rd ., (313) 
689-8321. MN: Minneapolis : Computer 
Depot, 3515W. 70th, (612)927-5601. NJ: Cherry 
Hill: Computer Emporium, 2438 Route 38, 
(609)667-7555; Hoboken: Computer Works, 20 
Hudson PI., (201)420-1644; Iselin: Computer 
Mart,501 Rt. 27, (201)283-0600. NY: Endwell : 
The Computer Tree, 409 Hooper Rd., (607) 
748-1223; New York: Computer Mart, 118 Madison, 
(212)686-7923; White Plains: Computer 
Corner. 200 Hamilton , (914)949-3282. NC: 
Raleigh : ROMs 'N' RAMs, Crabtree Valley 
Mall , (919)781-0003. OH: Columbus: Byte Shop, 
2432 Chester, (614)486-7761; Dayton: 
Computer Mart , 2665 S . Dixie, (513)296-1248. 
OR: Beaverton: Byte S hop, 3482 SW Cedar 
Hills, (503)644-2686; Eugene: Real Oregon 
Computer Co., 205 W. 10th, (503)484-1040; 
Portland: Byte Shop, 2033 SW 4th Ave .. (503) 
223-3496. RI: Warwick: Computer Power, 
M24 Airport Mall , 1800 Post Rd., (401)738-4477. 
SC: Columbia: Byte Shop, 2018 Green, 
(803)771-7824. TN: Kingsport : Microproducts 
& Systems, 2307 E. Center, (615)245-8081 . 
TX: Arlington : Computer Port , 926 N. Collins, 
(817)469-1502; Arlington: Micro Store, 
312 W. Randol Mill Rd .. (817)461-6081; Houston: 
Interact ive Computers. 7646Y2 Dashwood, 
(713)772-5257; Lubbock: Neighborhood 
Computer Store, 4902-34th St .. (806)797-1468; 
Richardson: Micro Store, 634 So. Central 
Expwy., (214)231-1096. VA: McLean: Computer 
Systems Store, 1984 Chain Bridge, (703) 
821-8333; Virginia Beach: Home Computer 
Center, 2927 Va. Beach Blvd. , (804)340-1977. 
WA: Bellevue: Byte Shop, 14701 NE 20th, 
(206)746-0651; Seattle: Retail Computer Store, 
410 NE 72nd, (206)524-4101 . WI: Madison: 
Computer Store, 1863 Monroe, (608)255-5552; 
Milwaukee: Computer Store, 6916 W. North, 
(414)259-9140. D.C.: Georgetown Computer 
Store, 3286 M St. NW, (202)362-2127. 
CANADA: Toronto, Onto Computer Mart, 1543 
Bayview, (416) 484-9708; First Canadian 
Computer Store, 44 Eglinton Ave. w., (416) 
482-8080; Vancouver, B.C.: Basic Computer 
Group, 1438 W. 8th, (604)736-7474; Pacific 
Computer Store, 4509 Rupert, (604)438-3282. 
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HIDDEN GOLD IN THE TI-59 ? 

In regard to " hidd en gold" in the 
TI -59 (Webb Simmons' letter-interview, 
March 197 8 BYTE, page 13 3) the only 
thin gs I' ve come across afte r extensive 
investigation are the fo llowi ng : 

1. According to the manual, the 
"decrement and skip on zero" instruc­
tion only references memories 00 to 09 
(ie: the instruction may only be fol­
lowed by a single digit for the memory 
reference) , In fact, any available memory 
can be used, except for 40, which hap­
pens to be the nu merical code for an 
indirect memory reference. You have to 
use the ed iting functions or some other 
tri ck to jam the 2 digit number in, but 
this isn't too much trouble; in the in­
direct mode , memory 40 may also be 
used , and there's no jamming problem at 
all. 

2. This one is hardly hidden, but 
apparently (judging by the TI programs 
that came with the calcul ato r) TI's 
designers didn't know about it: to make 
the display flash without altering any­
thing else (including th e contents of the 
display), the seque nce "2nd ope ration 
99" does very nicely; actually, "2nd 
operation anything larger than 39." 

James GOwen 
951 Dryden Rd 

Ithaca NY 14850 

TEXT EDITING 

sympathize and agree with your 
essay on the need for sophis iti cated tex t 
editing (March 1978 BYTE, page 6) . 

I am a fu ll-tim e writer who spe nds a 
great deal of time at my co rrecting 
Selectric II and who would appreciate 
technology which would elimin ate cross­
ing out and retyping my manuscripts as 
I unscrambl e th e words that first poured 
out. 

At some point, I send these sheets to 
a typist, and they com e back finished . 
That, too , cou ld be eliminated by a text 
editor contro llin g a fancy typewriter. 

But I need even more the abi lity to 
write and edit on a video screen, then 
ca ll for a fin al printout of the tex t on a 
hands off basis. 

I could buy a text editor, but I want 
further computer capabi lity to keep 
track of my potential outlets to ease the 
process of writing query lette rs , to 
store and sort random ideas for later 
printout as fairly cohesive outlines, and 

to store many standard paragraphs fo r 
compilation into letters and replies to 
advertisements , 

Pl ease keep me informed of your 
progress in your quest for quality editing 
at an affordable price. 

Robert A Moskowitz 
403 W School House Ln 

Philadelphia PA 19144 

A POINT OF INTEREST ... 

While waiting for somebody to build 
a system cheap and intelligent enough 
for me I read your paper with great 
interest. Amusingly, BYTE is the only 
English magazine I have seen which turns 
the text on the side of the cover upsid e 
down. 

Mats Liljedahl 
Kalenderv 31 

41511 SWEDEN 

A nd, you will notice, starting with 
the January 7978 BYTE, we did a 
780 ; flip of the binding edge notation. 
Consistency was viewed as a virtue 
within the can text of one year's worth 
of BYTE after we discovered th e orien­
tation of the binding text in the January 
7977 issue! . . . CH 

DMA AND VIDEO : ARTICLES 
NEEDED 

How about running a review or an 
article on direct memory access (DMA) 
in microprocessors? We video hacks 
wou ld like to read how to sort out 
manufacturers ' specs, how to work 
around their design "lemons," and how 
to make multichannel DMA work 
effectively to wards fancy pictures. 

Dr W R Levick 
Dept of Physiology 

John Curtin School of Medical Research 
POB 334 

Canberra City A USTRALIA (ACT 2601) 

A MORE INEXPENSIVE DIRECT 
VIDEO CONVERSION? 

read with interest the article by 
Dan Fylstra about converting a TV set 
into a monitor (May 1978 BYTE, page 
22). With all due respect to the author, 

Continued on page 120 



You've decided you want a microcomputer 
DP center - but what to buy~ A component 
system ~ A computer box here, a CRT box 
there, a keyboard box, a !loppy disk box ... 
A so ca lled inexpensive $695 sys tem ~ No 
disk; no way to add enough memory ... and 
if you could , it's not inexpensive anymore; 
and you st ill wi nd up wi th a collect ion of 
boxes. 

The IM5A I VDP-40 is a fu lly integrated 
V ideo Data Processing sys tem and comes 
equipped with your choice of 32K or 64K 
RAM on our own advanced RAM III board. 
In one cabinet, the VDP-40 combines a 
profess ional keyboard, heavy-dut y power 

IMSAI Manufacturing Corporation, 
Dept. EWN, 14860 Wicks Boulevard 
San Leandro, CA 94577 
(415) 483-2093 TWX 910-366-7287 

supply, twin mini-nop­
pies, a multi -s lotted mother-
board, 9-inch CRT, plus RAM at a 
new price/performance never before 
achieved. 
System Expansion '! Ex tra slots in our 
5- 100 bus motherboard and our new power 
supply allow almost unlimited expansion . 
Need more disk expansion ? A controller 
opt ion or the VDP-40 allows expansion to 
greater than 4.SM Bytes. 
Add a line printer, an IBM compatible tape 
drive, a modem : all arc available, with the 
interfaces anci soft wa re to make it work for 
you. 

IMSAI EUROPE 
Europa T errassen 
8 Rue Jean Engling 
Dommeldange, Luxembourg 
43-67 -46 Telex: 1428 

price/perform ance means every 
home or business can now afrord a 

comp lete DP center. Check us out. IMSA I 
has what you want and wh at YOLi need. Visi t 
your dealer or write us direct ly. 
Fea tures subject to change wi thout notice. 

The Standard of Excellence 
In Microcomputer Systems 

Price/Performance no one else has put together. 
Circle 175 on inquiry card . BYTE August 1978 11 



Olav Naess 

Welhavensgt 65 
Bergen NORWAY 

John C McCallum 

Dept of Computer Science 
York University 

4700 Keale St 
Downsview, Ontario 
CANADA M3J 1 P3 
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A Letter Exchange: Extending 5-100 Bus? 

When John McCallum in the March 1978 
BYTE (page 148) discussed the possibilities 
of getting a 16 bit data bus on the S-100, 
there was one al ternative he didn't mention : 
why not use the input and output 8 bit 
buses as a single 16 bit bidirectional bUs? As 
far as I can see, the problem wil l be cards 
which enable their output buffers when the 
processor does the same. Are there really 
cards which do that? Do they tal k when 
they are told to li sten? 

That a 16 bit processor can only ex­
change a byte at a time with old 10 cards 
is less important. Old memory cards will be 
more tricky to use, as they wil l require some 
buffer rewiring. If the new 16 bit processors 
get 16 bi t wi de memory cards, they shou I d 
thrive well on the S-l 00. 

I suggest an improvement for the S-100 : 
one of its lines should be reserved for use as . 
a bidirectional bus for analog signals. When­
ever digital data is read through an input 
port, an analog to digital converter samples 
the analog bus, and when data is sent to an 

output port, a D/A converter puts its output 
voltage on the analog bus. 

Finally, it is awkward to connect S-100 
cards to the environment when they need 
external connectors, switches, indicators, 
potentiometers, etc . The cabinet cannot 
easi ly have panels equipped with such 
communication points which th e particular 
combination of cards inside needs. A solu­
tion to this problem is common ly used with 
laboratory electronic systems: Each plug-in 
card has a long, narrow plate mounted per­
pendicularly along the card edge that is 
opposite to the edge connector. Together 
these plates for the communication points 
will constitute a relevantly composed front 
panel; and the mess of costly connectors 
and cables inside is replaced by short, fi xed 
wire connections. Old S-100 cards can be 
used with such a system, even if the plates 
cannot be mounted on these cards. (A still 
better but more radical solution is th e 
hinged frame system I described in the 
April 1977 Digital Design.)-

And Some Notes by John C McCallum 

I was interested in Ol av Naess ' comments 
about expanding the Altair (S-100) bus to 
include a 16 bit data bus. Mr Naess ' notes 
brought to mind some of the di scussions at 
the S-100 bus forum at Atlantic City last 
year. 

The suggestion to use the input and 
output 8 bit buses as a single 16 bit bi­
directional bus has three drawbacks: 

(1) It assumes that proper data transfer 
signals are used by al l memory 
boards. Unfortunate ly that's not so. 
I don't have any of th e bad boards 
myself. But others at the forum 
mentioned the problem. 

(2) A big probl em is Processor Tech­
nology's idea that one shou ld wire 
data in and data out lines as a bi ­
direc tional bus. This simplifies board 
desi gn - but makes a 16 bit bidirec­
tion al bus impossible when used with 
most Processor Technology boards 
or systems. 

(3) Rewiring all the old memory boards 
to accommodate 16 bit words is a 
probl em. I have enough difficulty 
getting standard boards in the right 
memory area ! 

About the comment on rese rving one 
S-100 bus line for an ana log signal - it 
sounds nice. But unfortunately there is so 
much noise on the bus that it would be 
useless. Most of the people at the forum did 
not realize the extent of the noise on the 
bus - so it is useful to point it out aga in. 

On the topic of packaging of the S-100 
system, I feel there is something needed . 
Perhaps a device like a CAMAC fram e 
system would be good. This is similar to 
what Mr Naess suggests. I think the hinged 
frame might be tricky, and I can remember 
100 white wires to connect up sections of a 
mother board! I think the most important 
S-100 bus consideration is getting comm on 
accep tance of the extended address ing lines. 
Wi th 64 K memolY boards coming down in 
pri ce, and the new In tel 8086 processor 
address ing 1 M byte, the lines are needed. 
TDL seemed to have the simplest structure, 
so I vote for A16, 17,18,19 as the highest 
priority . 

Beyond the 1 M byte range, I think that 
we most likely need a whole new bus to sup­
port future processor chips (multi-mega­
byte, 32 bit data bus). The S-100 bus will 
probably be go ing strong for another 5 years 
anyway.-
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wtiy Apple I 
stselli~pe 

the worlds -bnal computer. 
satisfaction a personal computer can 
bring, today and in the future. 

~n..,n."'4:! & hi-resolution 
&1~lB~ graphics. too. 

owners on top of what's new. 
Apple is so powerful and easy to use 

that you'll find dozens of applications. 
There are Apples in major universities, 

.. ~ helping teach computer skills. There 
WWhich personal computer will be are Apples in the office, where they're 

most enjoyable and rewarding for you? being programmed to control inven­
Since we delivered our first Apple® II tories, chart stocks and balance the 
in April, 1977, more people have chosen books. And there are Apples at home, 
our computer than all other personal where they can help manage the family 
computers combined. Here are the budget, control your home's environ-
reasons Apple has become such an ment, teach arithmetic and foreign 
overwhelming favorite. languages and, of course, enable you 

Apple is a fully tested and assembled to create hundreds of sound and 
mainframe computer. You won't need action video games. 
to spend weeks and months in assembly. When you buy an Apple II you're 
Just take an Apple home, plug it in, investing in the leading edge of tech-
hook up your color TV* and any cassette nology. Apple was the first computer 
tape deck-and the fun begins. to come with BASIC in ROM, for 

To ensure that the fun never stops, example. And the first computer with 
and to keep Apple working hard, we've up to 48K bytes RAM on one board, 
spent the last year expanding the Apple using advanced, high density 16K 
system. There are new peripherals, devices. We're working to keep Apple 
new software, and the Apple II Basic the most up-to-date personal computer 
Programming Manual. And wait till money can buy. Apple II delivers the 
you see the Apple magazine to keep features you need to enjoy the real 
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Don't settle for a black and 
white display! Connect your 
Apple to a color TV and 
BASIC gives you instant 
command of three display 
modes: Text, 40h x 48v 
Color-graphics in 15 colors, 
and a 280h x 192v High 

Resolution 
array that 
lets you plot 
graphs and 
compose 
3-D images. 
Apple gives 

you the added 
capability of combining 

text and graphics, too. 

Bacll to basics. and 
assembly language too. 

Apple speaks three languages: fast 
integer BASIC, floating point BASIC 
for scientific and financial applications, 
and 6502 assembly language. That's 
maximum programming flexibility. And, 
to preserve user's space, both integer 
BASIC and monitor are permanently 
stored in 8K bytes of ROM, so you 
have an easy -to-use, universal language 
instantly available. BASIC gives you 
graphic commands: COLOR=, VLIN, 
HUN, PLOT and SCRN. And direct 
memory access, with PEEK, POKE 
and CALL commands. 

Software: Ours and yours. 
There's a growing selection of pre­

programmed software from the Apple 
Software Bank - Basic 
Finance, Checkbook, High 
Resolution Graphics and 
more. Now there's a User 
Section in our bank, to make 
it easy for you to obtain 
programs developed 



by other Apple owners. Our Software 
Bank is your link to Apple owners all 
over the world. 

Alivewith 
thesound 
of music. 

Apple's ex­
clusive built-in 
speaker delivers 
the added dimension of sound to your 
programs. Sound to compose electronic 
music. Sound to liven up games and 
educational programs. Sound, so that 
any program can "talk" back to you. 
That's an example of Apple's "people 
compatible" design. Another is its light, 
durable injection-molded case, so you 
can take Apple with you. And the 
professional quality, typewriter-style 
keyboard has n-key rollover, for fast, 
error-free operator interaction. 

Appleisthe 
prawn computer. 

Apple peripherals 
are smart peripherals. 

Watch the far right column of this ad 
each month for the latest in our grow­
ing family of peripherals. We call them 
"intelligent interfaces:' They're smart 
peripherals, so you can plug them in 
and run them from BASIC without 
having to develop custom software. 
No other personal computer comes 
close to Apple's expandability. In addi­
tion to the built-in video interface, cas­
sette 110, and four AID inputs with two 
continuously variable game paddles, 
Apple has eight peripheral slots, three 
TTL inputs and four TTL outputs. Plus 
a powerful, state-of-the-art switching 
power supply that can drive all your 
Apple peripherals. 

Available now. 
Apple is in stock and ready for 

delivery at a store near you. Call us for 
the dealer nearest you. Or, for more 
details and a copy of our "Consumer's 
Guide to Personal Computers," call 

,'dl.lh' .1 • I .•.. . i 

800/538-9696** 
or write Apple 
Computer, Inc., 
10260 BandJey 

Drive, Cuper-

Apple is a state-of-the-art single 
board computer, with advanced LSI 
design to keep component count to a 
minimum. That makes it more reliable. 
If glitches do occur, the fully socketed 
board and built-in diagnostics sim­
plify troubleshooting. In fact, on our 
assembly line, we use Apples to 

/IIIJI--..!~~~-~~ tino, CA 
-. 95014. 

test new Apples. 

• Apple II plugs into any standard TV using 
an inexpensive modulator (not included). 

" In California, call 408/996-1010. 

iry card. 

pplC! computczr® 

Programming is a snap! 
I'm halfway through Apple's BASIC 

manual and already I've programmed 
my own space wars game. 

Those math programs I wrote 
last week-I just rewrote them using 
Apple's mini-assembler and got them 

to run a hundred times faster. 

New from Apple~ 
Introducing Disk II"'" : 
instant access to your files. 

Our newest peripheral is Disk II, a 
high-density 5W' floppy disk drive for 
fas t, lowcost data retrieval. It's perfect 
for storing large bodies of data such as 
household finances, address files and in­
ventories; you can find any record injust 
half a second. No more searching through 

....~." stacks of cassettes; with 
a few keystrokes , your 
system will load, store 
and run any file by 
name. 

Disk II consists of 
an intelligent inter­
face card, a power­

ful Disk Operat . 
ing System 

(DOS), and 
one or two 

mini floppy drives . Your 
Apple will handle up to seven 
interface cards and fourteen drives, 
for control of nearly 1.6 megabytes of 
data, wi th no expansion chassis. The com­
bination of ROM-based bootstrap loader 
and an operating system in RAM provides 
comple te disk handling capability, includ­
ing these special features: 
• Soft sectored • Random or sequential 
file access . Program chaining capability 
• Universal DOS command processor 
works with existing languages and monitor 
• Full disk capability in systems with as 
little as 16K RAM • Storage capacity : 
113 kilobytes/diskette . 

See Disk II now at your Apple dealer. 
Sold comple te with controller and DOS at 
$495.1 

Peripherals in stock 
Hobby Board (A2BOOOlX), Parallel Printer 
Inte rface (A2B0002X), Communication In­
terface (A2B0003X), Disk II (A2M0004X). 

Coming soon 
High speed Serial Interface, Printer II, 
Printer IIA, Monitor II, Modem IIA. 

f Price subject to change without notice. 

Circle 15 on inquiry card. 

Apple's smart peripherals make 
expansion easy. Just plug 'em in and 

they're ready to run. I've already 
added two disks, a printer and the 

communications card. 

~ 



About the Cover 
by Carl Helmers It is rare when one can indulge in one's 

prejudices with relative impunity, poking 
a bit of good humored fun to make a point. 
The design of the cover, entitled "Pascal's 
Triangle" provided just such an opportunity. 
The cover was execu ted by Robert Tinney, 
but the prejudices are all mine and were 
given to him as a fairly detailed script. The 
point is that Pascal is here, it is c'onsisteht 
with use by small computers, such as many 
readers own, and it is available in the form 
of the UCSD software system at quite a 
nominal charge above the cost of the hard-
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ware required. While today it requires a com­
puter at the high end of the personal com­
puter range of pricing, the utility of the 
language and advances in both magnetic 
media and read only memory technology 
should lower the price of the minimum 
hardware requirements considerably over 
the course of the next year or two. With that 
point, we present "Pascal's Triangle." 

The primary allegory of the cover is of 
course the inversion of the "Bermuda 
Triangle" myth's theme to show smooth 
waters. The triangle is an unbounded tri-



Now Ihe .. e are alleasl 
I02K more .. easons 10 
buy Ihe Bealhkil Bs 
Pe .. sonal Compule .. -

The WBI7 rloppy! 

Be sure to fill out 
postcard to order 

your 'FREE catalog. 
If card is missing. 

write Heath Company. 
Dept. 334-440. 

Benton Harbor. 
Michigan 49022. 

C P-1S2 
Circle 160 o n inqu iry ca rd. 

computer 
system. 
Programs 
are loaded 
in seconds 
instead 
of minutes 
so you're 

DI.k DrIve Unit up and 
running fast; you can store literally 
hundreds of programs on a single disk 
so you have lots of storage space and 
immediate access to all your programs; 
you can update files instantly and 
efficiently to save time. The WH17is far 
more versatile and reliable than 
paper tape or cassette storage systems. 
I truly makes the H8 a "total capability" 
computer system! 

Storage media for the WH17is the stan­
dard hard-sectored 40-track diskette. 
Measuring just 5.25" in diameter, each 
disk offers access to better than 102K 
bytes of available program and 
data storage area. The drive system 
used in the WH17 is the famous 
WANGCO model 82, a performance­
proven drive providing accurate high­
speed data access. Specifications of 
this drive include a conservative 30 mS 
track-seek time and typical random 
sector access times of less than 250 
mS. Compare. These figures are con­
siderably better than you'll find for 
most equivalent competitive drives. 
A diskette containing all operating 
systems software for the WHl7 is sold 
separately for $100. This software 
includes the Heath Disk operctting 
SyslteDl(HDO$) witb Its~:N.. 

System Engineered 
for Personal Computing 
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angular array of buoys numbered with the 
binomial expansion coefficients. These co­
efficients are "Pascal's Triangle" as any high 
school algebra student will have learned . 
Pascal's Triangle on the cover is of course 
embedded in a matrix of the waters of the 
FO RTRAN Ocean of computer languages, 
named after the pioneering widely used 
high level langu age FORTRAN, and its 
descendents FORTRAN II, FORTRAN IV, 
WATFOR, WATFIV and even the mildly 
reformed RATFOR. 

A prominent is land graces the bottom of 
the picture, the Isl e of BAL with its rocky 
and desolate surface. Note the great JCL 
barrier reef which surrounds the Isle of Bal 
and borders the Straights of COBOL along 
the bottom edge of the picture. These 
dangerous and unstructured reefs have sunk 
more than one ship on their treacherous 
shoals, including the good ship SS OS of all 
encompassing (360 degree) fame. (Much 
commercial traffic is seen in the sea lanes of 
the Straights of COBOL.) 

In the lower right part of the picture 
where the Straights of COBO L meet the 
main body of the FORTRAN Ocean, we see 
a curious fog bank (imagining a view from 
the deck of a ship in the waters). It is said 
that this fog bank is always present, hidin g 
the exotic and mysterious jungles of LISP. 
While unseen by normal mortals, our gods' 
eye view of the picture shows the brilliant 
tropical algorithms, the fabu lous nodes 
growing on trees like in some Eldorado 
of programming. But who can see brilliance 
through a fog bank? 

Travelling upward (in the picture) 
through heavy seas we come to the pinnac le, 
a snow white isl and rising like an ivory tower 
out of the surrounding shark infested waters . 
Here we find the fantastic kingdom of small 
talk, where great and magical things happen. 
Bu t alas, just as the impenetrabl e fog ban k 
around the jungles of LISP hide it from our 
view, the craggy aloofness of the kingdom 
of small talk keeps it out of the mainstream 
of things . 

Turning our attention to the lower left 
part of the picture, we see the famous 
Floating Point separating the FORTRAN 
Ocean mainstream from the interactive 
and weed fi ll ed Sea of BASIC. 

To all the re lative disorder and chaos of 
the waters of the FORTRAN Ocean and 
its adjacent coasta l features, the smooth, 
calm infinity of Pascal's Triangle provides a 
brilliant contrast. We note vessels ranging 
from the commercial freighters to pleasure 
boats to the rafts of hobbyists to the 
mi litary fighting ships heading for the calm 
waters of Pascal's Triangle. 

To complete the mytho logy, we find 
within Pascal's Triangle numerous examples 

of ships enjoying the smooth sailing and 
untroubled waters. 

Is this an adequate picture? Computer 
languages are like philosophi es in many re­
spects, which is to say that the reasons for 
an enthusiasm are often hard to attribute to 
anything other than aesthetic grounds. 
But as in philosophies and reli gions, con­
versions do occur from time to time. 
Very often in today's microcomputer world, 
we find the case of the engineer or systems 
programmer who has been using an as­
sembler (if anything at all) as the first and 
only software deve lopment tool. Such a 
person wi ll often discover BASIC, FOR­
TRAN, AP L, COBOL (yes, even peopl e 
with engineering backgrounds someti mes 
see COBOL as a first high level langu age) 
or language X. When language X is di s­
covered, the advantages of the hi gh leve l 
language technique often become confused 
with the specific example-and the enthu­
siasm which comes with the powerful elixir 
of automated programming aids turns that 
person into an X langu age convert with an 
almost religious fervor. 

As the new convert proceeds to use the 
langu age, he or she also discovers its in­
adequacies in detail errors. And the X lan­
guage devotee starts inventing this or that 
perfect extension, a new superset of X, 
which is endowed with even better pro­
perties. This particul ar inventiveness syn­
drome is most pronounced in compil er' 
impl ementors since they are in a position 
to "do something about" the older language 
by ad hoc impl ementing personally mean in g­
ful extensions when putting a new compiler 
up . 

What has resulted, viewing from the big 
picture, is a range of languages, each reflect­
ing the context of the group of impl e­
mentors who are responsible for its creation. 
Pascal in this global context must be viewed 
as but another step in that natural sequ ence 
of human events. 

I personally like Pascal as a method of 
expressing programs, because of a number 
of arguments supported by ' my own prior 
ex peri ence using languages includin g macro­
assemblers, BASIC, FORTRAN, PLj l, 
HAL/S, JOVIAL, XPL and a bit of PL/M. 

As a potential user, try a few programs, 
see if you li ke the sty le of expression in­
volved, and if the price is right, that may be 
the system for you. If you like the argu­
ments presented for Pascal in this issue and 
by examples in issues to come, by all means 
express your interest to manufacturers. This 
issue is a conscious attempt to communicate 
some of the flavor of Pascal with a spirit of 
fun and an understanding that even Pascal 
may not be the be all and end all of com­
puter langu ages. -

Circle 7 on inquirv card . -



WE'RE ALTOS COMPUTER SYSTEMS. Our SUN-SERIES ACS8000 business/scientific 
computer creates a new standard in quality and reliability in high technology computers. 
IDGH TECHNOLOGY The ACS8000 is a single board, BUILT-IN RELIABILITY The ACS8000 is a true single 
Z80® * disk-based computer. It utilizes the ultra-reliable board computer. This makes it inherently reliable and main-
Shugart family of 8 inch, IBM compatible, disk drives. A tainable. The board and the two Shugart drives are easily ac-
choice of drives is available: single or double density, single or cessible and can be removed in less than five minutes. All elec-
double sided. Select the disk capacity you need, when you tronics are socketed for quick replacement. Altos provides 
need it: ~M, 1M, 2M, or 4M bytes. The ACS8000 features complete diagnostic utility software for drives and memory. 
the ultimate in high technology hardware: a fast 4 MHz Z80 
CPU, 64 kilobytes of 16K dynamic RAM, 1 kilobyte of 2708 
EPROM, an AMD 9511 floating point processor, a Western 
Digital floppy disk controller, a Z80 direct memory access, 
Z80 Parallel and Serial I/O (two serial RS232 ports, 1 parallel 
port), and a Z80 CTC Programmable Counter/Timer (real time 
clock). [n essence, the best in integrated circuit technology. 

(ALlOt] 

QUALITY SOFTWARE Unlimited versatility . The ACS 
8000 supports the widely accepted CP/M® ** disk operating 
system and FOUR high level languages : BASIC, COBOL, 
PASCAL and FORTRAN IV. All available NOW. 

PRICE $3,840. Standard ACS8000 system with 32 Kb RAM 
and ~ Mb disk. FPP, DMA and software optional. Dealer/OEM 
discounts available. Delivery : 3 weeks ARO . 

·Z80 is a tmdcmark of Zi log. Inc. 
"ep! M is a trademark of Digital Research. Inc. 

COMPUTER SYSTEMS 23788 WALSH AVENUE. SANTA CLARA. CA 95050 • (408) 244-5766 



There's an Ohio Scientific 
dealer near you. 

ALABAMA 
M.C.S. Corp. 
Pelham Mall 
Pelham. AL 35124 
(205) 663-1287 

ALASKA 
Scientific Business Inslr's 
500 W. 271h 
Anchorage. AK 99503 
(907) 277-2650 

CALIFORNIA 
Expansion Techniques 
2534 Ganesha 
Altadena. CA 91001 
(213) 794-0476 

Shuey Aircraft 
1009 E. Vermont 
Anaheim . CA 92805 
(714) 991 -3940 

Olson Electronics 
11332 East South 
Cerri tos. CA 90701 
(213) 860-0060 

Adventures in Computing 
8756 Warner 
Fountain Valley . CA 92706 
(714) 848-8388 

Olson Electronics 
4642 West Cenlury 
Inglewood. CA 90304 
(213) 674-5740 

Olson Electronics 
Kearny Mesa. 4840 Convoy 
San Diego. CA 92111 
(714) 292-1100 

Systems Engineering 
900 3rd Street 
San FranCisco. CA 94107 
(415) 777-3150 

Olson Electronics 
2125 EI Camino Real 
Santa Clara. CA 95051 
(408) 248-4886 

COLORADO 

Total Data Systems 
125 F airway Lane 
Fort Collins. CO 80521 
(303) 491 -5692 

TricomplComputer Country 
7115 N. Federal 
Westminster. CO 80030 
(303) 426-77 43 

DELAWARE 

Delaware Microsystems 
92 East Main *1 
Newark. DE 19711 
(302) 738-3700 (after 7 PM) 

FLORIDA 

Olson Electronics 
5833 Ponce de Leon 
Coral Gables. FL 33146 
(305) 666-3327 

Olson Electronics 
1644 N. E. Second 
Miami. FL 33132 
(305) 374-4121 

Calculator Place 
12 South Orange 
Sarasota. FL 33577 
(813) 366-7449 

Olson Electronics 
6901 22nd Avenue. N. 
Tyrone Square Mall 
St. Petersburg. FL 33710 
(813) 345-9119 

Olson Electronics 
1215 South Dale Mabry 
Tampa. FL 33609 
(813) 253-3129 

GEORGIA 

Electronic Information 
120 Heatherwood 
Athens. GA 30601 
(404) 353-2858 

Secom Systems 
5241 -F New Peach Tree 
Chamblee. GA 30341 
(404) 455-0672 
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Olson Electronics 
2571 N. Decatur 
Decatur. GA 30033 
(404) 378-4201 

HAWAII 

Small Computer Systems 
3140 Wailalae 
Honolulu. HI 96816 
(808) 732-5246 

ILLINOIS 

American Microprocessors 
1100 E. Broadway 
Alton. IL 62002 
(618) 465-4489 

Tech-Tronics 
714 S. University 
Carbondale. IL 62901 
(618) 549-8495 

Adoni s Computing 
2855 W. Nelson 
Chicago. IL 60618 
(312) 463-0847 

Electronic Systems 
611 N. Wells 
Chicago. IL 60610 
(312) 944-6565 

Olson Electronics 
4101 N. Milwaukee 
Chicago. IL 60641 
(312) 545-7336 

Olson Electronics 
1734 Ogden 
Downers Grove. IL 60515 
(312) 852-9650 

A & H ASSOCiates. Ltd. 
2530 Crawford 
Evanston. IL 60602 
(312) 328-2800 

No-Name 
2701 Grand 
Galesburg. IL 61401 
(309) 343-6135 

CompuTerminal Systems. Inc. 
1132 Waukegan 
Glenview. IL 60025 
(312) 724-3690 

Tek-Aids Industries 
1711 Chestnut 
Glenview. IL 60025 
(312) 724-2620 

American Microprocessors 
6934 N. University 
Peoria.IL 61614 
(309) 692-5852 

American Microprocessors 
20 N. Milwaukee 
Prairieview. IL 60069 
(312) 634-0076 

Wysocki Electri c 
3080 South Blvd. 
Rockford. IL 61109 
(815) 874-4846 

Data Domain 
1612 E. Algonquin 
Schaumburg.IL 60195 
(312) 397-8700 

INDIANA 

Data Domain 
406 S. College 
Bloomington. IN 46401 
(812) 334-3607 

American Microprocessors 
146 N. Broad 
Griff ith . IN 46319 
(219) 924-7901 

American Microprocessors 
3602 East Washington 
Indianapolis. IN 46201 
(317) 359-7445 

Data Domain 
7027 N. Michigan 
Indianapolis. IN 46268 
(317) 251-3139 

Ol son Electronics 
5353 N. Keystone 
Indianapolis. IN 46220 
(317) 253-1584 

Data Doma in 
10 N . Third 
LaFayette, IN 47902 
(317) 423-2548 

Computer Managemenl 
610 Monroe 
LaPorte. IN 46350 
(219) 362-5812 

American Microprocessors 
2655 Irving 
Portage. IN 46368 
(219) 760-2278 

IOWA 
Microbus 
1910 Mt. Vernon. S. E. 
Cedar Rapids , IA 52403 
(319) 364-5075 

American Microprocessors 
102 E. 4th 
Waterloo. IA 50703 
(319) 296-2255 

KANSAS 
Barney & Associates 
425 N. Broadway 
Pitt sburg. KS 66762 
(316) 231-1970 

Technigraphics 
5911 Claredon 
Wichita. KS 67220 
(316) 744-2443 

KENTUCKY 

Olson Elect ronics 
117 Southland 
Lexi ngton. KY 40503 
(606) 278-9413 

Data Domain 
3028 HunSinger 
Loui sville. KY 40220 
(502) 456-5242 

Olson El ectroni cs 
41 37 Shelbyville 
Louisville. KY 40207 
(502) 893-2562 

MARYLAND 
The Mathbox 
4431 Leh igh 
College Park. MD 20740 
(301) 277-6828 

Systems Engineering 
1749 Rockville Pike N307 
Rockvi ll e. MD 20842 
(301) 468-1822 

MASSACHUSETIS 
Computer Shop-Aircom 
288 Norfolk 
Cambridge. MA 02139 
(617) 661 -2670 

Bradshaw Enterpri ses 
18 Harborview 
Hingham. MA 02043 
(617) 749-6844 

MICHIGAN 

The Abacus 
Rout e 1. Box 193 
Niles Road 
Berrien Springs. MI 49103 
(616) 429-3034 

MicroComputer World 
313 Michigan N. E. 
Grand Rap ids. MI 49503 
(616) 451 -8972 

Concept Engineering 
3706 Malibu 
Lansing . MI 48910 
(517) 394-0585 

Olson Elect ronics 
29121 DeQuindre 
Madison Heights. MI 48071 
(313) 546-0190 

Great Lakes Photo 
5001 Eastman 
Midland. MI 48640 
(517) 631 -5461 

MINNESOTA 

Custom Computer Systems 
1823 Lowry 
Minneapoli s, MN 554 11 
(612) 588-3944 

Micro Business Sa les 
4345 Lynda le N. 
Minneapolis. MN 55412 
(612) 871-9230 

Rona ld D. Fri sch 
3034 Marine Circ le 
Stillwater. MN 55082 
(612) 439-8212 

MISSISSIPPI 
Jack Fisher Sales 
100 Main 
Michigan City. MS 38647 
(601) 224-6470 

MISSOURI 
Four State Microcomputer 
402 Wall 
Joplin , MO 64801 
(417) 782-1285 

Norman Electronics 
402 Wa ll 
Joplin . MO 64801 
(417) 724-0368 

Impact Systems 
Decker Building 
613W.3rd 
P.O. Box 478 
Lee's Summit . MO 66463 
(816) 524-5919 

Th e Computer Bit 
1320 S. Glenstone 
Springfield, MO 65804 
(417) 883-2709 

Futureworld 
1909 Seven Pines 
S!. Louis. MO 63141 
(314) 434-1121 

Sauer Computer Systems 
1750 South Brentwood 
Suite 601 
St. Lou is. MO 63144 
(314) 962-0382 

MONTANA 
Lin eo 
P.O. Box 24 18 
Cut Bank. MT 59427 
(406) 336-3117 

NEBRASKA 
Omaha Computer Store 
4540 South 84th 
Omaha. NB 68127 
(402) 592-3590 

NEW JERSEY 
Computer Power 
235 Nutley 
Nutley. NJ 07110 
(201) 667-5502 

Computer Corner 
240 Wanaque 
Pompton. NJ 07442 
(201) 835-7080 

NEW YORK 
Associated Consultants 
33 Ogden 
East Wi lli ston. NY 11596 
(516) 746- 1079 

Computer Mart of N. Y. 
118 Madison 
New York, NY 10016 
(212) 686-7923 

Yingco 
Two World Trade Center 
Penthouse 107th Floor 
New York. NY 10048 
(212) 775-9000 

Brag Microcomputers 
19 Cambridge 
Roch este r. NY 14607 
(716) 442-5861 

Microcomputer Workshop 
234 Tennyson Terrace 
Wi lli amsville. NY 14221 
(716) 632-8270 

OHIO 

Ol son Electronics 
69 West State 
Akron . OH 44308 
(216) 762-0301 

Olson Electronics 
1994 Brittain 
Akron . OH 44310 
(2 16) 633-4338 

Olson Electroni cs 
3265 W. Market 
Akron . OH 44313 
(216) 864-3407 

Lu cas Office Equipmen t 
& Service 

869 E. Franklin 
Centervi ll e. OH 45459 
(513) 433-8484 

Olson Electroni cs 
2020 Euclid 
Cleveland . OH 44 11 5 
(216) 621-6387 

Olson Electroni cs 
6813 Pearl 
Cleveland . OH 44130 
(2 16) 845-2424 

Olson El ect ronics 
6153 Mayfield 
Cleveland . OH 44 124 
(216) 449-2690 

Olson Elect ronics 
21850 Cen ter Ridge 
Cleveland . OH 44116 
(216) 331-4600 

Byte Shop 
2432 Chester 
Co lumbus.OH 43221 
(614) 486-7761 

Olson Elec troni cs 
1975 Henderson 
Columbus. OH 43220 
(614) 451-3245 

Johnson Computer 
123 W. Washington 
Medina. OH 44256 
(216) 725-4560 

Ol son Electronics 
7401 Market 
Southern Park Mall 
Youngstown . OH 44512 
(216) 758-3828 

OKLAHOMA 

~1aouB~fe~~gineering 
Clinton. OK 73601 

Accounting Systems 
2709 Orlando 
Oklah oma Cit y. OK 73120 
(405) 751-1537 

Gauger Engineering 
3824 S. 79th East 
Tulsa. OK 74145 
(918) 627- 1064 

OREGON 
Fial Computer 
11013 S. E. 52nd 
Mi lwauk ie. OR 97222 
(503) 654-9574 

PENNSYLVAN IA 
Olson Electroni cs 
59 18 Penn 
Pilisburgh. PA 15206 
(412) 362-1333 

Olson Electron ics 
3405 Saw Mill Run 
Pitt sburgh . PA 15227 
(412) 881-0702 

Olson Electronics 
4778 McKnight 
Pitt sbu rgh, PA 15237 
(4 12) 366-7298 

Abacus Data Systems 
Route 8 
Reno. PA 16343 
(814) 677-6502 

TENNESSEE 
Computer Power of Memphis 
3065 James 
Memphis. TN 38128 
(901) 386-9905 

Smart Machine Mart 
5151 Hillson 
Nashvill e. TN 37211 
(615) 833-9773 

ComputerPowerofOakRidge 
800 Oak Ridge Turnpike 
Oak Ridge. TN 38730 
(615) 482-9031 

SOUTH DAKOTA 
Exe Engineering 
804 E. Lewis 
Vermillion, SO 57069 
(605) 624-6411 

TEXAS 
Mr. Computer 
744 FM 1960 W .• Su ite E 
Houston. TX 77090 
(713) 444-7419 

UTAH 
Home Computer Store 
2343 East 3300 Sou th 
Salt Lake Ci ty. UT 84109 
(801) 484-6502 

VIRGINIA 
HIB Computers 
217 E. Main 
Charlottesville. VA 22101 
(804) 295-1975 

Microsystem s. Inc. 
5320 Willi amson 
Roanoke. VA 24012 
(703) 563-0693 

WASHINGTON 
Ye Olde Computer Shoppe 
1301 George Washington 
Ri ch land . WA 99352 
(509) 946-3330 

WISCONSIN 
MicroComp 
785 S. Main 
Fond du Lac. WI 54935 
(414) 922-2515 

Madison Computer Store 
1863 Monroe 
Madison. WI 53711 
(608) 255-5552 

Milwaukee Magnetic Media 
1750 West Silver Spring 
Milwaukee. WI 53209 
(414) 228-8930 

Indian head Computer 
Box 178 Route 4 
Rice Lake. WI 54868 
(715) 234-4323 

Olson El ect ronics 
3125 South 108th 
West Allis. WI 53227 
(4 14) 541- 1406 

WYOMING 

Control Technology 
204 Crazy Horse Lane 
Gi ll ette. WY 82716 
(307) 682-0300 

CANADA 
Omega Com pu ting Ltd . 
Box 220 
Station P 
Toronto. Ontario 
Canada M5S 2F7 
(416) 425-9200 

Robo·Tronics 
509 16th N. W. 
Calgary . Alberta 
Canada T2M OJ6 
(403) 282-9468 

EUROPE 
Pan Atlan ti c Computer 

System GmbH 
61 Armstadt 
Frankfurterstrasse 78 
West Germ any 

PUERTO RICO 

Puerto Rico Key Punch 
P.O. Box 2036 
Hato Rey. Puerto Ri co 00919 
(809) 751-4042 

SOUTH AMERICA 

SAVE 
P.O. Box 701 
Cuenca, Ecuador 
830-770 

Circle 290 on inquiry card. 



If you are interested in an ultra high per· 
formance personal computer which can be 
fully expanded to a mainframe class micro· 
computer system, consider the C2·8P. 

Features: 
Minimally equipped with 8K BASIC·in·ROM, 4K RAM, 

machine code monitor, video display interface, cassette 
interface and keyboard with upper and lower case 
characters. (Video monitor and cassette recorder optional 
extras.) 
• The fastest full feature BASIC in the microcomputer 
industry. 
• Boasts the most sophisticated video display in per· 
sonal computing with 32 rows by 64 columns of upper 
case, lower case, graphics and gaming elements for an ef· 
fective screen resolution of 256 by 512 elements. 
• The CPU's direct screen access, coupled with its ultra 
fast BASIC and high resolution, makes the C2-8P capable 
of spectacular video animation directly in BASIC. 
• Fully assembled and tested : 8 slot mainframe class 
microcomputer, six open slots for expansion . Supports 
Ohio Scientific's ultra low cost dynamic RAM boards or 
ultra high reliability static RAMs. 

The C2-8P can support more in·case expansion than its 
four nearest competitors combined. 

The C2-8P is the only BASIC·in·ROM computer that can 
be directly expanded today to a complete business 
system with line printer and 8" floppy disk drives. 

It is the only personal class computer that can be 
expanded to support a Hard Disk! (CD-74) 

The C2-8P is the fastest in BASIC, has the most sophisti· 
cated video display and is the most internally expandable 
personal computer. Therefore, it should be the highest 
priced? 

Wrong : The C2-8P is priced considerably below several 
models advertised in this magazine. The C2-8P is just one 
of several models of personal computers by Ohio 
Scientific, the company that first offered full feature 
BASIC·in·ROM personal computers. 

For more information, contact your local Ohio Scientific 
dealer or the factory at (216) 562-3101. 

1333 S. Chillicothe Road • Aurora, Ohio 44202 
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TheC3·B 
by Ohio Scientific 

The world's most powerful 
microcomputer system 
is far more affordable 

than you may think: 

STANDARD FEATURES: 

74 million byte Winchester tech­
nology disk drive yields mainframe 
class file access speeds and 
capacity. 

High level data file software 
makes high performance file struc­
tures like multikey ISAM easy to 
use. 

Triple processor CPU with 
6502A, 6800 and Z-80 gives the pro­
grammer the best of all worlds in 
performance and versatility. 

Switchable and programmable 
CPU clocks at 1, 2 and 4 M Hz yield 
maximum performance from each 
microprocessor. 



• The included 6502A based ex­
tended disk BASIC by Microsoft 
out-benchmarks every micro 
available, including 4 MHz Z-80 and 
LSI-11 with extended arithmetic . 

• 48K of high reliability static RAM 
is standard. 

• High density 8" floppys provide 
program and data mobility from 
machine to machine. 

• Completely integrated mechani­
cal system with UL-recognized 
power supplies; continuous duty 
cycle cooling ; modular construc­
tion and rack slide mounted 
subassemblies. 

• Based on a 16 slot Bus-oriented 
architecture with only 7 slots used 
in the base machine. 

• Directly expandable to 300 
megabytes of disk, 768K of RAM in 
16 partitions, 16 comm un ication 
ports, plus console and three 
printers. 

• C3-B's have been in production 
since February, 1978, and are 
available now on very reasonable 
delivery schedules. 

The C3-B was designed by Ohio 
Scientific as the state of art in 
small business computing. The 
system places its power where it's 

needed in the small business 
environment; in the data files. The 
C3-B's advanced Winchester tech­
nology disk, coupled with its smart 
controller and dedicated high 
speed memory channel, gives the 
C3-B data file performance com­
parable with today's most powerful 
maxi-computers. 

The system can easily expand 
upward from single user to multi­
user operation. Optional hardware 
and software include a real time 
clock and a 16 terminal (plus con­
sole) real time operating system. 
Multiple terminal programs such as 
multi-station order entry can be 
programmed directly in BASIC. The 
system is super fast because multi­
terminal 1/0 can be handled 
simultaneously with disk 1/0 due to 
the smart disk controller! 

By simply adding memory in the 
alternate partitions, the system can 
be expanded to full multi-tasking, 
multi-programming operation. The 
multi-terminal hardware supports 
both asynchronous and synchron­
ous protocols in conjunction with 
terminals and smaller computers 
such as Ohio Scientific's BASIC­
in-ROM and floppy disk based 
systems at transfer rates up to 
500K bits per second . 

• The C3-B costs only slightly 
more than many floppy only com­
puters but offers at least a thou­
sand times performance improve­
ment over such machines (50 times 
storage capacity multiplied by 20 
times access speed improvement). 

But what if your business client 
cannot justify starting with a C3-B? 
Then start with Ohio Scientific's in­
expensive C3-S1 floppy disk based 
system running OS-65U. When he is 
ready, add the CD-74 big disk and 
directly transfer programs and files 
from floppy to big disk with NO 
modifications. 

That's upward expandability! 

* Rack as shown on right com­
plete with 74 megabyte disk, dual 
floppys, 48K of static RAM, OS-65U 
operating system and one CRT ter­
minal under $13,000. 

Multiple terminal systems with 
printers and applications software 
are priced in the mid-20's. 

1IIIIIIEIIIIIFlI 
1333 S. Chillicothe Road. Aurora, Ohio 44202 
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On Building a Light-Seeking 

Stephen A Allen 
POB 2281 
Leucadia CA 92024 

Tony Rossetti 
1455 Arbor Av 
Los Altos CA 94022 

24 August 1978 © BYTE Publications Inc 

Robot Mechanism 

The idea of the Tee Toddler was born 
during the summer of 1976. We, as two 
undergrad uate enginee ring students at Rice 
Uni ve l's ity in Houston, wanted to design a 
system usin g as much app li cable electr ica l 
engineering as possibl e which could act on 
its own intelli ge nce and which could also 
learn from its mi stakes. We wanted to inco r­
porate state of the art electronics and 
actuall y deve lop a piece of work ing hard­
ware. As a three credit hour course for two 
semesters we designed and built a small 
"robot" ca r, the Tee Toddl er. 

The car is design ed to track toward a 
shining light. It accomp li shes this with th e 
hel p of two processors: an on board l -80 
microprocessor which com municates with a 
PDP-11 minicomputer over a two way digital 
radio link . Th e source light the Tee Toddl er 
searches for can be anywhere on the horizon. 
This li ght is detected by a rotating eye wh ich 
scans a 360 degree view five times pe r 
second (see photo 1). There is also an ultra­
sonic so nar system capable of scanning 
simultaneous ly to the left and right of 

cente r to detect objects in the car's forward 
path (see photo 2). It can give ranges of up 
to five fee t with 9 inch accuracy. The car 
has three forward and reverse speeds, fi ve 
stee ring positions and a turning radius of five 
feet. Other standard equipment includes a 
front contact sensing bumper to detect ob­
jects which the sonar missed; a sou rce light 
monitor to determine if the car is at its 
dest inat ion; a source light ve rifi er to indicate 
whether the ca r has gone beh ind someth ing 
which blocks the source light; whitewall 
t ires and positive traction rear end . Most 
power requirements were met by regu lating 
a 12 V rech argea bl e batte ry . Th e Tee 
Toddl er is a closed loop system. It con­
stantly updates its knowledge of where 
the li gh t is and what obstacles are in the 
way; thus opel-ati ng as a se lf-su fficient rea l 
time system. Great flexibility inherent in the 
two processor system allows for develop­
ment of the car's intelligence. The program­
mer has lots of freedom in deciding how the 
car shou ld deal with differing situat ions. 
This freedom in configur ing th e system be­
tween the computers and a moving object 
is the true beauty of the Tee Todd ler. The 
duties of each processor are different. The 
on board l-80 handl es th e car's reflex 
maneuvers; th e PDP-11 makes both rea l time 
nav igational dec isions and can also generate 
a bette r path for the car to take on a second 
trip ove r th e same obstac le cO'urse toward 
the li ght. The normal mode of operation is 
se t up with the PDP-11 in control of the car 
via the radio. The l-BO is operated in an 

Photo 7: The primary sensor of Tee Toddler 
is this photoelectric horizon scanner. The 
"eye" mounted on a Plexiglas standard and 
metal bracket scans a 360

0 field. The flat 
mirror rotates at five revolutions per second 
deflecting light into the phototransistor eye 
through a 45 0 angle. The position of the 
min-ol IS resuived IliLO one of / 6 angular 
states by a slotted disk which passes through 
an optocoupler. 
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Figure 7: The source ligh t intensity monitor circuit is used to test proximity of 
the car to the goal of a shining light. The end of the car's mission is indicated 
when the light intensity in a 720 ' forward viewing range exceeds a threshold set 
by the resistor R 7. 
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interrupt mode. I t stands by and records 
all course changes the car makes each time 
an obstac le is detected by sonar and also 
reco rds each navigational correction made 
enroute to the light. In the case of co lli sion 
or loss of the light, the Z-80 takes over 
co ntrol and remedies the si tu at ion before it 
returns contro l of th e car to the PDP-ll . At 
the end of the trip to the li ght the Z-80 
dumps all the course change vectors it has 
recorded (steering setting and distance 
traveled) to the PDP-11 ove r the radio 
channel. The PDP-ll then determin es a 
bette r path for the car to take ove r the same 
course on a second run . 

Sensors: the Bumpers 

The bumper is needed onl y in case an 
object is encountered in front of the car 
wh ich is too narrow to be seen by the 
sonar. The bumper has two microswitches 
behind it, one on each side. It pivots in the 

Photo 2: Tee Toddler's sonar system trans­
ducers are illustrated in this front view. The 
blacl? object in the center of the picture is 
the sonar transmitter which emits periodic 
pulses of sound at 40 k Hz. The two cup-like 
objects with red interiors (equally spaced to 
the left and right of the center of the picture 
toward the top) are the receiving micro­
phones. The sonar drive electronics of this 
system resolves four distance states on each 
receiving microphone with a maximum range 
of about five feet and an accuracy of about 
nine inches. 

center so that a contact on only one side 
wi ll depress onl y one switch; however if the 
co lli sion is head-o n, both switches will be 
depressed. Two bits, one for each switch, are 
sent to the Z-80 computer. 

Sensors: Source Light Intensity Monitor 

The sou rce li ght is the car's destination. 
Th e in tens ity monitor consi sts of three 
phototransistors which sense the intensity 
of li ght until the car is close enough to the 
source light (a foot) to stop; mission acco m­
plished (see figure 1). An angle of 120 de­
grees is monitored, so the car mu st make 
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Photo 3: A view of the Tee Toddler car from the rear with the differential 
and drive motor visible. (The battery and rear deck have been removed for 
purposes of this photograph.) 
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Figure 2: The direction of the light source relative to the forward direction of 
travel is measured by one of 76 angular states. The disk on which the main 
horizon scanning sensor's mirror is mounted has 76 slots which are sensed 
by an optocoupler which drives a counter. The counter is reset once per 
revolution of the disk by a separate sensor, so the angular states numbered 0 
through 75 are sensed. When the photosensor detects the target light, the 
current state of the scanning angle is latched and can be read by the Z-80 
mobile computer for transmission to the PDP-7 7 base computer. 
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its final app roach moving in a forward 
direction. 

Sensors: 
Rotating Eye and 
Source Light Verifier 

The rotating eye scans a plane about 18 
inches above the ground loo kin g for a li ght 
source. Photo 1 shows the physica l arrange­
ment. It automatical ly adjusts its sensitivity 
for ambient light, much like the hum an eye. 
The response of its electron ics is such that 
it can detect a pen light at 30 feet in a dark 
room . In a normally ligh ted room it is se lf­
adjusting and can discriminate between two 
li ghts if one is about three times as bright as 
the other. 

As the disk rotates clockwise, the 16 slots 
in its edge pass through an optical switch 
and are counted by a 4 bit counter on the 
main deck. At the instant the light is spotted 
during the dis k's rotation, the count is 
loaded into a 4 bit latch to be read by the 
computer. For examp le, if the light is 
spotted straight ahead, the count is eight. 
Figure 2 shows the logical definitions of 
the 16 poss ibl e directions (a missing slot 
corresponds to the state when the mirror is 
aim ed to the rear; the cou nter is reset to 
zero in this condition) . Thus any erroneous 
cou nts caused by ambiguous li ght sources 
or reflections are wiped out each t ime the 
disk begins a 360 degree scan. Once a num­
ber is loaded in to the latch it stays there 
until the li ght is spotted again and a new 
number is loaded . This reloading usuall y 
occurs once for each time the disk goes 
arou nd . But if the li ght source suddenly 
becomes blocked by some object, the latch 
conti nues to hold the last number loaded 
even though there is no light being seen . To 
remedy this problem, a source light verifi ca­
t ion circuit is part of the electronics. This 
circu it send s a logical 0 to the Z-80 as long 
as the light is actuall y still being spotted and 
a logical 1 when it is not. 

Steering Control 

The steering system has five possible posi­
tions numbered arbitraril y 2, 3,4,5 and 6. 
2 is far left and 6 is far right. Th e command 
from the computer (PDP-11 or Z-80) has 
3 bits to specify these states. The number is 
converted to an analog voltage using a cur­
rent sourced resistor ladder. The DC vo ltage 
enab les a pulse width modulator which con­
trols the two steering servos. The servos ac t 
in opposite directions on opposite ends of 
the front axle to turn the wheels. The pulse 
is sent at 67 Hz. See figure 3 for a block 
diagram of the steeri ng contro l section. If 
the pu lse is 1 ms long, the servos stay where 



The North Star 16K RAM board is a star performer 
in our HORIZON computer. Just as important, it is the 
ideal memory for most other S-100 bus systems. No other 
RAM board can surpass the speed, reliability, and quality 
features of the North Star 16K RAM at any price. 

SPEED - The North Star 16K RAM is the fastest S-100 
bus memory board available. No wait states are required , 
even with a Z80 at 4MHz. And, of course, this outstand­
ing 16K RAM will operate with both 8080 and Z80 proc­
essors at 2MHz. Industry standard 200ns dynamic RAM 
chips are used. Invisible on-board refresh circuitry allows 
the processor to run at full speed. 

RELIABILITY - The North Star 16K RAM is designed to 
match the same high standards as our MICRO DISK 
SYSTEM and HORIZON computer. For example, all ad­
dress and data signals are fully buffered. A parity check 
option is available with the 16K RAM for appl ications re­
quiring immediate hardware error detection . If a memory 

error occurs, a status flip/flop is set and an interrupt can 
inform the processor. Or, if preferred, an error status 
light will go on. 
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Photo 4: An overall view of the Tee Toddler taken from the side. Radio 
antennas and three levels of electronics on board are visible. The drive power 
source, a GeLi rechargeable battery, is at the right, with the front of the 
vehicle towards the left in this photograph. 
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Figure 3: Steering system block diagram. Three bits from the Z-80 are de­
coded by a TTL decoder which implements a simple weighted resistor digital 
to analog converter. The output of the converter is filtered to prevent sudden 
changes and, in turn, sets the pulse width seen by the two servos. The servos 
are Heathkit radio control devices which have a 5 pound thrust and a 7. 5 
second full range response time. 

28 August 1978 © BYT£ Publica tions Inc 

they are; if it is longer or shorter, they move 
the wheels left or right. The servos are 
Heathkit radio control modules with five 
pounds of thrust. The change in pulse width 
seen by the servos is electronically filtered 
since the command from the computers can 
change from far left to far right instan­
taneously while the servos take about 
1.5 seconds to pull the wheels from full 
left to full right. 

Motor Control 

The motor speeds are given by the num­
bers 0, 1, 2 and 3 wh ich are decoded to stop, 
slow, medium and fast . There is also a for­
ward and reverse bit, thus making a total of 
7 motor states controlled by three binary 
digi ts. The motor control pulse width cir­
cuit works the same as the steering control 
circuit, except that the pulse change is not 
filtered. Th e motor is a 0 to 13 VDC "pan­
cake" motor with a built-in 25:1 gear re­
duction . The rear axle differenti al gear 
ratio is 1: 1. The motor's speed is controlled 
by the pulse width of the 12 V 700 Hz 
pulses being sent to it by the control circuit. 
Forward and reverse directions are con­
trolled by a relay. The motor draws a 
cu rrent of about 1/2 A when the car is 
cruising at 1 mph (1.6 kmph). Since the 
motor is a highly reactive load to the sharp 
edges of the control pulses, the motor is 
optically isol ated to eliminate interference 
with the logic circuits of the on board l-80 
system. Power amplification to drive the 
motor is accomplished after the isol ator. 

Sonar System 

The sensing of objects in the car's path 
was or iginally intended to be done with light. 
This is difficult since objects with different 
textures at the same distance from the car 
would reflect different amounts of light. 
Pulsed infrared did not have the necessary 
intensity, and radar was ruled out because 
it would detect only metal ob jects. Th e 
ex istence of the National LM 1812 sonar 
integrated circuit was probably the major 
factor enabling use of this sensor system . 
With this system the car is ab le to distinguish 
between obstacles to its left or I' igh t and can 
navi gate between obstacles spaced only 
sli ghtly farther apart than the car's width. 

Th e sonar unit on the car transmits a 
1 ms pulse at 40 kH z every 10 ms hom a 
transducer mounted in the centel' of the 
car's fro nt end (see photo 2). Th e echo is 
rece ived separately on the right and left by 
two receiving transducers, Since there is 
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really only one sonar transceiver, th e receiv­
ing transducers are multiplexed with field 
effect transistors to the receiver for three 
cycles of transmit and receive each. The 
coun t of the elapse d time between transm it 
and receive for each cycl e is also multi­
pl exed into the left or ri ght output latch 
to be ready by one of the computers. A 
block di agram of the sonar sys tem is shown 
in figure 4. 

Since sound in air travels at about one 

Sonar Ranging Terms: Derived Quantities to Be 
Found 

o = Angle of object relative to forward direc· 
tion. 

T o = Time of transit out to object (equiva lent 
to a distance) . To is one side of both left 
and right path triangles . 

Note: Using the law of cosines, and the two mea· 
surements, th e algebra gives two equations (left 
and right si gnal path tri angles) which can be 
so lved exactly for two unknowns (To and angle 8 ). 

Sonar Ranging Terms: Measured Quantiti'es 

B = Half the tota l d is tance between th e two 
receivers. This forms one side of the 
triangles used with the law of cosines. 

R = Measured transit time, transmitter to 
object to righ t receive r. R = To + T R 

L = Measu red transit time, transmitter to 
objec t to le ft recei ve r . L = To + T L 

Sonar Ranging Terms: Miscellaneous 

90 - 8 = Included angle used in law of cosi nes 
applied to left triangl e. 

90+8 = Included angle used in law of cosines 
appl ied to right tri angle . 

T L = T ime of transit back from object to left 
receiver (equivalent to a distance). T L is 
one side of left signa l path triangl e. 

T R = Time of transit back from object to right 
receiver (equivalent to a distance). T R is 
one side of right signal path tr iangle. 

MOD 24 
COUN TER 

\ 
\ 
\ 

• \ 
\ 

I 

I-

\ 

• \ 
\ 
\ 
\ 

~\: l,---------<_ 
r 

ImS 

~ 

SHOT TRANS MIT 

foot per ms and a pulse is transmitted each 
ten ms, the maximum range is about five 
feet, which proves quite adequate. If no sonar 
echo is received, then the output latches are 
automatically loaded with the count 7, the 
maximum range possible. This is decoded by 
the computers as no object and thus no path 
correc tion is made. The sensitivity of the 
receiver is adj ustable with a trimpot on the 
main deck, thus allowing different distance 
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Figure 4: Block diagram of the Tee Toddler 's sonar ) I 
system. The heart of the sonar system is the National 4 

Semiconductor LM 7 8 72 Sonar Transceiver Circuit, 
which generates the sound pulse, detects a returning 
sound pulse and thus controls a count measured in a 4 
bit range counter. Given the two measurements of 
distance Rand L, the known base line B, the relation­
ships R = To + TR and L = To + TL it is possible to 
apply the plane trigonometry law of cosines (a2 = b2 
+ c2 - 2bc COS (A)) to calculate the distance to the 
object To and the angle e. 
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Figure 5: Block diagram of the Tee Toddler 
computer systems. The PDP-" is a large 
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with the mobile Z-80 in the Tee Toddler car 
using FM data links at separate frequencies. 
The FM transmitters and receivers convert 
binary data into a series of transmitted 
frequency encoded modulations and vice 
versa. 
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This type of sonar system is really a 
minimal one. Doppl er shift detection could 
also be accomplished fair ly easi ly to all ow 
determin at ion of speed of a moving obstacle. 
Echo amp litude analysis wo uld also be worth 
investigating since it wou ld help solve the 
probl em of echo fram e overlap; such overlap 
exists when an echo from the pl'evious 
soundi ng returns late, after bouncing off a 
far away object, resulting in two echos for 
the current frame. The strongest of the two 
(or more) echos should be taken as the true 
one. The Tee Toddler's system tr iggers a 
9 ms oneshot on the first echo thereby 
ignoring all secondary echos. 

Radio Data Links 

An encoder transforms parallel bits into 
seria l tones to be transmitted over a fr e­
quency modulated channel. One channel 
is from the Tee Todd ler car to th e PDP-11 
computer at 96 MH z. The other channel is 
from the PDP-11 computel' to th e car at 
450 MHz , The seria l data encoder and 
transmitter at the PDP-11 base station are 
essentiall y identical to the car's versions 
except for the number of bits pel' word of 
data . A two-tone modulation system is 
used. This means that each binary state is 
encoded into one of two different frequen­
cies for transmission. At the modulator a 

logical 1 is represented by a 2500 Hz signal 
and a logical 0 is repl'esented by a 1900 Hz 
signa l. 

The receiver and data decoder accepts the 
stri ng of audio tones from the FM receiver, 
decodes them into 1 s and Os using phase 
locked loops and converts back to a para ll el 
data format. Whi le our prototype did not 
use standard circuitry, a standard asynchro­
nous serial communications discipline such 
as that provided by a UART or ACIA would 
work we ll in this app lication. 

Power Sources 

The power for most circuits is derived 
from a 12 V 4.5 Amp-Hour GeLi cell recharge­
able battery. The battery was dr illed and 
tapped at 8 V to power a 5 V regu lator for 
the TTL circuits and for the l-80 micro­
computer. Th e steering servos required 
their own set of four penlight batteries (also 
rechargeable), and the 1702 read only mem­
ory hold ing the Z-80 program required a 
separated - 9 V su pply , derived fl'om three 
parallel transistor radio batteries. This power 
supply system is capable of running the car 
for several hours before any recharging is 
necessary. 

Computer Control 

As has been menti oned, the car is con-



trolled by two separate computers. The com­
munication paths between the computers 
and the car are shown in the system diagram 
of figure 5 . In actuality, only one of the 
computers can communicate with the car at 
a time. This is the case for several reasons. 
First, there are only three control inputs to 
the car to make it operate. These are the 
speed, direction and steering controls . Since 
these inputs can originate at either com­
puter, a mUltiplexing scheme had to be used. 
Second, only the PDP-11 actually makes 
decisions based on sensor information 
from the car. The Z-80's control of the car's 
movements is more like a reflex action, in 
that it performs a canned routine when 
invoked by the car's sensors. Last, the func­
tions are separated to facilitate the transition 
to a total on board control system, since the 
PDP-11 can be replaced easily by another on 
board microcomputer. 

The motivation behind this configuration 
is based on several criteria. Since part of the 
system was going to be standing alone, some 
of the major considerations were power 
consumption, various power supply require­
ments and ease of operation. With all these 
considered, it was decided that a Z-80 with 
its single 5 V power supply requirement and 
single phase clock was a logical candidate. 
The 16 bit PDP-11 was used because it could 
do computations at a greater speed than the 
8 bit Z-80. 

The on board microprocessor has several 
functions associated with the control of the 
car . One function is to supervise all data and 
control channels to and from the car . In 
other words, it has the responsibility of 
deciding whether the PDP-11 or the Z-80 is 
going to control the movements of the car 
and which of the two computers is going to 
receive the information from the car's sensors. 
The routing of these different channels of 
information is accompl ished by the use of 
data selectors. The Z-80 controls the data 
selectors such that the information is routed 
to the correct device at the correct ti me. 
Information coming in to the car to control 
its movements comes from either the 
PDP-11 or the microprocessor. It comes 
from the PDP-11, over the radio link, if the 
car's sensors indicate one of the following 
conditions: 

• The car has reached the source light . 
• An object has been detected by the 

sonar system on either the left or the 
righ t. 

• The car has spotted the source light. 

The PDP-ll then analyzes these condi­
tions according to the hierarchy of impor­
tance, as is shown in the decision tree of 
algorithm 1, and then communicates to the 

CONTINUE 
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YES 

YES 

STOP CAR, 
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MOVEMENT 
VECTORS 
FROM Z-80 

ADJUST CAR 
PATH 
ACCORDINGLY 

Algorithm 1: The base computer's executive program in outline form . This 
decision tree is executed in the PDP-7 1 each time a car sensor word is received. 
If any of the tests results in an affirmative answer, the program executes a 
routine designed for that specific state. Each routine takes into account 
past information of where the light was spotted. The sonar detection routines 
also take into account any objects which have recently been passed. These 
things are considered so that the car proceeds in the direction of the light 
and does not col/ide with any objects while moving in reverse. There is no 
specific way to stop the system except by interrupting the PDP-l 1 and issuing 
a control word to the car to stop it. 

car the appropriate movement corrections 
to make. Control information to the car 
originates from the Z-80 when one of the 
following car sensor conditions arises: 

• Contact with an object has been 
indicated on either the left or right 
side by the front bumper. 

• The car has lost sight of the source 
light. 

The microcomputer controls the movements 
of the car if either condition is met and then 
gives control back to the PDP-11 when it 
has finished its corresponding task. 

Another function of the on board micro­
computer is to store all movement vectors 
associated with the car's path. These vectors 
indicate the steering angle, the direction of 
travel and the length of travel of the car. 
Therefore, when the car changes direction or 
steering angle, a vector is stored in memory 
which correlates to how far the car traveled 
at the previous setting. Thus, when the 
task of finding the light is accomplished, 
the on board memory contains all the 
different moves the car made to reach 
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Algorithm 2: The mobile computer's executive program, in outline form. In 
the initialization procedure the Z-80 sets up the memory areas, resets the 
wheel rotation counter and sets the data selectors for the PDP-7 7 to control 
the car and the car sensor status word to be transmitted to the PDP-7 7. The 
processor then awaits an interrupt. When the Z-80 is interrupted, the tests are 
executed in this order. After each routine is completed, control is returned to 
the PDP-ll . 
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the light. With this information the car 
has a new path calculated for it by the mini­
computer. This path allows the car to drive 
to the light from the same starting position 
without the use of any of its sensors and 
without having to maneuver around a single 
object, since it already knows where they 
are located. In a very loose sense then, the 
system has learned about its environment 
and used this knowledge to improve its pro­
ficiency at the task of finding the source 
light, much like a mouse in a maze. 

The last major function of the micro­
computer is to pass the movement vectors 
to the PDP-" once the car has reached 
its destination. This is accomplished by 
having the minicomputer issue a "dump" 
command signal over the radio to the Z-80. 
Using a handshake system, the Z-80 sends 

the movement vectors to the PDP-" one 
at a time. The decision hierarchy of the Z-80 
program is shown in algorithm 2. 

PDP·" Base 

The PDP·" minicomputer is the actual 
brain of the system. It has the ability to 
decide where to move the car in order to 
approach the light and yet avoid objects on 
the way. Inputs to the PDP·" come from 
either the car's sensors or the microcomputer 
memory . If the inputs are from the car they 
indicate the current status of the sonar left 
and sonar right sensors, the 360 degree 
rotating eye and the source light intensity 
monitor. These are processed according 
to the following hierarchy . First the source 
light intensity monitor signal is checked to 
determine if the car has reached its destina­
tion. This indicator is checked first because 
it will indicate if the total task has been 
accomplished. If this condition is true, 
the PDP·" computer sends a message to the 
car telling it to stop and telling the Z-80 to 
start unloading its memory of movement 
vectors. The handshake system used is initi­
ated by the car informing the PDP·" base 
computer that the car has reached the light. 
The minicomputer then informs the micro­
computer to start unloading the memory , 
at which time the minicomputer checks 
each incoming vector to determine if it is 
the last. If not, the PDP·" asks for another 
vector to be transferred. This continues 
until all vectors are transferred. 

Second, the sonar sensor inputs are 
examined to see if any objects are being 
detected. If an object is detected, then a 
special routine analyzes the situation accord· 
ing to which side the object is detected 
and how far away it is . I f the object is far 
enough away for the car to maneuver around 
it without having to back up, then the PDP·" 
commands the car to steer to the left or 
right, whichever is appropriate, to avoid the 
object which is in the way. If the object is 
detected by both sensors, then the side 
which detects it as being closer overrides 
the other. In the event that the distance 
measurements are equal, the computer 
arbitrarily chooses the right side as having a 
higher priority. Obstacles detected at a 
range too close for the car to maneuver 
around while proceeding forward cause 
the car to back up. An obstacle detected 
at a very close range on the right causes the 
car to back up. However, the steering 
position for this movement depends on 
whether the car was steering to the left, 
right or center. If the car was proceeding to 
the right, then it must know, from a previous 
sensor reading, that the source light is to the 
right. If this is the case, the car backs up 
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Figure 6: This diagram illustrates paths the car can make when confronted 
with typical situations. Assume the car is moving straight and forward and 
detects the light in either the number 2 or 4 position. The PDP-7 7 has control 
and moves the steering to the right and backs up for a certain distance . If the 
light was spotted in position 4 the car proceeds along path A with the steering 
set back to the center. But if the light was spotted at position 2 the car moves 
along path B with the steering set to the left. If the ligh t had been spotted at 
position 7, almost directly behind the car, the maneuver would also have been 
along path B. However, since it would not be able to approach the light at a 
very straight angle, it would have to back up again and set the steering for a 
more direct path. 
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with the steering set to the left. After backing 
up for a certain amount of time, the car 
changes the steering to th e ri ght and pro­
ceeds forward . This causes th e car to maneu­
ver around the obstacle and also sets it on a 
better path to the source light. In effec t , the 
car has used past knowledge to evaluate the 
present situation. If the steering had been to 
the left originally, then the computer would 
set the steering to the right. Th e car th en 
proceeds in reverse for a given amount of 
time and then changes its steering position 
to the left and proceeds forward for an 
additional period of time. This action makes 
the car maneuver around the object and 
along a better path. An original steering 
position in the center again causes the right 
side to override the left. Although all these 
controls and decisions are handled by the 

minicomputer, the results do incorporate 
the use of the on board microcomputer. 
Th e microcomputer is used to store all 
movement vectors pertaining to all direc­
tion or steering changes. Th is is accomp l ished 
by having the PDP-11 computer issue a 
course change signal to the Z-80 at the 
same tim e it issues the new control word 
to the car. The Z-80 on board computer 
then stores th e previous movement vector 
in memory, then returns contro l to the 
minicomputer. 

The third sensor readings used by the 
PDP-11 are th e values from the rotating 
eye. These sensors indicate where the 
li ght is located with respect to the current 
position of the car as shown in figure 2. 
Basicall y, the wor ld, as the car sees it, has 
been divided into 16 windows, each allowing 
a different view of th e horizon. A number 
has been assigned to each separate slice, th us 
giving an easy identification and recognition 
scheme fOI· evaluating the position of the 
source light. For example, the semicircle in 
front of the car has nine windows associated 
with it, four to the left, four to the right, 
and one for the center. Thus, si nce straight 
ahead has been declared as having a value of 
8, then th e far left becomes 4 and the far 
right becomes 12. Therefore , by exam inin g 
the value, the computer can te ll where the 
source li ght is and then adjust the path to 
proceed in that direction. If the li ght is 
spotted in th e forward sem icircle between 

. values 5 and 11, the course ad justments are 
quite straightforward. The steering is merely 
positioned so as to point th e car in the 
direction of the light. 

However, if the light is spotted in the 
aft semicircle or to the extreme sides, a 
different approach must be taken. Instead 
of having the car do a complete 180 degree 
turn, we decided to have the car perform 
several backward and forward movements. 
By doing this we reduced the possibility 
of contacting objects by reducing the space 
needed to pe rform the maneuvers . For 
example, if the light is detected in the num­
ber 1 through 4 windows, the computer 
backs th e car up with the steering set to the 
right. The distance it backs up depends on 
which window the light was spotted in . For 
exa mpl e, if it was spotted at position 4, the 
extreme left, th en the car would back up 
far enough so that when it stopped it would 
be facing directly toward the ligh t and could 
then proceed in a straightforward direction 
(path A in figure 6). If, however, the light 
had been spotted more to the rear, the cal· 
would back up a bit further and then have 
the steering set to the left position and pro­
ceed forwal·d. The exact opposite action 
would have taken place had the light been 



U
NDERSTANDING MICRO­
COMPUTERS answers these 
and hundreds of other ques­

tions clearly in this profusely il­
lustrated, easy-reading "must" 
book. You'll find fundamental 
concepts behind the operation of 
virtually alf microcomputers, writ­
ten in simple English so that any­
one can gain the extra knowledge 
needed to read and understand 
computer magazines, manufac­
ture rs' literature, and feel "at 
home" around computers. Here 
are just a few items discussed ... 
- How a CPU is organized and 
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rectives to solve problems 

- Illustrates basic instructions 
from almost every class of mi­
croprocessor 

- Discusses common memory 
addressing modes- illustrates 
typical uses 
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computer what to do when us~ 

ing machine language pro­
gramming methods 
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program worksheets, hand as­
sembly of source codes into 
object codes, memory maps, 
purpose of an Editor, Assem­
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language 
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input/output devices and their 
operational concepts 

- Practical aspects of sele ting 
a small computer system 

--' Plus, hundreds of other practi­
cal facts and information 
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and paperback for only $9.95. Order yours today! 
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of key microcomputer oriented 
words. UNDERSTANDING MICRO· 
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spotted on the op posite side. Once aga in the 
on board computer would have been inter­
rupted to store all course changes assoc iated 
with the maneu ve rs. Th e problem of running 
into objects while proceedi ng in reverse is 
actually of minimal concern due to this 
method of reachi ng the li ght when it is 
spotted in the rear. If there had been an 
object there it presumably would have been 
detected and the path ad justed accord ingl y. 
However, this ad justment would not have 
been made without taking into account 
where the light was being spotted. Since 
this is the case, it is not possible for the car 
to be turning left or right in a forward direc­
tion if the light is actually behind the car. 
If, however, the light has not been spotted 
yet, then it is feasible that the car can run 
into something in its reverse move, si nce no 
attempt is being made to look back into the 
movement vector memory to determ ine if 
an object has just been maneuvered around. 

Th e final function of the minicomputer is 
to stop the car once it has reached the 
source light. This is accomplished by detect­
ing the source light intensity monitor bit as 
it changes to the active state. Once this 
occurs the minicomputer stops the car and 
at the same time initiates the handshake 
operation with the on board computer to 
start the transfer of the movement vectors. 
The minicomputer stores these vectors as 
they come over the radio until al l have been 
passed. Th e last vector is actuall y a null 
vector, or all zero, which indicates all vectors 
are transferred. Th e minicomputer now 
does one of two things. I t can automati-

Figure 7: This diagram illustrates two dif­
ferent situations of the car having contact on 
the right with an obstacle. The obstacle 
size is exaggerated for the sake of illustra­
tion. The diagram on the left depicts the car 
steering to the left toward the light when 
it strikes the object. The Z-80 takes control 
and adjusts the steering to the right and 
backs the car up a certain distance. The 
steering is then set to the center position and 
the car proceeds forward. On the right, the 
car is proceeding to the right toward the 
light. Here the Z-80 sets the steering to the 
left, backs the car up then adjusts the 
steering to the center and proceeds forward. 
In each instance the car maneuvers around 
the obstacle and on a path toward the light. 

cally plot out a new course for the car 
to take, or it can display the vectors graph­
ically on a screen. With the latter method 
the user is able to see all the moves and 
recalculate a new path himself based on his 
visual percept ion of the path taken . Th e 
automatic method is simply a sequential 
analysis of the vectors by the computer . 
If the car makes a move in reverse the com­
puter assumes that either an object was 
detected or the light was spotted behind 
the car. In either case the computer adjusts 
a move previous to this occurrence, thus 
allowing the car to anticipate the upcoming 
situ ation and act in accordance with the 
situation . By adjusting these movements 
prior to detecting the need to reverse direc­
tion the computer has eliminated this need 
altogether and has thus "curved out" the 
path, making broad sweeping turns as 
opposed to jerky forward and backward 
movements . 
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Microcomputer Functions 

The on board Z-80 computer provides the 
reflexes and signal control for the whole 
system. I n the event that the car h its a th in 
object which is not detected by the sonar, 
a refl ex action is invoked, much like a human 
response to a given stimulus. The various 
refl ex actions this computer controls are: 
loss of sight of th e light and touch stimulus 
from either sides of the bumper. To initiate 
a microcomputer routine for either the 
reflex actions or the control functions, one 
of the following interrupt inputs must 
becom e active: 

• A signal from the front bumper. 
• A signal indicating loss of the soul'ce 

light. 
• A cou rse change. 
• A request to dump the movement 

vectors. 

All these signals are ORd together, thus 
enabling anyone of them to initiate an inter­
rupt. When the Z-80 is interrupted it interro­
gates an external buffer to determine which 
condition caused the interrupt. The program 
(see algorithm 2) then checks each bit, one 
at a time, to determine which one is active. 
If more than one is active, it only processes 
the first one checked which is active. If none 
of the lines is active, then the program 
defaults to the dump line being active. Upon 
determining which stimulus is active the pro­
gram executes a specific routine for that 
partic u lar in terru pt. 

The bumper right and bumper left routines 
are essentially the same except for the steer­
ing positions being reversed. If contact is 
detected with the right side of the bumper, 
the Z-80 receives an interrupt and the car 
automatically backs up. Figure 7 illustrates 
the bumper reflex. The direction in which it 
backs up depends on the direction it was 
travelling when it collided with the object. 
If the steering was set to the right, then 
it must have previously detected the source 
light to the right (see right illustration in 
figure 7). Then, in order to maintain this 
general direction, the car backs up with the 
steering set to the left. After backing up for 
a certain time the car sets the steering to the 
right and proceeds forward past the object 
and toward the light. Although this setting 
is not a direct heading toward the light it is 
in the general direction and it has avoided 
the object. 

If the direction of travel was to the left, 
(left illustration, figure 7) then the car backs 
up with the steering to the right and then 
proceeds forward with the steering set to 
the center. All steering actions would simply 
be reversed for a contact on the left . There-
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Figure 8: This diagram illustrates the Z-80 
reflex for the case in which the car has lost 
sight of the light at position A. The Z-80 
instructs the car to do a reverse 5 turn. First 
it adjusts the steering to begin the turn and 
travel to position B. Then it adjusts the 
steering to have a center of curvature to the 
left and continues reverse travel to position 
C. A t the end of the path, the steering 
is again set to the appropriate position for a 
course towards the light and the car resumes 
forward travel withou t its goal being obscured 
by the obstacle. 

fore it is easy to see that all the reactions to 
the stimuli are preprogrammed and always 
net the same result, thus they exhibit a 
reflex action. 

The other reflex action is quite similar 
(see figure 8). If the car is travelling in any 
direction and loses sight of the source light, 
then apparently what has happened is that 
an object has come between the car and the 
light, thus obscuring the car's "vision" as at 
position A in figure 8. Although the car 
knows the object is there, it cannot detect 
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its exac t location. What the car does then is 
back up with the steering in the same 
pos ition, then afte l' a ce l"tain time it changes 
th e stee rin g to the oppos ite side and con­
tinues to back up. It continues back ing for 
another per iod of tim e and then sets the 
stee ring to the ce nter and pl"Oceeds forward. 
Th is proce du re causes the ca r to move to a 
new position where it can aga in see the 
so ul'ce li ght. This aga in ex hibits a certain 
reflex action cont l"Ol led by the l-SO. 

Since th ese reflex rOLitin es involve many 
adju stments to th e car's path , it is necessary 
to I'ecord all ' of these sepal'a te movemen ts . 
Th erefore, a t the end of each segmented 
move the routi nes ca li on the course change 
routine to l'eco l'd th e CUITent wheel rotation 
cou nt, direction of travel and th e steering 
pos ition. Thi s coul'se change routine can be 
call ed on from either th e l-SO through 
another routine or direc tl y from the PDP-" . 
Th e I'outine reads a buffer reg iste r which 
contains the cmrent numb er of whee l rota­
tions at th is parti cular stee ring and direction 
pos ition . Once thi s vec tor is sto red in mem­
ory, th e routine I'ese ts th e whee l counter to 
ze ro in order for it to count the correct 
number of revo lutions at the nex t steering 
and direc ti on sett in g. Th e last function of 
th e l-SO is to transfer all th e movement 
vectors from th e on board memory to the 
PDP-". As has bee n discussed, the l-30 
responds to a requ est from the PDP-" by 
sending th e vectors on a last in first out 
basis, one at a time in correspondence with 
th e hand shake sys tem. Once all vectors are 
passed th e l-30 I'e initiali zes th e car and 
passes co ntrol to the minicomputer. 

After any of th ese I'outin es has been pl'OC­
essed the l-30 returns control of the car to 
the PDP-". 

Computer Design Specifics 

The microcomputer designed for th is 
robo ti c applicat ion is equipped with only 
th e bare essent ials . Th e to tal system con­
sists of 256 bytes of pl"Ogrammab le read 
only memOl"Y, 'I K bytes of vo lat ile pro­
gramm ab le memory, three bidirectional 10 
POl"ts, one l-SO microprocessor and one S 
bit line driver. The read onl y memory is a 
'702 UV erasea bl e part wh ich conta ins the 
program. The programmab le memory is 
made up of eight 2102 parts. The 10 chi p is 
an In te l 8255 and was chosen because of 
the number of POI'tS ava il abl e. 

Wh en des igning a dedicated system like 

this, one must keep in mind that the proba­
bility of it working the first time is very 
nearly zero. Therefore, care must be taken 
to make the system as easy to debug as 
possibl e. Th is system was designed with th is 
in mind and thus several additional functions 
were includ ed in the design , A reset switch 
is installed on the computer board to aid in 
checking different functions of the system 
under the same circumstances. A single step 
switch is also located on the board, By using 
th is, one can step through the program and 
examine different signals to determine their 
validity. The line driver was installed specifi­
cally to allow the examination of the data 
lines. Included in the design are provisions 
for the addition of '702 memory chips up 
to a total of , K bytes of program memory . 
Since the system was of a prototype nature 
it was built on a perforated board and was 
wire wrapped . Care was also taken in the use 
of the PDP-" . Before the final application 
program was written several simple test 
programs were written which checked out 
the two way radio links and the responses of 
the car to commands. With the test programs 
it was possible to enter commands at a tenni­
nal and control th e actions of the car in a 
remote control fash ion as well as to receive a 
continuous re ad out of the current status of 
the car's sensors wh ich are used by the min i­
computer. This proved to be one of the 
invaluable debugging aids of the overall 
system. 

Concluding Comments 

Projects involved with robotics are a logi­
cal extension of microcomputer technology. 
The possibilities of building such dedicated 
"artifi cially intelligent" machines are almost 
limitless. It is not unreasonable to think that 
personal computer ex perimenters could build 
a robotic machine at home , However, a little 
forethought is worth a lot of time and effort 
in the end. Think about what the machine 
is going to do, and what is necessary to 
accomplish this. Build the system in modules 
which are easy to interface to each other and 
also easy to debug and repair. The capabilities 
of the machine are only bounded by the 
imagination of the designer. Perhaps the 
ultimate goal of a robotic machine is to have 
it perform its designated task consistently. 

We think that Tee Toddler has proved 
an adequate fulfillment of that goal in the 
limited context of a light seeking mobile 
device. -



Memory Makes the Computer I 
Central Data Makes the Memory 

Memory is an important part of a computer 

system. So don't even think of settling for a 

poor quality RAM board. Central Data offers 

carefully engineered 16K, 24K and 32K RAM 

boards to sui t your needs. We take our RAM 

boards seriously, so should you. 

Reliability. Each one of our boards comes com­

pletely assembled, tested and burned in. No 

fiddling with an infinite number of parts from a 

kit or costly investment in equipment to test 

your board. Each one of our boards is backed by 

a one year warranty to insure your satisfaction. 

Expandability. We offer a 16K RAM board 
with capacity to 32K. You can purchase a 16K 

board and expand later or buy a fu1l32K . 

Performance. Unlike some dynamic memory 

boards, ours uses an invisible refresh that inserts 

refresh cycles between your compu ter 's normal 

memory access cycles. This eliminates loss in 

performance of your computer with lengthy 
refresh cycles. 

Power. Our board uses less than one-half the 
power of a static RAM. 

Price . You can buy a 16K RAM board, com­

pletely ready to use, for only $289. A full 32K 

RAM board is available for $475, or you can 
add on later for only $200. 

When you buy our memory board, you'll 
be buying the best equipment at the best price. 

Order yours today by mail or phone. 
r-------------------------
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I 

o 32K RAM board ($475) Ci ty I 
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I Ill. residents add sales tax . I 
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OKIDATA MODEL 110 
LINE PRINTER 
• 110 CPS dot matrix 

' ) I 

Friction $1199 00 Feed... • 
Tractor '1349 00 Feed .. ... • 
RS 232C 
Serial 
Interface ... 
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TELETYPE MODEL 43 PRINTER 

.132 Characters per line 

.110 or 300 Baud switch selectable 

• Full keyboard 

• RS 232C Serial Interface standard 

OKIDATA MODEL 22 • 125 lines per minute 
LINE PRINTER 132-column print line 

• Upperllower case 

• 132 column printing 
.10-30 CPS 
• Full keyboard 
• Tractor feed 

• 8 different 
character sizes 

• 12 IPS paper slew 

Tractor Feed .. .. $2449.00 
RS 232C Serial Interface . .. 379.00 
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CENTRONICS 
703 SERIAL 
PRINTER 

CENTRONICS 761 PRINTER 
• 300 Baud serial transmission 
• Bidirectional and incremental printing 
• RS232, CCITT-V24, or 

current loop interface 
• Baud selection (110/150/300) 

KSR with Keyboard . .... .. $2025.00 
• Low Receive only version 

~~~~nershiP \ -.' '. " , ~895.00 
• Bidirectional logic seeking printing ~ _'" _: 

• Microprocessor electronics $2805 00 .-~===== __ 
• Excellent print quality .., 

IMSAI 8080 MICROCOMPUTER 
• Powerful. Low cost. Easy to use 

HAZELTINE 1500 
VIDEO TERMINAL 
• Reverse video 
.24 x 80 display 
• Programmable 

brightness levels 
• RS232 and 

current loop 
and much mo 

HAZELTINE MODULAR 1 
INTELLIGENT TERMINAL 
• 1920 character display 
.8 different video levels 
• Full editing capability 
• Removable keyboard 

and much more 

Assembled .. _ . 

$1659.00 

With 22 Slot 
Mother Board 

$649.95 
PCS-80/15 Kit 

699.00 

We carry a full line of the following: TDL, 
Centronics, Seals, Hazeltine, Micropolis, Vista, 
Hayden, IMSAI, Cromemco,Digital Systems, 
Compucolor, Icom, Lear Siegler, Okidata, 
DEC, Javelin, North Star, Peripheral Vision. 
Same day delivery and shipping on most 
items. Full modern repair facilities on 
premises for complete servicing of 
everything we sell. 
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• Fully IBM 3740 media 
and format compatible 

FLOPPY DISK 
SYSTEM 

• Full formatter 
and controller Digital Systems 
built-in Dual Drive System 

l~~~_~~$24 75.00 
Dual Density 

Version 

2745~OO 

SPECIAL BUYS 
Vista V80 Floppy Disk System ......... .. $619.95 
Cromemco Z-2 Kit . __ . __ .......... _ . .. 565.25 
Compucolor 8001 Color Computer .. .. _ .2595.00 
IMS 16K Static Memory. . . . . . . . . . . . . . .. 525 .00 
North Star Microfloppy Disk Kit . ... .. .. . 599.00 
North Star Horizon 1 Kit .... .. .. .... _ .. 1499.00 

• North Star Horizon 2 Kit ... . .. .... .. . .. 1899.00 
Javelin 9 ft Video Monitor . ... . _ . .... ... . 159.95 
Livermore Modem Model 76 ... . ..... .. . 299 .00 
Micropolis Model 1053MOD 2 ...... .. . 1799.00 
IMSAI AP44-44 Col. Printer Kit .. . . . . .. 299 .00 
TOt.. Xitan Alpha 1 Assembled ... . ... 939 .95 

SYNCHRO-SOUND ENTERPR ISES. INC. 
The Computer People 
193-25 Jamaica Avenue, 
Jamaica, New York 11423 
212/468-7067 TWX: 710-582-5886 
Hours 9-4 daily Visit our new showroom 
and Saturday Working units on display 
Dept. BBB BankAmericard • Master Charge 
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The LFD-400 is ready to plug in and run 
the moment you receive it. 

Nothing else to buy! Not even extra memory! 
YOU GET: 
o The popular Shugart SA 400 minifloppyT. drive. Drive alignment 

is double checked by PerCom before shipment. 
f) The drive power supply-fully assembled and tested. 
E) LFD-400 Controller/Interface-plugs into the SSc50 bus 0 

accommodates three 2708 EPROMs - fully assembled and tested. 
o MINI DOS'" -the remarkable LFD-400 disk operating system on 

a 2708 EPROM 0 plugs into the LFD-400 Controller card 0 no 
extra memory required 0 no "booting" needed. e Attractive metal enclosure. 

" Interconnecting cable-fully assembled and tested. 
8 Two diskettes-one blank, the other containing numerous 

software routines including patches for SWTP 8K BASIC and the 
TSC Editor/Assembler. o 70-page instruction manual-includes operating instructions, 
schematics, service procedures, and the complete listing of 
MINIDOST •. 

® Technical Memo updates-helpful hints which supplement the 
manual instructions. 

@ gO-day limited warranty. 
Minifloppy is a trademark of Shugart Associates . 

MINIDOS is a trademark of PERCOM Data Company. Inc. 

The LFD-400 is readily expanded to either two or three drives. 
Write for details. Send for our free brochure for more informa­
tion about the LFD-400 Floppy Disk System and LFD-400 
software. 

To save you money, the LFD-400 Floppy Disk System Is available 
only from PerCom. Because of the special pricing, group and 
dealer discounts are not available. 

MC and VISAweicome. COD orders require 30% deposit plus 5% handling charge. Allow three 
extra weeks if payment is by personal check. The LFD·400 Floppy Disk System is available 
immediately. Allow three weeks for testing and transportation. Texas residents add 5% 
sales tax 

~EfHl()M j':'" 
f.I....... PERCOM DATA COMPA~~N=y':,~IN~C"_ --_ .. "" 

Dept B 318 BARNES-GARLAND, TXo 75042 
(214) 272·3421 

PERCOMTM 'peripherals for personal computing' 
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A Homebrew 

Pascal Compiler 

Herbert Stein 

Sterzingerstrasse 18 

8200 Rosenheim 

Germany 

Using Pascal as a language for systems 
pi'ogramming at Fachhochschule Munchen, 
my in terest in Pascal grew to the point where 
I decided to write a compiler for myself. Be­
gun last October, the syntax analysis stage, 
wh ich was built up with recurs ive procedures, 
was written in two weeks. During the next 
few weeks I tested the program on a Cybel' 
175, havi ng troubles with the original impl e­
mented Pascal compile r at first. On the 15th 
of November I received the f irst error free 
li st ing, but had to stop testing possible errors 
because some lectures and a computer graph · 
ics program had hi gher priorities. In the 
meantime, I worked out some of the next 
steps in theory. 

During further expansion (which means 
space all ocation, code generation and file 
handling), t hel'e are some potential difficu l· 
ties : 

• The MicroPascal compil er has to pro­
duce an optimized code, which all ows 
real time app l icat ions and systems pro­
grams written in a high level language. 

• The compil er needs features like gar· 
bage co ll ec ti on and dynamic space ai­
I oca ti on for recu rsive su brou ti nes or 
variab le type declarations to keep the 
am ou nt of runtime storage as sm all as 
possible. 

• No ex isting monitor is able to run a 
language li ke Pascal efficiently . (The 
TDL system moni to r board presented 
in the A pr i l 1978 BYTE seems to be 
headed in this direction.) So I w ill have 
to write a new operating system or 
transform an existi ng one to al low su­
pervisor calis, 10 interrupts, process 
handling and hard ware interfaces for 
T eletype, video display and mathe· 
matical functions. 



• The processor, which has to I'un the 
produced object code, should have bit 
instructions (like the Z-80), for han­
dling set types. The Cyber 175 uses a 
60 bit word for set types, which per­
mits up to 59 elements in Boolean sets. 
The 8 bit words of microprocessors, 
which allow sets of up to eight ele­
ments, aren't sufficient for a compi ler 
implementation. (I have had troub les 
during testing of the program on the 
Cyber 175 because I used a set type 
with 60 elements. I took a long time 
to discover my mistake after counting 
the set elements.) 

• Should the compiler writer allow a 
GOTO in a language or not? If so, the 
user is able to leave a number of pro­
gram blocks without being concerned 
about missing management routines, 
wh ich are activated automaticall y at 
normal block ends. 
If the GOTO isn't allowed, the pro­
grammer has to write structured pro­
grams, using special instructions like 
repeat . .. until or while . .. do, and 
couldn't leave begin ... end blocks 
arbitrari ly. Each block is closed with­
out add iti onal program management 
for controlling unpredictabl e (at com­
pile time) GOTO statements in object 
code. 

• The last problem is that I don't own a 
microprocessor system, but intend to 
buy a small Z-80 system this month or 
next. Being familiar with instruction 
sets and operating systems of lal'ge ma­
ch i nes, like In terda ta, or I al'ger ones, 
like the IBM 370, I have little experi­
ence with microprocessor systems. 
Some time wi ll pass until I can build 
up and expand the microprocessol' to 
be ab le to run cross-compiled Z-80 
object code. 

WOI'king as a cross-comp il er on the Cyber 
175, my compiler will translate itself to a 
loadab le form for a microprocessor system. 
If possible, I want to design another syntax 
ana lyzing stage. The compiler would pick up 
routines and expected sequence sy mbol s 
from a table, which would contain the syn­
tax description, depending on scanned input 
symbols. This technique would make error 
recovery much easier, because set types for 
sequence symbols would no longer be 
needed. 

I hope to find peop le like Stephen P 
Smith, who are interested in an impl ementa­
tion of a Pascal compiler for microprocessors 
and who will in form each othe r personally 
or through BYTE's Languages Forum, be­
cause it seems impossible for individuals to 
tackle such a project.-

XB1 Extender Board 
Board Only $9.00 
With Connector $13.50 

MB4 4K S1etlc RAM (low power) 
Kit $129.95 

MB8A 8K Static RAM (low power) 
KH $165.00 

MB3 2K14K EPROM (1702A) 
Kit IeIIs PROM'. $65.00 
2K-$I05.00I4K-$145.00 
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~ I J ~\ 
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: : : : : : : : : : : : : : : 
MTI 15 slot Mother Board 
Board Only $45.00 
With Connectors $105.00 

VB1B Video Board 
Kit $149.95 

SB1 SyntheSizer Kit 
Kit $149.95 

1102 Interface Board 
Kit $SS.OO 

MB7 16K Static RAM.(low power) 
Kit $449.00 

We're the blue boards! 

Compare the Cybercom blue boards with any others on the market 
today. You'll find exceptional quality plus prompt delivery and 
significant cost savings. All Cybercom kits are guaranteed 90 days 
for parts and labor. 

Contact your local computer hobbyist store or write for details. 

~ Solid State Music 
2116 Walsh Avenue, Santa Clara, CA 95050 
Telephone (408) 246-2707 
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Were looking 
for an 

endangered 
species. 

We're looking for the 
rare bird who doesn't have his 
or her head in the sand. 
We're looking for a few free 
spirits to help us build Sol 
small computer systems in one 
of America's loveliest areas, 
the Amador Valley, about 30 
minutes southeast of 
San Francisco. 

Only three years old, 
Processor Technology Corpor­
ation is a pioneer in the 
microcomputer business. We 
build the best small 
computer systems there are 
and will continue to do so. 
Our plan calls for new and 
even better systems. 

We need a few really 
good people to help us meet 
the plan. We're building 
a tight-knit group of original 
thinkers who can help us 
develop new hardware and soft­
ware and bring these products 
to market. Our thinkers better 
be doers, too. Our doers have 
complete project responsibility 
from definition to pilot 
production. 

We have, of course, most 
of the usual benefits. We're 
working on the unusual. Even 
more important than the 
benefits is the opportunity for 

you to be you and to see the 
tangible results of your efforts. 

The future of computing 
is personal computing, and we 
hope it's your future , too. 

Right now we have 
openings for: 

Engineers for 
Design, Proiect 
Leadership, and 
Product Test 

Technicians for 
R & D,Marketing 
Support, and 
Production 

Senior Technical 
Writer/Editor 

For immediate and 
confidential consideration, 
stop by, phone or send 
your resume to our Personnel 
Department. We interview 
and receive calls between 1 and 
5 PM daily. 

ProcessorTechnology 
Processor Technology Corporation 

7100 Johnson Industrial Drive 
Pleasanton, CA 94566. (415) 829-2600. 
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Conducted by Laura Hanson 

The Allian ce OH Mi crocomputer Clu b 

Th e Alli ance Microcomp ute r Club is 
a rece ntl y for med organizat ion located 
in All iance O H. Accordi ng to Gary 5 
Fix, pres ide nt, the group's goals are 
" to provide ind ividuals in the All ia nce 
area with th e opportun ity to share 
interes ts and expe ri ences in exp lo rin g 
microcompu ters as a hobby, ca reer, 
soc ial act ivity or curiosi ty." Meeti ngs 
are he ld on the firs t Tuesday of each 
month at 7 PM. Fo r fu rther informat ion 
abo ut th is new club, contact Gary at 
3885 Norwood Av, All ia nce OH 4460 1, 
or ca ll him at (2 16) 823 -8996. 

SC/MP and SC/MP-II Users Group 

Tom Bohon of Omaha N B has in­
fo rme d us of a SC/M P and SC/MP- II 
Use rs Group whi ch has bee n formed. 
Membe rs may take advan tage of a 
li brary of both software and ha rdware 
information ava il able on a cos t bas is. 
In addition, a bib li ogra phy of SC/MP 
ar ti cles, adver ti Sing, programm ing hints, 
etc, is ava il abl e to membe rs for the 
reproduct ion cost. Th e co nst ructio n 
of a homebrew sys tem based on the 
SC/M P-II is also in the pl ann ing. 

No dues or fees are involved . How­
eve r, in orde r to receive the month ly 
newsletter, se nd a se lf-a ddressed stamped 
enve lope to Tom Boho n, 22 15-A Walke r 
Dr, Omaha NB 68 123. 

North Orange County Compu ter Club 

Accord ing to Ga ry S Dick in son, the 
No rth Orange Comp uter Club is alive 
and we ll in Sou the rn Ca li fo rn ia. The 
co rrec t mailing address is PO B 3603, 
Ora nge CA 92655 and the pho ne num · 
ber is (714) 998 -8080. 

KIM -l Users Group 

An yone ine reste d in for ming a KI M-1 
Users Gro up in the Sa n Fe rn ando Va lley 
area of Ca li fo rn ia sho ul d wr ite Jim 
Zuber, 20224 Co hasset #16, Canoga 
Park CA 91306, or call (213 ) 34 1-1 6 10. 

COSMAC-1802 Use rs Group 

We have bee n notified by Patr ick 
Ke ll y that a COSMAC-1802 Users Group 
is being for med fo r the purpose of 
cor res ponding, exc hangi ng software and 
ideas and poss ibly publi shi ng a news­
letter. Me mbe rsh ip is free and in d ividuals 

Continued on page 142 



BUYlIIG HARDWARE 

Photo courtesy of Computerland of Son Francisco 

CoI ........ land, ,*he 5eore. 
HazeH~ne &.Dalllio on 1NspImr. 

Time was. buying hardware meant dealing factory 
direct. Then came the distributor. or factory indirect. The 
phone /mail order ad reads. " 15% ott:· 15% off what? De live ry 
schedule maybe. After sales service perhaps. The only real 
savings just might be the Toll Free number in the ad. 

Now there's an a lternative. Introducing ComputerLand. a 
national network of DP eqUipment stores. with outlets across 
the nation . This means you. and the DP director. programme r. 
general manager or purchasing agent can take a quick ride 
ac ross town. try out working equipment in a user environment. 
make product comparisons. then drive off with the hardware of 
your choice. And. sti ll be back in time for the afternoon coffee 
break. 

Below is a sampling of the quality business information 
products. from more than 60 manufacture rs of micro and mini­
computer systems and peripherals. available for you to try out. 
buy or lease and take home today from ComputerLand. 

Computellaftd™ 
14400 Catalina Street. San l eandro. CA 94577 (4 15) 895-9363 

Franchise opportunities available. 

A LABAMA 289 f an HUlhl"nd Avenue 104 W F"u S •• etl GEORGIA 

3010 Un,,,e ' ~'I'" Of 
San Bernard,no 71 4-886-6838 TUlhn 7 14 ·544 ·0541 

242JCobbPlfkWlV 
Huntw,lle 205·539 ·1200 4233 Convoy Strut 1815 Ygnacio V.lte.,. A oad Smvrna4()4 ·95,J-D406 

San D,ego 714 ·560·9912 Walnut Creek 415·935·650 2 
ILLINOIS 

CALIFOR NIA 
117 Fremon t SHeet 6840 LI Cienog. 8lvd. 50 Eas l Rand Road 

HAZELTINE 1500 

024 X 80 Display (upper / Iower 
case) 0 High legibility 7 X 10 dot 
matrix 0 Te letypewriter format for 

alphanumerics p lus numeric pad 0 Switch-selectable upper/ 
lower case 0 R S -232 / C 20 ma.current loop interface 

o Switc h-reversible video . 

DIABLO 1620-3 

o HyType daisy wheel c haracte r printer 
o Full keyboard with numeric pad 

o Mic roprocessor contro lled 0 R S -232/C inte rface 
045 CPS 0 Tractor feed 0 Inte rnal power supply. 

© Copyright ComputerLand 1978 

MICHIGAN NEW VORl( WASH INGTON 

2927 · 28th S Heil , S . E. 1612 N;.~r. Falti Blvd . 
Kentwood 616·942 ·2931 Buffelo 716-836-65 11 

14340 N. E. 201h 
8ellillue 206·746·2070 

29673 Norlh ..... U1.rn H,ghwlV 225 Elmir. ROlid 
Soo..,hli8ld 313 ·356-8111 11hK8607·277-4888 

6743 Duo' In 8111d 
DublIn 415-828·8090 

San F.anciKO 4 15·546·1592 Ingle .... ood 213·776.aD80 Arlinglon Heighu 3 12·255-6488 MINNESOTA OH IO 

1500 South 336111 SIf'" 
Par k .... av Cantlr, Sui le 12 
Federel Wey 206-838--9363 

11014 San Palli o Allenue 
10 77 Sar3lOg3·SunnVlla le ROlid CO LORADO 9511 No. "'l11""uke, Avenu' B070 Morgen CIrcle D,ive 1288 SOM Center ROlid 

E. Cer",o 415-23 3·S010 
San Jose 408·253·8080 

2422 So . Colorldo Bll1d 
N,le, 312·967·1714 Bloom lnglon 6 12-884 · 1 4 74 May lield Heighu 216-461 ·1200 

72634 Fooln,IlBllld " 47nd Allenue Denver 303 759-46B5 109355 Cicero A .... nue NEW HAMPSHIR E OR EGON 

Havward 415·538·8060 San Maleo 41 5·572·8080 O,k L ..... n 312-422·8080 
419 Amhe"' 12020 S. W. M'In S,.eel 

61 1 . Sin S"etl 
CONNECTI CUT KENTUCK V Nuhua 603 ·889·5238 T i~'d 503-620--6170 4546 £ 1 CamIno Rltal 

LOI AI IO\ 4 15·941 ·8 154 San .a Rena 707·528·1775 2475 BIKk Rock TurnpIke 813 B. Lyndon Lan, NEWJERSE V TEXAS Fai,neld203·3 74 ·n27 Louisll ill, 502-425·8308 
6840 L.:l Clegega Blvd 16120 So. HaWlhorne Blvd . 1442 E. RaUl' 70 3300 And.rson Lin, 
Inglewood 213·776 ·8080 Lawndale 213·371 ·7144 DE LAWARE MARVLANO Ch'rry Hill 609·795·5900 Auuin 512-452·570 1 

2400 1 V,a Fabrlunle.::go4 EI C.d PIIU ' Suile 104 Auro ShOPPing C'nI', 16065 F"o.nck Ro.o. tRt. 3551 2 DI Hltl SUMI 6439 Wlnh,im" 
MIll IOn V,eJo 714 ·770·0 13 1 Thouund Oakl 805495·3554 Newllk 302·138·9556 Rockllllil 301·948· 7676 Morristown 20 1·539-4077 Houlton 713 ·977-0909 
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8 79 1 So. Tacoml Wly 
TlIComa 206 ·S81.()388 
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INTERNATIONAL 
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Svdn.v NSW 2000 
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Compilation and Pascal 

on the New Microprocessors 
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Charles H Forsyth and Randall J Howard 

Computer Communications Networks Group 

University of Waterloo 

Waterloo, Ontario 

CANADA N2L 3G1 

We arc conccrned with the use of high 
le ve l languages, and in particular Pasca l, o n 
microco mputer systems. We are most 
interested in th e use of such langu agcs for 
what is te rmed, o n larger co mputer sys tems, 
systems programming. Thi s in clud es wl-itin g 
code to dl-ive floppy disks, interpretc l's for 
AP L o r BAS IC, o r ali those bits of code that 
people have until now writtcn in assemb ler, 
and whi ch in so me way make th eir micro­
co mputer systems friendly. 

Mic!"O co mputer use l's show a gcnerally 
high Icvel of sop hi sti cat ion, so it might be 
su rpri sing at first that so Illu ch of the il- code 
is sti ll written in assemb lel·. The advantages 
of writing in a hi gh leve l language havc been 
often dcscribed in comp uting litcl'ature: 
pl-ograms can bc made mOl"c pol"tablc; they 
exhibit bctter stru cture; and th ey arc eas ier 
to wl-ite and dcbug . In add iti on, it is much 
casiel' to let a comp il er WO ITY abo ut the 
efficienc y of the object code; and deficien­
cies of the objcct machin e al-c hidd en . With 
the 8 bit mic !"Ocomputers li kc the Intcl 8080 
and Motoro la 6800, we fee l that there is 
little choice but to write in asse mbl cr (01" 
interpl'cter), since the facilities providcd by 
their order codes are simpl y in sufficient to 
suppOI"t most high leve l languagcs . 

Compil ati on may be in ap propri ate for 
8 bit micro co mputers, but it is the mo st 
attractive alternati ve fOI- the hybr id 8 and 
16 bit mi crocomputers (such as the Motoro la 
6809), espec iall y with I'espec t to eliminating 
most asse mbl y code on these mac hin es. We 
also fee l th at Pasca l has facilitics that cnable 
a compiler to ge nel-ate bettcl- code fOI- such 
machincs th an mi ght be cxpec ted f!"Om 
compil ers for other languages. 

Jensen and Winh provide the definit ion 

of and tutoria l int!"Oduction to Pasca l in the 
Pascal User Manual and Report. Aho and 
U II man's book, Principles of Compiler 
Construction, provides an exce ll ent descrip­
tion of the elements of a compi ler. 

Options 

Tin y BASIC, Tin y C, APL, and FOCAL 
are implemented on mi crocomputers with 
interpretive code. Interpretation has a num­
ber of advantages. Since the interpretive 
language is highl y spec iali zed, it can be made 
compact. New macro operations can be 
added easi ly as time and experience dictate. 
Array and structure address ing and the block 
co pying assoc iated with array and structure 
ass ignment may bc made part icu larly cheap. 
When interpreting array indexing, run time 
chec ks of the ind ex va lu es aga inst the al'ray 
bounds are possible (although often left out) 
at li tt le cxtra cost. This is true of other kinds 
of debugg ing fac iliti es as we ll , such as value 
traces or stack tracebacks. Both compiler 
and interpreter arc easy to write, es pec iall y 
if the interpreted code implements a stack 
machine. Interpretation 's main disadvantage 
is that it is slow. 

An alternative to interpretation that 
alleviates this lat ter problem of speed some­
what is threaded code, which has been 
desc ribed as "interpretive code wh ich needs 
no interpreter" (see refe rences 2 and 3). 
Rathel' than having a sequence of codes and 
an interprete r which reads them, ca llin g out 
to the ro utines im plementing each operatio n, 
threaded code simply contains the sequence 
of machin e addresses of rhe routin es to proc­
ess each operation. These !"Outines, much 
like the code segments cal led by the inter-



TARBELL SETS STANDARDS 
For Hobbyists and Systems Developers 

Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette 
Interface to be a microcomputer industry standard. Tarbell Electronics continues research and 
development to produce new and efficient components to fill hobbyists' changing needs. 

TARBELL 
CASSETTE INTERFACE 

• Plugs directly into your IMSAI or ALTAIR' 
• Fastest transfer rate: 187 (standard) to 540 bytes/second 
• Extremely Reliable-Phase encoded (self-clocking) 
• 4 Extra Status Lines, 4 Extra Control Lines 
• 37-page manual included 
• Device Code Selectable by DIP-switch 
• Capable of Generating Kansas City tapes also 
• No modification required on audio cassette recorder 
• Complete kit $120, Assembled $175, Manual $4 

TARBELL FLOPPY DISC 
• Full 6 month warranty on kit and assembled units 

INTERFACE 
• Plugs directly into your IMSAI or 

ALTAIR' and handles up to 4 
standard single drives in daisy­
chain. 

• Operates at standard 250K bits 
per second on normal disc format 
capacity of 256K bytes. 

• Works with modified CP /M* 
Operating System and BASIC-E 
Compiler. 

• Hardware includes 4 extra IC 
slots, built-in phantom bootstrap 
and on-board crystal clock . Uses 
WD 1771 LSI Chip . 

• Full 6-month warranty and exten­
sive documentation. 

• PRICE: 
Kit $190 . . . . .. Assembled $265 

I 

CP/ M with BASIC-E 
and manuals: $100 

Compatible Disc Drives 
Ask about our disc drives priced as low as $525. 

TARBELL 1-------­ • Gold plated edge pins 
• Takes 33 14-pin ICs or 

PROTOTYPE 
BOARD 
Model 1010 

• Mix 40-pin, 18-pin, 16-pin and 
14-pin ICs 

• Location for 5 volt regulator 
• Suitable for solder and wire wrap 
• AL T AIR/IMSAI compatible 

Price: $28.00 
For fast, off the shelf delivery, all Tarbell Electronics products may be purchased from computer store dealers 

across the country. Or write Tarbell Electronics direct for complete information . 

Circle 360 on inquiry card. 

• ALTAIR is a trademark / tradename of MITS. Inc. 
CP 1M is a trademark/ tradename of Digital Research 

20620 South leapwood Avenue, Suite P 
Carson, California 90746 

(213) 538-4251 
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type 

,'ar 

begin 

end 

index = 0 .. 10: 
twicelndex = 0 .. 20: 
unsigned = 0 .. 32 767: 
short = -128 .. 127: 
short Unsigned = 0 .. 255: 
thing = record 

end: 

field I. 0 .. 7: 
field2 .· O .. 31 

pack edThing = packed record 
fieldl . 0.7: 
field2 .· O .. 31 . 

end: 

a. b: array [index ] of integer: 
i. j: index: 
k: t wicelndex: 

The listi ngs in thi s 
article were prepared by 
arrangement w it h Walter 
Ban ks of the Unive rsity of 
Waterl oo. 

s. set of (READY. BLOCKED . R UNN I NG. SWA P/N. SWA POUTi; 

aliI : = bljl: Ithe dreaded array-indexing examplel 

k : = i+j: Isubranges are usefull 

s := (READY. BLOCKED. R UNNI NG}: lset operationsl 
s := s - ( READY. RUNNING/. 
5 := 5 + (SWA P/N}: 
5: = 5 • (SWA P/N. BLOCKED}: 

Listing 7: Pascal program fragment for array indexing. 

tsx 
Ida A.j(X) 
Ida B. j+ J(X) 
asl B 
rol A 
add B. b+/(X) 
adc A. b(X) 
sta A.temp 
sta B. temp+ I 
Idx temp 
Ida A. O(X) 
Ida B. I(X) 
psh A 
psh B 
tsx 
Id a A. i(X) 
Ida B. i+/(X) 
asl B 
rol A 
add B. a+/(X) 
adc A. a(X) 
sta A. temp 
sta B. temp+ I 
Idx temp 
pul B 
pul A 
sta A.O(X) 
sta B. I(X) 

Total code: 52 bytes 

jEnable indexing off sp 
j Fetch address of j relative .. 
j to sp into (A.B) register pair 
j Shift (AB) pair left by I .. 
j yielding integer offset 
j Add in 16-bit array 
j pointer i to (A.B) pair 
j Transfer (A.B) pair to X reg .. 
j .. not re-entrant 

j Finally. fetch bU) into .. 
j (A.B) pair .. 
j and push onto stack 

j Following code is repeat of.. 
jabove for getting address of .. 
ja rray element ali) 

j X now points at ali) 
j Pop bU) from stack.. 
j into (A.B) pair .. 
j and store in ali) 

Listing 2: Motorola 6800 assembly code for the first 
line of the Pascal fragment shown in listing 7. 
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preter to implement the pse udo-machine, 
prov id e the run time support for the threaded 
code. Rat her than return to an interprete r 
after it has done its work, though, a routine 
simpl y jumps (i ndirect ly) to the next such 
ro utin e in the code flow. Arguments are 
passed to these routines in va ri ous ways -
for example , by placing va lues o r addresses 
between the code poi nte rs. 

The third approach to language imple­
mentation is that tradition all y ado pted on 
larger machines: real code generation. Thi s 
approach prov ides the fastest program 
execution at the possib le expense of space 
used by the ob ject code. On almost any 
'machine, the high leve l co nstructs of flow of 
contro l and logical express ions as we ll as 
ca lls to the intrinsi c bu il t- in fun ctions can be 
direct ly implemented as branch or jump 
instructions with relatively little expenditure 
of speed or time. However, for many of th e 
ex isting mi crocomputers, code generat ion 
for even the si mplest of the fundamenta l 
hi gh leve l language co nstr'ucts proves effec­
tively imposs ible. Su ch const ru cts in clu de 
most co mmon ar ith metic operat ions, array 
and str ucture accessi ng, and au tom at ic 
sto rage manipulation. Particular ly diffi cu lt 
o n some machin es are multiply, divid e, 
modulus and string opera tion s. Therefo re it 
is im portant to determine what properti es of 
a part icul ar machin e make it suitab le fo r rea l 
code generat ion. 

8 Bit Microcomputers 

A detail ed stud y of th e co mm on 8 bit 
compute rs ava il able today (eg: Motoro la 
6800, Intel 8080) qui ck ly revea ls that such 
machin es are not co nducive to rea l code 
gene ration by comp il ers fOl' high leve l 
languages such as Pascal. 

On such machin es, co mpil at ions of even 
the simp lest al' ithmet ic or pointer express ions 
lead to a very high ob jec t to so urce code 
rat io, if such co nstructs can be com piled at 
a ll. Li stin g 2 gives an example of code wh ich 
might be comp il ed fo r a Moto ro la 6800 to 
im plement the Pascal ass ignment state ment : 
a(i} :=b(j} ,- in li sting 1. The assumption here 
is that automat ic arrays al'e implemented as 
pointers on the stack to areas of storage 
res iding elsewhere. In additio n, we have 
assumed that the co mpi ler keeps lrack of the 
stack offsets fo r its automati c vari ables 
re lative to the moving stack po inter; we are 
using the notation j to represent the stack 
offset of va ri ab le j. In ad dition to th is code 
segment, th e proced ul'e preamble must se t 
up the pointers to th e ar rays a and b {stored 
at offsets a and b respect ive ly}, to poi nt at 
the in tege r befo re th e beginn ing of the array. 
Thu s, for exam ple, a/7/ wi ll then be id enti -



The Most Powerful 
Interface ..... Ever 

Now for the first time all of these capabilities are avail­
able on one board; the System Central Interface (SCI) . 

- 2708 programmer and verifier; monitor provides 
necessary routines 

- RAM stack: 256 bytes for stack and buffer 

- Serial port: RS-232, 20mA, 60mA, programmable 
speeds from 45 to 9600 baud 

- Three parallel ports, each with handshake signals 

- Reset-jump (enables CPU to jump to the SCI 
Monitor) 

- Biphase recording for highest speed, least error 
rate (to over 100,000 baud) 

- Digital comparator - no adjustments ever 

- S-1 00 compatable 

© 1e78 TELETEK 

Circ le 371 o n inq ui ry ca rd. 

Teletek provides quality interface systems backed by a 
reputation established over the last decade. Complete 
engineering support services are available for OEM 
applications. 

For more information call Ann Roberts at (916) 351-
0535 or write us and we will send complete informa­
tion . 

DEALER INQUIRIES INVITED 
OEM CONTRACTS AVAILABLE 

TELETEK ENTERPRISES INC. 
11505B Douglas Road 
Rancho Cordova, CA 95670 
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Let 
r := IX. Y. S. U I 
a := I A. B. D I 
x : = memory reference 
c : = constant value 

x long relative. short relative. direct 
·x long & short relative indirect 
$.>: immediate byte 
·$x extended 
•• $x ex tended i nd i rect 
((r) ±4. ±7. ± 15 bit indexing 
·c(r) ±7 and ±15 bit indirect indexing 
(r)+ A uto I ncrement by I or 2 
-Ir) Auto Decrement by I or 2 
·(r)+ Indirect Auto Increment by 2 
·-(r) Indirect Auto Decrement by 2 
a( r) Accumulator Indexing 
·a(r) Indirect Accumulator Indexing 

Table 7: A summary of the Motorola 
MC6809 addressing modes. 

fied with thc beginning of th e storagc 
associatcd with the array a. 

Beyond thc actua l codc shown herc, 
howevel', th e IllO st important ins ight to be 
gaincd hom all o f thi s is the shccr bulk o f 
code that such a si mple co nstruct wou ld 
genel-ate (anel it is not even ree ntrant at that). 
I mag ine how la rge the o bject code si zc 
would be fOI- even a rca so nabl y short Pasca l 
program. 

Implementing thrcaded code is so mcwh at 
difficult on thcse machi nes becausc th cy 
requi rc 16 bit memol-y pointers, an efficicnt 
mechani sm for indil-ect adcll-cssing, and so me 
method of in crementing such a pointer to 
the ne xt 16 bit pointer. At least o nc of thc 
above cri ter ia is so troub lesomc on bo th the 
Motorola 6800 and thc Intel 8080 th at th e 
thl-eaded code becomcs un wie ldy _ Thus, fo r 
these machines one has littl e choice but to 
interpret or writc in asse mbler. Thi s suggests 
th at the intcrpretcrs thcmse lves mu st be 
implcmentcd in assemb ly languagc _ 

Thc abovc discussion is an attcmpt to 
analy ze the rca so ns why p!"Ogl-dm s writtcn 
for 8 bit microco mputcrs have t radit iona ll y 
been intcl-pl-ctcel or written in assemb ly 0 1-

machine codc. rathcr than bcing compi lcd 
in to "true" code f!"Om a high levcl language. 

16 Bit Microcomputers 

Previously, the only altern ativc to the 
8 bit al"chitcctu l-e was th at of the 16 bit 
mi crocomp uter. Exa mplcs of such machincs 
include the TI -990/4 and the DEC LSI-1l. 
While the cons id erable costs of thesc pmc­
essOl"s tcnd to make thcm impl-act ica l fOl" 
many co mputcl- expe ri mcnte rs, and fo r 
those applications in which Illan y proce sso rs 

are requ ired, it is instructivc to co nsider 
what properties set these machines apart 
from their 8 bit counterparts with respect to 
code generation . In fac t, it can be shown 
that, given a machine of sufficient sophisti­
cat ion, it should be possible for a compiler 
to do as good a job as an assembler program­
Iller vis-a-vis machine resource utilizat ion_ 

The re are two main virtues of these 16 bit 
machin es_ In the first place, these machines 
have complete 16 bit instruction repe rtoires 
in cluding hardware multiplicat ion, division, 
and lo ng shifts. As well, the 16 bit pl-ocessol-s 
tend to have a good complement of add res­
sing modes such as indexing, stack opel-a­
tions, auto mat ic increment and decrement 
of pointers, and so on. (Here, as elsewhere in 
this article , the descriptive tel"lllS may seem 
fuzzy _ Good complement does not ad mit of 
a precise meanin g. With I-ea l machincs, one 
usuall y loscs clevcr add ressi ng mod es, for 
plenty of ge nera l purpose I-egiste rs , and o ne 
must balancc the benefits so mehow. The 
fina l judgment will usually be that of the 
pcrso n writing the comp il er.) With these 
atuibutes, it is a fairly straightforward task 
to construct a compiler for a high level 
language such as Pasca l. 

8 and 16 Bit Hybrids 

The current trend in 8 bit microprocessor 
technology is tow3l"ds a hybrid combination 
8 and 16 bit machin e_ Essenti a ll y, these 
processol-s are capable of 16 bit opel-ations 
while retaining 8 bit data paths throughout 
the pl"Ocessor architecture. A prime exa mple 
of such a hybrid is the Motoro la 6809, 
which is due fOI- formal product releasc later 
this year. Tablc 1 gives a summal-y of the 
basic add ressi ng capab ili t ies of the Motorola 
6809, exprcssed in a hypothet ica l asscmbl er 
syn tax which removes fro m thc user the 
burden of understanding all of the details of 
the actual hal"dware addressi ng modes. 

Wh at advantages do these machines have 
over their pure 8 bit predecessors? In partic­
ul al-, these machines now havc at least one 
acc umul ator for performing addition, sub­
traction, shifting and comparison operat ions 
on 16 bit data. A second fe ature of th ese 
machin es is the 16 bit memory pointel-, 
which, combined with the ability to au to­
matically in crement and dec rement such 
pointers, provides a vel-y genel-a l memory 
access in g capab ility_ In add ition, common 
high level language features such as stack 
hamcs and di sp lay pointers become quite 
easy with the general ind ex and stack 
registe rs of the M6809. It is apparen t that 
the Motorola 6809 is particul arly well­
end owed with add ress ing modes which 
ten d to fac ilitate code generat ion for hi gh 
leve l languages. 



Home-Computer Retailers 
Get a new Sales Tool With 

READY-TO-USE PRS 
PROGRAMS ENCOURAGE 
HOME-COMPUTER 
SALES. 
Enable retailers to offer home­
computer buyers an easy road to 
computer usage. An answer to 
the doubters who question 
the use of a computer in the 
home. These are thorough and excitIng 
applications. The elimination of the old 
"tic-tac-toe" program. 

NEW STANDARD OF 
EXCELLENCE IN 
DOCUMENTATION 
SIMPLIFIES RETAILER'S 
AND USER'S LIFE. 
Retailers, you can now realize your dream 
.to put a computer in every household. 
Each program of PRS Corporation comes 
with complete written documentation in 
clear and easy-to-understand English. And 
avoids esoteric technical language. Indeed, 
retailers, you can now offer homeowners a 
fluency at their fingertips without their 
having a Ph.D. in Computer Sciences. 

DISPLAY RACK 
SPARKS COMPUTER 
SALES. 
Enables home-computer buyers to browse 
through beautifully packaged cassette ­
folders. Each prospect can study various 
types of programs and become interested 
in the advantages of computers. 

Software 

EXTENSIVE PROGRAM 
CAPABILITIES MAKE 
COMPUTERS DESIRABLE. 
W ith "microfi le;' a new and revolutionary 
datafile management program, users can : 
• Manage any list of items 
• Enter new data 
• Edit information already on fi le 
• Order items alphanumerically upwards 

and downwards 
• Sort by primary and secondary keys 
• Search out an individua l item or print 

out enti re list 
• Total sums of columns 
• Justify right and left margins of each 

column 
• Delete items 
• Save and retrieve data with mass storage 

media 

PROGRAM APPLICATIONS 
EXPAND COMPUTER USAGE: 
Gives reta ilers opportunities to tell home­
computer prospects about the unending 
list of home and personal usages . For ex­
ample, microfile manages: 

Home inventory of furnishings • 
Listing of musical tapes · Ca len­
dar of activities· Vacation itiner­
aries • C hecks by ca tegories • 
Home-upkeep tickler file· Family 

. historical dates· Health records 

3 LEVELS OF 
PROGRAM·USAGE. 
Educational and games ; homeow ner 
and business applications; sophisticated 
monitors and programming tools. 

PROGRAMS AVAILABLE 
FOR THE MAJOR COMPUTER 
BRANDS: 
1. SOL from Processor Technology Corp. 

and all computers with Solos/ C uter 
monitor 

2. TRS-80 from Radio Shack 
3. The Apple 11 from Apple Computer Inc. 
4. T he Pet Computer from Commodore 
5. The Sorcerer from Exidy Inc. 
6. Standard set adaptable to other sys­

tems with Z-80, 8080A, 6502 micro­
processors 

EXCLUSIVE SALES 
TO RETAILER, 
PRS Corporation offers only retailers the 
sales opportunity for PRS software. With 
no direct sales to end users. Each retailer is 
provided with a beautiful informative rack 
capable of holding up to 20 cassette-fold­
ers. Microfile (a Level 2 program) and 
DDS II (a Level 3 program) the famous 
Dynamic Debugging System-are now 
available with additional programs coming 
on a regular schedule. 

CALL NOW FOR YOUR SPECIAL TRIAL DISCOUNT OFFER: 
Call immediately (212) 787-1526 or 787-1527 ; or write today for details to: PRS­
THE PROGRAM OF THE MONTH Corporation, 257 Central Park West, New 
York, N. Y 10024. 
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Listing 3: Motorola 
MC6809 assembly code 
for array indexing program 
fragment. 

Listing 4: DEC PDP-l 7 
assembly code for array 
indexing example. 
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Consider aga in th e array ass ignment 
which the 6800 hand led s'o dismally. The 
Motol"Ola 6809 code for the same construct 
is given in listing 3. (Note that the syntax of 
our assemb ler code is in tend ed to be more 01" 

less cons istent amongst the examples, and 
not necessaril y that of the manufacturer's 
assembler. It is in fact the sy ntax used by 
our UNI X assemb lers fo r these mach in es.) 
Code fo r th e PDP-11 /45 , considered to be a 
good in struct ion set given in listing 4, is 
in clud ed fo r comparison. 

It is rather pl"ecipitous to deduce much 
from thi s one examp le, although array 
index in g does exerc ise many of the addressi ng 
modes of a machin e, and such assignment 
sta tements can provid e a check on the 
register usage of a compi ler. How a partic­
ul ar arch itectul"e fares with more ge nera l 
arithmetic expressions and function and 
procedure call, save, and return sequences 
would provide further basis of compal·ison. 
Indeed, other examples that we have tried 
suggest that the I"esul ts of this compar iso n 
are typical. 

Specia l Advantages of Pascal 

We feel tha t the use of Pascal and a 
competent compil el' can lead to better 
code in many cases on hyb rid 8 and 16 bit 
machines than can be achieved with many 
other languages. Obviously, the best I'es ul ts 
will req uire th at Pasca l be proper ly used -
that subranges be used whel"e possible, fOI" 
examp le - and that these be declared to be 

I 'X' points to top of sta ck (display) 
Ida D, i(X) I i 
asl B 
rol A I '2 
add D, $a-2 I +offset of 'a' 
lea y, D(X) I +stack top 
Ida D,j(X) Ij 
asl B 
rol A I '2 
add D, $b-2 I + offset of 'b' 
Ida D, D(X) I +stack top 
sta D, (Y) I ali] := bli] 

Total code: 20 bytes 

I rS points to the "top" of the 
I stack frame 
mov j(rS),rO Ij 
asl rO I '2 
add rS ,rO I + display pointer 
mov i(rS),rl Ii 
asl r I I '2 
add rS,r I I + display pointer 
mov b-2(rO),a-2(rl) l a[i] := bli]; 

Total code: 22 bytes 

as small as possible , A Pascal program can 
contain a great deal of in format ion that 
all ows eve n a stra igh tfo rward comp il er to 
ge nel"ate code wh ich makes good use of the 
ava il abl e I·egiste l"s. The Pascal deciMations of 
li sti ng 1 provide illustration for the following 
di scussion, and the code give n is for the 
Motol"O la 6809. Remember that the intent is 
not to describe an impl ementation of Pascal. 

Th e dec larat ion of sca lM and subl'ange 
types essenti all y allows the decl aration of 
small integers and makes known the detailed 
chal"actel"istics of val'iables of such types to 
the comp il er. Variables may thus be com" 
pletely bounded, and the comp il er can 
compute upper and lower bounds on the 
va lue of an ex pression. 

In our example, variables of type short 
or short Unsigned may be loaded into the 
8 b it accumul ators of the 6809, an d both 
registe rs may be used simultaneously. A 
variab le may be recogni zed as unsigned if 
there are no negative val ues in the sub range 
to which it belongs. In the ass ignment state­
ment I? := i+j; the va ri ab les i, and j, are both 
in the range 0 thru 10. The result is thus in 
the I'ange 0 tllI"U 20, and an 8 bit accumul ato r 
may aga in be used to compu te this result. 
(All of this is particulal"ly useful if ar ray 
ind ex in g is also involved.) 

The Pasca l set type may be regarded as 
providing a readab le way to do "bit twid­
dling." A set is typically impl eme nted as a 
seq uence of bits, one for each element of the 
base type of the set. The vMiab le s might 
then be a byte in which the low ord er bit 
corresponds to the element READY, the 
next to BLOCKED, and so on. The seq uence 
of assignments mi ght then be comp il ed as in 
li sti ng 5. 

Pascal, of co urse, provides pain ters, 
record structu res and arrays. 

Th e use of pointers is stric tl y controll ed: 
arb itrary arithmetic operations on pointers 
are not all owed. About the on ly things that 
may be done with a pointel" var iab le are: 
indirect add ressin g, assign in g another pointer 
to it, 01" passing it to a proced ure or function. 
Thi s structul'ed use of pointers and ind ex in g 
I'esults in a very sty li zed use of pointers in 
th e compil er's interna l repl"ese ntat ion. This 
in turn all ows the compiler to detect th e 
places where double index ing may be used 
to adva ntage rathe r easily, on machines like 
th e 6809 which have thi s feature, 

Indexing of an array of records does 
requil'e multipli cation of the in dex by the 
width, in bytes, of the I·ecord . Often, this 
may be accomplished by a shi ft. Of course, 
this cann ot always be done, since reco l'ds 
need not be a POWel' of 2 in length, though 
a compiler could arrange to round the size 
of a record up to an appropriate boundary if 



Wondering which memory 
best for you? -IS 

bale 2- offers the following products 
to the 8-100 market at the industry's 
lowest prices: 

16K Static Memory Board 

8K Static Memory Board 
This 8K board is available in two versions . The 8KS-8 operates at 450ns for use with 
8080 and 8080A microprocessor systems and 2-80 systems operating at 2MHz. The 
8KS-20perates at 250ns and is suitable for use with 2-80 systems operating at 4MHz. 
Both kits feature factory fresh 2102's (low power on 8KS-8) and includes sockets for 
aIlIC's. Support'logic is low power Schottky to minimize power consumption . Address 
and data lines are fully buffered and 4K bank addressing is DIP switch selectable. 
Memory ProtecVUnprotect, selectable wait states and battery backup are also 
designed into the board. Circuit boards are solder masked and silk-screened for ease 
of construction. These kits are the best memory value on the market! Available from 
stock. . . 8KS-B $125 (assembled and tested add $25.00) 

8KS-Z $145 (assembled and tested add $25.00) 

Base2can now offerthe same price/periormance in a 16K static RAM as in its popular 
8K RAM. This kit includes 8K bank addressing with 4K boundary address setting on 
DIP switches. This low power unit provides on-board bank selection for unlimited 
expansion .. . No MUX board required. Using highest quality boards and components 
we expect this kit to be one of the most popular units on the market. Available in two 
speed ranges, the 16KS-B operates at 450ns while the 16KS-2 operates at 250ns. 

16KS-B $285 (assembled and tested add $25.00) 
16KS-Z $325 (assembled and tested add $25.00) 

S-100 for Digital Group Systems 

Z-80 CPU Board 
Our 2-80 card is also offered in two speed ranges. The CP2-1 operates at 2MHz and 
the CP2-2 operates at 4MHz. These cards offer the maximum in versatility at 
unbelievably low cost. A socket is included on the board for a 2708 EPROM which is 
addressable to any 4K boundary above 32K. The power-on jump feature can be 
selected to address any 4K boundary above 32K or the on-board 2708. An On-board 
run-stop flip-flop and optional generation of Memory Write allows the board to run with 
or without a front panel. The board can be selected to run in either the 8080 mode, to 
take advantage of existing software, or in the 2-80 mode for maximum efficiency. For 
use in existing systems, a wait state may be added to the M1 cycle, Memory request 
cycle, on-board ROM cycle, input cycle and output cycle . DMA grant tri-states all 
signals from the processor board. All this and more on top quality PC boards, fully 
socketed with fresh IC's. CPZ-1 $110 CPZ-2 $125 

This kit offers, at long last, the ability to take advantage of S-1 00 prod ucts within your 
existing DigitalGroup mainframe. Once installed, uptofourS-1 00 boards can be used 
in addition to the existing boards in the D.G. system. The system includes an 
" intelligent" mother board, ribbon cables to link existing D.G. CPU to the DGS-100 
board and a power wiring harness. The DGS-1 00 is designed to fit in the 5-3/4" x 12" 
empty areain the standard D.G. cabinet. It may seem expensive butthere'sa lot here! 
End your frustration! OGS-100 $295 

Circl e 19 o n inquiry ca rd . 

Send for more details on these products. Get on our mailing list for 
information on more soon to be announced products at factory-direct 
prices from BASE 2. Why pay more when you can get the best at 
these prices??? 

P.O. Box 3548 • Fullerton, Calif. 92634 
(714) 992-4344 
CA residents add 6% tax 
MC/BAC accepted. FOB - U.S. destination 
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I x is di spla y pointer 
I equates are in octal 
READY = 01 
BLOCKED = 02 
RUNNING = 04 
SWAPIN = 010 
SWAPOUT = 020 
Ida A, $READY+BLOCKED+RUNNING I immediate load 
sta A, s(X) 

I 
Ida A, s(X) 
anda A, $![READY+RUNNINGj I complement 
sta A, s(X) 

I 
Ida A, s(X) 
ora A, $SWAPIN 
sta A, s(X) 

I 
Ida A, s(X) 
anda A, $[SWAPIN+BLOCKEDj 
sta A, s(X) 

Listing 5: Set assignment code for the Motorola MC6809 processor, 

Lines 

th e diffel'ence wel'e small, In any eve nt, 
provided the size of the reco rd is no more 
than eight bits (as an un signed quant ity), the 
code fo r the mUltipli ca tion could reasonab ly 
be in clud ed in line, 

We wondel'ed how oh en divi sion or multi­
plication is used in the UNIX system (an 
operating system deve loped at Bell Labs), 
and wrote a simpl e command fi le which 
would compil e each of th e source programs 
of th e syste m and scan th e resul ting assem­
blel' fm mul and div instruc tions, The 
number of multi pli cations was of interes t in 
li ght of th e above disc uss ion; the numb el' o f 
divis ions was co ll ec ted as we ll , sin ce these 
wo uld have to be interpl'e ted by subrouti ne 
on the 6809 , and we wa nted to know how 
many occulTed in n iti ca l code, The I'esults 
are shown in tab le 2, 

Onl y one of the divide insu'ucti ons occ urs 
in a routine th at mi ght be reg;:lI'ded as signi ­
fi can t, wi th respect to increasi ng syste m 
overhead, we l'e a subroutin e ca ll ed to do th e 
di vide pi ecemeal; and that division was 
pe l'form ed at a low pl'iol' ity leve l, 3'1 of th e 
di vide instructions in the device dri ver rou, 
tines were in d isk dl'ivCl's, which had to 
compute track and cy linder offsets, The 

Number of Number of 
Section of C Code Multiplicat ions Divisions 

UNI X Kerne l 6,013 4 9 
D ev ice Drivers 8 ,640 62 41 

Table 2: A search /h rough a particular operating system 10 de/ermine Ihe 
number of mull iplicalions and divisions used, This was done to delermine 
how imporlanl Ihe speed ora mulliplicalion and division rouline would be 10 

a Iypical program. 
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multiplication s in all cases were of small 
amounts; it see ms that (mos t li kel y by 
acci dent) record str uctures used in th e 
ke rnel happened to be a power of 2 in length , 
I t wo uld have bee n mme in structive, perhaps, 
to exa mine user programs, but in that case it 
would have bee n more difficult to separate 
multip li cation s written exp lici tly from those 
cl'eated implicitl y by an'ay indexin g, 

A Pasca l programmer may declare parti c­
ul ar l'ecOl'd or alTay types as pacl?ed, which 
is a hint to th e compil er th at the progra m­
mel' would pl'efe l' elements of the give n type 
to occup y as littl e space as poss ible eve n if 
there is a cost in increased code to access 
them, Thi s leaves the unit of pack ing to the 
compil er, For exampl e, the types thing and 
pacl?edThing (see li st in g 1) desc ribe pac ke d 
and unpac ked recOl'ds with similar field s (to 
Pascal, th ese recOl'd types al'e not compatib le 
in any way ), In a thing, both fie ldl and 
field2 wil l lik ely be bytes, but if a compiler 
impl ements the notion pacl?ed complete ly, 
then in a pac I?ed Thing, field I wi ll li ke ly 
occupy three bits, and field2 five bits, ie: 
they wou Id sh Me the same byte of storage, 
Packing of I'eco rd s on microco mputers is 
often mu ch easier than on the large r proc­
esso rs, because micropmcessors do not have 
th e alignment problems that pl ague compiler 
writel's on those machin es, 

Fin all y, as in many other languages, the 
mder of eva lu ation of ex press ions is left to 
th e impl ementor, but since side effects are 
not all owed, no legal Pascal progr'am can 
possib ly be harmed by thi s, Thi s has two 
related effec ts: in arithmetic ex press ions , 
th e co mpil er may eva lu ate the ope rands in 
th e ord er that leads to the least amount of 
code, and in Boolean ex press ions the left­
hand side o f th e logical operators and and or 
need not be eva lu ated if the ex pressions on 
the right determines the truth value of the 
entire exp res sion, Faste r 0 1' smaller code wi ll 
usuall y resul t if a co mpile r' takes advantage 
o f these pl'operti es , 

Pascal: Problems? 

We feel that th ere are a number of al'eas 
where Pasca l is likely to req uil'e ex pensive 
mechani sms, and which wo uld be inappro­
pr iate for J syste ms programmin g environ­
ment. One so lu tion might be to implement 
a subse t of the language , leavi ng these hard 
fea tul'es as ide, but in most cases, since the 
ex pensive mech ani sms al'e only in voked if 
the programmer asks for them, it should 
be suffi cient to have the compil er' avoid 
in cludin g the assoc iated run time procedures 
when they are not requested, (Thi s is worth 
mentio nin g, if onl y becau se thi s rule is often 
not followed,) We shall fiN mention th ose 
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constructs which al'e expe nsive, but which 
appear onl y by programmer request. 

The semantics of Pascal's file vM iab les, 
and the input/o utput (10) sys tem in ge neral 
tend to reflect characteristics of a batch 
environment , with a res tri cted characte r set. 
Th e basic 10 procedures ue badly designed 
for an interactive temlinal. The read and 
write procedures al'e fa irl y expensive to 
impl eme nt, sin ce thcy Me extt-emely ge nera l 
and al l encompassing. 

On mach i nes like the 6809 wh ich lac k a 
di vide instruction of any so rt (let alone a 
16 bit one), division wi ll be done by calling a 
run time support mutine. Only if the pro­
grammer ex pli cit ly writes either a divide, or 
modulu s operation, will the ca ll be gc ner­
ated. Fl oat in g po in t numbers wi ll be inter­
pl·cted, as usua l. 

Pascal all ows procedures and fun ctions to 
be defined in side other pl'ocedures and func­
tions. This req uires eithcr a display, whi ch 
mu st be cop ied, or a syste m of pointers by 
wh ich a routin e may access the vari ab les 
owned by I'outines in an outer scope. (The 
latter is the most likely choicc.) 

Strings, arrays, reco rds and large sets (if 
impl emented) may all be ass igned or passed 

TERMINALS FROM TRANSNET 
, PURCHASE 
12-24 MONTH FULL OWNERSHIP PLAN 

36 MONTH LEASE PLAN 

PURCHASE PEA MONTH 
DESCRIPTION PAICE 12 MOS. 24 MOS. 36 MOS. 

DECwriter II ......... . $1,495 $145 $ 75 $ 52 
DECwriter III . . . . . . . . .. 2,895 275 145 99 
DECprinter I . . . . . . . . .. 2,495 240 125 86 
VT52 DECscope ...... 1,695 162 85 59 
VT55 DECgraphic CRT 2,695 260 135 94 
ADM 3A CRT ......... 875 84 45 30 
HAZELTINE 1500 CRT. 1,295 124 66 45 
TI 745 Portable ...... . 1,875 175 94 65 
TI 765 Bubble Mem . ... 2,995 285 152 99 
TI 810 RO Printer . . . .. 1,895 181 97 66 
Data Products 2230 ... 7,900 725 395 275 
QUME, Ltr. Qual. KSR. 3,195 306 163 112 
QUME, Ltr. Qual. RO .. 2,795 268 143 98 
DATAMATE Mini Floppy 1,750 167 89 61 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 
10% PURCHASE OPTION AFTER 36 MONTHS 

ACCESSORIES AND PERIPHERAL EQUIPMENT 
ACOUSTIC COUPLERS. MODEMS. THERMAL PAPER 

RIBBONS. INTERFACE MODULES. FLOPPY DISK UNITS 

PROMPT DELIVERY. EFFICIENT SERVICE 
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1 RANSNET CORPORATION 
2005 ROUTE 22, UNION, N.J. 07083 
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as pal·ameters to routines. These opet"ations 
req uire block copies, bu t only if the opera­
tions appeal' in the source program. Copying 
of actua l parameters may be avoided, of 
course, by dec lMing th e matchin g fmmal 
parameters as var parameters. 

Th e remaining points concern some philo­
sophi ca l concems about Pasca l and its 
implementation. (Input and output mi ght 
also be consid ered in this class.) 

Philosophy 

I t has been observed that mu ch of the 
checking done at run time in other languages 
may be done at compile time in Pasca l. Thi s 
is not always so, and run time checks al·e 
required on assignments of a variab le from a 
large r subrange to a vMiable in a small el· 
subrange of a given type, or on simil ar use 
in alTay index ing, and pointers mu st always 
be checked to ensure th at th ey are not nil. 
It mi ght be argued th at run time checks 
might not be done at all. It is better to 
arra nge for them to be turned on and off, as 
required, in different sections of code. 

The Pascal Report (see references) does 
not put boundal'ies on th e number of ele­
ments in the base type of a set type, but it 
does say that an impl ementor will likely 
choose the word length of a give n computer 
as that limit. Otherwise, routin es are I·eq uired 
to perform va riou s Boolean operat ions on 
lal·ge bit strings. Unfortunate ly, a gl'ea t many 
Pascal programs in ex istence, most notably 
those fOI· the CDC 6600, assu me that it is 
possible to delcare or use a set of char, as in: 

if c in \'(/ ' .. 'z' ] then 
{ c is a lette r} 

where c is declared as a char. The CDC 
Pascal compil er I·est ricts the numb er of 
elements in the base type of a set to aboLit 
the number of bits in a word (58), but the 
CDC character set is small enou gh that it 
(nearly) fits within a set. On a mi crocom­
puter with the ASC II char-acter set even 16 
bits is cleuly insufficient, and larger se ts 
may need to be implemented. 

There is no meth od pmvided to initialize 
va riables in thei r declaration. Thi s is of 
consequence when one wishes to crea te a 
table with va lues that remain constan t 
throughout the life of the program (eg: a 
translation table). The onl y way to do this in 
standard Pasca l is to write a sequence of 
assignment sta tements. This will typ icall y 
resu I t in several bytes of code for each 
assignment, as well as forcing two cop ies of 
each data value in the table. On a large 
machine like the CDC 6600, this may be of 



little conseq uence, but on a microcompu te r 
with littl e core, this is a di stinct disadvantage. 
Of course, va ri ous implementat ions of Pascal 
have provided a means to do this sort of 
thi ng efficientl y, but thi s results in a porta­
bili ty pro bl em because each impl ementor 
tends to have sli ghtly different rul es about 
where and how these initializat ions may be 
accompli shed. 

Conclusions 

For languages li ke Pascal, compil at ion is 
the preferred method of impleme ntat ion on 
hybr'id 8 and 16 bit microprocesso rs. The 
object code size on these machines for' 
common constructs in these languages seems 
to compare quite favorabl y with that for 
large r processors like the PO poll or the 
Honeywe ll 66/60. We illu stra ted th is with a 
very simpl e array opera tion; th e reader can 
tr"y other' operations. 

When choos ing a programming language, 
one typica ll y considers not on ly the ease or 
di ffic ul ty of implementation and the effi­
ciency of the com pil ed code, but styli stic 
qu alities as we ll . For exampl e, we have 
found th e C language a pleasant and effective 
language fo r deve lopin g programs, but it 
does not, of course, fo ll ow th at everyone 
else would . The same holds true for Pasca l. 
We mer'e ly note that the Pasca l is interest in g, 
in th at Pascal progr'ams may be so writ ten as 
to all ow a co mpil er to compile code wh ich 
makes efficient use of 8 bit accumul ators on 
mac hines that have them, and that amongst 
the other major high level languages this is 
an unusual property (PL/ I is a likely excep-

tion) . Wh atever th e language used, we hope 
to see the day when on miCl"ocomputer 
syste ms, as on UNI X, the use of assembly 
language fo r a progr'am of any size is greeted 
with surpr'i se, shock, c1epa irs, di smay and 
outright hosti lity.-
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LEARN~1) 
PROGRAM 
~11(~ltO(~('~II·(T'I'I~It..~ 

And at an affordable pric e. Th e 
Modu-LearnTt" home study course 
from Logical Services. 
Now you can learn microcomputer 
programming in ten comprehensible 
lessons. At home. In your own time . At 
your own pace. 
You learn to solve comp lex problems 
by breaking them down into easi ly 
programmed modules. Prepared by 
professional design engineers, the 
Modu-Learn ™ course presents sys­
tematic software design techniques, 
structured program design, and prac­
tical examp les from real 8080A 
micro-computer applications. All in a 
modulaf-sequence of 10 lessons 
more than 500 pages, bound into one 
practical notebook for easy reference. 
You get diverse examp les, problems, 
and solutions. With thorough back­
ground material on micro-computer 
architecture, hardware/software trade­
ofts, and useful reference tables . All 
for only $4995. 
For $49.95 you learn design tech­
niques that make software work for 
you. Modu-LearnTM starts with the 
basics. Our problem-so lut ion ap­
proach enables you to "graduate" as 
a programmer. 

Circle the reader service number be­
low to receive our free descriptive 
brochure and cou rse out line . 

Use your Master Charge or VISA 
ca rd to order today. Call Pat at (408) 
245-8855. 

Circle 215 on inquiry ca rd . 

P.O. Box 60968 
Sunnyvale, CA 94088 
408-245-8855 

LOGICAL 
SERVICES INCORPORATED 
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The Price Is Wrong 

Still Furth er Thoughts 

On page 122 of the June 1978 
BYTE there appeared a Language Forum 
item ca ll ed "An AP L Interpreter: 

In the book rev iew of Th e Elements 
of Programming Style, which appea red 
in May 1978 BYTE, page 161, the price 
of the book should have bec n $5.95, 
not $2.65. Thanks go to P J Plauger 
for notify ing us of thi s c rror.~ 

Further Thoughts." In paragraph 2 Tom 
Brightman rem arks that most reduct ion s 
are monadic. David Eisenstein con­
tacted us to state th at most reductions 
are dyadic and research into several AP L 
books ve rified thi s. 

Transposition Bug 

We apo logil.c for any inco nvc nicn ce to 
rea dc rs' int crna l interp rcter's caused by 
thc sli ght dcviation in sca nning bctwecn 
pages 164 and 165 in thc June 19 78 
issue. The two co lumn s of lcx t on pagc 
165 were in adverte ntly reversed. Tran s· 
pos iti on of th ese two co lumns will 
restore th c cor rect syn tact ic ordcr of the 
text (sce be low). -

I fee l that the problem here is one of 
interpret at ion. I f a red uct ion function, 
such as +/, is considered to be one 
operat ion, then th e operation is mon­
ad ic. Th e one operand is to the right of 
the function and is usua ll y a vec tor. 

However, the reduction fun ct ion is 
usuall y defined to be on ly th e left slas h 
symbo l. Thi s means th at the reduct ion 
function is dyadic. Th e r ighthand 
opcrand wou ld usually bc an array and 
th c Icfth and operand would be some 
operator suc h as + or x . This is the form 
that texts secm to use . . . RGAC-

Wh en :J C rR L/W fo ll oWl'd h\ .1 (1e,1I j~ 

lkll'( ICd in ItH' Cnn lru l Cht't~ Sectiun, .1 

jump b mJdC' In IN ITiJl i/C ,11\(.1 .111 ,>vS lt'lll 
peII .unrlers .lIl' in il iJlin:d . "'Ill' 'lICI.:n i~ 

til'.lred .Inti Ihl' lur ~t)r i ~ !T1u vl'd tu Ihl' UPPl't 
Idl ·h,lnd cu rne r. 

Sys tem Cle,1I i~ dcsi~ncd !tJ bl' .1(Cl'~)l'd 
b\ prl'\~ing ClRL/W .lIld Ihen CIl-.1f , Iu .1\'uiJ 
,H .. cidcn lill UH'. II i ~, hUW('\l'I, tH.l.I~iun.lll \ 
hand y tu he dhk lu ,('inil i,lli/l' lilt' cnl i, l' 
prugr.lnl. 

ClcM SHcen <1nd HOllll' Cursor 

When llnl y Ille (lCJ.f ~t'\ ,~ pfr~~ed, Ihl' 
I1rugr.Lm jump) II! CLEAR. Th i\ clr.Lr~ Ihe 
~crt't' n .lnc.J re turn') Ihe cursuI' 10 the UPI1L'r 
lefl ·h,tnd corm',. r.,'kmury SI.lhr ~ wllrd ~ .lI l ' 

unch.lnged . 

HOlm' Cu rsor 

When J. CTRL/ X i ~ ueteclrd in the 
Cunlrol Ched, ')ectLun, the progrJ.m jumps 
lu Hume, wh ich re(Urn~ Ihl' cu r ~u ' to thl' 
uppel left·h.lnd curner but dut' s nut affect 
the ')crecn cUIHcnt ~ or the ITll'lTlury ~t,llu') 

wtlrd~. 

ESCdlll' 

When the e~LJ.pt' ~e y (ESC) j, p,e~~l'd. it 
i~ detecll'd by Ihe Con trol Chec ~ H'cliun ;lOd 

J JUITlP i ~ mdlle lu he xddetim,11 memury 
.ld dH·~~ 345 whele the prugr ,lll1 rcceive~ 

inWuctiuns fur exil frum G RAPH (see 
Prllgr,lm F unctiun ,Ind Usc) . 

Addressing and Memory Rrquircments 

In its prc!>ent dssembly, GRA PH re ~ides 

in he" .Idecimal memory loca tiuns 000 thru 
3FFF and is designed tu drive a VDM·' 
addressed at he xadecimal CCOO. VDM-I 
statu~ port (to reset scrolling) is addressed 
al hexadecimal C8. 

In addition, six 1 K byte memory secturs 
are se t aside for th e STORE dnd RECALL 
functions (see t.1ble 3). 

A keyboard inpul s status information to 
10 pan 00 (dJ.td present :: bit 6 se t) and 
data to 10 port 01. -

A 300 bps CBU!!lIe of GRAPH In Kansas 
C"v. BYTE or CUler formats w,th a CUTER 
headel ,s avaIlable for $5 Icash or monev order) 
from UNB Aud'o V,suaL Serv,ces. UNB . 
Fredetlcl0n N8 CANADA E38 5A3 

( END ) 

5 
-

6 

H •• Miec,mlll 
a.ginninll Addr ... 

0800 

OCOO 

1000 

2J4 . 25BIO~ 

239,2631101 

1400 23E , 26B (14 1 

173 ClBI 

( START) 
CI 

if the prll~r.Jnl i~ in the vertie.Jl wrile mulle). 
It then Jlld~ the vdlul' 80 10 the dccumu la lor 
,md depll)it~ thl' re~lIlt b.J(k intu 3F7. Th i~ 

h,l) th" effeCl uf ,lltern,Ltely loading that 
lucdtion with he xd decimal 00 ur 80 every 
lim(' Ih is ruutine is cntercd. Thu~, one ~troke 
uf the ,tpprupriate ~ey (CTR L/Q) pua you 
in Ihe Vcrtical Wr;tc mode, and .lnuther 
struke take) yuu uut uf that mode . Opera· 
tiun th en jumps b,le!.; tu STATIN in the 
Driver . 

Cursor (O n/Off) 

This upcrdtiun wurks cXdctly the same as 
Vertical Wr ite by •• lt ernd1ely loadinlt hexa­
decim JI location 3F8 with hcxadcc imal 00 
or 80. 

Cursur Write/ [)on', Wri te 

Cur~ur write/don't write wurk) e),Jetl y like 
Vertiedl Writc, Jltcrn,ltel y luading location 
hexddecimal 3F6 with hexadecimal 00 or 80. 

NeXI Sture 

When J CTRL/W ,md a number from 1 to 
6 arc detected (sec Cuntrul Check Section), 
the Ne xt Store routine is entered. Th is 
ruutine is actually unly a series of compari· 
suns in the Control Check Section which 
compare the input charac ter with several 
ASC II hexadecimal values. For example, 
after CTRl/W and d numeral 1 are en tered 
from the keybuard, the data input to the 
computer is hexadecimal 31 . In th is case a 
CPI 31 instruction wuuld route the program 
to instruCiions that would load status word 
hexadecima l memory localion 3F8 with 
hexadecimal 00, and when 3F8 is checked 
by the next STORE operation, it would 
slore page 1 in the firs t memory sec tor. 
Entering .1 3 would be detected by a CPI 33, 
which would load 3F8 with he xadecimal 02 
and se t up the next STORE opera ti on for 

H •• .cIKimll 
H .. Mlecim" Loc.tion 01 End 
End Addr ... Addr ... in GRAPH 

PlulOn. Progr.m 

OCOO 248 lOCI 

1000 250110) 

f".,:4oo 265 (14) 

18~ 26D ( 18) 

ICoo 275 (IC) 

2000 270 1201 

Tab e 3: Six , K byte 
me ory sectors which are 
set side for the STORE 
ondfECALL functions. 

page 3. l ------



CEnTRDnl~ 
,u,u:::ropnnter-PI J 

POWER PAPER SELECT PAPER 
EMPTY FEED 

_ ON 

II 
a OFF 

.!.:..LL~.f .• ~ ,.." LE.T....,· ~ 
This mo~l reotur.s Centronics stondard 
7 bi t ASCJ 1.. parol J.1 int.t"f"o.ce. 

M.lCRQPSXNTES S;L 
TlU ........ ,. ... tur.s • '7-b! ~ 

1'tSCJ1, ...... QJ RS-= 
switch 

Finally, the macro maker of computer 
printers has gone micro_ With a high-speed, 
desk-top, non-impact print.!r complete with 
parallel interface (Model PI) that's perfect for 
the home, hobby and small business user.~ 
complete 80-column printer for less than ~ 

The new Centronics microprinter is 

So when you think small printers, think 
big. Think Centronics. For more information, 
just clip and mail the coupon below. 

1-----------------1 
I Centronics Data Computer Corp. 
I Hudson, NH 03051 

big on performance. It prints clean, clear dot 
matrix characters at a rate of ISO lines per 
minute. Yet it's quiet, compact, comes fully 
warranted and is backed by Centronics' 
worldwide service. It's even available in a 
serial interface version (Model SI) for 
remote applications. 

Of course, buying your small systems 
printer from the industry's leading producer 
of printers is simply a better buy. You get the 
security, support and systems flexibility only 
Centronics can bring. Plus the targeted tech­
nology that brings out the best in any computer. 

I Gentlemen: Tell me more about your new 
: microprinters. 

I I Nrune ____________________________ ___ 

I Title -------------------------
I Company __________________________ _ 

: Address ______________ _ 

I Town ______________________________ _ 

I State _____________ Zip ____________ _ 

I Phone __________________________ ~~ L _______________ B8~~ 

CEnTRonICS®PRlnTERS 
Simply Better 
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Peter Nelson 
68 Seaver St 
Wellesley MA 02181 

I I I DI 

1 2 ID2 
2 

I 3 /D3 
3 

4 
14 / D4 

5 
1 5 I A DR 

SY NC 
6 

OSC 
7 

B 
I SEL 

9 
HOL D 

10 
R IW 

II 
PO R 

RD Y 
12 

13 
ERR OR 

F 2 
14 

T OP V IEW 

The Number Crunching 

Processor 

National Semiconductor Corporation 's 
MM57109 micl·op l·ocessor is designed spec i­
fical ly fo r numer ic processing. Ca ll ed "The 
Number Cruncher" in their advertising, the 
MM 57109 has an instruction se t that in­
cludes float ing decimal arithmetic, logar ith­
mi c and tl" igonometr ic functions and other 
sophi sticate d features. Although it can be 
used as a stand alone dev ice with I·ead 

VSS _ 5V 

VDD _ -4V 

'''5 '} CL OC K 2 
28 DA I GEN 3 INTERNAL CLOCKS 

27 DA2 SY NC 4 

26 DA3 

25 
DA 4 POR _ IN IT IA LI ZA T ION 

24 16 / J C 

23 fiR 

22 -
DAS 

2 1 
V DD CON T R OL 

I6 / JC 
20 D04 LOGIC 

I5 /ADR 
19 

D03 I4/D4 

18 13 / D3 
D02 

12/D2 
17 

DO l I I IDI 

16 FI 

15 VSS 

A RITHMETIC 
UNIT 

onl y and programmable memory, or as the 
"brain " of a smart instru ment, most hobby­
ists wi ll pmbab ly want to use it as a 
pe riph eral pmcessor where it will save both 
mo ney and memory space. 

The MM57109 requ ires a 9 V power 
supp ly whi ch can be configured as +5 V and 
- 4 V fo r eas ier TTL interface. It also re­
qu ires a single ph ase 5 V clock of about a 

HOL D 

RDY 

B R 

ISE L 

RIW 

DAS 

FI 

F2 

ERROR 

X 

Y 

} me< } """ Z MA N T ISSA 
RE G I STER T 
FI L E 

M MEM ORY 

DAI(LEAST) 

DA2 

DA3 

DA4 (MOST) 

DO l ( L EAST) 

D02 

D0 3 
4 BIT DI GIT DATA D04 (MOST ) 

Figure 7: Pin assigments for the dual in line packaged MM5 707 Clnd a functional bloel? diagram of the processor. Reproduced 
courtesy of National Semiconductor Corporation. 
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400 kHz frequency. This is internally 
divided down to a 100 kHz SYNC signal 
which forms the basic time period of the 
processor. National calls this lOllS period a 
microcycle. All instruction times are ex­
pressed in microcycles. 

A pinout and block diagram are shown in 
figure 1. The MM571 09 receives instructions 
and data via input lines 11 thru 16. Timing of 
an instruction or data fetch operation is 
shown in figure 2. Note that the ROY 
output goes high to signa l that input is 
required . 11 thru 16 may change on ly when 
the RDY line is high. Processing begins when 
it returns to a logic "0," 8 microcycles later. 
The MM57109 can be halted when the ROY 
line is high by applying a logic "1" to the 
HOLD input before or at the rising edge of 
ROY. If HOLD goes high after RDY does, 
the processor will not stop until the next 
RDY pulse. Stopping the processor can 
all ow more time for an external device to 
prepare data or an instruction. The 
MM57109 cannot be halted during execu­
tion of an instruction. For 2 word opera­
tions, the RDY line will go high twice, once 
for each fetch. The ISEL output is used 
during such operations to indicate when the 
processor is expecting an instruction; it will 
go low when data is expected. This is useful 
if the data and instructions are com ing from 
two different sources. 

DOl thru D04 are used to output data 
during an OUT operation. The number of 
digits and format depend on parameters set 
by software, especially the SM DC and 
TOGM instructions. The RW output is 
strobed low, once for each digit. Note in 
figure 3 that the MM57109 issues a second 
RDY pulse during the OUT operation. This 
is for external memory control and can be 
ignored if the processor is being used as a 
microcomputer peripheral. 

The digit address lines, DAl thru DA4, 
and the digit address strobe, OAS, are used 
to provide address information when the 
MM57109 is configured as a stand alone 
processor with its own memory. Typically, 
the digit address lines would provide the 
lower four bits of address with the upper 
four bits coming from an external read only 
memory. 

o 

o 

o 

Reference Source: 

The source of the information used to design this circuit for the 
MM57709 is the National Semiconductor publication, MM57109 
MaS/LSI Number Oriented Microprocessor, copyright 7977 by Nation­
al Semiconductor Corporation, published in March 7977. The publi­
cation number of this 24 page booklet is IM-B50M37. National Semi­
conductor Corporation is located at 2900 Semiconductor Dr, Santa 
Clara CA 95051, and the MM57709 is available from electronics distri­
butors who handle National Semiconductor's product line. 

1-1-8).' CYCLES 

I+- INSTRUCTION, -.. 
IS EXECUTED ROY 

r HOLD 

I 
L::'}::} }}}}} 

':':':':':' ':':'«: 
F::}}::: }:}\ 

L-OATA MAY CHANGE -
NEW OPCODE MAY BE INTRODUCED 

Figure 2: Instruction fetch and hold timing diagram. The ROY line goes high 
When the data is ready. If the HOLD line is also high ROY will remain high. 
When the HOLD line goes low, the RD Y line will follow and the instruction 
will be executed. Adapted from figure Be on page 70 of National Semicon­
ductor Corporation's documentation, IM-B50M37 (March 7977). 

ROY FOR 
,-SECOND ROY PULSE ~~i~JC~~ON 

ROY 

o 

11- 16 
~ ~OUT" CoDE»-____ --.:O~O:..::N:..._'T!.._...::C:.:::A~RE=__ _____ C 

001-006 

O---------~--~ ~--~ 

o u u u 
Figure 3: Timing diagram of an OUT instruction. The second RD Y pulse can 
be ignored if the processor is being used as a peripheral to a computer. 
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Table 7: The 70 command 
instruction set for the 
MM57709. The commands 
are broken into sellen 
different classes: digit 
entry, data mOlles, math 
functions, clearing opera­
tions, branch functions, 
10 and mode control. 
Reproduced courtesy of 
National Semiconductor 
Corporation. 
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The POR input is used to reset the 
processor after power is first applied. Fol­
lowing a 2 microcycle, or greater, positive 
pulse on this line, the MM57109 will issue 
three ROY signals. The first two should be 
ignored; processing begins following the 
third one. 

and BR responds to a jump or branch 
operation with a pulse to "0." 

Instruction Set 

Table details the MMS7109 's 70 

The remaining outputs are all controlled 
by software. F 1 and F 2 may be set or pulsed 
by the SF or PF instructions. The ERROR 
line indicates an illegal operation or overflow 

instructions. This number is achieved with 
only a 6 bit word through the use of the 
INV instruction, octal 40, which gives 
double service to some of the other op 
codes. The instruction set provides a com­
plete set of scientific calculator operations in 

CLASS SUBCLASS MNEMONIC' 

Digit 
Entry 

Move 

o 
1 
2 
3 
4 
5 
6 
7 
B 
9 
DP 
EE 
CS 

PI 
EN 

NOP 

HALT 

ROLL 

pOP 

XEY 

XEM 

MS 

MR 

LSH 

RSH 

OCTALOP 
CODE 

00 
01 
02 
03 
04 
05 
06 
07 
10 
11 
12 
13 
14 

15 
41 

77 

17 

43 

56 

60 

33 

34 

35 

36 

37 

o 
1 
2 
3 
4 
5 
6 
7 
B 
9 

FULL NAME 

Decimal Point 
Enter Exponent 
Olange Sign 

Constant Tr 

Enter 

No Operation 

Halt 

Roll 

Pop 

X exchange Y 

X exchange M 

Memory Store 

Memory Recall 

Left Shift Xm 

Right Shift Xm 

DESCRIPTION 

Mantissa or exponent digits. On first digit (d) 
the following occurs: Z ~ T 

Y~Z 

X~Y 

d .... X 
See description of number. entry on page 11 . 

Digits that follow will be mantissa fraction . 
Digits that follow will be exponent. 
Olange sign of exponent or mantissa. 
Xm = X mantissa 
Xe = X exponent 
CS causes -Xm .... Xm or -Xe .... Xe depending 
on whether or not an EE instruction was 
executed after last number entry initiation. 
3.1415927'" X. stack not pushed . 
Terminates digit entry and pushes the stack. 
The argument entered will be in X and Y. 

Z .... T 
Y ... Z 
X'" Y 

Do nothing instruction that will terminate digit 
entry . 
External hardware detects HALT op code and 

'generates HOLD = 1. Processor waits for HOLD 
= 0 before continuing. HALT acts as a NOP and 
may be inserted between digit entry instructions 
since it does not terminate digit entry. 
Roll Stack. 

Pop Stack. 
Y .... X 
Z ... Y 
T"'Z 
O .... T 

Exchange X and Y. 
X-V 

Exchange X with memory . 
X - M 

Store X in Memory . 
X-+M 

Recall Memory into X. 
M-+X 

X mantissa is left shifted while leaving decimal 
point in same position . Former most significant 
digit is saved in link digit. Least significant digit 
is zero. 
X mantissa is right shifted while leaving decimal 
point in same position. Link digit. which is 
normally zero except after a left shift. is shifted 
into the most significant digit. Least significant 
digit is lost. 



an easy to use keyboard entry format. The 
processor uses reverse Polish notat ion, RPN, 
which is the same system used on the 
Hewlett-Packard ca lcu lators. Th is method 
can obv iate the need for parentheses in 
many cases. 

output wi ll pul se low if the condit ion being 
tested is true. 

Among the numero us digit entl-y and 10 
operatio ns are three different ways to input 
digits: AIN , IN and "d igit as instruction" 
number entry, octa l 00-11 . This latter meth ­
od is most si milar to ca lcul ator number 
entry and is the input system assu med fo r 
th e interface in thi s ar ticle. 

There is a com pl ete set of conditional 
branch test operat ions that may be quite 
useful if a programmable calcul ator or higher 
leve l language is being implemented. The BR The MM57109 offers two co nventional 

CLASS SUBCLASS MNEMONIC· 

Math F (X,Y) 

F (X,M) 

F (X) Math 

F (X) Trig 

Clear 

Branch Test 

+ 

x 
I 
YX 
INV +' 

INV ­
INV x' 
INV !' 
l /X 

SORT 
SO 
lOX 
EX 
LN 
LOG 
SIN 

COS 
TAN 
INV SIN" 
INV COS' 
INV TAN ' 
DTR 
RTD 
MCLR 

ECLR 
JMP' 

TJC ' 

TERR ' 

TX · O' 

TXF' 

TXLTO' 

OCTAL OP 
CODE 

71 

72 
73 
74 
70 
40, 71 

40,72 
40, 73 
40, 74 
67 

64 
63 
62 
61 
65 
66 
44 

45 
46 
40,44 
40,45 
40,46 
55 
54 
57 

53 
25 

20 

24 

21 

23 

22 

FULL NAME 

Plus 

Minus 
Times 
Divide 
Yto X 
Memory Plus 

Memory Minus 
Memory T imes 
Memory Di vide 
One Divided by X 

Square Root 
Square 
Ten to X 
E to X 
Natural log of X 
Base 10 log of X 
Sine X 

Cosine X 
Tangent X 
Inverse sine X 
Inverse cosine X 
Inverse tan X 
Degrees to radians 
Radians to degrees 
Master Clear 

Error flag clear 
Jump 

Test jump 
condition 

Test error 

Test X = 0 

Test IX I < 1 

TestX<O 

DESCRIPTION 

Add X to Y. X + Y -- X. On +, -, x, I and YX 
instructions. stack is popped as follows: 

Z--Y 
T -- Z 
O - T 

Former X, Yare lost. 
Subtract X from Y. Y - X - X 
Multiply X times Y . Y x X -- X 
Divide X into Y. Y '" X - X 
Raise Y to X power. yX - X 
Add X to memory . M + X -- M 
On INV +, -, x, and I instructions, X, Y, Z, 
and T are unchanged. 
Subtract X from memory. M - X .... M 
Multiply X ti mes memory. M x X - M 
Divide X into memory. M '" X -> M 
1 .,. X-X. On all F (X) math instructions Y, Z, 
T and M are unchanged and previous X is lost . 
..;x .... X 
X2 .... X 
lOX .... X 
eX .... X 
In X .... X 
log X- X 
SIN( X) - X. On all F( X) trig f unctions, Y, Z, T, 
and M are unchanged and the previous X is lost. 
COS(X) - X 
TAN( X) -'X 
SIN-1(X) .... X 
COS- l(X) .... X 
TAN-l (X) .... X 
Convert X from degrees to radians. 
Convert X from radians to degrees. 
Clear all internal registers and memory ; in itialize 
1/ 0 control signals, MDC = B, MODE = floating 
point. (See initialization,) 
o ~ Error flag 
Unconditional branch to address speci fied by 
second instruction word. On all branch instruc· 
tions , second word contains branch address to 
be loaded into external PC. 
Branch to address specified by second inst ruc­
tion word if JC (16) is true (=1). Otherwise, 
ski p over second word. 
Branch to address specified by second instruc· 
tion word if error flag is true (= 1). Otherwise, 
skip over second word , May be used for 
detecting specific errors as opposed to using the 
automatic error recovery scheme dealt with in 
the section on Error Control. 
Branch to address specified by second instruc· 
tion word if X = O. Otherwise, skip over second 
word. 
Branch to address specif ied by second instruc· 
tion word if IX I < 1. Otherwise, skip over 
second word , (i.e. branch if X is a fraction.) 
Branch to address specified by second instruc· 
tion word i f X < O. Otherwise, skip over second 
word . 
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Table 7, continued: 
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microprocessor operations, HALT and NOP, 
but with a difference. HALT, by itself, on ly 
acts as a NOP; it does not stop the mach ine . 
It is designed to be detected with external 
hardware that will generate a HOLD signal 
to halt the processor. 

rithmic functions take the greatest time. As 
a bench mark, the floating point addition 
time is 2200 microcycles, or 22 ms. However 
the floating point add time might not make 
a very reliable benchmark since it varies over 
a wide range (22 ms, typical, to 66 ms, worst 
case) depending on the numbers involved. The number of microcycles required to 

execute an instruction may vary from a few 
hundred to many thousands as shown in 
table 2. Speaking genera ll y, th e complex 
operations such as trigonometric and loga-

Figure 4 shows how easy it is to interface 
the MM57109 to your system. Most of the 
required pins are TTL compatible. The POR 
and HOLD inputs, however, must have a 

CLASS SUBCLASS MNEMONIC' 
OCTAL OP 

FULL NAME DESCRIPTION 
CODE 

Branch Count IBNZ 31 Increment memory M + 1'" M. If M = 0, skip second instruction 
and branch if word. Otherwise, branch to address specified 
M,pO by second instruction word. 

DBNZ 32 Decrement M - 1 ... M. If· M = 0, skip second instruction 
memory and word. Otherwise, branch to address specified 
branch if M,p 0 by second instruction word. 

1/0 MUlti-digit IN' 2.7 Multidigit The processor supplies a 4-bit digit address 
input to X (DA4-DA 1) accompanied by a digit address 

strobe (DAS) for each digit to be input. The 
high order address for the number to be input 
would typically come from the second instruc-
tion word . The digit is input on 04-01, using 
ISEL = o to select digit data instead of in-
structions. The number of digits to be input 
depends on the calculation mode (scientific 
notation or floating point) and the mantissa 
digit count (See Data Formats and Instruction 
Timing) . Data to be input is stored in X and the 
stack is pushed (X'" y ... z ... T) . At the can· 
elusion of the input, DA4 -DA1 = O. 

OUT' 26 Multidigit output Addressing and number of digits is identical to 
from X IN instruction. Each time a new digit address is 

supplied, the processor places the digit to be 
output on 004-001 and pulses the RiW line 
active low. At the conclusion of output, 004-
001 = 0 and DA4-DAl = O. 

I/O Single-digit AIN 16 Asynchronous A single digit is read into the processor on 04-
Input 01. ISE l = 0 is use.d by external hardware to 

select the digit instead of instruction. It will not 
read the digit until AlTI1 = 0 (lSE l = 0 selects 
ADR instead of 151. indicating data valid. F2 is 
pulsed active low to acknowledge data just read. 

110 Flags SFl 47 Set Flag 1 Set Fl high, i.e . Fl = 1. 
PFl 50 Pulse Flag 1 Fl is pulsed active high . If Fl is already high, 

this results in it being set low. 
SF2 51 Set Flag 2 Set F2 high, i.e. F2 = 1. 
PF2 52 Pulse Flag 2 F2 is pulsed active high . If F2 is already high, 

this results in it being set low. 
PRWl 75 Pulse RtW 1 Generates RM active low pulse which may be 

used as a strobe or to clock extra instruction 
bits into a flip-flop or register. 

PRW2 76 Pulse R/W 2 Identical to PRWl instruction. Advantage may 
be taken of the fact that the last 2 bits of the 
PRWl op code are 10 and the last 2 bits of the 
PRW2 op code are 01. Either of these bits can be 
clocked into a flip-flop using the RM pulse. 

Mode TOGM 42 Toggle Mode Change mode from floating point to scientific 
Control notation or vice-versa, depending on present 

mode. The mode affects only the I N and OUT 
instructions. Internal calculations are always in 
8-digit scientific notation. 

SMDC' 30 Set Mantissa Mantissa digit count is set to the contents of the 
Digit Count second instruction word (= 1 to 8). 

INV 40 Inverse Mode Set inverse mode for trig or memory function 
instruction that will immediately follow. Inverse 
mode is for next instruction only. 



MODEL CC-8 
$185.00 (4800 Baud) 

9600 BAUD CASSETTE RECORDER 

An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error rate 
lOB at 41'100 BAUD. Can be used from 110 to 9600 BAUD into a UART - no clocking 
required. This is not an audio recorder. It takes RS232 or TTL signals from the terminal or 
computer and gives back the same signals. No audio interface is used . Motor start/stop is 
manual or through TTL or RS232 signals . 

Tape speeds are 1.6" /3.0" and 6.0" per second . 110 volt, 60 Hz, S watts . (220 Volts on 
special order). Can use high quality audio cassettes (Philips Type) or certified data cassettes. 
Can be used in remote locations from a 12 Volt battery . 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PROGRAM 
RELOADING and DATA STORAGE. Manual control except for motor start/stop. 61'100, 
1'101'10 or ZBO software for file or record searching available on request with order. Used by 
major computer manufacturers, Bell Telephone and U.S. Government for program reloading 
and field servicing. 

$195.00 (9600 Baud and 220V /50 Hz) AV AILABILITY - Off the shelf. 

PROVIDES MONITOR AND TAPE SOFTWARE in ROM . TERMINAL and TAPE PORTS 
on SAME BOARD. CONTROLS ONE or TWO TAPE UNITS (CC-B or 3M3B). 

This is a complete 1'101'10 , BOBS, or ZBO system controller. It provides the terminal 110 
(RS232, 20 mA or TTL) and the data cartridge 110, plus the motor controlling parallel 110 
latches . Two kilobytes of on board ROM provide turn on and go control of your Altair or 
IMSAI. NO MORE BOOTSTRAPPING. Loads and Dumps memory in hex on the terminal, 
formats tape cartridge files , has word processing and paper tape routines . Best of all, it has 
the search routines to locate files and records by means of six, five, and four letter strings. 
Just type in the file name and the recorder and software do the rest. Can be used in the 
BiSync (IBM), BiPhase (Phase encoded) or NRZ modes with suitable recorders, interfaces 
and software . 

This is . Revision 1'1 of this controller. This version features 2701'1 type EPROM's so that 
you can write your own software or relocate it as desired . One 2701'1 preprogrammed is 
supplied with the board. A socket is available for the second ROM allowing up to a full 2K 
of monitor programs. 

Fits all S100 bus computers using 1'101'10 or ZBO MPU 's. Requires 2 MHz clock from bus. 
Cannot be used with audio cassettes without an interface . Cassette or cartridge inputs are 
TTL or RS232 level. 

AV AILABILITY - Off the shelf. 

2SI0 (R) CONTROLLER 
$190.00, Tested & Assmb. 

PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPANDS MIKBUG with lK 
of ADDITIONAL ROM PROGRAM 

This is a complete tape controller for the SWTP 61'100 system. Has 3K of EPROM space 
for your own programs. A 1 K ROM (2701'1) is provided with all tape and monitor functions . 
The ROM program is identical to our extensive 1'101'10 ROM program. 

Has one ACIA for one or two tape drives , one UART for an additional Serial port and a 
4 bit parallel port for motor control. Will control one or two CC-8 or 3M3B drives with the 
software provided. Can be used with other tape drives controllable with 4 TTL bits if 
appropriate software changes are made. 

Extra serial port is provided for your use with a second terminal or printer (RS232, TTL 
or 20 mal . 

6800 CONTROLLER for SWTP 
$190.00, Tested & Assmb. 

The ROM program supplements the MIKbug program and is entered automatically on 
reset. SWTbug compatible ROM is also available . 

AVAILABILITY - Off the shelf. 

Z 80 BOARD for SWTP COMPUTER 

Now you can use the 8080/Z80 software programs in your SWTP 6800 machine . Re­
places your MPU board with a ZSO and ROM so that you are up and running with your 
present SWTP memory and MPS card. 1 K ROM on board replaces MIKBUG. 

AV AILABILITY - Off the shelf. 

_ _ ______ _ _ _______ ---- - _$190.00, Tested & Assmb. 

For U.P.S . delivery. add $3.00 . Overseas and air shipments charges collect . N.J . Residents add 5% Sales Tax . WRITE or CALL for further 
information . Phone Orde rs on Mus te r Charge and BankAme rica rd acce pted. 

~atiunal Multiplex Cu.-pu.-atiun 
3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561 ·3600 TWX 710-997-9530 
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EXECUTION EXECUTION EXECUTION EXECUTION 
INSTRUCTION TIME TIME INSTRUCTION TIME TIME 

MNEMONIC (MICROCYCLES) (MICROCYCLES) MNEMONIC IMICROCYCLES) (MICROCYCLES) 
IAVERAGE) (WORST-CASE IAVERAGE) IWORST-CASE 

VALUES) VALUES) 

0- 9 238 OUT 583 

OP 152 IN 395 

EE 151 SFI 163 

CS 166 PFI 185 

PI 13 12 SF2 163 

HALT 134 PF2 185 

AIN 284 PRWI 130 

TJC 208 PRW2 130 

T X ~O 278 SIN 56200 95900 

TXLTO 197 COS 56200 95900 

TXF 277 TAN 35000 97600 

TERR 191 INV SIN 54000 93900 

JMP 186 INV COS 54000 93900 

18NZ 23 14 INV TAN 30200 92900 

0 8 NZ 2314 LN 24800 92000 

SMOC 163 LOG 30700 92600 

XEM 812 EX 30800 93900 

MS 839 lO X 27400 96500 

MR 1385 + - 2200 6600 

LSH 168 INV+, INV- 1700 SOOO 

ASH 173 IM+. M-) 

INV 166 x 3200 22700 

EN 552 IN V x 1M X) 2700 21400 

TOGM 157 I 7800 22300 

ROLL 905 INV I (M / ) 7300 211 00 

ECLR 163 l l X 4500 22800 

POP 448 YX 55400 95500 

MCLR 734 SORT 7000 30200 

XEY 652 SO 3000 21900 

NOP 122 OTR . RTO 9600 41700 

Table 2: Execution times for command set. The execution time is measured 
in microcyc/es which are defined as being 70 /.lS long. Reproduced courtesy of 
National Semiconductor Corporation. 

DA4-DAl 

o 
1 
2 
3 
4 

MDC+3 

DA4-DA l 

2 
3 
4 
5 

MDC + 3 

IN/OUT Instructions lal Mode = Scientific Notation 

IN: D4 

OUT: D04 

D3 

D03 

D2 

D02 

Most significant exponent digit 
Least sign ificant exponent digit 

Dl 

DOl 

Sm 0 0 Se 
Not used 
Most significant mantissa digit (Decimal point foll ows this digit) 

Least signi fi cant man ti ssa digit 

IN/OUT Instructions (b) Mode = Floating Point 

DP POS 

11 
10 

12 - MDC 

IN: D4 D3 

OUT: D04 D03 

Sm 0 
DP POS 

D2 

D02 

o 

Most significant Mantissa Digit = 0-9 

Least significant Mantissa Digit = 0- 9 

Dl 

DOl 

o 

Table 3: The data format for floating paint and scientific notation input and 
output. MDC stands for mantissa digit count which is se t by the SMDC 
instruction. It is initially set to 8. Sm is the sign of the mantissa,- it is 0 for 
positive and 7 for negative numbers. Se is the sign of the exponent which is 
set to 0, for positive, in the floating point mode. DP POS is the decimal paint 
position indicator which is a value in the range from 77 to 72-MDC, which 
indicates a digit, as given by the DP POS column in the table. The decimal 
point is located to the right of this digit. 
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vo ltage swing from - 4 V to +5 V. Fortu­
nate ly, this is easily achieved with an LM339 
co mparator which makes a fine TTL to MOS 
level shifter and is widely avai lable. The BR 
and RW lines are the on ly required outputs 
that cannot drive TTL directly. CMOS in­
verters and flip f lops are used to latch pulses 
fro m th ese lines anyway, but in this case 
th ey also provide buffer ing. 

The 2.2 k pull down resistors to VOO 
from th e ERROR, RDY and DO lines 
assume the use of a bipolar (TTL) input 
port. If yo ur input port lines use high 
impedance MOS rece ivers, then these re­
sistors should be replaced by 15 k resistors 
to ground, OV. 

It is worth mentioning th at in this circuit 
there are a number of outputs of the 
MM5 7109 that are completely unused. This 
is because the MM57109 is a very versatile 
dev ice that can be configured in several 
different ways. In this application the com­
puter performs many of the functions of the 
unused pins. 

Th e simp le program detai led in listing 1 is 
des igned to allow you to become famili ar 
with the MM571 09 by giving it one instruc­
tion at a time and single stepping its opera­
tion. A number of usefu l subroutines are 
included that may be applied to larger 
applications programs. After each colon 
prompt character is disp layed you are ex­
pected to supply a two digit octal number 
corresponding to the instruction you wish to 
execute. If it is a 2 word instruction, the 
second word is entered after the next colon. 
Whenever the OUT instruction, octal 26, is 
used, the computer goes to a routine that 
reads the data into a buffer and then dumps 
it to the disp lay "as is ." This way, the effect 
that different instructions have on the dis­
play format shown in tab le 3 can be seen . 
Before requesting an instruction, the com­
puter polls the ERROR and BR lines and 
outputs an " E" or " B," respectively, if these 
li nes are act ive. Once the ERROR line is set 
it must be cleared with the EC LR instruc­
tion, but the BR line is reset autom atically 
by th e program . 

When the program is fi rst en tered at 0200 
it initializes the processor by outputting a 
POR pu lse and ignoring the first two ROY 
pulses before ha lting on the th ird. Halting 
for instruction input is done by bringing the 
HOLD line high. When an instruction is first 
moved to the output port, the HOLD line is 
left high. It is brought down on a separate 
command so that the data on 11 th ru 16 is 
ful ly stab le before HO LD starts to change. 
The computer senses when it is time for a 
new instruction by monitoring the ROY line 



the electric P~~~s!! ))TM 
The Electric Pencil II is a Character Oriented 

Word Processing System. This means that text is 
entered as a string of continuous characters and 
is manipulated as such. This allows the user 
enormous freedom and ease in the movement and 
handling of text. Since line endings are never 
delineated, any number of characters, words, 
lines or paragraphs may be inserted or deleted 
anywhere in the text. The entirety of the text 
shifts and opens up or closes as needed in full 
view of the user. The typing of carriage returns 
as well as word hyphenation is not required 
since lines of text are formatted automatically. 

As text is typed in and the end of a screen 
line is reached, a partially completed word is 
shifted to the beginning of the following line. 
Whenever text is inserted or deleted, existing 
text is pushed down or pulled up in a wrap 
around fashion. Everything appears on the video 
display screen as it occurs which eliminates any 
guesswork. Text may be reviewed at will by 
variable speed scrolling both in the forward and 
reverse directions. By using the search or the 
search and replace function, any string of 
characters may be located and/or replaced with 
any other string of characters as desired. 

When text is printed, The Electric Pencil II automatically inserts carriage returns where they 
are needed. Numerous combinations of line length, page length, line spacing and page spacing allow 
for any form to be handled. Character spacing, BOLD FACE, multicolumn as well as bidirectional 
printing are included in the Diablo versions. Right justification gives right-hand margins that are 
even. Pages may be numbered as well as titled. This entire page (excepting the large titles and 
logo) was printed by the Diablo version of The Electric Pencil II in one pass. 

NowonCP/M 
You've probably seen 

The Electric Pencil in 
action by now. It's the 
most powerful aoao/zao 
character oriented word 
processor on the market 
today. Michael Shrayer is 
now proud to present the 
new Electric Pencil II. 

NEW FEATURES: !!! CP/M Compatible !!! Disk Operating System 
Supports Four Disk Drives !!! Simple File Management !!! Quick and Easy 
Disk Storage and Retrieval !!! Dynamic Print Formatting !!! Multicolumn 
Printing!!! Print Value Chaining !!! Page-at-a-time Scrolling !!! New 
Bidirectional Multispeed Scrolling Controls !!! New Subsystem with 
Print Value Scoreboard !!! Automatic Word and Record Number Tally!!! 
Cassette Backup Capability!!! Full Margin Control !!! End-of-Page 
Control!!! Non-Printing Text Commenting !!! Line and Paragraph 
Indentation !!! Centering !!! Underlining !!! BOLD FACE !!! 

WIDE SCREEN VIDEO!! 
Available to Imsai VIO video users for a huge aOx24 character screen !! 

HAVE WE GOT A VERSION FOR YOU? 
The Electric Pencil II operates with any aoao/zao based microcomputer that supports a CP/ M disk 
system and uses a Imsai VIO, Processor Technology VDM-l, Polymorphic VTI, Solid State Music VB-IB, 
Vector Graphic Flashwriter or any similar memory mapped video interface. Specify when using CP/ M 
that has been modified for Micropolis or North Star disk systems as follows: For North Star add 
suffix A to version number, for Micropolis add suffix B to version number, e.g. SS-IIA, DV-IIB. 

Verso Video Printer Price 

SS-II SOL TTY or similar $225. 
SP-II VTI TTY or similar $225. 
SV-II VDM TTY or similar $225. 
SI-II VIO TTY or similar $250. 
DS-II SOL Diablo 1610/ 20 $275. 
DP-II VTI Diablo 1610/ 20 $275. 
DV-II VDM Diablo 1610/20 $275. 
DI-II VIO Diablo 1610/20 $300. 

coming 
attractions 

Sort & Merge Utility!!! 

The NEC printer package ! ! ! 

The HELlOS Electric Pencil ! ! ! 

Pencil to CP/M file conversion ! ! ! 

CP/M to Pencil file conversion ! ! ! 

m MICHAEL SHRAYER SOFTWARE 
1253 Vista Superba Drive 

55 Glendale, CA 91205 
(213) 956-1593 

The Electric Pencil I is still available for non CP/M users: 

Verso Video 

SS SOL 
SP VTI 
SV VDM 
SSN SOL 
SPN VTI 
SVN VDM 
OS SOL 
DP VTI 
DV VDM 
DSN SOL 
DPN VTI 
DVN VDM 

Printer 

TTY or similar 
Try or similar 
TTY or similar 
TTY or similar 
TTY or similar 
TTY or similar 
Diablo 1610/20 
Diablo 1610/20 
Diablo 1610/20 
Diablo 1610/20 
Diablo 1610/20 
Diablo 1610/20 

Cassette 

CUTS 
Tarbell 
Tarbell 

CUTS 
Tarbell 
Tarbell 

CUTS 
Tarbell 
Tarbell 

CUTS 
Tarbell 
Tarbell 

Disk Drive 

North Star 
North Star 
North Star 

North Star 
North Star 
North Star 

Price 

$100. 
$100. 
$100. 
$125. 
$125. 
$125. 
$150. 
$150. 
$150. 
$175. 
$175. 
$175. 

Demand a demo from your dealer! 
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9 ~14 
---..!!. 7 

POWER TABLE LM339 

NUMBER TYPE +5V GND -4V I I ~13 IC I 74C04 14 7 
IC2 C04013 14 7 +5V ~ /' IC3 LM339 3 12 
IC4 MM57109 15 21 
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Figure 4: Schematic diagram for interfacing the processor to a computer. The STROBE signal can be any software controlled 
output pulse with a width varying from 200 ns to 50 iJ.S. The rise and fall times are noncritical. All unused inputs in the circuit 
should be grounded to prevent floating voltage problems. All resistors are 0.25 W unless otherwise specified. All resistances are 
measured in ohms. 
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BASIC FLOPPY DISK SYSTEM 
• RANDOM ACCESS FILES 
• ANY NUMBER OF FILES MAY BE OPEN (IN USE) AT ONE TIME 
• THE NUMBER OF FILES AND SIZE OF FILES IS LIMITED 

ONLY BY THE SIZE OF THE DISK 
• MERGING FILES REQUIRES NO EXTRA DISK SPACE 
• NO WAITING FOR THE DISK TO RE-PACK 
• LONGER DISK LIFE-MORE EVEN DISK WEAR 

We delivered our first mini-floppy disk system a year and a half ago - 6 months ahead of any other 
6800 based mini system. Since that time, it has earned the reputation of being the most reliable mini-disk 
system available. 

This system comes completely assembled with a disk controller that is plug compatible with the SWTPC 
6800. In fact all our products use the 6800 standard SS-50 (Smoke Signal 50) bus used by SWTPC. The 
cabinet and power supply are capable of handling up to 3 Shugart Mini-Floppy Drives. One drive is included 
in the price of the B F D-68 and others may be added easily at any time. Or you may save money by order­
ing the dual-drive BFD-68-2 or triple drive BFD-68-3 (pictured). Price: BFD-68 $795, BFD-68-2 $1139, 
BFO-68-3 $1479, SA-400 Drive $355. 

A bootstrap PROM is included on the controller board to initiate the Disk Operating System. Thus, you 
can be up and running from a cold start in just a few seconds. 

SUPER SOFTWARE 
The BFD-68 includes our new ex panded disk operating system and disk file handling BASIC interpreter. 

In addition, the BFD-68 is supported by the most complete microcomputer software available today. This 
includes an excellent editor and text processor, several assemblers and a BASIC compiler. 

Ci rcle 320 on inquiry card , 

Send for F R E E NEW Computer Products Catalog 

gUii'l\IE SI6'l\l( j1( If))1O)ii'l\lID' ,1tlJ! @8T' ~-I'IlriW 
#!»JlYl!'J!Jl=~1 .i1.l"", ~r1!.l1="",h DJlll.'JJlA llJA,))) "'" "",JOOtJr 

6304 Yucca/Hollywood, CA 90028/(213) 462-5652 
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Listing 7: An 8080 familiarization program 
for the MM57709 which allows the user to 
execute single commands and observe the 
results. The program will output a prompt­
ing colon after which the operator can 
input the command to be observed in its 
octal format. 

with the input port. If you have a spare 
interrupt, however, you can connect it to 
the ROY line to free the computer from the 
task of polling the input port while the 
MM57109 is executing an instruction. 

OIGOUT is monitored by the computer 
when processing the MM57109's OUT in­
struction. I t goes high to signify the presence 
of a digit on 001 thru 004 and must be 
reset by the computer after the digit is read 
in. When reading in digits, the computer will 
also monitor the ROY line to tell when the 
instruction is completed. 

It should be noted that this program was 
written for my personal 8080 system and 
uses memory mapped 10, ie: my 10 ports 
are addressed as memory locations. I f yo u 
have a system wh ich uses the 8080 10 ports, 
you will want to substitute IN and OUT 
instructions fOl' LOA and STA, 
respectively ,. 

KIMSI 

The KIM to 8-100 bus 
Interface/Motherboard 

• Combines the power of the 6502 with the flexibility of 
the 5-100 bus 

• Attaches to any unmodified KIM 
• Complete interface logic and fully buffered motherboard 

in one unit 
• On-board regulation of power for KIM 
• Eight slots of 5-100 compatibility for additional RAM. 

Video and I/O boards, PROM Programmers. Speech 
processors . 

• Includes all parts, sockets for ICs. one 100 pin connector, 
and full Assembly/Operating documentation 

• Kit $125, Assembled $165 
• All units shipped from stock 

FORETHOUGHT PRODUCTS 
_ P.O. Box 386-F ~ 

Coburg, OR 97401 ~ 
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ISOFTVARE LISTING YOR 
I VRITTEN FOil AN 8080 
0800 31 Bf' 
0808 32 01 80 
Ot05 O! 04 
0207 00 LOOP 
0108 C8 07 02 
020B 79 
080C 32 01 80 
080' CD eF 02 
0218 CD eF OB 
0815 f'6 40 NIXT 
02173201 80 
02lA CD 8f' 08 
0810 3A 01 80 NEXT+ 
0880 17 
0221 17 
0828 17 
02e3 32 O~ 80 
0226 47 
0227 D2 2Y 02 
022A 31 42 
022C CD 10 01 
oae, 7e ERROR1 
0230 17 
0231 02 39 02 
0834 311 45 
0236 CD 10 01 
0239 3E 3A FITCH 
oe3B CD 10 01 
0231 CO 91 02 
0241 CD AI 02 
0244 n 16 
OR46 CA 4C 02 
oa~9 C3 15 02 

""57109 MICROPROCESSOR DRIVER/DE"O~STRATOR 
BY P NnSON 
NVI A.B' 
STA 1/011 
NVI C,04 
DCRC 
.JIIf LOOP 
HOV A,C 
STA 1/011 
CALL NXTRDY 
CALL NXTRDY 
ORI 40 
STA 1/011 
CALL NXTRDY 
LOA 1/011 
RAL 
RAL 
RAL 

'SET POR-I,HOLO-O 
IINSTRU'CTION _ NOP 
ISHORT TINIIiO VALUE 
ITO TIMI! paR 
IPULSE 
ICLR A 
ISET HOLD, POR-O 
I WAIT FOR ROY PULSE 
IVAIT FOR ROY PULSE 
ISIT HOLD-I SO 57109 
ISTOPS ON NEXT ROY 
IRETURNS WITH 57109 
JRUD BR.ERROR 

IBR TO CARRY 

HALTED 

STA 1/014 ICLR F.F.'S WITH STROBE 
MOV B,A ITEMP STORE ACC 
JNC ERRORl I I' NO BRANCH 
NVI A,42 IASCII B 
CALL OUTCHR I CHARACTER 01 SPLAY 
MOV A,B IRETRIEVE Ace 
RAL IERROR TO CARRY 
JNC FUCH I I~ NO ERROR 
MVI A,45 IASCII E 
CALL OUTCHR ICHARACTER DISPLAY 
MVI A,3A IASCII. 
CALL OUTCHR ICHARACTIR DISPLAY 
CALL OCTIN 10lT INSTRUCTION COOl 
CALL INSTRCTIGIVE 57109 OPCOD! 
CPI 16 lOUT CODE 
JZ OUT I WAS I T All OUT OP 
JMP IlEXT "' IIOT, ~IXT INSTRUCTION 

lOUT READS I~ CORRECT' OF DIGITS, STOPPI~G BY SE~SING ROY AND 
ITHEN DUMPS BUFFER TO DISPLAY I~ HEXIBCD 
024C 21 OC 03 OUT LXI H ITOP 0' BUFFER LOCATION 
024' 3A 01 eo NOTYET LDA 1/011 IGET INPUT 
0252 17 RAL I ROTATE 
0253 17 RAL IDIGOUT INTO CARRY 
OB54 02 4F 02 JNC NOTYET IDIOOUT-01 
0257 IF NXTDIG RAR IRESTORE DIGIT 
0258 IF RAR ILOCATION I~ ACC. 
0259 77 MOV M,A IPUT III BUFFER 
02SA 20 DCR L IDCR POINTER 
025B 32 04 80 STA 1/0'4 IRESET DIGOUT F.'. 
025E 3£ 40 MVI A,40 INOW THAT WE ARE OAST OUT'S 2ND 
0260 32 01 STA 1/011 IRDY,SET HOLD-I TO STOP AT END OF OUT 
0263 3A 01 80 AGAI~ LDA 1/011 I GET INPUT 
0266 17 RAL IROTATE RDY IIITO CARRY 
0267 DA 71 02 JC DISPLAY "' DONE, GO TO DISPLAY 
026A 17 RAL IROTATE DIGOUT I~TO CARRY 
0&6B 02 63 02 JNC AGAIN I NO 01 GIT READYl 
026E C3 57 02 JMP ISTORE DIGIT,GET NEXT ONE 
0271 3E OC DISPLAY MVI A,OC ICALCULAT' DIGIT 
0273 95 SUBL ICOUNT(OC POINTER VALUE) 
0274 4F LISTING MOV C,A ISTORE COUNT IN REGISTIR C 
0275 21 OC 03 LXI H IBUFFER LOCATIO~ 
027e 7E MOV A,M IGET 1ST DIGIT 
0279 £6 OF ANI OF IGET LOWER 4 BITS 
027B FE OA CPI OA 
0270 DA 82 oe JC "0-9" 
0280 C6 07 ADI 07 
0282 C6 30 MO~9" ADI 30 
0284 CO 10 01 CALL OUTCHR 
02e7 20 OCR L 
028e 00 DCR C 
0289 C2 78 02 ~z MORE 
02ec C3 10 02 JMP NEXT+ 

IDON.T CHANGE IY 0-9 
ICONVERT A-I' 
ICONVERT ALL TO ASCII 
IDISPLAY CHARACTER 
IDECR PO I NUR 
IDECR COUNT 
IOMORE DIGITS TO DISPLAY 
IDO NEXT INSTRUCTION 

INXTRDY WAITS FOR A POSITIVE TRANSITION ON THE ROY LI~E A~D THEN 
I RETURNS 
~::~ ~~ O~ 80 NXTRDY 

0293 DA 8' oe 
0296 3A 01 80 NOT ROY 
0299 17 
029A De 
029B C3 96 02 

LOA 11011 
RAL 
JC NXTRDY 
LOA 1/011 
RAL 
RC 
JMP NOTRDY 

I GET INPUT 
IROTATE BOY INTO CARRY 

IGET INPUT 
IROTATE ROY IIiTO CARRY 
", CARRY IS HIGlt.RUURN 
10THERWISE TRY AGAI~ 

10CTIN RICEIVES 2 DIGITS (IT ASSUMES ~UMERIC INPUT) AND CONVERTS 
ITO A 6 BIT VALUE IN ACC REPRESENTING A B OCTAL DIGIT I~STRUCTION 
ICODI FOR THE 57109. AN I NT IRRUPT' DRIVEN KEYBOARD IS ASSUMED,BUT 
ITHI 3 BYTE FORMAT (EI,HLT,NOP) LiAVES ROOM FOR A CALL I~STRUCTION 
ITO THE USER'S 18PUT SUBROUTINE IF THIS IS NOT THE CASE 
0291 YB EI I GET 
029F 76 HLT IBYTE 
020A 00 NOP I INPUT 
02AI !6 07 ANI 07 lNASK FOR LOWER 3 BITS 
0lA3 I 7 RAL I NOVI 
02A4 17 RAL IDIGIT UP 3 
08A5 17 RAL IPOSITIONS 
02A6 47 MOV B,A ITEMP STORE ACC 
OU7 YB II 10ET 
OtA8 76 HLT IBYTE 
08A9 00 NOP IINPUT 
OBAA !6 07 ANI 07 IMASK FOR LOWER 3 BITS 
OBAC BO ORA B ICOMBINE DIGITS 
02AD C9 RIT I (RETURN) 

"NSTRCT PUTS 
liT THIN SUS 
ORA! '6 40 
08BO 38 01 eo 
02B3 E6 3F 
02B5 38 01 80 
08B8 C9 

INSTRUCTION CODE ON 
HOLD TO O. 
INSTRCT ORI 40 

STA 1/0.1 
ANI 3F 
STA 110., 
RET 

II TO 16 VHILE LEAVI~G HOLD HIGH . 

IHOLD-I VITH OPCODE 
10UTPUT IT 
INXB-I OF HOLD - a 
10UTPUT IT 
I (RETURN) 



A COMPLETELY REFURBISHED "SELECTRIC" 
ASCII TERMINAL FOR THE SMALL BUSINESSMAN 

OR SERIOUS HOBBYIST. 

The AJ 8411/0 Terminal. 
Now with RS 232 interface. 
Now available from dealers. 

Demand for our AJ 841 I/O 
computer terminal has been 
great. And now that we've finally 
added RS 232 interface, it will 
get even greater. So while you 
can still order it direct from us, 
now you can also buy it from 
dealers around the country. But 
act now. Our special 
introductory price of 
$995 will soon 
be raised . 

HOW TO ORDER DIRECT 
FROM THE FACTORY 

1. Make cashier's check or money order 
payable to Anderson Jacobson, Inc. and 
mail to: 

Anderson Jacobson, Inc. 
PERSONAL COMPUTER TERMINAL 
521 Charcot Avenue 
San Jose, CA 95131 

2. You will be notified when your unit is 
ready for shipment. Allow six to eight 
weeks for delivery. 

3. Shipments direct to you will involve a 
collect freight charge (FOB San Jose) in 
addition to the $35 handling charge. 
Shipments to nearest AJ office include 
freight in the $35 handling charge. 

4. For warranty or repair service, return 
unit to local dealer or to designated AJ 
service location. 

Available only In U.S. 

Circl e 10 on inquiry card . 

The AJ 841 features: 
• Choice of Serial RS 232 or 

parallel interface 
• Off-line use as typewriter 
• Documentation included 

• ASCII code • 30-day warranty - parts and 
labor • 14.9 cps printout 

• High quality Selectric printing 
• Reliable, heavyduty 

• Mail order shipments to AJ 
office or direct to you. 

Selectric mechanism 
Warranty and service 

available from your local AJ dealer -
or from AJ offices in: 

Atlanta/ Boston/Chicago/ Ci nci n nati/ 
Cleveland /Columbus/Dallas/ 

Detroit/Hackensack/Houston/ 
Los Angeles/New York/Philadelphia/ 

San Jose/Washington, D.C. 

Full warranty information 
available on request. 

Order with coupon-or from 
your local AJ dealer 
For location of your nearest AJ dealer 

call toll-free: 800/538-9721 
(Calif. residents call 408/263-8520) . 

~ANDERSON 
~.JACOBSON 

---------------------------------
CLIP AND MAIL WITH ORDER 

Select Interface: 0 RS 232 or 0 Parallel 
Select keyboard : 0 EBCD or 0 Correspondence 

o Ship direct to me (freight collect, FOB San Jose) 
o Ship to AJ office (freight incl. in handling charge) 

Number of units at $995 each $ --------
Sales tax at delivery location $ _______ _ 

Shipping and handling $35 each 
(excluding San Jose) $ --------

TO~L $ _______ _ 

NAME _______________________ _ 

ADDRESS ______________________ _ 

CITY ___________ STATE _____ ZIP ____ _ 

PHONE ( 
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PERSONAL COMPUTING COLLEGE 
Has the industry's leading speakers 
participating 

Dr. John W. Mauchly. Co·inventor of ENIAC . 
Robert W. Berner. The father of ASCII 
Dr. Adam Osborne. Author, of Osborne & Associates 
Robert S. Jones. Publisher & Editor·in·chief, INTERFACE AGE MAGAZINE 
Carl Warren. Senior Editor, INTERFACE AGE MAGAZINE 
Walter Banks. Author, University of Waterloo 
Dr. Christopher A. Titus, Author of the BUGBOOKS 
Carl T. Helmers. Jr .• Editor-in-chief, BYTE MAGAZINE 
Christopher P. Morgan. Senior Editor, BYTE MAGAZINE 
Blaise W. Liffick. Senior Editor, BYTE MAGAZINE 
Dr. Robert Suding. of The Digital Group 
Chod Harris. of the Americal. Radio Relay League 
David H. Ahl. Publisher, CREATIVE COMPUTING MAGAZINE 

Merl Miller. Author, Publisher dilithum Press/ Matrix 
Bill Langenes. Associate Editor, COMPUTER RETAILING 
Jim Warren. West Coast Computer Faire 
Sol Libes. President, Amateur Computer Group of New Jersey 
Richard Moberg. President, Philadelphia Area Computer Society 
Richard A. Kuzmack. President, Chesapeake Microcomputer Club 
Rodnay Zaks. Author, Publisher, SYBEX Inc. 
Howard A. Chamberlin. Jr. (Hal). Author, Inventor, Micro Technology Unlimited 
Larry Steckler. Editor, Radio·Electronics Magazine 
Tod Loofbourrow. Student and Author for Interface Age Magazine 
and Hayden Book Co. 
many·many more. 

76 BYTE August 1978 

80 hours of free seminars 
on subjects such as: 
• Building your own robot 
• Personal computing applications 

for the home 
• The microcomputer controlled 

solar energy home 
• Business applications 
• Educational uses 
• Understanding softwear 
• Ham radio applications 
• Designing your own 

microcomputer system 
• Everything you wanted to know 

about floppies 

• Softwear copywriting and 
trademarks 

SPECIAL at our show: 
• The unveiling of a new. 

complete. easy -to-Iearn high 
level language for micro­
computers . 

• A complete series of seminars 
aimed at the small business 
man presented by the 
INTERFACE AGE speaking team . 

• Computer music. 

Ci rcle 30 2 on inqu i ry card . 



LARGEST SHOW EVER HELD! 
300 BOOTHS 
Open Only To: 
EXHIBITORS 

DEALERS - RETAILERS 
INDUSTRY REPRESENTATIVES 

EXHIBITOR GUESTS 

• A Full Day To See Your Suppliers, Dealers, Distributors 
• New Products and New Manufacturers 
• Plus Three Additional Days 
• Aug. 25th-27th, Personal Computing Show 

PRE REGISTRATION INCLUDES: 

• Distinctive Badge for Admission to Aug. 24th Trade Show 
• Special Seminars and Meetings 
.Admission to Personal Computing Show Aug. 25th-27th 
• Hotel and Philadelphia Information Package 
.Newsletter Seeouradonpage151. 

---------------------------------
D Send_Dealer-Retailer 

Registrations at $15.00 each 

D Send Exhibitor Information 

Amount Enclosed $ ______ _ 

Please include your business card 
or Letterhead. 

COMPANYNAME __________________________________ __ 

NAME ________________________________________ __ 

STREET ________________________________________ _ 

CITY ______________________ STATE _______ ZIP __ _ 

PHONE ________________________________________ _ 

Send To: 

I 
I 
I 
I 
I 
I 
I 
I PERSONAL COMPUTING Inc. 

Rt. 1 Box 242 • Mays Landing, N. J. 08330 • 609-653-1188 BYTE I 
I 
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Stephen R Alpert 
Worcester Polytechnic Institute 
Worcester MA 01609 

PASCAL forces the user 
to think logically and 
plan out the program. 

Most PASCAL users con­
sider programs better if 
they have fewer labels. 
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PASCAL 
A Structurally Strong Language 

People should be able to communicate 
their ideas to a computer in a language that 
people understand; not simp ly in a language 
they know. Add itiona ll y, if th e computc l' 
can be made to understan d the same language 
eas il y, al l the mOI-e reason to considel' its 
use_ Such a language is PASCAL . Thi s lan­
guage, perh aps more than any oth er com­
mon language, is the easiest to understand 
and more importantly, all ows a stra ight­
forward presentation of most algorithms. 
Alth ough many languages also make this 
claim, few have the overwhe lming and 
energetic support from co ll egiate computer 
science departments. Let's consider some 
of the language features of PASCAL. 

This language is equipped with a prec ise 
sy ntactical description that defines both 
how programs may be constructed and 
how PASCAL compilers shou ld funct ion, 
There is a required form for programs, 
statements within programs, and data 
operated upon by programs. At f irst glance, 
a naive user may rebe l at thi s apparent lack 
of freedom: (eg: BASIC all ows a dimensio n 
statement virtual ly anywhere in a program). 
One soon learns that this structure admits 
very genera l program s and in no way limits 
the programmer in exercising hi s talents. On 
the contrary, it forces the use r to think 
logical ly and pl an out the program. 

A program written in PASCAL may 
utili ze the free format form of programs th at 
is conducive to structured programming_ 
Unlike line ori ented source languages, 
PASCAL al lows extra spaces, tabs and car­
riage contro ls to be inserted anywhere with­
out significance except in the middle of 
identifiers or character strin gs. Comments 
may bc inserted wherever spaces may be 
inserted and are delimited by "(* _ . ' *)". 
A program is made up of two parts, a 
heading and a block. The heading contains 
the name of the program and li sts its param­
eters , The parameters are somewhat im­
pl ementation dependent but norm all y 

specify the names of fi le pointers from 
wh ich the default inpu t is received and to 
wh ich output is sent. A typ ica l heading is 

program parser (input, output) 

A block consi sts of six separate segments 01' 

sections of a program. All but the last pal't 
are optional. These are: 

• Label declaration section 
• Constant declaration section 
• Type declaration section 
• Variable declaration section 
• Procedure and fun ction declaration 

sec tion 
• Statement section 

Labe ls in PASCAL identify statements 
to which contro l may be transferred. Labels 
are numeric; more spec ifi cal ly, unsigned 
intege rs. Not every statemen t requires a 
labe l. I n fact, most PASCAL users consider 
programs better if they have fewer labels. 
At first glance, these declarations might 
seem a nuisance, but they force the user 
to think about the entire program before 
sitting down at a terminal. 

Th e constant declarations al low a user to 
cl'eate sy nonyms for constants used in the 
program . Thus 

const pi=3_141592; 
e=2.71828 l8 ; 

defines the constants "pi" and "e" for use 
throughout the program. Clearly, it no 
longer is necessary to type 3.141592 in the 
several places required by a program. Addi­
tionally, one may name character stri ngs 
as well 

const title='matrix inversion program vOl'; 

The type decl aration sect ion all ows creation 
of user defined named data types. This 
wi ll be discussed in some detail later. PASCAL 
has fo ur predefined data types : intege r, real, 
Boolean, and character. Most versions of 
BASIC support the first three · types and 



ARTEC CRAFTSMANSHIP HAS CREATED 

The First 
Truly Silent 

Motherboard 
Noise in your bus lines means errors 
in your programs. The Artec shielded 
Motherboard totally eliminates noise. 

At 4MHz, the Artec shielded 
Motherboard is free from spurious 
noise . No ringing in your bus lines. 
No errors in your programs. 

This Motherboard offers you 
engineering and craftsmanship 
never before available in the small 
computer field. Outstanding as 
either a replacement for your 
present Motherboard or as the 
hear t of a new system. Con­
sider these features : 
• Vath inch thick-more than twice as thick 

as most Motherboards. 
• Totally shielded-all holes plated 

through; full bus terminations. 
• Fits easily into any stan­

dard chassis. 
• Masterite edge 

connectors-the 
finest quality con-
nectors available. '~ 

• Reflowed solder circuitry. 
• No soldering required. 
• Designed for the S-100 bus. 

The Motherboard price is: $150(KIT) 
$190 (ASSEMBLED) 

Five years of experience in every card 
For five years, Artec has worked hard to de­

velop a complete line of custom , prototype and 
off-the-shelf printed circuit boards. And in five 
years of tough industrial use, Artec boards have 
proven themselves among the most reli abl e 
boards available anywhere . 

NEW! DEC® and Heath Compatible LSI 
Boards 

The new Artec WW11 lets you adapt or add 
onto your DEC LSI-11 or Heathkit LSI mini-
computer. Can accom­
modate 14 and 16 pin 
DIPs plus all necessary 
passive components . 

FULL CARD $75 
(10.45" x 8.4") 

HALF CARD $35 
(5.225" x 8.4") 

Circle 20 on inquiry card. 

® Trademark of Digital Equipment Corporation 

Order today! 
Put an Artec board to work for you . Use your 

Mastercharge or Visa . Or just send along a 
money order. We can accept only U.S. currency. 
Please include $3 handling on all orders. Califor­
nia residents add 6% sales tax. 

~-------------------------------------I 
: Please send me: (include quantity) : 
: _ Shielded _ Full WW11 _ Half WW11 : 

Motherboard Card Card ' 

o I've enclosed a money order for $ ______ _ 
1 
1 
1 

o Mastercharge 0 Visa ,.----,--,------o-----,-~ 1 
(number) (exp. date) : 

Name ________________ _ 

Address _______________ _ 

City ____ State ____ Zip ______ _ 

I 
1 
I 
1 
1 
1 

Calif. Res. add 6% sales tax. Encl. $3 handling. 10% discount for students and I 
computer club members. (Please enclose name of club or school) I 

-------------------------------- ______ 1 

ART€C €L€CTRONIC~, INC. 
Artec Electronics, Inc. '605 Old County Rd .' San Carlos, CA 94070 

(415) 592-2740 
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Arrays may be multi­
dimensional and include 

arrays of arrays. 

Items of different types 
may be aggregated into a 
single entity that can be 

stored as one logical 
unit. 
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strings. Data of type character is very con­
ven ient in a microprocessor environment 
since a byte is the basic unit of memory . 

The variable declaration section requires 
the naming of all identifiers that will be used 
as variables within this block. FORTRAN, 
BASIC, APL, and LISP do not adhere to this 
convention. Again PASCAL forces the user 
to think about what he wants to say before 
he says it. A sample variable declaration 
section might be 

var x,v: integer; 
cost: real; 
fl ag: boolean; 

PASCAL's design allows the user to combine 
the utility of type dec larations and variable 
declarations into data forms that would 
shame BASIC and FORTRAN . We have 
already seen PASCAL's predefined scalar 
variable types above. These are ac tuall y 
known as simple types. 

Another simple type is the subrange type. 
Often a variable in a program may be ex­
pected to take on values only from a subrange 
of a simple type, say integers. For example 

var asiz: 1 .. 1 00; 

meaning "asiz" will be an integer whose 
values should lie between 1 and 1 00. Note 
th at the compiler might choose to store 
"asiz" as a byte rather than a word if it was 
efficient enough to do so. Alternatively, if 
several variables are of the same range, a 
type statement could have been used 

type Isiz=1 .. 100; 
var asiz, bsiz, f1: Isiz ; 

Another simple type is the symbolic 
scalar type. This feature permits identifiers 
to be used in pl ace of a sequence of integers, 
greatly enhancing the readability of the 
program . Suppose a program needed to 
represent the months of the year as a vari­
able associated with some billing informa­
tion. The approach in BASIC would be to 
use the sequence 1, 2, .. . , 12. PASCAL 
could use the subrange type 1 .. 12 or better 

type 
months = (jan, feb, mar, apr, may, jun, 

jul , aug, sep, oct, nov, dec); 
var billmonth,duemonth : months 

In the statement section of a program, 
" billmonth" may be assigned one of the 
symbolic scalars from "months" or tested to 
see how its value compares with "due­
month." There are several functions avail­
ab le that operate on symbolic scalars, for 
example, ord(billmonth) would yield a 
number between 0 and 11 indicating th e 
position of that month in the list "months." 

Simple types are part of a more general 
data description called a type. Types include 

pointers which are used when dynamic data 
storage is referenced, file pointers which are 
used to reference secondary data storage, 
and arrays wh ich are used with vector data 
storage. An example of an array declara­
tion is 

var cost : array[months] of real; 

Notice that this array will be indexed, or 
subscripted, by "months." In general, 
arrays may be indexed by any simple types, 
may be multidimensional , and may be of 
any type, including arrays of arrays. 

Two additional types set PASCAL in a 
class by itself; these notions allow powerful 
algorithm descriptions. The set type allows 
user manipulation of sets. Consider 

var special: set of months; 

The uni on, intersection, and set difference 
operators as well as relational operators may 
be appl ied to sets. A variable of scalar 
type may be tested for membership in a set 
of the same scalar type, for example 

if bill month in speci al then . .. 

The last type is the record type. Items of 
different types may be aggregated into a 
single entity that can be stored as one logical 
unit, for example as one element of an 
array. 

type 

var 

customer = record 
name:array [1 .. 20] of char; 
bal,baI30: real; 
datedue: daterec 

end; 
daterec record 

day : 1 .. 31; 
mo:months ; 
year: integer 

end; 

database: array [1 .. 100] of customer; 

To reference fields of a record, the record 
name followed by a period, followed by the 
field name is used . Hence the over 30 day 
balance of customer 12 is "database[ 12] . 
ba130" and the day of the due date of the 
current bill ofcustomer27 is "database[27-] . 
datedue.day." The full impact of record 
types cannot be explained in this short 
article; they must be used to be appreciated. 
One advantage of records is that items may 
be logically grouped together rather than 
stored in parallel arrays. 

Procedure and function definitions would 
follow next in a program. They may be 
recursive and permit parameter passing in a 
style somewhat similar to ALGOL. Because 
of the position in a program of these declara­
tions, procedures and functions may 
reference globally any variables or types 
defined in the main program . The body of a 



BUSINESS SOFTWARE FOR MICROCOMPUTERS 
IS HERE-AT LAST 

Osborne & Associates is publishing its business systems in book form . These 
systems represent five years of development and testing by O&A programmers, 
and the books include another year's worth of extensive and detailed documenta­
tion. 

What systems are we selling? 

1. PAYROLL WITH COST ACCOUNTING-available now , on display at 
your local computer store. 

2. ACCOUNTS PAYABLE AND ACCOUNTS RECEIVABLE - should be 
published by July 30. 

3. GENERAL LEDGER - will follow AlP A NO AIR, probably published in 
September. 

Each book sells for $15 , and includes source listings in Wang BASIC, program 
and system documentation , and user 's manual. Each is a complete package by it­
self, or all three may be implemented together to form a complete system with 
interdependent files. 

And if Wang BASIC won 't work , or you don 't know programming, or you'd 
rather not key in thousands of words of source code*, take a look at the li st of 
consultants who have adopted O&A programs , converted them to run on many 
popular systems, and are waiting to hear from you. 
' Wang listings available from Osborne & Associates on casse tte or ha rd disk. 

GOOD NEWS FOR CONSULTANTS, COMPUTER STORES AND SYSTEMS 
HOUSES 

Osborne & Associates is converting its business sys tems from Wang BASIC - as it was originally 
published - to CP/M C-BASIC, which runs on most noppy disk-based microcompute r sys tems. 
The disks for each book sell for $250. Once you buy the Ooppy disk you can copy it , rese ll it, change 
it or use it. We place no res triction on the magnetic surface; we copy right onl y the printed word in 
our books. 

We will only sell the CP/M magnetic surface to consultants, compute r stores and sys tems houses. 
Osborne & Associates prefers to write and se ll books, not customize the progra ms or answer the 
end user 's questions . PAYROLL should be ava ilable on CP/M in July - ca ll us for exact 
avai lability and more policy information. 

If you are an end user, write or call us. We will put you in touch with your closes t dea le r. 

BASIC Business Program Conversions 

Alpha-Micro system: 
Scott Brim, President 
COMPUTER SYSTEMS FOR BUSINESS. INC. 
3300 Si ri us Avenue. Las Vegas. NV 89 102 

Digital Group system: 
John Musgrove 
MUSGROVE ENGINEERING 
9547 Kindlclrcc Dri ve. l-IouslOn. T X 77040 

Mils 4.1 BASIC: 
Will ia m K. Haines 
ANACOM GENERA L COR PORATION 
11 60 East Ash Avenue. Fullerton. CA 9263 1 

Microsoft disk BASIC: 
Dan Kindred 
GNAT COMPUTERS 
7895 Con voy Street 
San Diego. CA 92 111 

Wanl! BAS IC on flopp~' disk: 
Richard M. Armou r 
ATLANTIC COMPUTING AND CONSU LTI NG 
11 04 Sparrow Road 
Chc..;a pc<l kc. V A 2.1325 

Vl'ctor G raphic . Pol~· morphic . Suuthweloit . 
Crornelllco and Noval s~'loitems : 

E. A Hcn Wh~don . Prc..; idcnI 
COMPUTALL CORPORATION 
2740· K Soulh Harbor Bl vd. 
Sa nla Ana. C" 92704 

C-IIASIC wilh CPIM disk. and Wang 
BAS IC on cassette or hard disk: 

Ma ry Borchcr~ 
OSBORNE & ASSOCIATES. INC. 
P.O. Box 203(, 
Berk eley. CA 94702 

Dce (PDP-II): 
Gregory Dc Rosa 
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Columbus. 0 11 43204 
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Clarence Malloy 
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Wheeling. IL 60090 

Tex<ls Instruments TMS99nO 
MOS Technolog)' 651)2: 

David Mich:lcl Mye r'i 
TU LIP ASSOC IATES 
P.O. Bo" T 
lIughesvilie. MIJ 206.17 
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These prices effective July 1, 1978. 

6001 Volume 0 - The Beginner's Book 

2001 Volume 1- Basic Concepts 

3001A Volume II - Some Real Products 

4001 8080 Programming for Logic Design 

5001 6800 Programming for Logic Design 

7001 Z80 Programming for Logic Design 

31003 8080A/8085 Assembly Language Programming 

32003 6800 Assembly Language Programming 

21002 Some Common BASIC Programs 

22002 Payroll With Cost Accounting 

23002 Accounts Payable and Accounts Receivable 

·6'1,%. SF Bay Area residents only 

. 6 %. California residents outside SF Bay Area 

• Payment by check or money order 

must be enclosed for orders of 

1 0 books or less. 

PRICE QTY AMT 

$ 7.95 

$ 8.50 

$15.00 

$ 8.50 

$ 8.50 

$ 8.50 

$ 8.50 

$ 8.50 

$ 8.50 

$15.00 

$15.00 

TOTAL 

Sales Tax i------i 
(Calif: residents only) f-----j 

Shipping Charges 
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Circle 293 on inqui ry ca rd . 

~ OSBORNE & ASSOCIATES, INC. 
P.O. Box 2036 DEPT. 111 

(415) 548-2805 

TWX 910-366-7277 
Berkeley, California 94702 
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CITY 
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SHIPPING CHARGES: Shipping for large orders to be arranged. 

o All foreign orders, $3.00 per book. for air shipment 

o 4th class $0.35 per book (allow 3-4 weeks within USA, not applicable to 

discounted orders) 

o $0.75 per book. UPS (allow 10 days) in the U.S. 
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o List of foreign distributors 

' This book is scheduled to be published during 1978 
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o 24002 General Ledger 
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procedure or function is identical to the 
body of a program; hence, procedures may 
be defined within procedures, and so on. 
Any variables defined within procedures or 
functions are considered local to the pro­
cedure and are unique to each invocation of 
the procedure . The sample program in 
listing 1 has several examples. 

The statemen t portion of a program is 
called a "compound." A compound is a 
sequence of the keyword begin, any num­
ber of statements separated by semicolons, 

Listing 7: The Polish "compiler" listing. Notice that PASCA L does not con­
strict the format of the program line. Indentation allows the program blocks 
to be easily separated from each other and makes the program easier to read. 

PROGRAM PARSE(INPUT, OUTPUT ); 
(~PROGRAM PARSES SIMPLE ARITHMETIC EXPRESSIONS 

INTO THEIR RESPECTIVE POLISH CODE . IT DOES 
THE PROPER TYPE CONVERSIONS NECESSARY FOR 
REAL AND INTEGER EXPRESSIONS ACCORDING TO 
THE FORTRAN CONVENTION : 

REAL : A-H, 0-2 
INTEGER : I-N 

VARIABLES ARE ONE LETTER LONG~) 
LABEL 99; ( ~FOR ERROR RESTART"' ) 
CONST 

DONTCARE= '?'; (~MARKERS FOR CODE GENERATOR .. ) 
MA XPC=100; (~MAXIMUM CODE SPACE~) 

TYPE 
CODESPACE=l . . MAXPC; (~ADDRESS SPACE~) 

ATTR=( NONE, INT, REA ); (~ATTRIBUTES OF OPCODES AND EXPRESSIOtJS"' :> 
LEXTY=(ADDOP,MULOP , LPARE~RPAREN , IDENT , EOL ) ; 

(~THESE LE XEMES FOR INPUT ASSUME A NON-HOSTILE USER. ) 
INSTRUCTION=RECORD 

VAR 

OPC : CHAR; (~OPCODE~) 

ITYPE: ATTR; (~OPCODE TYPE* ) 
ADR : CHAR 

END; 

CODE : ARRAYCCODESPACEJ OF INSTRUCTION ; ("WHERE CODE GOES" ) 
PC : CODES PACE; (.PC OF CURRENT INSTRUCTION* ) 
GATTR : ATTR; < .. GLOBAL TYPE OF EXPRESSIONS .. ) 
CH : CHAR; (.CURRENT INPUT CHARACTER" ) 
CHTYPE : ATTR; (.CURRENT CHARACTER ATTRIBUTE IF IDENT.) 
LEX : LEXTY; (.LEXEME OF CURRENT INPUT. ) 
BFR : PACKED ARRAYC1 .. B0J OF CHAR; (~INPUT BUFFER.) 
BP : INTEGER; (.CHARACTER BUFFER POINTER. ) 

PROCEDURE SCAN; (.PROCESS NEXT INPUT CHARACTER. ) 
BEGIN 

REPEAT 
BP: =BP+1i 
CH : =BFRCBPJ 

UNTIL eHII ' "; 
(.WORRY ABOUT END OF LINE.) 
IF ORD(CH)=0 

THEN LEX : =EOL 
ELSE 

IF CH IN ['A ' . . ' 2'J 
THEN 

BEGIN 
LEX : =IDENT ; 
IF CH IN C' I ' .. ' N' J 

THEN CHTYPE : =INT 
ELSE CHTYPE : =REA 

END 
ELSE 

CASE CH OF 
'(': LEX: =LPAREN; 
, ) , : LEX : =RPAREN; 
'+', '-': LEX: =ADDOP ; 
'.', 'I': LEX : =MULOP 

END 
END (.OF SCAN.); 

PROCEDURE ERROR; 
BEGIN 

WRITELN(' ':BP+l. '7 ERROR '); (.COMPENSATE FOR USER PROMPT~) 
GOTO 99 

END (.OF ERROR.); 
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and the keyword end. The program ends 
with a period. Each of the statements with­
in a compound may be one of a variety of 
different kinds of statements. Assignments, 
like 

database [i+k] .bal: =total 

are the most common statements. PASCAL 
supports a large number of control state­
ments which give the language its structure. 

PASCAL has a looping control similar 
to that of standard BASIC but the step or 
increment may be only +1 or -1. The for 
statement causes a single statement, which 
could be quite complex, to be executed 
some number, inc luding zero, times. For 
example 

for indo =1 to 100do 
begin 

due :=1 .006*database[ind].bal; 
database[ind] .bal:=O.O; 

end 

sum ' =sum+due' 
database[ind] .baI30 := 

1.006* database[ind].baI30+due 

This segment shifts the balance 30 days, 
adds some interest charge and accumulates 
a sum of the recently aged balances. If in 
a for statement, the increment were to be 
- 1, then the keyword downto would re­
place the keyword to. 

PASCAL supports both simple condi­
tional and full conditional statements; that 
is 

if < condition > then < statement> 
and 

if <condition> then < statement> 
else < statement> 

Any "dangling else, an else which follows a 
sequence of "if ... then if ... then ... ," 
is paired with the innermost if. 

When working with records, partial ad­
dressing can be done by using the "with" 
statement. This allows the fields of a record 
to be referenced as variables. The previ ous 
example then becomes 

for ind :=l to 100 do 
with database [ind] do 

begin 
due:=1.006 *bal ; 
bal:=O.O; 
sum: =sum+due; 
baI30:=1.006*baI30+due 

end 

Three additional control statements are 
the while, repeat, and case statements. The 
while statement allows a given statement 
to be executed as long as some Boolean 
expression is true (the condition is tested 
first). 

while < condition> do < statement> 

The repeat statement allows one or more 



Plug-in-and-run performance takes the uncertainty out of 
owning a computer. That's the kind of computer products 
Dynabyte builds. 

Confidence in your computer is increased because you know 
that Dynabyte S-100 boards are factory assembled by trained 
technicians, burned in for 72 hours at elevated temperatures and 
continuously tested for three days. 

That was true of the industry's first assembled and tested 16k 
dynamic RAM from Dynabyte, and it continues with all the other 
products from Dynabyte. 

Once you plug Dynabyte boards in their careful design, 
factory prime components and quality construction keep them 
running. Dynabyte backs them with a one year warranty-the 
longest in the industry. 

Incompatability is coming to an end. Dynabyte's 16k and 32k 
static RAMs come with access times of either 250ns for Z-80A 
processors or 450ns for 8080 and 8085 chips. You can use the 
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Circle 110 on inquiry card. 

32k Fully Static RAM. 250ns or 450ns; 4k 
boundary addressing; no DMA restrictions; full 
Schmitt trigger buffering; no wait states; 
complete S-100 compatibility; conservative 
thermal design includes eight regulators and 
heat sinks. 250ns, $995. 450ns, $925. 

16k Fully Static RAM, 250ns or 450ns; bank 
select is provided and is compatible with most 
popular schemes for m emory expansion beyond 
64k including Alpha Micro and Cromemco 
systems; 4k block addressing along 4k 
boundaries; write protect with alarm for each 4k 
block; full Schmitt trigger buffering. 250ns, $555. 
450ns, $525. 

16k static RAMs with Alpha Micro or Cromemco bank switching 
memory expansion techniques. 

Computer users are so confident of Dynabyte's 16k dynamic 
RAM they have made it the most widely used S-100 dynamic 
memory in the world. 

If you intend to become a proficient data processor but 
instead are unhappily debugging your system, or want to avoid a 
lot of debugging, then Dynabyte will be a great choice. 

As you spend less time monkeying with hardware and more 
time computing, you'll become more confident of your abilities 
and proud of your accomplishments. Isn't that what owning a 
computer is all about? 

Tell your computer retailer with confidence that you want 
Dynabyte boards-the plug-in-and-run performers. 

1005 Elwell Court, DlillilBII11E Palo Alto, CA 94303. I 
(415) 965-1010. • 

16k Dynamic RAM, The industry's most 
popular S-100 dynamic RAM. Self-contained 
refresh logic is transparent to the 8080 processor 
and never generates a WAIT state. 1 MHz direct 
memory access, 16k addressing. The Original 
Great Memory by Dynabyte, $399. 

Naked Tennlnal. 80 character x 24 line = 

1920 character display capacity. Not just a video 
interface but a full terminal; plug into a 
mainframe with keyboard and monitor and save! 
Upper and lower case; black/ white or 
white/black; block mode editing; addressable 
cursor; half and full duplex; no software support 
required; addressable status and I/O ports. $350. 
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Listing 1, continued: 

PROCEDURE GENCODE<F , CHAR; I ATTR; A CHAR) ; 
BEGIN PC , =PC+~; 

IF PC)MAXPC 
THEN BEGIN WRITELNC ' OVERFLOW') ; ERROR END; 

WITH CODE(PCl DO ("INDE X INSTRUCTION.> 
BEGIN OPC : =F;ITYPE , =I;ADR,=A END 

END <.OF GENCODE.); 
PROCEDURE LI STCODE ; 

VAR LPC, CODESPACE; 
BEGIN 

WITH COD E(LPCl DO BEGIN <"' INDEX INSTRUCTION"') 
CASE OPC OF 

'+ " WRITE <' ADD ' ); 
' - '· WRITE C' SUS ' ); 
'@ " ,IRITEC ' NEG ' ); 
' . '. WRITEC ' MUL ') ; 
, '" , WRITE ( ' DIV'); 
' F " WRITE (' FLOAT ' ); 
' P ', WRITEC ' PUSH' ) END.: 

IF OPCtI ·· F ' 
THEN 

BEGIN 
IF ITVPE=INT THEN WRITE C' I ') ELSE WRITE <'R') 

Et~D ; 

IF OPC='P' THEN WRITELN(CHR(~lB ), ADR ) EL SE WRITELN 
END (.OF WITH AND FOR" > 

END ( .OF LISTCODE. ) ; 
PROCEDURE FI XUP(AX , CODESPACE; 

LOP , CHAR; 
LATTR , ATTR >.' 

BEGIN 

THEN 
BEGIN 

("PC OF FI X LOCATION OF OPERAND 1" ) 
("CURR ENT OPERATOR.> 
(.A TTRIBUTE OF OPERAND 2. ) 

IF GATTR=INT <.FLOAT OPERAND 2.) 
THEN BEGIN GENCODE('F ', NONE , DONTCARE); GATTR , =REA END 
ELSE (.HAVE TO FLOAT OPERAND ~. MOVE CODE UP.> 

BEGIN 

WHILE LE X= ADDOP DO 
BEGIN 

LATTR , =GATTR; LOP , =CH; 
AXPC , =PC+~ ; C-SAVE ADD R OF NEXT INSTRUCTION.> 
SC AN ; TERM.' 
FIXUPCAXPC.LOP, LATTR ) 

END 
END < .OF EXPR.); 

BEGIN <.OF MAIN PROGRAM.) 
WHILE TRUE DO <. INFINITE LOOP.) 

BEGIN 
99 , REPEAT 

Et~D . 

WRITE C '»'); ("PRO~lP T USER"' > 
BP , =0.' C*GET INPUT LINE" ) 
WHILE NOT EOLN DO 

BEGIN 
BP ' =BP+~;READ(BFR(BPl) 

END; 
READLN <*R ESET EOL INDICATOR .. > 

UNTIL BPIIL C "GET A NON-E~lPT '~ LINE. ) 
BFR[BPl , =CHR(0 ).: ( . ( NULL > FOR EOL '. > 
PC, =0 ., BP , =0 .: ("SCA I~ FRO~I THE BEGINtHI~G*) 

SCAN ; 
EXPR; < .DOES ALL THE 'IORK.) 
IF LE X= EOL THEN LI STCOD E EL SE ERROR 

END 

statements to be executed until a condition 
becomes true (the condition is tested last). 

repeat < statement> { ; 
< statement> } until < condition > 

The brackets denote a portion that may 
occur zero or more times; for example 

IF PC=MAXPC THEN BEGIN WRITELNC ' OVERFLOW '); ERROR END; 
FOR TPC , =PC DOWNTO AX DO CODE(TP C +~l '=CODE(TPCl; 

ind:=O; 
repeat; 

ind:=ind+l PC , =PC+1; (. TOO K ANOTHER ,lORD.) 
CODE[AXlOPC , = ' F ' (.FLOAT OPERAND 1. ) 

END 

GENCODE(LOP,GATTR,DONTCARE) (" GENERATE OPERATION. ) 
END (.OF FIXUP.); 

PROCEDURE EXPR; <.HERE IS ALL THE WORK.) 
VAR 

LOP , CHAR ; <.C URRENT ADDOP.) 
LATTR , ATTR ; ("ATTRIBUTE OF OPERAND 2.) 
AXPC , CODESPACE ; <.WHERE FLOAT OF OPERAND ~ GOES. IF NEEDED") 

PR OC EDURE TERM; 
VAR 

LOP , CHAR; ("CURRENT MULOP") 
LATTR ' ~TTR ; (.ATTRIBUTE OF OPERAND 2.> 
AXPC'CO DE SPACE; ("WHERE FLOAT OF OPERAND 1 GOES, IF NEE DED.> 

PROCEDURE FACTOR; 
BEGIN 

IF LE X=IDENT (. IDENTIFIER. > 
THEN 

BEGIN 
GATTR , =CHT'~PE; 
GENCODE('P' . GATTR.CH); 
SCAN 

END 
ELSE 

IF LEX=LPAREN 
THEN 

BEGIN 
SCAN; EXPR; 
IF LEX-RPAREN THEN SCAN ELSE ERROR 

END 
ELSE ERROR (.JUNK INPUT.) 

END (*OF FACTOR*>; -
BEGIN (*OF TERM*) 

FACTOR; 
WHILE LEX=MULOP DO 

BEGIN 
LATTR,=GATTR; LOP , =CH; 
AXPC ,=PC+l; (*SAVE ADDR OF NEXT INSTRUCTION*> 
SCAN ; FACTOR; 
FIXU P ( AXPC. LOP. LATTR > 

END 
END (.OF TERM.>; 

BEGIN <* OF EXPR* > 
IF LEX=ADDOP (.LEADING SIGN.> 

THEN 
BEGIN 

LOP , =CH;SCAN; TERM; 
IF LOP= ' - ' THEN GENCODE<'@'.GATTR.DONTCARE) 

END 
ELSE TERM; 
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until (database[indl .bal > 100.0) or 
(ind=100) 

This will find the first customer whose 
balance is greater than $100, if one exists. 

The case statement consists of an ex­
pression, known as the selector, and a list 
of statements, each labell ed by one or more 
constants of the type of the selector. Th e 
statements whose constant is equal to the 
current value of the selector is executed. 
Some versions of PASCAL admit subranges 
for labels and an else or otherwise clause 
within a case statement. 

case database[ind l.datedue .mo of 
jan,feb.may: < statement 1> ; 
mar,jun,jul: < statement 2 > ; 
oct,dec: < statement 3 > 

end 

Statement 1 will be executed if the due 
month is January , February, or May, and so 
on. Notice that no statement is executed 
if the month is April, August, September, 
or November. Of course, the nesting of such 
control statements is permissible and allows 
much more complex control structures to 
be implemen ted. 

The reset and rewrite statements initi alize 
input and output channels, respectively. 
Some versions of PASCAL do not req uire 
these for the default channels input and 
output. The 10 commands are designed at 
two levels. To move primitive data to and 
from 10 devices or files use the commands 



Racketsor 
Racquets? 

Software systems from 
TSC serve - whether 
your racket is business 
or pleasure. TSCs 
software is designed 
for business and 
industrial uses as well 
as for recreation. Off 
the job or at work, TSC 
software serves 
your needs. c:o:::;~~:';;~ 

Assembly Language Programs 
(Includes Source Listings) 

With Object Code Cassette 
SL68-5C 6800 Space Voyage 818.95 
SL68-24C 6800 Text Editing System 830.45 
SL68-26C 6800 Mnemonic 

Assembler 830.45 
SL68-29C 6800 Text Processing 

System 838.95 

With Object Code Paper Tape 
SL68-24P 6800 Text Editing System 
SL68-26P 6800 Mnemonic 

Assembler 
SL68-29P 6800 Text Processing 

System 
SL80-10P 8080 Text Editing System 
SL80-1 1 P 8080 Text Processing 

System 

831.50 

83 1.50 

840.00 
837.50 

841 .00 

Cassettes are in the Kansas City Standard 
format. Many other programs are 
available. Send 25¢ for a comple te 
catalog. 

Technical Systems 
Consultants, Inc. 
Box 2574 
W. Lafayette, Indiana 47906 

~======7 317-423-5465 
Specialists in Software & Hardware for Industry & the Hobbyist 

Circle 370 on inquiry card . 

To Order: Include 30;0 postage, 81 .00 
handling on orders under 810.00, and 
Indiana residents add 4% sales tax. 
Check your dealer! 

TSC Monthly Feature: 
8080 Mnemonic Assembler 

This is the most complete resident non-macro 
assembler available for the 8080 and the com­
plete source listing is included I The assembler is 
fully Intel compatible except fo r logical expression 
opera tors. All standard pseudo-ops are supported 
p lus features such as paging. titling. spacing. 
listing suppression. sorted symbol table. Intel 
format tape generation. hex or octal output. 
d ecimal l ine numbers. auto field formatting . hex. 
decimal. octal or binary constants. and more. 
5.51( of RAM is required beginning at 1000 hex. 
plus source and symbol table space. An object 
code paper ta p e in Inte l ASCII forma t is available. 

5180-12 8080 Mnemonic Assembler 
5180-12P Assembler with paper tape 

$25.00 
$34.00 
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EXPR 

TERM 

TERM 

TERM 

FA CTOR 

FA CTOR 

FACTO R 

EXPR 

Figure 7,' Syntax diagrams for generation of valid expressions, The diagram 
"expr" is entered from the left and calls term , Term calls "factor" which may 
call expr, etc, This model assumes that the only operations are addition, 
subtraction, multiplication and division, 

An expression is an op­
tional sign, a term, fol­

lowed by any number of 
addition or subtraction 

operators and terms. 
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put or get I-espective ly. To inpu t or output 
an entire line or set of data we use read, 
readln , write, and write ln which are si mil ar 
to FORTRA N 10 comm ands. Formattin g is 
done with in the commands themse lves. The 
read com mand wi ll onl y input the necessary 
in for mation (even if it must I-ead sevel-a l 
lin es ) whi le read ln add iti onally discards 
the remainder of the current inpu t line. The 
output com mands, wr ite and write ln, 
operate in an analogous fashion for outpu t. 

A signifi cant exampl e is now in orde r. 
Cons ider the problem of comp iling an 
ari th met ic ex pression. To gl'eatly simplify 
the problem, assume all variab les are one 
letter in length, no constan ts wi ll appea r, 
and the only ope l'a tors wi ll be +, - , *, and 
/. To make the problem in teresting, assume 
that var iables lettered a- h and o- z are 
of ty pe real and the re st are of type in teger, 
Thi s is the same as the impl icit types for 
FORTRAN. The program will produce 
code fo r a "stack mach ine." That is, the 
operato rs are app li ed on ly to operands 
already on the stack and th e resu lt wi ll 
replace the opel-ands on the stack. One task 
is the recognition of co rrect expressions. 

This may be done by several methods in­
cluding precedence tables, LALR (l) parse rs, 
and recursive descent. The latter will be used 
since it is the techniqu e empl oyed within 
most PASCAL comp ilers_ Recursive descent 
compi lation utili zes a set of recursive proce­
dures to recogni ze its input, with no back­
u-ack in g, To understand the algorithm, 
consi der the se ri es of "sy ntax diagrams" 
in f igure 1. 

To ge nel-a te a va lid express ion , for ex ­
ample, one enters the di agram from the left, 
se lec ts an arbitrary path through the dia­
gran\ and ex its to the right. Any box en­
coun tered is to be trea ted like a subrouti ne 
or procedul'e ca ll . A circle or box with 
rounded edges is to be the curre nt input 
item. An express ion is thu s an opt ional 
sign, a te rm , fo ll owed by any number (in­
cludi ng ze ro) of addit ion or subt raction 
operato rs and term s. Simil arly, one can 
define a term. These definitions build in 
the no rm al precedence of operato rs and 
correc tl y handle a unary minu s. Notice that 
<ex pr> wil l call < term>, < term> wi ll 
ca ll < facto r> and maybe < facto r> wi ll 
ca ll <expl"> aga in . This would occur when­
ever pal-e n theses were encountered. 

A seco nd task to accomplish is to proper­
ly handl e th e necessary type conversion of 
interm ed iate results , Many textboo ks refer 
to this probl em when discussing syntax 
direc ted transl ation but few il lu stl"ate 
"real" so luti ons . As an example (using the 
above assumptions) consider 

J +K*X 

I t is not kn ow n that th is exp ression must 
have a real val ue un ti l the X is seen. Th e 
recursive descent ph ase, independent of 
type conve rsion might translate thi s to 

PU SH J 
PUSH K 
PUSH X 
MUL 
ADD 

for its eq ui valent Poli sh Notation: J K X * +. 
Howeve r, what is reall y required is 

PUSHIJ 
FLOAT (convert the top of th e stack) 
PU SHI K 
FLOAT 
PU SHR X 
M ULR 
ADDR 

where the opel-ators have either "R" or "I" 
suffi xed to in dicate a real or integer opera­
tor, respectively . The suffix fo r the PU SH 
instruction is known as soon as th e vari abl e 
name is seen. The types for the arithmetic 
operato rs and th e in serti on of the FLOAT 
instru ct ions must be added somewhat after 
both operands have been seen; in other 



The PerSci generation of 
Diskette Mass Storage Systems 

Smarter, Faster, Smaller. 
A new generation of advances in diskette 

drive technology comes together in PerSci Mass 
Storage Systems, the first diskette subsystems 
to provide large storage capacity, intelligence 
and high speed in as little as 4);2" of space. 

Two Times The Capacity ... 
New PerSci developments in large disk voice 

coil technology reduced to 
floppy disk applications 
make possible data 
densities as high as 
Y2 Mbyte per 
diskette side-up 
to 2 Mbytes in a two 
drive system. When 
IBM data format com­
patibility is required, 
PerSci Systems 
will store Y2 Mbyte 
per drive. 

Microprocessor 
Intelligence ... 
PerSci's highly intelli-

gent microprocessor 
based controllers, either 
single or double density 
versions, i'lclude the 
PerSci File Management 
Firmware. Under controller 
direction, the PerSci Mass 
Storage Systems are capable 
of performing many functions 
normally requiring CPU time 
and memory, including format­
ting, editing, reinitializing, auto­
matic file and full diskette copy. 

Circle 266 on inquiry card. 

7 Times The Speed ... 
The unique voice coil positioning system of 

PerSci diskette drives allows PerSci systems to 
access data as much as 7 times faster than com­

petitive systems. A random average seek is 
only 33 ms, as fast as many large disk systems. 

In Half The Space. 
PerSci Systems, one or two 

drive models, can be configured 
for mounting in a 19" rack or 
for table top operation. When 

maximum capacity in mini-
mum space is called for, PerSci 

offers the "Slimline" system, 
only 4W' wide. A single or 

double density controller can 
be mounted in the standard 

system chassis or in the host. 
Interfaces to major micro­

computers are available and 
an RS232 serial interface is 

optional. 
Get all the most recent 
engineering advances 
in one smarter, faster, 

smaller system at com­
petitive prices from 
PerSci, Inc., 12210 
Nebraska Avenue, 

W Los Angeles, Calif. 
90025. (213) 820-3764. 

Peripherals a 
Generation Ahead. 
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» A+B 
PUSHR A 
F'USHF: 8 
ADDR 
»A/ I 
PUSHR A 
PUSHl I 
FLOAT 
DIVR 
» I / J 
PUSHl I 
PUSHl J 
DI',/I 
» J+K >f<X 
PUSHl J 
FLOAT 
PUSHl K 
FLOAT 
PUSHR X 
MULR 
ADDR 
» (l*J- (X +M »/( P+N ) 
PUSH I I 
PUSHl J 
MULl 
FLOAT 
PUSHR X 
PUSHl M 
FLOAT 
ADDR 
SUBR 
PUSHR P 
PUSHl N 
FLOAT 
ADDR 
DlVR 
» A+B* 

l' ERROR 
» A:+c ( B+I 

l' ERROR 
» I )* B 

l' ERROR 
» 2l 

l' ERROR 

Listing 2: Sample program execution. A fter outputting a promp t the pro­
gram waits for an expression to be input, It then lists all of the instructions 
that would be generated for a compiler code. 
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word s, a fi xup must be done. As one alte r­
native, this may be accompli shed by ge ner­
at ing code in memory and keepi ng track of 
th e type attribute of each operand and the 
addresses of wh ere the las t in struction for 
th at operand was stored. If a type co nve r­
sion is required on the first operand (of a 
binary operator), all code beyond the saved 
address is simp ly moved up one locati on and 
a FLOAT in structi on is inserted, If a type 
conversion is required for th e second 
operand, a FLOAT instru ction is added as 
the las t instruction in th e evaluation of th e 
second operand. [In this paragraph and re­
maining text of the article, words in upper 
case refer to listing 7 , .. RGACj 

Th e program in listing 1 is a solution to 
th e expressio n evaluation probl em. It is a 
direct implementation of the methods 
suggested. Th e main portion of th e program 
is trivial; it asks for a line of input, call s 
procedure EXPR to parse the line, li sts the 
output if th ere is no error, and repea ts the 
process. 

The type statements are important and 
quite va ri ed. See th at th e constant MAXPC 
defin es the max imum address space and is 
used in the decl al"ation of th e .subrange 

type CODESPACE. The vari abl es ATTR 
and LEXTY al"e sy mboli c sca lal" types and 
INSTRUCTION is a reco rd ty pe. 

Th e vari abl e CODE is an array of instruc­
tions. Thi s is where the "compil ed" code 
will reside. Th e type attribute of th e second 
operand of an operati on is stored in GATTR 
which is gl obal to all th e progra m's 
proced u res. 

Th e procedure SCAN picks up the 
nex t ch aracter (s}, ignor ing spaces and 
determ ines th e cor rec t token and type if 
it is a va ri abl e, No te the use of th e case 
statement and th e sequenti al nes ted 
co nditi onals. 

Th e procedure ERROR outpu ts a line 
wi th an upwa rd pointing arrow to indica te 
where th e errol- occurred. 

Th e procedures GEN COD E and LI ST­
CODE are responsibl e fo r encod ing th e 
instru ctions into the code array and decod­
ing the code array for outp ut respective ly. 
Th e with statements si mpli fy both the 
PASCAL and co mpil ed codes, 

Any di screpancy in ty pes of operands 
is reso lved by FI XUP which inse rts the code 
for the operator itse lf, In a full compil er, 
FIXUP would also won"y about strings an d 
oth N data types and issue th e approp ria te 
error messages when needed . 

EXPR does most of the work, together 
with th e procedures T ERM and FACTO R. 
They fu ncti on exactl y as described above. 
They are qu ite sim ple in ap pearance but 
fun ct ion co rrectl y as th e sampl e run s illu s­
t rate, The symbo li c sca lars ADDOP and 
MULOP are quite useful in thi s des ign. 

When prope rl y segmented, any progl'am 
should be si mil arl y constru cted and as easy 
to read or modify , A lot may be ga ined from 
using a top down des ign, Gi ve n the ti me, 
anyo ne co ul d stretch th is program in to a 
full co mpil er wh ose output was a sim ilar 
Pol ish code, and al ternati ve ly encode th is 
program in to the ir favo rite assembly lan­
guage. All the hard work has reall y been 
done in expressi ng the algo ri th m to so lve 
the pro bl em. 

I heartil y recommend that anyo ne 
se ri ously in te rested in PASCA L in part ic­
ul ar and good pl'Ogramming sty le in ge neral 
obtai n th e two books listed in the 
bibl iograph y.-
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Consistency-or a Lack Thereof. 
Notes by C Helmers 

In this issue readers will note a loci? 
of consistency in the typography of 
various articles on Pascal. One fairly 
obvious example of this is the use of all 
upper case and the use of normal English 
capitalization of the name of the lan­
guage. Since Pascal is derived from a 
proper name, the proper notation is 
lower case with initial capitalization. 
For names which are acronyms, li!?e 
FORTRAN, COBOL, PL j l , etc, the 
upper case notation is appropriate. Wh ile 
we strO l/e for consistency within a given 
article, al least one article used upper 
case notation for the name Pascal, 
sholVing the extreme inertia of tradition­
alism at a point when it was too late to 
mai?e the changes to final copy. 

Th e second area of questionable 
typography is a bit more nebulous and 
less subject to editorial fiat when 
"camera ready" type is received from 
authors: the style of representation of 
Pascal program listings. The ideal style 
is of course that used by Ni!?laus Wirth 
in his boo!? A lgorithm s+ Data Structures= 
Progra ms, published by Pren tice-Hall in 

7976. This style uses bold face type in 
lo wer case for representation of the 
Pascal language !?eywords. I t uses italics 
for the representation of specific variable 
names, procedure names and literal 
values wh ich are part of the program. In 
articles by authors Ken Bowles (page 
722), Charles Forsyth and Randall 
Howard (page 50), Ch ip Weems (page 
743), and Allan Schwartz (page 768) this 
notation was used. (Ju t in two of these 
cases, the authors supplied camera ready 
typeset copy along with the articles in­
volved, in order to minimize poten tial 
errors due to !?eystro!?ing. Since two of 
these were typeset at BYTE, and the 
other two were typeset with different 
type specifications on different 
machines, there is naturally a di ffe rent 
aesthetic flavor to the listings in these 
articles. A close variant of this form is 
seen in the listings of David Mundie's 
article (page 770) where bold face type 
and norm al type are mixed in the 
listing. 

There is yet another I/ariation on the 
graphics used to represent Pascal pro­
grams, provided by the listings accom -

• • 

ponying Stephen A Ipert 's article (page 
78). Here, the camera ready listing was 
supplied by the author as prin ted on an 
upper case line printer, so !?eywords are 
indistinguishable from program details 
on the basis of typography alone. 

What can we conclude about this 
inconsistency? Our goal at BYTE from 
now on will be to asymp totically 
approach the notation of Pascal pro­
grams in the bold face and italic form 
whenever we do the actual typesetting 
of a listing. Th e italic and the bold face 
typography provides an excellent con­
trast to normal type when elements of a 
program are mentioned within text. Bu t 
when a manuscript comes with a usable 
camera ready listing of a Pascal program, 
such details of aesthetics must ta!?e 
second place to the goal of minimizing 
errors of transcription: it is for better to 
use a camera ready image derived from 
a machine produced listing than to !?ey 
in a program manually in order to create 
a typese t form of the listing. Li!?e pro­
gramming, execu tion of a magazine 
production tas!? once a month is traught 
with myriad details . . . CH 

-----------------------
THERMAL PRINTER 
MANUFACTURED BY TEXAS INSTRUMENTS 

• 12 character/line 
• 5 x 7 dot matrix 
• Alphanwneric capability 
• Weighs 6 ounces 
• Measures 2%" x 3%" x 2y,." 
• Uses 2 y,. inch thermal paper 

$39.95 

BOOTSTRAP ENTERPRISES INC 

" . , ,. '-: 

:: . -
The Tl59 calculator magnetic card 
reader is now available from Bootstrap 
as a stand alone product. The entire 
assembly, as pictured above, includes: 
housing, motor, read/write head, cables 
and on/off switch. Measuring 2%" x%" x 
1 y,." and weighing less than two ounces 
this unit can be used in portable and 
stationary data storage applications. 

$79.95 
100 Central Expressway. Suite 500 • Richardson, TX 75080 
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Philadelphia's 

All figures and photos courtesy of The Franklin 
Institute, Philadelphia PA 19103. 

179 Year Old Android 

Photo 7: The 779 year old Mail/ardet writing and drawing automaton on dis­
play at The Franklin Institute in Philadelphia. 
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Charles F Penniman 
The Franklin Institute 

Philadelphia PA 19103 

Cuckoo clocks, computers and dolls with 
rolling eyes somehow fascinate us all . The 
fascination seems to stem from our delight 
that people can make contraptions which do 
things by contrivance that are usually done 
by living men and beasts. But whatever the 
reason for it, we find animated statues in an­
cient China and in the temples of classical 
Greece. In Europe, the clockmakers of the 
Renaissance often adorned their works with 
marvelous moving figures . The famous tower 
clocks of Berne and Messina and the remark­
able clock in the Cathedral at Strasbourg are 
just a few examples. 

For us who live toward the beginning of 
the Electronic Age, it is hard to imagine the 
excitement that existed in the early years of 
mechanism. The automaton at the Franklin 
Institute that writes poems and draws pic­
tures dates from those times. In the same 
way that they made machines to perform 
marvelous and delightful things, we program 
computers and build microprocessors to per­
form even more amazing feats. It is much 
the same phenomenon. 

The Franklin Institute's mechanical lady 
dressed in green is one of the most impor­
tant of the small number of androids that 
have ever been built with the ability to write 
and draw. The first machine with such capa­
bilities was built around 1750 by Friedrich 
von Knauss working in Germany, but it 
was from Pierre J aqu et-Droz, Jean -F red eric 



Leschot, and a succession of their collabo­
rators that the most elegant machines came. 
In 1774 they produced their first writing 
doll in Neuchatel, Switzerland. The machine 
now atThe Franklin In stitute in Philadelphia 
was built about 1805 in London by Henri 
Maillardet, an associate of Leschot and 
Jaquet·Droz . His automaton is particularly 
distinguished by its unusually large memory 
and excellent movements. 

The Maillardet machine weighs about 250 
pounds (113.4 kg) and consists of a figure 
kneeling at a writing desk mounted atop an 
ornate stand containing the pwgram and 
driving mechanism. Information for the 
doll's movements is comm unicated up 
through the body of the figure by an in­
credibly intricate combination of levers, 
rods, pulleys and cams. 

The heart of the wr iting and drawing 
operation is actually a mechanical "read 
only memory" in the form of an array of 
disk cams rotating on a common shaft to 
drive the right hand of the figure . The cams 
are driven by a spring motol· located at one 
end of the base that is coord inated with a 
second motor located at the other end of the 
base. This motor is used to slide the stack of 
operat in g cams transversely on their shaft 
into the proper position to produce the 
desil·ed readout. Th e information contained 
in the undulations of the se lected set of cam 
surfaces is picked up by three cam followers 
linked to the doll's hand to produce the re­
quired right and left, up and down, and ver­
tical motions. Th ere are seven programmed 
designs from which to choose : two poems in 
French, one in English, and three gracefu l 
pictures. Two designs require fou r sets of 
three cams each; the remaining designs are 
each on three sets of cams. This adds up to a 
total of 96 operati ng cams to govern the mo­
tions of the right hand of the figure . Addi­
tional, and far simpler, cams move the left 
hand, head and eyes. 

The machi ne is marvelously comp lex, but 
perhaps the greatest marvel is that it can still 
function after nearly 175 years. Apparently 
very little wear has taken place. The details 
of the drawings are still remarkably sharp 
and the wr iting quite legible. Th e complex 
of linkages between the rotating cams and 
the motions of the hand stil l operate with no 
detectable play or slop in the bearings: a 
considerab le achievement for engineering 
and technology. How this was achieved is 
largely a matter of conjecture today, but the 
automaton was built in an age in which trade 
secrets were kept closely within the circ le of 
one's apprentices and fami ly. It would be in­
teresting, for instance, to know exactly how 
the machine was programmed. One can 
speculate that the profiles of the cams were 

Figure 7: One of the incredible drawings executed by Maillardet's writing and 
dra wing automaton in approximately five minutes. The automaton is cur­
rently on display at The Franklin Institute. 

Photo 2: Right arm of the automaton, undraped. Modern ballpoint pen is not 
historically correct, but is effective. 
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laid out after the doll was constructed by 
moving its hand over a master drawing and 
tracing the corresponding motions of the 
three cam followers on simultaneousl y ro­
tating disks of brass which wel'e then cut and 
filed to their proper shapes, Yet, this is on ly 
a guess, The only thing that we know for 
certain in this regard is that the profilin g of 
the cams had to be done with the greatest 
care and precision since there is up to a ten­
fold magnification of any possible error due 
to the multiplying effect of the linkage be-

Photo 3: Rear view of the automaton. Cam motion is carried through the 
body of the doll and across the shoulders to the right arm by a system of rods, 
levers and shafts. 

Photo 4: Drive mechanism located below the tabletop. The spring driven mo­
tor for the operating cams is at right. The X, Y and Z cams with the three fol­
lowers are in the center. To the left is the program selection drive motor. 
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tween the cam followers and the writing 
instrument in the doll's hand. 

Some of the elaborate and delicate mech­
anisms that Maillardet made were sold to the 
wealthy. Occasionally they were comis­
sioned as state gifts. In fact, the only other 
doll with the ability to write that can be at­
tributed directly to Henri Maillardet was 
made for King George III to give to the 
Emperor of China during a period when the 
English were attempting to establish favor­
able trade relations with that country. That 
machine was programmed to write, in 
Chinese, flattering messages to the Emperor. 
It made the trip to China successfully and is 
reported to be alive and well in a museum in 
Pek ing. However, most of the automata that 
were built, including the one at The Franklin 
Institute, went into show business and toured 
allover Europe. Surviving advertisements at­
test to their popularity. Through newspaper 
clippings, the progress of the Philadelphia 
machine can be traced from France to Russia 
and throughout England until 1850. It is 
possible, but riot altogether certain, that it 
was purchased at about that time by the 
great American showman, P T Bal'llum, for 
his American Museum. By some process, 
now unclear, it came to be owned by a 
Philadelphian, John Penn Brock, whose 
grandchildren donated it to The Franklin 
Institute. Perhaps it was the fire that de­
stroyed the museum Barnum set up in 
Philadelphi a that damaged the machine, 
but it was indeed a charred mass of wreck­
age when it was del ivered to The Fran kl i n 
Institute in November of 1928 . Although 
Maillardet had his automaton originally fit­
ted out as a little boy in court dress, by the 
time it came to The Institute, the costume 
had been changed to that of a French soldier. 
At The Institute, the machine was stored in 
one place and then in another until a staff 
machinist, Charles Roberts, became inter­
ested in trying to repair it. He was tremen­
dously proud of his success in doing so as, 
indeed, he should have been. New clothes 
were made, but this time the doll was put 
into a dress instead of a boy's suit. The res­
toration of the original motion of dipping a 
pen (or perhaps it was a brush) into an ink­
well turned out to be impossible. Roberts 
substituted a stylograph pen which has since 
been replaced by a totally unhistorical, but 
much more convenient, ballpoint pen. And, 
of course, it was necessary to make a num­
ber of new parts, but the only significant 
alterations made were to the writing instru­
ment and to the sex of the doll. 

Tradition in the Brock family had ,it that 
the automaton had been built by Maelze l, a 
considerable showman, the inventor of a 
metronome, and the builder of a number of 
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__ Microcomputer Problem Solving Using 
PASCAL by Kenneth L Bowles. This book is 
designed both for introductory courses in 
computer problem solving at the freshman and 
sophomore college level , and for individual 
self-study . Graphics is stressed in this version 
of the book, in many cases borrowing from 
the "Turtle Graphics " approach originated 
by Seymour Papert of MIT . A complete sin­
gle-user software system based on PASCAL 
has been developed at the University of Cali ­
lornia at San Diego, where the author is a 
professor in the Department of Applied Physics 
and Information Science . This system em­
bodies extensions to the standard PASCAL 
which include the necessary functions and 
procedures for handling graphics and strings . 
563 pp. $9.80 . 

__ An Introduction to Programming and 
Problem Solving With PASCAL by G M 
Schneider, S Weingart, and D Perlman . This 
book has three major goals: 

(1 ) To introduce all aspects of the pro­
gramming and problem solving process, 
including problem specificati on and 
organization , algorithms, coding, de­
bugging, testing, documentation, and 
maintenance . 

(2) To teach good programming style and 
how to produce a high quality finished 
product . This is brought out in numer­
ous style examples throughout the text. 

Speaking of 
(3) To teach the syntax of the PASCAL pro­

gramming language. 
PASCAL is used as a vehicl e to teach various as­
pects of programming techniques. $12 .95. PASCAL • • 
__ PASCAL User Manual and Report (Second Edition) by K Jensen 
and N Wi rth consists of two parts: the User Manual and the Revised Re­
port. The Manual is directed to those who have some familia rity with 
computer programming and who wish to get acquainted with the PAS­
CAL language. It is mainly tutorial and includes many helpful examples 
to demonstrate the various features of the language. The Report is a 
concise reference for both programmers and implementors. It defines 
Standard PASCAL, which constitutes a common base between various 
implementations of the language. $6 .90. 

__ Programming in PASCAL by Peter Grogono. This book is an ex­
cellent introduction to one of the fastest growing programming lan­
guages. The text is arranged as a tutorial containing both examples and 
exercises to increase reader proficiency in PASCAl. Besides sections on 
procedures and files, there is a chapter on dynamic data structures such 
as trees and linked lists . These concepts are put to use in an example 
bus service simulation . Ot her examples range from the Tower of Hanoi 
problem to circumscribing a circle about a triangle . Programming in 
PASCAL is sure to hold the reader's interest . 359 pp. $9 .95. 

__ The Design of Well-structured and 
Correct Programs by S Alag ic and M A Arbib . 
This book represents ten years of research in 
top-down program design and verification of 
program correctness, and demonstrates how 
these techniques can be used in day-to-day 
programming with PASCAl. An explanation 
of control and data structures and many 
examples of programs and proof development 
are provided . As a programming text, this book 
contains an introduction to the language, 
provides algorithms which operate on sophis­
ticated data structures, and offers the full 
axiomatic definition of PASCAL in terms of 
proof rules . To use th is book, no particular 
mathematical background is necessary beyond 
the basic idea of a mathematical proof. al­
though an introductory course in programming 
is required . 292 pp . $12 .80. 
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Photo 5: Center follower 
at rest on the bar on which 
it slides as the cam deck is 
positioned laterally. The 
undulations of the cams 
are also visible. 

automata. In his memoirs, P T Barnum 
records the purchase of several automata 
from him . But after being repaired, the au­
tomaton herself set things right when her 
memory was read out. Following the last 

Figure 2: An example of the written output of Maillardet's writing and draw­
ing automaton. The French poem Is freely translated as: "A child by ladies 
adored,/I am throughout ailiands,/in good favor with women,/And also their 
husbands. " Below the poem In French Is the inscription "Written by Maiflar­
det's Automaton. " 
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line of her last poem, the hand continued 
to write in its clear but quaint style: "Ecrit 
par L 'A utomate de Maillardet," meaning 
"Written by Maillardet's Automaton." With 
this clue, locked for nearly 90 years in the 
memory of the machine, it was possible to 
search out and determine its proper origin. 

The one English poem that she knows 
how to write (see page 102) is as follows: 

Unerring is my hand, tho ' small. 
May I not add with truth : 
I do my best to please you all; 
Encourage, then, my youth. 

Certainly her hand cannot be as unerr ing as 
it was in 1805. It would be interesting to 
have a sample of hel' writing from that time 
to make a comparison. But she still does her 
best to please and amaze us .-

You May Have Seen Her in ~ction ... 

In an excellent WGBH NOV A presenta­
tion on "Artificial Intelligence" aired on 
public television stations in March 7978, The 
Franklin Institute automaton by Maillardet 
may have been seen in action by many 
readers. (Also seen in action were robots 
NEWT and Shakey of contemporary Vintage. 
The program also featured Interviews with 
science fiction writer Arthur C Clarke, and 
a number of artificial intelligence researchers 
regarding the prospects for the near and far 
future of smart machine technology.) 



Get Down to Business 
How to Profit From 

your Personal 
Computer 

by Ted G Lewis 

_If you want to use your personal com­
puter in a profitable manner, and you need 
some help planning programming techniques 
this book is for you . It contains suggestions 
for accounting, payroll handling, inventory 
management, and sorting mailing lists . Many 
terms and notations are explained. Sample 
programs in BASIC, the use of blueprints 
to design program structure, and a full 
glossary of terms are a few of this book's 
special features . 191 pp . $7.95. 

~ 
~ 

I ... ~k'G 

Payroll With Cost 
Accounting in BASIC 

by Lon Poole 
and 

Mary Borchers 

_This book includes program listings with 
remarks, descriptions, discu ss ion of the 
principles of each program, file layouts, 
and a complete user's manual with step-by ­
step instructions, flowcharts and sample 
reports with CRT displays. All 35 programs 
are written in the widely used computer 
language BASIC, and work together to pro­
duce a payroll, right down to the printing 
of paychecks and mainta ining of employee 
records. $12 .50 . 

III~ 
_l .. · ... l .. ·_lal -

Charging for 
Computer Services 

by D Bernard , 
J C Emery, 

R L Nolan, and 
R H Scott 

_This book is written for managers who 
must deal with service charges . This book 
provides the manager with principles and 
guidelines for a better understanding of the 
charge problem. Th e book provides general 
design principles along with specific sug­
gest ions to deal with specific problem areas. 
Charging for Computer Services is a neces­
sary book for the manager making decisions 
in this vital area . 120 pp . $10.00, hardcover . 

Up your OWN 
Organization I 

by Donald M Dible 

_A great handbook on how to start and 
finance a new business, this is the most 
comprehensive reference we've seen on the 
subject. For the programmer-consultant or 
the basement homebrewer-turne'd-entrepre­
neur, this is your book. It is recommended 
in the Bank of America Small Business 
Reporter and Changing Times magazines. 
372 pp. Available for $14.95 in hardcover. 

BASIC with Business 
Applications 

by Richard W Lott 

on the BASIC lan­
guage and its application to specific business 
problems. The book is divided into two 
sections . Part one introduces the BASIC 
language and the concept of logical flow­
charting. Part two presents problems and 
possible solutions. Topics include : interest 
rate calculation, break-even analysis, loan 
rates, and depreciation, Exercises at the end 
of each chapter give a greater understanding 
of BASIC by actual programming. $10.50 . 

WRITING 
AT WORK: 
DOs. DON'Ts. 
and 
fIO WTO, Writing at Work: Do's 

Don't's, and How To's 

by Ernst Jacobi 

_This is not a grammar or usage text. The 
goal of this informative book is "to turn 
writers into communicators." Addressed to 
the educated business or professional person 
who ca n write adequately, this guide is full 
of practical advice that will help you make 
your writing enjoyable, effective, and suc­
cessful. 198 pp. $7.95. 

Fundamentals of 
Recordkeeping and 

Finance for the Small 
Business 

by Robert C Ragan, 
CPA, 

and Jack Zwick, Ph .D 

-Once you have your organization or 
business up and running, records must be 
kept. What should I keep, and how do I 
record them? This book on fundamentals 
will give you a helpful start. Section one 
deals with maintaining records, protecting 
assets, and providing a basis for planning . 
Section two provides a starting point for 
owner-managers wanting to sharpen their fi ­
nancial management skills. 196 pp . $10.00. 

Financial Analysis 
and Business 

Decisions on the 
Pocket Calculator 

by Jon M Smith 

_This book is designed to aid the experi­
menter in performing applied analysis, It 
gives a variety of numerical techniques, 
approximations, tables, graphs, and flow­
charts for calculations. All methods have 
been optimized for the pocket calculator. 
Topics include: calculating present and fu­
ture values, consumer finances, real estate 
calculations, business statistics, and systems 
analysis . 317 pp. $14 .95 hardcover. 

A Dictionary of 
Microcomputing 

by Philip E Burton 

_In the opinion of BYTE's editor, Carl 
Helmers, "This is one of the best designed 
and executed dictionaries of computer 
related terms yet seen on the market. It is 
of particular relevance to those individuals 
who want a good general reference to 
numerous technical terms, broadly covering 
hardware and software fields as currently 
practiced ." $12.50 in hardcover . 

For your convenience in ordering, please use this page plus the order form on page 93 . You may 

lilTS" Th~hMi~;:;:;;;;;'S::'k;;;;e 
25 Route 101 West, Peterborough, NH 03458 
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Antique 

Mechanical Computers 

Part 2: 

18th and 19th Century Mechanical Marvels 

Dr James M Williams 
58 Trumbull St 
New Haven CT 06510 

In the last quarter of the 
18th century first a few, 

then a flood of automata 
began to appear. 
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In "Part 1: Early Automata," page 48, 
July 1978 BYTE, we traced the develop­
ment of antique mechanical computers up to 
the middle of the 18th century, and de­
scri bed such devices as Vaucanson's mechan­
ical duck. Now we continue with a dis­
cussion of talking, writing and music playing 
automata of the 18th and ·19th centur ies. 
(The discu ss ion is not meant to be an 
exhaustive one, of course, since that would 
be beyond the scope of this series.) 

Later Automata 

Vaucanson's creations blazed across the 
scene in Europe 240 years ago, casting new 
light into hith erto dark pl aces by showing 
what the dedicated mechanician cou ld 
achieve. But, even after Vaucanson, the way 
was difficult. 38 years passed before a 
second flute playing machine was seen, a 
seated pair of rustics built by Duchamps in 
1776 and said to be capabl e of playing 13 
tunes. 109 years after Vaucanson made the 
original mechanical duck, a mechanician 
named Rechsteiner, who had t"estored that 
ori gin al duck, produced and displayed a 
duck of his own" RechsteinN's duck was the 
product of three years of wo rk. It appeared 
in ·1847 and was the last automaton an imal 
of note. 

In th e last quarter of the 18th century, 
first a few, then neat"ly a flood of auto­
mata began to appear, as clockmake rs 
began to t"eali ze not only the possibilities of 
their craft but also the sp lendid prices their 
prem ier work might command. The more 
standard auto mata such as ornamented 
clocks, fmm snuffbox size to pt"odigies 

bigger than steamer trunks, with pmcessions 
of movi ng all egorical figures, spirals, pin­
wheels, and waterfalls, chimes, bells , 
dulcimers, whistles, organs, and birdcalls, 
continued to be made and sold. Every 
titled person had a score of them and men 
of substance could own several. The clock­
maker of ambition knew where his challenge 
lay. There were myste ri es to be created in 
mach i nery, and money and fame to be 
had. Mechanicians began to devote them­
selves to duplicating the physical ac tion of 
parts of the human body. They chose part­
beh avior because of the immense difficulty 
of fabricating a mechanism that could 
i m i tate even one of the coordi nated acts 
humans orchestrate into the continuous 
chain of actions; namely, behavior. 

It is worth noting that in adults the 
discrete units of purposeful action which 
seem so integrated and effo rtl ess to most of 
us are anything but smooth and coordinated 
in early childhood . Most peo ple can recall 
their clumsiness and exasperation in learning 
to tie their shoes or button their garments. 
The most intense concentration and dedi­
cated repet ition is required to cause these 
action patterns to se t in our central com­
puting mechanism (see "The Brains of 
Men and Machines," parts 1, 2, 3 and 4, 
February thru April 1978 BYTE) , but 
once the setting (ie: learn in g) takes place 
over time, it becomes possibl e fo r us to 
execute one of these unit actions at will, 
devoid of effort and concentration. (The 
mechanism and locus of the setting is 
obscure: so is other memory storage. 
Lately, the cerebellar complex is viewed 
as the best candidate for unitary motor 



Figure 7: Aquatint etching of the Automaton Exhibition held at Gothic Hall in London in 7836. Various automata 
are shown,' the one at the far right is evidently jacquet-Droz's writing and drawing automaton now in the collection 
of the Franklin Institute in Philadelphia (see "Philadelphia's 772 Year Old Android" by Charles F Penniman, page 
90 in' this issue). The figure is shown dressed as a boy, but women's clothes were substituted when the unit was 
rebuilt in 7936 at the Institute. Exhibitions like this were relatively common in the 79th century. Engraving cour­
tesy Charles F Penniman. 

actions.) We can tie shoelaces behind our 
backs, a thing we never practiced or leal-ned. 
Even ex treme situat ions, like tying shoelaces 
wh il e wearing mittens or hanging by the 
knees from a trapeze, do not begin to strain 
the capacit ies of our interi or computing 
mechanism. The requ ired actions have been 
"frozen" into OUI' brains. Not on ly are th ey 
refractory to disarrangement (they endure 
as long as we live) but they are also flexible 
enough to permit our adapting them to 
novel circumstances . We all possess within 
us many thousands of such unitary chunks 
of learned behavior, now fu ll y automatized 
and playable on command. 

This is the part-behavior, smooth, contin­
uous and automatic, that was being imitated 
by mechanicians. I t requires substantial 
storage of program to duplicate. From our 
vantage point program storage is the most 
important feature these machines possessed. 
Consequently, many very beautiful mech­
anisms (the display pieces of Carl Faberge; 
jeweler to the Imperial Russian Court; 
a wi de range of novel ties such as sooth­
sayers, magicians and other conjurers, 
acrobats and ropewalkers, ag il e harlequins 
and jugglers, automatic confectioners and 
wine stewards, and a great many more dis­
play mechanisms) are not mentioned here 
because they had li tt le sto red programming. 

Walking and Running Machines 

Early walking and runn ing automata 
were represented only by dolls and toys. 
They were essentia ll y trivial, programmed 
devices for they always very ingeniously 
arranged an apparent walking action (only 
a simple re petitive motion). The walk 
lacked directionality, nor was there pro­
vision for walking on other than smooth 
surfaces. It would be difficult to design a 
machine to walk in the same sense that 
peopl e do : that is , the weight of th e trunk is 
for a moment supported by one leg alone 
whil e the other leg is being drawn forward 
for a next step. Walking is in fact organized 
fa lling, with the mobile extremity brought 
forward just in time to forestall disaster. 
Wh en you stop to recall that every known 
mechanical man actua lly rolls on wheels, 
and that at least three whee ls are always 
emp loyed to define th e plane, you gain a 
new respec t for human locomotion and a 
valuable perspective on the limitations of 
mechanisms that undertake to imitate it. 

Speaking Machines 

As far as I can discover, no programmable 
device uttering words, or their approxima­
tions, was ever known before the late 

How can one describe 
machines so marvelously 
devised and tutored in 
their tasks that they rival 
the actions of human 
beings? 
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Telephone (703) 536-7373 

88-MODEM: A complele serial I/ O pori and an Originale/ Answer MODEM on an 
S100 bus compatible board. The 88-MODEM features automatic auto-dialer (not 
software timed), operates at any soliware selected baud rate between 66 and 600 
baud, has separate 8-pole transmit and receive active filters, and ali lunctions are 
soliware selecled. The 88-MODEM provides communication to -58 dbm and is intended 
for use with either a CBS (100lD) or CBT Data Access Arrangement for connection 
to the telephone system. The kit price is $245.00. 

88 -UFC UNIVERSAL FREQUENCY COUNTER: The 88-UFC is an S100 compatible 
frequency and period measurement module. The 88-UFC has lour soflware selected 
inputs. Frequency measurement to above 600MHz and period measurement to 1/ 1Oth 
microsecond are standard. The counter provides nine digits of readout and is priced 
ai $179.00 in kit form . 

88 -SPM CLOCK MODULE: The 88-SPM provides a lime 01 day clock and an inde­
pendenl reallime clock on one S100 compatible module. Provisions are included for 
baltery backup so the 88-SPM can mainlain Ihe lime during power-off conditions. 
$96.00 kil 

10010 (Type CBT) Dala Access Arrangemenl 
88-RCB 16 Channel Relay Conlrol Board Kil 
MCTK Morse Code Trainer/ Keyer Kil 
TSM Temperalure Sensing Module Kil 
DAC-8 8-Bit Digilal 10 Analog Converler Kil 
88-TCXO Temperalure Compensated Cryslal 

Oscillalor for 88-UFC 
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$179.00 
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19.00 

t45.00 
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19th century (or even in later periods up to 
the time of Bell Labs ' Vodor of 1939 
World's Fair fame, which required an oper­
ator). Still, some remarkable devices appear 
to have existed. Leaving aside the brazen 
talking heads that dot Greek and Byzantine 
mythology (they were without a doubt 
all hoaxes), we learn that the Abbe'Mical 
in 1774 was said to have exhibited two talk­
ing heads which he later destroyed. In 1779 
Kratzenstein won a prize offered by the 
Russian I mperial Academy of Science for 
a device that could pronounce distinguish­
able vowels. This device was made from 
a set of five specially shaped pipes. Baron 
Wolfgang Kempelen, creator of the Great 
Chess Automaton, worked for many years 
on talking devices, and one was said by 
Goethe to be " ... able to say some childish 
words very nicely ." The machine was a 
kind of bellows, soundbox, artificial tongue 
and mouth contrivance that the Baron 
manipulated under cover of a cloth ; it now 
resides in a museum in Munich. Farber 
invented a machine which apparently spoke 
well enough to induce P T Barnum to pur­
chase it for exhibition, in 1873. The device 
was operated by a keyboard. 

It is a very curious thing that investiga­
tion of artificial speaki ng devices was so 
neglected by gifted mechanicians, for speech 
is the unique achievement of man. Moreover, 
the ea r is so adaptable and forgiving of 
faults in the spoken word that virtually any 
kind of squawk might pass for a sentence. 
The mechanical problems would have been 
very great, but not insuperabl e. 

Writing Machines 

Between 1753 and 1760 Friedrich von 
Knaus of Darmstadt devised and con­
structed four different machines that wrote 
block letters or cursive script according to 
programming using a quill pen and ink with 
programmed pauses to dip the pen. One 
machine produced three texts from three 
pens, while the last machine could inscribe 
up to 107 letters of preset text from its 
stored program or write individu al letters 
one at a time from dictation und er control 
of the operator. It may accurately be de­
scribed as the first typewriter or script­
writer. The mechanism appears to have been 
a cluster of shaped cams on which rode an 
array of cam followers, each one directing 
movements of the pen to form a letter. 
Text composition was managed by a drum 
that bore many rows of holes into which 
studs could be placed to activate the 
required cam. Thus text was easily altered 
by changing the pattern of studs. The tablet, 



A Bit of the BASIC 
---Computer Resource Book-Algebra by 
Thomas A Dwyer and Margot Critchfield is 
an exciting new way to learn about algebra 
and the interesting things you can do with it 
using a computer. The book uses the BASIC 
language, and flowcharts are used through­
out to show the structure of programs . 
There are 60 applications programs inclu­
ding straight line graphs, polynomial equa­
tions, a space probe navigator, temperature 
profiles, computer generated animation, the 
ultramatic root finder, random number 
generation and many more. Although it 
is particularly suitable for students, just 
about everyone will find some intriguing 
and easy to use applications in this enter­
taining book. $4.80. 

/ ~\ 

---Introduction to Computer Program­
ming by Rudd A Crawford Jr and David H 
Copp. Here is an excellent way to learn 
about the general aspects of computer pro· 
gramming. Introduction to Computer Pro­
gramming makes use of a hypothetical com­
puter model and set of assembly language 
instructions designed to help the beginner 
see what goes on in computer programs. 
The emphaSis throughout is on general 
principles; such concepts as loops, decisions, 
flowcharts and 10 routines are covered in 
detail. The book also provides many ex­
ample problems and prompts the reader by 
posing several quiz questions. Anyone who 
masters its contents will have a sol id foun­
dation for the study of practical assembly 
and high level languages. It is especially 
recommended for students, but just about 
everyone new to the subject should profit 
from it. $4.35 . 

---Basic BASIC by James S Coan . If 
you're not alreadY familiar with BASIC, 
James Coan's Basic BASIC is one of the 
best ways to learn about this popular 
computer language . BASIC (which stands 
for Beginner's All-purpose Symbolic Instruc­
tion Code) is easy to learn and easy to apply 
to many problems. Basic BASIC gives you 
step-by·step instructions for using a ter­
minal, writing programs, using loops and 
lists, solving mathematical problems, under­
standing matrices and more. The book con­
tains a wealth of illustrations and example 
programs, and is suitable for beginners at 
many different levels . It makes a fine refer­
ence for the experienced programmer, too. 
$7.95 . 

-
- --Advanced BASIC by James S Coan . 
Advanced BASIC is the companion volume 
to James Coan 's Basic BASIC. In this book 
you'll learn about some of the more ad­
vanced techniques for programming in 
BASIC, including string manipulation, the 
use of files, plotting on a terminal, simula­
tion and games, advanced mathematical 
applications and more . Many useful algor­
ithms are covered, including some clever 
sorting techniques designed to reduce 
program execution time. As with Basic 
BASIC, there are many illustrative example 
programs included. BASIC doesn't have to 
be basic with Advanced BASIC! $6.95 . 

---A Guided Tour of Computer Pro­
gramming in BASIC by Thomas A Dwyer 
and Michael S Kaufman. Colorful graphics 
abound in this lively introduction to the 
BASIC language . The authors have tried 
to present a rigorous, yet entertaining 
approach to the subject. Written for the 
novice, A Guided Tour begins with a 
section on how to recognize a computer, 
followed by some tips on working at a 
terminal. By the end of the book readers 
are writing their own programs and solving 
elementary problems in finance and busi­
ness. The emphasis throughout is on lear­
ning by doing . Anyone interested in com· 
puter programming should benefit from 
A Guided Tour of Computer Programming 
in BASIC. $4.80. 

---Some Common BASIC Programs by 
Lon Poole and Mary Borchers, published by 
Adam Osborne and Associates . At last, a 
single source for all those hard to find 
mathematics programs! Some Common 
BASIC Programs combines a diversity of 
practical algorithms in one book: matri x 
multiplication, regression analysis, principal 
on a loan, integration by Simpson's rule, 
roots of equations, operations on two vec­
tors, chi-square test, check writer, geometric 
mean and variation , coordinate conversion 
and a function plotting algorithm . These 
are just some of the many programs in­
cluded. For only $7 .50 you can buy the 
kind of programs previously available only 
as part of software math package systems 
for large scale computers. All the programs 
are written in a restricted BASIC suitable 
for most microcomputer BASIC packages, 
and have been tested and debugged by the 
authors. $8.50. 

~ITS'M' 
DIAL YOUR BANK CARD ORDERS ON OUR TOLL-FREE HOT LINE: 1-800-258-5477. 

The Microcomputer Bookstore 
25 Route 101 West 
Peterborough, NH 03458 

o My check enclosed : 

Check # : ____________ _ 

Amount : ____________________________ __ 

Address ________________________________________________ _ 

City _______________________ State ___________ Zip ________ _ 

S~nature--------------------------------------------------

Total 

Number of books __________ _ -_ 0 My card # :------------------- Postage $.75/book or 
$1 .00 outside U.S. VJS4. -, Expi res : _____________________________ _ 

Grand Total 
Prices subject to change without notice. Dealer Inquiries Invited. You may photocopy this page. 
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16K RAM 

Fully Static TMS 4044 

250 nsec. chips-$425 
Z-80A 4 Mhz. Fast-This fully assembled and tested 

16K board was designed to operate without wait states 
in a 4 Mhz. Z-80A system allowing over-generous time 
for CPU board buffers. 

450 nsec. chips-$375 
For 2 Mhz. 5ystems-Same circuit as above but 

priced lower because of less expensive memory chips. 
It is fully assembled, burned-in, tested and guaranteed. 

BK Versions Also Available 
Both boards available fully assembled with sockets 

for all 32 MOS chips but supplied with only 8K of chips. 
8K-250 nsec.-$265. 4K chip set-$95. 8K-450 
nsec.-$235. 4K chip set-$85. 

Fully Static Is Best - Both boards use the 
state-of-the-art Texas Instruments TMS 4044 which 
requires no complicated and critical clocks or refresh. 
The fully static memory chip allows a straight-forward, 
"clean" design for the board ensuring DMA compatibili­
ty. They use a single 8 volt power supply at 1.8 amps 
nominal. 

Fully 5-100 Bus Compatible-Each 4K add ressable 
to any 4K slot and separately protected by DIP switches. 

Commercial Quality Components-First quality 
factory parts, fully socketed, buffered, board masked on 
both sides, silk-screened, gold contacts, bus bars for 
lower noise, 

Guaranteed: USA customers - parts and labor 
guaranteed for one full year. You may return undam­
aged board within ten days for full refund (factory orders 
only - dealer return policy may vary) . Foreign 
customers - parts only guaranteed; no return privilege. 

Check your local computer store first 
Factory Orders - You may phone for VISA, MC, 

COD orders. ($3 handling charge for COD orders only) 
Purchase orders accepted from recognized institutions. 
Personal checks OK but must clear prior to shipment. 
Shipped prepaid with cross-country orders sent by air. 
Shipping - normally 48-72 hours. Washington resi­
dents add 5.4% tax. Spec. sheet, schematic, warranty 
statement sent upon request. 

~Seottle Computer Products,lnc. ~ 1114 Industry Drive, Seattle, WA. 98188 
(206) 255-0750 
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bearing paper, moved one step after inscrip­
tion of each letter. Knaus described his 
machines in a 1780 book, Selbstschreibene 
Maschine. His machine number 4 was shown 
at the Pal'is Exposition of 1937 . It now 
resides in the Vienna Technical Museum. 

The Automata of Jacquet-Draz and Leschot 

Ho w can one describe machines so mar­
ve lousl y devised and "tutored" (i e: pro­
grammed) in th ei r tasks that they rival the 
ac ti ons of human beings proficient in the 
art the machine imitates? One can compare 
them to humans and the analogy is intrigu­
ing, but humans are born with the necessity 
to lea rn many advanced action patterns and 
the automata were ab le to perform several 
advanced action patterns directly after 
construc tion. And humans age and die 
whil e th e machines are two centuries old 
and ac t as well as the day they were se t 
in place. They are seemingl y flawl ess , age­
less, potent and wise. And if you co mpare 
them to spirits you will be very nearly ri ght, 
for they are shaped to resemble othe r­
worldly creatures: cherubs or angels. If the 
compac tn ess, beauty and si mpli city of their 
mechanism with its nearly perfect function­
ing leads you to compare them to fine 
watches, you will be very nearly right aga in , 
for th eir build ers were first of all horo logists. 
They were th e famil y of Jacq uet-Droz (two 
broth ers and a son) and Leschot, their 
master mechanician . 

Lo ng in vo lved in making elaborate tim e­
pieces in Geneva, Jacq uet -Droz the you nger 
may well have been influenced by word of 
Knaus' writing automaton. Th e Writer, 
Draftsman and Mu sician he designed and 
constru cted, were placed on display simul ­
taneo usly in 1774, and they have charmed 
every person who has seen them. They are 
on display in the Mu seum of Auto mata, in 
Neuchatel, 30 mil es east of Geneva in 
western Switze l"land . Consider t he fac t : 
here are devices seen and adm ired today, as 
well as by the courts of Louis XV, Louis 
XVI, Geo rge III, Napoleon and even by 
Franklin and Jefferson. 

Th e Writer wri tes a preset text of 40 
letters and spaces in about th e sa me t ime 
and with quite a bit more ski ll than it 
might be written by an 8 year o ld child . 
Th e Draftsman draws a sel' ies of stored 
pictures , anyone you choose, about as we ll 
as a gifted child of 12 yea rs might do, 
whil e the Musician pl ays five melodies on 
her harmonium , as a musi ca l child of 10 
years might do. They have bee n performing 
th ese feats for 204 years. 
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TION OF RELIABLE HARDWARD AND FAST, EASY TO USE SOFTWARE IN THE TECHNICO SS-16. WITH MINICOMPUTER 
PERFORMANCE THE TECHNICO 16-BIT MICROCOMPUTERS ARE AVAILABLE FROM THE SINGLE BOARD SUPER 
STARTER SYSTEM AT UNDER $400 TO THE FULL SS -16 WITH UP TO 65K BYTES OF MEMORY, MINI-FLOPPY OR 
FULL flOPPY DISKS, A 4800 BAUD DIGITAL CASSETTE, 64 COLOR VIDEO BOARD OPTION, RS232 AND 20 
MA CURRENT LOOP ALL COMBINED WITH ONE OF THE INDUSTRYS FASTEST BASICS AND A FULL ASSEMBLER, EDITOR, 
LINKING LOADER PACKAGE. SYSTEMS ARE AVAILABLE COMPLETELY ASSEMBLED AND TESTED OR IN UNASSEMBLED 
TEC _KITTM FORM. EXPLICIT MANUAL INCLUDED OR AVAILABLE SEPARATELY AT $35. TO LEARN MORE. .. JUSTTEAR OFF A 
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Photo 7: Four successive es drawn by the Mail/ardet machine, showing the 
consistency of the mechanical drive system as well as the variations in letter 
width that were possible using a quill pen. 

Photo 2: Enlargement of 
letter y drawn by the 
Maillardet writing and 
drawing automaton. Each 
subdivision of the grid is 
7 mm. 

The Writer 

The Writer is 28 inches (71 cm) tall. 
Carved of wood and painted, this automaton 
produces "an unusual impression of life" 
similar to top quality wax figures. He is 
clothed in a flowing robe and is seated on 
a Louis XV stool at a mahogany desk. His 
right hand, poised an inch above the desk 
and writing tablet, holds a short tube in 
which a quill pen is fixed. Wh en the mecha­
nism is activated the Writer raises his hand, 
swings it laterally, dips his pen into the 
inkwell fixed to the right margin of the 
desk, shakes the hand twice to clear the 
pen of excess ink and pauses. Another 
touch on the mechanism and he begins to 
write, forming letters with slow, patient 
care. 

After each letter, the pad of paper moves 
to the left by an amount suffi cient to leave 
space for th e next letter, but more for a 
wide letter or a capital than for is and Is 
and fs. He can write 40 different letters 
on two or three lines, and there is pro-

Figure 2: An example of the writing created by Maillardet's writing and 
drawing automaton using a ballpoint pen. "Unerring is my hand tho' small/ 
May I not add with truth/I do my best to please you all/Encourage then my 
Youth. " Courtesy Franklin Institute. (For a more complete discussion of this 
automaton, see "Philadelphia's 779 Year Old Android" on page 90.) 
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gramming for several pen dips. Most re­
markable is the provision for the unit to 
vary the pressure of the pen so that the 
letters produced are weighted, formed of 
thick and thin strokes. 

Except for the few levers controlling 
movements of the paper tablet, all of the 
automaton's mechanism is contained in the 
torso, accessible from the back. There are 
two parts of the mechanism, and they 
interact with each other. The first is a cluster 
of letterforming cams on a common shaft, 
the cam follower of which rides on a car­
riage that slides on rails so it can cover the 
length of the cluster to settle on the rim 
of the desired cam. There are actually 
three cam followers and three cams provided 
for each letter. Two govern movements of 
the right arm and the third regulates pen 
pressure for varying the stroke width. 

The second portion of the mechanism is 
the text selector, a disk 4 inches (10 cm) 
in diameter at the bottom of the cam cluster 
shaft. The rim of the text selector disk is 
divided into 40 sectors, or an angular wedge 
of 9° per sector. The sectors are not fixed, 
but rather slide radially when one of their 
40 screws is turned. In this way the radius 
of the disk can be varied sector by sector, 
giving the appearance of a snaggle toothed 
gear. Each sector in turn regulates the posi­
tion of the cam follower carriage (with 
its th ree cam followers) according to where 
that sector is set. Thus the text selector disk 
selects which set of three cams will be em­
ployed, and the letter those three cams 
control is the letter the right arm inscribes. 
Changi ng the text is as easy as turning 40 
screws to just the right position. The zero 
radius (baseline) position of the text disk 
appears to control the pen dipping mecha­
nism, so you can set up as many pen dips 
as you wish at the loss of a letter or space 
for each one. 

Control is handed back and forth be­
tween the text selector disk and the letter 
forming cam cluster. Either one or the 
other operates at a given moment, but 
the text disk is stationary almost all the 
time (moving in jumps) whereas the cam 
cluster that forms the letters is moving 
most of the time (halting only to permit 
the text selector to turn to its next position 
and choose the next letter). An intriguing 
point, for 1774, is that the surfaces of 
greatest wear (the three cam follower 
bearing points) are apparently jewelled 
with ruby so that the high pressures (prob­
ably a 40:1 lever ratio, or more) will cause 
minimal wear and distortion of the letter 
shapes over time. All this machinery is 
said to be quite sensitive to temperature 
changes. 
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The Microcomputer Bookatore 
25 Route 101 West, Peterborough NH 03458 

Best Sellers 
_Getting Involved With Your Own Computer by Leslie Solomon and Stanley Veit answers the 
questions: "What can small computers do? Which is best for my purposes?" Whether your interest 
is business applications, word processing, education, security, etc., this lucid text will bring you in 
touch with an exciting new world destined to affect us all . $5 .95. 

_The Thinking Computer: Mind Inside Matter by Bertram Raphael. Artificial intelligence, or AI, 
is the branch of computer science concerned with making computers "smarter." It is a growing, 
vital field that is, unfortunately, the subject of much popular misunderstanding. This book is a 
lucid introduction to AI that does much to overcome this misunderstanding. With a minimum of 
technical jargon, it discusses the capabilities of modern digital computers and how they are being 
used in contemporary AI research. It discusses the progress of AI, the goals, and the variety of 
current approaches to making the computer more intelligent. $6.95. 

_The First Book of KIM edited by Jim Butterfield, Stan Ockers, and Eric Rehnke. Attention 
KIM users! Here is the book you've been waiting for . In it you'll find a beginner's guide to the 
MOS Technology KIM-1 microcomputer as well as an assortment of games including Card Dealer, 
Chess Clock, Horse Race, Lunar Lander and Music Box. Also featured are diagnostic and utility 
programs for testing both the computer and external equipment (such as cassette recorders), and 
chapters on expanding memory and controlling analog devices . 176 pp . $8.95 . 

_Periodical Guide for Computerists, January ·December 1977, by E. Berg Publications . This is a 
comprehensive index of all the articles, book reviews, editorials, letters, record reviews , and mis­
cellaneous small inserts and notes from the top 25 magazines in the field. Several thousand articles 
are grouped into over 60 subject categories that are li sted alphabetically for easy reference . At the 
back is an author index, including the major areas of their expertise. An indispensable guide for 
anyone in the fields of personal computing , amateur radio, and electronics . 72 pp . $5.00. 

-Scientific and Engineering Problem Solving With The Computer by William Ralph Bennett Jr is 
one of the most exciting books we've seen in years. Besides teaching BASIC, this lively, lucid book 
prese nts a wealth of imaginative and unusual applications programs taken from many discip lines (A 
sample exercise: "Using the algorithm in the text with the pair-correlation matrix from Hamlet, 
compute the most probable diagram path which starts with the letter T"l. The exercises run the 
gamut from random processes to the dynamics of motion, from entropy in language to the Water­
gate problem. You'll di scover BASIC applications in lasers and in the Fourier series and the law 
(!). In its diversity and elegant style, it ranks with Donald Knuth 's works as a milestone in the art 
of computing . Hardcover $19 .95 . 

_Computer Power and Human Reason by Joseph Wei zenbaum . This book is one which should be 
purchased or read for several reasons . If you're presently a programmer by trade or skill, you'll see 
a philosophy of computer use and abuse propounded. It's genuinely interesting, and definitely 
provocative if you reference the storm of lette rs, counter letters and counter counter letters which 
this book produced in the Association for Computing Machinery's SIGART newsletters during 
1976. If you're a novice to the field, the tutorial and explanatory chapters of this book, which are 
aimed at the layperson, will serve as an excellent background source which is also eminent ly read­
able . This includes an excellent and low level explanation of what an algorithm is, and how com­
puters go about executing effective algorithms. $5.95. 

Prai sed by many critics as the best books in their field, The Art of Computer Programming, 
Volumes I, II and III, are part of a projected seven volume omnibus survey of computer science 
now being completed by Donald E Knuth. 
_Volume I, Fundamental Algorithms, begins with a thorough discussion of the mathematics used 
in computer programming, followed by a treatment of information st ructures, stacks, arrays, 
linked lists, dynamic storage allocation, and trees . 634 pp. $21.95. 
_Volume II, Seminumerical Algorithms, is concerned with random numbers, statistical tests, 
random seque nces, as well as arithmetic (floating point and multiple precision), polynomials, and 
rational arithmetic . 624 pp. $21.95. 
_Volume III deals with Searching and Sorting, and as the name imp lies, the emphasis is on algo­
rithms for so rting, including combinatorial properties of permutations, internal sort ing, optimum 
sorting, and external sorting . Al so included is a section on seq uential searching, hashing, digital 
searching, and more . 722 pp. $21.95. 

A hypothetical assembly language called MIX was developed by the author to illustrate pro­
gramming examples throughout the series . MIX is easily convertible to other assembly languages . 

Professor Knuth writes with style and wit . This classic work belongs on the reference she lf of 
everyone seriously interested in computer science . 
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Photo 3: The Mail/ardet writing and drawing automaton sans clothes. The 
body of the figure is made from strips of brass and wire,' the glass floor 
reveals the mechanism. A modern pen is shown in the automaton's hand. 
Courtesy Franklin Institute. 

The machine is about 30 
inches high and represents 

a child kneeling before 
a desk with pen in hand. 

It is capable of tran­
scribing poetry and 

drawing intricate figures. 
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A point which is obscure to me is that 
the letter forming cams are alleged to 
operate on a polar coordinate system. 
Suppose the letters are formed on X- Y 
.coordin ates. Photo 2 is a greatly magnified 
letter superimposed on a grid of 1 mm 
lines. Now you can appreciate the delicacy 
of the mechanism, for it is clear that a 
deviation of ±0.25 mm at any point will 
make a very different looking letter. (Inci­
dentally, at a 40:1 lever rat io, a 0.25 mm 
movement at the pen is eq uivalent to 
0.00625 mm on the cam face.) Clearly, the 
letters as inscribed on paper are well within 
thi s deviation (see photo 1 and figure 2). 

Look how the es from several different 
words are exact duplicates: Probably the 
deviation is within about a tenth of that 
figure (ie: ±0.025 mm). 

The mechanism is analog, of course, but 
if it were digitalized, the scale applied (reso­
lution) has got to be less than 0.025 mm per 
bit, or in a letter of 8 mm height and 4.5 
mm width: 

8 
0.025 

4.5 

320 bits for height 

0.025 = 180 bits width 

A grid of 320 by 180 e.quals 57,600 points, 
which would be the upper margin of the 
error. The limit is plus and minus this, so 
each letter may be digitalized with 57,600/ 
(2x2) = 14,400 points. But that is the 
amount for each letter, and we have 26 of 
them, which is 14,400 x 26 = 374,400. 
Adding upper case letters, the proper figure 
is 14,400 x 52 = 748,800 bits to digitalize 
the entire alphabet within the limits of error 
the machine consistently displays . You 
may wish to adjust the figures slightly be­
cause not all letters are the size of the y, 
and hence do not require as much storage of 
information (see photo 2). However, many 
letters fall below the line, and the capitals 
are larger than all the lower case, so it evens 
out. We have not taken account of the 
stroke shaping bits, which might require 4 to 
6 more increments of information . Alto­
gether, the machine's "read only memory" 
has over three quarters of a million 1 bit 
bytes stored within it! 

The Draftsman was constructed to re­
semble the Writer, and works in practi­
cally the same manner except that the 
tablet of paper is fixed, and the arm holds 
a pencil instead of a pen. The device moves 
under guidance of a cam cluster and draws 
designs in segments with pauses while the 
mechanism shifts from one cam pair to 
the next. During these pauses the Drafts­
man blows a puff of air from his lips to 
disperse the graphite debris. I would esti­
mate that there might be 20 or more cam 
pairs for each of the four designs (there 
are no depth cams) on a slip of paper about 
2 by 3 inches (5 by 7.5- cm). The designs 
were simplified reproductions of popular 
etchings of the age: cupids in chariots being 
hauled by butterflies, etc ; and the head of 
Louis XV. The little Draftsman appears 
to have elicited a good deal more excitement 
than the Writer, but he was actually easier 
to construct, since the builders profited 
from their earlier experience with the 
Writer and simplified the mechanism. 



Assume that the Draftsman's paper is 
50 by 75 mm, that any point on it could 
play a part in the design , and th at it was 
necessary to provide a mechanism th at 
could discriminate between lin es as close 
together as 0.5 mm (ie: to a tolerance of 
± 0.25 mm) . You end up with a grid of 
50/0.25 by 75 /0.25 = 200 x 300 = 60,000 
points that may be encoded . These were 
parcelled out among 20 "read only mem­
ory" cams. The total information con­
tained in the mac hine would be 60 K bits 
by 4 designs = 240 K bits. The total in­
formation storage was much less because the 
eye can accept more line deviation in a 
drawing than in the formation of a letter. 

The Musician is the triumph of automata 
that counterfeit life. She is 42 inches 
(1.07 m) high, seated at her instrument with 
a pl easant ex press ion on her face . Her 
clothing is rich satin brocade in the elaborate 
style of the period, and her coiffure is 
impressive. She consecutively plays five 
pieces on her instrument, a curious device 
rather like a harmonium but called by some 
acco unts a flute-organ, suggesting tuned 
pipes instead of metal reeds. The keyboard 
consi sts of two arcs of keys, 12 on a side. It 
is double arc shaped because the musi cian's 
arms pivot at the elbows (concealed by lace 
sl eeves on her gow n) enabling her to cove r 
all 12 keys with five fingers. The music, or 
most of it, was composed by J acqu et-Droz 
the younger, a music ian who studied com­
position with Marchal. 

She actuall y fingers the keys that produce 
the music! The mechanism to accomplish 
thi s feat co nsists of a connect ion for each 
digit , and some extremely clever devices 
must be employed to enabl e the ar ms to 
swive l whil e maintaining continuity for the 
digit controlling mechani sm. I leave yo u to 
contemplate th e delicacy of the arra nge­
ments of mechan ism that trigger each finger 
in the tiny hands, but kee p in mind that this 
mac hine is a workhorse; this musician has 
been playing music for 200 years. 

Her programmed move ments arc star­
tlingly life like in the accounts. All lh e 
Jacquet- Droz and Leschot automata turn 
their heads and move their eyes, bU l lhis 
automaton also raises her head to look at 
the audience, drops her gaze, takes a deep 
breath, and starts to play. She turns her 
head as she pl ays and, swaying from side to 
side as ar ti sts will do, breathes all the whil e. 
At the end of a pi ece she looks up an d seems 
to smile, then shyly lowers her gale , drops 
her head, and curtsies. 

Other Musicians 

In 1784 Maill ardet, who was in business 

with Jacqu et- Droz (fils) in London, intro­
duced a new and improved version of a lady 
musician . Sh e played a sort of piano, per­
haps actua ll y a harpsichord, and it is known 
that she had 17 or 18 melodies in her 
programming. She was lost in 1833 when 
sent to St Pete rsburg together with other 
automata. 

The Dul cim er Pl ayer of Roentgen and 
Kintzi ng first appeared in 1780, and was 
said by the magician Robert-Houdin (who 
repaired her in 1866) to have been de­
signed to resemble Mari e Antoinette and 
emulate her ski ll with the str ing dulcim er. 
This figure is fa mous for her beauty, and 
much praise has been lavished on her musica l 
skill, for the instrument is clear ly a diffi cult 
one to play (and is ha rd ly known in this 
cou ntry). Th e mechani sm is a cluster of 
cams moun ted below the figure, conceal ed 
by her gown. 

J N Maelzel, mechanician to the Austrian 
court and late r the propri eto l" of the Chess 
Automaton, perso nall y designed and had 
built a li fe-s ize Automaton TI'umpeter, 
which he ex hibited beginning in 1808. It 
was destroyed in afire, about 30 yea rs 
late r. At least two other trumpeters have 
ex isted . What remarkable mechanism they 
must have contai ned, especiall y in view of 

Don Lancaster's ingenius design provides software 
controllable options including: 

• Scrolling • Full performance cursor 
• Over 2K on-screen characters with only 

3MHz bandwidth 
• Variety of line/character formats including 

16/32, 16/64 .... even 32/64 
• User selectable line lengths 

.................. .. ..... ............... . . .. . ... .. .... .... ... 
: TELL ME MORE! ( ) Send instruction manual Cor the TVT-6 Kit : 

with full operational details. $1 enclosed. 
: ( ) S~ND FREE CATALOG 

Name: ____________ _ 

Address: ___________ _ 

: ELECTRONICS. INC. City: _____ State : ___ Z ip: _ 

~ DEPT. 8-B, 1020W.WILSHIREBLVD .. OKLAHOMA CITY. OK 73116 
.... . ........ .. .............. . ... . ... .. ... . .......... . ....... 
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Note: 

A complete biblio-
graphy for th is part of 
"Antique Mechanical Com­
puters" wi ll appear with 
"Part 3: Human and 
Machine Action and the 
Torres Chess Automaton" 
in September 1978 BYTE. 
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the praise their performances evoked. None 
survives. 

Maelzel invented and displayed, beginning 
in 1804, the Panharmonicon, a compound 
musical mechanism which produced the 
sounds of flu tes, trumpets, drums, cymbals 
and triangle, and plucked strings, a menage 
then called Turkish music and much favored 
by the public. This machine was followed 
by his Orchestrion, imitating the sound of 
the military band (which had become popu­
lar during the French Revolution). An 
improved Panharmonicon, with clarinets, 
vio lins , and violas added, was so well re­
ceived that Maelzel commissioned music 
from Dussek, Pleyel, Weigl, and even 
Beethoven, whose "Wellin gton's Victory," 
opus 91, emp loying the Automaton Trum­
peter as well as the orchestra, had its pre­
miere on Decembel' 8 1813, in Vienna. 
These devices were the first of the pro­
grammable multiple instrument machines 
so popular 75 years later. 

A Combination Automaton by Maillardet 

It was known that Maillardet, constant 
collaborator with the Jacquet-Droz and 
Leschot organization, had constructed a 
writing and drawing automaton about 1811, 
which was exhibited in London in 1815, 
and was owned by several persons until 
1833 when it was sent to St Petersburg 
where it disappeared. 

Long ago a resident of Philadelphia men­
tioned to a staff member of the Franklin 
Institute that his fami ly owned an auto­
maton that drew pictures and wrote poems. 
He supposed it to be Maelzel's work. When 
the owner's house was destroyed by fire, 
reducing the automaton to a "mass of 
cams and wheels," the museum acquired 
it, but it took immense patience and care 
on the part of the museum restorer, Char les 
Roberts, to make the machine completely 
whole. In the restoration process the sex of 
the automaton was changed. When the ti me 
came to sample the machine's program, it 
was found to be Maillardet'smissing auto­
maton (see photo 3 in this article and 
Charles Penniman's article, "Philadelphia's 
172 Year 01 d Androi d" in th is issue, page 
90). 

The machine is about 30 inches (76 cm) 
high, and represents a chi ld (originally a 
li tt le boy, as alluded to in one verse, and in 
an 1812 encyclopedia artic le) kneeling 
before a desk and holding, since restoration, 
not a brush but a pen. The mechanism is 
in the base and consists of a common shaft 
holding about 60 cams, each one 6 inches 

(15 cm) in diameter. The whole is driven by 
a pair of powerful spring motors. Three 
triplets of cams are devoted to each of the 
seven productions of the automaton, except 
that the depth cams are minimally em­
ployed. The follower arms, one for each 
dimension of the drawing, are jewelled 
and move from pair to pair of cams in the 
course of one machine cycle (one drawing). 
The automaton executes its seven produc­
tions rapidly, completing one in 7 to 8 
minutes. This would appear to explain 
Maillardet's need to skeletonize the 60 
programming cams: they turn rather swiftly 
(about 3 mm of linear motion per second) 
and at changeover they must be brought 
quickly to a halt, then accelerated to work­
ing speed again. Storing al l information on 
three pairs of large cams per production 
would have made grinding the cam faces 
much easier, and would have minimized the 
effects of wear compared to a small cam. 
Shifting to a new program is done by simp ly 
sliding the common shaft laterally to set 
up a new triplet of cams. 

Maillardet evidently took it as his task to 
produce a machine that worked on its pro­
ductions rapidly and casually, perhaps 
in the manner of a person inspired. The 
sketches are marked more by fluency of 
line than by precision, but they are very 
sophisticated, as a glance at the ship sketch 
will show (see page 91). The poetry is in ter­
esting and is done more in the manner of a 
design with scriptwriti ng than writing in 
script (see figure 2). 

I n terms of brute force memory storage, 
if eqch of the points 1 mm apart on an 89 by 
120 mm paper is to be stored, 10,680 points 
would be required. But discriminating be­
tween points with an error of no more than 
1 mm requires ± 0.5 mm precision, result­
ing in 42,720 points that must be stored on 
the three triplets of cams. But this is the 
amount of point storage required for one 
production. There are seven of them, so the 
total storage capacity within the machine is 
42,720 x 7 = 299,040 points (with ±0.5 mm 
precision). This figure, the digital equivalent 
of the ana log storage, begi ns to make the 
impressive forest of cams seem more useful. 

All of the above speaks about the infor­
mation capacity (in terms of a grid of 
points) necessary to encode the designs and 
script that our automata can produce by 
analog means. The great majority of those 
digital data would not be employed in a 
display, just as an automaton will not in­
scribe marks on, say, more than 2 percent 
of the area of paper avail able to it. There is 
a lot of wasted (unused) space in any charac-
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ter generator. For example, most of the 
billions of micrograins of silver halid e in a 
sheet of emulsion are not actually developed 
and play no part in a photographic negative. 

IICOMPUTE YOUR 
SAVINGS" 

S.D. Sales 64K Memory Kit 
S.D. Sales Versafloppy 

Disk Kit 
Vista Mini Floppy -

Assembled 
IMSAI8080 Kit 
IMSAI8080 Kit with S.D. Sales 

Expandoram 32K Kit with 

LIST 
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99900 

14900 
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69900 
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CASH 
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12495 
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56995 

The same is true of standard character 
generator read on ly memories where th e 
5 by 7 matrix with its 35 points is the 
absolute minimum matrix you can employ 
and still produce recognizable, if not particu­
larly legible, alphanumerics. Even so, 50 
percent of these bare minimum 35 points 
are not util ized for any given character, 
hence there is 50 percent waste. Premium 
character generator read only memories are 
set up to use a great many more points , and 
their displays are still manifestly coarse in 
structure ("crude" would not be too strong 
a word, when you know there is something 
much better) . 

8K of Chips 85000 64495 

Ask About Our Prices on 

Here we are sim ply making visi bl e the 
difference between analog and digital modes 
of storing information. The analog mode is 
obviously more economical, for there are 
nowhere near 750,000 jiggles in 20 cams. 

North Star, Vector Graphic, Cromemco, 
Solid State Music, TOL, Mullen. 
Quantities Limited . Shipping and Insurance Extra . 

Prices Quoted Include Cash Discounts. 

Bus .... 5 - ~ [] [] .. ~ n (: . Next month , we'll conclude with a final 
example in this series about antique auto· 
mata, the chess playing robot of Torres 
(circa 1911) and some philosophical com­
ments on automata.-

Address ... 7 White Place 
Clark, N.J. 07066 

Interface ... 201-382-1318 

BASIC is BASIC is 
And BASIC does what it should. But if you're ready to step up 
from Beginner's All-purpose Symbolic Instruction Code, look 
at OPUS, the high-leveI8080/ Z80 language from A.S.I. ... roots 
in BASIC, but designed for business applications. OPUS gives 
you the capabilities you need, like extended precision, string 
handling, and easy formatting. OPUS/ TWO takes up where 
OPUS/ONE leaves off, allowing subroutines, overlays, and 
extended disc file management. 

But we didn't stop there. OPUS programs and data are 
directly upward-compatible, all the way up through TEMPOS, 
A.S.I.'s multi-user, multi-tasking operating system. 

Ask your dealer, or contact A.S.I. We'd like to tell you more. 

OPUS/ ONE . .. . ...... $99.00 OPUS/ TWO . .. ... .... $195.00 
S.O.S. . . . . ... . ... . .. . . $385.00 TEMPOS . ... . .. ...... $785.00 

••• 

_'ill ..... ... ADMINISTRATIVE SYSTEMS, INC. 
1IIIiikll~if~1 1642 S. Parker Road, Suite 300 

ORDER A MANUAL NOW and we'll apply the price 
toward your software purchase. 

OPUS User's Manual ..... ..... ... . ... ....... $12.50 
S.O.S. Manual Set (includes OPUS Manual) . .. . . $20.00 

Denver, Colorado 80231 (303) 755-9694 TEMPOS Manual Set (includes OPUS Manual) .. $20.00 

MASTER CHARGE and VISA accepted. 

Add $1.50 per manual (set) for shipping/handling in U.S. 
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That's the word that sums up the dynamic small computer show in New 
York that was established last year at the Coliseum. The lecture areas were 
filled by interested people, the exhibits were great, the attendance was the 
highest of any small computer show in the country. 

The big point is that everyone who came went away happy. Accountants, 
hobbyists, lawyers, doctors, brokers, retailers, business people, program­
mers, research scientists and just plain homeowners. 

The second big point is that we're doing it again . This time, bigger and 

better. Top seminars, top exhibits. r-----------
Small computers from $500 up, • 
software and kits. • NAM E • 

Save time. ~I A DDRESS (please pr int) I 
Get your tickets ~~t~d me tickets in advanceSf~:epe rsona l & Busf~~ss Small I 

in advance by mail. I Computer Show, Sept. 15-17, 1978, in the New York Coliseum . I 

It, ~ PERSONAL & BUSINESS 
. SMALL COMPUTER SHOW 

78 East 56th Street, New York , N.Y. 10022 
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I 
(Check One) One Day ($5)_ Two Days ($9)_ Three Days ($13) _ I 
Send check o r money order (U .S dollars ) payable to 

• 

Personal & Business Sma ll Computer Show to 78 E. 56th St. , • 
Ne'N '(ork N Y 10022 ._--------_..1 
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IN NEW YORK! FREE SEMINARS 
Personal & Business Small Computer Show offers the following: 

INTRODUCTORY 

Inl roductlon 10 Small Business Systems 
Inlerfacing 10 the Real World 
In troduct ion to BASIC 
Hardware/Software/Sys tems Tutorial 

SOFTWARE 

Dala Bases & File Handling 
Int roduction to CP/M 
Introduction to PASCAL 
Inl roduction to APL 
SBS: A New Data Base Manager. Language and Operating System-a Sof twa re 

Bre akthrough that Gives Min icompu ter Power to a Micro- for Business 
Applications. from Computel M, rt of New Jersey 

SMALL BUSINESS APPLICA TlONS 

Tex t Editing/Word Processing 
General Ledger/Acc 'nts Receivable & Payable 
Ma iling Lists 

RECREATIONAL APPLICATIONS 

Robotics 
Music 
Computer Games 
Art. Graphics & Animation 

HOUSEHOLD APPLICA TlONS 

Budget Management 
Inves tment Analysis 

PROFESSIONAL APPLICA TlONS 

Patient & Client Bil ling 

EDUCATIONAL APPLICATIONS 

Light Pen Graph ics 
Simulations & Gaming 

All seminars run about 50 min s. and are scheduled twice . Write for da il y and hourly schedul es. special ho le l ra les. e tc. Lectures subjec t to change . 

IN NEW YORK! AVAILABLE TUTORIALS 
IEEE COMPUTER SOCIETY 

Tut o rial s are o ffered by the IEEE Co mputer Soc iety in conjunc tio n with For f urther informati o n on the technical backg round required , the con ­
the show . Each tut or ial cos ts as fo ll ows : m embers , $45 ; non-m embers, ten t o f the tuto ri a ls , or th e IEEE , w rite to Dr . Daniel R. McGlynn , 71 N . 
$50 , and s tudents , $35 . Moger Ave. , MI. Ki sco, N .Y. 10549 

5 TUTORIALS BY SYBEX 

Microcomputer Selecllon-Sept. t 6 
Intlo to Microprocessors-Sept. 15 
Programming Microprocessors-Sept. 16 
Designing a Micro Sys tem-Sept 16 

·I nte rf ac lng Techniques-Sept. 17 

• Pre requi sit e-Int re to Microprocessors 

Al l Sybex tUlorlal s lun lor three hours COSIIS $29.95 each up 10 Sepl 8 
$35 each at ,he dool . All are given in Ihe Coliseum SI10W ticket IS needed 101 
entry. Please use coupon for advance ticket 

(Fol regis trat ion and more deta ils wfl te to Sybex . 2020 Mllvla. Berkeley . CA 
94704) TEL' (41 5) 848-8233 

GENERAL ATTENDANCE INFORMATION 

The show will occ up y th e fo urth fl oor o f the New York Co liseum located 
at 59th SI. & Columbus Circle . There is a parking garage in the buildin g 
and th e s ite is served by man y subway lin es and buses . 

Visitors from o ut of town may obtain special hotel rates f rom our head ­
quarters hotel , the Barbizon Plaza , just two blocks from the show . 
Singles $44, do ubl es $52 . Identify yourself as attend ing the sho w an d 

req uest those rates. 

Adm iss ion to t he show at the doo r is $5 .00 per day , per perso n . Di sco unt 
ti ckets fo r groups o f ten or more available in advan ce only by mail at $4 
per person per day . Enclose check or m o ney order for all ticket orders 
payable to Person al & Bu s iness Small Compu ter Show . Fo r further infor­
mation call (212) 753-4920 . 

PERSONAL & BUSINESS SMALL COMPUTER SHOW SHOW HOURS 

78 EA ST 56TH STREET 
NEW YORK , N .Y . 10022 

""""w York Coii",eul'n 
Sept. 15-17, 1978 

Sept ' J -'. -:O~ : ~: " p !" 

Sept. 16- 10 a.111 . t08 p.m 
Sept. 17- noon to 7 p.m. 
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David A Mundie 

104B Oakhurst Cir 

Charlottesville VA 22903 
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In Praise of PASCAL 

As has been pointed out in these pages 
before, personal computing wi ll never 
achieve its ful l potential as long as our 
state of the art machines are hobbled down 
with a language as far from state of the art 
as BASIC is. Some have argued for designing 
a special high level language for micro­
processors, but I personally fai l to see why 
we don't just implement PASCAL and be 
done with it. I wou ld like to look briefly 
at the language itself and try to exp lain why 
it seems the logical choice to me. 

I am an app li cations programmer with no 
theoretical interest in computing whatso­
ever. What I like about PASCAL is not the 
theory of its design, though that seems 
sound enough, but rather the fact that it 
lets me formulate my problems in my own 
terms. In PASCAL more than in any other 
language I know, I can remain on the abo 
stract, algorithmic leve l where, as a human 
being, I function best. Because of this 
pragmatic bias, much of what follows wi ll 
be an informal discussion appealing to the 
reader's intuitions rather than a technical 
demonstration. I shall use BASIC for com­
parative purposes, since it is the tyrant in 
the fie ld . 

I find PASCAL easy to use because it 
al lows me to define new data types which 
express my data meaningfully. It provides 
contro l structures with which I can express 
what I want done to my data clearly and 
naturally. PASCAL all ows and encourages 
me to formulate my thinking in a structured 
way. Let us examine these three aspects of 
PASCAL in reverse order. 

Program Structure 

PASCAL is a resolu tely structured 
language. A PASCAL program is structured 
into blocks. Each block bears a heading 
which gives it a name and spec ifies its 
parameters. Roughly speaking, a block 
consists of a definition part, in wh ich 
constants, types, variables, and subroutines 
are defined, and an act ion part, which con­
tains the algorithm of the block . This 
rigorous separation of data definition and 

algorithm expression is partly responsible, 
it seems to me, for the greater legibility of 
PASCAL compared to ALGOL. 

Subroutines are themselves block struc­
tured and may thus be nested with in one 
another. This allows the declaration of 
"local" variab les and subprograms, meaning 
that storage may be allocated efficiently; 
yet it is easy to guard against unwanted side 
effects. 

What does all this mean for the practicing 
programmer? The answer may perhaps best 
be seen in the light of a claim recently re­
peated by David Higgins in the October 
1977 BYTE ("Structured Program Design," 
page 146). Higgins presents the now well 
estab li shed arguments in favor of structured 
programming, but goes on to contend that 
once a program is designed in a structured 
way, using for examp le Warnier-Orr dia­
grams, "it does not matter what program­
ming language you code it in." This assertion 
seems pretty improbable on the face of it, 
and if true it would be a powerful argument 
against PASCAL. I think that a rapid ex­
amination of two test cases will show it to 
be quite unjustified. 

Let us take our test cases from the "bug" 
program which Hi ggins uses as his own 
examp le. Higgins would have us break the 
program down into three parts, as expressed 
in the following Warnier-Orr diagram : 

bug program games (1 ,g) 
{

begin program 

end program 

Nothing in the BASIC listing which accom­
panies the artic le even remotely suggests 
this overall algorithm. Look at what we 
might have in an equivalent PASCAL 
progl'am : 

program bug; 
begin 

beginprogram; 
games; 
endprogram 

end. 

Need I point out that to al l intents and pur­
poses the PASCAL program is the Warnier­
Orr diagram, with on ly a few notational 



Circle 143 on inquiry card . 

SAVE THE WHALE 
The world's best computer may be inside a Sperm Whale's head. 
The Sperm Whale has the largest brain of any creature that has ever existed 

on our planet. The brain of this 18-meter marine mammal weighs up to 9 kilograms. 
It uses echo-location to find giant squid at ocean depths of over 1,000 meters. 
More than 13,000 sperm whales are scheduled to be slaughtered this year 
by agreement of the International Whaling Commission. 

The CONNECTICUT CETACEAN SOCIETY is a small, totally volunteer, 
non-profit education and conservation organization dedicated 
to seeking the abolition of all whale killing. Any 
concerned citizen can help our efforts by sending 
name and address and a $10 or more contribution to: 
CCS, P.O. Box 145, Wethersfield, CT 06109. 

There are two mountain peaks 
of evolution on planet earth : 
on the land, homo sapiens­
human beings; in the sea, 
cetaceans- whales , dolphins, 
and porpoises . 

D ralL,jng by 
Don Sirulr 

.. --"" "--' 

Spring into Season 
with a BYTE T-shirt 

Circle 38 on inquiry card. 

.. ::;.:..../~ : .. > 
0- ., . . - ' .. ";?< .. 7. 

At last! No more wardrobe crises! BYTE T-shirts are here! 
Now you have the perfect garb for computer club meetings, 
Altair Conventions, playing Shooting Stars and computer 
chess. (A pair of trousers from your own closet is suggested 
as an addition to the BYTE T-shirt. BITS can't do every­
thing for you.) 

BYTE T-shirts are of top quality 100 % cotton or cotton­
polyester. The original design, by artist Judy Lee Rehling, is 
silk-screened in red on white shirts with blue trim on collars 
and sleeves, or on blue heather shirts. 

~----------------------
BITS. Inc. Dial charge card orders toll free 1-800-258-5477 . ... 
70 Main St. 
Peterborough NH 03458 

Please send m e: _extra large 

_large 

_medium 

_small 

Total enclosed $, ____ _ 

_ blue heather 

_ white with blue trim 
and red letters 

T·shirts @ $5.50 each 
(in cludes postage and 
handling). 

Bill MasterCharge No. _______ _ Exp. Date __ _ 

Bill BankAmericard No. ______ _ Exp. Date' __ _ 
Name' ____________________ _ 

Address; ___________________ _ 

City _________ ---"'State· ____ ---L7 ip, __ _ 

Signature' __________________ _ 

In unusual cases, processing may exceed 30 days. 
Prices shown are subject to change without notice. 
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TURN 

BEGI N TUR N 

RO LL : "l" 
10.11 

RO LL : "2" 
10.11 

RO LL : "3" 
10 .11 

RO LL : " 4 " 
10.11 

ROL L : "5" 
10,11 

ROL L : "6" 
10.11 

differences such as the repl acement of the 
brace by the symbols begin and end ? Are we 
rea ll y asked to believe that thi s one to one 
corresponde nce between the probl em and 
the program does noth in g to si mplify the 
programming task? On the contrary, it 
simplifies matters enormously . 

Considerations of space preve nt me from 
giving the rival BASIC and PASCAL versions 
in full. Another striking example is pre­
sented in figure 1 and li stings 1 and 2, 
wh ich show the Warn ier-Orr di agram for th e 
" turn" subprogl'am, Hi ggins' codi ng of the 
subp rogram in BASIC, and the PASCA L 

{ RO LL THE DIE 

{

PLAYER A LREADY HAS A BODY 
10.11 

8 
PLAYER ALREADY HAS A BODY 

10 .11 

{

HAS BODY 
(0. 11 

0) 
---
HAS BODY 

(0.11 

{

HAS NECK 
10.11 

0) 
HAS NECK 

10.11 

{

HAS HEAD 
10 .11 

0) 
HAS HE AD 

(0 .11 

{

HAS BODY 
(0 .11 

0) 
HAS BODY 

10.11 

{

HAS BODY 
10,11 

0) 
HAS BODY 

10,11 

{

HAS N ECK 
(0,11 

8 
HAS NECK 

{ SKIP 

{

HAS HEAD 
10.11 

0) 
HAS HEAD 

{ SK IP 

{

2ANTENNA 
(0 ,11 

8 
2 ANT ENNA 

10,11 

{ SK IP 

{

HAS TAI L 
10,11 

0) 
HAS TAIL 

{ SKIP 

HAS 6 LEGS 
10,11 

{ SKIP 

{ SK I P 

{ G IVE PLAYER A BODY 

{ SK IP 

{ G IVE PLA YER A NECK 

{ SK IP 

{ G IV E PLAY ER A HEAD 

{ SKIP 

{ G IVE PLAYER AN ANTENNA 

{ SK IP 

{ G IVE PLAYER A T A I L 

{ SK IP 

{ G IVE PLAY ER 1 LEG 

Figure 7: Warn ier-Orr diagram for subprogram "turn " of the bug program, 
This is clear, but note how much bulkier it is than the PASCA L program in 
listing 2, The Wamier-Orr diagram won't even run on a computer. 
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equival ent. Hi ggi ns cal ls his BASIC codin g 
"simpl e and stra ightforward ." Tastes differ 
but that is a phrase I would have rese rved 
for the PASCAL version . Hi ggins has had to 
fake tru Iy structured programm ing in a 
language which fights hi s efforts eve ry step 
of the way, and the resul ts are tortured 
and confu sing. I n contras t, the PASCAL 
coding is, once aga in , a nea rly pel'fect 
reflection of the Warnier-Orr di agram, so 
much so, in fact, that most PASCAL use rs 
will probably fee l, as I do, th at the diagrams 
are a use less intennedial"Y step, less clear 
and bu lkier than the program itself. Th e 
intent of th e PASCA L program segment is 
so transparent that in my opinion it could 
alm ost be understood by a compl ete pro­
gramming novice. 

Before leav in g the topic of program struc­
ture, we should pel'haps remark that PASCAL 
subprograms (procedures and fu nctions) 
bear nam es, not numbers, virtua ll y elimina­
ting the need for the comments which 
pep per any well documented BASIC li sting. 
Furtherm ore, because PASCA L subprograms 
can have parameters, the programmer is 
encouraged to use a singl e subprogram for 
a si ngle task. Hi ggins has written separate 
subp rograms for each body part, whereas 
for a PASCAL user it is virtuall y impossible 
to res ist the temptat ion of pass ing the 
arrays body, neck, head, etc, to a si ngle 
proced ure "give" as parameters. 

Algorithm Expression 

Program structure alone does not explain 
the relative clari ty of the PASCA L li st ing 
in li sting 2. We may also use th at li sting to 
illustrate the too ls which PASCAL provides 
for expressing algo rith ms, 

Logical operators : PASCAL provides th e 
logical operators (and, or, and not) which 
are so painfully lacking in BASIC and with­
out which ex pressi ng an algor ithm is so 
clumsy . The use of th e operator and in th e 
turn subprogram is a good example; or the 
reader may want to ex press " if (x=l) or 
((y> 2)and(z=3)) th en . .. " in BASIC. 

Conditional statements: PASCAL's if 
stru cture groups statements with the cond i­
tions for their execution, The if state ment is 
of the form: 

if<express ion > 
then < statement 1 > 
else< statement_2> 

The express ion is eva luated as be ing either 
tru e or false, If it is true statemenL 1 is 
performed; oth erw ise statement_ 2 is per­
formed. Suppose the express ion is: X=l. 
In Engl ish the if statem ent translates to: 

if X eq uals 1 then · perfo rm state­
ment_ l ; else perfol'm statemen t_ 2. 



PASCAL offers a very flexible case state­
ment which is remotely related to the com­
puted GOTO statement to be found in some 
BASICs. It is much more powerful because, 
among other things, selector values need 
not be contiguous, and actions Me gmuped 
with the conditions for their execution. 
A good example of the case statement's 
clarity is to be found in the procedure 
" turn," where the act ion taken depends 
on the value of roll. 

Repetitive statements: BASIC provides 
only one repetitive control structure: th e 
FOR statement. But there are innumerable 
situations where we do not know ahead of 
time how many times a. given action is to 
be repeated. In such cases BASIC users have 
two choices. One is to set up a dummy 
FOR statement with a jump out of it when 
a certain condition is met: whence the 
ubiquitous" FOR 1=1 TO 9999" statements 
in BASIC programming. This is bad because 
it seriously disguises the intention of the 
algorithm. One's natural expectation is for 
such a loop to be executed 9999 times, but 
that is not the case. The other solution is 
for the programmer to fake an appropriate 
control structure with GOTOs or cond i­
tional jumps. That is what Higgin s has done 
in h is program to express the fact that the 
computer and the human take turns until 
the game is over: 

210 REM TURNS (l,T) 
220 LET EGAM = 0 
230 GOSUB 390 
240 IF EGAM = 0 THEN 230 
250 REM END GAME 
260 GOSUB 1150 

This is no doubt the best one can do in 
BASIC, but just consider how much more 
elegant the PASCAL version is: 

repeat turns until endofgame 

This is typical of the way in wh ich 
PASCAL's control structu re s make al­
gorithm expression a source of joy rather 
than a contortionist exercise. In addition to 
the repeat statement, PASCAL offers a 
while statement for the case when an action 
is to be repeated as long as a cond ition is 
true. 

Data Definition 

Now that we have seen how much easier 
it is to express what one wants done to data 
in PASCAL than in BASIC, let us turn to 
the wonderful data types which PASCAL 
makes available for manipulation. Data types 
are the programmer's buffer between hi s 
abstract formulation of an algorithm and the 
messy realm of bit level detai ls where that 
algorithm will eventually be executed. 
PASCAL makes defining new types a trivial 

task. Once a new data type is defined, it 
is in effect illdistinguishable from a pre­
defined type alld may be used in any way a 
pl'edefined type may be. We leave BAS IC 
behind at this point, since that language 
has no faci li ties for creat ing new types. 

The bug program was too simp le to 
provide exampl es of data structur in g, so 
we shall have to turn elsewh ere. Being a 
bil'dwatchel', I shall replace the traditional 
"Christmas card list" exampl e by a bird data 
bank. I can do no more than sk im th e sur­
face, so I ask the reader's indulgence if some 
of the li st ings are not fully exp lained. I 
am not trying to teach PASCAL, but merely 
to spa rk intuition s. 

PASCAL distinguishes between simple 
and structured types. Let us examin e each 
in tum . 

Simp le types: These are the basic build­
ing blocks of whi ch any structured type, 
no matte r how compl ex, is ultimately com­
posed. In addition to intege r, real, and 
character types, PASCA L offers two addi­
tional simple types which as far as I'm con­
ce rned co me close to exhaust ing th e simple 
types needed in a genera l purpose language. 
The first is the defined scalar type, and is 
defined by simpl y li sting the va lues which 
a variab le of the new type may take on. 

490 REM TURN SUBROUTINE 
500 REM PLAY=l;PLAYERS TURN - PLAY=2;COMPUTERS TURN 
510 REM ROLL DIE 
520 LET ROLL = FIX@(((RND(0» * 6 .0» + 1 
530 PRINT:"ROLL IS A",ROLL 
540 IF ROLL = 1 THEN IF BODY(PLAY) = I THEN GOSUB 690 ELSE;ELSE; 
550 IF ROLL = I THEN 650 
560 IF ROLL = 2 THEN IF BODY(PLAY) = 1 THEN IF NECK(PLAY) = I THEN GOSUB 760 
570 IF ROLL =2 THEN 650 
580 IF ROLL=3 THEN IF BODY(PLAY)= I THEN IF NECK(PLAY)= 1 

THEN IF HEAD(PLAY) ,,1 THEN GOSUB 820 
590 IF ROLL=3 THEN 650 
600 IF ROLL = 4 THEN IF HEAD(PLAY)= 1 THEN IF ANTE (PLAY) =2 

THEN GOSUB 880 
610 IF ROLL=4 THEN 650 
620 IF ROLL = 5 THEN IF BODY(PLAY)=1 THEN IF TAIL(PLAY) = 1 THEN GOSUB 940 
630 IF ROLL=5 THEN 650 
640 IF ROLL = 6 THEN IF BODY(PLAY)=1 THEN IF LEGS(PLAY) =6 THEN GOSUB 1000 
650 LET A=3 
660 RETURN 

Listing 7: BASIC listing for Warnier-Orr diagram in figure 7. This is the best 
one can do in BASIC, but is still a far cry from the clarity of the PASCA L 
listing. 

procedure turn; 
begin roll:=trunc(random(1 )*6)+1; writeln('ro ll is a',ro ll) ; 

case roll of 
1: if(body[player] * 1 )thengive(body); 
2: if(body[player] =1 )and(neck[player] * 1) then give(neck); 
3: if(n eck[player] = 1 )and(head[playerl * 1) then give(head); 
4: if(head [play er] = 1 )and(ante[playerl * 2) then give(ante); 
5: if(body[player] = 1 )and(tail[player] * 1) then give(tai l) ; 
6: if(body[player] =1 )and(legs[player] * 6) then give(legs) 

end 
end; 

Listing 2: The PASCA L listing equivalent to listing 7. Note the clear affinity 
between the listing and the Warnier-Orr diagram. Notice that arrays are in­
dexed using square brackets. 
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Suppose I need a data type for the various 
habitats in which a bird may appear. In 
PASCAL I write: 

type h = (ocean,rivers,fieldS,suburbs, forests, 
mountains) 

A variable of type h may take on any of 
the values listed. This means that while 
programming I may continue to think in 
terms of habitats, and am not forced to 
descend from that abstract level and think 
in integers, as I would have to do in BASIC. 
This also makes for virtually self-explanatory 
programs. Compare "I F HAB IT A T=3 
THEN ... " with the much more transparent 
"if habitat=fields then .... " 

The second simple data type is the 
Boolean, and is extremely useful in pro­
gramming since one is constantly control­
ling program flow with Boolean expressions. 
Boolean variables take on the values true 
and false. Languages without such variables 
must make do with integers, which muddles 
things since one's natural expectation is for 
integers to count something. The PASCAL 
user may simply write "if good then ... ", 
which is the way we think; the BASIC 
programmer must write "I F GOOD = 1 
THEN ... ", which is alien to the way we 
think. 

A large part of PASCAL's elegance comes 

NORTH STAR BASIC PROGRAMS 
HUNDREDS SOLD, EACH SYSTEM COMPLETE ON DISKETTE 
READY TO RUN. WORD PROCESSING, NORTH STAR TUTO· 
RIAL I, NORTH STAR TUTORIAL II (TEACHES NORTH STAR 
BASIC), ACCOUNTS PAYABLE, ACCOUNTS RECEIVABLE, 
PA YROLL, GENERAL LEDGER, MEDICAL-PROFESSIONAL, 
BILLING, SALES WITH SALES ANALYSIS AND GROSS PRO­
FIT, INVENTORY, HISTOGRAM GENERATOR, COMPUTER 
CHESS, MAILING LABELS. $35.00 each. 

SOFTWARE LOCATER (LOCATE, INDEX·FREE SOFTWARE), 
CHECKBOOK BALANCING, BOWLlNG·GOLF HANDICAPPER, 
COIN COLLECTION INVENTORY, IMPORTANT DOCUMENT 
LOCATER, BUDGET PLANNER, GAME DISK. $25.00 each. 

10 TESTER, COMPUTER MEMORY DIAGNOSTIC PERSONAL 
FINANC!;:, BUSINESS FINANCE, BIORHYTHM GENERATOR, 
DIET PLANNER, CRYTOGRAPHIC ENCODER, MATH TUTOR, 
A SORT UTILITY. $15.00 each. 

EQUIPMENT REQUIRED, SINGLE DRIVE, 8K FREE MEMORY, 
PRINTER OPTIONAL. 

TRS·80 LEVEL I & II (ON CASSETTE) STOCK MARKET ANALYSIS, 
GRAPHICS, TREND LINE ANAL YSIS, BUSINESS APPLICATIONS. $15.00. 

BLANK DISKETTES $3.80 (UNDER TEN ORDERED, ADD $2.00 FOR 
SHIPPING; OVER TEN SHIPPED POSTPAID). 

CPM COMPATIBLE BASIC PROGRAM LISTINGS ALSO AVAILABLE. 
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SOFTWARE 
DEPT. 11 P. O. BOX 2528 
ORANGE, CA 92669 

Circle 6 on inquiry card. 

from the fact that in most contexts th ese 
simple or scalar types may be used indif­
ferently. Thus for example the type h as 
defined above could be used as the index 
variable in a for statement: 

for habitat := ocean to mountains do 

or in a case statement, or as the index type 
of an array: 

if foundin [fields] then 

Furthermore, functions may retu rn any 
scalar type: we have already seen the func­
tion "endofgame" which returns a Boolean 
value. 

Structured types: In addition to the 
simple types, PASCAL offers five different 
structuring methods: arrays, records, sets, 
files, and pointers. These different methods 
may be combined in virtually limitless 
ways. One may have files of arrays, pointers 
to records, arrays of sets, pointers to files 
of arrays of records, and so on . This extreme 
flexibility of data structuring methods is 
one of PASCAL 's most excit ing features. 
The type array should be familiar, but let 
us look bri efly at the other four structured 
types. 

Sets : Each bird in my hypothet ic al data 
bank has associated with it a set of hab itats 
in which the bird may be found. Having 
defined the type h as above, all I need to do 
to set up a variable habitats which will be a 
set of different habitats is to write : 

var habitats: set of h 

Wh en constructing the ent ry fo r the robin , 
I will write: 

habitats := [fields,suburbs] 

thus assigning to the robin the set of habitats 
containing the two elements fields an d 
suburbs. When going on a trip to the moun­
tains, I can test wheth er mountain s are in a 
given bird's set of habitats by the following 
simple test: 

if mountains in habitats then 

Imagine trying to do this in BASIC. PASCAL 
provides a variety of set operators which 
allow set manipulation in all its generality. 

Records : Let us im ag ine that each entry 
in my data bank will contain the bird 's 
name, its length, and a set of habitats where 
it may be found. The entry cannot be an 
array, since components of arrays must all 
be of the same type. The appropriate data 
type is the record, defined in PASCAL as 
follows: 

type bird = record 
name: string; 
length: real; 
habitats: set of h 

end 



Everything you've ever 
wanted to know about 
microcomputers in 
g~';$l8~9~ book Over 400 pages. Full 8W x 11" s;ze. 

The ultimate book 
about microcomputers. 
Written by experts 
... SCELBI and BYTE. Over 
400 pages. A collector's item, 
featuring The Basics 
from the first 16 issues of BYTE and SCELBI's 
classic library of books. Your microcomputer 
bookshelf is incomplete without this priceless edition. 

YOU can't buy information 
organized like this any­
where. This is the book 

that everyone who is into micro­
computers needs for reference, 
for ideas, for clues to problem 
solving. It is a truly authorita­
tive text, featuring easy-to-read, 
easy-to-understand articles by 
more than 50 recognized pro­
fessional authors, who know and 
love microcomputers from the 
ground up. Logical and com­
plete, it features many glos­
saries, and is illuminated with 
profuse illustrations and photo­
graphs. 

The ScelbilBYTE Primer is 
divided into four logical sec­
tions, that take you from point 
"0" through building and pro­
gramming your own computer ... 
step-by-step-by-step. 

What can you do with a micro­
computer? Checkbook balanc­
ing. Recipe converting and food 
inventory. Heating and air condi­
tioning control. Home and busi­
ness security and management. 
Playing the ponies. Analysis of 
the stock market. Maintaining 
massive data banks. Self-instruc­
tion. Toys and games. Small 
business accounting and inven­
tory. And lots, lots more. 

Circle 322 on inquiry card. 

How does a microcomputer do 
it? Lots of "how to" theory. in­
troducing you to microcomputer 
operation. 6800, 6502, Z80 CPU 
chip capabilities. RAM and ROM 
memories. Addressing methods. 

Over 400 pages. Selected articles 
from BYTE and SCELBI books. 
Profusely illustrated. Many 
photographs. $10.95, plus $1 
shipping and handling. 

How to control peripherals. 
Transmission of information to 
and from computers. Magnetic 
recording devices for bulk stor­
age. Analog to digital conver­
sion. How a computer can talk. 
Other 1/0 techniques. And more. 

Order your copy today! 
SCELBI COMPUTER 
CONSULTING INC. BITS 
Post Office Box 133 PP STN 70 Main Street 
Dept. B Peterborough, NH 
Milford, CT 06460 03458 

1-800-258-5477 

Prices shown for North American customers. 
Master Charge. Postal and bank Money 
Orders preferred . Personal checks delay 
Shipping up to 4 weeks. Pricing, speci fic a­
tions, availability subject to change without 
not ice_ 

All about building a micro­
computer system. Over 12 com­
plete construction articles. Flip­
flops. LED devices. Recycling 
used ICs. Modular construction. 
Making your own p.c. boards. 
Prototype board construction. 
Make your own logic probes. 
Construction plans for 6800 and 
Z80 computers. Building plans 
for I/0s - TV and CRT displays, 
cassette interfaces, etc. Mathe­
matics functions. ROM program­
mer. Plus much, much more. 

How to program a micro­
computer. Programming for the 
beginner. Assembling programs 
by hand. Monitoring programs. 
Number conversions. Game of 
Hexpawn. Design your own as­
sembler. Lots more. 

And that's only the beginning! 
Others have spent millions ac­
quiring the type of microcom­
puter information found within 
the 400 pages of The Scelbil 
BYTE Primer. But, it costs you 
only $10.95, plus $1 for postage 
and handling, complete! You 
know the quality of Scelbi and 
BYTE. This is your assurance of 
excellence throughout this MUST 
text. Order your copy today! And, 
get one for a friend! 
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name 
length 
habitats 
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This is a simple and log ica l way of grouping 
data of different types into a meaningful 
whole. Given variab les robin and redbreas t 
of type bird, a simple ass ignment statement 
wil l set one equa l to the oth er: 

robin :; redbreast 

To test whethel- a robin is more than 20 cm 
long, we would have : 

if robin. I ength > 20 then 

and so on. These al-e simp le examples, but 
they suffice to illu sU-ate the fl ex ibility of 
the record type. 

Files: No w let us suppose that I have 
600 entri es of type bird in my data bank, 
and want to make a li st of all the birds 
whose length is greater than 20 cm. It is 
pointless and wasteful to keep all 600 
records in memory for such a tas k; all I 
rea ll y need is to store them in mass storage 
and read them in one at a time. In PASCAL 
what I do is dec lare a file of records as 
follow s: 

var fb: file of bird 

Now, supposing the file to have been written, 
all I need to perform the tas k is: 

reset!fb) ; 
repeat if fb t. l ength > 20 

then write ln(fbt .name) ; get(fb) 
until eof(fb) 

Rese t positi o ns the fil e at its beginning; get 
advances it one reco rd ; fbt is th e buffer 
va l-iable containi ng the current record; and 
the writeln statement prints the bird 's name. 
The Boo lean fun ct ion eof tests for th e end 
of th e fil e. 

Pointers : Fin all y, let us suppose th at I 
wish to upd ate the data bank by del eting a 
bird. It is of course poss ibl e to do this by 
sto ring all the reco rds in an alTay, but thi s 
is clum sy and in eff icient, sin ce all the 
records following the deleted reco rd would 
have to be shi fted one position. Li st pmc­
essing provides a mu ch better so lution. The 
reco rds arc lin ked together into a li st by 
in se rting a pointer fi eld "next" into each 
reco rd . Each record will then " point" to 
the record following it in the li st. Deleting 

Figure 2: A linked list of records of type 
"bird" with addition of the pointer field 
"next. " Dele ting the third record is a simple 
matte!" of ( hanging u painter field, as shOlvn 
by the dotted line. 

a record becomes the simpl e matte r of 
chan gi ng a single pointer va lue as illustrated 
in figure 2. Given the pointer "cu rrent" 
pointing to the item just before the one to 
be deleted, the foll owi ng simple statement 
wi ll do the trick: 

current t .next:; current t .next 't .next 

Adding a new record is on ly slightl y more 
co mplicated. 

Let me repeat th at these simpl e examples 
are not meant to do more th an prov id e a 
brief glimpse of the marvels of PASCAL's 
structured types. For full exp lanations 
the reader is referred to th e texts in the 
bibliograph y. 

Conclusion 

Rapid though it has been, I hope that this 
survey of PASCAL will have brought out 
some of the features which make it vastly 
su perior to BASIC. BASIC offers an ab­
so lutely minim al set of features and ex pec ts 
you eith er to devise makesh ift sol utions or 
to des ign a new version of the language 
when they are inad equate. No wond er th ere 
are so many different vers ions of BAS IC. 
PASCAL offers a somewhat widel' se lecti on 
of fea tures, but avo ids the pitfall of trying to 
include every fea ture known to hum anity. 
PASCAL is a simple and stream l ined 
language: the PASCAL Report definin g 
the langu age is a mere 32 pages lo ng. Yet 
PASCAL's designers seem to have chosen 
just those fea tures which the use r needs to 
ex pand th e langu age when th e need ari ses, 
so th at it is a ge nuinely ge neral-p urpose 
language suited to a wide variety of prob­
lems. It is this combination of sim pli city 
and power wh ich seems to me to make 
PASCAL the natural cho ice for a standard 
m iCl"oprocesso r language .• 
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In the Languages Forum of the April 
1978 BYTE, page 150, we read Stephen 
Smith's report on his homebrew compiler 
project. Actually, he is developing the Pascal 
subset compiler on a mainframe computer at 
a university and planning to transfer it to a 
microcomputer. He said he had a minor 
problem with code generation (using 6502 
machine code) . We think his project might 
progress more smoothly if he uses another 
approach - that of generating assembly code 
for a hypothetical stack machine. This is 
the same method professionals use for 
implementing portable Pascal compilers on 
big compu ters. 

Our own homebrew compiler project was 
developed in house on a microcomputer 
that uses an 8080 processor and has a North 
Star disk system. We began in mid December 
of 1977. Our motivation came from the fact 
that the North Star disk BASIC, although 
very good for general programming pur­
poses, was not fast enough for system soft­
war'e development and some graphic games. 
For instance, our 8080 assembler, written in 
BASIC, takes 1 to 3 seconds to assemble 
one single assembly instruction. Assembling 
a 500 I ine program takes about one half 
hour. From various sources of information 
we know that Pascal is one of the easiest 
languages to implement. It also has many 
nice features that are desirable in a high level 
lan guage. 

The Pascal subset is small, otherwise it 
would be very difficult to develop using a 
BASIC interpreter. All variables in the 
subse t are 16 bit integers. Arrays are sin gle 
dimensional. Character strings are declared 

A Proposed 

Pascal Compiler 

A Note About the Tiny Pascal Project. .. 

As this special issue went to press, we had just received the first two 
parts of a 3 part series of articles on a Tiny Pascal compiler by Herbert 
Yuen and Kin-Man Chung. Watch future BYTEs for this excellent "do 
it yourself" project for the software experimenter . .. CH 

as arrays and each character takes one array 
element; although wasting space, this is easy 
to implement. Procedures and functions may 
be recursive. Variables and constan ts, 
except arrays, can be passed as argumer ,ts 
to procedures and functions. Language state­
ments include declaration, assignment, 
BEGIN-END, IF-THEN-ELSE, WHILE-DO, 
REPEAT·UNTIL, FOR-TOjDOWNTO-DO, 
CASE-OF-ELSE. The subset is big enough 
to provide useful features . The Pascal 
compiler can be written in the subset with­
out much difficulty. 

The actual coding of the compiler (in 
BASIC) began in January 1978. The com­
piler generates P-code for a hypothetical 
stack machine, the same one described in 
Wi rth 's book, Algorithm + Data Structure = 
Programs. (P·code is the intermediate code 
generated by the Pascal compiler. It is the 
machine language of a hypothetical Pascal 
oritented computer. Use of P-code makes 
the Pascal language portable since only a 
P-code interpreter needs to be written for a 
particular processor. This saves the user 
from writing the entire compiler for each 
individu al machine.) Several instructions and 
input/output (10) capabilities have been 
added. At the same time, an interpreter was 
also written (in BASIC) to execute and 
debug the P-code. It helps to verify the 
correctn ess of the codes generated by the 
compiler. In late Janu ary, after most parts 
of the two programs had been debugged, 
we began to design a run time support 
package in 8080 assembly language and also 
a translator that transl ates P-code to 8080 
machine code. With the debug package and Continued on page 155 
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August 7-9, Knowing and Understanding 
Computer Graphics , Toronto CANADA. 
This 3 day inten sive seminar will cover 
all aspec ts of computer graphics, demo n· 
strating how effec tively and economi c­
all y they may be incorporated into the 
business community. Contact Robert 
San zo, Fros t & Sullivan In c, 106 Fu lton 
St, New York NY 10038, (212) 
233-1080. 

August 7-9, Project Management for 
Computer Systems, Houston TX. This 3 
day se min ar will illu strate techniqu es fo r 
pl anning, impl ementing, inst allin g and 
co ntrolling proj ec ts. Specifi c exa mpl es 
and case studies wil l be discussed. Thi s 
se min ar is intended for computer proj­
ect manage rs, data proc ess in g man agers, 
VPs of administration, financi al man­
agers and others invol ved in EDP systems 
development and implementation. Con­
tac t the University of Chicago, Center 
for Continuing Edu cation, 1307 E 60th 
St, Chicago I L 60637. 

August 7-9 , Third Jerusalem Conference 
on Information, Jerusalem ISRAEL. 
The conference will cover a broad range 
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of topics on comp uting appli"cations, 
science and techno logy. Primary empha­
sis will be on the role of computers in 
th e transfer of technology between large 
and small countries. Contact Robert W 
Rector, exec uti ve director , AFIPS, 210 
Summit Av, Montva le NJ 07645, (201) 
391-9810. 

August 7-9, Laser Beam Information 
Systems, Minneapolis MN. This sem­
inar wi ll cover the growing applica­
tion of laser technology in image and 
data manipulation in the form of scan­
ning, transmission, reproduction and 
contro l. The principles and practice of 
lase r beam information systems will be 
covered in preparation for direct appli ­
cation to such fi elds as facsimile, com­
puter memory and display, target 
id en tifi ca ti on, reconnaissance, photo­
compositio n and im age manipulation. 
Contact Philip M Nowlen, program 
chairman, director , Center for Con­
tinuing Education, the University of 
Chicago, 1307 E 60th St, Chicago IL 
60637. 

August 8-10, Management Information 
Systems, Lehigh Uni vers it y, Bethleh em 
PA. Th e major objectives of this seminar 
are to prepare a use r manager to better 
und ers tand and co mmunicate with data 
process ing spec iali sts during the feasibil­
ity stud y, des ign , co nve rsion, implemen­
tation and evaluation of an information 

Circle 132 on inquiry card. 

system and to equip the manager with 
sufficient data processing knowledge to 
identify potential areas for computeri za­
tion and/or to improve ex isting systems. 
Contact Faith New hall, Administ ra tive 
Assistant, Industrial Engineering Depart­
ment, Packard Lab # 19 , Lehigh Univer­
sity, Bethlehem PA 18015, (215) 691-
7000 ext 385. 

August 7-11 , Coding and Information 
Theory, University of Toronto CAN­
ADA. This course will present the funda­
mentals of representation, storage and 
transmission of data. Protection aga inst 
storage and t ransmiss ion erro rs using 
e rror detection and error correcting 
(including Hamming) codes will be de­
ve loped. Efficiency enhancement 
through information compressing codes, 
predictive run encoding and Markov 
chains (probabilistic finite state mao 
chines) will be discussed . Contact Short 
Course Program Office, 6266 Boelter 
Hall, UCLA Extension, Los Angeles CA 
90024, (213) 825-3344 or 825-1295. 

August 15-17, I n-house Development of 
Data Processing Documentation and Pro­
cedures Manuals, Lehigh University, 
Bethleh em PA . This workshop seminar 
is designed for DP personnel of com· 
puter centers who wish to revise or 
develop a DP documentat ion and pro­
cedures manual. Th e seminar will allow 
the individual participants to interact 
with the lecturers and other participants 
about their specific problem areas. Some 
of the program topics will includ e docu­
mentation principles and practice, DP 
documentation and procedures manual, 
definition of procedures, the systems 
developm ent process . Contact Faith 
Newhall, administrative assistant, 
Industrial Engineering Department, 
Packard Lab #1 9, Lehigh University , 
Bethlehem PA 18015 , (215) 691-7000 
ext 385. 

August 21-25, Digital Filters, UCLA. 
This course will provide a practical intro­
duction to th e subject of digital filters. 
Topics will include the frequency ap­
proach, Fourier series and integrals , non · 
recursive filter design , theory of recursive 
filter design, discrete Fourier transforms, 
fas t Fourier transform im plemen tation, 
estimation of power spectra and non­
linear phenomena due to quantizing 
signals . This cou rse will be of interest to 
those who use linear combinations of 
data. The emphas is is on its basic nature 
and prac ticability. Co ntact Nonie 
Watanabe, Short Courses, 6266 Boelter 
Hall , UCLA Extension, Los Angeles CA 
90024. 

August 21.26 , Three Short Courses for 
Engineers, Computer Scientists and Indi­
viduals Interested in the Areas of Micro­
computers and Digital Electronics, 
Trenton State College, Trenton NJ . The 
courses are: assemb ly language program­
ming and interfacing for the 8080/8085/ 
Z-80 microprocessor, programming in 
BASIC for the microcomputer owner, 
and microcomputer digital logic circuits. 
Each of the co urses will cover approxi· 



mately the same ground as a normal 1 
semester college course and will be pre· 
sented in the form of an intensive, fully 
documented lecture coupled with labo· 
ratory sessions. Contact The Division 
of Continuing and Adult Education, 
Tre nton State College, Trenton NJ, 
08625 , (609) 771·2255. 

August 21·September 2, Courses on 
Microcomputer Interfacing and Analog 
Signal Conditioning , Virginia Pol ytech· 
nic Institute and State University. The 
objective of these programs is to provide 
an educational exper ien ce for sc ientists, 
engineers, teachers, managers or tech· 
nicians in the areas of microcomputer 
data acquisition, instrumentation, and 
measurement systems ranging from the 
ana log se nsor through the analog data 
channels to the microcomputer. The 
courses p ro vide a combined lecture and 
laboratory experie nce. Continuing edu · 
catio n units are provided for each 
course. Contact Dr Linda Leffe l, Center 
for Continuing Education, Virginia Pol y· 
technic In st itute and State University, 
Blacksburg VA 24061, (303) 951·5241. 

August 24·27, PC '78, Philadelphia 
Ci vic Center, Phil adelphia PA. The 
first da y of PC '78 (A ugust 24) wi ll 
be an industry trade show which is 
open to dealers , the indu str y and ex· 
hibitors ' guests. For the remaining 
three day s the full Personal Computing 
Show and Personal Computing College 
will be running. O ver 80 hours of free 
seminars are planned. Contact John H 
Dilks III, Rt 1, POB 242 (Warf Rd), 
Mays Landing NJ 08330. 

August 29·31, Data Processing Opera· 
tfons Management, New York NY . This 
sem in ar w ill offer the sen ior data proc· 
ess ing professional an opportunity to 
gather the latest management skills. The 
curriculum is designed toward practical, 
appl ied data processing management 
techniques. Contact Philip M Nowlen, 
program chairman, director, Center for 
Continuing Education, University of 
Chicago, 1307 E 60th St , Chicago IL 
60637. 

September 6·8, COMPCON Fall '78, 
Capitol Hilton Hotel, Washington DC. 
Sponsored by the lEE E Computer 
Societ y, this conference will cover 
computers and communicat ions, inter· 
faces and interactions. Such topics as 
microprocessors in communicatio ns , 
multiple computer systems, adva nces in 
communications technology and many 
others will be discussed at th is confer· 
ence . Contact Kenneth H Crandall Jr, 
COMPeON Fall '78, POB 639, Sil· 
ver Spring MD 20901. 

September 11·15, Coding and Informa· 
tion Theory, Georgia Institute of Tech· 
nology . See August 7·11, University of 
Toronto, for information. 

September 12·14, WESCON/78 Show 
and Convention, Los Angeles Conven· 
tion Center and Los Angeles Bonaven· 
ture Hotel. Contact Electronic Conven-

tions Inc, 999 N Sepulveda Blvd, EI 
Segundo CA 90245, (213) 772·2965 . 

September 18·22, Digital Filters, Georgia 
Institute of Technology. See August 
21·25, UCLA, for information. 

September 29·0ctober 1, International 
M icrocom puter Expos ition, Dallas Con· 
vent ion Center, Dallas TX. This exposi· 
tion will be directed toward all levels of 
technology from the professional engin' 
eer to the beginning computer hobbyist. 
In addition to the seminars, a panel of 
experts will be avai lab le to ans wer 
questions. Contact Beverly Tanner at 
(214) 271·9311. 

October 4·6, Knowing and Understand· 
ing Computer Graphics, San Francisco 
CA. See August 7·9, Toronto. 

October 5·8, Midwest Personal Comput· 
ing Show , Apparel Center's Ex pocenter, 
Ch icago I L. More than 200 displays fea· 
t uring the full spectrum of the latest 
personal computing developments are 
expected to be presented by manufac· 
turers and distributors. A comprehe nsive 
program of seminars, forums and prac· 
tical appl ication cl ini cs will parallel the 
four da ys of exh ib its. Contact Midwest 
Personal Computing Expos ition , IS CM, 
222 W Adams St, Chicago IL 60606, 
(312) 26 3·4866. 

Anywhere 
want it. 

PanaVise tilts , turns, rotates . 
One quick turn of the control 
knob and you securely position 
your work exactly where you 
want it. Holds firmly but gently 
the most delicate electronic 
parts and P. C. boards . 

Whether you're into building 
home electronics, trouble 
shooting, or professional servo 
icing ... you'll wonder how 
you got along without this mod· 
estly priced 'extra hand.' 

Model 396 Wide Opening PanaVise 
shown. An ingenious variety of other 
interchangeable bases, holders and 
accessories also available. See your 
electronics distributo r, o r write 
for FREE brochure. 

October 16·19 , Information Manage· 
ment Exposition and Conference, 
McCormick Place, Chicago I L. The 
theme, strategic planning in the infor · 
mation age, was selected to co n vey th e 
need for a cor porate strategy for the 
gather ing, storage, retrieval, dissemina· 
tion and management's use of informa· 
tion. Computer equipment to be demon· 
strated will include large, medium and 
small systems, mini and micro systems, 
small business systems, terminals, periph· 
erals, data comm unication systems, data 
collect ion and preparation handling sys· 
tems, m ag net ic media and accessor ies. 
Contact Clapp & Poliak In c, 245 Park 
Av, New York NY 10017. 

October 24·26, Project Management for 
Computer Systems, New York NY. See 
August 7·9, Houston , for information. 

October 30·November 1, Second Annual 
Data Entry Management Association 
Conference, Sheraton Harbor Isl and 
Hotel, San Diego CA . The confe ren ce 
theme is data e ntry today and tomorrow 
an d w ill concentrate on the hum an side 
of data entry and distributed data e ntry. 
There will be a full schedule of seminars, 
panel discussions, and workshops includ· 
ing hands·on workshops with various 
vendors' eq uipment. Contact Marilyn 
Bodek, DEMA, 16E Weavers Hill , Green· 
wich CT 06830 .• 

'I 
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Continued from page 10 

I see no need fo r a $20+ kit (eg: Pickles 
and Trout TVM-04 mentioned in the 
artic le) when a $.2 0 resistor will do. I 
converted my Phil co 9 inch black and 
white TV set by provid ing a jack at the 
base of the first video amplifier tran­
sistor and by increas ing the va lue of the 
emitter resi sto r of that stage by 100 
ohms to prevent overloading from my 
KIM/TVT-6 interface . The resulting 
pi cture is exce llent. 

Cass R Lewart 
12 Georjean Dr 

Holmdel NJ 07733 

I t is a mal tel' of having a product 
marl?eted wi th coherent step by step 
instructions for a specific product. While 
your method no doubt works, you 
probably have the benefit of personal 
experience which gives you the con­
fidence to proceed, , ,C H 

TRS-80 INTERFACES WANTED 

I wo uld li ke to receive in forma ti on 
and schematics on interfacing a Texas 
In stru men ts 59 ca lculator and PC-100A 
printer to a Rad io Shack TRS-80 or 
information on where I can obta in a 
board for th is use. 

I wo uld appreciate hearing from any 
of yo ur readers who have clone this or 
may know someone who has. Any help 
will be app rec iated. 

I am also in terested in a 5- '100 bus 
adaptor for the TRS-80 . 

Tom Swalenberg 
541 Ba rnett Rd 

Columbus OH 43213 

A SOFTWARE EXCHANGE ? 

At Co loma (M I) High School we have 
a comp uter ce nter. In our center we have 
eight d ifferent mic rocompute r sys tems 
plu s a 3M Model 5500 test sco rer. These 
systems use four diffe rent BASICs as 
we ll as a number of different ways of 
storing programs. The BAS ICs we use 
are : 

1, Po lyMo rphic extended vers ion 
AOO 

2. IM SA I CPM sys tem BAS IC-E ver­
sion 1.33 

3. Altair 8 K BASIC vers ion 4 
4. North Star BAS IC 

Th e storage systems we use are : 

1. Pol y 88 Byte Base casse tt e 
recording system 

2. IMSA I dual floppy d isk system 
with CPM 

3. Tarbell casse tte recording system 
4. North Star minif loppy disk sys tem 
5. Standard paper tape 

We fee l that it is necessary to set up a 
software lib rary between schoo ls using 
microcomputer eq uipm ent. T his would 
give schools a chance to exc hange pro­
grams and ideas, and to help other 



school s just getting started by se nd in g 
them already worki ng programs such as 
games, memory tests, and other mate ri al. 
We ca n prov id e programs to any other 
schoo ls in any of the above formats and 
wou ld be willing to act as a center to 
publish all ava il able co mputer programs 
for schoo ls, providing other school sys­
tems are wi llin g to share in this idea and 
trade programs. Any interested expe ri­
menters who have programs to share 
with sc hoo ls are we lcome. 

Terri Lea mer 
Coloma Computer Center 

Coloma High School 
Coloma MI 49038 

PET BUG? 

Recent PET co mputers have inclu ded 
a comment sheet sta ting that Ri chard 
Duda's Othello progra m in Octobe r 
1977 BYTE, page 60, cannot be run 
because of excessive subro utine nesting. 
This is absurd; the program does not 
conta in any subroutin e nesting. It does 
not work as wr itten because PET BASIC 
does not all ow branches out of FOR 
loops. This pro bab ly applies to o ther 
vers ions of Microsoft BASIC as we ll. 
On th e PET it appears to be acceptable 
to shor ten a FOR by sett in g the index 
to its terminal va lu e. At any rate th e 
following fixes work on my PET and 
sho uld work for other compute rs (such 
as App le II , Rad io Shack TRS-80 Level 
II, etc) whi ch use Microsoft BASIC. 

01820 J=O 
01825 FOR J9=1 TO 8 
01830 IF C$(J91=X$ THEN J=J9 : J9=8 
01840 NE XT J9 
01850 IF J=O GOTO 1720 

02620 F 1 =0 
02630 FOR 11=-1 TO 1 
02640 FOR J1 =-1 TO 1 
02650 IF A(I+11. J+J11=T2 THEN F 1 =1: J1 =1: 11 =1 
02660 NEXT J1 
02670 NE XT 11 
02680 RETURN 
Delete 02690 thru 02720 

This is an exce ll ent program and the 
grap hi cs can be eas il y enh anced to show 
off the PET's capab ilities in thi s area. 
A Go board with th e pieces at the inter­
sect ions of the lines is easier to use and 
more approp ri ate to th e game than a 
checker type board. It does require an 
8 K machin e as written, but probab ly 
could be co mpressed. 

Some of PET's bugs the new owner 
should watch out for are that expres­
sions of the form I F NOT X may not 
evalu ate properly, and execut in g a DIM 
in the middle of a program may clear all 
variables to zero. Th ese are real disasters 
in connec ti on wi th the PCC ve rsion of 
LI FE, for in stance. 

In cident ly, my PET, delivere d Ap ril 
5, is #13,541. I t was delivered less than 
three weeks after I mailed the order, has 
worked flawlessly from the start and is a 
supe rb machine for the pr ice . Docu­
mentation remains less than adequ ate, 
so novices beware. 

Mike Hughes 
POB 393 

Rapid City SD 57709 

, ....... IIIi,"~IAIMi·i'·itj"Wi4ili'~'illr,m~·i'M.ri§i§ii'.Mi· • .li.liNi'i"lIIifW:ill:'filliM.·¥i·.M. 
Write and run machine language programs at home, display video graphics 
on your TV set and design microprocessor circuits-the very first 
night-even if you've never used a computer before! 

•• ~/r; ELF II featuring 

RCACOSMAC 
~ •• ••••• 

microprocessor/mini-

ELF II 
by NETRONICS 
as foalurod In 
POPULAR ElECTRONICS 
shown wit h oplional4k 
Memo/)' Boards. GIANT 
BOARD'" . Kluge 
Board and 
ASC II 
Keyboard. 

computer 
$9995 

GOI "hands on·· e.porlonco willi a comput~r for just 
$99.95. Thon . onco you' .. maslorod comput~r 
fundamontals. Olpand ELF II willi low cost add-oos and 
you',o ,01 an advancod porsonal compulor poworful 
enoup to sol,o buslnoss. Induslrlal or scionlnlc 
probloms. 

Learning Breakthrough! 
A Short Course On 

Microprocessor And 
Computer Programming 

WriHon for anyonol Minimal back,round noodedl 

Using advanced computers is now as easy as driving a 
car with an automatic transmission. We will leach you. step 
by step. instruction by instruction, how to use an RCA 
COSMAC compuler. 

No! on ly does our short course explain, co !luters, it 
helps anyone write and run programs and so lve com plex 
problems requiring a computer. Knowing how a computer 
works can help you . 

(l) Spot sit ua tions where a com puter can assist you in 
business. industry, personal applications, etc; (2) Select the 
most economical com puter (or microprocessor) and related 
hardware for your speci fic needs; (3) 'M'ite and run the 
programs you need: and (4) Keep your computer costs down. 

This course was written for ELF II users but .it's a 
blockbuster tor every RCA COSMAC user or owner! 

SlOp reading about computers and gel your hands on one. ELF II is an outstanding trainer 
for anyone who needs to use a computer to maximize his or her personal effect iveness. Bu' ElF II 
isn·' just a trainer. Expanded, it becomes the heart of a powerful computer system . 

For $99.95 \"ou Get All This-
No other small personal computer offers video output and ELF Irs expansion capabi lities 

for anywhere near $99.95. ELF II can create graphics on your TV screen and play electronic 
,...----------------., games! It pays tor ilself over and over again in the fun it provides for your whole fami ly. 

SPECIFICATIONS 
ELF II fealUre' and RCA COSMAC COS IMOS S·bi. 
mic roprocessor addressable to 64k bytes with DMA. 
interrupt. 16 registers. ALU. 256 byte RAM. full hex 
keyboard. two digit hex outpUl display, 5 slo l p lug-in 
expansion bus (less connectors). stable crystal clock 
for liming purpo ses and a double-sided. 
plated·through PC board plus RCA 1861 video Ie 10 

display any segment of memory on a video monilor or 
TV screen . 

EXPANSION OPTIONS 
• ELF II GIANi BOARDTIol with cassselle 1/0. 
RS 232·CfTTY 110. S·bi. Pl iO. decoders for 14 
sepa rate I /O instructions and a sys tem 
monitor /editor. Turns ELF II into the heart of a 
fu ll -si ze sys tem wi th massive computing power! 
539 .95 kil. 
• 4k Stalic RAM. Addressable to any 4k page to 64k . 
Uses low power 2102·s . Chip select ci rcuit allows 
origina l 256 bYles lo be used . Fully buffered . 
Onboard 5 vo lt regulalor. $89 .95 kit. 
• Prototype (Kluge) Board accepts up 10 36 I.C."s 
incl uding 40, 24. 22 . 18. 16. 14 pin . Space ava il ab le 
fo r onboard regulalor. $17 .00. 
• Gold plated 86·pin connector. 55.70. 
• ELF" II F"ull ASCII Keyboard. Upper and lower 
case . S64 .95 kit. 
• 5 amp Expansion Power Suppl)', Powe rs the 
enlire ELF II (Nol required un less adding 4k RAM 
boards . ) $34 .95 kil. 

All of the abm'e PC boardJ plllg directly i"to 
ELF lI :f t'xpall Jioll hllJ. 

ELF II TINY BASIC 
Communicate with ELF II in BASIC! ELF II Tiny 
BASI C is col1lpat ible wi th ei ther ASCII ke yboard anti 
TV screen o r s tandard te le type / video termina l 
ut ili zing RS 232 -C o r 20 mil TTY interface . 
Commands include SAVE and LOAD for storing 
programs on standard casse ttes . a plot command 10 
display gra phic information and spec ial commands 
fo r controlli ng ELF II 110 de vices . 16-bit inleger 
ari th melic. :t, X. + . O. 26 variables A-Z. Other 
commands include LET. IF rrHEN. INPUT. PRINT. 
GO TO. GOS UB. RETURN . END. REM. CLEAR. 
LIST. RUN . PLOT. PEEK. POKE. Comes wi .h 
maintenance documen tation and exce ll ent use r ·s 
manual thai allows even beginners to use ELF II fo r 
sophisti cated applications . (4k memory required . ) 
$14 .95 on casselle tape . 
Coming Soon .. , D-A . A-DConverter · Contro ll er 
Board· Cabinet · Ligh l Pen (Lets you write or draw 
(llIylh '-II8 on a TV screen . Imag ine having a "magic 
wand " thaI writes like a crayon!) 

Ci rcl e 280 on in quiry card . 

Engineers and hobbiesls can use ELF II in microprocessor· based circuits as a counter. alarm. 
lock, thermostat, timer, telephone dialer. etc. The possibilities are endless! 

The ELF II Explodes Into A Giant! 
Once you·ve mastered computer fundament als, ElF II can give you POWER! Plug in the 

GIANT BOARD'" and you can record and play back yo ur program s. edil and debug programs. 
communicate wilh remote devices and make things happen in the real world. Add Kluge Board 10 
solve specific problems such as operating a more complex ala rm syslem or controlling a printing 
press. 4k memory units let you write longer programs and solve even more sophistica ted 
business, industrial. scientific and personal finance problems. 

Add ELF 1111 .. ·. BASIC And K ... board! 
To make ELf II easier 10 use. weve dev.'oped ELf II Tiny Basic. II leis you program ELf II 

wilh simple words you can Iyp. oul on a keyboard such as PRINT. RUN and LOAD. ElF II responds 
by displaying answers on your print er, video monitor or TV sc reen. 

Write And Run Programs The Ve ry First Nighl ! 
The ElF II kit inc ludes all components and everything you need to write and run your own 

programs plus Ihe new Pi,ie Graph ics chip Ihallels you display any 256 byte segmenl of memo/)' 
on a video monitor or TV screen. No wonder ElF II is now being used as a tra iner in many high 
schools and universities. 

·Easy inst ructions get you started right away, even if you've ne'ler used a computer before. 
The newly expanded ElF II Manual covers assembly, testing. programming. video graphics and 
games. 

ElF II can be assembled in a single evening and you'll still have time to run progra ms 
including games, video graphics. etc. before going to bed! 
.. ____ SENDTODAYI ---_--. 
I NETRONICS R&D LTD., Dept. BY-6 (203) 354-9375 • 

333 Litchfield Road. New Milford. CT 06776 
o YES! I wanf to run programs at home and have enclosed: 0 $99.95 plus $3 

p&h for RCA COSMAC ELF II kil. 0 $4.95 for power supply. required for ELf II kil. 
0 $5.00 for RCA 1802 Users Manual. 

0 $4.95 for Short Course on Microprocessor & Computer Programming. 
o ELF II connecls 10 Ihe video inpul of yo ur TV sel. If you prefer 10 connecl Elf 1110 your 

an lenna lerminals inslead. enclose $B.95 for Rf Modulalor. 
0 $39.95 plus $2 p&h for ElF GIANT BOARD'" kil. 
_ 4k Sia lic RAM kil . $89.95 ea. plus $3 p&h . 
0 $17.00 plus $1 p&h for Prololype (Kluge) Board. 
0 $34.95 plus $2 p&h for Expansion Power Supply kil. 
_ Gold plaled 86-pin connectors al $5.70 ea. 
0 $64.95 plus $2 p&h for ASCII Keyboard kil. 
0 $14.95 for Elf II TIny BASIC cassette. 
0 1 wanl my ELF II wired and lesled wilh Ihe power lransformer. RCA 1802 Users 

Manual and Short Course on Microprocessor & Com puler Programming lor S149.95 
plus $3 p&h. 

Tota l enc losed (Conn. res . add tax) $ ____ 0 Check here if you are enclosing 
Money Order or Cashier's Check to expedite shipment. 

NAME ____________________________________ ___ 

AOORESS _____ ___ _____ _ _ ____ _ 

CITY _ _ _________________ __ 

a.!T:!!., ___ • DEALER INQUIRIE~rN-VI-TE-D-_--_--_--_--..... -
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Pascal versus COBOL 

Where Pascal Gets Down to Business 
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Ken Bowles 
Institute for Information Systems 
University of California San Diego 
Mail Code C·021 
La Jolla CA 92093 

With a few important extens ions, Pascal 
can be an extremely powerful tool for writ· 
ing interactive business applicat ion programs 
on microcomputers and minicomputers. 
Pascal provides data structuring facilities 
generally superior to those of COBOL, and 
its control constructs allow a systematic 
and modular ap proach to progra m design 
that reduces development effort and im· 
proves reliability compared with BASIC or 
FORTRAN. The extensions needed make 
it easy to write interact ive programs, use 
random access (floppy) disk files, handle 
business ar ithm et ic, and recover from erro r 
situations. 

A Case Study 

In this article we will illustrate the use of 
Pascal for a program application one might 
find, with va riations, in many small busi· 
nesses. More general descriptions of the 
language are contained elsewhere in BYTE 
and in many published introductory text· 
books. 

The business we have in mind keeps 
records of information abo ut transactions 
with its customers, and also records con· 
taining descriptive information abo ut the 
people with whom it dea ls. The descriptive 
records might apply to clients of a law firm, 
patients of a medical or dental cl inic, sup· 
pliers of a hardware store with a large and 
diverse stock, houses currently li sted by a 
real estate firm, users of hardware and soft· 
ware products handled by a computer store, 
and so on. Th e transaction records would 
descr ibe orders for goods to be so ld, de· 
liveri es, invoices sent, paym ents, requests 
for information, promotional literature sent, 
customer property sent out fOI' repairs, 

medical tests ordered, etc. Typically each 
record in the file of descriptive records 
would correspond to many transaction 
records. Depending upon circumstances, 
the transaction records might be stored in· 
termingled with the descriptive records (just 
as in the shoe boxes that some small busi· 
nesses now use) or in a separate disk file. 
They might be stored on the same floppy 
disk if the files are small, or they might be 
stored on different disks. In any event, we 
assume that the number of items in the de· 
scriptive file is so large that manual proc· 
essing of the transactions information repre· 
sents a sign ificant cost to the busi ness for 
record keeping. We also assume that the 
business is small enough that it cannot 
afford to have its own full time data proc· 
ess ing department. 

We now consider how Pascal programs 
written for a small computer might help in 
the operations of a hypothetical small busi· 
ness, the Zyx Gi zmo Store. With many com· 
peting manufacturers producing gizmos, it 
is necessary for Zyx to keep track of many 
different sizes, shapes, qualities and speci al· 
ized forms of gizmos. Moreover, the buyer 
can start with a basic model , later adding 
modul es to obtain a larger and more sophis· 
ticated gizmo. Gi zmos require periodic 
maintenance and corrective repairs. Zyx 
stocks some replacement parts which are 
installed in customer's gizmos by the Zyx 
repair department or so ld to users who do 
their own repair work. Some replacement 
parts are too expensive to stock locally , and 
Zyx must order them from regional distribu· 
tors when needed. Gizmos are complicated 
enough to use that many users require text· 
books or short training cou rses to under· 
stand how to use them. Zyx sells the text· 
books and runs periodic training seminars 
for wh ich users pay a small fee. Both the 
training and repair problems are made com· 
plex by the rate at which the techno'logy of 
manufacturing gizmos is advancing, as new 
models are introduced by the manufacturers 
each year. While the si mil arity of the gizmo 
to the microcomputer is easily recognized 



by many readers, the gizmo model could 
apply equally well to technology based de­
vices being sold in many fields today_ 

We can assume that Zyx is large enough 
to employ several salespeople, repair people, 
and at least one full time administrative 
assistant in addition to the owner of the 
company. I n general, when a situation arises 
requiring communication with a customer, 
anyone of these people may have occasion 
to refer to the filed records on previous 
transactions involving that customer. If the 
customer telephones to request advice about 
an apparently malfunctioning gizmo, the 
responding Zyx employee usually needs 
information about the make, model, size 
and other details describing the customer's 
gizmo . If a customer asks Zyx to order an 
additional module from a national distribu­
tor, he or she may call Zyx to inquire about 
the fate of the order before delivery is ac­
tually completed. If a manufacturer of 
modules for gizmos introduces a new line 
of devices, Zyx may wish to save on promo­
tion costs by contacting only customers 
known to be using gizmos compatible with 
that manufacturer's devices. For these and 
many other reasons, designated employees 
of Zyx should have ready access to records 
on the customer's dealings with the firm. 
These records make it possible for Zyx to 
render a personali zed service that probably 
is the main reason why customers come 
to the Zyx store for their gizmos rather 
than to a national or regional distribution 
company. 

Of course now that low cost microcom­
puters have become moderately powerful, 
it is possible, in principle, for Zyx to main­
tain its descriptive 'and transaction record s 
on customers in a floppy disk or small hard 
disk system. Ideally, the cost of adding a 
microcomputer to a small business operation 
is only a fraction of the value received, both 
in labor costs and in improved customer 
relations. Moreover, the company could 
use the microcomputer for maintaining its 
accounting records, sending bills, keeping 
track of inventory and so on. We say ideally 
because the effort to write a suite of pro­
grams to access and maintain the necessary 
files can be quite substantial if the program­
ming is done in BASIC or FORTRAN (or 
assembly language) . Using Pascal the effort 
should be very much less than the equivalent 
effort using BASIC or FORTRAN . 

Since COBOL is becoming available 
on microcomputers, some comments on 
COBOL versus Pascal are appropriate . Here 
the principal issue has more to do with the 
operating system, within which business pro­
grams written in the language will run , than 
with the language comparison. Given reaso n-

Enjoy an easy way 
to program faster, 
with fewer errors 

Save time, save money, have more fun when you write programs in BASIC 
on our new combination Program Coding/CRT Layout Sheets. We engineered 
this new programming aid specifically to help people like yourself with pro· 
grams in BASIC for personal and small business computers. 

If you're using another coding form now, you'll really enjoy the improve· 
ments we've designed for you into 78C!. If you use legal pads or the backs 
of old envelopes to write your BASIC programs, our new form will give you 
a taste of the ease professional programmers enjoy. Our formal coding sheet 
helps keep your thinking linear, and makes it easier to remember details 
like spacing and punctuation. 

8 Unique advantages 
1. Gives you 2 form uses for the price of one. When display layout and 

line folding points aren't critical, use 78Cl's full 28 line x 80 column grid 
area for regular program steps. Then for interactive or instructional sections, 
to plan display layouts simply keep your characters within the appropriate 
CRT indicator lines, and you' ll automatically know where every character 
will show on your CRT screen. 

2. Gives you 4 extra coding lines on every sheet. Full 28 line x 80 col· 
umn coding capacity saves you 14 sheets out of every IDa, compared to 
24·line forms. 86 sheets hold more program steps than IDa sheets of any 
24·line form, yet we offer full-size 6mm x 3mm grid blocks to give you com· 
fortable writing room and visual space between lines. 

3. Works with your CRT display, no matter what brand you own. Equipped 
for both 16 line x 64 column and 24 line x 80 column display formats, 78CI 
is compatible with your video terminal. 

4. Surface-engineered to take both pen & pencil without blotching. Spe· 
cial paper base is pure enough for critical magnetic ink character readers, 
although you'll probably never use it that way. We use it to give you crisp, 
sharp characters whether you write with pencil or plastic·tip pens. Specific 
pen and pencil suggestions for best results are inside each package. 

5. Eye-comfortable soft blue grid. All grid rulings, tints, and division 
rules are reproduced in a shade of blue easy on your eyes, even after hours 
of continuous programming. 

6. Bright white sheet makes your characters easy to read. Heavy 22· 
pound brilliant white opaque paper gives your writing contrast, makes it easy 
to read. 

7. SV2 X 11 size saves you money ... fits standard binders, folders, & 
files. We designed 78CI to serve professional programmers, hobbyists, and 
small business people economically. We engineered it to not only save time 
and reduce bugs, but also to fit standard binding and storage supplies. You 
can store it in common lring notebooks, file it in regular " letter size" files, 
bind it in standard school-supply report covers. 

S. Your choice of looseleaf style or 50·sheet pads. Both are lhole punch­
ed. Snap looseleaf style sheets into a lring binder, begin writing, and auto· 
matically you' ll keep your whole program together in proper order. Or if 
you prefer, use our 50·sheet pads and rip off each page as you complete 
it, for later filing. The choice is yours. 

Try a pack today 
Ask your local computer store for a package of Stirling/Bekdorf 78CI 

today. If they don't have it yet, use the coupon below to get yourself a 
trial supply right now. 

r------------------------------, 
YES. Rush me the quantity of 78CI BASIC Coding/CRT Layout Sheets 

I have indicated below: 
looseleal Pads 

0100 - S6.05 + S1.50 shpg. 0 Iwo 50·sht. pads: S6.35 + S1.50 shpg. 
0500 - S24 .10 + S2.85 shpg. 0 ten 50·sht. pads: S26.85 + S2.85 shpg. 

o Enclosed is my check for $ --::::-:-::_---::,---:----
DChargeto: 0 Master Charge; D Visa Card # ________ _ 

Signature ___________________ _ 

Dealer inquiries welcome 
Name _____________________ _ 

Address ____________________ _ 

City _______ State ______ Zip ____ _ 

Slirling/Bekdorl I 
8 4407 Porkwood 0 San Antonio, TX 78218 0 (512) 824-5643 I 

~ ______________________________ J 
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r------------------~ : YOUR : 
: S-IOOBUS : 
= NEEDS : • • : FILLED! : 
• * Main Frames '" Disk Systems • 
: * Memory Boards * Interface Boards : 

• Credit Cash. 
• Card DisCtJ1U1t • 

Price Prlce 
• DyDabyte280nal6KRAM(888m.) $ 520. • 800. • 

• Dynabyte Naked. Terminal (888m.) . $ 328 . • 318. • 
• Cromemco 280na 16K RAM Kit .. 

Cromemco Bytesaver Kit ... . ... . 
$ 464. • 446. • 
$ 136. • 131. 

• Cromemco Z.2 Computer Kit . . . ... . $ 557. • 836. • 
• Cromemco z.an Computer Kit ... . . 

• 
III8AI PCB-SO/18 Kit .... . . . ...... . 

$1399. $1348. • 
$ 731. • 703. • 

III8AI S080 Kit with 22-slot M.B . . $ 593. • 870. 
• DlBA! VIO-C Kit .... . ............ . $ 297. • 2S6. • 

Trace 16K Static RAM • • 809. • 
• 849. 

• (888m. on 32Kboard) . ........... $ 529 . 
• Trace 32K Static RAM (888m.) . . . . . $ 883. 
• North Star Micro Disk System 

Kit ................ . .. . .. . ...... . 
• North Star JlDS Second drive Kit .. 
• North Star Horizon 1 computer Kit 

North Star Horizon SecoD4 Drive .. 
• NorthStar Horizon 1 (888m.) . . ... 

$ 623. 
$ 395. 
$ 1497. 
$ 395. 
$ 1777. 

• 899. 
• 380. 
$1439. 

• 380. 
$1709. 

• • • • • • 8.80 • 
• 8 " Floppy Diskettes 

• 
(IBM soft-sectored.) ..... . ..... . . $ 6 . 

8" Ploppy Diskettes 
• (North Star format) . ... . ..... . . . 
• TDL ZPU' (888m.) ................. . 

TDL D-32 RAM (888m.) ...... . . . . . . 
I TDL Software Pack:age A 

$ 4 .50 
$ 183. 
$ 769. 

• 4.80 
• 176. 
• 739. 

• (with 12K BABIC) 
For North Star Disk . . . . . . . . . . . . . $ 228 . • 219. 

I On Paper Tape .................. . $ 186. • 179. 
• On Tarbell C8B88tte .. .. .. .. .. .. .. $ 168. • 161. 

• 
Lear Siegler ADM-3A Kit .... .. . . . . wrIte or call for prICes 
Seals l!llec:tronics 8K 280DS RAM 

• (888m.) .. .. .. .. .. .. .. .. .. .. .. .. . . $ 187. • ISO. 
I George lUsk Model 786A8C n 

Keyboard (888m.) ............... $ 71. 
I Metal Cabinet for Model 786 . . . . . . . $ 28. 

• • • • • • • • • • 6S. • 
• 27. 

I • • • • • • • • I • I • • 

Shipping charges: $10 per CPU on larger units; $1.50 per kit. S2.00 mill. per 
order. 
Delivery is stock to 30 days on most items. ShJpment is inunediate for pay· 
ment by cashJer's check, money order or charge card. Allow 3 weeks for 
personal checks to clear. NY. State residents add approp. sales tax. Avail· 
ability, prices and specs may change without notice. 

Write or Call 

~TM 
P.O. Box 71 

Fayetteville , N.Y. 13066 
Phone (315) 637-6208 Today! 

• • • • • • • • • • • • • Operating Hours: • 
M-W 1 O-B E .B.T . 

• 
Th-F 1 0-9 E.B.T . • 

Closed Sat. & Sun . . _----------------_. 
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able operat ing system support of the lan­
guage, no one versed in Pasca l wo uld con­
sider back ing up to COBOL. CO BOL's 
pri ncipa l attraction in the bu si ness co mpu t­
ing communi ty has been that it is th e most 
stand ard ized of all the wid ely used lan­
guages. COBO L prov ides fac ili t ies for storing 
dissimil ar ty pes of informa tion mingled to­
gether in transaction records in tended to be 
stored in off line media like disks and 
magnetic ta pe. Pascal too has ve ry powe rfu I 
faci li t ies for storing complex data records, 
and its fac ili ties fo r building compl ex pro­
grams are far superio r to those of COBOL. 

Regarding the operati ng system support, 
we' ll ass um e in the rest of thi s ar t ic le that 
the user 's Pascal program is deve loped under, 
and runs within , th e UCSD (Univers ity of 
Califo rni a at San Diego) Pascal Software 
System (see " UCS D Pasca l: A Mac hine Inde­
pendent System, JJ May 1978 BYT E, page 
46). This system provides what amoun t to 
language ex tensions to Pascal wh ich faci li ­
tate the use of Pascal in writing interactive 
bu siness programs, Some of these extensions 
wi ll be mentioned at poi nts in the discussion 
where th ey are used in our examp le. The 
accepted informal standard fo r the Pasca l 
language, as descr ibed by Ni klaus Wi rth in 
hi s revised report on Pasca l (Pascal User 
Manual and Report, K Jense n and N Wirth, 
Springe r Verl ag, New York/Heidelberg, 
1975), lacks defi ni tio n of several fac il it ies 
that are rea ll y essential if the language is to 
be co nve nient fo r writ ing business programs. 
On the other hand, Pasca l provides an ex­
tremely high level fro m which these fac ili t ies 
can be added. 

Transaction Records 

In Pasca l, the programmer is required to 
dec lare wh at type of in fo rmation will be 
stored under the identifier of each va riable, 
Readers of BYTE should be fa miliar with 
the concept of type as it refers to an in teger 
(whole number), real (floating poi nt nu m­
be r) , or string (of characte rs ) item stored in 
the program 's memory, Readers may also be 
fa mili ar with the concept of an array con­
tai ning a coll ecti on of ite ms all of the same 
type, In effect, an array is a composite type 
associating one identifier with a coll ection 
of many simil ar data items, ie: all integers 
or all reals, etc. Pascal all ows one to dec lare 
one's own composite type containing a 
coll ection of ite ms of diss imil ar types. List­
ing 1 gives a concrete exampl e that might 
appl y to th e records of the Zyx company. 

I n Pascal, any type dec larat ions one 
wishes to make mu st ap pear in the main 
program or in a block (sub routine) before 
any var iab le identifiers are declared fo ll ow­
ing the reserved wo r-d var. I n the example 



above, representing part of a block, the var­
iab le identifier inree is to be used for tempo­
rary working storage of a customer record 
read in from an external device such as disk. 
outree is to be used to co llect several data 
items together before writing out to the ex­
ternal device. Both variables are declared to 
be laid out in memo ry according to the type 
declaration for customer. In other words 
the declaration of customer describes th~ 
various fields of informat ion that will be 
found in any record of that type, whether 
currently stored in main memory or on an 
external medium . 

The fil'st field within a reco rd of type 
customer is a name co nsisti ng of up to 30 
characters. The name is of type, string, 
which is a UCSD ex tension of the standard 
Pascal concept of a packed array of charac­
ters . The type string is real ly just a prede­
clared record type within stand ard Pascal. In 
add iti on to the packed array of characters, 
the record also contains a single byte field 
representing the number of characters cur­
rently containing useful string inform at ion. 
In UCSD Pascal, a variab le of type string 
with no reference to the maxi mum length 
(like the (30/ in the name field) will be 
given a default max imum length of 80 char­
acters. Characters are ASCII and are synony­
mous with the co ncept of 8 bit bytes. 

The identifier ehargesunpaid is an ex­
tended precis io n intege r represented inter­
nally as a 32 bit binary number and limited 
to sto rin g numbers with up to eight decimal 
digits of precision. Associated with eharges­
unpaid is a scale factor of two decimal digits, 
designed to represent doll ars and cents. Both 
the exte nd ed precision co ncept and the deci­
mal sca ling factor are UCSD exte nsions to 
sta ndard Pascal intended particu larly for 
business use. Where no precis io n or sca ling 
factor is mentioned in the type portion of 
an integer declarat ion (as with the fie ld s 
areaeode, prefix and extension), the system 
assumes that the programm er wants the 
sta ndard integer precision o n the machine 
being used. On most microcomp uters this 
wi ll be 16 bits, equivalent to abo ut 4.5 
decimal digits. 

telephone is the id enti fi er of a field 
withi n the customer record layo ut, where 
telephone is itse lf a record contain ing three 
fields, each of which is a ll integer. Depend­
ing upon the purp ose one might have in 
mind for the data o n te lep hone numbers, it 
might be better to represe nt the telephone 
number fie ld as a stri ng of ten characte rs. 
We have used this represe ntation mostly as 
an illus trat ion of the language facilities. 

address is also the id entifier of a fie ld 
which is itself a record co ntai ning three 
fie ld s. Both telephone and address are sa id 
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type customer = 

var 

record 
name: string[30J; 
chargesunpaid: integer[8:2J; 
telephone: 

record 
areacode: integer; 
prefix: integer; 
extension: integer 

end; 
address: 

record 
street: string[40J; 
citvstate: string [40J; 
zip: integer[5J 

end 
end {customer}; 

x,v: real; 
i: integer; 
inrec, outrec: customer; 

Listing 7: User declared composite type declaration in 
Pascal. In Pascal, the programmer is required to declare 
what type of information will be stored under the identifier 
of each variable. Examples of standard predeclared types 
include integer and real. Pascal allows one to declare one's 
own composite type containing a collection of items of 
dissimilar types. In this example, the type "customer" has 
been created, consisting of a record of the variables name, 
chargesunpaid, telephone and address. String is a prede­
clared composite type provided by UCSD 5 Pascal system. 
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to be "nested" inside the record of type 
customer. Pasca l would allow us to nest 
record type fields within either telephone 
or address if we wished to do so, and those 
record fields could in turn contain other 
records. In this respect Pascal and COBOL 
are sim ilar, though the Pasca l faci I ities for 
record declarations are generally more flexi­
ble. As in COBOL, one can declare that a 
particular transaction record may be used 
with several distinct field layouts, all owing 
a file to contain records with several differ­
ent formats. 

In Pascal one refers to a com plete record 
by its identifier alone. We could transfer the 
entire content of inrec to outrec using the 
statement: 

outrec := inrec 

No concept similar to COBOL's MOVE 
CORRESPONDING statement is available to 
all ow the transfer of similarl y named fields 
between records declared to be laid out 
differently. 

If we wish to refer to a si ngle field of a 
Pascal record, it is necessary to name both 
th e record identifier and the field identifier. 
Thus we might assign a valu e to the name 
field of outrec as follows: 

outrec. name := ' John Q. Public ' 

Circle 12 on inquiry ca rd . 



In the situation of complex record types 
with many nested records, one can often 
simplify the extra wr iting needed to refer 
to all the nested record identifiers by using 
the Pasca l with statement. 

1 nteractive 1 nput and Output 

Input and output (10) is the area of 
greatest importance in business app li cations 
where the standard Pascal defi nitio n lacks a 
few essential features. Standard Pascal input 
and output do provide an orientation simi­
lar to some impl ementations of COBO L in 
that a file (an 10 device) has an associated 
buffer variable of the same type as that of 
th e fi le itself. In the next section we'll 
consider files associated with record types. 

Published discussions of input and output 
in Standard Pascal are genera ll y limited to 
handling files of type char, meaning that 
input and output are assumed to consist of 
a stream of characters. The standard identi ­
fier text is a convenient way to declare a 
file identifier as in: 

fid : text; 

which is equivalent to: 

fid: file of char; 

The standard Pascal read and wri te state-

ments provide automat ic formatting of 
external ch aracte r strings representing inte­
ger or f loating point numbers into and from 
their correspo nding internal integer and real 
represen tations. 

While the concept of type text is useful 
when working with magnetic tape devices or 
with card input and line printer output, it 
has proven difficult to use with in teractive 
devices. The UCSD Pascal system is ex­
tended for thi s purpose. Th e principal prob­
lem with type text for interactive f il es is the 
standard Pascal definition of the read state­
ment . read(fid,x) is equ iva lent to: 

x: fid t ; 
get (fid) 

in which the content of the buffer variable 
is first ass igned to the variable x, following 
wh ich a new character is loaded into the 
fi le's buffer variable from the external de­
vice . This is inconvenient when one would 
like to place a prompting message on a video 
display screen, using a simple write state­
ment, following which the program should 
wait for input demanded by a read state­
ment. The stand ard mechanism implies that 
the system looks ahead for a characte r to be 
loaded into the buffer variable. This is a 
great idea for tape fi les, but not at all con­
venient for interactive devices. UCSD Pasca l 
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extends this co ncept by assoc iat ing type 
in teractive wi th interactive devices . Type 
interactive is the same as type text except 
that the buffer variable is loaded from the 
external device before the value in the buffer 
variable is moved to the program variabl e. 
In more exp li c it terms: 

var fid: interac tive; 

get(fid); 
x: = fid t 

where the last two lines rep resentread(fid, x). 
UCSD Pasca l extend s the id ea of types 

text and interactive by all ow ing a string 
to be hand led with minimum fuss . On 
read(fid,strg) (o r ju st read(strg) , when reo 
ferring to th e standard system file input), 
one types characters at a video display key­
board with eac h characte r appearing im­
medi ate ly on the sc reen . If a characte r is 
mistyped it ca n be erased fro m the sc reen 
and the inpu t buffer by press ing the back­
space key. I f one wa nts to erase the ent ire 
input buffer for a clea n start (with all typed 
charac ters wiped off the sc reen), one presses 
the delete or rubout key. Th e read operat ion 
is termin ated when retu rn is pressed, where­
upon one ca n determine the number of 

characters actuall y input into the variab le 
strg by using the built-in string function 
length (strg) . On output, the write statement 
determines how many characters to send 
from a string variable using the length field 
assoc iated with that variable. For examp le, 

write(' Hello Th ere ') ; 

and 

strg := 'Hell o There'; 

write(strg); 

wou ld both prod uce the same 2 word mes­
sage on the output device. As in Standard 
Pasca l, the width of the fie ld of characters 
sent from the write statement can be con­
trolled as fol lo ws: 

write(strg: width) 

Disk Input and Output 

One of the main reasons fo r usi ng a disk 
file is to allow rapid random access to any 
se lected record in the file . Access to a floppy 
disk record takes roughl y 0.25 seconds, 
whereas access to a record on a tape cassette 
or cartr idge can take many seconds o r more 
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than a minute. Interactive bu siness process­
ing usually requires file s to be maintai ned 
on an external medium like disk or tape be­
cause the main memory of a microcomputer 
or minicomputer is usually not large enough 
to co ntai n a complete file at one tim e. Ran­
dom access is almost mandatory in most 
cases to avo id long waiting times for the 
peop le using the computer . 

For exampl e, the Zyx company might 
have a database of customer records in a file 
fcust declared as fo ll ows: 

fcust: file of custom er; 

within the var iabl e decl arat ions of a Pasca l 
program. When a customer arrives to ask for 
information, a Zyx staff member wants im­
mediate access to the record associated with 
th at custo mer in the disk file. Standard 
Pascal provides no way to reach the cus­
tomer 's record without sequentially reading 
many other reco rds : usually starting at the 
beginning of the file . UCSD Pascal all ows 
one to position the reco rd number pointer 
of the fi le using the built-in seek statement, 
for exampl e: 

seek(fcust, recnumber) 

Foll owi ng execution of thi s statement, the 
standard procedure ca ll get(fcust) would load 

the se lected record numbered recnumber 
into the buffer variable of the fcust f ile. 
Contents of the buffer could then be altered 
directly or moved to other variables in the 
program. get causes the record number 
pointer assoc iated with the file to be ad­
vanced to the next record in sequence. If 
you want to change th e contents of the 
buffer var iabl e and then return the changed 
contents to the disk record numbered 
recnumber using put(fcust), you would first 
have to ca ll seek again. The get and put pro­
cedures of Standard Pasca l are designed with 
seq uenti al tape fi les in mind, and they can 
also be used for seq uential reading of disk 
files. Use of the seek proced ure as described 
allows random access to disk files with mini ­
mum alteration oJ the standard language. 

Several as pects of di sk file handling are 
very important for simplifying the task of 
the bu siness appl ication programmer, though 
not specified as part of th e Pasca l langu age. 
For example, stand ard floppy disk media are 
usu al ly part itioned into secto rs of 128 bytes 
each. In some operat ing systems, such as the 
Digital Equipm ent RT11 operating system, 
a fil e is made to ap pear as partitioned into 
physical records of 512 bytes called blocks 
(UCSD Pasca l system uses th is convention). 
Typically , the record layo ut a programmer 
wants to use (such as customer in our ex-
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ample) does not result in a neat fit with the 
sector or block size demanded by the oper­
ating system. This means that a logical rec­
ord associated with a record type declaration 
in Pascal may occasionall y be sp li t between 
two physical records on the disk. The oper­
ating system should all ow the Pascal pro­
grammer to get a record from the disk or 
put a record to the disk without concern for 
this comp lication . The system should main­
tain a directory of disk fi les so that the pro­
grammer need not be concerned with the 
actual location of a file on the disk, but only 
with the number of a logical record counti ng 
from the beginning of the file. 

The programmer of a business applica­
tions program package needs to have a 
simple way to cause a program to ca ll for 
changes in the library of disk files main­
tained by the program. For examp le, an 
obsolete copy of a master file might be re­
moved from the directory, or its directory 
name changed. The UCSD Pascal system pro­
vides these and other facilities to make disk 
file handling as painless as possible on a 
small machine . 

Keeping Track of Categories of Data 

One of the common problems in business 
programming is identifying people or things 
with certain groupings or categories in order 
to simplify the handling of data on those 
people or things. For examp le, the Zyx com­
pany might want to characterize some cus­
tomers as primarily oriented to gizmos made 

type 

var 

manuf = (able, baker, charlie, davis, edwards, jones, smith, none); 
customer = 

record 
name: string[30}; 
chargesunpaid: integer[8: 2]; 
equipment: set of manuf; 
telephone: 

record 
areacode: integer; 
prefix: integer; 
extension: integer 

end; 
address: 

record 
street: string[40}; 
citystate: string [40} ; 
zip: integer[5} 

end 
end {customer}; 

x,y: real; 
i: integer; 
supplier: manuf; 
inrec, outrec: customer; 

Listing 2: An expansion of the Pascal code in listing 7 illustrating the use of 
sets. The type manuf has been added, which can be associated with a variable 
aJlowed to assume only the values enumerated in the declaration. For ex­
ample, the new variable supplier, of type manuf, may take on the value of 
any of the items in the manuf list such as able or davis, but no others outside 
the type. 
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by certain manufacturers, such as the Ab le, 
Baker, Charlie, Davis, Edwards, Jones and 
Smith companies. Within the product lines 
of these companies, Zyx might also want to 
have ready access to a record showing which 
selection of all the possible gizmo modules 
a customer might have. Thus, when a cus­
tomer makes an inquiry or a manufacturer 
brings out a new type of module, Zyx staff 
members cou ld reduce the effort in knowing 
how to deal with the customer. For ex­
ample, a printed promotional brochure 
might be sent only to the customers asso­
ciated with an appropriate combination of 
categories. 

In virtually any programming language, 
this problem can generally be solved by stor­
ing descriptive strings as additiona l fields of 
the customer record. However, the strings 
can take up far more space than one would 
li ke (particu larl y on a minifloppy disk!), and 
they are awkward to use when you are sim­
ply searching through a file for records cor­
responding to a particular combination of 
categories. For exam pie, we might want to 
search the file to identify all customers who 
own gizmos made by the Able, Jones and 
Smith companies who also have a particular 
type of add-on module. (If you are having 
troub le relati·ng to gizmos, how about S-l 00 
bus microcomputers with a minimum of 
16 K bytes of memory?) 

To solve the space problems in storing 
categories information, a standard technique 
in traditional programming languages in­
volves deciding on a set of codes to represent 
the various categories. In our simple exam­
ple enumerating the gizmo manufacturers, 
we might store a single letter representing 
each manufacturer, such as A for Able, B for 
Baker, and so on. But how do we store the 
information that a particular customer is 
associated with two or more of these codes? 
Without a complex indexing mechanism, a 
random access disk file virtual ly requires 
that all logica l records be of the same size. 
Do we provide an array for storing these 
codes? How long does the array need to be 
to account for al l possible combinations of 
codes for our customers? Are we willing to 
put up with inaccurate data on a few cus­
tomers in order to save large amounts of fi le 
space for the great majority of customers? 
How do we write a search program to go 
through the file quickly to find all the cus­
tomers associated with a specific combina­
tion of categories? The reader might well 
pause at this point to consider how to ac­
complish these tasks with his or her favorite 
programming language. 

The Pascal faci lities for handling sets are 
designed to make program so l utions for 
problems li ke these as painless as possible. 



For example, we might expand the dec lara­
tions given ea rli er as shown in li sting 2. 

We have added the declaration of a new 
type manuf which can be assoc iated with a 
va ri ab le allowed to ass ume only the values 
en um erated in the declaration. For example, 
the new vari abl e supplier is all Owed to be 
ass igned the value able, or jones, from the 
list of enumerated identifiers. 

Also decl ared as a new field of the 
customer record type is equipment, a set of 
members se lected from the type manuf. 
If a customer of Zyx owned giz mos made 
by Baker, Edwards and Smith compani es, 
the following ass ignment statement might 
appear in a simpl e program: 

outree.equip := {baker, edwards, smith] 

where the quantity in brackets on the right 
sid e is a set constant stating th at items are 
present from the three manufac turers noted. 
For an interact ive business file maintenance 
program, the record of a new customer 
showing no assoc iat ion with a manufacturer 
would most likely be initi alized using an 
empty set constant : 

outree.equip := { ] 

Then, when the custom er acquired hi s or her 
fi rst gizmo, we might find a statement such 
as: 

outree.equip := outree.equip + {edwards] 

whic h would form the union of the o ld value 
of the equip set with a new set co nsta nt 
va lue. I n other words, equip would now 
have a notation indicating the presence of 
edwards in add ition to what was previously 
noted in equip. We could co ntinue adding 
nota tions of other gizmo acquisitions when 
appropriate. I n fact th is process is likely to 
assign a va lue to a simpl e var iab le of the set 
type assoc iated with manuf; then that vari· 
able wou ld be used elsewhere in the program 
to augment the noted membership of equip. 

Pasca l's facilities for handling sets are 
advantageous in many ways. A set is ge ner­
ally stored in memory as an array of binary 
bits which are made accessibl e in a special 
way. In UCSD Pascal, a set is stored as a 
stri ng of bytes, each byte containing up to 
8 bits to indicate whether a corresponding 
va lue is present in the set. Only the number 
of bytes needed to hold the decl ared number 
of set members need be stored . If, as is 
usual, o ne needs severa l dozen members in 
a set for a bu siness appli cation, the space 
occu pied is very little more than the min i­
mum needed. UCSD Pasca l all ows a set to 
have as many as 4080 members. 

Once the val ue of a set fi eld of a record 
has been assigned, it is read ily possible to 
test whether a custo mer record is assoc iated 

with a desired combination of members. For 
exampl e, to determine whether a customer 
is noted as owning gizmos made by Baker, 
Edward s or Jo nes co mpanies, we could use 
an if statement such as: 

if (ou tree.equip * (baker,edwards,jonesj) <> { j 
then 

begin . . . end; 

Here the expression within parenth eses 
(on the left of "<>") iso lates the members 
of equip falling in the gro up Baker, Edwards 
and J ones. The parenthesized ex pression is 
said to be the intersection of the va lue in the 
equip field in outree and the set constant 
within sq uare brackets. The co mpari so n indi­
cated by <> then asks whether the result of 
the intersect io n operation has left any mem­
bers by ask ing whether the result is an emp­
ty set. If not, then at least one of the three 
members must be present, and the co m­
pound statement (b egin . . . end) fo ll ow ing 
then is exec uted . 

The alternative to this test for se t mem­
bership wo uld usually be a comp lex se­
quence of IF tests in the traditional lan­
guages. Th e set combining and testing 
operat io ns can be implemented effic iently 
by the Pasca l system. Thu s they all ow a 
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The UCSD Pascal sys­
tem was described in the 
May 1978 BYTE, page 46. 
Interested readers can re ­
ceive a copy of the soft­
ware for a $200 subscrip­
tion fee, which includes 
the software manual. The 
manual alone is availabl e 
for $ 15 postpaid . Order 
from : Insti tute for Infor­
mation Systems, UCSD, 
mailcode C-021, La Jolla 
CA 92093, (714) 452-
4256 . Checks should be 
made payable to the 
Regents of the University 
of California . 

Manufacturers Known to 
Carry UCSD Pascal at Press 
Time 

Terak Corporation 
14425 N Scottsdale Rd 
Suite 100 
Scottsdale AZ 85260 

Northwest Micro Systems 
121 E Eleventh Av 
Eugene OR 97401 

Altos Computer Systems 
2378B Walsh Av 
Santa Clara CA 95050 

Prices on all these sys­
tems are in the $5000 to 
$8000 range for the total 
package purchased new by 
individuals at retail. For 
thi s one gets a high level 
language system for per­
sona l use which is often 
far superior to the run-of­
the-mill traditional time­
shared minicomputer or 
max icomputer. Rumor 
(but no confirmation yet) 
has it that UCSD Pascal 
wi II shortly be available 
on the Heathkit H-11 and 
other high end personal 
computing systems. 
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program to be written more si mply and 
occupy less space. Th ey also make the oper­
ation s und ertaken by th e program more 
obvious to anyo ne versed in Pasca l, thus 
making a complex program more eas il y 
maintainabl e and bug free . 

There's a Lot More 

It is not possib le to present a comprehen­
sive . view of how o ne uses a language for 
complex bu siness programming within a 
short artic le. For exampl e, we have not de­
scribed th e use of Pascal subrange va ri ab les, 
wh ich allow a progra mmer to state that a 
variable is permitted to co ntain onl y cer tain 
declared va lues. If an attempt is made to 
assign to the variab le a va lu e outsid e th e de­
clared range, the program either terminates 
abnormally or (if Pasca l is ex tended in a 
simple way) the progra mm er may provid e a 
recovery b/oc/? in wh ich co rrec ti ve measu res 
may be taken. Data va lid at io n is one of the 
most common problems in business data 
processing. At UCSD, we fee l that the addi­
ti on of a simp le recove ry bl oc k mechani sm 
is essenti al to all ow reducti on in program 
complexity for handling the many excep­
tional circumstances th at show up in busi­
ness data, without unnecessary in te rruption 
of process i ng. 

A Note on Pascal Extensions 

Though Pasca l does seem to req ui re a few 
extensions to make business appli cation pro­
gramming trul y practica l, the language pro­
vides an ext remely powerfu l base from 
wh ich to work. One of the strengths of 
Pasca l, acco l-ding to the intenti ons of its 
des igner, is th at it offe rs all this power in a 
remarkably simpl e and se lf-co nsistent form . 
Th e necessary ex tensions can be made in 
ways th at genera ll y retai n thi s co nsistency 
so as to be I·elatively obvious to the program­
mer. We fee l that Pasca l is by far the best 
language ava il ab le for adaptation to inter­
act ive bu siness process ing on small machines. 
We would be happy to send furth er informa­
tion about how we use the language fo r 
bu sin ess or real time appli ca t ions to anyo ne 
who writes to us. 

The questions of whether standard 
Pascal should be ex tended, and ho w, Me 
currently be ing debated in te nse ly in the 
internation al Pasca l Users Group . Each 
spec ial interest commun ity of Pasca l users 
has its own li st of exte nsions considered 
essential to make the language a practica l 
too l for develop ing software pl·oducts in that 
community. Even th e question of what 
extensi ons are esse nti al is being debated , 
since it is poss ibl e to use the facili ties of th e 

standard Pascal language to create a library 
of routines to handl e the user 's special 
problems in mos t cases. In ge neral, an imple­
mentor should consider extending the 
language only in cases where the result will 
be simpler and more reli able or effici ent 
programs. 

This articl e discusses extensions that the 
author feels are esse ntial for business appli­
cations. Other communities with very strong 
interests in Pasca l work with rea l time app li­
cations, deve lopment of system software 
such as operating systems and compil ers, 
interact ive systems such as computer ass isted 
instructi on, scientific computations, and so 
on. Of course these communities do overlap 
substantiall y. If the essential ex tensions 
needed by all these communities were added 
to th e standard Pascal language, the simpli ­
city and self-cons istency that ma ke the 
language so important would probably be 
destroyed. Th erefore, it is ve ry unlikely that 
an eventu al formal standard for the Pascal 
language will include any but the most 
widely needed ex tension s currently under 
di scussi on. 

Thi s situ ati on leaves man y Pascal advo­
cates ve ry much worri ed that there will be 
no effective standards fo r th e extended 
language features nee ded by the special 
interest commun ities . There has been 
discussion with in the Pasca l Use rs Group 
about th e poss ibili ty of encou ragin g deve lop­
ment of common in terest superse ts of th e 
language for specialized uses. Idea ll y, lan­
guage standardi zation is a process which 
shou ld procee d slowly givin g attention to 
th e ideas of all ex perts who wish to be 
hea rd _ In practice, the use of Pasca l is 
growing so fast throu ghout the computer 
indu stry that close coordination of the 
extensio ns made by many implementors 
has become virtu all y imposs ibl e. We at 
UCSD have se t ourse lves the limited goal 
of seeking coordination and cooperation 
on Pasca l ex tensions for system program­
ming (including those for business and rea l 
ti me applications) among a number of 
in dustrial firm s th at seem most ac tiv e in use 
of th e language, particu larl y as regards small 
computers. FOI- I-easons assoc iated with their 
own propri eta ry interests, these firms will 
gene l-a ll y be able to cooperate on onl y some 
of the most widely used language extension s 
within their spec ial interest communities. A 
Pasca l language ex tens ions workshop was 
held at UCSD in July of this year primaril y 
to help bring about this coordination. We 
intend to continu e workin g as closel y as 
poss ibl e with the internation al Pasca l Users 
Group, and to take guidance from the PUG 
leadership on extension issues wheneve r 
practical.-
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stroking of programs or object code for 
programs. The traditional manual and job 
shop methods of production of copies of 
software for distribution are not appropriate 
when we think of a mass market of 10,000 
to 100,000 copies (or more?) of a program 
distributed via retailers and mail order 
houses with a retai l price of (for example) 
$9.95. 

The Software Distribution Model 

Given an identifiable set of computers 
with sufficiently similar characteristics, soft­
ware can be marketed and distributed to 
multiple users. 

The "sufficiently similar" characteristics 
which make a program marketable to mul­
tiple users include the formal representation 
of the software, and the mach ine readable 
medium in which the software is delivered. 
The machine readable representation of a 
program product is always accompanied on 
delivery by extensive printed documentation. 
At a minimum this documentation describes 
how to use the product; in the optimal case 
it includes details of the actual algorithms 
employed. To summarize, the key points of 
a delivered product are: 

• Formal representation. 
• Mach ine readable medium. 
• Documentation. 

I'll be making evaluations and comments 
largely on the subject of formal representa­
tion from the poin t of view of the new mass 
market for software which is developing in 
the personal computing field. 

Formal Representation 

Th e formal representation of programs to 
be distributed by a software vendor is one of 
the key choices wh ich has to be made. At 
one extreme, the vendor could provid e 
extremely machine dependent and configu­
ration dependent low level code for a 
particular computer system product. At the 
other extreme, the vendor of software might 
provide a largely mach ine independent 
formal representat ion in a high level language 
shared by a number of computers. At an 
interm ediate point between these extremes, 
especially in an era of mass production of a 
small number of processor architectures as 
microcomputer systems, we find the possi­
bility of delivering configuration independent 
but machine dependent relocatable repre­
sentations of low level code for a particular 
microprocessor instruction set. 

F or that class of software products 
supplied by the original manufac turer of a 

particul ar computer system, there is no 
problem providing compatible software at 
whatever level of representation is chosen. 
The manufactu rer of a system after all 
controls the detail choices with respect to 
processor hardware, system configuration 
and systems software. Since all the details 
are dec ided by the particular design, it is 
even practica l to market software in the 
form of a memory image at the lowest 
level (possibly in read only memory parts). 
Since the choice of processor is well defined, 
the manufacturer can also provide modules 
of software represented as relocatable 
mach ine code, along with a suitable loader 
program which is part of his systems soft­
ware. Since the detail ed choice of high level 
language processors is well defined, the 
manufacture r can also provide applications 
and systems programs represented in his or 
her high leve l langu age. The manufactu rer 
of computer systems products at most must 
deal with a small integer number of pro­
cessors and high level languages. 

We find this model of software delivery 
by the manufacturer of a system throughout 
the computer industry to date. Every main­
frame and minicomputer comes with low 
level representations of systems software and 
(eventually, if not at introduction) with user 
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LSI-ll TIME 

It's TIME you brought your LSI·ll up to DATE. TIME and 
DATE, two important parameters in the computer world, are 
available to your LSI·ll on one DUAL SIZE BOARD. When 
requested , the TeU·50D will present you with the date (month 
and day). time (hour and minutes). and seconds. Turn your 
computer off and forget about the time - your battery sup· 
ported TeU·50D .won't, not for 3 months anyway . The correct 
date and time will be there when you power up. 

The TeU·50D is shipped preset to your local time , but can be set 
to any time you want by a simple software routine. 

AT $295 
YOU CAN'T AFFORD TO IGNORE TIME 

Time is only one way we can help you upgrade your LSI·ll or 
PDp·ll system. We'd also like to tell you about the others. So 
contact Digital Pathways if you 're into -11's. We are too. 
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libraries of high level and low level programs 
appl icable with the particular systems. At 
the lowest end of the personal computer 
spectrum of functions we find a similar case: 
the major programmable calculator manu­
facturers with their independent incompat· 
ible systems provide users with libraries of 
magnetic cards or read only memories 
expressed in a form consistent with the 
particular machines. 

But a characteristic of manufacturers of 
computers is already evident again in the 
personal computer world, just as it previously 
existed in the world of minicomputers and 
larger computers: whatever the resources of 
the manufacturer, there is no way it can 
cover all the myriad applications possible for 
its computer. To draw an analogy from 
music, we hardly expect a piano or ·organ 
company to supply sheet music ("software") 
with the musical instrument which is suit· 
able for every user 's tastes . The music "user" 
purchases scores according to personal likes. 
A personal computer provides an analogous 
opportunity to exercise tastes in software 
characteristics. Even for the traditional high 
priced computer, customization through 
software is for the most part independent of 
the manufacturer once the basic operating 
system and software tools have been defined. 

I n software, the past has seen a large 
number of custom software vendors grow 
large in the niches of large scale computing 
and minicomputer technology. As the 
number of people using personal computer 
systems increases due to the low price of 
these systems, independent software pub­
lishing seems to be one of the most promising 
ways to assure a wealth of options to the 
user, provided that the difficulties of the N­
representation problem can be overcome. 

The N-Representation Problem 

For the moment, let's ignore all reference 
to the problem of machine readable data 
compatibility and simply look at the user's 
point of view with respect to software. The 
user has purchased computer X for use in 
personal or professional contex ts. When he 
or she has made the commitment to the sys­
tem, our user can in general expect to be 
able to conveniently load programs created 
on other X systems from the same manu ­
facturer. But what if he or she wants to load 
a program created by a neigh bor on com­
puter Y from another manufacturer? Or if 
the user wants to load a program from an 
independent software vendor? The variety of 
representations available in the traditional 
world of computers as well as the personal 
computer world is large - even within the 
framework of nominally machine indepen­
dent high level languages. 

Confining ourselves just to machine 



dependent microcomputer assembly lan­
guages, there is a wide choice of architec­
tures. At present we find the 8080, l -8 0, 
6502 and 6800 dominate personal computer 
architectures . Over the next two to three 
years we will find added to this list the 
9900, 8086, l-8000 and 6809. If the user of 
a perso nal computer sees a neat application 
system which only comes represented in 
8080 code when he has a 6800, that user 
is effective ly unab le to run it with out a 
recoding effort. (But even confining our­
se lves to assembly languages of the same 
mac hine des ign, there is often incompati­
bility. One vendor of l-80 software provid ed 
an assembler using a hybrid extension of 
8080 mn emonics, while others use lilog 
l-80 mnemo nics . So the same processor has 
at least two low level languages available.) 

Turning to high level languages, the 
machine independence of software becomes 
much greater. But current practices in the 
personal computing industry are far from 
machine independent. There is a de facto 
standard BASIC interpreter in existence, 
available on most 6502 and 8080 or l-80 
systems. This standard high level langu age 
is that defined by the Microsoft company. 
Exte nsio ns and changes of detail accompany 
each implementation, especially wh en a 
given computer has speciali zed graphics 
capabilities not available on all the other 
computers. With the Microsoft design , the 
major portions of an extend ed BASIC are 
identical over a large set of machines. 

But Microsoft BASIC is not the onl y 
interpreter in ex istence. A very prominent 
BASIC in terms of the number of users 
emp loying it as represented in the unsolicited 
art icles received at BYTE is the North Star 
BASIC interpreter . This interpreter is widely 
used on 8080 and l-80 systems because of 
the wide avai labi lity of the small floppy di sk 
systems manufactured by that firm: buying 
a North Star disk peripheral for an 5-100 bus 
system gets the user a limited operating sys­
te m and the North Star BAS Ie. The North 
Star BASIC interpreter and the Microsoft 
in ter preter are inconsistent in a number of 
fundamental ways in areas of string handling 
and array dimensions. And these are but the 
two most promin ent interpreters as seen 
from my point of view as edito r of BYTE. I 
could almost comment that manufacturers 
take any random formulation of a language 
vaguely resembling BASIC as originally 
implemented at Dartmouth, and call it 
BAS IC for marketi ng reasons. (The tempta­
tion to add or delete "features" in a language 
is of course not confined to BASIC alone. ) 

From the point of view of a software 
publisher, the economies of scale obtainable 
from a mass market will only be obtained if 
we use a common representation for applica-

Circle 40 on inquiry card. 

systems, inc. 
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tions and systems programs which can be 
correctly executed by any low level architec­
ture available in the marketplace. With a 
large number of mutually incompatible soft­
ware systems, this is not the case. It is my 
contention that the N-representation prob­
lem can be solved once by use of appropriate 
intermediate language representation and 
efficient interpreters for particular micro­
processors. Then the key part of an applica­
tion or systems program product is the high 
level language documentation, the equivalent 
lower level intermediate language object 
code, and the user documentation: all of 
course independent of the final machine 
upon which the software will run. The only 
machine dependent part which needs to be 
published is the intermediate language 
interpreter for a given machine and system 
configuration. This machine dependent part 
needs only one definition and one publica­
tion version. 

Given an interpreter definition, the 
standard high level language, and the stand­
ard intermediate language representation of 
programs, the user can be assured that once 
the object code is in place in his machine, 
the program will run with the same charac-

. teristics as described in the documentatio n 
for a rad icall y different mach ine. (Hardware 
differences due to favorable number repre­
sentations will make differences in precision 
and accumulated numeric error effects of 
course.) 

Ruling Out BASIC 

To the software publisher, a choice of a 
high level language and interm ediate repre­
sentation for executable code presents a 
moderate problem. The widely used BASIC 

interpreters could be used for a perfectly 
functional representation for the code of 
many programs. But such interpreters suffer 
from many inherent disadvantages: 

• Lack of uniform representation. 
• Slowness of execution. 
• Archaic nature of BASIC. 
• Lack of a compact machine independ­

ent compiled form. 

I've already commented on the lack of 
uniformity in the various BASIC implemen­
tations. The slowness of execution is in herent 
in this type of interpreter. In extreme cases 
an active search through memory for a label 
op code is used to find targets of subroutine 
calls or unconditional transfers. At best 
there is a level of semantic interpretation 
necessary to convert a condensed version of 
the source code into executed code. Many 
applications and systems programs cannot 
to lerate the lack of speed inherent in such 
interpreters. But BASIC can be compiled 
instead of interpreted, so this argu ment 
alone is far from sufficient to rule out 
BASIC. 

More important, a language like BASIC 
as presently implemented reflects an earlier 
state in the evo lution of computer languages, 
circa the early 1960s, with innumerable 
ad hoc patches and fixups to add "features." 
Through the 1960s and early 1970s advances 
were made in the concept of what a 
computer language should be in order to 
be convenient to use and conducive to 
error free thinking and programming. (For 
just one contrast, consider this: where the 
BASIC programmer is required to go almost 
to the machine language level of assigning 
numbers to locations in a program, good 
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contemporary high level languages such as 
Pascal and its rel atives allow the programmer 
to use meaningful names based on the appli­
cation being programmed.) 

Finall y, BASIC as implemented in most 
cases suffers from the lack of a compact 
externall y ava ilable machine independent 
version of the compiled form of a program . 
Thi s is an important requirement for the 
software publisher, since executable code 
must always be supplied in some machine 
readable representation, and compactness of 
representation is important if the inconven­
ience of relatively slow input techniques is 
not to discourage the user. 

For the reasons just summarized, BASIC 
is not the ultimate form in which programs 
are best published . But if BASIC is not the 
perso nal computing representation which 
minimizes the N-representation problem, 
then what is a better choice? 

Enter Pascal 

My own perso nal interest in Pasca l came 
abo ut for reasons which I summari zed in the 
December 1977 BYTE, page 6, in an essay 
entitl ed " Is Pascal the Nex t BASIC?" In 
this issu e several exce ll ent articles including 
those by Ken Bowl es, Chip Weems and Allan 
Schwartz provide further rationale by way 
of tutorial argument and example. 

Thi s perso nal viewpoint with respec t to 
Pascal is that of a user of a personal com­
puter system who wants to conveniently and 
quickly impl ement applications and syste ms 
software proj ec ts ran gi ng from the sublime 
to the ridicul ous . In the sublime category, I 
in clude systems software as an art form in 
itself. I also includ e writing systems softwar'e 
for my pet projects in musical applications 
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of computers, sophisticated games, and 
some experiments in the exploration of 
artificial intelligence concepts. In the 
ridiculous category, I include such mundane 
tasks as trivial games, income tax calcula­
tions, perso nal mailing lists of friends and 
relations, etc. The point about Pascal to be 
made here is that it is a language well adapted 
to the utility of computing, whatever your 
personal definition of utility is. In the range 
of appl ications I expect that the Pascal 
approach to structured, self-documenting, 
machine independent code will suffice with 
only an extremely rare necessity to resort to 
ad hoc kluges in the name of time or memory 
space efficiency. 

'From general re(jding I knew that a Pascal 
compiler was ava ilable <\ nd easily transferable 
to new mach ines through the use of the 
technique of "P-code" intermediate language 
representations. This ava ilability throughout 
the academic world was one of the reasons 
feir the spread of Pascal, for it is one thing to 
extemporize about th e virtues of a represen­
tation and another thing to be able to 
ac tually write and examine the properties of 
code in that representation. Since the 
original Pascal compilers from Jensen and 
Wirth et al in Zurich were written in Pascal, 
producing a P-code intermediate language 
output file, the task of making the compiler 
run on a totally new machine architecture 
was reduced to a relatively simple task of 
writing an emulato r for the hypothetical 
" P-m ac hine" which exec utes "P-code" as its 
mach ine language. 

What I did not know at the time of my 
earlier comments in these pages is the ex tent 
to which that P-code technology had already 
been applied to sma!1 computer systems, in 
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particular through the work of the people at 
the University of California at San Diego 
(UCSD). The UCSD Pascal project has 
created a nearly machine independent low 
cost operating system which includes Pascal 
as the principal high level language, all the 
usu al disk filing system features , support of 
high resolution bit map graphics including 
use r definable font storage for the character 
set, an advanced cursor oriented text editor, 
and interactive compilation and editing 
features . All the systems software in this 
package is written in Pascal with the ex­
ception of the P-code interp reter and asso­
ciated detail hooks to the hardware. 

The hardware dependent core has already 
been implemented and is readily available 
for LSI -ll, 8080, l-80 and 8085 processors. 
(The cost is only $200 for ind ividual orders, 
with UCSD quoting a $10 royalty per copy 
to manufacturers distributing systems in the 
hi ghest volumes.) At this writing, in the 
small computer arena, three systems are 
available which come with UCSD Pascal 
as a key feature : an LS 1-11 system packaged 
by Terak Corp and heavi ly used at UCSD, 
an 8085 processor in a elegant wood finish 
package with dual floppy drives manu­
factured by Northwest Microcomputer 
Systems, and a compact l-80 system with 
dual floppy disks manufactured by AI tos 
Computer Systems. Individual users who 
have 8080 floppy disk systems with the 
CP/M operating system and enough main 
memory get a floppy disk to bootstrap 
UCSD Pascal. 

A Serendipitous Result 

The nature of the implementation of 
Pasca l com pilers, and the UCSD Pasca l in 
particular, leads to an important byproduct: 
by simply using the UCSD Pascal compiler 
as the mode of expression of applications 
programs to be published , it is possible to 
provide a compact, machine independent 
representation of programs which greatly 
simplifies the N-representatio n problem for 
the independent software distribution house. 
The intent of discussing this serendipitous 
result in print at all is to show the way in 
which such independent software houses can 
indeed solve one of the thornier issues and 
provide their customers with programs 
which are compiled once yet will run on any 
one of a number of personal computer 
systems . 

What do we have which already exists in 
a form which can be readily adapted to a 
number of small computers? We have the 
work at UCSD which has produced P-code 
interpreter based systems for LS 1-11 and the 
family of microprocessors inspired by the 
8080 (8080, 8085, l-80). By the end of the 



summer of 1978, indications are that UCSD 
will also have bootstrapped the Pascal 
compiler to run on 6502 and 6800 architec­
tures. Taking this P-code interpreter as the 
input, it is not that difficult to conceive of a 
self-contained software system which will 
run in a 16 K byte or larger personal com­
puter system and will contain the necessary 
interactive user interfaces to load and run a 
program expressed in the P-code intermediate 
form as output from the Pascal compiler, 
but without the necessity of having the full 
UCSD system available locally to support 
local compilations. 

As a means of demonstrating this con­
cept, a student at UCSD will spend some 
time this summer creating and characteriz ing 
a system based on the UCSD P-code inter­
preter software for two different machines. 
This stand alone system will run in the 
typical current memory sizes of 16 K to 
24 K found in personal computers. The goal 
is to demonstrate a system which can read in 
a P-code object fi le (possibly in bar code or 
audio format) , then execute the object file. 
Issues to be addressed are those of designing 
the details of the program so that its machine 
dependent parts can be relocated easi ly, and 
so that initial patches for input/output (10) 
conventions can be created without excessive 
mental effort. The machine independent 
part of this stand alone operating system will 
be written in Pascal. 

In principle, expanding this work to a 
greater number of processors, it is possible 
to create a set of Pascal P-code machi ne 
emulators which can be published once and 
only once for each common machine archi­
tecture and personal computer manufac­
turer's configuration, so that this "virtual 
machine" can be used by a whole family of 
independent software vendors as a tal'get 
machine for their wares, rather than reqlli ring 
each software vendor to solve the N-rn achine 
problem separately, By inexpensivel y pub­
lishing the code of the P-machine emulators, 
we hope to help kindle both an interest in 
Pascal as a source language and a chain 
reaction of simplification in the software 
conventions which must be addressed by 
independent software vendors. Only time 
will tell whether or not we accomplish this 
goal. 

A Solution to the N-Machine Problem 

Given the existence of such inexpensive 
standard emulators for the P-machine which 
executes P-code, a number of beautiful 
effects become evident for the distribution 
of application and systems software among a 
large number of users. 

First, since P-code is conducive to use of 
Pascal as a source language, there will be 

Introducing G/2 Standard 
Basic for the SWTPC com­
puter series. It'll load faster 
and do more than you ever 
thought possible. 

Developed by Micro­
soft!M the industry leader 
in microprocessor languages, 
and proved for more than 3 
years in MITS applications, 
G/2 Standard Basic is now 
available for the first time 
for use with Southwest Tech­
nical Products Corporation's 
6800 hardware. 

Four to eight times faster 
than the basic you're now 
using, this interpreter offers 
string arrays, extensive string 
functions, Peek, Poke, Wait 
and Continue, direct execu­
tion of statements in the 
calculator mode, 10 nested 
machine language sub­
routines, multidimensional 
arrays and much more. And 
it uses only 7K of memory. 

Available now on cassette 
tape with full documentation 
At your dealer, or write for 
information. 

THE REASON a 
YOU BOUGHT • 

YOURCOMPUTER. _" 
[ r f1TI CRT Corporation 

Consumer Computer Group 
1286 N. Lawrence Station Road 

Sunnyvale, California 94086 
(408) 734-2910 
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a trend toward use of Pasca l to express 
algorithms - a res ul t whi ch is laud able on 
the abstrac t and pract ica l ground s of Pasca l's 
beauty as a self-documenting and structured 
represe ntati on of programs. (We already see 
thi s trend wi th res pect to BYTE artic les 
presentl y qu eued for publi cation in the near 
future. ) 

Second , t he N-mac hine pro bl em of dist ri­
bution is so lved by the device of using the 
P-mac hine emul ator fo r eac h of N-mac hines 
as the onl y machine-specifi c program, and 
widely publi shing the emulators at as Iowa 
cost as poss ibl e. 

Thi rd, the P-code object code for m is a 
semant icall y co mpac t I-e presentati on whi ch 
in fac t minimi zes the number of bits neces­
sary to co mmuni cate a program to the 
sys tem wh ich the end user employs. (Yet it 
maps direc tl y in to the so urce code ex pressed 
in Pasca l as part of the documentation of t he 
program product in pl ace of fl owcharts or 
other devi ces. ) This considerat ion is impol-­
tant to the re lative ly slow 10 dev ices such as 
FM sub car ri er broadcasts of programs, 
prin ted bar code co py of programs, audio 
channel recording of programs, phone 
network tra nsmi ss ion of programs, or sil icon 
real estate of read onl y memory parts (as 
ins pired by Texas Instruments' SR-59 
"So lid State Software" and hinted at by 
every other semico nductor man ufact urer 
interes ted in di stribu t ing compu te rs at retail ). 

Why Not Publish Machine Readable Source 
Code Instead of an In termediate Language 
Representation ? 

The intention of th is argum ent is to 

prov id e a way fO!' compiled code to be 
distri buted for use with syste ms whic h have 
diverse microprocessor archi tectu res and 
detai l implementatio ns. A key to publish ing 
software inex pensi ve ly is the req uireme nt 
that every detail copy of the software pub ­
li shed be id entical. Further, a ce rta in defini ­
t ion of th e "lowest common denominator" 
of the se t of systems is requi red. 

One way of publi shing which is guaranteed 
to be amenable to a wide vari ety of detai l 
representatio ns is to publish the machine 
readabl e source code of software. Bu t the 
shee r vo lu me of the code for a well docu­
mented source li st ing argues for a way 
which is more economi ca l of th e use r's ti me 
and energy. By publ ishin g t he mach in e read­
ab le but mac hine ind epend ent in termediate 
language object code co mpiled from a 
printed source li st ing (also part of a product), 
th e executa ble re presen tat ion can be loaded 
in to the mach ine much more quick ly; for 
pl'Ogram represe ntat ions in read onl y memory 
which are mass pl'O du ced, an inte rmediate 
code represe ntation is also favOl'ab le because 
of co mpactness re lat ive to source code. 

To summari ze, the in te rmediate language 
approach provides the benefits of machine 
independence coupled wi th the co mpactness 
of representation inherent in the usuall y 
machine dependent object code fo r a partic­
uiar arc hi tecture. (Th e negative side of usi ng 
a mac hin e ind epend ent re presentatio n is of 
course the t ime ove rh ead of the requ ired 
low leve l interp re ter_ Bu t for a we ll do ne 
in termediate language inte rpreter, we wo ul d 
ex pect thi s penalty coul d approach a mere 
2: 1 ve rsus a ty pica l 20 :1 or worse penalty 
fo r d irect interpretatio n of the source code.) -

M9900 CPU-16 BIT MINI for the 5-100 BUS with PASCAL 
The M9900 CPU brings the most powerful single­
chip processor available today-the TI TMS9900-
to the S-100 bus and supports it with powerful 
software. Included with the CPU board are Disc 
Operating System, BASIC, Assembler, Linking 
Loader, Text Editor, and I nteractive Debug. The 
powerful Pascal compiler is only $150 more. 

Move up to a 16 bit machine and the power of 
Pascal without losing the economy and selection 
of the S-100 bus - move up to the M9900 CPU . 

Kit $550 Assembled $700 
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Some Notes About Pascal. .. 

As this issue was being prepared, a 
number of interesting bits of information 
became available: 

• Ken Bowles reports that one associate 
of the UCSD Pascal project is using the 
microcomputer based Pascal which the 
project has created in order to write a 
P-code optimizer in Pascal. The 
writing of an optimizer program is not 
in itself particularly noteworthy, but 
the fact that this optimizer is being 
written for Pascal compiler output of a 
Cray-7 compu ter shows ample evidence 
of the relative machine independence 
of Pascal techniques. Here we find the 
LSI-77 based Terak machines at UCSD 
(typically a fully loaded LSI-77 with 
keyboard, bit map graphiCS, one 
floppy drive) being used to write, 
debug and check out programs for one 
of the world's larges t and fastest com­
puters, the Cray-7 . (How fast? Fast 
enough so that light speed propagation 
limits in the wires become a nontrivial 
consideration in the physical design of 
the machine.) Yet the Cray-7 uses a 
dialect of Pascal for systems program­
ming, and even has a FORTR AN 
compiler which uses P-code as its inter­
mediate language. 

• We note that even the US Defense 
Department likes Pascal as a replace­
ment for such monstrosIties as 
jO VIA L. Two contracts for further 
language design efforts on the "Steel­
man" phase of the search for a 
"DOD-7" language definition have just 
been announced, with Intermetrics In c 
and Honeywell-Bull being finalists in a 
language design competition based on 
preliminary proposals. Much of the 
content of this language definition is 
expected to be inspired by Pascal, even 
if it is not a proper superset of the 
language. 

• From the industrial side, Texas Instru­
ments Inc has a version of Pascal 
which is supported for the 990 series 
of minicomputers, where "supported" 
means that it is available for use with 
their dis/? systems, marketing people 
are pushing it at seminars for 990 
system users, and a comprehensive 
manual describing the system is 
available. The 990 series of minicom­
puters of course includes the micro­
computer version of the processor, 

which is the TMS-9900, and is one of 
the logical choices for a serious home­
brewer or designer of a custom micro­
computer system which must use a fair 
amount of complicated software. The 
990 version of Pascal is probably a 
little too expensive for the individual 
to purchase, but it represen ts a very 
good investment for a commercial user. 

• Finally, as we went to press with this 
issue in mid-May, a standards confer­
ence, called by Ken Bowles, was 
scheduled for mid-july at San Diego. 
A ttendance was expected from the 
worldwide Pascal community, as well 
as represen tatives of major industrial 
concerns, with the intent of defining a 
set of "standard" extensions to the 
Pascal language of the j ensen- Wirth 
report. We expec t to have some 
comments in a future issue about the 
major poin ts covered in that standards 
conference. (Of course, the reason for 
standards must be properly under­
stood: a language standard provides a 
reference so that any implementer can 
flag users about how his particular 
system deviates from the standard. 
This philosophy is seen throughout 
computer technology in areas as 
diverse as character sets for terminals 
and FORTRAN I V compilers which 
use the ANSI standard model. A Pascal 
standards consensus already exists in 
the j ensen-Wirth report published by 
Springer- Verlag, and the purpose of 
the conference is to define an exten­
sions set that covers the superset of 
the original language necessary to 
enhance the practicality of the lan­
guage in real world situations.) 

Pascal is one of the most exciting devel­
opments with respect to personal computing 
we have seen in recen t years. The small 
computer is finally getting to a point where 
the professionally oriented individual can 
afford (at the price of a typical new auto­
mobile) a computer with some of the most 
advanced software development character­
istics possible in today's computers. just as 
a crank starter can get the engine going on 
an automobile, BASIC and assembly lan­
guage can indeed be used to program com­
puters. But if one really wants to use an 
automobile conveniently, an ignition switch 
and electric starter are now considered 
essen tia!. The moral of this little simile is 
that Pascal is the electric starter of the 
computer world.. 
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Save 200/0 on all Dynabyte 

Save 15% on all 
IMSAI and Cromemco 

Save at least 150/0 on all 
TDL and North Star 

Contact us for savings on 
Micropolis 

NORTH STAR 
HORIZONS 

ABSOLUTELY BEST PRICES 
AND BEST DELIVERIES 

Horizon 1 Kit , List $1599 . $ 1349 
Assembled and tested, List $1899 . 1599 

Horizon-2lwith 2 drives) Kit, List $1999 1699 
Assembled and tested, List $2349 . 1939 

TD L XIT AN ALPHAS 
- LIMITED TIME SPECIALS -

Xitan Alpha 1, Lis t $993 . 
Xitan Alpha 15, List $1172 . 
Xitan A lpha 2, List $1601 . 
Xitan Alpha 3, List $1541 
Xitan Alpha 4, List $1970 . 
Xitan Alpha 5, List $2041 
Xitan Alpha 5-Plus, List $2410 . 

$ 839.95 
964.95 

1309.95 
1278.95 
1599.95 
1703.95 
2017.95 

MiniMicroMart 
ALPHA 1 .95 SPECIAL 
Similar to TDL Xitan Alpha 2, Kit. $798 

TDL Z16K STATIC 
MEMORY BOARD 

Assembled and Tested 
Originally $695 

OUR PRICE: $339 
We also stock TARBELL, MORROW, 
SO SALES, XITEX, and others! 

- SEND FOR FREE CATALOG -

MiniMicroMart, Inc. 
1618 Ja mes Street 

Syracuse, New York 13203 
Phone: (315) 422-4467 
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interested in becom in g members should 
wr i te to Patrick at POB 7162, Los 
Ange les CA 90022. 

Association of Small Computer Users 

An association of users and potential 
users of smal l computers has been 
formed to provide "a new source of 
unbiased, user oriented in Format ion" on 
the minicomputer and microcomputer 
market through ava il ab le pub li cations. 
Th e membe rship fee is $25 per year, 
which includes a yea r 's subscription to 
the assoc iation's bimonth ly newsletter , 
Interactive Computing, a year' s sub­
scription to Minicomputer News, and 
two feature reports from Datap ro 
Research Corp, All About Small Business 
Computers and User Ratings of Mini­
computers and Small Business Com­
puters, In ad dition, members wil l be 
eligible for reduced rates on se lected 
publicat ions. Addit iona l information 
can be obtained by writ ing to the 
Association of Sma ll Computer Users, 
75 Manhattan Dr, Bou lder CO 80303. 

G2C3 Computer Group 

G2C3 has been fo rmed in Mobile 
AL by a group of persona l computer 
users. They meet the first Wednesday 

Cartoon by Manuel D Juan 

/ 

( 

1 / 1 

of every odd numbered month. Anyon e 
in the Gu lf Coast area is invited to join. 
Prese nt membership ranges from novices 
to established professionals, ensuring 
a wide variety of subjects for discussion. 
Members often bring their co mpute rs 
to these meetings for demonstrations 
and presentations on their build ing 
techniques., For the location of the 
next meeting and add itional in for­
mation, ca ll (205) 478-1777. 

6800 Users Group 

A 6800 Users Group has been formed 
for the Dallas and Forth Worth TX area. 
It meets on th e third Thursday of each 
month at 7 PM at 1220 Majesty, Dallas 
T X. All parties interested in attending 
are cordia lly invited to do so. Varied 
topics of interest to users of the 6800 
systems along w ith tutorials in assembly 
programming are discussed. 

A lso of in terest to users of 6800 
systems is th e group's "Ask the Chips" 
feature, where any questions or com­
ments concerning the 6800 are presented 
and discussed during the meetings. 
Worldwide users may correspond at the 
address li sted below; the group wil l make 
every attempt to respond with so luti ons. 

For further in formation contact 
Charles A Matz, 4114 Avondale, Suite 
2, Dallas TX 75219, or phone even ings 
(214) 522-7130 .-

;. 
I 

f 
~ 
J 

~ ---- '---...J 

~~ 



Designing Structured Programs 

Structured programming is an attempt to modernize software develop­
ment and to reduce the side effects that divert so much programmer 
time from actual programming. The use of structured languages like 
Pascal promotes good programming techniques. 

Chip Weems 
Dept of Computer Science 
Oregon State University 
Corvallis OR 97331 

In the early days of the computer indus­
try, the most ex pensive part of own in g a 
computer was the machine itself. Of al l the 
components in such a machine , the memory 
bank was the most cost ly because of the 
number of parts it contai ned. Early compu­
ter memories were th us small: 16 K bytes 
was considered lal-ge and 64 K bytes cou ld 
only be found in supercomputers. All of 
this meant that programs had to take advan­
tage of what littl e space was available. 

On the other hand , programs had to be 
written to run as quickly as possible in 
order to make the most efficient use of the 
large computers. Of course these two goals 
almost always contradicted each other, 
which led to the concept of the speed 
versus space tradeoff. Programmel's were 
prized fo r the ability to write tl'icky, effi­
cient code which took advantage of special 
idiosyncrasies in th e machine. Supercoders 
were in vogue. 

Fortunate ly, hardware evo lved and be­
came less expensive. Large memories and 
high speed became common features of most 
systems. Suddenly peop le discovered that 
speed and space were no longer important . 
In fact the roles had reversed and hardware 
had beco me the least expensive part of 
owning a computer. 

The costliest part of owning a computer 
today is programming it. With the advent 
of less ex pensive hardware, the em ph as is 
has shifted from speed versus space to a new 
tradeoff: programmer cost versus machine 
cost. The new goal is to make the most 
efficient use of a programmer's time, and 

program effici ency has become less impor­
tant - it 's eas ier to add more hardware. 

There are some important observations 
that should be mad e concerning modern 
programming. First, the majority of the cost 
involved with a particular program centers 
on maintenance and revision rather than 
initi al development. For example, an average 
program may take three working months to 
write but can have a lifetime of up to ten 
years or more, during which dozens of 
changes may be needed. Th ese can easily 
add up to several years of labor. 

I t is also interesting to note that the 
largest portion of the time spent in revising a 
program is tied up in analysis of the existing 
code by the revising programmer. This is the 
time needed for the programmer to break 
into a piece of code. 

Even in the development phase, the largest 
portion of time is not usually spent on 
designing or coding, but on debugging. 
The actual programming takes up very little 
of a programmer's time in comparison to all 
of these other program side effects. 

Unfortunate ly, although hardware has 
evo lved rapidly, software techniques have 
not followed suit to the same degree, since 
the first high level languages were intro­
duced. Witness that two of the most popular 
languages in use today, FORTRAN and 
COBOL, are relics of the late 1950s. 

Structured programming is an attempt 
to modernize software deve lopment and to 
reduce the side effects that divert so much 
programmer time from actual programming. 
Th e main thrust of structured programming 
is to shift the emphasis of the development 
phase to careful design in order to reduce 
debugging time and increase program organ­
izat ion. In addition, special coding tech­
niques make programs easier to revise. The 
use of structured languages, such as Pascal, 
makes programs more reliable by permitting 
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BYTE's New 

Toll-free 
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W.A.T.S. Line 

( 800) 258-5485 
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forward to serving y ou. 

IMMEDIATE DELIVERY 

Advanced 8K Model 
-only $795 

No computer know -how needed ! Uses extended " BASIC" _ Self­
contained with its own 9" video display, built-in keyboard . and 
digitally controlled cassette recorder_ Complete with 14K operat­
ing system and BK memory built-in (expandable to 32Kl. 

APPLE II 
I n stock from $970 

Apple II is a completely contained computer system. with BASIC 
in ROM. full ASCII keyboard in a lightweight molded carrying 
case. Expandable to 4BK _ 

Apple II. the personal computer with color! 
IMSAI VDP BO --- desk top business system with 32K. II dual den­

sity floppy disk and CRT . List - $7.000 
Limited time only $5.295 

PERIPHERALS 
For PET 

PET 2020 Impact Printer - $595 

32K Memory Expansion - $595 

Serial Interfaces from $169 

PERIPHERALS 
For APPLE 

Expandor Printer - $425 

Centronics 799 
Printer -$995 

Apple II Disk - $495 

Plus hundreds of software programs too numerous to list! 

THE COMPUTER FM:TORY 
790 Madison Ave. (cor. 67th St.) 

New York, NY 10021 212-PET-2001 
Open 10-6 pm Tuesday - Saturday 21 2-249-1 666 

144 August 1978 © BYTE Publica tions Inc Circl e 71 on inqui ry card. 

compi lers to buil d more se lf-checks into the 
programs they ge nerate . 

Th is sounds like salvation to companies 
whi ch have to hire expensive programmers 
and analysts, bu t wh at does this extra effort 
do for the pe rsonal computer enth usiast? 
Consider that the development of the 
personal computing industry has parall eled 
that of the entire com pu ter ind ustry, but in 
mini ature. Earl y personal compu ters were 
small and speed vers us space was the most 
important facto r. As costs came down, 
howeve l-, larger memories and hi ghe r speeds 
in processo rs became common. Programming 
is a spare time operation for many pe rsonal 
computer experim ente rs; structu red pro­
gramming can he lp to optimize the pro­
grammer's use of thi s valu able comm od ity. 
Th e diffic ul ty comes in changing old habits 
and using se lf- di sciplin e. 

Th ere is an anomaly present in the per­
sonal compu tin g in dustry: fo urth genera­
tion hardware is the I-u le I-ather than the 
exception, but expe ri menters al-e st il l usi ng 
software, such as BAS IC and li ne oriented 
ed ito rs, which is based on 15 year old des igns 
left ove r fro m the secon d generat ion of com­
puter hardware_ 

We have a chance to learn from the 
mistakes of the mainline computer in dustry, 
where peop le have been digging the ir way out 
of the second ge nera ti on for several years. 
We have a fresh, new chance to do things 
co rrectly. 

Structured Techniques 

Structured programming is a co ll ection 
of cod ing and design techniques that guide 
programmer efforts into the production of 
organi zed, wel l fo rmed, re li ab le programs. 
Un fo rtu nate ly, thi s miracle can onl y come 
to pass if the techni ques are used prope rl y. 

Str uctured tec hniques are often refer red 
to as being to p-down in natu re. Thi s classi­
f icatio n is rea ll y mislead ing si nce, in actual 
practice, both top-down and botto m-up 
methods are used. Top-down techni ques 
refe r to methods which begi n with the 
overall pro blem to be programm ed and, 
through successive steps, break it down in to 
small er, more workab le subproblems. 
Bottom-up methods take the opposite 
ap proach by starting at the deta il level 
and co ncate natin g small units to for m 
larger uni ts, re peatin g the process un til the 
solu t ion fo r the enti re probl em is fo rmed. 
Thi s is the buildin g bl ock approach . 

Program deve lopment is broken in to two 
phases by structu red techniques: des ign and 
implementation. Durin g the design phase, 
which is the emphas ized portion, the 
methods use d are pr im aril y top-d own in 



nature. The implementation phase, however, 
uses mostly the bottom-up approach . 

Analysis of any problem is most logicall y 
done in a top-down manner. No on e would 
try to solve a word problem in algebra by 
taking a group of mathematical symbols 
and trying to fit them together in the hope 
that an appropri ate formul a will appear. 
Such a formula would probably solve only 
a few special cases or, if it were general, 
would prob ably contain several extraneous 
terms. Even so, this is exactl y wh at happens 
when people write programs in a bottom-up 
sty le, starting out by writing cod e and not 
considering the overall design until later. 

Our first rule in structured programmin g 
thus is : sit down at the beginning and analy ze 
the problem in a top-down mann er. Break 
it down into small er portions so that the 
overall organi zation remains cl early visibl e. 

This is the guiding philosophy of the 
entire design process, the end result of which 
is a properly coded program. Th e major 
techniques used here are stepwise refin e­
ment and stepwise decomposition. It should 
also be noted that this process is not purely 
top-down in actual use. Th e experienced 
programmer knows wh at is possibl e and 
what is not. Such a programmer employs a 
form of look-ahead along with th e to p-down 
techniques in ord er to avoid impossible 
designs . Possible codin g sch emes are con­
stantly being considered whil e the desi gn 
is under development. Properly used, thi s 
technique can be a valuable evaluation too l 
and can greatly speed up the design process. 
The important point is that such a pro­
grammer should not ge t so involved in 
coding that the top-down approach is com­
pletely abandoned. 

Implementation is bes t done through 
bottom-up techniques. Going back to the 
algebra problem, we can see th at, once we 
have a well written formula, it would be 
illogical to try to plug in all of the numbers 
and do all the computations at once. Th e 
best approach is to start with single com­
putations, verifyin g each one, and build on 
them until a solution is obtained. 

Once the design is completed, the ind e­
pendent, bottom level program modules are 
implemented and tested first. Higher level 
routin es are built usin g th ese subroutin es 
until the program is eventually constructed 
and the final verification takes pl ace. 

Surprisingly, careful design and impl e­
mentation in this form does not take consid ­
erably more time than program development 
using the older approaches. Some restraint 
on the part of the programmer is needed, 
but once the results are seen, it's hard to 
imagine why anyone would want to con­
tinue using the old, unorganized methods. 
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Now that we have a feeling for what 
structured programming is, let's take a close 
look at some of the techniques mentioned 
earl ier. 

Stepwise refinement is a top-down 
approach to program syntax. The concept 
of refi nement refers to the language used to 
describe the solution being programmed. We 
start with some very general statements 
about what the program or routine is sup­
posed to do, then work down through 
several levels of specification using more 
detailed language at each new level as shown 
in figure 1. 

The end result of refinement is a coded 
version of the program or modu Ie. I n order 
to apply refinement, it is necessary to have 
previously specified (at least in part) how 
the program is to be broken down func­
tionally. Another techn ique, called stepwise 
decomposition, is responsible for deter­
mining how the program is split up . It will 
be examined later in this arti cle. In general, 
refinement takes place simultaneously with 
decomposition, but is usually one or two 
steps beh ind with regard to level. 

Completely different from the end result 
is the goal of stepwise refinement, which is 
to reduce the complexity of program devel­
opment by organizing it into a sequence of 
manageable steps through the establishment 
of stable levels of complexity during the 
design. Once each new plateau of com­
plexity is reached, work can begin on 
developing the next plateau. Th is is similar 
to the way a mountain climber scales a peak : 
a series of base camps must be established, 
each one providing a jumping off point for 
the next day's climb and , in the event of 
failure, a safe haven to return to for the 
night. No one would consider climbing 
Everest in one unbroken effort. There's 
simply too much mountain there to do it all 
at once. 

Amazingly enough, many programmers 
still attack mountainous programs with a 
single effort approach. But there's simply 

GOAL 

SPECIFICA TION 

PSEUDOCODE 

CODE 

Figure 7: Stepwise refinement of problem. 
We begin with the high level goal statement, 
which contains few details. As we step down 
through each lower level, more details are 
added until, at the fourth level, we have a 
coded program or module. 



too much in fo rmati on in a large program; 
the human mind can't absorb it all at once. 
Even th ough the resulting program may run, 
its own author probab ly couldn 't ex plain the 
whole thing and certainly would not be ab le 
to guarantee it to be error free. 

How many levels are needed in the devel­
opmen t of a program? Th is depends on the 
size and complexity of th e program , but in 
ge neral a minimum of four leve ls is required. 
These leve ls are the goal, specification, 
pseud ocode and code level s. 

When you decide to write a program, the 
first thing you should do is write down the 
goal you have in mind for that program . If 
yo u can't write th e goa l in words, you prob­
abl y don't have a clear enough pictu re of 
what you want to do in order to write a 
program. 

Once you've written the goal, step back 
and take an objective view. Is it too broad, 
too grandiose, too narrow, too simple? 
Writing, "This program will be used to bal­
ance my checkbook," is one thing, but, 
"A program to kee p track of cash flow 
through the entire household ," is a com­
pletely different matter. The first could be 
written for a programm able calculator, the 
second involves establishing a complete data 
base system. 

A great deal of frustration and d isap­
pointment could be saved just by writing out 
the goal and examining it. For a roulette 
game, a well written goal might read as 
follows. 

"This program will simulate the game of 
roulette as pl ayed by Monte Carl o rules. It 
will permit up to five pl aye rs to bet at one 
time and will use a free form input sch eme 
to simplify the betting process." 

In the first sentence, the main goal has 
been specified and some secondary points 
have been put down. Note that the goal is 
not too specific, since the detail s are sup­
posed to be held off until the specification 
level. As stated, this program is reasonably 
difficult, but not impossible. 

After a satisfactory goa l is set, then 
comes the specification, which is broken 
into three parts : input, output, and strategy. 
Most good programmers have at least once 
made a statement something like, "If you've 
got a complete descripti on of what comes 
into and what goes out of a program, the 
rest is ju st adding what runs in between." 

Writing a program is, regrettab ly, not that 
simple, but it would be much more difficult 
to write it without knowledge of just how 
the input data will look or what the output 
is supposed to be. The specification leve l 
provides this and permits us to jot down 
some rough ideas about how the processing 
will take place. Table 1 is one possible 

examp le for the roul ette program. 
Obviously, this is not a complete descrip­

tion of the 10, but it is reasonably good. If 
we were actuall y wri ting thi s program, the 
specification would be more detailed and 
several exampl es would be included. Simil ar 
items that can appear in the 10 desc ription 
are card layou t forms, disk fil e form ats, 
record descriptions and so on. If this were a 
subroutine, our 10 spec ifications would also 
describe the pal'ameters passed to and from 
the ca llin g rout ine. 

Th e strategy is impol-tant here, since this 
is real ly the seco nd level of the process 
refinement. Note that th ere are no sys tem or 
language dependent statements in th e 
strategy. We should be ab le to take any task 
fro m the spec ification level of a program 
desCl"iption and impl emen t it on any system 
(with enough resoul'ces) without hav in g to 
change the way we have written it. 

Once aga in , step back and examine what 
has bee n done . Is the stra tegy too detailed , 
is there enough detail, is it dependent on 
specia l system or language features, is it too 
compl ex? The last item is important: if th e 
ans wer is yes, th e problem has not been 
properly decomposed . We mu st go back to 
the decom position and reexamine how we 

Input: 
Ini tial number of players: integer between one and five inclusive. 
Pl aye r names: st rin g truncated at 15 characte rs . 
Yes/no answe rs: strings truncated to one character . 
Bets: str in g up to 72 characters long of form : integer number bet value on bet 

keywords. A ll extraneous wo rds and symbol s are ignored. In st ead of a bet, the 
special keywords quit and pass may be input. 
Bet keywords: numbers separated by com mas. 

Output : 

12 H, 12M, 12 L (do zens) 
12A, 12B, 12C (columns) 
low, h igh (halfs) 
odd, even 
red, black 

Number of players q uestion. 
Pl ayers name requests. 
I nstructions needed q uestion . 
Instruct ions. 
Bet requests. 
Results and winnings sta t ements. 
Bet e rro r messages. 
Goodbye message. 

Strategy: 
After the start up sequence , go into a loop to input the bets. Process each bet by 
scannin g through the string l ooking for quit, pass, or digit. Set the qui t or pass 
flags if either is found and go get t he next bet. If a digit, co ntinue picking up di gits 
and converting to decimal until on is seen, then scan for keywords. Once the com ­
plete bet is processed, check for validity. Eith er accep t the bet or print an error 
message. Select the random wi nning number, determine wh o won or lost and print 
the results, check in g quit and pass flags for special act ion. Restart input loop if any 
players remain , else stop. 

Table 7: This is the rough sketch of the roulette game which will be used to 
de velop the program. The rough sketch should define what the input and 
output of the program are going to be and the general workings of the pro­
gram. It should be very general and give an overall view of the project. 
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have divid ed the processing. (Bette r to bac k­
track at th is stage than after we have gone 
furth er and found the problems to be 
unmanageable.) 

In the next phase of refinement we try to 
get even more spec ifi c. On large programs, 
which may need more than four leve ls, the 
extra levels may appear at this point. Any 
program that requires multiple pseudocode 
leve ls has probably been improperly decom­
posed. A well formed program se ldom needs 

Begin program. 
Ask how many pl ayers. 
For as many pl ayers as there are, 

Get each player 's name. 
Ask if instructions are needed. 
If yes, output the in structions. 
While there are sti ll any players left , 

F or as many pl ayers as there are, 
Repeat until a va lid bet is obtained: 

Get the player's b et. 
Scan the bet . 
Check bet for va lidity . 

Determine the winning number. 
For as many pl ayers as there are, 

I f player quit, process the qu it. 
If player passed , process the pass. 
If pl ayer bet, 

End program. 

Determine whether player won or lost. 
Process this accordingly. 

Listing 7: Pseudocode for roulette program. This level of design is used to 
roughly determine what the program should be doing. It should not con­
cern itself with the low level aspects of the program. 

begin (* program * ) 
askhowmany (players); 
for player : = 1 to ( *as m any * ) players ( *as there are * ) do 

getname (( *o f * ) player, ( * into * ) playerfist) ; 
askif (yes) ( *i nstruction s are needed * ); 
if yes then printinstructions; 
playersleft : '= true; 
while ( * there ar,e still any*) playersleft do 

begin (*betting * ) 
for player : = 1 to ( *as many * ) players ( * are there are * ) do 

repeat 
getbet (( * of * ) player, ( * in*) playerfist}; 
scanbet (( * of * ) player, (* in * ) playerfist}; 
checkbet (( *o f * ) player, ( * in * ) playerlist, 

( * to see if * ) valid}; 
until valid (* bet is obtained * ); 

determine (winningnumber); 
for player : = 1 to ( * as many ' ) players ( 'as there are*) do 

begin ( ' processing results*) 
if quit (( *by*) player, ( 'of ' ) playerlist} 

then processquit (( * by * ) player, (* of * ) playerlist, 
(* updating * ) players, ( 'and * ) playersleft}; 

if pass (( * by ' ) player, ( * of ' ) playerlist} 
then processpass (( *by * ) player, (* of * ) playerfist}; 

if bet (( ' by * ) player, ( *of ' ) playerfist} 
then processbet (( * by *) player, ( * of * ) playerlist, 

(* using') winningnumber} 
end ( * processing results*) 

end ( * betting ' ) 
end. (* program * ) 

Note: The delimiters (* and*) are used in this listing to indicate comments , Although 
the Pascal defined symbols are { and } , most output devices do not have these symbols 
available. Therefore the parentheses and asterisks are substi t uted . 

Listing 2: Pascal program for the roulette game. This is the main program 
which calls many other subprograms to perform the low level logic. Notice 
the similarity between this program and the pseudocode of listing 7. 
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more than th e usual four levels of refine­
ment. At this level we may add so me system 
depend ent features but we should st ill try to 
avoid language depend encies. Our pse ud o­
code desc riptio n should thus use a wide 
range of constructs freely, sin ce we can al­
way s break these down into whatever co n­
structs our chosen language actua ll y has. 
Using a wide variety of powerful co nstructs 
perm its us to th in k and design more freely, 
free of the worries of parti cular language 
form s. 

Many peopl e use a form of ALGOL to 
write their pseudocode, because the block 
structure of ALGOL lends itself ni ce ly to 
stru ctured pseudocoding. At times , this 
ALGOL type langu age looks more like a 
version of Pascal , espec ially if the program­
mer is accustomed to Pascal. But the dif­
ferences are minor because th e two lan ­
guages are similar and a good pseud ocode l' 
tri es to elim inate language dependencies 
anyway. 

The pseudocode for our rou lette game 
loo ks something li ke li sting 1. Th is is sti ll 
at a fairly high level, but is much closer' to 
being a program than the strategy was. Th e 
pseudocod e shown uses ind entation to ind i­
cate blocks rather th an begin and end pairs 
as in Pascal. Thi s provides a graphi cal repre­
sentat ion of the structure of the program. 
When indented properl y, good pseudocode 
can be used in place of flowcharts, and is 
often more eas il y understood . 

A good rul e to follow when writing 
pseudocode is to make it understand able to 
almost anyone, including nonprogrammers. 
If you can convince someone that they're 
going to run a roulette tab le fo r peo ple bet­
ting via Tel etype, th ey will probab ly have no 
difficulty in understanding the roulette pro­
gram pseudocode. Thi s is an important test. 
If another person can successfully interpr'et 
your pseudocode and, using it, pl ay the part 
of the computer without running into pro­
blems (bugs), then it is well wri tten. 

Wh en th e pseudocode for a modul e is 
completed, it is a relatively simpl e matte r to 
fle sh it out by adding the right words and 
proper punctuation for whatever language is 
be ing used. 

Converting our pseudocode to Pascal, fo r 
examp le, would produce something like 
li sting 2 . 

This is indeed a high leve l Pascal program. 
It takes advantage of the ways in which 
Pascal permits procedures, funct ions, 
Bool eans and comments to be used, in ord er 
to produce actual code that is not much 
lower than pseudocode. Most of the work 
done in this program is by procedures and 
functions defined elsewhere. Thi s is a sign of 
good decomposition . 



A main program should very seldom have 
to exceed more than one or two pages in 
length . If it does, it is probably too complex, 
and more of its operations should be con­
solidated into subFOutines. Breaking pro­
grams up into manageable pieces is the idea 
behind stepwise decomposition. As I men­
tioned earlier, decomposition is the other 
half of the design phase. Now that we've 
concluded our development of stepwise 
refinement, let 's take a closer look at 
decomposition . 

Decomposition 

Stepwise decomposition is a top-down 
approach to program semantics. Using 
decomposition, we examine the meaning of 
a program segment to determine its function 
with regard to the whole program. Our pur­
pose in doing this is to determine the com­
plexity of the function in order to see if it 
should be further decomposed . Decompo­
sition refers to the breaking up of program 
functions to reduce their complexity and 
increase manageability. 

The end result of stepwise decomposition 
is that all program functions will be reduced 
to a set of simple, isolated subroutines as 
shown in figure 2. Like refinement, how­
ever, the goal of decomposition is to provide 

'a ' sequence of levels, like mountaineering 
base cam ps, wh ich reduce the design process 
from a si ngle, giant leap to a series of short, 
easy steps. Unlike refinement , there is no 
usual number of levels required to fully de­
compose a program. The si ze and complex­
ity alone determine how many levels of 
breakdown will be needed for a program, be 
it two or 20. The reason for this is apparent 
if we note that refinement follows a few 
steps behind decomposition. With refine­
ment we have the advantage that we will 

LE V EL I 

LE VEL 2 

LL 
II 

LE VEL3 

LE V EL 4 

LE V EL 5 

Figure 2: Stepwise decomposition of prob­
lem. We begin with the entire problem, 
breaking it into smaller subproblems. This 
process is repeated through as many levels as 
needed, until we are satisfied that all of the 
resulting modules are as independent and 
primitive as necessary. Note that not every 
module has to be decomposed to the same 
depth. 
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Figure 3: Strongly connected modules. The 
broad communication paths defeat the 
purpose of separating functions into 
modules. In addition, this permits errors 
caused by program changes to propagate 
throughout the entire program. 

always be working on simpl e, decom­
posed program modul es which should never 
exceed a certain leve l of complexity. Decom­
position , on the other hand, is used for 
break ing new trails and is app li ed to prob­
lems with an arbitrary range of complexity. 

Since there are no fixed decomposition 
levels , we must have some rules that specify 
under what conditions a new level should be 
created. Because programming is not an 
exact science, our rules are not like laws that 
must be obeyed, but are rather heul'istics or 
rules of thumb which guide us as we work 
through a design. 

Before we can set up these rul es of 
thumb, we must consider two important 
characteristics of program mod u les on wh ich 
they will be based . The first is the connec­
tivity of a module and the second is its func­
tional relationship. 

Connectivity refers to the number of 
channels of communication between a 
module and the rest of the program . A 
module which has many links to other parts 
of the program is said to have high connec­
tivity, whi le one with few links has a low 
degree of connectivity. 

The level of internal functional relation­
ship is a description of how the processes in 
a module relate to each other. These proc­
esses are said to be highly related if they are 
all involved in providing the overall function 
of the module. A group of processes which 
do not contribute to the module's function 
is said to have a low functional relationship 
with regard to the module . The overa ll level 
of relationship throughout the modul e is 
called its cohesiveness. 

Now that the terms and definition have 
been set forth, let's take a closer look at 
these two characteristics and see how they 
relate to structured programm ing, 

Programs whose modules are connected 
by large numbers of communications paths 
are obviously more complex than those with 
only a small number of intermodule links. 
Modules which depend heavily on other 
modules, as in figure 3, are difficult to work 
with because understanding them also 
requires a complete understanding of all the 
modules upon which they depend or which 
depend upon them. This can develop into a 
chain reaction, requiring the programmer to 
design the entire program at the detail level­
often an impossible task. 

Another negative result of high connec­
tivity is that a change in any module can 
cause effects which ripple throughout the 
entire program. The numerous, broad com­
munication channels do nothing to restrict 
the propagation of errors from one module 
to another. Since the goal of structured pro­
gramming is to reduce comp lexity and 
errors, our design efforts should strive to 
reduce the number of intermodule connec­
tions, as in figure 4. 

Modules are usually of two sorts: sub­
routines (procedures and functions), or 
blocks of code within a program. They can 
communicate through shared var iables, com­
mon data areas, formal parameters, and even 
by flow of control. (Shared variab les and 
common data areas produce strongly con­
nected programs as in figure 5.) The in­
formation communicated via these paths 
can be divided into two types: that which 
affects data, and that which affects flow of 

Figure 4: Weakly connected modules. 
Narrow lines of communication enhance 
the black box qualities of modules. They 
also serve to isolate the effects of errors to 
small sections of the program. 



Figure 5: The effect of common or shared 
data. Each module is strongly connected to 
every other module which has access to the 
data, to the point that there is very little 
isolation. Any action by any module can 
thus have serious effects on the rest of the 
modules. Note the similarity to strongly 
connected modules. 

control. The paths themselves can be of two 
forms: those which connect to a module, 
and those which connect to something inside 
a module. The various means of communica­
tion are illustrated in figure 6. 

The level of connectivity for a path is 
determined by the complexity of the infor­
mation communicated, the type of informa­
tion, and the type of path. Connectivity 
would be almost impossible to eva lu ate, 
quantitatively, but, qualitatively , we can 
see that some types of connection ar'e 
worse or better than others. 

To be specific, simple connections are 
better than complex ones, paths which talk 
to modules are better than those which 
talk directly to internal processes, and 
communications that affect data are pref­
erable to those which affect flow of con­
trol. By far the worst form of connection 
is that in which one module modifies the 
internal code of another, since this re­
quires that the modifying module "know" 
how the subject module works at the machine 
le vel. Thus, any programming changes done 
to the subject would also require changes 
to the modifier. 

Externally connected paths are rated 
higher than internally connected ones, since 
at all times the entire module should be ab le 
to supervise any communications. Intern al 
connection bypasses th is and makes it im­
possible for the module to be sure of its 
internal status at any time. Communications 
that affect the flow of control require that 
the sending module have some knowledge 

of how the rece iving modul e works. Thus, 
pure data communications are preferab le. 

In addition, data can be further divided 
in to two types: broad scope and narrow 
scope data. Broad scope includes such things 
as global variab les, common data areas, and 
shared data, as represented by figure 5. 
Narrow scope data is characterized by formal 
parameters passing between subroutines, 
which produce less comp lex connections 
since these are very specific. In contrast, 
a change made to one of the broad scope 
forms can affect all modules connected to 
it, possibly without their knowing that this 
has occurred . Broad scope data also adds 
the problem of deter'mining which module 
is permitted to modify the common data. 
Is unanimous consent by. all connected 
modul es required, or do we run our pro­
gram under a democracy? For these and 
other reasons, broad scope data can be 
problematical. 

Let's summarize what our most desirab le 
configuration would be. All modules wou ld 
communicate by passi ng minimal amou nts 
of simple data through well defined forma l 

60 

6 d 

,.~ 

Figure 6: Types of communication. Figure 
(a) shows simple external connection, which 
is the most desirable. In (b) we have simple 
internal connection. Figure (c) is complex 
communication. With (d) we see communi­
cation in which one module modifies the 
internal workings of another. Lastly, figure 
(e) shows the worst type of communication: 
a complex combination of all the other 
forms. 
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parametet-s; in oth et- words, minimal con­
nectivity . Obviously thi s requires that the 
modules be broken down so th at each 
provides one simple, dedi ca ted function. 
Now we't"e t'eady for a fur ther look at 
cohesiveness. 

Th e rela tion ship s, whi ch pl"Ocesses in ter­
nal to a module can have with t-es pec t to 
the module and with each other, have been 
bl"Oke n do wn into six classes . These ar-e 
li sted in o t-der of weakest t-elati onship to 
st l"O ngest. 

• Coin ciden tal. 
• Logical. 
• Temp ora l (or time-wise). 
• Communi ca ti onal. 
• Sequential. 
• Func ti onal. 

We can see from out' di scuss ion of con­
nectivity th at it is highl y des it'able to com­
pose modules such th at all of the intern al 
pt-ocesses are di rec tl y related to the spec ific 
fun ction of the modu le. Su ch pl"Ocesses are 
fun ctionall y related, as illu stra ted in 
fi gure 7. 

M 

MI , 

M4 
M2 M3 

M5 

Figure 7: Classes of relations. The strongest 
form of cohesiveness is the functional re­
lation wherein evelY process is integrally 
involved in providing the overall function 
of the module. 

With regard to cohes iveness, th en, the 
highet-th e leve l the better. We should attemp t 
to des ign modu les such th at their internal 
processes are as stt-o ngly t-e lated as poss ibl e. 
No w let' s examine the weaker classes of 
relati onship s. 

Coincid entally related pl"Ocesses, shown 
in fi gure 8, are to tall y unt-e lated except for 
the fact th at they t-eside in the same modul e. 
This is the weakest fo rm of relati on, and any 
module composed in this way should be 
bro ken apart in to separate processes. 

Log ically related pl"O cesses, shown in 
figure 9, have no rea l relation to each 
oth er except th at they perform simil ar func­
tions and thu s get grouped toge ther to form 
a modu le. On ce aga in, this sh ould be broken 
down into small er modules. 

Pl"Ocesses which are temporall y related, 

Figure 8: Classes of relations. Coincidental 
relation is shown here, in which separate 
processes are unrelated except that they 
reside in the same module. 

G B G 
G 

Figure 9: Classes of relations. Shown here is 
logical relation, in which processes are 
grouped together because they have similar 
functions. 

Figure 70: Classes of relations. In a temporal 
(time) relation the similar processes can 
execute in any order, effectively in parallel. 

as in figure 10, are almost identical to 
th ose which are logically related except th at, 
in addition , they can all be executed at one 
time. A common examp le is the initializa­
tion routine found in many programs. Much 
of what is consid ered to be initiali zation 
by many people cou ld -actually be done 
much later in the program and could be 
distr ibuted among the modu les. 

Processes related by commun ication are 
those which have been grouped into a single 
modu le because they share data in some 
way, as seen in fi gure 11 . This is a stronge r 



relationship , but consideration should still 
be given to breaking up such a modul e. A 
common solution to this problem is a master 
module which holds the data and formally 
passes it to each of the submodules as 
needed. 

Figure 77 : Classes of relations. Processes 
can communicate with each other directly or 
through common data in a communication 
relation. 

Sequentiall y related processes, f igure 12, 
are those which execute in sequence, each 
one crea ting data to be used by the next. 
Obvi ousl y such a modul e can be sp lit apart 
and the resultin g submodules cal led in 
sequence with th e data passed as param­
eters. This has the added advantage of 
maki ng these elementary processes direc tl y 
accessible to the rest of th e program. 

Figure 72: Classes of relations. A sequential 
relation wherein the first process generates 
data required for input by the second, and 
so 017. 

We can aga in su mm ari ze wh at our ideal 
modu le will look like. It will be minim all y 
connected to th e rest of the program and 
will have a hi gh degree of intern al cohes ive­
ness. This means that each of our modul es 
shoul d perform oll e spec ific fun ction and 
sh ould not contain any ex traneous pl'OC­
esses. In addi tion, they should comm uni cate 
so lely via si mple, well defined, narrow 
interfaces - preferab ly by pass in g fNm al 
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parameters. The result is a program com­
posed of plug-in modules that act like black 
boxes. Such a program is relatively easy 
to change, because each functio n has been 
carefully isolated . Modification then becomes 
pl'imarily a matter of module plugging, and 
the effects of any new bugs will be con­
fined to a re lative ly small portion of the 
program. Recall that easy program modifi­
cation and the reduction of side effects 
were two of the major tasks we were 
trying to accomplish thl'ough structu red 
programming. 

Finally, we can list those decomposition 
heuri stics wh ich were mentioned earlier 
and many of which shou ld be apparent 
by now. 

One good technique for determining 
whether a module is sufficiently cohesive 
is to write a sentence describing its pUI'pose. 
If the sentence has to be a compound 
sentence, the module is probably doing 
more than one thing. Usuall y th is wi ll 
be obvious just by looking at the sentence. 
Incidentally, this can become the goal state­
ment for use in the refinement process. 

Carefully exam ine modules which result 
in fewer than five or more than 100 source 
statements of code. This often indicates 
improper decomposition. 

Avoid initiali zation modules wherever 
possible. These reduce the black box qualities 
of many modules. 

Figure 73: A module structure chart for a simple program which calculates 
the greatest height reached by a projectile and the time it tal?es to get there. 

Input Output 

1. -------- -- Initial ve locity, angle 

2. Initial velocity, angle Maximum height 

3. Maximum height, time to maximum height - --- --- -- -

4. Initial ve locity , angl e Time to maximum height 

5. Initial ve locity or sine of angle Square of input 

6. A ngle Sine of input 

7. Angle Sine of input 
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Examine your design for duplicate 
functions. After eliminating these, if any 
duplicate code remains, it is probably 
needed. 

Watch out for modules which are called 
by or which call a large number of other 
modules. This often indicates some problem 
in the decomposition. 

Modules that perform similar functions 
probably contain duplicate subfunctions. 
If these common functions can be isolated, 
the differences can often be incorporated 
into the calling rout ines. 

Don't hesitate to over-decompose a 
module. It will be easy to recombine func­
tions later, but it may require a major re­
write if further decomposition is found to 
be necessary after the design has proceeded. 

There is one area in which structured 
programming truly shines: documentation. 
If we've done our design properly, there 
isn't any need for additional documentation. 

This may sound a bit outlandish, but 
consider what our refinements have really 
produced. The goal statement makes a very 
fine program abstract; the specification level 
provides us with a comp lete technical 
description, and properly indented pseudo­
code can take the place of the program 
flowchart. By appropriate ly including parts 
of the pseudocode in the code, as in the 
roulette example, we end up with a well­
commented program. Little else is needed 
exce pt a chart of the modul es and their 
con nections, as in figure 13, but this we 
wou ld have to do anyway in order to aid our 
decomposition. Once we've finished the 
design, we've also finished the documenta­
tion and we have a running program. 

Structured programming is a collection 
of techniques that help us organ ize pro­
gram development by reducing it to a series 
of manageable steps. The end result is a well 
formed, documented program which is easy 
to und erstand and to maintain. In today's 
busy world, the time and effort that can 
be saved by practicing structured tech­
niques is of immeasurable va lue. -
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simulator in the system (see Kin-Man's 
artic le "An 8080 Simulator" in the October 
1977 BYTE, page 70), we did not have 
much troubl e debugging the run time 
routines. During March most of our time was 
spent in refining all the routines: revisin g 
some features and ex tensions in the com­
piler, adding local optimization capabilities 
in the translator and improving the effi­
ciency of the run time routines. The run 
time routines, which perform all 16 bit 
intege r arithm etic and logical operations and 
10 conversions, take only 1 K bytes of 
memory. 

Th e first step in the bootstrapping pro­
cess was to write the interpreter in Pascal 
since it is the slowest but shortest program. 
It was coded by straightforward translati on 
fro m the BASIC version . Debuggin g was 
smooth and the entire program was up and 
running within a week. Compared to the 
BASIC version, the Pascal version runs about 
15 times faster; slightly bette r than we 
expected. Our next step will be writing th e 
translator and compiler in the Pascal subset. 
After that, further development can be don e 
in Pascal without the BASIC interpreter. 

For three month s, each of us have been 
spending abou t 10 to 15 hours a week on 
this project. The first version (in BASIC) of 
the compil er and sup port ing soft ware were 
compl eted with an esti mated effort of two 
working months. Considering such a short 
time period and a function ing compiler, 
we believe we are approaching the task 
fro m the right direction. We hope that our 
project wi ll attract the atte ntion of many 
readers so that we can share our interest 
and experience in Pascal with them .-

Languages Forum is a 
f eature which is intended as un 
in tera ctive dialog about the 
design und implementation of 
languages for personal com­
puting. Statem ents and 
opinions submitted to this 
forum can be on any subject 
relevan t to its purpose o f 
fostering discussion and com­
munication among BYTE 
readers on the subiect of lan­
guages. We usl, that all corres· 
pondents supply th eir full 
nam es and addresses to be 
printed with their commen­
taries. 

-------------- - - - - - - - - - - - - - - - - - - - - -- - -- _. 
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to Your Video Display 

"Thanks for coming, Steve. I'm glad we 
were finally able to schedule this meeting. 
This problem we have is driving us crazy." 
Fred scurried over to me in the waiting room 
and shook my hand. 

"Let's get you signed in at guard head­
quarters and then I'll introduce you to Ted." 

This was the first time Fred and I had 
ever met. But his look of relief told me he 
thought I was some kind of engineering whiz 
kid. I picked up my briefcase and we walked 
to the guard's desk. The place was the proto­
type for a blue chip company waiting room. 
Decked out with numel'Ous perfectly 
blended chairs and sofas, it gave the impres­
sion of sli ck tastefulness, and above all 
money. Current issues of various news and 
business magazines were arranged neatly on 
the highly polished end tables . I imagined 
somewhere within the inner depths of the 
company walls a heavy walnut grained office 
door with a bl'ushed brass plate reading 
"Customer Coordinator for Waiting Room 
Impressions. " 

My "life in a big company" fantasies were 
interrupted as I signed my name to the guest 
card. Signing my nam e and title was the least 
significant thing they had me do . There were 
questions of citizenship, social security 
number and sex, statements that I repre­
sented an equal opportunity employer, and a 
list of subversive organizations to which I 
might belong. The urge to check them all 
and watch the bells and whistles go off was 
curtailed by my basic marketing instincts. 

I passed the card, which ultimately re­
vea led more information than even my wife 
knew about me, to the guard. He frowned 
and sCl'utinized the card carefully. The delay 

was agonizing as he examined every detailed 
. answer. 

" I'll have to inspect that briefcase, 
buddy," he said. 

Surely I'm no buddy of yours, sir, I 
thought to myself. I fully expected the 
frown I usually receive when my briefcase is 
inspected at airports. The inspectors thumb 
through the piles of paperwork and, upon 
discovery of an issue of BYTE, quickly 
cover up this unusually titled magazine and 
gulp an embarrased "Next!" Much to my 
surprise the guard seemed uninterested . 

"OK, here's your visitor's badge. Remem­
ber, you have to be escorted at all times," he 
said, and whisked me away with a sweep of 
his hand . 

Fred appeared relieved. I was now on the 
inside and hoped I could help alleviate his 
urgent problem. 

"OK, Fred, what's your problem and how 
can my company help you?" This was a 
basic marketing question for our type of 
business which specializes in technical solu­
tions through custom electronics - which 
really means providing engineering con­
SUlting to companies who have become em­
broiled in political debate over the latest 
in-house technical fiasco . 

"We' ll get to Ted's office in a few seconds 
and I'll let him explain. Basically we need a 
black box." 

Before I could get the funct ion al require­
ments from Fred, we arrived at Ted's office. 
Being introduced to Ted as "director of 
marketing" elici ted a certain degree of re­
spect, because in his company this was a 
vice-presidential position. Ted motioned me 
to a seat at his mahogany conference table 



near the window overlooking the company 
go lf course. After as king how we wanted our 
coffee, he stated in a very busin esslike man­
ner, "I pl·e sume Fred has filled you in on the 
problem?" 

FI·ed jumped in before I could answer, 
" I'm son·y, Ted, I haven't had a chance to." 

Ted stood up, rotated his body 90 de­
grees and pointed to the video displ ay ter­
minal in the corner. "That's my probl em I Or 
rather the computer types downstairs who 
program it !" 

I looked at th e display. It was a standard 
graphics terminal similar to those available 
from severa l manufacturers . 

Ted continued, " Programmers program 
computers for other programm ers l They 
never think of th e user. I drag that terminal 
to board mee tings so we can review market­
ing figures, and I spend half my time ente r­
ing 8 digit passwords, hitting escape and con­
tro l keys to select options, and answering 
endless quantities of mindless inter rogati on." 
Ted was getti ng a littl e hot under the co ll ar. 
"Tim e is money in those meet ings and here 
in my office. I don't want to spend all day 
playing true confessor with a computer! Its 
function is to displ ay informat ion and th at 's 
all the in te ract ion I want." 

Ted's problem was not unusual. Wh el·e a 
program requires that the next entry be a 
control R, one had better type a control R. 
In hi gher level systems operators need all 
kinds of cross refe rence manu als to commu­
nicate in the differe nt langu ages. 

" Look," Ted turned on the displ ay and 
typed the log-o n passwo rd and term inal 
identificatio n. Various options were di s­
played. "This is what I mean. If I want one 
of these op tions , I have to type a 5 digit 
code, wait to give a particular file number 
and then some oth er code ." 

As disp lays flashed on the sc ree n I 
couldn't help bu t offe r th e obvious ques­
ti on, "Ted, why can't your programmers 
just change the software to allow single or 2 
digit entry?" 

"That would be fine if the software 
we ren 't already written. We're talking about 
million s of dollars worth of software and I'm 
using onl y a small portion within a large 
operating system. I want to be ab le to 
choose what I want si mpl y." 

Ted needed a "b lac k box" and he knew 
exactly what he wanted. 

" I want somethin g to replace thi s key­
board fo r the limited specific application of 
menu select ion and displ ay. Put a log-on 
button on it. Wh en I press log-on it will send 
whatever info rmation is necessary. Th e user 
should know onl y that he or she has to log 
into th e system- that's all. Next, give me a 
key th at will send the necessary message to 
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get into the menu programs I use and then I 
can select the options by number. You send 
any other messages that are necessary." 

Ted was not discussing the usual black 
box. He was promoting the idea of intelli­
gent rather than dogmatic communication 
with the computer. A person at this level 
in the corporate structure could not be 
expected to maintain the code word and 
syntax library of the average programmer 
downstairs. What he wanted was onlY log­
ical . I left the meeting with the feeling that 
here was a man who also realized it was time 
to fight rather than conform . 

Perhaps if computers were programmed 
less for interaction with computer peripher­
als and more with the human operator in 
mind, people would be less afraid of them . 
Ted's application was specific and repetitive 
but he was still burdened with the general 
system protocol. I n a company that prob­
ably had a thousand programmers generating 
software, his cry to change everything to 
allow simple input and output (10) for his 
application would be fighting an uphill 
battle. He knew this and also realized that it 
was easier to change it at his end. 

We would make Ted 's black box for him 
and it would solve his immediate problem, 
but what of the future? 

Do your computer input devices limit 
you? Many personal computer systems have 
this problem. 

Consider a simple program to teach your 
child mathematics. Such a program in its 
least complicated form might involve a mul­
tiple choice and printout something like this: 

4 x 8 = 28, 30, 31, 32, or 35 
The right answer is? 

Most BASICs would require typing 32 and a 
carriage return. Don 't forget the carriage re­
turn! Remember, you have to confonn to 
the input protocol of the BASIC. 

Now, before I explain what I'm driving 
at, let me give another example. Say you 
want to use your system for a home man age­
ment application, such as putting together 
a shopping list. You could list out the fol­
low ing on the screen: 

1. Mil k 6. Peanut butter 
2 . Butter 7 . Dog biscuits 
3 . Margarine 8. Cheese 
4 . Eggs 9 . Coffee 
5. Rice 10. Tomatoes 

control P for next page 

Obviously, the number and a carriage return 
could be entered to choose th e items that 
would be ultimately listed out as a shopping 
list. A few pages along in the listings, 
though, the entry data will get more com­
plex strictly from the sheer volume of pos­
sible choices. Most homemakers would tire 



of the complexity of such a system even 
though the concept of just choosing items 
from a list sounds simple. 

The solution is to watch the way our 
young mathematics student might react 
when we display the expression 4 X 8 on 
the screen. The natural response is to point 
to the answer! 

The homemaker would appreciate using a 
system that communicates in straightfor­
ward terms. Display a I ist of groceries and let 
the user point to the desired items. 

A New Data Input Device 

How do you point to a particular selec­
tion on a video display generated menu? The 
computer needs to know how to interpret 
yo ur response regardless of the input device . 
The ASCII keyboard is strictly an input code 
to the computer. There are unique codes for 
each switch on the keyboard. The computer 
doesn 't know the location of the particular 
key that prints an R or a Q. It recognizes 
only a 7 bit code for these letters. If you 
don't have a keyboard on your computer, 
but want to check out some software that 
needs very little typed entry, you could use 
seven toggle switches. It would be very slow, 
but the computer wouldn't care. All it's con­
cerned about is that you present the code it 
wants . 

Th e same goes for any device attached 
to a computer. The most obvious way to 
point to a video display screen and have the 
computer understand it is to use a light pen. 
Such units have been described before in 
BYTE so I won't go into too much detail 
here (see the references at the end of the 
art icle) . All a light pen interface does is pre­
sent to the computer, usually in the same 
manner as a keyboard input, a code repre­
senting a position on the video display 
screen. Thi s code has to be translated by 
the program from a position into an action . 
More on this later. 

But, why use a light pen? This again 
makes the operator conform more than 
necessary . 

Fingers Came Before Light Pens! 

Though not capable of the same posi­
tional resolution as the light pen, it is pos­
sibl e to design an interface that allows a non­
contact data input. Photo 1 is a picture of 
the prototype designed to illustrate such a 
technique. It is an infrared scanning system 
that serves as a low resolution noncontact 
digitizer. In this particular case it is mounted 
on the front of a video display to approxi­
mate the function of a light pen, but it could 
just as eas il y be lai d over a typed sheet of 

Photo 7a: Noncontact scanning digitizer in action with a BASIC program. 

Photo 7 b: Rear view of the video monitor showing circuitry mounted on two 
printed circuit boards on either side of the picture frame. 

Photo 2: Display showing locations of the 256 points of the array. 
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Figure 7,' Block diagram of the noncontact scanning digitizer, Two rows of 76 pairs of LEDs and phototransistors are placed 
opposite each other in front of a video display, When the user breaks the infrared light beams with a finger or other obiect, a 
signal is sent to the computer giving the coordinates of the point in question, 
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paper in which position coordinates could be 
trans lated into usab le relationships. I refer to 
it as a touch panel or touch scanner for lack 
of a better word, 

Bui ld You r Own Touch Panel 

Th e touch panel is an elaborate infrared 
scanner. There are 32 pairs of infrared light 
emitting diode (LED) transm itters and re­
ceivers mounted around the perimeter of the 
screen , There are 16 on the X (or horizontal) 
axis and 16 on the Y ( or vertical) axis, The 
resolution of such a device is therefore 16 by 
16, and there are 256 individual points . 
Photo 2 shows this grid system . 

Figure 1 is the block di agram of the sys­
tem, and figure 2 shows the detai led sche­
matics of the system . The noncontac t digi­
ti zer is basical ly a hardware stepping circuit 
that tUrilS on each transmitter/receiver pair 
sequentia lly and checks to see if anything 
(like a finger or a penci l) is blocking the 
beam. The transmitters and rece ivers al'e on 
opposite sides of the board, as il lustrated in 
figure 3. The lower left corner is position 
(0,0) in a Cartesian coordinate system. The 
upper right is location (15, '15) . 

The hardware first turns on the pair DO 
and 00 and then sequences down the li ne 

along the horizontal (X) axis to D15 and 
015' On ly one pair is energized at anyone 
time. If any of the beams within these 16 
pairs is obstructed, the 4 bit binary code for 
that location is loaded into IC9. The scan 
continues in the Y direction in a similar 
manner and the 4 bit Y position is loaded 
into IC10, If the ha'rdware senses that some­
thing is obstructing an X and Y beam within 
one scan aro und the perimeter, it sets a data 
ready flag and stops the scanner, 

The data presented to the computer is an 
8 bit word I'epresenti ng a 4 bit X coordinate 
and a 4 bit Y coordinate, These lines are 
simp ly tied to a parall el input port, in the 
same manner as all the other dev ices I de­
sign. The data ready bit can be read either 
as a single bit input on another port, or as 
a control line on a more intelligent inter­
face. When the program senses that the 
data ready is high, it reads the scan ner data 
and momentarily pu lses the ready reset line 
low to start the scan cycle again, 

Use a Picture Frame 

The heart of the system is the LEDs and 
phototransistors shown in photo 3 . The de­
vice on the left is a General Electric LED 56 
and the photodarlington detector used with 
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Figure 2a: LED driver and optical receiver circuitry for the noncontact digitizer. Each transmitter/receiver pair (consisting of an 
LED and phototransistor) is activated sequentially via lines A, Band C. DO and QO are turned on first, and the sequence con­
tinues down the horizontal axis to D 7 5 and Q 7 5. If any of the beams is broken, the 4 bit binary code for that location is loaded 
into IC9 (see figure 2b). The scan continues in the Y direction and the 4 bit Y position is loaded into IC7 O. Any obstruction 
causes the data ready flag to be set and the scanner to be halted. 
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Figure 2b: In terface cir­
cuitry for the noncontact 
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coordinate and a 4 bit Y 
coordinate. These lines are 
tied to the parallel input 
port of the computer. 
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Notes on figure 2 

1. A ll capacitors are 25 V ceramics unless otherwise specified. 
2. All resistors are Yo W 5 percent unless otherwise specified. 
3. m denotes signal ground. 
4 . ICs 16 thru 19 are CMOS devices and should be handled carefully. 
5. Additional LEDs on prototype unit are for testing purposes only . 
6. 00 thru 031: GE LED56 infrared emitter. 

DO thru D31 : GE L 14F2 photodarlington infrared detector . 

Ie Type +5 V Gnd 

1 7400 14 7 
2 7493 5 10 
3 7474 14 7 
4 7404 14 7 
5 74155 16 8 
6 74123 16 8 
7 LM311 8 1 
8 7408 14 7 
9 7475 5 12 

10 7475 5 12 
11 7400 14 7 
12 7445 16 8 
13 7445 16 8 
14 7445 16 8 
15 7445 16 8 
16 CD4051 16 8 
17 CD4051 16 8 
18 CD4051 16 8 
19 CD4051 16 8 
20 74121 14 7 

Table 7: Power wiring table for the noncontact digitizer. 



Figure 2c: A ddress decoder and photo transistor signal conditioning circuitry for the noncontact digitizer. IC2 is a counter driven 
by the oscillator at upper left. When a phototransistor is activated, the SIG line goes high, activating line N L, which stores the 
4 bit address of the interrupted beam (see figure 2b). The scanner is finally halted via the CTRL line. The computer then reads 
the coordinates and reactivates the scanner. 
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Figure 2d: Optional audio data ready signal Circuit, which causes an audible beep on a speaker 
whenever a pair of beams is obstructed and sets the data ready signal. 

An industrial grade alpha­
numeric terminal, incor­
porating touch panel input, 
is being manufactured. For 
information contact : 

General Digital Corp 
700 Burnside Av 
East Hartford CT 06108 
(203) 289-7391 
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Photo 3: GE LED56 light emitting diode (left) and GE L 74F2 photodarlington infrared detector used to transmit 
and receive infrared light, respectively, for use in the noncontact scanning digitizer. 

it is the L 14FZ. These units have bui lt- in 
glass lenses and are very sens itive. A much 
less expensive though equall y capable opto­
electri c pair is the H17B1 shown on the right 
in photo 3 . Because it has no lens, it requi l'es 

Photo 4a: Mounting the photodarlingtol1 detectors. 
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considerab ly more shielding from ambient 
li ght, but it wi ll work if properly ali gned. I 
have checked the operation of both devices 
and recommend the lensed type if you 
intend to use the touch scanner in high 
ambi ent light environments. Th e prototype 
described here used LED56s and L14Fs. 

Th e frame that holds all th e electronics is 
a $4 discount store wooden picture frame. 
Half inch (1.27 cm) wooden strips glued 
around the edges hold the phototransis tors 
and LEDs in evenly spaced, recessed, 1,4 inch 
(0.63 cm) holes. This techniqu e is shown in 
photos 4a and 4b. 

Th e entil'e asse mbly is attached to the 
picture frame and can be secured to the 
front of a video display. The display in these 
photos is a 12 inch (30.76 cm) surplus Ph ase 
4 monitor. 

One further addition to the hardware to 
aid users of the scan ner is audio feedback to 
confirm that a position coordinate has been 
selected. Th e data ready strobe triggers a 0.1 
second beep on a small speaker. 

Calibration and Testing 

There is virtually nothing to calibrate or 
test on this unit. The only adjustment is the 
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Notes for figure 3 
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1. Scan is seq uenti al from 
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sensitivity control on the ph ototl-ansis tor 
ampli fier. Direct sunlight or incandescent 
lights will cause saturation of th e input and 
di sable the scanner. Th e only other impor­
tant consideration is mechani cal alignm ent : 
th e LED and phototransistor constituting 
each pair must be exactly opposite and in 
direct alignment. 

Figure 3: LED and photo transistor placement for the 76 by 
76 Cartesian coordinate noncon tact digitizer. 

Th e program in listing 1 is a simple 
BASIC progra m to exercise the scanner and 
pl'ovid e the operatol' with an indication of 
its operational integrity . It is written in 
Micro Com 8 K Zapple BASIC. Th e dec im al 
coordinates of X and Y will be output as 
yo ur finger is moved across th e scanned area. 
This is the only routine th at has to be added 
to any BASIC program to exe l-ci se the scan­
ner. If set up as a subroutine by changi ng 
lin e 210 to a RETURN statement, the rou­
tin e will turn the scanner on when called and 
return to th e main program with a value in 
variable 0 representing the cool'dinates to 
which yo u pointed. Th e main program then 
responds appropri ate ly. 

Obviously th e scanner wou ld be more 
efficiently driven by a machine langu age pro­
gram, but I fee l most users wi ll be interested 
in utilizing this dev ice with a hi gh leve l lan­
guage . The relatively slow scan rate allows 
considerable leeway . 

Next month I'll pursue the software (in 
BAS IC) necessary to drive thi s scanner effec­
tive ly. The major emphasis wi ll be the use of 
menus and keyboard substitutions.-

REFE RENCES 

1. Loomis, Sumner S, " Let There Be Light Pens," 
January 1976 BY T E, page 26. 

2. Webster and Young, "Add a $3 Light Pen to 

Your Video Di splay," February 1978 BY TE, 
page 52. 

100 REM " RESET DATA READY BIT TO START SCANNER " 
110 O UT 16,0 :OUT 16,255 :REM TH IS IS A 10 MSEC STROBE 
120 REM '*TEST DATA READY BIT " 
130 T = INP(2) :REM READ INPUT POR T 2 
140 T=T AND 1 :REM MASK A LL BUT LSB 
150 IF T <> 1 THEN GOTO 130 
160 REM *' READ DATA " 
170 D=INP(16) :RE M SCANNER IS A TTACH ED TO PORT 16 
180 X=(D AND 240) / 16 :REM MASK AND SHIFT TO OBTAIN 4 BIT X 
190 Y= D AN D 15 :REM MASK TO OBTAIN 4 BIT Y 
200 PRINT" X=";X,"Y=" ;Y 
210 GOT O 110 

Listing 7: Program written in 8 K Zapple BASIC to exercise the scanner. 

Photo 4b: Mounting the LEDs. 
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JACPOT Edwin E Hastings 

18 Churchill Rd 
Marblehead MA 01945 

Listing 7: The j ACPOT game, written in BASIC. [We detect a small amoun t 
of bias in the sy mbols fo r a winn ing combinat ion, which can of course be re­
defin ed arbi trar il y to suit the user 's fa ncy .. . CH] 

Many sta tes are now work ing to lega lize 
gamb ling, but why wa it for the bu reaucratic 
process when you can sta rt a casino on your 
own compu te r (for fun of course ) wi th the 
J ACPOT program. J ACPOT is a simulation 
of a slot machine writte n in BASIC, with 
bets limited onl y by the constra in ts of your 
machine. You can lose all your money and 
th en lose it agai n! 

.JACPOT 10 - MA Y--77 MU BASIC/RT- II VOI -Ol 

10 REM COPYRIGHT 1977 BY EDWIN E. HASTI NGS 
20 RA NDOMIZE 
~10 PRI NT " 
40 PRI NT " 
50 INPUT Z 

PL EASE ENTER THE AMOUNT OF MONE Y" 
YOU WI SH TO PLAY WITH "; 

60 IF Z<O THEN 80 
70 GO TO 90 
80 PR I NT " 
90 PR INT 

PLEASE ENTER A POSITIVE NUMBER . " \ GO TO 50 

100 PRINT· DO YOU WANT INS TRUCTIONSCY - N) "; 
110 LE T A$ =CHR$(5YS(4» 
120 IF AS -" N" THEN 3 10 \ IF AI <> "Y" T~EN 100 
130 PRINT 
11 0 PRINT 
150 PRINT 
160 PRINT 
170 PRI NT 
180 PRINT 
190 PRINT 
200 PRINT 
210 PRINT 
22 0 PRINT 
230 PRINT 
240 PRINT 
250 PR I NT 
260 PRINT 
270 PRINT 
:WO PRINT 
290 PRINT 
300 PRI NT 
3 10 PRINT 

BANDIT---A S IMULATED SLOT MACHINE" 
PLAY UNTIL YOU OR THE BANK ARE BROK E" 
WINNING COMBINATIONS ARE AS FOLLOWS." 

808 0 
8080 
8080 
8080 
6800 
6502 
Z-80 
CARD 
TAPE 
DISK 
IBM 
DEC 

8080 
IBM 
8080 
8080 
6800 
6502 
Z-80 
CARD 
TAPE 
DISK 
IBM 
DEC 

???? 

IBM 
8000 
6800 
6502 
z-oo 
CARD 
TAPE 
DI SK 
IBM 
(lEe 

PAY S 2:1-
PAYS 2 : 1" 
PAYS 1:1" 
PAYS 4: 1 " 
PAYS 8 : 1" 
PAYS 16 :1 " 
PA YS 32 : 1" 
PAYS 64:1 " 
PAYS 128:1" 
PAYS 256:1" 

SUPRISE" 
TAKES IT ALL· 

320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
-180 
49 0 

PRINT 
PRINT 
PRINT. 
PRINT 
PRINT 

WH EN A QUESTION MARK IS PRINTED, RESPOND WI TH THE" 
NUMBER OF REPEATED PLAYS YOU WISH TO MAI( E." 
A COMMA . AND THE SIZE OF YOUR BET. I F YOU WI SH" 
TO STOP BEFORE YOU BREAK THE BANK,OR YO U GO BROKE,­
I NPUT A '0.0' WHEN YOUR BETS ARE ASKED FOR." 

\ PRI NT 
LET Bl = I NT ( 1~ 85*Z) , 
LET CI - O \ LET C2-0 
IF C2( CI THEN 5 10 
IF 81 <- 0 THEN 1480 
GO TO 480 

LET P1 -Z 

PRINT " 
PRINT 

YOUR BETS PLEASE"; \ INPUT Cl.C4 

IF Cl - 0 THEN IF C4 - 0 
IF C4 <= 0 THEN 420 
LET C2= 0 
GO TO 510 

THEN Ib70 

PRINT " 
PRINT 

THE BANDIT HA S $"Bl ",YOU HAVE S"P1 

~)oo GO TO 420 
510 LET P l =Pl-C4 
520 LE T C2=C2+1 
530 GOSUB 710 
5 40 LET Al =X2 
550 GOSUF 7 40 
::;60 LET A2=X2 
570 GOSUB 740 
580 LET A3=X 2 

LET Bl-B1+C4 

590 IF AI <>9 THEN 600 \ LET Al - A2 
6 00 IF A2(>9 THEN 610 \ LET A2 =Al 
lIlO IF A3<>(1 THEN 620 \ LET A3=A2 
620 IF (A l*A 2) <>Sl THEN 640 
6 30 LET A2=A3 \ LET Al =A2 
6 40 IF Al - A2 THEN 660 
650 GO TO 1180 
6 60 IF A2=A3 THEN 720 \ IF Al =2 THEN 680 
670 GO TO 1180 
680 IF A3=1 THEN 11 80 
690 LET Bl =Bl - (2*C4) \ LET Pl =Pl '~( 2*C4) 

7 00 PRINT ·W IN $" ~ 2*C4 
'110 GO TO 390 
720 IF Al =1 THEN 1180 
n o GO TO 1370 
7 40 LET X2=0 
7 50 LET Xl = INT(IOOOO*RND(I» 
760 IF Xl >7578 THEN 750 
770 IF X1> 7514 THEN 870 
780 IF Xl )7412 THEN 880 
7 90 IF Xl >7248 THE'N 890 
8 00 IF Xl)6968 THEN 900 
8 10 I F Xl >6566 THEN 910 
82 0 IF Xl ) S894 THEN 920 
8 30 IF Xl ) 4818 TH EN 930 
840 IF Xl >3096 THEN 940 
850 IF Xl >340 THEN 950 
860 GO TO 960 
870 LET X2 =X2+ 1 
8BO LET X2 =X2+ 1 
890 LET X2 =X2+1 
9 00 LET X2=X2+1 
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9 10 LET X2=X2+1 
92 0 LET X2=X2 +1 
930 LET X2=X2+ 1 
940 LET X2 =X2+ 1 
'750 LET X2 =X2 +1 
960 LET X2 == X2+1 
970 IF X2<1 0 THEN 990 
980 PRINT "DEC .; \ RETU RN 
990 IF X2(9 THEN 1010 
1000 PRINT ~IBM "; \ RETURN 
1010 IF X2(8 THEN 1030 
102 0 PRINT "DISK " i \ RET URN 
103 0 I F X2<7 THEN 1050 
1040 PRINT "TAPE "; \ RETURN 
1050 IF X2(6 THEN 1070 
1060 PRINT "CARIJ "i \ RE rUR N 
107 0 IF X2'(5 THEN 1090 
lOBO PRI N'r "Z-80 "; \ RETURN 
1090 I F X2(4 THEN 1110 
1100 PRINT "6502 " ; \ RETURN 
1110 IF X2<3 TH EN 1130 
1120 P RINT ~6800 . ; \ I~ E T URN 

1130 IF X2(2 THEN 1150 
1140 PR I NT "S080 M; 
11 50 I F X2> 1 THEN 11 70 
1 160 PRINT · WANG "; 
1 170 I\,E TU Ii:N 
1180 LET A4-o 0 
11 90 IF Al - IO THEN 
1200 IF Al >1 TH EN 
1210 IF A2>1 THE N 
1220 IF A2)1 THEN 
1230 I F A4)0 THEN 
1240 PRINT 

1260 \ IF A2=10 THEN 1260 \ IF A3=10 THEN 126 0 
1210 \ LET A4-A4+1 
122 0 \ LET A4 == A4 +1 
1230 \ LET A4=A4+1 
1290 

125 0 GO TO 1580 
1260 PRINT "WIN $"10*C4 " WITH DEC· 
1270 LET 81=0 1- (10*C4) \ LET P l ~ P l+C10*C4) 

1280 GO TO 1580 
1290 IF A4 ) 1 TH EN 1320 
1300 LET 81=Bl+C2*C4) \ LET Pl =Pl -(2*C4) 
1310 PRINT "Z ILCH- YO U LOSE '"2IC4 \ GO TO 1580 
1320 IF A4>2 THEN 1350 
1330 LET 8 1- Bl+(4IC4) \ LET P l - Pl -(4*C4) 
13 40 PRINT "DOUBLE ZI LCH- YOU LOSE $"4IC4 \ GO TO 1580 
1350 LET Bl -Bl +(8*C4) \ LET Pl - Pl-(S*C4 ) 
1360 PRINT "TRIPLE ZI LCH- YOU LOSE $"S*C4 \ GO TO 1580 
1370 LET X4 =2 
1380 FOR X3=2 TO 10 
13 1jlO L ET X4 :::: X4*2 
1100 IF AI - X3 THEN 1420 
1410 NEX T X~~ 

1 120 IF Al -l 0 THEN 1460 \ IF AI - 9 THEN 460 
1430 LET Bl-Bl -(X4*C4) \ LET Pl -P 1+(X4*C4) 
1440 PRINT 'WIN $"X4IC4 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1500 
1~i 90 
1600 
1610 
1620 
1630 
1640 
Ib50 
1660 
1670 

READY 

GO TO 1580 
LET P1 ~ Pl*2 
LET B:l = O 
PRINT 
PR INT TABCI5);"JACKPOT-;CHRS(7);CHRS(7) 
PRINT" YOU BROKE THE BANI(,YOU NO W HAVE $ "Pl" ,· 
PRINT" PLEASE LEAVE QUIETLY" 
GO TO 1630 
LET Z2=! NT( 2/5*Z ) 
LET Pl =Pl+Z2 \ LET Bl =Bl - Z2 
PRINT "I T ~S 11AGIC BONUS TIME, YOU WIN ·Z2" DOLLARS.· 
PRINT "COMPLIMENTS OF DEC! " ;CHR$( 7) 
FOR K= l TO 4 \ PRINT \ NE XT I( 
IF 81<=0 THEN 1490 
IF Pl(=O THEN ~6 20 

GO TO 390 
PRINT 
PRINT· YOU 'RE ALL 
F OR K2=1 TO 4 \ PR INT 
PRINT "DO YOU WANT TO 
LET Y$=CHR$(SYS(4» 

DONE,NO CREDIT ALLOWED ." 
\ NE XT K2 

PLAY AGAIN(Y-N)·~ 

I F YI' "Y" THEN 310 \ I F Y$() "N" THEN 1650 
END 



Listing 2: A sample run of f A CPOT. 

JACPOT 10- MAY -77 MU BAS I C/RT-Il VOI - Ol 

PLEASE ENT ER THE AMOUNT OF MONEY 
YOU WI SH TO PLAY WI TH ? 1000 

TAP E 
8080 
8080 
,-S S02 
CARD 
CARD 

IIO YOU WANT I NSTRUCTI ONS (Y- N) Y 
BANDIT---A SI MU LATE D SL OT MAC HI NE 
PLAY UNT I L YO U OR THE BANK ARE BRO KE 
WI NNING COMBINATIONS ARE AS FOLLOWS. 

8080 8 080 11 '1''1' PAYS 2 : 1 
8080 I BM 1111 PAYS 2 : 1 
8080 8080 IBM PAYS 4:1 
8080 8080 8 080 PA YS 4:1 
6800 6800 6800 PAYS 8 : I 
6502 6502 6502 PAYS 16: 1 
Z-80 Z-80 Z-80 PAYS 32: 1 
CA Rr. CARD CAr, [I PA YS 6 4: 1 
TAPE TAPE TAPE PAYS 128: 1 
DI SK DISK DISI, PAYS 256 :1 
IBM IBM IBM SUPR I SE 
DEC DEC DEC TAKES IT ALL 

WH EN A QUES TI ON HARK IS PRINT ED,F.;ESPON D WI TH THE 
NUMBER OF REPEATED PLAY S YOU WISH TO HAK Ey 
A COMM A, AN D THE S I ZE OF YOU R BEr. IF YOU WISH 
TO STOP BEFORE YOU BREAK THE BAN K,OR YOU GO BROKE , 
I NPUT A '0,0' WHEN YO UR BET S AR E ASKED FO R. 

THE BA ND IT HAS $ 1849 , YO U HA VE $ 1000 

YOUR BE TS PLEASE ? 10 ,1 0 

6502 WANG 
8080 Z-80 WI N $ 20 
6502 8080 
6800 6800 
8080 8080 
8080 S080 

8080 CARD 6502 
8080 8080 6800 WIN • 20 
TAPE 8080 6800 
6502 Z-80 TAPE 

THE BA NDIT HAS' 1909 , YOU HAVE I 940 

YO UR BETS PLEASE? 10,20 

6800 clSDO CISOO WIN • 160 
6502 6800 6800 
6800 8080 TAPE 
Z-80 8080 8080 
Z-80 8080 6502 
6502 8080 8080 
65 0 2 6502 6800 
DEC 6502 CARD WIN $ 200 WIT H DEC 
TAPE 8080 Z-80 

THE BANDI T HAS. 1669 ,YOU HAVE I 1180 

YO LI R BETS PLEASE? 10, 100 

Z- 80 TAPE 8080 
Z- 80 
[lOBO 

80BO 6600 
6~j02 6502 
8080 WA NG 6000 DO UBLE ZI LC H- YOU LOSE • 400 

8080 WIN $ 400 8080 8080 
8080 6800 6502 
CAR D 6502 8080 
6502 WA NG 

YO U'RE 
IBM DOUBLE ZI LCH-YOU LOSE $ 400 

ALL DONE, NO CREDI T ALLOW ED. 

DO YOU WA NT TO PLAY AGAI N(Y - N)Y 

WANG 
S080 
8080 
TAPE 
8080 
DEC 
6800 
808 0 
80110 
8080 
TAPE 

WANG 
CARD 
8080 
Z- 80 
CARD 
8080 
800 0 
8080 
8080 
6502 

WHEN A QUESTION MARK I S PRI NTED, RESPO ND WITH THE 
NUMBER OF REPEATED PLAYS YO U WIS H TO MAKE, 
A COMMA,AND THE S I ZE OF YO UR BET.IF YOU WISH 
TO STDP BEFORE YO U BREAK THE flA NK, OR YOU GO BROKE, 
INPUT A '0,0' WHEN YOUR BE TS ARE ASKED FOR . 

THE BA ND IT HAS $ 1849 ,YOU HAVE $ 1000 

YO UR BETS PLEASE? 11,5 

6800 6502 ZI LCH-YOU l. OSE ;1 10 
8080 BOOO WIN I 20 
6502 8080 
0080 WANG 
8080 680 0 WIN 10 
0080 El080 WI N 50 WITH DEC 
B080 8080 
6800 DEC WIN $ 5 0 WITH DEC 
8080 WA NG 
6502 CARD 
8080 8080 

TH E BAN DIT HA S ~/i 1784 , YOU HAVE $ 1065 

YO UR BETS PLEASE? 1(), 10 

6800 IBM ZI LCH·-YOU LOS E $ 20 
6800 BO EI O 
8080 IB M WIN $ '10 
8080 6800 
8080 6800 
6800 IBM 
00 8 0 nOEio WIN $ 40 
0080 6800 WI N $ 20 
8080 8080 WIN • 40 
8080 8000 

THE BA NDIT HAS ~; 1764 ,YO U HA VE • 1085 

YOUR BETS PLEASE? 0,0 

8080 8080 S080 WI N $ AO REA DY 

The main object of JACPOT is to play 
un t il yo u or the house go broke . The win­
ning combinati ons pil y off in rati os of f rom 
2: 1 to 256: 1 and more. I n more than 1600 
bets my payoff rat io has vari ed from 2: 1 to 
64 :1. 

In JACPOT there are different ways to 
win and lose. The f irst way to win is to hit 
a winning combinat ion. The second is to hit 
a DEC in a combination . DEC pay s off 10: 1. 

Table 7: A list of the major variables used in 
f A CPOT and their functions. 

Variable Function 

81 
C1 
C4 
P1 
X 1 
X2 
Z 

The house 's money . 
The number of bets . 
The size of t he bets. 
Th e p laye r' s money (during the ga me) . 
Determines the combinations. 
Prin ts the combinations. 
The play er's money (s tart of game). 

The way to lose money is to hit a ZILCH, 
wh ich causes you to lose up to 8: 1. 

Th e program (see listing 1) was written 
on a Digital Equi pment Corporat ion PDP-11 , 
but can be easil y modi fied fo r most BASIC 
interpreters. In lines 110 and 1650, the 
stateme nt LET . . . =CHR$(SYS(4)) gives an 
automat ic carr iage return afte r the vari ab le is 
in putted; thi s lin e can be replaced with an 
INPUT statement. Lines 870 to 960 look 
repetitive bu t they se rve to determine 
the combinat ions. The backs lashes in some 
li nes are used to separate two or more lines. 
They are re placed by colons in some BASIC 
packages. In lines 1490 and 1560theCHR $ 
(7 ) is used to ring the bell. The RAN­
DOMIZE statement in line 20 is used to 
activate the random number generator. In 
some BAS ICs only the RND in line 750 
is needed. 

I hope that you have a good time running 
this program. If you have any questi ons or 
comments about th is program, please wri te 
to me.-
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Pascal verSllS BASIC: 

An Exercise 

Allan M Schwartz 
114-2 Nimitz Dr 
West Lafayette IN 47906 

About the Author 

Introdu ct ion 

Pascal is one of the newest high leve l 
languages on the perso nal computing scene, 
Pasca l has been acce pted at many uni ve rsi­
ties for seve ral years , I t is being used mo re 
and more in industry outside of educati on, 
and has just recently been introduced in 
microcompu ters, Wh y is there so much 
enthusiasm about Pasca l? 

Pascal is a genera l purpose language, the 
product of the long evo lution of computer 
languages, It has a simple but elega nt syntax 
and has been im plemented in both large 
systems (CDC 6000, IBM 360 and 370, 
Burroughs 6700, e tc) and microcomputers 
(LSI-11, 8080 , 8085 and Z-80), 

Historical Backgrou nd 

Just as computel' hal-dware has been 
co ntinuous ly evo lving during the past 25 
years, so too have computer software 
requil'e ment s, Ol'iginally, computers wel'e 
emp loyed to work on mathematical tasks 
such as so lving ballis tics probl ems, or gen­
erat ing tab les of logarithms, Later it beca me 
economica ll y feas ible to use computers for 
data processing or working with voluminous 
amo unts of data such as census data or bank 
statements, Recently we have seen com­
puters participate in vari ous customi zed, 
dedicated applications like the contro l of 

Allan Schwartz is currently studying computer science at Purdue 
University and researching the applications of microcomputers to 
programming methodology. Previously, Mr Schwartz worked for 
Nielsen Engineering and Research Inc at NASA Ames Research Center 
as a systems programmer. He owns an MC6800 based microcomputer 
system and is developing a Pascal P-machine emulator for the 6800 
microprocessor. 
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traffic li ghts, miCl'owave ovens and auto­
mobile ignitions. 

We have seen a val'iety of applications 
and language requirements lead to an evo lu­
ti on of computel' languages. "Programming" 
ol' igin all y entail ed th e tra nsl ation of si mpl e 
algo rithms in to machine code and bit by bit 
load ing of the computer's memory via the 
front panel. Later, assembly lang uages were 
used , fo ll owed by equation or fOl'lllu la tl'ans­
lators such as FORTRAN. When it was dis­
covel-ed that com puting involved mostl y 
computing decisio ns and I'epetition, the lan­
guage ALGOL (A LGOrithmic Language) was 
des igned to express algo rithms more clearl y 
and co nve nientl y. The need for a language to 
structure and represent all of th e data and 
f il es in business data processing app li cat ions 
was fi ll ed by COBOL. Today we have 
Pasca l, which has fle xibl e data representa­
tions, sufficient flow of contro l statements 
to represe nt algorithms, and a clear, simpl e 
syntax making it a favo l'ite fOI- a val'iety 
of applicat ions. Pasca l is the I'esult of seve ral 
evolutionary steps in the history of com­
puter languages. 

Wh y is Pasca l so appea ling? First, it is an 
ex pressive language. It has several contro l 
structures that make the coding of algo­
rithms very natural. Second, Pasca l has 
f lexib le data representat ion. 

Expression of Algorithms in Pascal 

Figure 1 presen ts an algor ithm to com­
pute the greatest common divisor (GCO) 
of X and Y. The greatest common divisor 
of the integers X and Y is the largest intege r 
th at will divide eve nl y into both X and Y. 
Note that three assertion s are stated in the 
flowchart. The first, a necessary pre­
cond ition, states that X and Y must be 
positive integel·s . The second is a loop 
in va riant such that, when con tro l passes 
thro ugh that path in the flowchart, the 
GCO(X, Y) is equa l to the GCO(A, B) . The 



third, a post condition, states that A is equ al 
to B, wh ich is equal to th e result , th e 
GCD( X, V). 

If we ca n prove th ese thl'ee points are 
true, then the algor ithm is correct - th at is, 
it will compute the greates t common divisor 
of X and Y. The loop in variance is easi ly 
proved, because if B is greate r tha n A, th e 
GCD(A,B) equals GCD(A, B- A) (a more 
rigorous proof is posed as an exercise in 
Wirth 's book (see bibliography)). Th e post 
co ndition is also easy to prove, because th e 
path to thi s exit is taken only when A 
equals B, and then the GCD(A, A) certain ly 
equ als A. 

We are now reassured th at if the preco n­
dition is tru e, the algorithm will compute 
the desired result. No w, how do we code 
thi s algo rithm into OUI' favol' ite programming 
language) Befo re we answer that questio n, 
let's look at the elements of the fl owchart. 
Th e flowchart in figure 1, and ind eed any 
computable algo rithm, is made up of thl'ee 
elements: sequence, selection and repetition . 
Sequences are represe nted in th e flowchart 
by I'ectangul al' boxes such as: 

Note that thi s f lowchart element has one 
entry (the arrow going in) and one ex it. [In 
BYTE's use of flowcharts, a top to bottom 
flow of control is assumed with arrows used 
for exceptions,' in this article we mal?e a 
stylistic exception, using extra arrows to 
emphasize flow . .. CH] 

The seco nd flowc hart element is se lec­
tion. Selection is I'epresented by: 

(ANY FLOWCHART 
ELEMENT ) 

(ANY FLOW CHART 
ELEMENT) 

A se lecti on flowch art element I'equires at 
least two or three box es; however, it always 
has one entry and one ex it. 

r-------..., 
,---------f-- ..... GCD (x,y)=G CD(a,b)' L _______ J 

A,B 
? 

TRUE 

FAL SE 

r--------, 
-- .... GCD(X,Y)=A=B, 

L ______ ..J 

Figure 7: An algorithm to calculate the greatest common divisor (GCD) of 
two integers. (The greatest common divisor of two integers is the larges/ 
integer that will divide evenly into the two integers.) 

The third fl owchart element is repetition. 
It is represe nted by: 

(DE CISIO N) 
FALSE 

TRUE 

(ANY FLO WCHART 
ELEME NT ) 

Thi s form of repetition is ca ll ed a "whil e 
loop," becau se while the decision is true, 
the element is repea ted. Again, thi s element 
has one en try and o ne ex it. 

These flowchart elements have been 
transl ated direc tl y into Pasca l statements 
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(see listing 1). Note th at th e sequence 
element: 

is translated into the two Pascal assignments. 

a:= X,' b := y 

Now so me of the syn tax deta il s of Pascal 
become evid ent. Th e ass ignment operator 
is : = , which is cI ifferent from the FOR ­
TRAN or BASI C "- ,, in that the := oper-

FALSE 

Figure 2: Flo wchart for a portion of the dice game "craps. " The five IF tests 
can be implemented in Pascal with one case statement. 

Metavariables 

Bracketed symbols such as ("< statement > ") all call metalinc 

guistic variables (or metavariables) or syntactic units. They represent a 
class of possible language elements. They are nonterminal symbols; that 
is, the symbol "< statement >" itself will not appear in a Pascal pro­
gram. It represents a set of legal symbols that can appear in its place 
in the program. Non terminal symbols are bracketed by "< " and "> " 
and are printed in italics to distinguish them fro m terminal symbols 
such as for := if do. Terminal symbols are usually printed in heavy 
type if the symbol is a language key word, and appear exactly as they 
would in the Pascal program. 
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atol" in Pasca l is used for assignment onl y, 
whil e th e in BASIC and FORTRAN is 
used as both th e assignment opel-ator and 
the equals sign. Statements are separated 
by sem icolo ns , and any number of state­
ments may be ty ped on one lin e. If the 
above sequence were a subelement of a 
se lection element, it wo uld be bracketed 
by begin and end keywo l·ds. For example: 

if (x > O) and (y > O) then 
begin a : = x; b : = y 
end 

Any num ber of elements combin ed into one 
sequence element by begin and end brackets 
for ms a compound statement. 

Th e se lection fl owchart element is t rans­
lated into the Pasca l if statement: 

if a>b then a := a-b 
else b := b-a 

And the repetition fl owchart element is 
translated into the Pasca l while statement : 

while a <> b do <statement> 

The expl'ess ion <statement> is call ed a 
metavariable . For an ex pla nat io n, see the 
accompanying tex t box. Notice, though, 
th at the metavari able < statement > in the 
greates t common divisor while cl ause is an if 
statemen t. 

AlB 
? 

FA L SE 

The real power in Pascal's algo rithm descri p­
ti ve capability li es in thi s so rt of nest in g. 
FOI' exampl e, any element can occur as a 
subelement of the while or if statement. 
These are call ed structured statements, 
and th ey can be nes ted to any depth . 

Loo k aga in at the greatest common 
di visor (GC D) functi on in li sting 1. Note 
th at the mutine consi sts of a heading and 
a vari able declarat ion statement fo ll owed 
by one compound statement, bracketed 
by begin and end. Funct ions and proce-



dures in Pascal can be thought of as named 
statements with local variables. They always 
have one entry and one ex it, and therefore, 
a call is flowcharted as a sequence elemen t 
such as: 

Z-GCD(X,Y) OR CALL 
INITIALIZE 

Pasca l has a second selection statement 
called the case statement. This statement 
is a conc ise representation of the special 
case of nested if statements. An exampl e 
of th is is the "craps first roll" algorithm 
used to implem ent the dice game called 
craps. A pair of dice can obviously have 
only one summed value from 2 to 12 on any 
given throw, making this an id ea l use for the 
case statement (see figure 2). Th e five nested 
decisions can be represented with the follow­
ing Pasca l case statement: 

s : = die 7 + die 2; 
case s of 

2,3, 72: 
craps; 

4,70 : 
begin point: = s; odds: = 2/7 
end; 

5,9: 
begin point: = s; odds: = 3/2 
end; 

6,8: 
begin point: = s; odds: = 6/5 
end; 

7, 77 : win 
end {of case statement} 

Of course, this could be I'epresented using if 
statements; however, the case statement is 
mu ch more concise and clear. When the 
decisions in a group of nested if statements 
are mutually exclusive, that is, if any one 
being true implies that the rest are false, 
then a case statement is probably the ap­
propriate representation. 

Pasca l allows two other forms of repeti­
tion: the repeat statement and the for 
statement. The repeat statement: 

repeat 
<any statement> 

until <condition > 

is represented by : 

(ANY FLOWCHART 
ELEMENT) 

FAL S E (COND I­
TIONAL) 

? 

TRUE 

Repetitio ns can always be expressed as 
either repeat statements or while statements. 
However, one fo rm usually sound s bettel·. 
For exam ple: 

repeat shoot craps 
until bro/?e or out of time 

is equivalent to 
shoot craps; 
while not broke 
and not out of time 
do shoot craps 

The for statement: 

for <var>:= 
<init val> to <final val> 
<any statement> 

is represented by: 

(VAR)-(INIT VAL) 

(VAR» 
(FINAL VAL) TRUE 

? 

FALSE 

(ANY FLOWCHART 
ELEMENT) 

INCREM ENT (VAR) 
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Notice that aga in there is one entry and one 
ex it for this flowchart element. 

Another clement we might see in a flow­
chart is an arrow co ming out of a subele­
ment, perhaps to a different page of th e 

function gcd(x,V: integer): integer; 
var a,b: integer; {x,v > 0 } 
begm 

a := x; b:= v; 
while a <> b do {GCD( X,y) = GCD(A,B)} 

if a>b then a := a-b 

gcd := a 
end 

else b:= b-a; 
{GCD( X,y) = A = B} 

Listing 7: Pascal function to calculate the greatest common divisor of two 
integers. 

100 LET A =X 
110 LET B=Y 
120 IF A=B THEN 190 
130 REM ... GCD(X,Y) = GCD(A,B) 
140 IF A > B THEN 170 
150 LET B=B-A 
160 GOT0180 
170 LET A=A- B 
180 GO TO 120 
190 REM .. . GCD(X,Y) = A = B 
200 RETUR 

Listing 2: BASIC subroutine to compute the greatest common divisor of 
two integers. 

INTEGER FUNCTION GCD(X,Y) 
INTEGER A,B,X,Y 
A =X 
B=Y 

120 IF (A.EO.B) GO TO 190 
C ... GCD(X,Y) = GCD(A,B) 

C 

IF (A.GT .B) GO TO 170 
B = B-A 
GO TO 180 

170 A = A - B 
180 CONTINUE 

GO TO '120 

C .. . GCD(X,Y)=A = B 
190 RETURN 

END 

Listing 3: FORTRAN function to compute the greatest common divisor of 
two integers. 

Pascal's Namesake 

Blaise Pascal (7623-7662), one of the foremost famous French 
mathematicians) developed the Pascal theorem of projective geom­
etry at the age of 76, One year later he started developing a calculat­
ing machine. He completed the first operating model in 7642 and 
bUilt 50 more during the next ten years. In 7654 he produced two 
papers establishing the foundations of integral calculus and of prob­
ability theory. 
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flowchart. This ex it from the normal flow 
of execution is the only use of the Pasca l 
goto statement. Ind eed, very few Pascal 
procedures need goto statements to ex­
pl'ess the algor ithm. Goto statements can 
fog the otherwise clear logic of a routine. 

A fi nal ele ment that might be found in 
flowcharts is an asse rtion and commentary 
such as : 

t 
,------l 

--~ GCD(X,Y) ::A::B I 
L ______ ...J 

The Pascal greatest common divi so r (GCD) 
function has al l of these elements in an 
app rop ri ate place in the source code. Pascal 
all ows comments, delimited with braces, 

{ and } ,to be freely inserted any-
whel'e a blank can be insel'ted . 

We can conc lu de that fOl' each Pasca l 
language statement there is a corresponding 
fl owchart element, and vice vel'sa. Therefol'e, 
one could eas il y flowchart any algorithm 
just from its Pascal listing. Compare the 
Pasca l pl'Ogl'am in li sting 1 to the FORTRAN 
and BASIC pl'Ograms in listings 2 and 3. 
They are fundamentally identical, but all 
of the statement numbers and GOTOs in 
the FORTRAN and BASIC versions obscure 
the log ic . You might maintain that, for so 
simple an example, there is no advan tage for 
Pascal. One could flowchart the greatest 
commo n divisor (GCD) algo rithm just hom 
the BASIC listing. Of co urse you cou ld, but 
how about flowcharting that 1200 line 
FORTRAN headache you wl'Ote a yeal' ago 
that has returned to haunt you? 

Data Representation in Pascal 

Pasca l has severa l flexible forms of data 
representation. A variable can be defined as 
a sca lar (sing le value) or a structured type. 
The different scalar types are : real, integer, 
character, Boolean, and user defi ned or 
enumerated. The structured types in clude 
ar rays, records, sets and files. 

Users can define their own scalar types by 
enumerat ion. For example, in a traffic 
control program, there might be a variable 
ca lled signalcolor which has a value of 
ye ll ow, green or red . Or, in a microwave 
oven program, there might be a variable 
call ed temp which represents the cooking 
level specified . These concepts are repre­
sented by the following Pascal declarations: 



type color = (red,yellow,green); 
cooking lellel = (warm,defrost,simmer, 

roast,reheat, 
maxpower); 

var signalcolor: color; 
temp: coo/?inglellel,' 

In thi s example the type declaration describes 
the user defined types and the var decl ara­
tion specifies variable names and their 
associated type. 

Another innovation in Pascal is the ability 
to specify a subrange of a scalar type. For 
examp le, if the variable count is to be an 
integer between 1 and 10, the declaration 
would be: 

var count: 7 . . 70,' 

To further demonstrate these features, a 
BASIC program that would benefit from 
Pascal data representation is next explored. 

Mastermind Codebreaker Example 

The Mastermi nd codebreaker algor ith m 
have chose n for this exercise was presented 
by WL Milligan in the October 1977 BYTE, 
pages 168 thru l71. His BASIC version is 
reproduced in listing 4. A Pascal tl'anslation 
is presented here in li st ing 5. Let us compare 
the two. 

The first 15 lines of the Pascal version 
correspond to lines 10 to 45 in the BASIC 
vers ion. These are the type declarations and 
the global variable declarations. These global 
va ri ables can be referenced from within any 
procedure . The type declarations define new 
var iab le types such as: 

type colors = 

row 
ellal 

(colorless, red, blue, 
brown, green, yellow, 
orange, space); 
array [7 . .4J of colors,' 
record 

black, white: O .. 4 
end; 

This means that a variabl e of type colors has 
a value equal to one of these enu mel'ated 
items. A variab le of type row is an array of 
four colors. The type ellal represents a code­
maker's response to a guessed row. What 
does this represent in the game? Thi s re­
sponse is the number of exact co lor and 
posit ion matches (black key pegs) and the 
nu mber of out of position co lor matches 
(w hite key pegs) . The code maker responds 
with between 0 and 4 bl ack and white key 
pegs. The type ellal in the Pascal versio n 
accurate ly models this: a record consisting 

10 REM MA STER MIND 'CODEBREAKER' 
20 REM CODED IN RT-ll BASIC 
30 RANDOMIZE 
40 DIH Rt'(9,3) ,5( 9 ,1) 
45 DIH A$(6),BS(3),CS(3),DS(3) 
50 REM INITIALIZATION 
6 0 FOR J=O TO 6 
70 READ Al(J) 
80 NE XT J 
90 DATA °RED "," BLUE", "GREEN ",' YELLOW', "BLACK",'WHITE",' SPACEo 
tOO LET LO =O 
110 LET U =O 
120 LET L2=O 
130 LET L3=0 
140 PRINT 'MASTER MIND CODEBREAKER' 
145 PRINT 'PLEA SE BE PATIENT. SOMETIMES I TAKE A FEW MINUTES ON MY MOVE' 
150 PRINT 'WHICH VERSION (lOR 2) 0; 
160 INPUT V 
170 LET V=V+5 
180 REM ASSIG N COLORS AT RANDOM FOR ROW 1 
190 FOR J=O TO 3 
200 LET RS(O,~ )=At( rNT (v*RND ( J») 

2 10 NE XT J 
220 REM START MAIN PLAY OF GAME HERE 
230 REM I I S THE ROW COUNTER 
240 FOR 1=0 TO 9 
245 PRINT 
250 PRINT 'M Y MOVE FOR Row'Itl ' IS ' 
260 PR INT RS(I , O) , RS(I,1) , R$(I , 2) ,R$ (I , 3) 
270 PRINT "HOW MANY BLA CK PEG S "; 
~~ 80 INPUT S( I, O) 
290 IF 5(1,0) <> 4 THEN 3 2 0 
300 PRINT 'THANKS FOR THE GA ME ' 
305 PRINT 
3 10 GO TO 870 
3 20 I F 5( 1.0) <>3 THEN 360 
330 LE T S (I. I)=O\REM IF 3 BLACKS THEN 0 WHITES 
340 GO TO 380 
360 PRINT 'HOW MANY WHITE PEG S '; 
:00 I NF'UT 5 (1 ,1 ) 
380 REM GE NERATE HYPOT HE SIS 
390 FOR I O= LO TO V- I 
400 FOR 11 =LI TO V-I 
410 FOR I 2= L2 TO V-I 
4 2 0 FOR I 3= L3 TO U- l 
43 0 LET D$(O)=A$ (IO) 
440 LET D$(I) =A$(Il ) 
450 LET D$( 2)=A$ ( I2 ) 
460 LET D$ (3) =A$ (I 3 ) 
470 REM CHE CK AL L ROWS FROM FI RS T TO CU RRENT FOR CONSISTENCY 
490 FOR R=O TO I 
500 FOR .1= 0 TO 3 
5 10 LET CS (J)=R$(R, J) 
520 LET B$(J)=DS(J) 
530 NE XT J 
5 40 REM USE RO W EVALUA TI ON SIJBROUTI NE TO CHECK CON SISTENC Y OF 
550 REM HYPOTHES I S AGAI NST EACH RO W 
555 LE T N=O\ I_ET H=O 
560 GDSlJ £I 910 
570 REM CHECK FOR nGREEMENT OF ALACK & WHIT E COUNT 
58 0 IF N<>S<R , Q) THEN 700 
590 IF H<>SCR,l) TH EN 7 0 0 
1,00 NEXT R 
6 .10 REM HAIi.E SURE T HAT HYF"OTHES1S ROW DOESNT [ ll W i. IC('lTE ROW 1 
62 0 LET 2 =0 
630 FOR ..1 =0 TO :1 
6 40 IF R$(O , J) /> DS(J) THEN 660 
650 LET Z::: Z+ t 
660 NE XT J 
670 IF Z=4 THEN 700 
690 GO TO H20 
700 NEXT T3 
7 .t O NEXT T ~ 

720 NEXT 11 
730 NEXT TO 
740 PR]Nr '1 HAVF REnC HED nN IMPASSE I N MY TH INK ING " 
750 PRINT ' COUI n YOI,) Hnv E MAn E AN ERROR? ' 
760 GO TO 870 
770 L.ET L.() =I O 
780 LET Ll - I.t 
790 LET l. :! = I~ 

800 LET I :1= [ 3t I 
8 10 REM DO NOT R[CHECK ELI MJN ATE D POSSIBILITI[S 
1~20 REM ASS1GN NEX T ROW 
B30 FOR ./=0 TO 3 
840 LE T R$(I+ l, . I ) ~ D$( J) 

8 45 NE XT ,J 
850 NEXT T 
860 PR I NT ' J AM STUMPED - - YOll WTN' 
A70 PRINT "ANO THER GA ME ' ~ 

8BO I NF'tJ r R$ 
890 TF R$ = ' Y' THEN 150 
900 STOF' 
910 REM SU RROUT TNE TO EVAI_IJA TE RESP ON SE 
9~0 REM COUN T BI.ACKS FTRST 
930 FOF.' .J 1 =0 TO 3 
940 lF C$(J l) <>B~(Jl) THEN 960 
950 I £ T N=N+l 
960 NE XT Jl 
970 REM NOW COUNT WHITES 
980 FOR Jl"O TO 3 
990 FOR J ~= O TO 3 
1000 IF .Jl =J2 THEN 1080 
1010 IF C$(Jl) ~ R$(J l ) THEN 1080 
tO~O IF C$(J~)=B$ ( J 2) TH EN 1080 
1030 IF C$ (Jl) <> B$ (.J2) THEN 1080 
1. 040 LET M=M+l 
1050 LET B' (J~)= ' X ' \REM DUMM Y WR ONG VALIJE 
:1070 GO TO 1090 
1080 NE XT J:! 
1090 NEXT . J 1 
1 .100 RETUF\'N 
1110 STOP 
2 000 END 

Listing 4: Codebreaker 
portion of W Lloyd Milli­
gan's Mastermind game 
written in BASIC. The 
program appeared origin­
ally in the October 7977 
BYTE, pages 769 and 7 70 
(see page 7 76 of 'this issue 
for a description of 
Mastermind). Compare 
this with the Pascaillersion 
in listing 5. 
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Listing 5: Pascal version of the Mastermind BASIC program in listing 4. 

program 1II1II.!(illlll".III"III"): 

label Sill: 

type /'II/llrs = (/'II/llr/I 'SS, /'1'1/, /'/111 ', 111'1111 ' 11, !II'I'I' II , !/I'II1111', 1I1'1111!11', "11//1'1 '): 
1'/1/1 ' = array II, ,41 of /'II/llrs: 

1'1'11/ record 
llilll'k, II'lIil,': IJ , .. \ 

end; 

var 1" 'IIII/IIIi/llls: array II, ,1111 of 1" '111: 
rll/l'S: array II, ' I () I of rllil' : 
lillI/II ': array [I'lIll1rs I of packed array [I, ,Iii of 1,1111 r 
/'IIllIr: array I II, ,1\ of /'IIllIrs: 
l'I 'drll/i': i'llii': {First hypothesis ch ecked) 
IlI sl : i'llii': (Last hypothesis formed ) 
/'( ' r .... iol/ : I . . .!: u/H,I'('%r: Orflll!lf ' . ,SIJ{I('f' : 

i: I, , !I: j: I, , .j : I,ll : 1'11111': 

procedure ill i lillli~lIlillll: 

var r: (·0/01' .... : i: I . . . ~: 
hegin 

1/1I1/1I 'II'I 'tll := 'RE D 

I//I/lid/'/II I' I := 'BLUE 
11111/11 '1/'1'/1/1'111 := 'BROWN 
for 1':= /'IIIIII'I, 'ss to S/"/l'I' do 

1'IIII1dll/'d(l'i1 := I': 

for i := I to 4 do 
I'l'drllll'l;1 := l'I 'd: 

In .... ' := n 't/roll': 

1/11 1/11 '1 !II" 'I' II I := '(;REEN ': 
1/11//11'1 !/I'1I1111' I := 'YELLOW': 
///1//11 '1 111'11 I/!II ' I := 'ORAN(;E ': 
///I////'ls/lI/l" ' 1 := 'SPACE 

II'rill ' /II(' MASTERMIND CODEBREAKER' ): 
II'rill 'II/( ' PLEASE BE PATIENT, SOMETIMES I TAKE A FEW'): 
II'l'ill 'III( ' MINUTES ON MY MOVE , WHI CH VERSION (l or 2)?'): 
1'1'1/11 (l'I ' rsillll): 
/1111 ,1'1'111111' := /'IIllId 1"'I'Sill//+,'iI : 
( Ass ign colors at random for row 1 ) 
for i := I to 4 do 

1'111,".,1/, il := i'll/lid I I'll 111'(( l'I' l'sillll+:')"/'1/ IItllIlII(II, II)+ 1.1)) ] 
end Of Initialization Routine ) : 

procedure 1'llI'I'kl'III1Sis/lll/l'!! (1IIIIIIIIIII'sis ,I"'I ' I'iIlIlSl'lll": /'1)11': 
var I ': 1"'111): 

lahel/ll!IIJ: 
var jl,j.!: I, ,4: 
hegin 

{ Count blacks first 
1',h/lIl'k := II: 

for jl := 1 to 4 do 
if II!lPIIIIII'"i,{ji] = I"" " ' illllsnlll '[j/] the" 

l',iIIl/l'k := I',h/llrk + I: 
( Now count whites ) 
1', lI'lIill':= II: 

for j I := 1 to 1; do 
begin 
.. for j.! := 1 to 4 do 

if (j1 1 j;!) and 

/II!iIJ: 
end 

(1I!IPIIIII,'sis[j1\ 1 111" ' l'illllsrll/I'[jI]j and 
(lI!lpolli esis[j:! ] 1 IJI'(' " ill II S/"llll'[j;! ]j and 
(hypolill'sis[jl] = PI'I" 'iOIl"rllllfj;! ]j then 
begin 

end; 

1',Il'hill' := I' , Il'h ill' + I: 
( Dummy wrong value) 
pl'I' l'ill1l"roui.j;! ] := c%rle"s; 
goto III!I() ( Exit J2 loop) 

end {Of Check Consistancy Procedure 
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of two components, black and white, each 
an integer between 0 and 4. 

The variable version represents the ver­
sion number, either 1 or 2. The 10 possible 
rows of code pegs in the game are recorded 
in the Pascal structure declared as : 

var rows: array !7. , 7 OJ of row; 

Note that the careful selection of data 
representation makes the program much 
more clear and concise, The ability to deal 
with structures as a whole instead of just 
their elements tends to tighten up the logic 
of the program, For examp le, the BASIC 
lines: 

820 REM ASS IGN NEXT ROW 
830 FOR J=O TO 3 
840 LET R$(1+1,J)=D$(J) 
845 NEXT J 

are functionally eq uivalent to the Pascal 
assignment : 

rows!i+7 J := hyp {assign next row} 

Also, the BASIC lines: 

610 REM MAKE SURE THAT 
HYPOTHESIS ROW DOESN'T 
DUPLICATE ROW 1 

620 LET Z=O 
630 FOR J=O TO 3 
640 IF R$ (O,J)<>D$ (J) TH EN 660 
650 LET Z=Z+l 
660 NEXT J 
670 IF Z=4 TH EN 700 
690 GO TO 820 

are functionally equivalent to the Pascal 
statement: 

if hyp <> ro ws! 7 J then goto 820 

Mr Milligan 's BASIC version is well 
written and well structured, It contains three 
key routines: initialization (lines 50 to 210); 
generate hypothesis (lines 380 to 845); and 
evaluate response (lines 910 to 1100) , How­
ever, due to the inexpressiveness of BAS IC, 
it takes careful study, even of this well­
written BASIC program, to recognize its 
structure, On the other hand, looking at the 
Pascal version of the same algorithm, the 
expressiveness of the language shows the 
structure at a glance , Si mi larly, the use of 
meaningful variable names and Pascal record 
structures makes the data representation 
readab le, Table 1 describes which variabl es 
in the Pascal version are used in the same 



context as variables in the BASIC version. 
As careful as you are when coding BASIC, 

bugs are bound to creep in . For example, in 
the BASIC version (listing 4), lines 610 
thru 690 are unnecessary. Additionally, 
there is no path through lines 770 to 810. 
Coding erro rs rarely creep into Pascal 
programs because the compiler enforces 
variab le declarations and type agreement. 
For example, evaluations/5]:= rows/5] is 
ill ega l because they are not type-comp atible. 
Also c := brown-red is illegal because arith­
metic is undefined for our user defined 
colors ty pe. And, version:= 3 is illegal 
because the value 3 is outside the legal range 
for version. 

Other Pascal Attributes 

We have 100 ked at some of th e note­
worthy features in Pasca l. There are also the 
powerful features of block structured scope 
of names, recursion and dynamic all ocation 
of storage. Pascal is known as a ve ry "safe" 
language because it optionally has extensive 
compile and run time type checking including 
type compatab ility, subrange bounds and 
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function ./; " ·II, h'/II" ,/,, ·,i,: f{""/f"IIlI: 
lahel S.! (}: 

\'ar il.;.!.i.(i.~: ('I du J's: 
r: (J, .!J: 

h!/II : mil": 
,·,· ,,/1 : ,.,.,,/: 
/'/ "hl, ,: NIIII/I'IIII : 

hegin { form ing- Hypot hes is 
1'/0/,1" := tnif': 
fo,' i I := /""1/ 1 to II IIU""/"I" do 
for·i.! /" , 'I .! I tn IIIIU""/"I" do 
fo,' i.1 := /11 " 1·1 1 to 11111 ."""/"1" do 
for i .\ := /11" 1·\ I tn 11111."""/"1" do 

hegin 
1"",1 := ", 'dl"(I/I': 

/11 /111/1 := il: hillll.!1 := I,!: h!/I,I·II := i.l : hfllll.\ I 
{ (,he~k all rows so fa r fo r co nsistan cy 
1' := (J: 
"e peat 

" := " + I : 

:= 1.4: 

,.f"·,·k,,,,",i" IIIII·!dh !/II . "'))1",1 I" 1.,.,.,,/ I I: 
until (,.,.,,/1 """II/llIli,,",1 1"11 or (I" = i l : 
if '.,.11/1 = " " II/IIlIl i,,",1 1"1 then 

{ Make sun' that hypothesis doesn't dup licatl' row I : 
if it has n't thl'n Wl' have a viable hy pothes is ) 

if hil)' '" 1"11/1", 1/ 1 then goto 8.'11: 
~ Otherwi se. kl'l' p sea rc hing-.... NEXT i4.i:l.i:!.i l 

end; 
"i,, /iI, ' = ./i", ,·: { No viabll' hypothesis left) 
S!II: if ,·i"h/,. then 

hegin 1 Do nnt recheck e liminated poss ihiliti es 
/11 , 1 := /,,/11: 
1"1111' , 1 i+ II := h!/I1 1 Assign next row I 

end 
else hegin 

II"l"ill"i1l (' I HAVE REA C HED AN IMPASSE. ' I; 
II"l"ill"i11 (' COULD YOU HAVE MADE AN ERROR?') 

end; 
./;I/·lI lh!/II111/II",i,:= "i ,,/d, ' 1 Re turn with functi on value 

e nd 1 Of Porm Hypoth es is Procedure I : 

hegin ( Masterm ind Codeb reake r 
r e p eat 

init ializl': 
( Start m ai n pl ay of game here 
for i:= I La !I do 

begin 
II"ril"/II: II"l"il,' ('MY MOVE POR ROW' ,i; 2,' is'); 
for j:= I to 4 do 

II"l"il,' (111/1/11'1 I"IJlI"sl i..il l: 8): II"ril"/II: 
II"ril..t1l ('HOW MANY BLA CK PEGS?'); 
1"1'11" (""I//lll/liIJ//s[ illt/lld,): 
if "I"II /lIlIl iIJIIS[ i l.ltll/ ,.k = 4 then 

begin 
II"l"ile/1i ('THANKS POR THE GAME'); goto 870 

end; 
if "/"I//II II IiIJ//,1 i l.h/lI ,.k = .f then 

' ·;·II///lIl iIJ//.,1 il.lI"lIil,· := 1/ 

e lse begin 
II"l"ile/// (' HOW MANY WHITE PEGS?' ); 
1"('1111 (1' /"II///lIliIJII .,[ il11"11 ileJ 

end; 
if not fIJI"IIII1YJJolhl'., is then goto X70 

end; 
II"l"ill'/1I (' I AM STUMPED -- YOU WIN"); 

8711: repeat 
II"l"ile/1i (' ANOTHER GAME?') ; I"l'ad (,.h) 

until (t-/I = 'Y ') or (,.11 = ' N') 
until ,.h = 'N' 

end \ Of Main Program I 
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array index bounds. Pascal has many other 
data I'epresentations not illustrated here, 
such as sequential files, ar rays, pointers and 
sets. I can't begin to exp lain all of these 
fe atures here, but you don't have to under­
stand all of them before you write your first 
Pascal program. 

The main se lling feature of Pascal is that 
properly developed programs are extreme ly 
easy to debug. Once you get a clean compile, 
the program usually runs l Why? Because the 
algo rithms are expressed clearly and natural­
ly. The range of all control variables are well 
speci fied and can be enfol'ced at run time. 
The data types all agree and are approp ri ate 
to the problem. The pl'ogram is readable -
data types mean what they say - and it is 
therefore maintainable. Pascal encourages 
the methodical and systemat ic development 
of algorith ms, an imponant st ructured 
pmgram ming method . 

I hope this survey of Pasca l has whet yo ur 
appetite for the language. If so, read more 
abo ut Pasca l in this issue, then pick up any 
of the books in the bibliography and dive in! 

BASIC Version 

Lines 220 to 270 
and 850 to 900 

I 
DIM R$(9,3) 
R $ 
DIM S(9,1) 

Lines 50 to 210 

J 
DIM A$(6) 

V 

Lines 380 to 845 

10 ,11,1 2, 13 
LO,L 1,L2, L3 
V 
DIM A$(6 ) 
DIM 0$(3) 
R 
J 
N,M 

Lines 910 to 1100 

J1,J2 
DIM C$(3) 
DIM B$(3) 
N ,M 

Pascal Version 

program mm2 

i: 1 . . 9; j : 1 . . 4 
rows: arrav [1 .. 10} of row 
ch: char 
evaluations : array f1 .. 10} of eval 

procedure initialization 

i: 1 .. 4; c: colors 
name : array [colors} of string 
color: array [0 . . 7} of colors 
version: 1 .. 2 

procedure formhypothesis 

i 1,i2,i3,i4: colors 
redraw, last: row 
maxcolor: orange . . space 

hyp: row 
r: 0 .. 9 

eval1: eval 

procedure Checkconsistency 

j1,j2: 1 .. 4 
hypothesis: row 
pre viousro w: row 
e: eval Pascal is a rich and fertile language that 

emphas izes the express ion of algorithms and 
data repl'esentation naturally and clear ly. 
When will your microcomputer speak 
Pasca li . 

Table 7: A comparison of the variables used in the two versions of the Master­
mind gam e (see listings 4 and 5), 
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What Is Mastermind? 

One of the most interesting con­
ventional (ie: noncomputer) games on 
the market is "Mastermind," distri­
buted by Invicta Pl astics, Suite 940, 
200 5th Av, New York NY 10010, and 
available in many local stores. Master­
mind involves deductive logic, hypo­
thesis testing and probabilistic infer­
ence. In Mastermind, the players take 
turns as "codemaker" and "code­
breaker." The coclemaker sets up a 
concealed row of four colored pegs 
from a set of Red, BLue, BRown, 
Green, Yellow and Orange pegs. It is 
acceptable to use the same color or 
colors more than once . In vers ion 2, a 
more advanced game, empty Spaces 
are also permitted. 

To challenge the computer program 
you are the codemaker. Write down a 
code. A row of four colors invokes the 
codebreaker computer program. It will 
take up to ten tries (rows) to discover 

the secret arrangement of colors in the 
concealed row. After prin ting each 
guess, the program will prompt you 
for the number of black and white key 
pegs. 

The number of black pegs cOl'res­
ponds to the number of correct colors 
in correct positions. An important rule 
is that no position in the try is 
counted more than once. 

When evaluating the program's try 
it is necessary to count black and 
white pegs carefully. If you make a 
mistake counting the number of exact 
or inexact correspondences, the pro­
gram may exhaust all possible arrange­
ments without finding a possible valid 
try. In this event the Inessage: 

I HAVE REACHED AN IMPASSE . 
COULD YOU HAVE MADE AN ERROR? 

is printed. 

(Adapted from W Lloyd Milligan's article, "Mastermind," October 1977 BYTE, page 168,} 



New Power ~upply Dedicated to Minifloppy Format 

A new multipl e output power supply, 
the CP-249, is, acco rding to the m anu­
facturer, the first power supply to be 
ded ica ted to the 5.25 inch f lopp y disk 
format. 

Th e CP-249 provides dual outputs of 
5 V a t 0.7 A and 12 V at 1.lA stead y 
state, with 1.7 A peak. The 5 V output 
includes overvoltage protection. Stan­
dard features include 115/230 VAC 
±10% AC input capabilities ±0.05 % 

New Tandy Computers 1978 Catalog 

lin e and load regulat ion, and full pro­
tec tion against short circuit and over­
lo ad . Maxi mum rippl e is 3.0 mV pea k 
to peak, wh il e transien t response is 
30 !is for a 50% lo ad change. Operating 
temperature is rated at O°C to +50° C at 
full ra tings , derated to 40% at 70°C. 

Single quantity pricing is $39.95. The 
unit is avai lable from Pow er-One Inc, 
Power On e Dr, Camaril lo CA 93010 .• 

Circle 611 on inquiry card . 

A microcomputer mail order catalog 
has just been issued by Tandy Com­
puters , Dept R7, POB 2932, Fort Worth 
TX 76 ,101. The 52 page, 4 color catalog 
details a full line of popular brand micro­
computers and accessories, software 
packages, parts and literature currently 
in stock. Kits and fully assemb led micro­

.computer systems listed in the catalog 
range in price from several hundred 
dollars to more than $20 ,000. Among 
the nationally known brands carried by 
Tand y Computers are Radio Shack's 
TRS-80 , the IMSAI 8080, Vector 1 and 
1 + , Xitan, Equinox 100, and Poly ­
Morphic System 8813. Copies of the 
new cata log are available by telephoning 
toll free (800) 433-1679 or by writing 
the com pany .• 

Circle 613 on inquiry card. 

LS-100 Series Designed for Electronic 
Troubleshooting 

The LS-100 series digital signature 
analysis product family provides the 
foundation for' LSI and microprocessor 
e lectron ic troubleshooting and repair. 

Verification of correct digital pat­
terns provides go and no-go testing as 
well as diagnosti cs. The series provides 
for rapid identification of bad compo­
nents, printed circ uit boards and entire 
syst~ms. Options includ e remote LED 
signature display, 32 lin e multiplexer, 
logic probes, enhanced software package 
and stand alo ne test ability. 

The LS-100 expand ab le series is 
availab le in S-l 00, LSI-11 , or EXORciser 
bus com patible plug ins, ready to go . 
Prices start at $295. Contact Phoenix 
Digital Corp, POB 11628, Phoeni x AZ 
85017 .• 

Circle 612 on inquiry card. 

A V A I ntrod uces New R F Video Adapter 
Line 

AVA Electronics announces the in­
troduction of their new RF (radio 
frequency) Video Adapter line. It 
featu res over 40 adapters and accessories 
suitable for home and professional 
video applications. The adapters cover 
phono , BNC, UH F and F connectors_ 
The free # 478 catalog sheet describes 
these products in detail and is available 
from AVA Electronics Corp, 242 Pem­
broke Av, Lans'dow n PA 19050 . • 

Circle 614 on inquiry card. 
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SOFTWARE 

File Management System for Floppy 
Disk Microcomputers 

KSAM80 is a file management system 
designed specifically for floppy disk 
microcomputer systems. I t was originally 
developed under lilog's l·80 OS 2.0 but 
can be implemented in many existing 
microcom pu ter-operation systems. 

KSAM80 was developed for applica-

A New Macroassembly Language 
for 8080 and 8085 Microprocessors 

SMAL/80 is a compiled, structured, 
macroassembly language for 8080 and 
8085 microprocessors that requires only 
7 K bytes of memory. SMAL/80 state­
ments are written in a symbolic notation 
resembling PASCAL and PL/M that sim­
plifies the writing of assembly language 
programs. I t incorporates the basic struc­
tured programming constructs, the do­
end, if-then-else, and loop-repeat , which 
may be com bined with and/or nested 
within each other without limit to form 
highly complex statements. 

The package includes a 2 K byte 
macropreprocessor written in SMAL/80. 

Business Software 
In North Star BASIC 

Available now is a series of three 
business software packages in North 
Star BASIC. Features of Micro-Base 
Inventory are said to include multiple 
key I SAM (indexed sequential access 
method) disk structuring; inquiry keys 
by catalogue number, manufacturer , or 
item description; multiple selling price 
capability for each item ; formatted 
screen handling; full retail or cost 
extension reporting of items on hand 
or on order or sold . The second module, 
Micro-Base Accounts Payable, is de ­
scribed as a fully featured data base 
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tions such, as inventory control, reserva­
tion systems, library systems, accounts 
receivable and bill of materials process­
ing. Random storage and retrieval of rec­
ords is based on the contents of a user 
defined data field within the record 
which Is called the key. The key must 
be unique for each record and can be 
any string up to 255 characters long. 

KSAM80 also supports sequential 
access of records starting at any point 
within a file, random access by partial 
key and random access by relative rec­
ord number. Sequential and random 
access commands ca n be intermixed 
freely. 

Space is automatically allocated to 
the file when records are added and re­
claim ed when records are deleted so that 
files are self-reorgani zing and any num­
ber of files can be processed simu ltan­
eously provided that sufficient buffer 
storage is available. , 

A number of utility programs are 
availab le as part of the KSAM80 pack­
age. For additional information write to 
EMS, 3645 Grand Av, Suite 304, Oak­
land CA 94610 .• 

Circle 532 on inquiry card. 

The macropreprocessor permits condi­
tional expansion of statements, and un­
limited nesting of macros. 

Also included in the SMA L/80 pack­
age is a translator program that allows 
one to convert any 8080 or 8085 pro­
gram wri tten in standard In te lm nemonics 
into SMAL/80 without the constructs. 

SMAL/80 is being offered initially in 
CP/M and Isis I disk formats; the price, 
including documentation, is $75 . This 
software is available from Chromod 
Associates, POB 3169, Grand Central 
Station NY 10017 .• 

Circle 535 on inquiry card. 

management system, with real time 
inquiry for file information . Features of 
this system are multiple key ISAM disk 
structuring, inquiry keys by vendor num ­
ber, vendor name , voucher number; 
formatted screen handling; paid voucher 
history file; bank account reconciliation 
assistance; cash requirements forecasting. 
Micro-Base Accounting system is said to 
includ e payroll , time and material billing, 
purchase ordering, accounts receivable, 
accounts payable, inventory handling, 
and general ledger and financial report­
ing. The price for these systems is $450 
per module from Computertex, POB 
66907, Houston TX 77006 .• 

Circle 537 on inquiry card. 

Character Oriented Processing Sysfem 
for the l-80 or 8080 Printer 

The Electric Pencil II is a character or­
iented processing system. Text is entered 
as a continuous string of characters and 
is manipulated as such, allowing the user 
freedom and ease in the movement and 
handling of text. 

Features of the Electric Pencil II in­
clude CP/M compatibility, disk operating 
system which supports two disk drives, 
file management, disk storage and retrie­
val, print formatting multicolumn print­
ing, print value chaining, page at a time 
scrolling, bidirectional multispeed scroll­
ing controls, subsystem with print value 
scoreboard, automatic word and record 
number tally end of page control. 

Hardware must include a micro­
computer using the 8080 or l-80 micro­
computer, printer, video display (VDM-
1, VII or SOL) CP/M supported disk 
system or North Star minifloppy disk or 
cassette inter face (Tarbell or SOL). 

The Electric Pencil II is available on 
CP/M. The price for the standard printer 
version is $225 and the Diablo printer 
version is $275. For further information , 
contact Michael Shrayer Software, 3901 
Los Feliz Blvd, Los Angeles CA 90027 .• 

Circle 536 on inquiry card. 

Super Startrek 

Super Startrek requires a terminal 
equivalent to the Soroc IQ120 or the 
A OM-' (with screen protect, screen clear 
and cursor control) with 48 K bytes of 
memory . 

A sector map, status display and ga­
lactic map are placed on the screen in 
protected areas . It includes star bases, 
the USS Enterprise, the Faire Queen, 
Klingons, command Klingons and cloaked 
Romulans. 

Examples of operational commands 
are WAR (warp: sets warp factor for 
moves). MOV (move: direction and dis­
tance). IMP (impulse engines: allow one 
sector moves). and ABA (abandon ship 
to Faire Queen). 

Super Startrek is written in North 
Star BASIC with complete, compre­
hensive playing instructions. The price 
is $51 and the software is available from 
Aaron Associates, POB 1720A, Garden 
Grove CA 92640 .• 

Circle 533 on inquiry card . 

APL Colloquium Series 

Think Inc, a company which de­
velops and markets AP L application 
packages, is offering a monthly collo­
quium series on APL topics. Topics 
such as "A Proposed Standard for the 
Interchange of APL Workspaces" and 
"The Use of APL for Systems Work" 
have been discussed in previous series. 
Think Inc plans to continue the collo­
quium series until the summer. For 
further information contact Brooke 
Tompkins, Th ink Inc, 310 E 46th St, 
New York NY '0017 .• 

Circle 534 on inquiry card . 



~ PLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTEE YOUR COMPL ETE SATISFACTION 

~z~~i ~.L~~~ HOB~!,.Jr~i~(~~!~!~I!~NICS 
~ _~ hits For complete Ie lis t ings write lor our ciitilIO): 

5-100 P.C. Boards 
8K RAM 
8080 CPU 
12-Slot Mother 

Board 
ITHACA AUDIO 5100 P.C. Boards 

8K RAM 
Z-aO CPU 28.00 
2708/2716 EPROM 

Boards (New) 28.00 
W/W Prototype 

Board (New) 
SOLID STATE MUSIC 5-100 Kits & 

Bare Boards 
8K Kit 

RAM Bare Board 
16K STATIC RAM ___ ---: 

435.00 r 
Bare Board 25.95 
B8 8K/16 KEPROM 
USES 2708's 

(Continued) 
8080 Machine Languages 

Programming 
Robots At You r Doorstep 

SOLID STATE MUSIC 
VB1B VIDEO INTERFACE 

Kit 
Bare Board 25.95 . 

RF Modulator TV-1 Converts Video 
Output to RF For TV antenna 
terminals, complete Kit 8 .95 

NEW FROM CYBERCOM DIV OF SSM 
MBSA-270816K EPROM with 

Vector Jump Kit 85.00 
OB-1 Vector Jump & Prototype 

Kit 49.00 
Board 25.95 

1042+2 I/O Kit 139.95 
SYNTHESIZER SB-1 MUSIC 

Kit with 
Software 

MT-1 

6.96 
6.95 

IS-Slot Mother 
Board 39.95 

XB-1 EXTENDER BOARD 
Bare Board 8 .99 

SSM 8080 MONITOR VI 
Kit Less EPROMs 75.95 

The Basic Workbook 
Programming Proverbs 
Discovering BAS IC 
COBOL with St)/Ie 
Advanced BASIC BEGINNERS BOOKS ON 2-2708 47.00 

ON 8-1702A 47.00 

74L$OO TIL 
74L$00 .21 
74L$02 .21 
74L$04 .24 
74L$08 .21 
74L$10 .21 
74L$l 4 .65 
74L$20 .23 
74L$21 .23 
74L$22 .23 
74L$30 .23 
74L$32 .30 
74L$37 .31 
74L$38 .31 
74L$42 .60 
74L$47 .75 
74L$48 .72 
74L$73 .35 
74L$74 .35 
74L'$75 .53 
74L$76 .37 
74L$86 .36 
74L$9O .52 
74L$92 .52 
74L$93 .52 
74L$l09 .36 
74L$1l2 .36 
74L$1l3 .36 
74L$1l4 .36 
74L$l25 .46 
74L$l26 .46 
74L$132 .75 

74L$136 
74L$139 
74L$l51 
74L$153 .66 
74L$I54 1.00 
74L$157 .62 
74L$160 .62 
74L$l61 .62 
74L$l62 .62 
74L$l63 .62 
74L$l64 .96 
74L$l74 .75 
74L$l75 .79 
74L$l9O .90 
74L$191 .90 
74L$192 .90 
74L$196 .60 
74L$197 .60 
74L$221 1.06 
74L$257 .71 
74L$256 .70 
74L$266 .26 
74L$263 .72 
74L$365 .55 
74L$366 .55 
74L$367 .55 
74L$366 .55 
74L$386 .39 
81L$95 .77 
81L$96 .77 
81L$97 .77 
81L$98 .77 

Standard Dictionary of Computers 
& Information Processing 16.95 

Game Playing with Computers 16.95 
Game Playing with BASIC 6.95 
Minicomputers 13.95 
Microprocessors 10.95 
Digital Experiments 8.95 
Digital Signal Analysis 19.95 
Digital Troubleshooting 9.95 
110 CMOS Digital IC Projects 5.95 
400 Ideas for Design, Volume 2 13.75 

6820 
6850 
8212 
8214 
8216 
8224 
8228 
8226 
8238 

8.00 
8.00 
3.45 
8 .00 1702A 
3.75 2708 
3.50 2716 TI 22.50 
6 .25 21L02450ns 1.25 
3.85 21 L02 250ns 1.60 
7 .95 2114 8 .50 

MICROPROCESSOR 

'
~~A 

• ~ \ . Z-80A 
,.-;:" . 6800 

," ~ 

, "l.J :J" 

Beginning BASIC 
Home Computer Beginners 

Glossary and Guide 
Basic BASIC 
Introduction to BASIC 
Home Computers : 210 Questions 

and Answers 
Volume 2 : Software 

Microcomputer Dictionary 
and Guide 

Microprocessor Basics 
Home Computers : 210 Questions 

Answers 
. Hardware 

UndAI'~h,"d Integrated 

.16 

.99 

.16 

.79 

.37 

.37 

.16 

.16 

.29 

.74 

.74 

.29 

.79 

.79 

.23 

.64 

.69 

.69 

.16 

.67 

4025 
4028 
4030 
4035 
4040 
4049 
4050 
4051 
4052 
4053 
4066 
4071 
4061 
4062 
4507 
4510 

5716 W. Manchester Ave. 
Suite #5 

Send your complete catalog, I 

Los Angeles, CA 90045 

TELEPHONE ORDERS: 

quickly. I 
o Please send me the following 
items I have l isted below : 

6.95 

19.95 
10.95 

7.95 

4.95 
6.95 

.16 

.74 

.22 
·.96 
.99 
.34 
.34 
.69 

1.15 
.69 
.59 
.19 
.23 
.23 
.39 

1.05 

7400 .11 
7401 .13 
7402 .13 
7403 .13 
7_ .15 
7405 .13 
7_ .1' 
7407 .23 
7400 .17 
7409 .17 
7410 .13 
7411 .18 
7412 .13 
7413 .25 
7414 .61 
7416 .24 
7417 .22 
7420 .13 
7423 .2' 
7425 .2' 
7426 .22 
7427 .17 
7430 .13 
7432 .23 
7437 .21 
7438 21 
7439 .2 ' 
7..., .13 
7441 .70 
7442 .37 
7443 .59 
7444 .59 
7445 .65 
7446 .• 2 
7447 .59 
7448 .60 
7450 .13 
7451 .13 
7453 . 13 
7454 .13 
7460 .14 
7470 .2' 
7472 .21 
7473 .21 
747. .2 7 
7475 .45 
7476 .28 
7480 .31 
7481 .95 

NEW 
1978 

7482 
748. 
748. 
748. 
7489 
7490 
7491 
7492 
7493 
7494 
H95 
74" 
74107 
74109 
74 121 
741 22 
74123 
74132 
74 14 1 
74145 
741SO 
74151 
74153 
14154 
74157 
74161 
74163 
74164 
74165 
74170 
74173 
74174 
74175 
74176 
74177 
741SO 
74181 
74190 
74191 
74192 
74193 
74 195 
74221 
74251 
74365 
74366 
74367 
74368 

Ie MASTER 

.50 

..2 

.70 

.2' 
1.75 

.40 

.5 1 

.40 

.40 

.60 

.60 

.60 

.28 

.22 

.29 

.38 

.48 

.6' 

.70 

.• 5 

.88 

." .61 

.9' 
, 55 ... 
.5 5 
.85 
.9 0 

1.69 
1.10 

.85 

.75 

.69 

.70 

.' 5 
1.75 

.95 

.9 5 

.79 

.80 

.49 

.86 
1.00 

.62 

.62 

.• 2 

.' 2 

C II (213) 641 4200 a -
ash 
00 bp. Date : 

Qty. Stock No. Price 
• Over 40,000 

IC's listed. 
• Updated every 

90 days. 

:--I 

Char 8e My 
o 
o 
SiB 

M.C. 
BAC (VISA) 

I Name' ___ _ 

I 

• - -

Postage/Handling $1 .50 

I Addres,ss _________________ Satisfaction 100% Guaranteed 

I California Residents Add 6% I City' _______ State Zip Sales Tax 

• Note: Minimum Order S10.00, 5% Discount over Sl00.00 on I.C:' only. ----------------------------- --

• Over 2,000 
pages. 

Retail Value 

$55.00 
Your Price 

$39.99 

Check catalogue for more 
listings on linears, voltage 
regulators, resistor books, 
IC sockets and more. 

(/l 

o 
c 
;:0 

C) 

c 
» 
;:0 
» z 
--i 



Circle 25 on inquiry card. 

ATWOOD ENTERPRISES 
I 

KITS I 
$ 79.95 4K RAM Available assembled and tested $89.95. I 

. DID YOU 
KNOW ••• 

-------------------------------1 BIG SALE 
_~"-29.95 ...!.. 4K _PROM_~pol~5~.:.8..:r~m~3448/~4~ ___ J 1 each board: 

$149.95 8K EPROM Needs only 4K space 2716. I 
------------------------------, 

$ 59.95 DIGITAL· I/O 8 parallel ports plus 16 interrupts. I I 
------------------------------~ 
~_99.95 _ ANALOG_! N _':"2~~t:! bi~100 micro~c~ds. J 

Digital I/O 
Eprom programming 

8K Eprom Board (without 2716's) 

REGULAR PRICE 
$139.85 

AUGUST ONLY ' $ 49.95 PROM PROGRAMMING canB~~~~~~3.1 

$129
-95-SERI AL-I/O--:; se ri~;;;_;;;I;:Oft:-r-;;;~trolled.-'1 $100.00 

• . To 500 baud. I Extra zero insertion force sockets $5 .00 
------------------------------~--------------
MOTHER BOARD 

8 SLOT 44 PIN BUS 
50 Pin Edge Connector 

MAKE CHECK OR MONEY ORDER PAYABLE TO: 

Kathryn Atwood Enterprl.e. 
P.o. Box 5203. Orange. CA 92667 

Mother Board $20.00 ea 
Connectors 2.50 ea 
Card guides for above $10.00 per set. 

Discounts available at OEM quantities. For orders less than $25 total, add $1.25 
for shipping. California residents add 6% sales tax. Estimated shipping time 2 
days ARO with money order. For checks allow 7 days for check to clear. 

Beckian Enterprises All Prime Quality - New Parts Only - Satisfaction Guannteed 

EVGE CARV CONNECTORS: GOLV PLATED. Z5 PIN VB TYPE SUBMINIATURE CONNECTORS. 
BODY : Non brittle. solvent resistant, high temperature G . E. Velox , The finest alec- CANNON: Gpld Plated . The Best You Can Buy . 
triesl propert ies available . CONTACTS : Bifurcated Phosphor Bronze. Gold over OB25P Male Plug $2.60 ea. 5 pcs . $2.25 ••. 
Nickel. OB25S Female Socket $3.70 ea. 5pes. $3.45 ••. 

ALTAIR TYPE : Contact Ctrs .. 125: Row Spacing •. 140 
DB 51212·1 Hood . (Grey) Sl.00ea. 5 pes . $0.95 e • . 
DB 51226-1A Hood. (Black) Sl .10 .a. S pcs . $1 .00 •• . 

501100 Dip Solder $4 .00 ea. Spes. $3.80 ea. o 2041 B·2 Hardware Set SO.80 ea. 5 pes. $0.75 ••. 

HlSAI TYPE: Contact Ctrs . . 125: Row Spacing, .250 SAVE : BUY A CO~fPLETE SET. --
501100 Dip Solder $4 .25 ea . 5 pcs. $4 .00 ea. Complete Set includes: 1 pc. OB25P: 1 pc. OB25S : 
501100 Wire Wrap (1 Turn) $4 .25 ea . Spes . $4 .00 ea. 1 pc. Hood of your choice Grey or Black . 

IMSAI Card Guides 
(3 Turn) 

. 25 per pair to IMSAI Prices 1 Set $6 .50 ea. 5 Sets $6.25 ea . 

Note : Also good for CROMEMCO . Note : For 0 20418·2 Hardware Set, add $0.75 ea. 

OTHER CONNECTORS AVAILABLE 2708 - PRIME 8080A - PRIME 

.100" Contact C.tv.,: . 140" Row Spac..LI19. • (450 nS) $9.40 ea. 
$14 .00 ea. 

15130 Solder Eyelet $2.30 ea . Spes. $2.10 ea. r. c. SOCKETS: VIP SOLVER 22144 Dip Solder $2.75 ea . S pcs . $2.40 ea. 
22144 Wire Wrap (3 Turn! $2.50 ea . 5 pes . $2.20 ea. Low Profile. 
40180 Wire Wrap (3 Turn! $4 .00 ea . Spes. $3 .70 ea. 14 pin . & 16 pin. SO.16 ea. 

Note : W.0te WM.).' Spac.-il1g .u.. .ZO O" (Row Spac.-ingi HEAT SHRINK TUBING - -
.156" Co ntact c.w : .140" Row Spac.-iI19. ' 118" Shrinks to 1/16/1 1.0. SO .3~ per ft. 

18136 Dip Solder $2.25 ea. Spes . $2.00 ea. CABLE TIES 
22144 Dip Solder $2.50 ea . 5 pes. $2.25 ea. 3 %" and SY," SO.03 aa. 
15130 Wire Wrap (3 Turn! $2.00 e," 5 pes . $1.80 ea. 

. 156" Co n-tac..t fw: • ZOO " Row Spac...Ll1g . WRITE FOR LARGER QlIANTITY VISCOUNTS 
DEALERS WELCVI-lE 

22144 Wire Wrap 13 Turns) $2.80 ea . Spes. $2.50 ea. 
36172 Wire Wrap (3 Turns) $4.00 ea . 5 pes. $3 .80 ea. m NUlU~f ORVER: $10.00: Add $1.00 601t 15130 Dip Solder $1.90 ea. 5 pCS. $1.65 ea. 
18136 Dip Solder Sl .95 ee. Spes. S1.70 ea. '.6Iz-ipp-ing. OltdeJL6 OV VI. $Z5.00, we pay 
36172 Dip Solder S4 .00 ea. Spes. $3 .65 ea. the .61z-ipp-ing. CaLLe· Re.6-<.dent.6 add 6% 

. 43186 Dip Solder (6800) $4 .90 ea . 5 pes . $4 .75 ea. Tax . NO C.O.V. SHI P~fENTS. 
WE ARE YOUR CONNECTOR SPECIALISTS. 
IF YOU VO NOT SEE THE CONNECTOR HERE THAT OltdVl. Fltotn : Beckian Enterprises YOll NEED, PLEASE WRITE (1S. IN ,\lOST CIRClIMSTANCES, 
WE CAN SUPPLY IT TO YOU. P.O. Box 3089 Simi, CaHf. 93063 

180 August.1978 © BYTE Publicotions lnt Circle 30 on inquiry card. 



FOR ALL CUSTOMERS EXCEPT CALIF. CALL TOLL 800-421-5809 
21 L02 (350ns) 
Static Rams 
120@$1 .00ea. 

Z-80 
Microprocessor 
5 @ $20.00 ea. 

1702A 
E-PROM 
$4.75 ea. 

8224-4 
Clk . G~.&Dvr. 
25 @ ~8, 75 ea. 

6502 
Microprocessor 
5 @ $11.00 ea. 

410D (200ns) 
Static Ram 
100 @ $9.50 ea. 

2708 (450ns) 21 L02 (250ns) 
E-PROM Static Rams 
8 @$9.00ea. 100 @$1.25ea. 

TMS 4044 4200A (200ns) 
{250nsL~ Static Rams 
16@~tl.95ea. 25 @$ 10 .00aa. 

Z-80A 
Microprocessor 
5 @ $25.00 ea. 
74 LS36 7 
Hex Buffer 
100 @ .70rJ ea. 

8212 
. 8 Bit I/O Port 
·25 @ $3 .00 ea. 

4116 (200ns) 
16K Dyn. Ram 
8 @ $24.00 ea. 

74 LS368 2513 (5v) 
Hex I nverter Character Gen. 
100 @ .70 ¢ ea. 5 @ $ 9 .00 ea . 

(;A.90250 
MICROCOMPUTER COMPONENTS 

TU-~ J_~~R~V~~ 0 KIT 
THE PROM SETTER 

MICROPROCESSO R'S MISC. OTHER COMPONENT 
WRITE & READ 

EPROM 
Fa 16 .95 
Z80 12 .00 
Z80A 28 .00 
COP180 2 CD 19,95 
2650 24.95 
AM2901 22.95 
6502 11.95 
61100 11.95 
680 2 25.00 
800 8· ) 9.9 5 
10 35 22.00 
BOlDA 11.95 
BOIS 21.00 
TMS99 00TL 1 5 .00 

8080A SUPPORT OEVICES 
8211 1.50 
8 2 14 9.00 
8216 3. 75 
8224 L 50 
8224-4 9. 9 5 
8226 1.9 5 
8228 1.95 
8 238 1.50 
8251 9 .95 
825 3 2\.95 
82 55 21.95 
8251 21.95 

. 8259 2 \.95 

/ IH~ i~ :gg 
FLOPPY OISC CONTROLLER 

111 1B SS .9S 
1111 e-Ol 5 7.95 

KEYBOARO CHIPS 
AYS-2 11 6 13.75 
AV5- )600 11. 7"5 

PROM'S 
170 2 A 4.00 
2104 15.00 
21 08 12.00 
2 11 6 30.00 
271 6 Inti Ja.OO 
27 58 26 .60 
03601 •. 50 
0 3604 13.00 
520J A Q 5.00 
S20 4 AQ 1. 50 
68 34 11. 50 
68)4 ·1 14 .95 
8 25239 4.00 
82 5 12 99 4.25 
82 238 3.50 

6800 SUPPORT 
6810 p 4.95 
68 810P 6.00 
61520P 7. 50 
68 2 1 P 1.50 
68 28P 11.25 
68HP 16 .9 5 
68 50P 9.75 
685 2 P 11.75 
6860 P 10.00 
6862P 14 .50 
6 871 P 28 .0 0 
68 75 P 8 .75 
6880P 2.5 0 

Z80 SUPPORT OEVICES 
llBl 12.95 
388 2 12 .9 5 

CHARACTER GENERATORS 
25 13 6.1 5 
2513 5v u pper 9.7 5 
25 1) 5v low er 10 .95 
25 16 10 .9 5 
MC M65 7 1 10.9 5 
MC M657I A 10 .95 
MCPI.16 57 4 1).2 5 
MCM6 5 15 1) .2 5 

WAVEFORM GENERATOR 
80)8 3.50 
MC40 24 2. 25 
56 6 1.50 

OYNAMIC RAMS 
4160/4116 32 .00 
110 3 1.00· 
210 4 4 .00 
21078 4 .25 
2 10 78 -4 3 .95 
TM S40 50 4.00 
TMS406 0 4 .S0 
T MS40 10 '2 l2.00 
409 6 4 .00 
411 6/416 0 1 2.00 
MM5210 4 .50 
MC M6605 5 .00 

USRT 
52350 10.7 5 

UART'S 
AV5 · 10 13A 5.2 5 
A V5· 10 14A 8.2 5 
TRI60 2 8 5.2 5 
TMS6011 5.9 5 
IMU02 10.80 
IM640 1 10.80 

STATIC RAMS 

1-16 17-63 6~ 
1.50 2 1L..02 

2 1 L02 
2 1 Ul 2 
4i00 
1101A 
2101 ·1 
2 102 
2111 · l 
211 2·1 
2114 ·) 
2 125L 
2 147 
llUH 
l l06 

i ~ igf ::~ ~ 

110 7 
TM5-40U 
42 00A 
TMS-40H 
5101 
74C89 
7489 
745201 
PSIOI 
PHI55 
Pel56 
8599 
910 2 8PC 

10 .7 5 
1.00 
2.95 
1.25 
l.9 5 
2 .95 

11 .00 
11.10 
37.50 

2.50 
3 .9 5 
1 .95 
9.95 

12.9 5 
11.00 

8 .10 
3 .2 5 
2.2 5 
4 .50 
4 .20 

17.00 
21.00 

1.88 
1.65 

1.24 1.18 
1.1 5 1.25 
1.60 1.50 

10 .00 9. 2 5 . 9. .a • 
2. 75 2 .6 0 
l.1 5 1.00 
l .SO 3.25 
2.80 2 .6 9 

10 .00 9.2 5 
9 .00 8 .30 

2.35 2.00 
3 .70 3 .2 5 
3 .70 ) .2 5 
9 .00 8 .95 

10 .00 9 .2 5 
7. 40 7.25 
3 .0 5 2 .85 
2. 10 1.90 
4.00 3 .75 
3 .40 2 .80 

14 .00 
18 .00 

1.75 1.60 
1.45 1.10 

ON80A.AO 27., Ind POWER ON JUMP NaT20 l.39 Convert T .V . se l to 
NBT26 2 .10 Video Monitor. $ 
~::m l:H KIT ........... $8. 9~ 135.00 EA. 12M H Z! 1702A· 2708 - 2716 - 5204 - 6834 N8T9 7 1.35 

i',';:J:, Ug $149.95 EA. 14MH ZI *Plugs directly into your ALTAI R, 
fli-:" m JADE 8080A KIT BARE BOARD $35 00 IMSAI computer. b~~~, l :~& . * Includes main module board and 

~mw: ,U& BAR~!~~~~O$i~.oo .. --............... 1 *~~t;rEFt~~MR~~k~~c~~~t ysn~~nnected 
~m lUg JADE VIDEO to the computer through a 25 pin 

~m TH INTERFACE KIT *~~~~r~C~%·ing is accomplished by the 
P3408A 12 .00 computer. 
~r&W'o U~ MEMORY PLUS FEATURES $99.95 *Just read in the program to be written 
't::U;~, ,Ug for KIM- l S-100 Bus compatible on the EPROM into your processor 
OM8IJ. ' .9. 8K RAM 121L021 32 or 64 Characters per line -16 lines and let the computer do the rest. 
8r:lUll Ug 8K EPROM Graphics (128 x 48 matrix) wUse socket unit to read EPROM's 
8r:lUH Ug ASSEMBLED & TESTED Parallel 14 com positive video contents into your computer. 
MKS024. ' • • 00 $245.00 On board low-power memory KIT $210.00 

•,..M .. K.'.".'.o •• '.' •. o.o .............. Powerful software included for cursor, 
home, EO L, Scro II G ra ph ics/Character 1~_AiSiiS.EiiiM.BiiLiiE.D_ •• _ $:3.7.5 ... 0.0_ ... 

KIM-l Upper case, lower case and Greek. 

..... A.S.SE.M~B~L~E~0~&~T~E~ST~EjO~S~2~4~51l. 0~0 .... ~ .. B.la.C.k.-o.n.-.w.h.i.t.e.&.W.h.'t.e.-o.n.-.b.l.a.ck.· .... S-100 Power Supply with Cabinet 

MODEM JADE PARALLEL/SERIAL 
80-103A Serial I/O and FSK modem INTERFACE KIT 
for professional and hobby communi-
cations. $124.95 KIT 
*Completely compatible with your * S-100 . 
IMSAI , ALTAIR, SOL, or other S-100 * 2 Serial interfaces with RS232 inter-
microcomputers. interfaces or 1 Kansas City cassette 
*Designed for use on the dial phone interface. 
or TWX networks, or 2 -wire dedicated * Serial interfaces are crystal controlled 
lines, meets all FCC regulations when * Selectable baud rates. 
used with a CBT coupler. * Cassette works up to 1200 baud. 
*AII digital modulation and demodu- * 1 parallel port. 
lation with on board crystal clock and .. ______ l1li ........ ... 
preCision filter mean that NO ADJUST 
MENTS ARE REQUIRED. 
*Bell 103 standard frequencies 
*Automated dial (pulsed) and answer 
*Originate and answer mode 
*110 or 300 BPS speed select 
*Complete self test capability 
*Character length, stop bit, and parity 
*90 day warranty and full documen· 
tation. 
PRICES: 
Bare Board & Manual $49.95 
Assembled (48hr burn) $279.95 
JG-DCA Kit $159.95 

full ASCII 

PROFESSIONAL KEYBOARDS 
* Full 128 Character ASC II 
* Tri-Mode MOS Encoding 
* MOS DTL TTL Compatable Output 

: r;;'v~taeXd Rp~l~ev~~robe MOD E L 
* Shift and Alpha Lock 756 
* Selectable parity (56 keys) 
* Positive or Negative Logic. 

PRICING INFORMATION 

STATIC RAM BOARDS 
ASSEMBLED & TESTED 
8K 
Ram 8 (250ns) 
Ram 8B (450ns) 
250ns KIT Mem-l 
450ns KIT Mem-1 
Bare Board 
6800 Adapter for 
S-100 system for 
Mem·1 only KIT 

. 16K Uses 2114L 

$169.95 
$139.95 
$169.95 
$125.00 

$25.00 

$12.95 

Ram 16 (250ns) $375.00 
Ram 16B (450ns) $325.00 

32K 
JG-32K (250ns) $875.00 
JG-32KB (450ns) $775.00 
450ns KIT $675.00 

DYNAMIC RAM BOARD 
by S. D. Computer Products 
On boa rd ref resh is provided with no 
wait sta les or cycle stea ling required . 

Model 756 (assembled) $59.95 +8VDC 400MA DC, +18VDC 400MA 
Model 756 K (kit) S4~ .95 and .18VDC 30MA DC . 

Power supply +8v at 18 amps 
±'16v at 2 amps 

Has connector for Power output 
MODEL UPS=600 size 5"H x8"Wx6Y/' O 

PRICE $149.95 

E-PROM BOARDS 

MR-8 (8K uses 2708) KIT 
with 1 K RAM 

$99.50 

MR-16T (16K uses 2716) KIT $99.50 
with lK RAM 

MM-16 (16K uses 2708) 
RAM/N/ROM (16K uses 

$99.00 

any E-PROM) KIT $117.00 
JG-8/16 (uses 2708 or 

2716) 
BARE BOARD 

KIT $59.95 
$30.00 

EXPANDABLE E-PROM - S.D .Sales 

16K or 32K EPROM $49.95 without 
EPROM 

Allows you to use either 2708's for 
16K of Eprom or 2716's for 32K of 
EPROM. 

FLOPPY DISC INTERFACE 

JADE Floppy Disc (Tarbell Board) 
KIT $175.00 ea. 

S.D . Sales Versa Floppy ~~t 
;'3)149.00 ea. 

MODEL 801R Shugart with 
Disc Cabinet 

Model 702 enclosure $29.95 
Model 71 0 Numeric Pad $9.95 EXPANDABLE 32K (u ses 4115) 200ns Includes Cabinet, Disc. Drive, Power 
Model 756 MF Mtg.Frame $8.95 8K Kit $151 .00 24K Kit $367.00 Supply, Cable, Fan & Data Cable. 

"MiiiiiO·T"H·E~RiiiiBIiiO~AiiRiiD~'·sii.iiiiS·'1·0·0~S~T·yIlL·E~~~~:~tD~2:~~0~4/~~se~~11~~225~~~s ~~bi~~ ~ii~; f~lb~~H x 10"W x 16"0 

13 I t ·th f t I I t MODEL OM 2700-S $835.00 ea. so WI ron pane so 16K Kit $281 .00 48K Kit $757.00 I~~~""HH __ '*"I~~ __ HH_'" 
~~TRE BOARD :~~:gg 32K Kit $519.00 64K Kit $995.00 

22 Slot $149.95 16K STATIC BOARD 
Assembled & Tested 

..... _.~~~~~~~ ...... with me mory man agement can be used 
CONNECTORS with Alpha Mi cro or Crome nco 

Systems. 

DB-25P $2.25 DB·25S $3.25 RAM 65{250ns) $350.00 
COVER $1.50 RAM 65B (450ns) $390.00 

44 Pin - PC & EYE $1.95 . t---:C-:O-:M:':P~U-:T~E~R~M":"A--IN"""F--R-A-M-E ..... --I 
44 Pin - WW $2.50 Includes: $295.00 
86 Pin - (6800) PC $5.00 Power Supply +8v a t 18amps 
86 Pin - (COSMAC ELF) PC $5.00 +16v at 2 amps 
100 Pin - (Altair) PC $4.50 Mother Board 12 slots with 
100 Pin · (Imsai) WW $4.25 connectors Assembl ed & Tes ted 

1-=~...;;...;--'==.:..:....;.:..;.:.----~==-tl IHa s Whisper Quite Fan & AC line fitler 
100 Pin· (IMSAI) PC $3.25 Cabinet size 7"H x 19"W x 22" D 

J'''&'I»:E 
Computer Produc ts 

RETAIL STO R E HOU RS Mondav Frldav 9- 7 
Satu rda y !)- 5 

Discounts ava il able at O EM Quantities ADD $ 1.50 
unde r 10 Ills . fo r shI PPln£". Californ ia f'esldents add 
6% sa les tax. 

NEW CATALOG NOW AVA'LABLE 

I'iW~=~iJ 
® ~:I~~me le. 

Circle 195 on inquiry card. 
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• Hot Chassis or Transformer sets 
• 64-80 characters per line 
• By·passes tuner Ie I.F. 
• Normal viewing unaffected 
.Safe-Easy Installation 

ACVM HI· Resolution $24.95 ppd 

RFVM Ch2-6 Modulator $9.95 ppd 

VAW-WC:-····_-Sox--2-9:31S 
Los Angeles, Calif. 90029 

Venion. OPtrattl Ibn. chann.1 Ie. Eliminat .. worml! 

O,er,h, .b ... It" Iwirehlne hum.nici of ttt, compute" 
ttI",b, ,lllIlIne I cluner, worm-hit pictur •• Tun.ble 
onr I minimum .r • chlnntl,. In •• ffletl dlrectl, with 
,fit Ap,lt II IS .111 II mISt otlttr mier ... Comu wirtt 
,idll ubi, IIld RF oulpllt stub Cluple,. Two· .... d cowl 
Iyp. dlcor.t.r ublnet, $ill: 5.Scm I I.Scm I II .Um. 
POWIf : +5'1. Curr'n' '"rU, I mi. Stlf·powered with • 
,laull ""'flu. Olttfltinc life in lIell. of 1000 hours 
or nur s.tItlf.lita of battlrlts. Erc,U,n' "sbill". PrlOi" 
"lqvtncJ adju.tmtnt. No llsembl, rlqulrld uu" for 
in.11I1.,I.n .t lIa".rl"~iecl. MODE L M'IX-500. 

AVAILABLE FROM YOUR LOCAL COMPUTER oEALER 
or dlr.ct from 'TV RESE'ltCH. COST Includlnc Ihlpping 
Inywh.r. in USA and a.nldl - Sas.OD. 

BIT BASEMENT 
BARGAINS 

SORoe IQ120 [assbled) ... $869.95 
LEAR ADM·3A [assbled) ... $859.95 
LEAR ADM·1A [assbled) .. $1199.95 
16K RAM BOARD [assbled] . $495.00 

250nS 180 day warranty 
.... r·~ .. ·rDnl .. leS 779 . . . ... $1139.95 

MICROPOLIS 1042 Mod I .. $779.00 

BIT BASEM ENT 
P.O. Box 1719 

Santa Monica . CA .90406 
_ (213) 322·9070 ~ 

all items shipped FOB lactory 

CANADIANS 

HAMILTON LOGIC 

SYSTEMS 

Specializing in logic 

devices, microprocessors, 

memorys, TTL , Cmos, 
etc. 

for your catalogue 

7 

CREEK 

L8G 3X7 

At last a real world fully address· 
able 55·50 control interface . Con· 
trol robots, appliances, organs. solar 
devices. etc. Applications limited 
only by your imagination. Easy to 
use with machine language as well 
as basic. Fully buffered board 
plugs directly onto mother board 
and responds to any address de· 
fined by user . 8 fast relays latch 
data while 8 opto·isolators allow 
ha.ndshaking capacity . 

Kit $98.00 
Assembled and tested $125.00 

Visa & Master Charge 
Shipped pre· paid 

TRANSITION 
ENTERPRISES INC 

~fJ!III~ 
ATTENTION MOTOROLA 

MEK6800D2 USERS 
4 Slot Card Rack 

Designed Speicifically for the 
MEK, MMS68104 MEMORY 

BOARD, EXORciser, and 
Micromodule Boards. 

Kit $64.95 
Assembled $79.95 

Check, Money Order, VISA or MC 
add $2.00 shipping, PA. residents 

add 6% sales tax. 

DEALER INQUIRY WELCOME 

MINI Soft sector S3 90 Ea. In 10 Sector boxes 
16 Sector • of 10 

STANDARD· S41 0 ~~x!~ 
Soft or Hard Sector • of 10 

CP/M 1 4 for Northstar $145 
• Disk & Horizon 

PLASTIC BOX tc:r ~I;~~~~~ $3 
HAZELTINE CRT 1500 ~~~~e$l 000 

C.omplete 1-2-3 Computer $5145 
System: Hazeltlr.e 1500, 
Horizon·2, Centronlc 779 

5-100 Kits 
at Discount Prices 

·11 Ilot mother board with locketl 
and active terminator S80" 

• 16 K EPROM board lor 2708'1 
·8 K Italic rom $125" 

The,.'1 much more, Including 
co"!plete IYlteml; und for our 
lIyer. 

PCE ELECTRONICS 
4782 'DEWEY DRIVE 

FAIR OAKS, CA. 95628 
• MOII,r Choro' • Add ~'Io for Ihlppln9. 

• Vi,a IIlC ... r.fundld. 
• Phone ord.n • Calif. , .. Identl odd 

191t;) 966·7033 ''I. .oln tal . 

• No C.O.o. 

USR·330 Orlglnate/ Aulo-Answer Modem . 
USR·320 Auto ·Answer Only Modem . . 

0 . Le.C. Cerlll.eG Packaet. ConnectIOn 
standard ealenslon-phone }<leU 

(2. Connection 10 phone hnes VIi! CBS· IOOlf OM whIch can be 
leased hom phone company lor apprOl. S5.00/ mo plus InSlalialiOn 
lee) . 
INTERFACES, 
• ·USR ·110 - RSllZC only 
• USR 110 and USR·110 - RSllZC and lOrnA 

(Speclly With Older II both Interlaces 31e lequlled. add SID 10 
Unit price.) 

All UNITS FEATURE , 
• 0·100 Baud Oata Ral' 
• Stand Alone Umt 
• Hallf f ull Ouptu 
• 90 Day Wallanly 

• Fully Assembled and 
Tested 

• OpllOn31 Annual 
Mamlenance Covets&! 

Puces Include shiPPing and handhng In conllnenlal U S illinOIS 
ReSIdents add 5' sales tall . 

U.S. ROBOTICS. INC, 



· IT WILL TELL YOU WHERE TO GO -

CPU-1
TM

8080A CPU BOARD WITH 
8 LEVEL VECTOR INTERRUPT. 

$30. BARE $185. KIT 

$220. ASSEMBLED AND TESTED 
DEALER INQUIRIES INVITED UNIVERSITY DISCOUNTS AVAILABLE 

/ ~ ™ WAMECO INC. wmc;nc. 3107 LANEVIEW DRIVE SAN JOSE CA. 95132 

Educational Grade VIDEOTAPE Special: Y{x24OO' 20 boxes/$125.00 

The "Pro" fully encoded ASCII Keyboard by Cherry. Auto RE· 
PEAT feature, 5 special function keys. 300mAl5V. (Shown as 
mounted in 'The Case', Below) $119.00, 3/99.00, 10+/89.00 

USED SYL VANIA The Dumb Terminal for Smart People 
12" MONITORS 80X24 with full 128 char. ASCII UC+LC 
You Fix: $24.95 font with all control characters displayed. 
Working: $69.95 300·19,200 baud RS232 . 2nd font addressable 

from keyboard in you·program·it 2708 for 
Cold Chassis, 251bs. APL, Grap(,\ics sets, etc. Plug in monitor 

Circle 387 on inquiry card . 

2708/2716 EPROM 
MEMORY BOARD 

* 5-100 BUS 

* 1-32 KBYTES USING EITHER 2708 OR 2716 EPROMS * HIGH/LOW LIMIT ADDRESS RANGE SELECTION 

* MEMORY BANK SELECT OPTION 

* SOLnoCOMPATIBLE MEMORY DISABLE * SELECTABLE WAIT STATES 

* FULLY BUFFERED INPUTS AND OUTPUTS 

* DOUBLE SOLDER MASK 

* SILK SCREENED PARTS LAYOUT * COMPLETE DOCUMENTATION 

$30. BARE 

$100. KIT (LESS EPROMS) 

TESTED AND ASSEMBLED $130. 
(LESS EPROMS) . 

DEALER INQUIRIES INVITED UNIVERSITY DISCOUNTS AVAILABLE 

/wm£'/;nc. WAMECO ,INC. 3107 LANEVIEW DRIVE SAN JOSE CA 95132 
TM 

THE FANTASTIC! 

MEMOREX FIVE-FIFTY 

..... ~ 
,. Hard and Soft Sectoring 
,. Single and Dual Density 
"Double side configuration 
as a retrofit at any time. 
"110/220 V, SO/60Hz 
·Pin for pin compatable with 
Shugart 800,801,850,851 
(50 pin edge connector) 
$536,21499, 5/475, 10/449 
25/425, 100/405 

I/O connector, 11 OV AC and you are ready. 
INCLUDES: 'The Case', Cherry Kbd. A used 
monitor, ESAT 200A. all options except J.------------------------f Double Sided Retrofit $299 

vector addressable cursor and modem. 
8ulletproof design and construction. 
Normally $675.00 What you always 
wanted your ADM3 to be: 
SYSTEM"A" $649.00 10/$599.00 

"The Case" Beautiful and sturdy 
anodized aluminum case in deep black designed to contain the 
ESAT 200A, and with a bezel cut out for the Cherry 'Pro' keyboard. 

MINIDISKETTES (5.25 ' ) 1-9 10-24 25+ 
10, 16 or Soft Sector $4.79 4.65 4.45 

STANDARD (8') DISKETTES 
Hard or Soft Sector . $5.99 5.33 4.79 

CASSETTES 
R·300 Certified Phillips Type $5.25 4.99 4.35 

1-150 Certified for audio decks $4.60 4.30 3.90 

& SWTP 

SURPLUS Muffill type fans 5 7.95. Lambda Power Supplies 
jVj70..l -51./5.00. 35" 1-589.00. 16..1·./9.00. 12Vj7.3"!-S69.00. 

'fyou 

(installed as shown above) Choose deep brown, light yellow, or crim- ~-~-~~~"""":~....:::.::.I...:.:=::..:....::::.:.;.~:.;.:.;:..:..;.;.;;.;..;.;:....;;;..~.:.....---_i 
son to accent Dr color code your installation. The only choice for Shipl!ing and Handling: Surface: $OAO/lb. Air: $O;75/lb., 1.00 minimum 
hard-use institutional and educational applications. $69.00, 10/ 59.00 Cal. Tax: 6.5% Insurance: $0.50 per $100.00 

Circle 115 on inquiry card. BYTE Augusl 1978 183 



----·--------~--------T 

SYSTEMS 

User Programmable Intelligent Terminal System 

Floppy Disk Microcomputer Supported by Custom Software 

An integrated microcomputer from 
Britain incorporates floppy disk drives 
and software. The Rair Black Box dual 
disk drives accept 5\4 inch (13.3 cm), 
single sided, reversible, soft sectored 

floppy disks, each with a capacity of 
81.92 K bytes. Each disk has 40 tracks 
with 16 sectors per track. Transfer rate 
is 125,000 bps; latency is 100 ms; and 
access time is 40 ms track to track . 

The microprocessor handles up to 
80 instructions; cycle time is 1.28 JjS. 

The unit is housed in a self-contained 
desktop cabinet. 

The p(ogrammable memory contains 
65.536 K bytes. Software includes a disk 
operating system, an ex tended BASIC 
interpreter, a relocatable FORTRAN 
compiler, and a COBOL comp il er. Other 
features include dual serial 10 ports and 
an 8 slot mother board for system 
expansion. 

For further information contact 
Rair, 30-32 Neal St, London WC2H 9PS 
ENGLAND .• 

Circle 544 on inquiry card . 

Two New F8 Products for the Person·al Computer User 

The introduction of two new F8 
products for the personal com puter user 
and design engineer has been ann'ounded 
by Comptronics, 19824 Ventura Blvd, 
Woodland Hills CA 91364. 

The F-8S 100 is a processor board 
compatib le with the 5-100 bus. The unit 
provides sockets for 2 K bytes of eras­
able read only memory monitor, two 
Pia sockets and connections for six 10 
ports. The board has 64 bytes of ~cratch 

184 August 1978©BYTE Publications Inc 

pad programmable memory and a fully 
buffered data bus. The Model F-8S100 
sells for $2 39 as a kit or $275 assemb led. 

The second product is an F8 m icro ­
computer, Model KD80, with keyboard 
and 6 digit display. The unit provides 
audio interface and speaker com patible 
with the on board KD-BUG (3856) music 
routine, 2 K bytes of random access 
memory expandab le through an 5-100 
connector, and 1 K bytes of erasab le 

Fully user programmable, the Mini 
Disk Terminal (M DT) 400 is an intelli­
gent terminal system which can be used 
for a variety of distribu ted data proc­
essing applications including data en try , 
test processing and data communica­
tions_ The M DT-400 features: mini­
diskette; 8 bit microprocessor and 
communications interface; high resolu­
tion video display with 16 line by 80 
word format, scrollable through 2560 
character buffer; 122 key solid state key­

. board with 18 user defined keys and 
loadable formats; integral minidisk with 
87 K byte capac ity in IBM soft sector 
format; low and medium speed character 
printers for hardcopy output; asyn­
chronous and binary synchronous com ­
munications interfaces for line speeds up 
to 9600 bps; program development sys­
tems supporting assembler and high level 
language and text processing applications 
package. 

Representative prices include: Model 
401 with 8 K bytes programmable mem­
ory, integral minifloppy, video and key­
board is priced at $4275; Model 402 
with 15 K bytes programmable memory, 
integral minifloppy, video and keyboard 
is priced at $4500; Model MDT-441 low 
speed, 60 cps, matrix printer is priced at 
$2495. For further information, write to 
Compugraphic, 80 Industrial Way, Wil­
mington MA 01887 .• 

Circle 543 on inquiry card. 

Low Cost, Do It Yourself Computer 

A new do it yourself computer 
called SKIP" has 1 K bytes of program­
mable memory, LED display of both 
address and data, hexadecimal keyboard, 
screen printed front panel, printed cir­
cuit board and National Semiconductor's 
SC/MP computer chip. It can be built for 
less than $100. This includes detailed in­
structions, system checkout guide and 
troubleshooting manual. A programming 
guide illustrates all of the 46 instructions 
with simple programs which explain 
what the computer is doing at each stop. 
It is said to be ideal for the beginner. 
Contact NBL, POB 1564, Richardson 
TX 75080 .• 

Circle 545 on inquiry card . 

read only memory with four additional 
2708 sockets. Model K 080 sells for 
$375 as a kit and $425 assembled .• 

Circle 546 on inquiry card . 



CAliFoRNiA INduSTRiAL 
Post Office Box 3097 B • Torrance. California 90503 

Hazeltine 1400 
cost effective 

CRT TERMINAL 

16S9 sh~~~:n, 
The Hazeltine 1400 Vidio Displ ay Terminal is de signed t o 
opt i mize int e ractive r eal - time operations. The interface is 
capable of either local or remote connection throu gh an ElA 
RS23 2- C int erface at baud r ates that are switch sel ect abl e 
up to 9600 baud. . . .. .. . . " . 

I 2 l • ~ 6 r I 1 • -

: ~l ~l~~I~~;~e C~~:~acters t,=.t;-.t;-JT-t,::,J.,:-J.,:-J,:-t,:,~W~~;:'" 
• 24 Lin es ; 12 inch Screen 
• 80 Char acte r s pe r Line 
• Self Diagnostic Test 

your c .. "'ice 

bd D825P 
male plug & hood 

or 
D825S female 

S3~5 

Won't drop a 81T! 
i550 

III 
CALIFORNIA 

• INDUSTRIAL 
is an 

Authorized 
Duler of 

Scotc" Bra nd 
Data Products 

J 0 '( S TIC K $4.50 

_ . . ~ ~" 3 
" .. \ •• ~ fo r 
. • 510.00 

This Joystick lealure lour lOOK potenlla· 
mlter •. lhlrl .... ry r~lllaflceproporlionallO 
lhoelnglool the lhck Perl.cltor t.lwlion 
games. Quad ",reo and radio contrOlled 
a lrcr.II. 

Definitel y the best smal l system keyboard that 
we have seen. Maxi- Switch has incorporated 
all the important keyboard features at a r eason­
abl e p r i ce . Full 120 ASCrr functions . IIN" key 
rollover. automatic r epeats , us e r des ignate d 
spec ial fu nction keys. escape , control & lots 
of olhers. Data sheet upon r equ e s t. 

FROM AJARI 

COLOR TELEVISION 
R.F. MODULATOR 

aUows compute ' data to be 
dlsptayed dlrecUy upon yoor 
exlsUng totevlelon systom. 

_ This unit convert& the slg· 
nal 110m Ihe Apple II and ~

'13.95 Th •• ",' A.F. Mod"'''., 

'" Olher video sources Inlo . I tlloYlslon IreqUlnclos. COLOR - GRAPHICS- SOUND , 
~ ,". ~:.r~~:p:~~mC~~~::t; 

~ .... ~~~ . wlthmotalcaSO, mst!ng 

~
'i.,!tf',o R.F. canneclor and \5 

leel 01 cou cable. Schematics 
_U lmbl.. lind rnstruellon, Included. $1024 

Mlg. Su,. 
Retail .. .. 

11195 

Potter & Brumfield 
REED RELAY 
5volt coil,pulls3.5v. 

l~' 

HOO PROTOTYPE BOARD 
:J~:~m~~d-::~d~~~ '19.98 
od(lressdecodlng and bul· 
larlng lor 5100 ,,(slims. 
Room lor 32 unctlmmJned 16 
pin IC'S, 5 bUS outler &- d. 
coding chips, 1 DIP OCldfess 
selael swbth. 0 5 von regu.. 
IolorOndmore. 
WW10G-Wlre wrop breoG­
boord,slmllor 10 1M GP1OO. 
AI\owtWlrlwropolall51zes 
of SOCkel. In any sins ot 
sockets In ony comOlnallon. 
An Hlro regUlator poSItIon 
lormublpllvonogaoppllco· 

"'" MEMORY "'" .,., 
"''' 1702J. .. S ... 2 

"4' 82523 2.95 
[ng'1a~ CasseUe []r'ue 

COMPUTER CONTROLED 

.59 

.19 

.99 

.99 

.99 

.99 

.25 

.25 

.25 

.25 

.25 

.25 

.J9 

.39 

.35 ." .39 
' .99 
.79 
.99 
.99 
.99 ." ,.'" 

2.79 ." .99 ." ." .79 
.79 

""" """ """ """ """ """ "''' "''' "" 40" 
"" "15 "16 
"" "''' "" 4020 
402' 
4OZ1 

"''' 402' 

"'" 402' 
.". 
.". 
4030 
40" 

.25 

.25 
1.99 
.25 

1.49 
.59 ." .25 
2S 
.49 

1.<19 
' .39 
.59 

'.29 
1.69 
1.19 
1.39 
1.49 

.,.. ... , ... , 

."" """ 

1.25 3401(·5 
.25 

1.19 340K-12 
2S 
.69 

1.25 
1.99 340T·5 
,69 J.4OT,'2 
.49 

SPECIAL 

825123 2.9S 
2102 1.19 
2102·' 1.89 
21L02 1.19 
250"5 B9 

AYS · I013A 

'4.98 

GENERAL INSTRUMENT ASCII Keyboard Encoder 
AY 5-36CX) Prime but house mal1<ed only $4.95 

MJ3055 

2N3772 

This precision I/O assembly features 
remote software controlled search 
capabilities. Two independent capstan 
drive motors allow the computer to 
control direction and speed of the 
transport. 
The assembly consi sts of a Raymond 
cassette transport, chassis, mother­
board and three edge cards: read/write, 
capstan drive & control card. 
Current replacement valued at over 
$700.00. Schematics and complete 
documentation included. USED, but in 
excellenl condition. . 

PowerAdapter RELAYS 
SPDT MINIATURE 

2N3904 
2N3906 .15 .11 .09 .07 .... ..:...----__ -+~~~:!!!.~!!!:!:..-I 

Diodes 
10 25100 

1N4002 100" :0S06.05 
1N400S &00 •. • 10.08.07 

I .. 10 50 

80,000 / 10.. 3,5 3~9 2.95 
4S00 / S0 • . 51f9 135 119 

1000/ 15. 5.55 49 .45 
alill 

7101C&K ON ·NONE· ON 
7101 ibt ON·OFFtm"t.ON) 
7108 CK ON-(moment. mu 
Rocker JBT __ DPDT 
Rohry 3P- 4 ,Pol. 
Rohry 3p· 6 · POi. 
Push 8 (N.O') S.3gea. 4/ S1 

.1 dilc 
.01 disc 

wire wrap 
ea. 25 50 

37< 36 35 

38 37 36 

99 93 85 

low profile 
••. 2S 50 

17< 16 15 

18 17 16 

19 18 17 

36 35 34 

1&9 155 139 63 60 58 

KYNAR=m 



W~at's NewP 
Binary Synchronous or Synchronous 
Data Link Control Chip 

A synch ronous receiver and trans­
mitter chip that can handle either 
binary synchronous (BiSync) or syn­
chronous data link control (SDLC) 
protocols in microcomputer systems 
is available from NEC Microcomputers 
Inc, Five Militia Dr, Lexington MA 
02173. This uPD379 is an N channel 
MOS device that is packaged in a 42 pin 
ceramic dual in line package. The part 
operates at 800 K bps. The uPD379 can 

Auto Answer Modem 

The USR·320 is a hardwire, asyn­
chronous, auto answer modem that op­
erates in half and full duplex modes at 
data rates of up to 300 bps. The design 
uses integrated circu its, crystal con­
trolled digital receiver and transm itter 
frequencies, and computer designed ac­
tive filters. The unit comes with power 
supply and is housed in the desktop case 
shown. Connection to voice grade tele­
phone lines is via a standard CBS-1 001 F 
Data Access Arrangement (DAA) . The 
US R-320 is available with an EI A 
RS232C interface, a 20 mA current loop 
interface or both . The US R-330 with 
RS232C interface is priced at $185; 
with 20 mA current loop interface $185; 
and with RS232C and 20 mA current 
loop interfaces $195. Contact US 
Robotics Inc, POB 5502, Chicago I L 
60680.-

Circle 628 on inquiry card . 

Attention Surplus PDP-8 Owners 

An LED conversion kit for the 
PDP'8/E and PDP-8/L minicomputers 
is now available from Scienti fic Test 
Systems , POB 741, Wallingford CT 
06492 . The kits are available to enabl e 
replacement of standard incandescent 
lamps used in the PDP-8 /E and PDP-8/L 
with light emitting diod es , to elimin ate 
the problem of burned out bulbs, The 
kits are complete with a set of direct 
replacement LEDs and instructions for 
modification of the front panel control 
board circu itry. The conversion kit 
for the PDP-8/E is priced at $39.95 and 
$69.95 for the PDP-8/L conversion kit. -

Circle 629 on inquiry card . 

186 August 1978 © BYTE Public.tions Inc 

operate in full or half duplex mode, is 
directly TT~ compatible, has three state 
data outputs, has a programmable syn­
chronous word (character)' contains de­
tection and rejection of flag , abort and 
idle patterns, has zero insertion and re­
jection , and an indication of overrun and 
underrun errors. The operation mode, 
data rate and synchronous character of 

, the uPD379 can be changed through the 
use of external control. The uPD379 is 
priced at $16 in quantities over 100.­

Circle 627 on inquiry card. 

Factory Tested 
Used Modems to Cut Data 
Communication Costs 

The availability of used ICC modems 
at prices significantly lower than new 
has been ahnounced by the SpeCial Offer 
Division of Racal·Milgo Inc, 8600 NW 
41st St, Miami FL 33166. According to 
the company, these modems have been 
factory tested, and are cove red by the 
same warranty as new equipment. This 
includes one year for purchased units, 
and for the full term of units under 
lease. The used equipment available 
includes both medium and high speed 
modems, operating at data rates of 2000 
bps, 2400 bps, 3600 bps, 4800 bps, 
7200 bps, 9600 bps and 19.2 K bps. 
Current information on used modems 
and related equipment is available from 
the company.-

Circle 630 on inquiry card . 

New Model 88-Modem 

The Model 88-Modem provides com· 
munications over either the switched 
telephone network or private lines at any 
software selected bps rates between 66 
and 600 bps. The modem is fully com· 
patible with Bell System type 103A 
modems and provides either half or full 
duplex operation. It is 5-100 bus com· 
patible and includes a serial 10 port and 
an originate or answer mode modem on 
one board. Features implemented in 
hardware include pulse code dialing in 
originate mode, automatic break and dis· 
connect, and dial tone detection. The 
modem includes an 8 pole transmit and 
8 pole receiver filter, self·test electronics, 
dial tone detection , filter as well as error 
detection electronics including parity, 
overrun, etc. The dial tone detection cir· 
cuit allows the dial tone to be positively 
identified prior to auto dialing of origi' 
nate calls. Extensive software is included 
with the 88-Modem including patches 
for MITS BASIC and North Star DOS 
version 3. The modem is available in kit 
or assem bled form from International 
Data Systems Inc, 400. N Washington St, 
Suite 200, Falls Church VA 22046.-

Circle 632 'on inquiry card . 

Choice of Speeds in 
New Acoustic Coupler 

The Model AC-312 Acoustic Coupler 
from Digicom Data Products Inc, 1440 
Koll Cir, Suite 108, San JoseCA 95112, 
offers interchangeable high and low 
speed capability, field convertible from 
300 bps to 1200 bps, using CMOS elec· 
tronics. The unit accomplishes terminal 
to computer communication over dial 
telephone lines. I t is Bell 202 half duplex 
compatible when configured for 1200 
bps operation, or Bell 103 compatible at 
300 bps configuration. The two in one 

• concept permits users the flexibil ity of 
using the same desk styled enclosure for 
either 300 or 1200 bps operation by 
field·installing the relevant coupler ele'c, 
tronic board . Model AC-312 also has 
Western Electric compatible 5 bps reo 
verse channel capability. The AC-312 
single unit is $495 (1200 bps), Model 
AC-312 (300 bps) is $245. The Bell com· 
patible 202 electronic board for field 
upgrading to 1200 bps is $370. The 103 
series 300 bps board replacement is 
$150.-

Circle 631 on inquiry card. 
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•••••• • •••••• ••.... .. ... , •••... I ...•• 
•••••. M 6'11. //~ .•••• : I····· . , ~ ftIf4IJt ..••• 
• ::::: IMAGINE HAYING 16K OF SOFTWARE ON LINE AT ALL TIME! ., '()8' :::::: 
I::::: S·100 flmsai/ Buss ~ / I I :::::1 
I •. ·.. KIT FEATURES: 4 .••••• 
..... PRICE CUT!· .••••• 

I ..... 1. Double sided PC board with solder ..... . 
••••• mask and silk screen and gold plated I I ..... . 

I::::: 2. ~r:~~f:!i~' states. $ 5 7 .50 kit :::::1 
...... 3. Ai' address lines & data lines buf· ..... . 

I..... fered! ..... . 
..... 4. All sockets included. WAS $69.95 ••• •• 1 
..... 5. On card regulators. SPECIAL OFFER ..... I::::: KIT INCLUDES ALL PARTS AND : ::::: 

...... SOCKETS (except 2108's). Add $25. for Our 2108's (450NS) Ire $12.95 ..... 
, ••••• assembled and tested. when purchased with above kit. .. ••• 

••••• DEALER INQUIRIES INVITED! ••••• 
••••• • ••••• ....., ....• : •.... S~· ..... ..... 1uiUf · . .. ..•• ••••• • ••••• 
::::: ADD S·lOO IImsai/AHairJ Buss Compatible! 2 KITS FOR $279 :::::1 
::::: $20 FOR Fully Assembled & Burned In :::::. 
::... KIT FEATlIES: 250NS $179.00 ..... : 

::::: 1. Doubled sided PC Board with solder Blank PC Board wI Documentation :::::1 ' 
..... mask and silk screen layout. Gold $29.95 .... . 

...... ~1.tBd contBct fingers. L P .... . 
:
..... 2. All sockell included. ow rofile Socket Set ..•• • 13.50 .... . 

• ::::: 3. Fully buffered on all address and Support IC's (TTL & Regulators) ::::: 

I~.. ~~ ~ ~ 
..... 4. Phantom is jumper selectable to Bypass CAP's (Disc & Tantalum.) ..... 

...... ~in 67. .. ••• I::::: 5. o~~~d. 1805 regulators (~~O~;~ided USES 21 L02 RAM'SI $4.50 :::::1 
•••••• • •••• ...... MOTOROLA QUAD OP-AMP ALARM CLOCK CHIP FULL WAVE BRIDGE .... . 
...... MC 3401 . PIN FOR PIN SUB. N.S. MM5375AA. Six Digits. NOT ASSOCIATED WITH DIGITAL .... . 

I.··.. FOR POPULAR LM 3900. With full Data. Newl 4 AMP. 200 PIV. RESEARCH OF CALIFORNIA. THE .... . 
..... $ SUPPLIERS OF CPM SOFTWARE. .. ••• ••••. 3 FOR $1 $1.95 each 69¢ 10 FOR 5.75 ..... 1 •••••• • •••• •••••• 2708 EPROMS ...... 

...... 450 NSf ••••• 1 
•••••• MOTOROLA 7B05R VOLTAGE REGULATOR Now full speed I Prime new units from a major U.S. Mfg. 450 N.S. .. ••• I::::: Same as standard 7805 except 750 MA output. Access time. 1 K x 8 . Equiv . to 4-1702 A's in one package . :::::! I..... TO-220. 5VDC output. •••••• I::::: 44c each or 10 for $3.95 $15.75 ea. 4 FOR $5000 :::::i 
:..... OUR LATEST COMPUTER KITI FULLY S-100 COMPATIBLE! FULLY STATIC, AT DYNAMIC PRICESI ..... 

I:.: .. ~~~ WHY THE 2114 RAM CHIP? 16K STATIC RAM KIT KIT FEATURES: ~~g.:1 
We feef the 2114 will be the next industry ~, l I 1. Addressable as four separate 4K 

...... standard RAM chip (like the 2102 was). fc,...... $35900 Blocks. .. ••• 
I::::: This means price, availability, and ~Q ~ COMPLETE KIT 2. ON BOARD BANK SELECT circuitry. ::::: 

I •.... quality will all be good! Next, the 2114 is t-~ (Cromemco Standard!) Allows up to ..... 
..... FULLY STATIC I We feel this istheONLY ~ PECIAL 512Konline! .. ··.i 

•••••• way to go on the S-100 Buss! We've all ~ S ..... 

i
..... heard the HORROR stories about some INTRODUCTORY OFFERI. 3. Uses 2114 (450NS) 4K Static Rams. • •••• 
• 4. ON BOARD SELECTABLE WAIT •• 
• :::: Dynamic Ram Boards having trouble Buy 2 KITS (32Ki for $650 STATES. ::: ••• 
••• with DMA and FLOPPY DISC DRIVES. 5. Double sided PC Board, with solder ..... . 

I •. ·:: Who needs these kinds of problems? 450 NS mask and silk screened layout. Gold ..... 1 
..... And finally , even among other 4K Static .... . 

...... RAM's the 2114 stands out! Not all 4K PC B d . h 0 . ptated contact fingers. .. ••• 
••• Blank oar Wit ocument!ltlon 6. All address and data lines fully ..... 
••• ::: static Rams are created equal! Some of buffered. .. ••• 
...... the other 4K's have clocked chip enable $33.00 7. Kit includes ALL parts and sockets. .. ••• 

I •• ·.. lines and various tim ing windows Just as 8. PHANTOM is jumpered to PIN 67. • •••• 

I
::::: ~~~cpa~t~~r'?r~~~c ~~~J~ S~~ee ~~~~! LOW PROFILE SOCKET SET - $12_00 9. LOW POWER: under2ampsTYPICAL ::::: 
•• ADD $30 00 from the +8 Volt Buss. • ••• •• ::: ··tricky" devices. But not us! The 2114 is ASSEMBLED & TESTED - • 10. Blank PC Board can be populated as : .... 

...... the ONLY logical choice for a trouble- $8 00 any multiple of 4K. • ••• g 

...... free. straightforward design. 2114's 4K RAM's - 8 for 5. . ••• 

I
·::::: UTYI New! REAL TIME ::::. 
••••. Z-80 PROGRAMMING MANUAL HEAVY D Tantalum Capacitors Computer Clock Chip ..... 

::::: By Mostek. The major Z-80 second Full Wave Bridge 1 MFD. .35V. By N.S. MM5313. Features :::::1 
••••• 25AMP 50PIV Kemet. Axial Lead. BOTH 7 segment and ..... I::::: source. The most detailed explanation $1.25 Best Value! 10/$1. ' BCD outputs. 28 Pin ::::: 

•••••• ever on the working of the Z-80 CPU DtP . $4.95 with Data ••••• 
•••••• CHIPS. At least one full page on each of GE 10 AMP Triac LS SERIES TTL ••••• , ..... 74LSOO-33c 74LS74-49c ..... 
• ::::: the 158 Z-80 instructions. A MUST SCI46D. House no. 74LS02 _ 35c 74LS90 - 69c ::::: 

I 
reference manual for any user of the Z-80. To-220 case. Rated 74LS04 - 35c 74L3138-89c 

••••• 74LSIO- 33c 74LS175-1.10 .... . ::::: 300 pages. Just off the press. 10 amps 400PIV . 74LS08 - 35c 74LS154-1.49 :::::J 
i .. ·.. $12.95 75c ea. 3/$2. 74LS20 - 33c 74LS367-75c .... . 

••••• 74LS73 - 49c 74LS368-85c .... . 
~.. ..~ 

i 
... ·.·.·.'. D·.g·.tal Research Corporat·.on TERMS: Orders under S15 . 3dd 75c. No COD's. We •••••••••• ,. accepi VISA , Mas terCharge and American Express 

••••• (OF TEXAS) Cards. Money Back Guar?ntee on ali items! Texas ..... 
::::: P. O. BOX 401247. GARLAND, TEXAS 75040. (214) 271 .2461 Residents add 5% Sales Tax. WE PAY POSTAGE! :::::: 

.... ::.;... w·::::-· ... ~ .. ::;: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ; .. -.: .•.• ·.·I·····i···········,···········U·················· ........................................•••• ....... .••..•..•.....•..••.•.. ....•......•....•........................................• .... ....................... . ....................................................... . 
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* YOUR BEST BUY IN WIRE WRAP SUPPLIES * PRECUT WIRE 
WHY BUY WIRE ON ROLLS ? 

PRECUT & STRIPPED WIRE IS: 

• F •• l - No more cutting & stripping by hand 
• R.nlb" - Good, clean. unifo rm strip 
• EconomlCIII - Cheaper than using bulk wire 

Precut Wire Bulk Wire 
100 pes 01 J"., $.82 ' 3'""h. 50 It follal $1 99 ' "In. 
tOO PCS 01 6" II 106 = :M/ft. 100 II roll II 295 • lCm, 
WIfe KI ' 1 I' 5695 • 2 I/ll' h . 

• 30 Kynar , tri pped , .. on .Ich end Lengths . re overall 
COIOrl' Aed,Blue.Green,Yeltow.Bll ck.Orlnge,Whrll 
WI,e "Ichgttd In pl.she bIIos Add 25Cltength lor lubes 

tOO ... tOOO .!!!I!!l 
2';" In " 240 < 30IK 3891K 
3 ,n " 260 41 11K -422JK 
3 .... '" .. 280 51211( 4551K 

90 300 552: 1< .. a/K 

.. ...,'n .. 321 59J1K 52111( , ,n " 3<2 634 /1< 552.11< 
5"" In "2 30' 615/1< '861K 
0 ,n ",. 385 11511( 6 19/K 

6 '-'1 In '" <0' 15111( 652/1( 
1 ,n '20 <2, 1981K 68511( 
1',. ," 12' .. , 8391K 71811( 
a on ,,. < .. 8801K 753/ 1< 

8 ',", In 132 ~ 85 92 111': 7 8411< 

• on ,,. 'OS 962/1< 817/ 1< 
9',., In ' .<0 5.25 1003/1< aSOlK 
10 In '" '51 10 44/ K 8 .BJ/K 

Add!. inches '0 a2lK 661K 

WIRE KITS 

250 J" 100 4',," 
250 J '/.I" 100 s·· 
100 4- 100 6-

=2 $19.95 

250 2'1'" 250 4',," 250 6'· 
soo J" 250 5" 100 6'~­
SOO J '"," 100 5~" 100 r 
500 4"' 1 250 It Roll Bulk 

Choose Ooe COlor 
0' "ssonmenl 

New Cosmac Super "ELF" 
RCA CMOS expandable to 64K microcomputer 
w/HEX keypad input and video output for graphics. 
Just turn on and start loading your program using 
the resident monitor on ROM. Pushbutton selec­
tion of all four CPU modes . LED indicators of 
current CPU mode and four CPU states . Single 
step op . for program debug. Built In pwr. supply. 

SOLDERI.ESS 
BREADBOARDS 
SK 10 $16.50 

2. 2" X 6.5" WIRE WRAP SOCKETS 
<I , .!j! !!ill ~ ~ ~ ~ 

INCLUDING: 
Over 100 pieces o f precut wire 
in assorted lenglhs - free! 
Choose 1 color: Red, Black, Blue. 
YellOW, Green, While, Orange 
Or Assortment . 

. . if! 

/Ji.'Z· ~::; 
,./' .. , 

'~ /1 

8 pin .35 

~ ... " .35 
16 pm .37 
18 pin .60 
20 pin .84 

• 22 pm .90 
I 24 p,n .91 

1/ i 25 p in striP 1.25 
28 p in .95 
40 pin 1.50 

.33 .31 .29 .25 .23 

.33 .31 .29 .28 .27 

.35 .33 .31 .30 .29 

.55 .45 .43, .40 .37 

.78 .71 .63 .59 .54 

.85 .82 .78 .70 .60 

.84 .78 .68 .64 .59 
1.05 .95 .80 .70 .65 
.89 .84 .80 .76 . 74 

1.40 1.30 1 .20 1.05 .90 

Gold 3 ·Level Closed Entry Design, 

INTERCONNECT CABLES "End & Side Stackable. All p rices include Gold . 
Ribbon cable connectOl1 10' connechng bo.,dalo 

',onl panel •• Of boafd 10 boald 2 Level Sockets Also Available , 

SINGLE ENOEO oaUBlE ENOEO 

14em 16eJn 24 eln 14em 161:11n 24 t!:I" 

0" ,,< 13< 20' 2" '" 337 
12" '" , .. 2" 233 255 J .92 
2.4 "' lS2 ' 0' 263 252 210 '" 4S" '" 206 340 2. ' 317 '08 

WIRE WRAP TOOLS 

EDGE CARD 

CONNECTOR 

SALE! 

44 Pin 
100 Pin 
100 Pin 

Solder Tai l 
Solder Tail 
Wire Wrap 

SU5 
3.50 
3.50 

All connectors include Gold . 

$1 5/10 
$30/10 
$30/1 0 

$34.95 
With Free Wire Kit 1 
($6 .95 Value) 

PAGE DIGITAL 
ELECTRONICS 

HOBBY WRAP 
Model BW 630 

8aUeries & Charger $11 .00 
WSU 30 Hand Wrap-Unwrap Strip Tool 6 ,25 
WSU 30M , lor Modified Wrap 7,25 
8T 30 Extra en 2.95 

Ordering Inlormallon: 
• Orders under $25 and COO's, add $2 
• All others. shipped Ppd in U.S, via UPS 
• For Blue Label (Air) or 1st Class, add $1 
• We accept Visa & Mastercharge 
• Mosl orders shipped same day 

Dealer InqUiries Invited 

135 E. Chestnut Street 5 
Monrovia, Califo rnia 91 016 

Phone (213)35~5005 

P.O. Box 4430X Santa Clara, CA95054 

256 Bytes of RAM . audio amp. & spkr. Detailed 
assy. man. wl PC board & all parts fully socketed . 
Camp. Kit $106.95. High address display option 
8.95: Low address display option 9.95: Custom 
hardwood cab .: drilled fronl panel 19.75: Nicad 
Battery Backup Kit wlall parts 4.95: Fully wired & 
lested in cabinet 151 .70: t802 software club. 
10-12 pg. monthly publication 12.00 per yr. 

Same day shipment. First 
parts only. Factory tested . 
Guaranteed money back. 
Quality IC 's and other 
components at lactory prices. 

INTEGRATED CIRCUITS 

MICROPROCESSOR 2716TI 22.50 
6800 19.50 Ie SOCKETS 
8080Awith dala 8.95 Sold,r TI" low Profile 
280 29.95 ... 1 UP ... I UP 
8212 2.90 8 . 15 2 • .35 
8214 8.00 14 .18 28 .'2 82 16 2.90 10 .20 36 .58 
8224 2.90 18 .27 40 .61 
8228 5.35 22 .30 
8251 9.25 J le..-el wIre wrlp golll, 
8253 10.00 
8255 • . 25 

14p1n .25 16p[n .21 

COPI802CO 19.95 
2Ievell4p1n_ .21 

COPl8020 25 .00 
COPI861 12.95 CONNECTORS 
6820 • . 95 44 pin edge 2.00 
6850 12.95 100 pin edoe 4.50 
6502 18.50 100 pin edoeWW 5.25 

PROM MOS,1IIEMORY RAM 1702A 3.95 
N82S23 2.95 2101-1 3.95 
N82S123 3.50 2102-1 1.28 
N82S126 3.75 2102Al·4 1.60 
N82S129 3.75 21F02 1.65 
N825131 3.75 2104A-4 4.95 
N82S136 8.75 21078 4.95 
N82S137 8.75 2111-1 4.95 
2708 12.50 2112-2 3.95 
OM8577 2.90 2114 8.50 
8223 2.90 4116 2".95 

25138 
21 l02-1 
MM5262 
MM5280 
MM5320 
MM5330 
P04110-3 
P04110·4 
P5101 
4200A 
82525 
91l02A 
HOO165·5 
MM57100 
GIAV38500-1 
MCM6571A 
9368 
INTERFACE 
8T25 
8T26 
8T28 
8T97 
8r98 
8095 
8096 
8097 
8098 

Auto Clock Kil $15.95 
DC clock wl1h 4' .50· displays. Uses National 
MA·l012 module wilh alarm option. Includas 
lighl dimmer. cryslal lim. bas. PC boards. 
fully regulaled. camp. inslructs. Add $3.95 
for baautiful dark gray case . Bast value any· 
where. ' 

(408) 988·1640 

CRYSTALS 
1 MHz 4.50 2. 0100 MHz 1.95 
2 MHz ' .50 2.097152 MHz 4.50 

6.30 • MHz 4,25 2.4576 MHz ' .50 
1.49 5 MHz 4.25 3.2768 MHz ' .50 
.40 10 MHz 4,25 5.0688 MHz ' .50 

3.00 18 MHz 3.90 5.185 MHz 4.50 
9.95 20 MHz 3.90 5.7143 MHz 4.50 
5.94 32 MHz 3.90 6.5536 MHz 4.50 
4.00 32768 Hz 4.00 14.31818 MHz 4.25 
5.00 1.8432 MHz 4.50 18.432 MHz 4.50 

13.95 3.5795 MHz. 1.20 22.1 184 MHz 4.50 
12.95 60 Hr ttyat.1 Tim. Bile Kit $".40 
2.90 30 MHr ffllQVlln~ Counler KII 147.75 
1.15 Prneller KII to 350 MHz $19.'5 
6.95 

COMPUTER IOAR O KITS 4.50 
9.95 8K RAM Board Kit $134,95 
9.95 4K EPROM Kit 114,95 
3.50 VO Board Kit 44 .50 

Exlender Board w/connector 12 .50 
Video Interlace board kit 125.00 

3.20 16K EPROM board kit wlo PROMS 74.50 
1.69 16K SIalic RAM board kil 395.00 
2.75 North St., FloPP1 Dlak KII $665.00 
1.69 Additional Drive Kil 415.00 
1.69 

P'rttronlcsl00A Lo;lc .65 
.65 An,tYler Kit $1".00 
.65 Model 10 Triooer Expander Kit $229.00 
.65 MOdtl 150 Bus Grabber Kit $369.00 

4K Elf Expansion Board Kit with Cassette I/F $79.95 '78 IC Updale Master Manual 
1978 IC Updala Master Manual 530.00 
ComplelalC dala saleclor 2175 pg . Maslar rel­
erence guide . Over 42 ,000 cross references . 
fr .. updala service through 1978. Domeslic 
poslaga $3 .50. Foreign $6.00. Final 1977 
Mastar clos.oul 515.00 

Available on board oplions: 1 K super ROM monilor $19.95. Parallel 110 port $7.95. RS232 IIF $3.50 . 
TTY 20 rna IIF 51.95. S·100 Memory IIF $4.50. 

Tiny Basic for ANY 1802 System 
Cassette $10 .00 , 
on ROM Monitor 538 .00 Super Elf owners take 30 V.off . 

Dbjec1 code listing or 
paper lape with manual 55.50 

r 
Ultraviolet assembled $4995 

TERMS 5500 min order U S Funds Calif reSIdents add 6'0 lax BankArneflcard and Masler Charge accepled Sh'ppmg charges w,11 be added on charge cards 
FREE Send for your copy of our NEW 1978 QUEST CATALOG

1 
Inc lude 28c stamp 
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APPLE II SERIAL 1/0 
INTERFACE * 

Part no. 2 
Baud rate is continuously adjustable 
from 0 to 30,000. Plugs into any periph­
eral connector. Low current drain. RS-
232 input and output. On board switch 
selectable 5 to B data bits, 1 or 2 stop 
bits, and parity or no parity either odd or 
even • Jumper selectable address • 
SOFTWARE. Input and Output routine 
Irom monitor or BASIC to teletype or other serial printer. 
• Program for using an Apple II for a video or an intelli­
gent terminal. Also can output in correspondence code 
to interface with some selectrics. Board only - $15.00; 
with parts - $42.00; assembled and tested - $62.00. 

MODEM * 
Part no. 109 
• Type 103 • Full or half 
duplex. Works up to 300 
baud • Originate or Ans­
wer • No coils, only low 
cost components • TTL 
input and output-serial. 
Connect 8 ohm speaker 
and crystal mic. directly to board. Uses XR FSK 
demodulator. Requires +5 volls • Board $7.60; 
with parts $27.50 

DC rOWER SUPPLY * 
Part no. 6085 
• Board supplies a regulated +5 volts 
at 3 amps., +12, -12, and -5 volts at 
1 amp . • Power required is 8 volts AC 
at 3 amps., and 24 volts AC C.T. at 1.5 
amps . • Board only $12.50; with 
parts excluding transformers $42.50 

Part no. 111 
• Play and record Kansas 
City Standard tapes • 
Converts a low cost tape 
recorder to a digital re­
corder. Works up to 1200 
baud. Digital in and out 
are TTL-serial. Output of 
board connects to mic. in 
of recorder. Earphone of 
recorder connects to input on board. No coils. 
Requires +5 volts, low power drain. Board $7.60; 
with parts $27.50 

Part no. 106 
• Stand alone TVT 
• 32 char I line, 16 
lines, modifications 
lor 64 charlline in­
cluded • Parallel 
ASCII (TIL) input. 
Video output • 1 K 
on board memory • 
Output for compu­
ter controlled cur­
ser • Auto scroll • 
Non-destructive curser. Curser inputs: up, down, left, 
right, home, EOL, EOS • Scroll up, down. Requires +5 
volts at 1.5 amps, and -12 volls at 30 rnA. All 7400, TTL 
chips. Char. gen. 2513 • Upper case only. Board only 
$39.00; with paris $145.00 

TIDMA* 

Part no. 112 
• Tape Interface Direct Memory Access. Record 
and play programs without bootstrap loader (no 
prom) has FSK encoder/decoder for direct con­
nections to low cost recorder at 1200 baud rate, 
and direct connections for inputs and outputs to a 
digital recorder at any baud rate . • S-1 00 bus com­
patible. Board only $35.00; with parts $110.00 

UART & BAUD RATE 
GENERATOR * 
Part no. 101 
• Converts serial to parallel 
and parallel to serial. Low 
cost on board baud rate 
generator. Baud rates: 110, 
150, 300, 600, 1200, and 
2400 • Low power drain +5 
volts and -12 volts required 
• TIL compatible. All characters contain a start bit, 5 to 
8 data bits, 1 or 2 stop bits, and either odd or even parity. 
• All connections go to a 44 pin gold plated edge connec­
tor. Board only $12 .00 ; with parts $35.00 with connector 
add $3.00 

ELECTRONIC SYSTEMS Dept. B, 

Part no. 300 
• 8K Altair bus memory • 
Uses 21 02 Static memory chips. Mem-
ory protect • Gold contacts. Wait states. On 
board regulator. S-1 00 bus compatible. Vector 
input option • TRI state buffered • Board only 
$22.50; with parts $160.00 

RF MODULATOR * 

Part no. 107 
• Converts video to AM modu­
lated RF, Channels 2 or 3. So 
powerful almost no tuning is re­
quired. On board regulated 
power supply makes this ex­
tremely stable. Rated very 
highly in Doctor Dobbs' Journal. Recommended 
by Apple . • Power required is 12 volts AC CT., or 
+5 volts DC • Board $7.60; with parts $13.50 

RS' 232/TTY * 
INTERFACE 

Part no. 600 
• Converts RS-232 to 20mA 
current loop, and 20mA current 
loop to RS-232 • Two separate 
circuits. Requires +12 and -12 
volts • Board only $4.50, with 
parts $7.00 

RS 232/TTL* 
INTERFACE 

Part no. 232 
• Converts TTL to RS-232, 
and converts RS-232 to 
TTL • Two separate circuits 
• Requires -12 and + 12 volts 
• All connections go to a 10 pin gold plated edge 
connector. Board only $4 .50; with parts $7.00 
with connector add $2.00 . 

p.o, Box 21638, San Jose, CA. USA 95157 

Mention part number and description. For parts kits add "A" to part number. In USA, shipping paid for orders accompanied by check, money order, or 
Master Charge, BankAmericard, or VISA number, expiration date and signature. Shipping charges added to C.O.D. orders. California residents add 6.5% 
for tax. Outside USA add 10% for air mail postage, no C.O.D.'s. Checks and money orders must be payable in US dollars. Parts kits include sockets for all 
I Cs, components, a nd circuit board. Documentation is included with all.products. Ait items are in stock, and wilt be shipped the day order is received via 
first class mail. Prices are in US dollars. No open accounts. To eliminate tariff in Canada boxes are marked "Computer Parts." Dealer inquiries invited. 
24 Hour Order Line: (408) 226-4064 * Circuits designed by John Belt 
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Glitch Grabber Reduces Noise, Glitches, Jitter on S·100 Bus 

A board interconnection device that 
reduces noise, glitches and jitter on the 

TIR1:D OF WAITING ] MONTHS~ 

Natioul 
Digital 

Diagnostics. .. CAN HELl'!/! 

Y"""flllip"",,, u ordlttiJrlI)I 0" 112 ....,. 
hom. wllhllf 5 IM)I' of In _I. 

SPECIALISTS IN SERVICING OF: 

All S·100 Bus Micro Proceaon. P.ripherals. nl Cir· 
cuits. " Home BrlW Projects" . other Micro P,oc .. o~. 

~ 
NDD-3aO 5-100 Compu'or $325 

w ... II computer equipment from mlJor mlnuf.cturen 
at the lowelt prices in N.V .C. 

W. "'0 sell PIWviously owned microcomput.en and peri· 
ph"," ,1 super low priCt1. 

W •• r. OPEN 7 DAYS A WEEK for the conv.nience at 
tM hobbyilt and small businessman. 

MaN·FRI !5pm·7pm. SAT 10.",·5pm. SUN 1o.m·2pm 

NATIONAL DIGITAL DIAGNOSTICS 
80 5th AVENUE. RM. 1206 

NEW YORK. N.Y. 10011 
(212) 9,29·1694 

LEAR SIEGLER 
ADM-3A CRT 
TERMINAL MOS­
TEK Z-80 DEV. 
SYSTEM; EMU­
LATOR AND 

AMERICAN DIGITAL 
DEVELOPMENT, INC. 
2483 Devon Avenue 
Elk Grove Village, Illinois 60007 
(312) 860-2980 

S-100 microcomputer bus has been 
announced by Extensys Corp, 380 
Bernardo Av, Mountain View CA 94040. 
Called the Extensys Glitch Grabber, 
the board helps to clean signals on the 
S·100 bus. The device provides glitch· 
free signals by applying analog tech· 
niques from transmission I ine analysis. 
It plugs into any open slot on the S· 100 
bus and features a proprietary self·regu­
lating transistor network that controls 
voltages. The electronics are activated 
only when the glitch is there, to mini­
mize any effects on S· 100 bus signals. 
The price is $79.50 .• 

Circle 54 7 on inquiry card . 

PROGRAMMERS 

Ground floor opportunities exist for 
self-starters. System Software design ' 
for a 64 bit main frame computer 
based on the architecture for the 
80's. Current openings exist 'in : 

• Language Translation 

• Operating System 

• System Verification * Call Mr. Jan Grondstra collect at 
(603) 882·1580 or, if you prefer, 
send your resume to his attention at 

Functional Automation, Inc. 
118 Northeastern Blvd. 

Nashua, NH 03060 

FUNCTIONAL 
AUTOMATION 

Attention Chess Nuts 

The MACC· 1 is a new companion to 
the Chess Challenger and is designed for 
advanced players. The unit will never 
play the same game twice and will not 
allow illegal moves including accidental 
moving into check. It does allow castling 
and pawn capture en passant. The pro· 
gramming concentrates heavily on im· 
proved end of game tactics and will not 
miss checkmate situations. Multiple 
levels of difficulty can be selected or 
changed at any time throughout the 
game. Chess problems may be set up 
quickly by telling the computer what 
pieces should be positioned, where they 
are to be placed, and the game starts 
from there. Any previous Chess Challen· 
ger may be upgraded to the MACC· 1. 
This new unit is priced at $250. Contact 
Fidelity Electronics Ltd, 5245 Diversey 
Av, Chicago I L 60639 .• 

Circle 548 on inquiry card . 

CI-1103 - 8K words to 321< words in a 
single option slot. Plugs directly into LSI 
'1, LSI 11/2, H11 & PDP 1103. Address­
able in 2K incrementsupto 128K. 8Kx 16 
$390.00. 32K x 16 $995.00 qty. one. 

CI-6800 - 16KB to 64KB on a single 
board. Plugs directly into Motorola's 
EXORcisor and compatible with the eval­
uation modules. Addressable in 4K in­
crements up to 64K. 16KB $390.00. 
64KB $995.00. 

CI-8080 - 16KB to 64KB on a single 
board. Plugs directly into Intel's MDS 
800 and SBC 80/10. Addressable in 2K 
increments up to 64K. 16KB $390.00. 
64KB $995.00. 

€ 
Tested and burned-In. Full year warranty, 

i Chris/in Industries, Inc. 
Computer Products DIYision 

31312 Via Colinas • Westlake Village. CA 91361 

Have Hard Copy on your system at this 
amazing low price with all these features : 

• 150 lines per minure regardless of line 
length 

• 80 characten per line 
• 96 characrer ser - ' upper and lower 

case 
• High reliabiliry - only 4 moving parts 
• Lightweight - 10 lb •• de.k·top .ize 

Model PI - porettol int.rf .... TTL - $339 
Modol 51 - serio I RS232C. to 9600 baud 
-$469 
NJ Residents add 5% tax . 
Send money order or certified check to : 

Kalin Associates 
65 Riverview Terrace 
Belle Mead. NJ 08502 (201) 874-4070 



The EW-2001 
A "Smart" VIDEO BOARD 

KIT At A "Dumb" Price! 
A VIDEO BOARD + A MEMORY BOARD + AN I/O BOARD - ALL IN ONE! 

• STATE OF THE ART TECHNOLOGY USING DEDICATED MICROPROCESSOR I.c. $199 95 
• NUMBER OF I.c.s REDUCED BY 50% FOR HIGHER RELIABILITY. MASTER PIECE • , 
OF ENGINEERING. FULLY SOFTWARE CONTROLLED Priced at ONLY Basic Software Included 

SPECIAL FEATURES: • Programmable no. of scan lines OPTIONS: 
• S-IOO bus compatible 
• Parallel keyboard port 
• On board 4K screen memory 

(optional)* relo'catable to main 
computer memory 

• Text editing capabilities (soft­
ware optional) 

• Scrolling: up and down through 
video memory 

• Blinking characters 
• Reversed video 
• Provision for on board ROM 

• Underline blinking cursor 
• Cursor controls: up, down, left, 

right, home, carriage return 
• Composite video 
*Min. 2K required for operation-of this board. 

DISPLAY FEATURES : 

• 128 displayable ASCII charact­
ers (upper and lower case alpha­
numeric, controls) 

• 64 or 32 characters per line 
Uumper selectable) 

• 32 or 16 lines 
Uumper selectable) 

Sockets ...... . . . . : . . . $10.00 
2K Static Memory 

(with Sockets) . ..... $45.00 
4K Static Memory 

(with Sockets) .. .... $90.00 
Complete unit, assembled 

and tested with 
. 4K Memory ..... .. $335.00 

Basic software on ROM . $20.00 
Text editor on ROM . . .. $75.00 

• CRT and video controls fully 
programmable (European TV) • Screen capacity 2048 or 512 

• Character generation: 
7 x 11 dot matrix 

DEALER 
INQUIRIES WELCOMED 

8080 SUPPORT 
8212 · ... .. .. . . $3.00 

8214 · .. ... .... 7.95 

8216 · ..... . .. . 3.50 

8228 · ... . ..... 5.95 

8251 · ....... . . 7.95 

8555 · ......... 8.50 

1/4W RESISTOR 
100hm - 1.5m 

$1.75/100 
of one value 

I Pole 10 Pos. MINIATURE 
Slide Switch 

DPDT 

CPU 

$7 .75 

RAM- 2114 
IKx4 450ns 

$8.00 

RIBBON CABLE 
32 Conductor 

26 AWe - $.60/Foot 

HEXADECIMAL 
LABEL KEYBOARD ROTARY 

SWITCH 
3 for $1.00 $.15; 10/$1.00 - Matrix coded output 

- Interfaces with 74C922 
.---------r-------~ 

I Pole 8 Pos. 
T05 Miniature 
Rotary Switch 

3 for $1.00 

Push Button 
Momentary 

Switch 
3 for $1.00 

for binary code 
- Zero bounce 
- Est. life: 100 million 
- Remove back to stick on 

SHIPPING: Keyboard and Video Board: $3 .50; others: $1.25 
____ California residents add 6% sales tax ----

ELEClRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. 

fII6fIt REDONDO BEACH, CA. 90278 ~ 
___ TEL. (213) 376-8005 l!I!II 

WRITE FOR FREE CATALOG 
Minimum Order : $10 

Circle 130 on inquiry card . 

ASCII 3rd GENERA:rION $*60SNLOY 0 
KEYBOARD KIT · 

• TTL Logic Circuits 

• Power: +5V 275mA 
• Upper and Lower Case 

• Full ASCII Set (Alpha 
Numeric, Symbols, 
Control) 

• 7 or 8 Bits Parallel Data 
• Optional Serial Output 

• Selectable Positive or 
Negative Strobe, and 
Strobe Pulse Width 

• 'N' Key Roll-Over 
• Fully Debounced' 
• Carriage Return Key 
• Repeat Function Key 
• Shift Lock, 2 Shift Keys 
• 4 User Defineable Keys 
• P.C. Board Size: 

17-3/16" x 5" 

OPTIONS: 

• Metal Enclosure 
. Painted IBM Blue 

and White) 
• 18 Pin Edge Con. 
• I.C. Sockets 
• Serial Output (Shift 

Register) 
• Upper Case Lock 

Switch for Capital 
Letters and 
Numbers 

$25.00 
$2.00 
$4.00 

$2.00 

$2 .00 

KIT INCLUDES: Keyboard , 
P.C . Board, all required com­
ponents & assembly manual. 

NOTE: If you have this 63 
Key Teletype Keyboard you 
can buy the Kit without it 
for only $44.95. 
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PERIPHERALS 

DMA Interface for LSI-11 and 
LSI-11/2 

This general purpose DMA interface 
card is now available from Computer 

ASCII Keyboard in Kit or Assembled 

The Model 756 ASCII keyboard 
provides encoding for all 128 ASCII 
characters and control functions. Uti­
lizing KBM Series keyswitches and low 
power MOS encoder circuitry, Model 
756 is designed to bridge the gap be .' 

Video Terminal Board for Intel 
and National Computers 

The Datacube VT 103 Video Ter­
minal Board interfaces directly to the 
system bus of the Intel SBC 80 Series 
and National BLC 80 Series. The board 
provides a 96 character ' ASCII subset 

192 "usuS! 1978@BYTE PublintioIU Inc 

Technology, 6043 Lawton Av, Oakland 
CA 94618. The card features the follow-' 
ing: dual height card (8.5 by 5 inches 
or 22 by 13 cm); bootstrap facility pro­
vided for ttle user's programmable read 
only memory; ease of interfac ing to the 
user's device by means of a buffered bi ­
directional data bus; allows direct pro­
grammed 10 with five 16 bit read and 
write registers in the user's device; 
handles byte or word transfers at rates 
up to 400 K transfers per second; 
handles extended addressing up to 128 K 
words; burst mode capability; useful 
with floppy or hard disk controllers, line 
printers, interprocessor communication, 
data acqu isition and many other high 
performance applications. Priced at $495 
from Computer Technology .-

Circle 584 on inquiry card. 

tween stripped ,down basic keyboards 
and custom models . Accessories include 
a numeric pad, custom cables and 
connectors. The new 702 enclosu re 
features all steel construction and is 
supplied in a wrinkle finish to match 
modern hardware design. The interface 
allows user· selection of parity , positive 
or negative logic data and strobe out­
puts, alpha lock operation and both 
DC level and pulse strobe signals. A 
latching shift lock key is included and 
all outputs are TTL DTL MOS com· 
patible . The 756 carries a 90 day war­
ranty . The price for the Model 756 kit 
is $64.95. The assembled and tested 
model retails for $75.95. The matching 
enclosure, Model 702, is $29 .95_ Contact 
George Risk Indus tries Inc , GRI Plaza, 
Kimball NB 69145.-

Circle 585 on inquiry card. 

in seven by nine font in a 64 character 
by 16 line format as a video signal to 
drive an external monitor . The board is 
addressed as an 10 device and the device 
code programming is switch se lectable. 
The unit provides direct cursor address­
ing and 11 other cursor control func· 
tions . The Datacube VT 103 has an 
input port for an optional externa l 
keyboard. Use of the keyboard can reo 
place a Teletype or other terminals in 
many applications. Inputs for a strobe 
and seven data lines are provided at a 
26 pin PC edge connector along with 
a +5 and -12 V from the system bus for 
key board power. The composite video 
can drive a 75 ohm coaxial cable wi th 
a 1.4 V peak to peak signal and meets 
RS420 standards. The board sells for 
$275 in lots of 100 and can be obtained 
from Datacube/SMK-l, 670 Main St, 
Reading MA 01867.-

Circle 586 on inquiry card. 

\ 

Complete Monolithic 10 Bit Analog 
to Digital Converter 

40&71 10 alT AOC WITH AUTOMATH: ).SlAT,. OU""" 
TOA SIHGlf lIHf toNlftOl 

This comp lete, 10 bit monolithic 
analog to digital co nverte r combines 
linear and digital circuitry on a single 
integrated circuit chip. The AD571 
is produced using the integrated · 
injection logic (1 2 L) technique which 
allows very high circuit densities to be 
fabricated on a single chip. The AD571 
is also the first monolithic analog to 
digital converter to be laser wafer 
trimmed. The converter uses the suc­
cessive approximation technique and 
in cludes a DAC , voltage reference, clock, 
comparator, successive approximation 
register and output buffer on a 120 by 
150 mil (30 mm by 38 mm) ch ip . The 
device executes a complete conversion 
to 10 bit accuracy ±1/2 Isb in 25 J..I.S 
over the specified temperature range. 
The AD571 is available in three versions. 
For fully guaranteed 10 bit performance 
at 25' the least expensive is th e J 
versio n. The K version provides 10 bit 
accuracy over the commerical temper­
ature range of 0 th,ru 70' C. If you need 
a -55 to +125'C temperature range, the 
S version is your choice. AD571 is 
priced in 100s at $24, $35 and $60 for 
the J, K and S respectively . Contact 
Analog Devices Semiconductor , 829 
Woburn St, Wilmington MA 01887.-

Circle 587 on inquiry card . 

Where Do New Product Items 
Come From? 

The information printed in the 
ne'w products p,ages of BYTE Is 
obtain~d . from "new product" or 
"press release" copy sent by the 
promoters of new products. If in 
our judgment tfie neat new whiz­
bang gizmo or save the world 

· software package is of interest 
to the personal computing experi­
menters and home brewers who 

· read BYTE, we print the informa­
tion in some form , We openly 
solicit such information from 
manufacturers and suppliers to 
this marketplace. The information 
is printed more or less as a first in 

· first out queue, subjec t to oc­
casional priority modifications. 



DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS. LEDS. etc. 
lN914 lDDv lDmA .0.5 8·pin 'pcb .20. ww .35 2N2222 NPN (2N2222 Plastic .10) .15 
lN4nD5 6DDv lA .0.8 14-pin pcb .20. ww .40. 2N2907 PNP .15 

lN4DD7 lDDDv lA .15 16-pin pcb .20. .40. 
2N39'06 PNP (Plastic, Unmarked) .10 ww 2N3904 NPN (Plastic - Unmarked) .10 

lN4148 75v lDmA .0.5 18'pin pcb .25 ww .75 2N3054 NPN .35 
lN4733 5.1v 1 W Zener .25 22'pin pcb .35 ww .95 2N3055 NPN ~A 60v .50 
lN753A 6.2v 50.0. mW Zener .25 24-pin pcb .35 ww .95 T1P125 PNP arlington .35 

lN758A lDv .. .25 28'pin pcb .45 1.25 
LED Green, Red, Clear, Yellow .15 

ww D.L.747 7 seg 5/S" High com-anode 1.95 
lN759A 12v .. .25 4D'pin pcb .50. ww 1.25 MAN72 7 seg com-anode (Red) 1.25 
lN5243 13v .. .25 Mo)ex pins .0.1 To·350ckets .25 

MAN3610 7 seg com-anode (Orange) 1.25 

lN5244B 14v .. .25 MANS2A 7 seg com·anode (Yellow) 1.25 

lN5245B 15v .25 2 Amp Bridge lDD-prv .95 MAN74A 7 seg com-cathode (Red) 1.50 .. FND359 7 seg com-cathode (Red) 1.25 
25 Amp Bridge 2DD·prv 1.95 

CMOS - T T L -
40.0.0. .15 740.0. .10. 7473 .25 74176 .85 74H72 .35 745133 .40. 
40.0.1 .15 740.1 .15 7474 .30. 74180. .55 74H1Dl .75 745140. .55 
40.0.2 .20. 740.2 .15 7475 .35 74181 2.25 74Hl.o3 .55 745151 .30. 
40.0.4 3.95 740.3 .15 7476 .40. 74182 .75 74H1D6 .95 745153 .35 
40.0.6 .95 740.4 .10. 7480. .55 74190. 1.25 745157 .75 
40.0.7 .20. 740.5 .25 7481 .75 74191 .95 74LDD .25 745158 .30. 
40.0.8 .75 740.6 .25 7483 .75 74192 .75 74LD2 .20. 745194 ' 1.0.5 
40.0.9 .35 740.7 .55 7485 .55 74193 .85 74LD3 .25 745257 (S123) 1.0.5 
40.10. .35 740.8 .15 7486 .25 74194 .95 74LD4 .30. 
40.11 .20. 740.9 .15 7489 1.0.5 74195 .95 74L1D .20. 74L5DD .20. 
40.12 .20. 7410. .15 7490. .45 74196 .95 74L2D .35 74L5Dl .20. 
40.13 .40. 7411 .25 7491 .70. 74197 .95 74L3D .45 74L5D2 .20. 
40.14 .75 7412 .25 7492 .45 74198 1.45 74L47 1.95 74L5D4 .20. 
40.15 .75 7413 .25 7493 .35 74221 1.0.0. 74L51 .45 74L5D5 .25 
40.16 .35 7414 .75 7494 .75 74367 .75 74L55 .65 74L5D8 .25 
40.17 .75 7416 .25 7495 .60. 74L72 .45 74L5D9 .25 
40.18 .75 7417 .40. 7496 .80. 751D8A .35 74L73 .40. 74L51D .25 
40.19 .35 7420. . .15 7410.0. 1.15 75491 .50. 74L74 .45 74L511 .25 
40.20. .85 7426 .25 7410.7 .25 75492 .50. 74L75 .55 74L52D .20. 

40.21 .75 7427 .25 74121 .35 74L93 .55 74L521 .25 

40.22 .75 7430. .15 74122 .55 74L123 .85 74L522 .25 

40.23 .20. 7432 .20. 74123 .35 74HDD .15 74L532 .25 

40.24 .75 7437 .20. 74125 .45 74HDl .20. 7450.0. .35 74L537 .25 

40.25 .20. 7438 .20. 74126 .35 74HD4 .20. 7450.2 .35 74L538 .35 
40.26 1.95 7440. .20. 74132 .75 74HD5 .20. 7450.3 .25 74L54D .30. 
40.27 .35 7441 1.15 74141 .90. 74HD8 .35 7450.4 .25 74L542 .65 
40.28 .75 7442 .45 74150. .85 74H1D .35 7450.5 .35 74L551 .35 
40.30. .35 7443 .45 74151 .65 74Hll .25 7450.8 .35 74L574 .35 

40.33 1.50. 7444 .45 74153 .75 74H15 .45 74510. .35 74L586 .35 
40.34 2.45 7445 .65 74154 .95 74H2D .25 74511 .35 74L59D .55 
40.35 .75 7446 .70. 

I 
74156 .70. 74H21 .25 74520. .25 74L593 .55 

40.40. .75 7447 .70. 74157 .65 74H22 .40. 74540. .20. 74L51D7 .40. 
40.41 .69 7448 .50. 74161 .55 74H3D .20. 74550. .20. 74L5123 1.0.0. 
40.42 .65 7450. .25 74163 .85 74H4D .25 74551 .25 74L5151 .75 
40.43 .50. 7451 .25 74164 .60. 74H5D .25 74564 .15 74L5153 .75 
40.44 .65 7453 .20. 74165 1.10. 74H51 .25 74574 .35 74L5157 .75 
40.46 1.25 7454 .25 74166 1.25 74H52 .15 745112 .60. 74L5164 1.0.0. 
40.49 .45 7460. .40. 74175 .80. 74H53J .25 745114 .65 74L5193 .95 
40.50. .45 7470. .45 74H55 .20. ' 74L5367 .75 
40.66 .55 7472 .40. 74L5368 .65 

4o.69/74CD4 .25 
40.71 .25 MCT2 . 95 LlNEARS, REGULATORS, etc . 
40.81 .30. 80.38 3.95 LM32o.T5 1.65 LM34o.K15 1.25 LM723 .40. 

40.82 .30. LM2o.l .75 LM32DT12 1.65 LM34o.K18 1.25 LM725N 2.50. 

MC 1440.9 14.50. LM3o.l .45 LM32o.T15 1.65 LM34o.K24 1.25 LM739 1.50. 

MC 14419 4.85 LM3o.8 (Mini) .95 LM324N 1.25 78LD5 .75 LM741 (S·14) .25 

4511 .95 LM3o.9H .65 LM339 .75 78L 12 .75 LM747 1.10. 
74C151 1.90. LM3o.9K (340K-5)85 780.5 (340T5) .95 78L15 .75 LM13D7 1.25 

LM31D .85 LM34DT12 .95 78Mo.5 .75 LM1458 .65 
9000 SERIES LM311 D (Mini) .75 LM34o.T15 .95 LM373 2.95 LM39Do. .50. 

930.1 .85 95HD3 1.10. LM318 (Mini) 1.75 LM34o.T18 .95 LM38o.(B-14 PIN) .95 LM75451 .65 

930.9 .35 960.1 .20. LM32DK5(7905)1 .65 LM34o.T24 .95 LM7D9 (8,14 PI N).25 NE555 .35 

9322 .65 960.2 .45 LM32o.K12 1.65 LM34o.K12 1.25 LM711 .45 NE556 .85 

MICRO'S, RAMS, CPU'S, 
NE565 .95 

INTEGRATED CIRCUITS UNLIMITED 
NE566 1.25 

E-PROMS NE567 .95 
74S188 3.00 8214 8.95 
1702A 4.50 8224 3.25 
MM5314 3.00 8228 6.00 7889 Clairemont Mesa Boulevard, San Diego, California 9211,1 
MM5316 3.50 8251 B.50 (714) 278-4394 (Calif_ Res.) SPECIAL 
2102-1 1.45 8255 10.50 DISCOUNTS 
2102L·l 1.75 BT13 1.50 All orders shipped prepaid No minimum Total Order Deduct 
2114 9.50 BT23 1.50 Open accounts invited COD orders accepted $35 - $99 10.% 
TR16028 3.95 8T24 2.00 
TMS 4044- 9.95 8T97 1.00 Discounts available at OEM Quantities California Residents add 6% 5ales Tax $10.0. - $30.0. 15% 

21078-4 4.95 All IC's Prime/Guaranteed. All orders shipped same day received. $30.1 - $100.0. 20.% 

80BO 8.95 2708 9.50 24 Hour Toll Free Phone 1-800-854-2211 American Express / BankAmericard I Visa / MasterCharge 
8212 2.95 Z80 Pio. B.50 
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~ ~1~ 
CPU laO 
8-811 Input}Oulj>ut 2650 

ELPAC 
POWER 

SOPPUES 

P8085 
801!0A 
8212 
8214 
8216 
8224 

Pnority Inltrrupl Control MC6800 MPU 
BI~redIonal 8u. Orlve r MC6810AP11 28x8Slltlc RJm $129 95 . , . ......... --
Clock GontmorlDriVOf MC6820 Penph. lotem.,. Adopter • Kit Only 
~~r;:~~ OrfYer =.s ~"h~ ~n~~MAdapttr n.. ,..,.,...111. 113 Is ClPIbit ot recording to ancllrom audklilpe wthGut 

9~~i!l~~;;'::. Completely A.SSllmlbled~ili;L~t!_~h~. ~ln£t.n~ace~ ___ £~_jMC~68~50[l!~~~Co;m~m:!:..~f!!!j~4 critical spetiJ (tqutrements lor !he recorder and It is able to commuRlcatt directly 1 with loolhllr modem and tetmlnll tot telephone "tgmmlng" and communlcatlon, 
lor lhe dNI. In add ition, Ills lree 01 crltItaI adjustments and Is blllltwith non-pm:Islcln. 
rtl(lilylVWblepafU. IOS ·125/21D-Z5G VIC, 47-440 Hz Input: 

Une Regulation :to.l % 
load Regulation z O. l %no·k)ad to rated ·load 
Outpul Rlppl. and Noise ~O. I %p·p , dc 10 10 MHz 
Input/Output Isolation 100 megohm dc, 900 V8e 
Short CirculI Current 35% raled current 

PART NO . RATINGS 
WATTS VOlTS AMPS 

SOLV1S·S' 15 5 3 
SOLV1S.12' 15 12 1.5 
SOLV30·S 30 5 6 
SOLV30-1 2 30 12 3 ' 
OVPl OYer voltage protedion for SOlV30-5,-12 
'SOlV15·5. 12 Includes OVP Installed 

$ 1."; 
.99 

5." 
1.15 .. " 
6." 
5." 

4Kll Statlc"5Qns US 
.K • 1 Stltie 45Qns low Power lD.aS 
lKx4 StoItlclOOns 10.95 
IKII" Statlc3OOnslDw Pown lU5 
16x 4 Slllic 1.15 
256." SIIIic 5.116 
256x" Static IUS 
161" Stlt1c 3.49 
1024 _ ' 51111, US 
256.' Slit!(: US 

17"'" 
5203 
12S2' 
1125115 

625'" 
7"5281 
2706 
2716 TJ. 
271 6 1nlll 
6301-1 
"",., 
741116 
74188 

2048 1 1 

'0'''' 32.' 
409611 
32lt 8 
1024., SlItie 
81< EPROM 
161< EPROM 
161< EPROM 
10241 1 TI1·S!1I10ipollr 
2561 1 Open CBipollr 
512. , n LOpenColIlClor 
256xl nLOpInCollldor 

IHIfT _IIWII 
MM5013N 1024 8AAa:umulitor Dynamic 
"'M5016H 5OO/S I2I1it Ooinamlc 
MM50I7N Oval 500/512 Sit Oyn.amlc. 
2504T 1024 Dynamic 
251. Hili 3211ilSlltic 
2519 Hex 40 lli l SlItic 

OUlB·ENERGV SAVERS used lor yea" by ~~ ~i: r::n2.!:'c SlJllc 
major Incluslritl UUI1 - now av~lIable for 2525 1024 Dynamic 

Bulb~sts30r 
( more times lonoer. 

FilS Standard Sacul 
6wanslo2OQwatis 

home or olllce use. Bulb Savers can cut el~· 2527 DUll 25& Sit Stllic 
trical bllls~1Smuc:hn3%. 2528 Dua!250 Sl1l1c 
8ltl8·SAVERS IIngthens tiI;lht JIIe by: 2529 DUll 2"0 Bi1 Static 
1. Adin; IS an llectrlcal " sl\odi: absorbef·. 2532 Quid 80 8i1 SlJtlc 
lUrns the bulb on slowly. elimlnallng 'hi 2S33 1024 Statk: 
·· lhermalsl\ock".Oulblltelncreases300per. 3341 Flto 
cent. 7"lS670 .. X 4 Reobllr 
2. Banishes Cullent " &II08s". CuShIons Mne UAArS 

$ 5.95 
104.95 
' .00 

19.95 
' .00 
7." 

10.95 
29." 
5U5 
3."9 
' .95 .. " 
' .95 

voItIge lur!JIIS wnen olher loads cui powar 30K BAUO 

;~R.duc:as EnerwConsumplloo F=-..:::==::....===-:-::,.-:~;:,=:;;i,;i:'=-... ;,m.-----..:....:~ BES.1 1-9 10+ 
1.39 ea. 1.20 

,CRYSTALS 
- ... . _ __ THEIE FREQUEHCIES ONLY 

FREQUENCY PRICE 

Om Tralltllltnl •• Mlltlod •• ••• fftQLlfncy·Sl!ih KtyIng, Iull-dupler II\aI1-ltUpin 
sclect1b1e), 

Mlllml m Di ll RII •....... ... 300SiUII . 
O.ta Formal • . ,Asynchronous Serial (re1um to mlrk level rtqulml 

betwetn each ChlrIeter). 
Rlaln eIIllIMlt Fttqe_'" ... 2025 HI tor S!yet: 2225 Hz lor m~rk. 
TI'1 I1111't1t Ch nrtl ' Frequnclu .. Swi1eh sttet1able: low (normal) - 1070 space, 

1210 nurlc: High - 025~, 2225 milt. 
lItettM .. n'Ulvtty •. .••.• .••• - ~6dbm.ecoustieallycoupled . 
TrlMmn L.ft' .- 15 dbm nominli. AdJu51abll 110m -6 dbm 

'0 -20dbm . 
RtatYt ~..., Tol.,.... . .frtqulncy ttterinct lu,omllictlty ldjusts to 

IlIOw lor O(IIration belMtn '800 Hz and 2400 Kl. 
D"ICII DllIlflllrfln ......... EIA RS·232C or 20 rnA currtnl loop (rtcllver Is 

optolsolale<lllMi non ·poUr). 
.......... 120 VAG. phlS.. 10 Watts. 

.... All mounl ~,"c',~" '" :.>."> 

"Leaves two hands free for 
work jng 

• Clamps on edge of bench, lable 
or wor1< bench 

• Position board on angle or flat 
position for soldering or clipping 

• Sturdy, aluminum construction 
for hobbyist. manufacturer or 

rooms 

fMIT.!!Q, 
CVI A 1.000MHz 5.95 

l 0110JlII • 01101'11 6 DrOll LED DIsplay 
M(;4016(14416) • hTlu 10 59 mll'llilU 59.59 seconds 

CYI.84 1.8432MHz 5.95 
CY2A 2.000MHz 5.95 I-i:~:'':;:'=~~==========-'-;;'';:';'''' ---':'';':----I : ~~als~~a::sT~!:st 
CY2.01 2.010MHz 1.95 
CY2.S0 2.500MHz 4.95 
CY3.27 3.2768MHz 4.95 
CY3.57 3.S79S45MHz 4.95 
CY3A 4.000MHz 4.95 
CY4 .91 4.916MHz 4.95 
CY7A 5.000MHz 4.95 
CYS.18 S.18SMHz 4.95 
CY6.14 6.144MHz 4.95 
CY6.40 6.400MHz 4.95 
CY6.55 6.SS36MHz 4.95 
CY1 2A 10.000MHz 4.95 
CY14A 14.3181SMHz 4.95 
CV19A 18.000MHz 4.95 
CY18.43 IS.432MHz 4.95 
CY22A 4.95 
CV30A 4.95 

"_ 1S-Turn . IIIiiIIIIa. Reelangular Side Adjust 3/4" I 1/4" Size 

~ Part No. 1-9 10-24 25-49 50·99 
43P(value) 1.35 1.25 1.20 1.15 

Resisllnce ViNeS' 50. 100. 500. II< . 21<,SK. 101<. 2OK. 5OK. lOOK.ZOOIC. 5OOK, 1 

. " :':':':'~-. 1/16 VECTOR BOARD 
-.::--:-.- 0.1" HoII S,I.clIIg 
~ Pari No . 

P·P,tllln 
L W 

Plitt 
1-11 10up 

• OVfr1o~d P'O'tcIHl 
. 3· nlQhlEOOlsp\ay 

• ~lteryorACopml lOn 
• AY'OZerorng 
• 1m''' . lVtI . O 1 ohm lesoluloon 
• O~eranoe rud lRg 
• 10 meg Inlllllimpenckna 
• DC ActUricy I·.I)'?IUI 
RIIngn:DCYOlllvr ·O· loooy· 
ACVOltioe. O· HIOOV 
heq Response 50·400 HZ 
OC/AC CUff tnt 0·100mA 
ResIS tance 0·10 meg ohm 
SIl1 6.4- .4 .. · .r 
ACtlllort .. : 

AC Adapler BC '28 $9.00 
Rechargaabl • 

BIH.rt •• Bp·28 20.00 
Clnylng Ca •• LC-28 7.50 

IIIUIIID 

•••• .... -

100 MHz 8-Dlglt Counter 
• 20 Ht-IOO MH.!: RanQl • four powlr 10UC ... I .• . 
• .6- UD Olsptav baltlrieS. 110 or 220V wllI'I 
• Crystal·c,ontrolledtlmeb&se eh.to., 12V wlln auto 
• FullyAUlOITll1fC HghItlad.ptt:r and.ntma6 
• Portlble - complelety 7.2· IOV powtrlupPIy 

· ~:~~~~'7'" MAX-loo $134. 
xS.63· 

ACCESSORIES FOR MAX 100: 
MoWI, Cbrvlr fII ,..lII ... 
\lSI po .. r 110m Clr biittl'Y ModtIIDO - CLA p .ts 
Curvsr/tllml"atOf 
uw 110 VAC Mo6tllDO _ CAlI1.II5 

TlfnesSln;ltEvent-Spitt&hylor 
• Sire".5" .2 15" 1 go" j4'-1otmcts) 
.Usts 3 PenllleCells 

115 VAC 

JE803 PROBE 
ThelOOICPrObel\~unrl"hlChIS IOl lhtmoSl~" . 
tndnpenslb1e I/\ IrOultI! Shoolll\~r.lilmlW!. 
n l Oll Rll CMOS It dellVu Int PO _!I II 
f'IH<IS loollflil l edll~r lf orr or IheCIICllliundel 
lesl. dlilWing iI scant '0 rnA mil . II u~. MAN) 
ludouI 101nc),aleinyolme 1o'!owrngSI.'tsOw 

~, 
,"'---J 

! ... - ... . -...". • • -c-_ . __ .. _ 

PHENOLIC 

EPOXY 
GlASS 

4.50 6.50 
4.50 11.00 

t--------------..I.-------------I ~~5~~~~~:~n'I:~u~Ollt~~SI~IJ;M~~t 1.72 1.54 
3.1511 3.32 $9.95 Per Kit 

4.50 6.50 
".SO 8.50 
".50 17.00 

2.01 1.86 
2.58 2.31 
5.04 4,53 

53-Key Unencoded I KEYBOARDS I Hexadecimal Encoder 
8.50 17.00 9.23 8.26 
UO 17.00 UCl 1.12 

This Is a 63-key, lermlnal keyboard newly 
manufactured by a large computer manulac­
turer. Ills unencoded wllh SPST keys, unat· 

t-..::.::=.:==--'-:---:-__ ..:""-'::::-::::.:;;::..:....=:.......~:.::..._ftached to any kind of PC board. A very solid 
molded plastic 13 x 4" base suns most appllca· 
lion. IN STOCK S29.95/each 

19-key pad Includes 1-10 keys. 
ABCDEF and 2 optional keys and a 
shill key. $10.95/each 

194 BYTE Augu't 1978 

M·530-1 
$1 .95/100 pins 

(minimum order) 

$16.0011000 pins 

$6.00 MInImum Ord.r - U.S. Fund. Onlv 
C.fifomll R.lident. - Add 6% S .... Tax 

Spoc ShHIJ - 26; 
1878A C.ul.1 A •• U.bl.-Sond 35; stamp 

J ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 592-8097 

MAIL ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS, CA 94070 

Adnrtilid PrlCII Good Thru August 

It un t bt used ~1 MOS levds 01 CIlCo/11 ClimJQf 
'fIlIM l nuit 

T'l 5V 1 A Supply 
nilS IS a st"'d~I" nL pow!1 sl.llll)ly USfnQ Itle wfllknown 
lMJ09tC l~uliilOi ICIOptovrde ilsoid I AMPolcurreru.u~ 
volts WflrylolTlikelh"osfuylOtyou ~plOVfCIlnv 
everylhrngyouneedrnooeIllCUoe. ll'lcluclrnQt1llnardwalf 

I,,,n. JE225 $9.95 Per Kit 

PROTO BOARDS 

PB100 . 4.5·· . 6·· 
PB10l . S,S·· .4.5·· 
PB102 . T" x 4.5·· 
PB103 • g .. x S·· 
PB104 · 9.5·· • B·· 
PB203 . 9.75 • 6'" • 2¥. 
PB203A -9.75 . 61'2. 2¥. 
jlndudes powrl supply) 

14 PIN 
16 PIN 
24 PIN 
40 PIN 

Circle 200 on inquiry card. 



i 

.. 7400 TTL .. BUGBOOK® 

-5 'ilon~~l:I:"_m 'UO'OO'I\, 

WIRE-WRAP KIT - WK-2-W_.___ . 
WRAP • STRIP. UNWRAP ~~~. '. 

• Tool for 30 AWG Wire ... . SN7400N 
5N1401 N 
SN74Q2N 
SN7403N 
5N741).4H 
5N740SN 
SH7406N 
SN7407N 
5N74G!N 
SN7409N 
SN7410+1 
SN741lH 
5N74 12H 
SNWJN 
SN74UN 
SN141&N 
SN7417N 
5N7420N 
SN1421N 
$N7"22N 
SN7423N 
5N7425H 
SN7426N 
SN7427N 
5N7429N 
SN700N 
SN7432N 
S1l7"37N 
5N143/1N 
SNU39N 
5N1~4OH 
SN1441N 
SNU42N 
5N7"'3N 
SN1H.N 
SN7'-451<1 
SHW6N 
SN7441h 
SN1448N 
5N74SON 
5N14~IN 
SN7453N 
SN7454N 
SH74~9A 
SN7460N 
C;N7C 7ON 

C!)4000 
C04001 
C04oo2 
C04006 
C04001 

'"""" COJOIO 

.1' 
10 
18 

. 18 

.18 
2<1 

" ." 2<1 
2<1 
18 
2S 
.25 
40 
10 
2S 
25 
2<1 

" " 25 

" " 2S 

" 20 
25 
2S 
25 
25 
2<1 

" " " " 1S 

" 59 
19 
.20 
20 
20 
2<1 
25 
2<1 

" 
" " " '" 2S ., 
" " " 39 

13' , .. 
4' 

'" " " '" '" '" " 79 

" 225 

$N7472N 
SN7473N 
SN1474N 
SN7475N 1 

SN1476N 
SN7479N 
SN7480N 
SN7482N 
SN1483N 
SN14SSN 
SN7'86N 
5N7489N 
SN7400N 
5N1491N 
SN7.92N 
SN74gJH 
SN7490lN 
SN749SH 
SN7496N 
SN 749 7N 
5N14 100N 
5N74101N 
SN74109N 
SN741t6H 
SN74121N' 
SN14122N 
SN74123N 
5H74125H 
SH14126N 
SN74112N 
SN74138N 
SN1~U1H 
SN741'2H 
SN74143H 
SN141.4N 
SN74I45N 
SN74WN 
SN74 1'8N 

Irs:~:i~ 
SN741SlN 
SN74154N 
s,.m155N 
SH74I~N 
SN74157N 

" " 35 
49 
35 

s.oo 
.50 
.99 
59 .,. 
." 1.75 
45 

." 43 

.43 

.65 
65 
65 300 

.59 .35 

." 195 

" " 4' ., .. 
.75 
75 ,. 

'95 
295 
2.95 

" '" 129 
.89 
59 
59 
99 ,. .,. 
6S 

C/MOS 
C04026 89 
CO'-029 119 
C04030 49 
C0<1035 99 
C04t}10 119 
C04()4 1 125 
CO&()'(2 99 
C04a43 89 
C04044 89 
C04[}46 179 
C04Q.17 250 
CD4()48 1.35 
C0.$049 4~ 
CO~O$O J9 
C04051 119 
Coc053 119 
C04056 295 
COJ059 9,95 
CO~D60 
C!)4066 
CO~068 . '" 79 

39 

5N7416ON 
SN74 161N 
SN74162N 
SN7'-163N 
5N74164N 
SN74165N 
5N74166N 
5N74 167N 
SN74170N 
$N74172N 
SN74173N 
5N74174N 
5N74175N 
SN74176N 
5N74177N 
5N14179N 
5N7'-'80N 
$N74181N 
5N1'-I82N 
SN741a.N 
51'1741851'1 
5H74186N 
51'1141881'1 
5N1419ON 
SN74191N 
SN7H92N 
SN7"I93N 
5N1" I~N 
51'1141951'1 
51'17" 1961'1 
5N74197N 
SN74 196N 
SN74199N 
SN1420QN 
SN7425 1N 
$N7"279N 
SN 7428JN 
SN742a. N 
SN74285N 
5N7"365N 
5N74366N 
SN74J67N 
SN14J68N 
SN74390N 
SN74393N 

C04070 
C04011 
C04072 
CD4076 
C04081 
C04082 
COJ093 
C04D98 
MC14409 
MC14~10 
MC I 4~ll 
MCI~419 

MCI 4~3J 
MCI4S06 
MCI~507 

MC14562 
MC1458J 
C04508 
CO~510 
C0451 1 
C04515 
COol518 
C04520 
CO • 

$5.00 
~ ",....,11 . .....,. OhI.Q. LMwI. WMHYJ 

:= !:~:'.U;::r:!~:-",:~~~r: .I~~~~~~,~~ 
1.25 cu' rtf'IIloofIs.8IICIIfllt RS1liC WI1'''IttU.,.s,If'lltlClllll'Iyr~IIIItG 

~ ::; ';UiTl:;;"O",R:.,",:'--~'--------;.",,,".oo~1 
6.00 .,,...., II. AMy, om. G. lin ... WIUIy~ ......... A. mil 

' : ~ ~ IrcludtGllrMr :'~~,!":=,~~:~~~=":'=~~::"O:,t:~ 
19 IOtrWr 1II(1y'\II'go lIG8OeflIpOlll WponlillClllllroclllUSI'QU lolIICMIJtSOmrCfOtOl'lPIlllI. 1 
79 ¥Id(llIIIloj(Jft\lllJ(I..In/ \l!lOQ""HltyWl!ert~fyIl'llI" rll~lI\tIICII(I tIWWOoIrII ... llltll.ldl· 
79 g./IOl09!Ip/t) mUICl~4 Ot~on ..... IIUCi8OOItSt'U!ltlo"orOCftllIllQ"'1I8UG8001(1t1 

' :~ "I;::'S"T":;U;;;CT~O"'"'~S ~MA~''''UA''"L---------'''"3."'''00 ~U:~~~!:.'!~ I'~ II, lIMy, ..... A. TltIrI $11.00 p., nt 

1.95 ~:~~~==~~~'!,=!=-: u'*'""'"tsl'l$QlUlt/«lloroon. IOIOA/lllCmCUJlpulllplVtflrM'lll'lO¥Id 
.79 491a1t1ec;1f011Od A mvUIOfWlt ·It~~1 ..... ~r"trtac1II9 M Oft\eOI»rO IPOIOII:tI\IIWlloIIIStrlINO 

1 . 9~ OP AMP, MANUAl ~ Howllll M. B.rlln W3H8 $9.00 ~~ ~th. ~==:PI~~~:~~~~fI;::: 
1.95 AII'.Plr!rnmI glll~IIO IfIPkG,IhOlloj opmtlOnlill'llr#OIII &tIr ~ 'llltl\ . lIOaaA mlUflCOfllP 1l111 prO\lllmmmg II'Id 1I'IIIltltlllO Ottllt' 1111011101'/ 
11 .95 IIlf!I!S on III DI\na oIOCiArn,s ~ .. ~:;;_~"",-,.~d~;;~~"'~";;·~'":';"::;:·~~ ____ ~_1 

~;~ :~'JIIIfrwt ~ A JllOO<IIn 100 MlIM9. *~.,.,!!: ~=:~'::'OB:::IG=;:!~~:!: union $8 .50 
I ~ ns.r/l'lblr Wr'IOIIIOt piotrWl$. St.,,,,, bn-c: IItUCIIlit of CMOS 1II\oQ, 1II/!NIIh I'IhrQrIlOO/l wo MSI 

19 COMPLETE MANUAL FOR DIG ITAL CLOCKS by Jolin Welu Ind John 8roolll 
89 famtll,JlllU lechrnCla'l or hobbyist Wllh b~slC \titone, bthtno dt9lt~1 clocks InCludes Irouble snoolln9 gUllies. !)aSIC 
69 chdfaClenS\!CS 01 docks, sokkt technlq~. c1odl 'COmJl(Ul!n! data Sheels and conSlfUCllon liDS $3 ,95 

.89 .,. .19a" 
89 125" 011 , -t ".1:=== C Roo 

• Roll 01 50 Ft. While or Blue 30 AWG WHe '. ~ 
• 50 pcs . each " '. 2". 3" & 4" lenglh, - '. . 

pre·stripped wire . .... 0 _~ 
$12.95 · . . ~'. ' > -

.- ? WIRE WRAP TOOL WS~-30 
,.. WRAP. STRIP. UNWRAP -$6.95 

WIRE WRAP WIRE - 30 AWG 
25n. min. $1.25 5On. SI .95 loon. $2.95 1000n. SI5.00 
SPECIfY COLOR - While · Yellow · Red - Green · Blue· BI.ck 

WIRE DISPENSER - WO-30 
• 50 n. roll 30 AWG K¥NAR wire wrap wire $3.95 ea. 
• Cuts wire to desired length 
• Sirip, ,. . 01 In,ul.llon SplClfy - Blue·Yellow ·While -Red 

REPLACEMENT DISPEIISER SPOOLS FOR WD 30 
Specify blue . yellow . white or red S1.98/l11o.1 

XA-l555 S1.50 XA2242CP S1.50 149 XC209 Rrc 51S1 ~ :c:;; Gr~ 
149 xC209 Gfffit ~ SI DISCRETE LEOS \CIII Veijow Micro-Power ve rsion 01 the PreCision timino Clrcu il lo r 
~ .~ ~g~ ~~:~ ~~11 XCIII Or~nQe popular 555 Timer and tluectly generating l imino pulses In mi-

19 .200" dia ,115" 1111 . XC556 . ~~~.' dla . 5 SI interchanoeable. Dissipates nul .. , hours and days or up 10 

~~; XC"" Aeo 5151 XC~26 Rt<! 551 XC556 Red 100 sa ~~~~h l~h~ .~o;~rts~n~e:~~iI~~ ~o~f~~ t~~eu~~~~y ~r~~i~~~a~~ 
3 .~: ;g: ~;:: ; ~II ~~;~~ ~~~n I~ ~ ~g~~ ~;~: ~ i: Jallery operalion and CMOS cir· 555 Timer wilh buill·in 8-bit 

',,' ljX~C2~':..-_O~":"':'_~'~'~' _~"~"~'-::~Y~".~'~~'~S'~~"~"~6~. ~o~''''~''~.i' ~S'_.Jii:d~!&LIT:C~Ui~IS;... S"IT:r--:::::...L4co~unfle::.r.;'-'-::!m-'11rt SSL ·22 RI ~ 51 XC526 CtUI ~ SI XC556 Cled! ; 51 lCR205 S 8 40 XAt489 139 lCR2556 S J ~ 

,:: DISPLAY LEOS :=l:: ::: :=;~ ~~ :=~~~:r, 
1 95 XR320 I 55_ XA2201 3 85 XR~ 13e L2~ 

HT PRICE TYPE POLARITY HI PRICE XR5S5 39 '(A2208 5 20 XR41~! 285 TYPE POLARITY 
55 MAN I ComrrIM AnoGe ·'ed 270 295 J.4AH 6680 Common Calhol!e ,of1nge S60 99 XA556 99 XR2209 I 75 XR'II~ I 45 
23 MAN 2 5 l 7 001 Malrn:·reG lOCI 495 MAN 6710 Common Anode·ted ·D.O. S60 99 XA561CP 99 XA 22 11 525 xn"(U(:I 60 
49 MAN 3 Common CIIhOI!e·!ell 125 <'5 MAN 6730 Common Anoae · reo . 1 S60 99 ~R567Cl 1 25 ):A2212 4.35 ):A4212 

139 MAN. Common CatOOdt·!ld 187 I 9~ MAN 6740 Common CilhodHld ·O.O 560 99 XA IJIOP 1 30 XR2240 345 XR4558 
23 MAN 52 Common AnoOI-9rMn 300 125 MAN 6750 Common talhoOC'ltO - 1 S60 99 XRI468CN J 8~ XR226J 425 XR4739 
23 MAN 71 Common Anode·rtd 300 125 MAN 6160 ComlllOll Anode ·leO 560 99 I R I~88 1 39 XR414 1 
99 MAN n Cornmo.1 ."noO.."d 300 99 J.4 A.~ 6780 Common Ciltllolle·!tG 560 99 

'" "AN " Com""" Col",,,,,,, 300 '" Dl701 Comm"" "",,,,, .,,, ., 300 99 ZENERS - DIODES - RECTIFIERS 

2 O~ 
75 

1 I~ 

'" 
14 95 MAN 81 Commo., AnOOe ·yellOw JD() 99 OL102 Common Cathode ·,td 300 I 25 TYPE VOLTS W PRICE TYPE VOLTS W PRICE 
14 95 MAN 82 CcmmOll AnoIIe·yellow JOO 99 OU04 Commol1 C.It!Ooe ·ftO .300 99 lN 7~6 33 400tn 411 00 IN4005 600 PlY I AMP 10 '1 00 
U 95 MAN a.e Commo'l CiJII1ode·yellow 300 99 DL101 Common Anooe· re1l 300 99 IN751A 51 400m 4 I 00 IN4006 8DO PfV I AMP lO!1.00 
495 MAN 3620 Common Anode ·orange 300 99 Ol141 Common P.noOe' feCl 6DO 1 25 IN 152 5.6 ~00m ~ I 00 \lj4001 1000 PlY I AMP lOll 00 

1995 MAN J630 Common Anode 'Or;lnQt • 1 300 99 Ol746 Common Anode ·led ' 1 630 1 49 IN153 6 2 ~00m 4100 IN3600 50 2DOI'lI 611.00 
75 MAN 3640 Common CIIIIQde-orlnor 300 99 DL1H Common Anooe · reo 600 I 49 11'1754 68 400m 4 I 00 UW~8 75 I~ 15 rl .00 
99 MAN 4610 Common AnorX-QrJngl 3OO!i9 DL749 Common Cilh011e ·rtd • I 630 149 1/l959 82 40Dm ~ I 00 IN4154 35 10m IM .DO 

1450 MAN 46<'0 Commo'1 catllGlll-O!iIlor 400 99 OLISO Common CatnO(le'I!CI 600 I ~9 • lN965B IS 400m J I 00 IN4305 is 2Sm 20'1 00 
J 50 MAN 4710 Common AnoGt·,ed -I 400 99 DLUB Common C~tnOGe'!eo 110 35 11'15732 !i 6 SOOm 28 IN4 11~ 56 28 
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2400 BAUD! 
or . 

300 BAUD KCS CASSETTE INTERFACE 
Read and Write Interface Board 

• Works with MIK BUG or SWT BUG 
• Loads 8K Basic in < 1 min. 
• Plugs into the 6800 1/0 Bus 

Assembled, Tested, & Documented 

Super Low Price: $59.95 ppd. 
Delivery stock 10 4 weeks. To order, call or write today. 

We welcome Maltercharge, Visa, Checks, or C.O.D.'s 

Personal Computing Co. 
3321 Towerwood Dr. Dallas, Tx. 75234 (214) 620-2776 

Circl~ 268 on inquiry card. 

COO\'\\4 MEGABYTE 
TAPE RECORDERI 

QUAD 5 CHANNEL 1/4"TAPE 
TRANSPORT, ONE FURNISHED 

9 ~ lOGIC FOR AUTO SELECT, REWIND, EDT, 

fiI'l-6 'RE~o,~ IW~~~p~Ag~ -~1Ig~~g~~~~~C~2118" 
HIGH 19' WIDE 2D" DEEP, WT 85lBS, FREIGHT COL. 

USED-GOOD COND-LiMITED OTY. DATA BOOK $10 .... 
.025 SQUARE PIN PUSH-ON TERMINALS, 
FOR JUMPERS - PATCH-POWER-PlUG REPAIR. ETC., 
HARD TO FIND! 101$0.50 1001$4.50 
PC LEAD CAPACITORS 20/$1.00 
70PF NI500 100 VO lT 5% DISC } 
120PF 100VOlT 5% DIS C 6 PAX 
.01 MFD 200VOlT TUBULAR CERAMIC 
: gg;~;g I~~OVVOOS ~I~g $5.00 
.0068MFD 100VOlT so. DIPPED POLY 
. OI MFO 50 VOlT 5"10 POLY TUBULAR, LONG LEADS, 

101$1.00 1001$7.50 

".--,.- BI-PIN BASE T-13/4 12V40MA 
~ INCANDESENT 101$1 .00 1001$9.00 

CORE MATRIX STRIPPED FROM COMPUT 
ERS-8 PLANES-NO DRIVERS-NO DATA­
AS IS - NO RETURN. 256+BYTES $19.95, IK BYTES 
$27. 95, 4K+ BYTES $39.95. 2 ONLY 1620 ASS'Y 
GOOD COND EACH $125.00 
CARD GUIDE a FRAME-15PR-5 1/2H 51/4W 12 1/2l; OR 
15 SOCKETS ElCO NO. 7008-035-163-002 ON RAilS, 
YOU STRIP-CHOICE $9.95 EACH. OTHER SURPlUS­
SEND $1.00 FOR LIST OR CAll 817-625-2961, MC, 
8AC, VilA ACCEPTED. $10.00 MINIMUM ORDER 

J a. E ELECTRONICS SALES 
POBOX 4504, FT. WORTH, TEX, 76106 

Circle 193 on inquiry card. 

THE TDL 'SOFTWARE IS 
AVAILABLE ON 

NORTH STAR DISKETTE 

• THE MOS T POWERFUL SOFTWARE IN MIC RO­
COMPUTER 

• ON MOST POPULAR s" flOPPY DISKETTE 
DRI VE 

TOL FORTRAN - SIMILAR TO WATFIV 

TOL 12 K BASIC - SUPE R BASIC 

TOL I ·TEL - POWERFUL TEXT EDITOR 

TOl TOP - TEXT OUTPUT PROCESSOR 
TOl IASM - M'ACRO ,ASSEM8lER fOR I-80 

• ALL WITH DISk BASED INPUT/OUTPUT, 
DY NAMIC FILE ALLOCATION . WORKS ON 
YOUR NORTH STAR DRIVE OR HORl l ON 
WITH ABSOLUTELY NO HARDWARE MODI · 
FICATION . 

~ 
HOME COMPUTER CENTRE 
6101 Yonge Street 
Wlilowdale , Ontario 
CANADA M2M 3W2 
1416) 222-1165 
Ch~ 'y#'11 4 n d B"n 'A m " ',C"'d «C~Dr"d 

Circle 171 on inquiry cerd. 

•• . " 1 • 

Send for FREE catalog .. 

liN'I·lil.ln~ Dept. B 
Ward·Whidden House/The HIli 
Portsmouth,NH 03801 USA 

Circle 13300 inquiry card. 

SURPLUS ELECTRONICS 

ASCII ASCII 

IBM SELECTRIC ® 
BASED I/O TERMINAL 

WITH ASCII CONVERSION 
INSTALLED $695.00 

• Tape Drives • Cable 
• Ca$S8tte Drives • Wire 
• Power Supplies 12V15A, 12V25A, 
5V35A Others, • Displays 
• Cabinets • XFMRS • Heat 
Sinks • Printers • Components 
Many other items 
Write for free catalog 
WORLDWIDE ELECT. INC. 
10 FLAGSTONE DRIVE 
HUDSON. N.H. 03051 
Phone orders accepted using VISA 
or MC. Toll Free 1-800-258-1036 
In N.H, 603-885-3705 

Circle 395 on inquiry card. 

Surplus Conversational Data 

Communicative Terminal 

GTE NOVAR 5-41 

FEATURES: 
• Correspondence Code 
• 13.45 Characters per second printout 
• RS232 Interlace 
• Documentation included 
• 30 day warranty 
• High quality printing 
• Reliable heavy duty selectric mechanism 
• can be used 8S a typewriter 

with minor modifications 
• Inspected by factory trained technician 
• (used) $595.00 

WRITE: 
PHARMASSIST 

1810 W. Euless Blvd. 

Euless, Texas 76039 
call: (817) 469-2480 

Circle 312 on inquiry card . 

• RADIO SHACK AND 
COMMODORE USERS . .............................. . 

" Low Cost Software on Compatible 

Cassette Tapes for your TRS-80 
and PET Computers, 

-Games 

-Investment/Small Business 

-EducationallScien tific 
-Kitchen Programs 

INTRODUCTORY GRAPHIC GAME 

SPECIAL-Star Trek (8K), Football 

(8K), Lunar Lander, Wumpus, Bio­
rhythms and Acey Ducey on 2 Cas· 

sette Tapes. A $25 value for $20.00. 

SEND FOR FREE CATALOG 
Software royalty plans also available . 

••••••••••••••••••••• 

.-

~PPARAT, INCORPORATED 
P.O. Box 10324 
Denver, CO 80210 

.Circle 11 on inquiry card. 

,. 

FORT LAUDERDALE AREA 

COMPUTER AGE 
MICROCOMPUTERS & PERIPHERALS 
for HOME, SCHOOL & BUSINESSES 

We specialize in. computer systems and 
provide a full rang8 of computer 
services. Applications software 

for business including word 
processing, payroll and 

accounts receivable. 
More to come. 

DEALERS FOR 
Apple Computers Extensys 
Micromation Soroc 
Hazeltine Centronics 
DEC North Star 
Problem Solvers and Others 
Cromemco 

999 South State Road 7 (441 ) 
Plantation, Florida 33317 

305-791-8080 

'" 
Circle 62 on inquiry card, 

10-20% DISCOUNT 
,ON TOP COMPUTER LINES 

STARTER KIT SPECIA LS 
Polymorphic 88 System 2 Kit 
IMSAI 1·8080/22 Slol<4K RAM Kils 
SYSTEM SPECIALS 
Pely88 System 2 Kil+Poly assembled 16KRAM 

LIST OURS 
$ 73~ $ ~7~ 
$ 838 $ 600 

and Poly 8uembled Keyboard $.1455 $1175 
IMSAII·8080/22 Slol<4K RAM+16K RAM+ 

VIO- C+MIO IAIIIMSAI kits) $1807 $1420 
Polymorphic 8813 complete 1 Disk System $3250 $2650 

fAbove assembledl Additional Orille $ 590 $ 505 
Apple II 16K ( .... mblod) $1195 $1010 
SYSTEM UPGRADES A ND EXPANSIONS 
Polymorphic 8813 Disk Upgrade $1450 $1200 
Norlh Slor Disk Upgrado - KIT $ 777 $ 680 

IMOS- A+PS+CAB) Auembl.d $ 887 $ 780 
Sonvo 9" Monilor $150. 1~" $230. SOROC 10 $120 .- $ 845 
GENERAL DISCOUNT POLICY 
IMSAll0·1511. Polymorphic 1511. Apple 1110·2011. 
Cromemco 10%, Extensys expandible Memories 20% 

Mail Orden Welcome - Open by Appointment Only 

A-A-A-A COMPUTER HOW'S - Establish<d 1976 
1417 Barrington Suite 17. Los Angeles, CA 90025 

C.II 213-4J7.8418 

Sponsor of Poly 88 Users' Group - Membership $5 

.' 



Circle 308 on inquiry card . 

RONDURE COMPANY 
2522 BUTLER ST. tl1e computer DALLAS, TEXAS 75235 

214-630-4621 room 
ASCII SELECTRIC 

SPECIAL SALE Printer Mechanism: Heavy 
$875.00 ~~;~ input/output, Series 

DATEL SELECTRIC IIBM Selectric Mechanism) 

Specifications: 
Weight : 120 Ibs. Dimen­
sions: 29"Hx35ItWx33"O. 
Print Speed: (14.S charac-

.Size: 21"Wx21"DxS"H. 
• Power Input 115 Volt 

Hz 
.1 hferface : RS232 

ters per second) • Weight: 54 IbS. (Shipping TESTED WITH 
NEW 
ASCII 

ELECTRONICS 

Platen: 15" wide, pin feed 
or form feed device option­
al (132 print positions). 

weight 65 Ibs.) 
.15" Carriage 
.15 CPS 

Parallel output only-15 
characters per second ac-

• Correspondence code 
.HalfDuplex 

............. ".132 Print Positions, 10 cepts 7 bit ASCII parallel 
w/strobe & prints on Selec· 
trlc. The unit stili works as 

Pitch 

ASC II Selectric with ASCII parallel electronics. 
I.mmedlate Delivery-Shipped from inventory. 

a typewriter In off· llne 
mode. Used $395 

NOVATION DC3102A 

TI 990/4 
Used 
Working 

Single Board 16 Bit Micro 
Computer 

NEW $250.00 • 
• $150.00 

RS232 Connection 
300 Baud 

USED MODEMS & COUPLERS 
NOVATION TC102 (Acoustic) $45.00 
AJ 233 (Acoustic) ......••.•.... .... . $25.00 
CF 31S (Hard Wire) ... ........ .. •... $25.00 

ORDERING INFORMATION: 
We ship the same day we receive a certified check or money order. 
Texas reSidents add 5% sales tax. Please call If you have a question. 
Write for our CATALOG of many parts, terminals, printers, etc. 
All items subject to availability . Your money returned if we are out 
of stock. 

F. Reichert Sales 
lllO E. GARVEY AVE. 
W. COVINA, CA 91790 

• $20 MINIMUM ORDER 
• FREE UPS DEliVERY ON 

U.S. ORDERS ONLY · DR BY 
SURfACE MAIL IF SPECIFIED 

• MONEY BACK GUARANTEE 
(MOS & LED DEVICES EXCLUDED) 

• UNDER 8 HOUR PROCESSING ON 
MONEV ORDERS & CASHIERS 
CHECKS. 

• SORRY! NO COO·S. 
PO'S, OR CREDIT CAROS 

• CAliF. RES. ADO 6\ 
SALES TAX 

• CANADA, PUERTO RICO 
& U.S. POSSESSIONS AOO 
U.S. $3.50. ALL OrnERS 
ADO U.S. $7 ,00 

• U.S. FUNDS ONLY! 

THE S·IOO BUS DIAGNOSTIC BOARD 

CENTURION IV 
A LEGION OF DIAGNOSTIC TOOLS ON ONE BOARD! 

• EXTENDER BOARD • PULSE DETECTOR 
.LOGIC PROBE • CURRENT SHUNT 
• CONVERTIBLE INTO BACKPLANE. 
• ON BOARD CONNECTORS FOR SCOPE, DVM, VOM: GENERATORS, ETC. 
• ON BOARD 5 WAY CONNECTORS AND RF CONNECTORS. 
• OVER 160 WIRE·WRAP POINTS FOR TOTAL AND COMPlETE FLEXIBILITY 

IN WIRE WRAPPING ANY 1/0 CONNECTOR AND ALL LOGIC PROBE 
INPUTS INTO ANY AND All 100 BUS LINES, WHICH MEANS YOU 
CAN MONITOR AN.D MEASURE ANY PARAMETER ON ANY ONE OF THE 
100 BUS LINES, OR LOGIC LEVEl PROBE ANY Flm BUS LINES 
SIMULTANEOUSLY. THE ONLY TOOL OF ITS KIND. A MUST FOR ANY 
SERIOUS SERVICE EFFORT. ' 

Kit $11900 Assembled $14900 

SolOO 32K STATIC MEMORY BOARD 
WITH rnls BOARD YOU CAN BEGIN WITH JUST 8K OF MEMORY AND ADD ON 
LATER. IT CAN BE AS SIMPLE AS INSERTING MORE MEMORY CHIPS. 

FEATURES 
I. FULLY STATIC - USABLE WITH ALL DIIA DEVICES. 
2. BUFFERED WITH NOISE SUPPRESSED INPUTS. 
3. POPULATED IN IK INCREMENTS (EACH IK CAN BE ACCESSED INDIVIDUALLY). 
4. INCLUDES A RELIABLE SINGLE SOURCE + 5 VOLT REGULATOR. 
5. PROM COMPATIBLE: THE BOARO MONITOR CAN BE EXCHANGED (P IN BY PIN WITHOUT 

BOARD MODIFICATION) WITH A BIPOLAR PROM PROGRAMMED TO YOUR SPECIFICATIONS. 
6. CREATES NO WAIT STATES. 
7. PRICES QUOTED ARE FOR 300nS 200mW MEMORIES. 
- ASSEMBLED UNITS ARE FULLY TESTED AND BURNED IN. 
- KITS AND BARE BOARD COME WITH FULL ASSEMBLY AND QHECKOUT INSTRUCTIONS. 

KIT 
ASSEMBLED 

8K 16K 24K 32K BARE 
$27000 $44000 $580 00 $695 00 BOARD 
$29600 $465 00 $61200 $74000 $3800 

Circle 207 on inquiry card . 

SHUGART 
MINI · FLOPPY DRIVE 

. .... \ 
~ 

:::: }t~~li 
--~:-\-~_\ 

NEW PRICE 

$325.00 ea. FLAT PACK ACOUSTICAL - Model SA·400 
MODEM PICK·UP 

Useable with most modem 
chips/kits r 
Used - $17.50 (w/prlnts) 

SHIPPING INFORMATION : 
Modems: $2.00 each; 2 for$4.00 UPS. 
Large Items & Parts: Specify Freight or Air Freight Collect 
Foreign Orders : Add appropriate freight or postage. 
We now take Master Charge and Visa orders, Specify full number, 
bank number and expiration date. 

MAXI SWITCH KEYBOARDS ASCII KEYBOARDS 
UNENCOOEO ·MOUNTED ON G·l0 GLASS FULLY ASSEMBLED 

FULLY FUNCTIONAL EPOXY BOARDS·A BLACK METAL FRAME 
KEEPS KEY SWITCHES SECURElY IN PLACE. 

NO. 1 NO.2 
-MAIN KEYBOARD SECtiON OF 

58 KEYS 

-S3 KEV MAIN KEYBOARO -53 KEY KEYBOARO -A HEX PAD OF 15 KEYS 
-10 AUXILlN!V & CURSOR - I AUXILlAJIY POWERI -16 MORE PERIPHERAL KEYS 

CONTROL KEYS 
-I I KEY NUMERIC PAD 

CONTROL OPOT ROCKER 
ARM SWITCH 

$2995 
-ASCII ENCODED 

-&INK OF 5 AUXILlN!V 
POWER & CONTROL. 
ROCKER ARM SWITCHES. 
ONE OF TlIEM LIGHTS lJ'. 

BEIGE METAL FRAME 
FOR NO. 2 

NO. 1· WITH ON BOARD UV PROM 

$99 95 
$3995 $995 

W.W. SOCKET CONNECTOR 
FOR NO. I KEYBOARD 

$295 

SOCKET CONNECTOR 
NO. 2 - IDENTICAL TO THE ONE ABOVE, 
BUT WITHOUT ON BOARD UV PROM 

FOR NO. 2 KEYBOARD 
$7995 

WANT PEACE OF MIND? IN 
CRITICAL APPLICATIONS 
USE BIPOLARSII 

$2 95 

SolDO EXTENDER BOARD 
WITH CONNECTOR 

A MUST lor trouble· 
shooting your Computer boards $1795 

82S10 
82S11 

BIPOlAR RAMS 
1024xl 
1024xl 

$4.95 ~-S.-l-00-EXPA-N-DA-B-L£-M-OTH-E-R -BQA-R-D--t 
$4 .95 

.8 SLOT EXPANOAll.E BACKPLIHE 

BIPOlAR 
• QUIET~ROUNO PlANE OECOUPLES All SIGNAl. LINES 
• RElIABLE GOLO CONTACT CONNECTOR~ 

PROGRAMMABL£ LOGIC ARRAYS COMPlETE $6600 ASSEMll.EO $89 00 
82S100 $11.95 

KIT 

82S101 $11.95 
5-100 WIRE WRAP HI·REL GOLD 

BIPOLAR PROMS 100 PIN POST WIRE 

1 
WRAP 

8223 256 (32 x 8) $2.65 2 LEVEL SOCKET 
82S23 256 (32 x 8) $3.40 EDGE CARD 10/78e POST 

82S126 1024 (256 x 4) $4.95 CONNECTOR 100/$6.50 
101$1 20 

93427 256 x 4 TRISTATE $4.95 GOLD CONTACTS 4 LEVEL 1001$990 
82S131 2048 (512 x 4) $6.95 $4 25 10/98e 1000/$79" 

6306·1 2K TRISTATE $5 .45 100/$7.40 LIST PRICE 29c 

3604 4096 (512 x 8) $11.95 
SUMMER SPECIALS/LOW PROFllE·SOLDERTAIL 

ULTRA LOW POWER I.C. SOCKETS. OTHER SIZES IN PREVIOUS AD. 
GOLD INLIIO TIN 

256 14 BIT STATIC CMOS RAM 
24 PIN 5/$1.09 5/$0.89 

510lL·3 6500S 30mW 28 PIN 5/$U9 5/$0.99 

DATA RETEr+TION 
40 PIN mU9 4/$0.99 

CURRENT $995 PRICES AND AVAILABILITY SUBJECT TO CHANGE 
0.7uA AT 2 VOLTS WITHOUT NOTICE. 
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PERIPHERALS 

Give Sight to Your 6800 Computer System 

Dual Printer from Addmaster 

Acoustic Coupler Aids Clarity 

A new acoustic coupler (mOdem), 
designed to enhance clarity and accuracy 
of telephone line data transm ission to 
and from computer terminals, has been 
introduced by Information Products 

198 August 1978 © BYTE PubJic.tion.ln< 

This dual printer prints three lines 
per second and has 11 character loca­
tions per column with a dual capacity · 
of 6 to 10 columns, up to 22 columns 
as a single. A large library of characters 
is available . 

Among th e features are a small 
print mechanism, self-inking ribbon, 
variable pap er space control. A tape 
rewind (one or both sides) is available. 

The Addmaster dual printer operates 
with a 117 VAC 1.3 A drive motor. 
Other voltages are available. Quantity 
prices start at $66. For further infor­
mation contact Addmaster Corp, 
4 16 J unipero Serra Dr, San Gabriel 
CA 91776.-

Circle 616 on inquiry card. 

Division of Omron Electronics Inc, 
432 Toyama Dr, Sunnyvale CA 94086. 
The series 8300 Data Modems are 
designed for acoustic and hardware 
operation via the switched telephone 
network or private line installation. 

Acoustically coupled with a Western 
Electric 500 handset or equivalei)t, the 
8300 mod ems offer a convenient 
method of data transmission. 

The 20 mA current loop interface 
(plug compatible with a OECwriter 
LA36) and a separate 25 pin RS-232C 
EIA connector may be operated simul­
taneously. The series is available as 
originate-only or originate-and-answer 
switch selectable for 300 bps operation. 
The modem is priced at $275 for single 
units.-

Circle 617 on inquiry card. 

The Digisector (DS-68) functions in 
conjunction with an inexpensive tele­
vision camera to present the computer 
with a high resolution digitized picture 
of the scene in view of the camera lens. 
The Digisector requires one 10 slot in 
the· swTPC 6800 computer (or equiva­
lent) and accepts either interlaced 
(NTSC) or noninterlaced (industrial) 
sync pulses from the video source. 
It features 256 by 256 picture element 
resolution, with up to 64 levels of grey 
scale. Data conversion times vary with 
resolution requirements but can be 
as low as 3 }.LS per picture element. 

Applications include precision 
security systems, moving target indica­
tors, computer portraiture, and fast to 
slow scan conversion for ham radio 
operators. With clever software, the 
Digisector can read paper tape, punched 
cards, strip charts, bar codes and musical 
scores. 

The Digisector comes fully assem­
bled, tested and burned in. The 05-68 is 
priced at $169.95. Software for com­
puter portraiture and slow scan tele­
vision is included . For further informa­
tion, contact Micro Works, POB 111 0, 
Del Mar CA 92014.-

Circle 615 on inquiry card. 

10 Processing Unit 

A general purpose 10 processing 
board, the APU 1 00, which provides a 
high performance to the standard 
5-100 bus has been announced by 
Extensys Corporation. Designated the 
Extensys Asynch ronous Processing Unit, 
the APU100 includes an on board 8080 
processor. The unit operates asynchro­
nously with the central processing unit 
of the computer system and transfers 

. information by use of direct memory 
access. 

The APU100 uses the system clock 
on the bus to provide internal timing 
so that all system processors are synchro­
nized. The unit has 8192 bytes of 
programmable memory storage operating 
at 300 ns access time and 1024 bytes of 
2708 type erasable read only memory 
storage in addition to its dedicated 8080 
processor. 

Using the APU100 frees up 8 K bytes 
of system memory by moving 10 rou­
tines to the APU100, allowing more 
memory for application programs. Sys­
tem performance is improved with the 
opportunity to buffer up information 
using direct access memory. Slow speed 
10 devices can be serviced at their 
rated speeds while system operation 
continues at normal speed. 

. When used with Extensys' MM-16 
Memory Manager, the APU 1 00 per­
forms in a high speed direct access 
memory mode, transferring greater 
chunks of data at full memory speeds. 

Contact Extensys Corp, 380 Bernar­
do Av, Mountain View CA 94040, for 
additional information._ 

Circle 618 on inquiry card. 



Circle 296 on in q uiry card . 

presents 

FEATURES: - Avai lable in EBCDic or IBM correspondence code 'Versions with 
ASC II translation and 110 driver program in 8080 assembly language . Mic ro­
computer hardware inte rface is 10 wire EtA RS232 connector cabl e between 
te rminal and sta ndard seria l 110 card such as Processor Tech 3P + 5 • Includes 
complete documentation : Operator and Service Manuals, sc hemiltics. interfil cl:! 
instructions fo r microcompu ter and software l is ting of 1/0 driver and ASC I I 
translation program - Optional Built-in 103 or 202 Modem avai lable . TypeWriter 
can be serviced by any IBM technicia n (solenoids, switches and wir(~s have been 
attached to the bottom of th e typewri ter wi thout phYSical al tera tion o f th e 
factory mech ani sm I. 

1/0 TYPEWRITER ONLY SPECIAL: 
MODEL 725 IBM Select ri c includes keyboard pickup switches, out-put solenoids, 
and m ag!1et driver PCB to coordina1e input/output signals. Requ ires +24V and +5V. 
MECHANISM ONLY. cleaned and adjusted. . .. $325 
CASE and POWER SUPPLY. . . . ... $ 75 

1/ 0 SE LECTRIC CONVERSION KIT: 
Convf!l' l your office Selectric to an 110 typewriter. Includes keyboard pickup 
switches. out-put solenoids. and magnet driver PCB. Attaches to typewriter, 
no d rilling necessary . Acquires +24V and +5V. Complete documentation and 
instructions inc luded. . $150 

MODELS AND PRICES: 
MODEL 5541 IIBM 2741·Type Selectric Terminal . 
MODEL 5550 (w/built -in cassette drive for 
offline data sto rage or use as memory typewriter. 
MODEL 5560 IASCII code w/cassette drivel 

~ PRICE SPECIAL: 

.S 895 

. S1495 

. $1495 JUST ARRIVED: 
. LAMBDA R EGU LATED POWER SUPPL Y +5VDC @ 30 amp. . . $75 -----

Model 5541,5550,5560 Selectric Terminals avai liJbl e AS IS for Y.. the prices 'ist ed 
above . Here's an opportunity for the do·it-yourself l10bbyist to acquIre l1 igl1 
qual ity hardware a t rock-bottom p riccs. T ypica l condit ion o f un its : typewr it el 
need cleaning and adj usting but not overhaul ; electron ics are complete but need 
troubl e shooting. POS maintains a complete stock of test ed part s at I casonabl e 
prices for repairs. Documentation included : same ilS th e warranted terminals. 
except no microcomputer interfacc software . 

Ca ll or write for details, quantity discounts, 
and our CATALOG. See the July 1978 
BYTE for a li st of ot her products and prices 
(including tape drives, power supplies, 
paper tape readers , modems, video 
monitors, pinfeed platens. ASC II 
encoded keyboards, etc. 1. 

All orders shipped from stock. No back orders, 
no substitutions. All equipment is shipped 
insured FOB Palo Alto within 14 days after 
check clears or COD order is received. M /C & 
V ISA accept ed . 

~ CtjffirCCfTl BOARDS 

MB·' MK·8 Computer RAM (not S·100), 4KX8. uses 
2102 Iype RAMs. PCBO only .. ... .. ............ $22.00 

MB·3 1702A EROM Board. 4KX8. S·100 switchab le 
address and wait cyc les. kit less PROMS ...... $58.00 

MB·4 Basic 4KX8 ram. uses 2102 type rams S·100 
buss. PC board .... .. .... .... ..... .. ...... .... ...... $24.95 

MB·6A Basic BKX8 ram uses 2102 type rams. 5·100 
buss. KIT 450 NSEC ........... $125. PCBD .... .......... $24.95 

MB·7 16Kl(8. Static RAM uses uP410 Pro tec tion . 
fully buffered. KIT.. ........... $375.00 
MB·SA 2708 EROM Board . S·100. 8KX8 or 16KX8 
kit without PROMS ................ .. ............ ............ $75.00 

MB·9 4KX8 RAM I PROM Board uses 2112 RAMS or 
82S129 PROM kit withoul RAM s or PROMs .... $72.00 
10·2 S·100 8 bit parallel 1/0 pori. ~~ of boards' is fo r 
kludging . Kit .... .. . $46.00 PCBO ...... ..... $24.95 
'0·4 Two se rial 1/0 po rts with fUll handshaking 
20/60 ma current loop : Two parallel 110 ports. 
Kit .... .. .. ..... .. $130. PCBO ............... $24.95 
VB·1B 64 x 16 video board. upper lower case Greek. 
composite and parallel vi deo with software. S-100. 
Kit .... .. .. ... .... $125.00 PCBO ..... .. ..... $24.95 
Altair Compatible Mother Board . 11 x 11 V2 x V. ". 
Board only .. $40.00. Wilh 15 connectors .... $90.00 
Extended Board full size. Board only .. ........ $ 9.00 
With conneclo r ....... . .. .... .. ............ ... .. .. .. $13.00 

SP·l Synthesizer Board S-100 
PCBD .......... . ....... $39.95 KIT.. ....... ................. $135.95 

82S23 
825123 
825126 
82S129 
82S130 
82S131 
MMI6330 
4N26 
4N27 
4N28 
LM323 

$1.50 
1.50 
1.95 
1.95 
3.00 
3.00 
1.50 
.75 
.75 
.75 

2.95 

PRIME DEVICES 

8080A 
8212 
8214 
8216 
8224 
8228 
8251 
8255 
21L14 

Circle 247 on inquiry card . 

$11 .50 
3.75 
6.50 
3.95 
4.00 
6.95 
9.95 
9.95 
8.50 

PACIFIC OFFICE SYSTEMS. INC. 
2600 EI Camino Real. Suite 502 

Palo Alto, Calif 94306 
(415) 321·3866 

/wmc/;nc. WAMECO INC. 
MEM-l 8KX8 fully bulfered. 5-100. uses 2102 type 
rams. PCBO .... .. .... .. .. .. .. .. ......... ... ........ .... .. ... $24.95 
Mother Board 12 slot. terminated. S-100. board 
only .. ...... .. . .... . $30.95 
CPU·l 8080A Processor board 5· 100 wi th 8 level 
vector interrupt PCBO .... ...... .. .... .. ... ...... .. .... .. .. . $24.95 
RTC·' Rea ltime clock board. Two independent in-
lerrupts. Software programmab le. PCBO ........ $23.95 
EPM·l 1702A 4K Eprom card PCBO .... .... $24.95 

EPM·2 2708/2716 16K/32K 
EPROM CARD PCBO .................. . ........ ......... $24.95 

SHORT MOTHER BOARD Short Version of QM· 1A 
8 Slots PCBD . ........... .. .... .. .... .. .... .... .............. $27.95 
2102AL-2 Prime 250 NSEC .... .. $1.70 
2102AL-4 Prime 450 NSEC ...... .. . ... $1.30 

, 2708 Pr! me (Nalional) ... .... . ..... $ $9.95 
1702A-6 AMO Prime . .... .. ...... $3.50 
1702A Inlel Not Prime (2US) .... .. .. ... $2.00 
2501 B $1.50 1488N $1.50 
2502B 1.50 1489N 1.25 
2504 1.50 MC4044 2.25 
2507V 1.50 8038 3.90 
2510A 1.50 5320 5.95 
2517V 1.50 5554 1.90 
2518B 1.50 5555 2.50 
2~ 198 1 .50 5556 2.50 
2521 1.50 5055 1.25 
2522 1.50 5312 4.00 
2525 1.50 MH0025 1.50 
2527 1.50 MHOO26 1.75 
2532V 1.50 MH0028 1.90 
2529 2.75 5262 .50 
2533V 1.95 2101 3.50 

419 Portofino Drive 
San Carlos, California 94070 

Please send for IC. XIS tor 
and Computer parts list . 

90 day warranty agai nst defects in material 
or workm anShip on all used equipment. Fu ll 
documentation includes PLUS interface instru c­
tions where indicated. Avail ability subject to 
prior sale. Prices may change without notice. 

INTRODUCTORY OFFER. Good for Ihe monlh of Ihis issue. 

WAMECO 
16K STATIC 2114 RDM BOARD 

PCBD .............................. L.. ...•..... $23.95 

PCBD&MIKOS PARTS ASSORTMENT 
#7. All parts, including sockets 
and prime 2114L.. .................... $275.95 
Assembled, Test and 
Burn in by PROKO .................... ·$335.95 

Kit s based on Warneo & Cybercom Boards with Mikos 
parts assortment . 

8080 CPU KIT.. .. .... .... $ 89.95 Assembled ... $135.95 
REAL TIME CLOCK KIT.. .. $ 65.95 Assembled .. . $ 99.95 
VIDEO KIT . .. ......... . S 89.95 Assemb led .. . $135.95 
8K 450 NSEC. IMEM· l1 KIT .. $125.00 Assembled .. $145.95 
8K 250 NSEC. IMEM-l1 KIT .. S155.00 Assembled .. $180.95 

LIMITED QUANTI TY 

8K STATIC ROM. 450 NSEC. BUFFERED. ASSEMBLED. 
TESTED AND BURNED IN. PARTS MAY BE UNMARKED. 
ALLOW 3 WEEKS .. .. .. $125.95 

VISA or MASTERCHARGE. Send account number. explra· 
tion date & sign your order. Approx. postage wi ll be added. 
Check or money order w ith order will be sent post paid in 
U.S. It you are not a regu lar custome r, please use charge. 
cas hier's check or poslal money order. othe rwise there wi ll 
be a two-week delay for checks to c lear. Calif. residents 
add 6% tax. Money back 30 day guarantee. We cannot 
acce pt returned IC's that have been soldered to. Prices 
subject to change without nOlice. $10 minimum order. 
$1.00 service charge on orders less than $1 D. , 
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PERIPHERALS 

The Terrapin Inc Turtle ... 

Here a re some more details about the 
new Terrapin Turtle, manufactured by 
Terrapin In c, 33 Edinb~rough St, 6th 

Single Board Microperipherals 
from Burr-Brown 

The MP810 and MP810-NS are two 
new microperipheral boards from Burr­
Brown designed to accept up to 24 
digital inputs. The boards are elec­
trically and mechanically compatible 
with the Intel SBC-80, I ntellec M DS 
and National BLC-80 microcomputers 
and operate from their +5 VDC supplies. 
They are programmed as memory loca­
tions and, with each input using one 
memory .bit, any read command may 
be employed. When the board is read, 
logic 0 represents an open contact; 
logic 1, a closed contact. Each read 
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Floor, Boston MA 02111. The in for­
mation is condensed into the form of a 
photograph of the new peripheral which 

command inputs the status of eight 
channels. 

The MP810, with an on board power 
supply, operates with dry relay contacts 
and the MP810·NS, with voltage inputs, 
operates with wet relay contacts. Each 
group of eight inputs is isolated from 
other input groups and from com­
puter bus to ·600 VDC. Isolation 
between inputs of the MP810-NS is 
300 VDC. 

I nput impedance is 15 k ohms and 
input delay is 25 j.LS max imum open to 
closed; 100 j.LS max imum closed to open. 
Minimum voltage needed to detect logic 
1 is 17 V; logic 0, 4 V. For contact 
closure sense, maximum closed imp ed­
ance is li k ohms; the minimum open 
impedance is 80 k ohms. Ma ximum 
voltage that can be applied acros's the 
MP810 input is 120 VAC RMS, or 
60 VDC ; across the MP810-NS inputs, 
168 VAC RMS, or 84 VDC. In 1 to 9 
quantities the MP810 is priced at $355, 
the MP810-NS at $295. For further 
information contact Burr-Brown, I nter­
national A irport Industrial Park, Tucson 
AZ 85734.-

Circle 530 on inquiry card . 

accompanies this first formal press 
release from the new company. Without 
bending the truth (too much), it could 
be claimed that this peripheral (exclud­
ing the computer required to drive it 
through a cable) is the world's least 
expensive commercially sold mobile 
general purpose robot if we exclude 
certain dedicated office or hospital 
delivery robots (at tens of thousands of 
dollars) and prototype R2D2-like forms 
seen in a pen (see page 16 of July 1978 
BYTE) at the West Coast Computer 
Faire ' but never seen on the market to 
date in the advertising or literature 
which passes this desk. The Terrapin 
Turtle, a small electronic robot con­
trollable by microprocessor, can "wa lk" 
(roll), touch (with its 3 1/2 inch radius 
hemispherical dome), and draw (lower­
ing its pen attachment), as programmed . 
It has lights for eyes and a speaker to 
emit sounds. The Turtle requires a 
parallel interface: one compatible with 
an 5-100 bus is avai lable as an accessory . 
Each Turtle comes with 10 feet of cable 
'and may be ·purchased either as a kit or 
fully assembled. Each kit comes with a 
tested, 20 page instruction manual. 

The Turtle may be used to map 
rooms, solve mazes, teach simple geo­
metry or programming concepts, as well 
as many other tasks. The Turtle is 5 
inches high, crawls at 6 feet per second 
and is extremely versatile due to its 
touch sensors. Brochures are available. 
The kit costs $300; the assembled 
Turtle is $500; and the interface costs 
$40 .• 

Circle 529 on inquiry card . 

. Intelligent Low Cost Terminal 

The ZMS-50 is an intelligent terminal 
geared for a wide variety of data entry 
and text editing applications. It is a 
microcomputer based keyboard and 
video display unit controlled by 
Zentec provided programs execut-
ing out of read only (TIemory. The 
terminal consists of a general purpose 
key board , 25 line by 80 character video 
display, 4 K or optional 16 K bytes of 
system programmable memory, and an 
asynchronous or synchronous RS-232C 
interface supported by a telecommunica­
tions firmware package. An optional 
simplex (output only) RS -232C interface 
to a local printer is also available. Priced 
under $2000 from Zentec Corp, 2400 
Walsh Av, Santa Clara CA 95050.-

Circle 531 on inquiry card . 



1/16~ BOARD 
.042dia holes on 

0.1 spacing for IC's 
PRICE 

SIZE 1 . 9 10 · 19 
4.5,6.5" $ 1.49 1.34. 
4.5, , 7" $3.51 3.16 

Epoxy Glass 

64P44 
84P44 
169P44 
169P84 

4.Sx6.S" 
4 .5x8 .5" 
4.5x l 1" 
8.5,,7" 

'1.70 1.53 
$2 .10 1.89 
$4.30 3.87 
'7.65 6.89 

LIQUID CRYSTAL DIGITAL 
CLOCK-CALEN DAR 

• For Aulo, Home. DUlce 
• Small In size 12.2 Y1 11 Y1 ) 
• Push bullon l or seconds release lor dale. 
o ClOCks mOlin, anywl'll'l w ll l'1 1111'111 3 101 dOllbll ' 

s ided 'It)1 01 VELCRO. 'nc;luded 
• 2 MODELS AVAILABLE : 

LCO-l0l . porllOl1 modl1 Illns on 
ball I " " fOI ~nlf than I .,.1". 
LCD· l02. 'lin 1 on 12 Voll s .,.stlm Ind Is 
1I01'lled 

• ~CO_ 'D ' o. ~CO"D2 
,.,..,tr.o:u 

MICRO·KLIP 
lor .042 dia . holes 

(attboardson lhis pagf) 
T42·1 pkg 100 S 1.S0 
U2·1pkg. 

1000 SI 1.00 
P-149 hand InSlalhng 

1001 _ _S2.03 

v@bt 'I 
i 

WRAP POST 

(a'l~~:~ ~~~hi~~~~l I! 
r' •• llkg . IOO . S 2.28 
T· •• pkg . 

1000.. _ . $14.00 

Unwersal MICfOCompulerfpfocessof 
plugbOafd use WI!n 5·100 DuS Com­
plete wllh heal Sink & hafClwafe !:I J 11 

10 .1 / 16 ,., 
$1 9.95 

'·9 
$17.95 

8801·1 

10·24 
$1 5.96 

Same as 8800V except plain less power 
buses & heal smk 

1·4 5·9 10·24 

12 hr LED Alarm CIOC( uses 3'/1 
01gll .8 LED Display Wl1tl AM / PM 
Indlca lors and colons Olrect olive . 
PIN 10 PIN Interlace wllh S199,A 
I C Just aM SWitches . AC Supply . 
Alarm DIsplay ana I Conly 

S 1 OO-STG 50/ 100 Cont. .125 ctrs. 
DIP SOLDER TAllon .250 spaced 
rows for VECTOR and IMAS I 
motherbomds GOLD plated. 

1 ·4 5·9 10·24 
$4 .00 $3. 75 $3 .50 

RG81G 50/ 100Conl. .125ctrs.DI P 
SOLDER f A l lon .140 spaced rows for 
ALTAIR motherboards. GOLD plated. 
$5 .0 0 

S100-STN 50/ 100 Cont_ .125 ctrs . 
DIP SOLDER- TAll on .250 spaced 
rows for VECTOR and IMASI 
motherboards. NASG l O tin -nickel 
plated. 

1·4 5 ·9 10·24 
$3 .60 $3 .25 $3 .00 

A681 ·3 50/ 100 Cont .. 125 Clrs. 
PIERCED SOLDER EYE LET ' ai ls. 
GOLD 
$7 .35 

Other Popular Edge Connectors 
A644 -G 22 / 44 Cont .. 156 ctrs. 
PIERCED SOLDER EYELES ' ai ls. 
GOLD plaled. 

1·4 5 ·9 10·24 
$3 .00 $2 .76 $2 .50 

Plu9boaj" l1li 
/! l: "" .. .. , 
3682 9.6" , 4.5" 

$10 .97 
3682·2 6.5", 4.5" 

$9 .81 
HI ' DensI ty Dual'i n-line 
Plugboard lor Wife Wrap 
wllh Power & Grd . Bus 
Epoxy Glass 1/ 16" 44 
pin con . spaced . 156 

$10.90 
3677·2 6.5" , 4. 5" 

$9 .74 
Gen . 

R644-3 22/ 44 Cont. .156 Clrs WIR E 
WRAP lai ls. GOLD 
$4.71 

~."14 - G3 100 for 
$30 .00 

16-G3 100 for 
$30.00 

FUlureslnclulf, • BVus,ng lhe llew ~LSsC -~ Pfe5Ciller. lllerangeol 
Ihe FM·7 FreqlHll'ICy MeIer. whf(11IS 'OHll0 60 t.l Hz , lNybee.'tndtG 
10S12 MH I (1h, upper VHF& UHF trequ.ncy b.1/1ds! • Tf\e fM -7 Ul!' 
ti18s~n lEOre.oou1. poovodlng 7-II"iI'l reSQIurlOl1 • Th, FM·1~n be 
UI,Dfilled 10 ~n iCtur.cy 01 0 00001 % 0 the SC-S IS .accu/iI!e 10_ 
(lM1 per moll101'1 • EJc:h unil nas 30 millivOltS WlSlhv,ty_ I' boJltel), 
powelellanllllaSithargerunll incluOell • OomenSIO/Is 01 UC II are 1.g· ­
H. 2 7" W _ 3.9· - 0 • Tile units lNy be Oblaintd separately 01 is a 
" FrequencyOuo· - · Pillls&Ulf.llQuilllntee-dlyw 
'IIISlanlloptlOl'l 

t ~se 



PERIPHERALS 

Dot Matrix Printer Line Offered by 
Motorola 

Motorola Microsystems, POB 20812, 
Phoenix AZ 85036, has announced a 
new line of four dot matrix printers. The 
line printers offer a full range of fea­
tures, including 80 and 132 column for­
mats ; 60, 120 and 180 characters per 
seco nd (cps); bidirectional and logi c 
seeking print heads. All four printers are 

Universal 10 Board 

This 10 board, called a universal 10 
board by the company, has space for a 
40 pin wire wrap socket into which you 
can plug any of Motorola's 40 or 24 pin 
interface integrated circuits; the data 
and co ntrol lines are connected to the 
appropriate edge connector pins. All 
other bus co nnections are brough t 
o ut to a 16 pin socket pad . A +5 V 
regu lator and a ll Molex co nnectors are 
provided; regulated +5 V and ground 
are bussed among the locations for up to 
35 14 pin integrated circuits . The price 
is $24.95 complete ly assembled and 
tested. Contact The Micro Works, 
POB 1110, Del Mar CA. 92014 .• 

Circle 542 on inquiry card . 
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equ ipped with an interface 10 module 
and an interconnection cable assembly 
that adapt them to the various Motorola 
microcomputer developm ent systems, 
including the EXORciser and the EXOR ­
term 100 and 200. These interface 
accessories permit the printers to be 
used with the company's line of Micro­
modules (microcomputer board systems 
and subsystems) . Model 779 is a printer 
capab le of printing from 80 to 132 
co lumns of 5 by 7 dot matrix at rates 
of from 21 to 90 lines per minute at 
60 cps. 

Th e Model 781 is an 80 column 
character printer which features bidi­
rectional logic seeking movement of the 
print ,head enabling throughput of up 
to 120 lines per minute. The Model 702 
is also equipped with a bidirectional 
logic seeking print head with a head 
speed of 120 cps. This model has 132 
character print columns and is capab le 
of throughput of from 45 to 185 lines 
per minute (Ipm). The Model 703 
features a head speed of 180 cps and 
provides throughput rates of from 70 
to 280 Ipm . All models except the 
779 have tractor feed with a paper out 
sensor a nd use standard computer 
paper, from one to six parts. Model 
779 has pinch roll feed and uses stand­
ard T eletype roll paper. Prices are 
$1495 for the Model 779; $2095 for 
Model 781; $2500 for Model 702; 
and $3125 for Mod el 703 .• 

Circle 538 on inquiry card. 

Multifont Printing Capability Added to 
Diablo Matrix Printers 

The Model 24610-03 library card, in 
conjunction with the Diablo Mod el 2300 
matrix printer, permits users to mix up 
to nine type fonts whi le printing a single 
document . 

The card, which inserts into the 
printed circuit card cage of the printer, 
can be programmed by Diablo to add up 
to four different type and special symbol 
fonts to the standard font with each 
printer. In addition, the Model 2300 
offers an optiol'\pl plug-in read only 
memory which contains four additiona l 
foreign language or special fonts. 

Each of the eight additional fonts 
avai lable through implementation of the 
library card and the read only memory 
recogni zes the ful l 128 character ASCII 
set and can print up to 96 of those char­
acters. 

Product Update 

In the June 1978 BYTE (page 178) we 
published a What's New? item describing 
the PET 100, an S-100 bus adapter 
for the Commodore PET computer. The 
manufacturer, HUH Electronic Music 
Productions, has notified us that· the 

Serial Minifloppy Buffered Terminal 

.. 
1---

This intelligent buffered data termi­
nal, Model IDS 3901, is offered by Inter­
dyne Company, 14761 Califa St, Van 
Nuys CA 91411. It uses a 5!1.i inch indus­
try standard diskette drive and is RS-
232C compatible. Average access time is 
0.6 seconds. It has a data buffer holding 
up to 128 characters and is capab le of 
being edited, a block rewrite capability 
and it allows insertion of blocks or entire 
paragraphs into previously written text. 
An automatic high speed block search 
and verify are incl ud ed as well as charac­
ter pattern search under operator control 
or pre recorded instructions. The IDS 
3901 is controlled by 30 ASCII com­
mands and outputs 13 English messages. 

Other features inc lude storage of 143 
K bytes per diskette, switch selectabl e 
asynchronous transmission rates from 
11 0 to 19,200 bps, ASCII tex t as well as 
transparent binary modes and auto error 
check and retry. 

All this is contained in a stand alone 
desktop un it for connec tion to printers, 
videos, modems, computers and other 
terminals. By adding the IDS 3901 to a 
keyboard and displ ay, users have an il1-
telligent system with store and forward 
capability for program preparation and 

, loading, data entry and storage, text 
editing and off line printing_ 

The IDS 3901 is priced at $2050 .• 
Circle 539 on inquiry card . 

Any comb ination of the eight addi­
tional fonts and the stand ard Diablo 
matrix font can be selected by the user 
under program co ntrol and can be mixed 
while printing. Among the standard 
fonts from which the user can select are 
German, Norsk, Scandia, Hebrew, 
French, French Canadian, and APL lan­
guages and symbols, in addition to high 
resolution ASCII and APL. 

The cost of the Model 24610-03 
libraby card in OEM quantities starts a t 
$120. For further information, contact 
Diablo Systems Inc, 24500 Industrial 
Blvd , Hayward CA 94545.-

Circle 540 on inquiry card . 

name has been changed to S-100 MPA . 
The product has been upgraded so that 
it meets the proposed lEE E spec ifi­
cations for the S-l 00 bus and it now can 
be a stand alone processor. The com­
pany's new address is 1429 Maple St, 
San Mateo CA 94402 .• 

Circle 541 on inqui ry card . 



POLY PAKS INTRODUCES THE FIRST MAGAZINE RETAIL STORE 
FOR THE ELECTRONIC MAIL·ORDER HOBBYIST! 

~~P~O~L~Y~PA~KS~S~P~EC~I~A"L'" 
BUY $15 Take 1()()/() 
WORTH 

Order by cat. No. 1S3459 and type 

o~!l:A ~ 
o "Ce-. 1l1li CI'\I :;:::;;::== o IOIOA • BIt CPU, 2 USK _ _ _ 

gm~ ~:: .-;I"I .... cctlc"'"'II.lM=;-_-_-_-_ 
o 1101 1I1l1yJuomie ItA .. __ _ 
D2102·L1 lK Jt t L~ .... RAM __ 
02111 258a4St.atleRAM __ 
021U 2M x 4 Static RAM __ 
o 1702A 258x,EPItOM __ _ 

g ::~200Pll :: r...~~ ..... ·1I=0-: .... = --g== :K~nR::M ___ _ 
0 .... 5202 2k P.O"~G;==== 0 .... 1203 2k EPRO .. 
o "IISHO Ik Dyo RAM 
0 .... 1262 2k. I ",. RAM __ _ 

g:m ~~:=:Drlv==.,:-_-_-_-_-
012.24 CIoCkG"~::;:::;=== g:m ~:!=:ton Int _ _ _ 
o 82SS Perlph Interf8C. __ _ 

.s5 

.29 

.79 
AB 
.s9 
.3, 
.39 
A9 
.29 
.89 
.29 
.85 
.39 
.31 
A9 
AB 
.71 
.69 
.69 
.69 .9' 
.79 
.s9 
.79 
.7' .7' 

HEXADECIMAL MICROPROCESSOR 0 
Add .... mi".proceIB'," AND CONTROL 
control computer operated 34 
~Uipm.nl 2 key ,.II,v". Has KEYBOARD KIT! -~~"")1""!'!I'I"'"~\" 
~ ~~!te~~~~: ~~~~:t":b~ Wt. 2 It.. 
blnar.fu AIIO, an EXCLUSIVE • 4 bft bInary/ h ... dedmai o~ut plus .trobel 

r:i~~ R~;i~~eds-A!~~M~S : ::~r;::.:=:~:~~~: J.C :=:~! 
~'V&-d~b~m ~~ui,~ N~~ing Cat. No. 1'5009 H •• lHlac6mel Ktt S34.95 
else to buy! With instructions. cat. No. "5010 Hex_elm" WiredS39.95 

**Low Power ICs'** 
Order By Cat. No. .13667 & Type No. 

~4LIOO $5~ i g ~:t:m ::: ~D4000 $I~ g ~=: 
o 74LS02 .29 0 74U1139 .99 0 CD4001 .25 0 CD4025 
o 74L104 .29 0 74U1151 "9 0 CD4002 .25 0 CD4027 
o 74L108 .29 0 74U1151 .99 0 CD40N l.20 0 CD4028 
o 74U110 .29 0 74U1155 1.25 0 CD4007 .25 0 CD4029 
o 74LSll .36 0 74L1160 .99 0 CD4008 1.20 0 CD4030 o 74U113 .59 0 74L5161 .n 0 CDC009 .59 0 CD4Ol2 
o 741.$14 .99 0 74U1162 .99 0 CD40IO .59 0 CD4035 
o 74U20 .29 0 741.$163 .99 0 CD4011 .25 0 CD4040 
o 74U21 .36 0 74U1168 l.25 0 CD4012 .25 0 CD4041 
o 74U22 .36 0 74U1169 1.25 0 CD4013 AS 0 CD4042 

§iii ~ § f~t* ;~ I § ~5ii :i U5i o 74LS31 .39 0 74L5192 1.50 0 CD40l1 l.20 0 CD4053 o 74U42 .n 0 74U1191 1.25 0 CD4019 .35 0 C-
O 74U47 .99 0 74L5195 1.25 0 CD4020 1.25 0 CD4071 
o 74U174 A9 0 741.$196 1.25 0 CD4021 l.25 0 CD4072 
o 74LSeo .I. 0 74LS1'7 1.25 0 CD4022 1.25 0 CD4077 

g m::~ ::: g ~:lli~ ::: \======::::!:::::::=====~ 
g ~:t:tn ~: g ~:t:r:J: :l~ SILICON POWER 
.~iMtl:*****~: ~'H.:::h STUD RECTIFIERS! *** Order by cat. No. A.mper .... and volta .... 

POLY PAKS "CHIPS" AWAY 

IC AND CRYSTAL PRICES! 
Order by CaL No. 1S4048 Ind Type No. 

Tl:t. DeKripUon 5ele 

B~Y~~l :t~-:.;~. $l::rs 
DAYS-9100 Te"phOfte D1.r ___ 12.95 
OAY5-9200 Repe::t Dl"" ___ 9.95 

8:'-::330 ~:nD~:m~~ ___ t:: 
DKR2176-139 BCD (ncoder ROM___ 6.95 
o KR2176-ST ASCII Encoder Rotn __ 1 .. 95 
D UCIODC 650MHI P,..sc.r _ __ 14.95 
09SHIODC 350IIHI Pt.se ..... ___ .... 
OllC14otl0 Touch Ton Chi" ___ 9.95 
o MK2002P Char G.n. (alm 2513) __ 3.95 
o 7207A17208 Fr~ Counter !balr ___ 24.95 

g~:::: ~Hzltrm::e mM- It: 
o 3.57911HI TlmebaH Crystal ___ 1.95 
o 1.00MHI Touchtone Cry.bl ___ 5.95 

g~~:,Hz ~~oc;at~:i.'It'~.;;;scR:: t.~~ 
ORC4195 Duol5'VoIt T .. eldna VR_ 2.95 
OTVR2000 HIatt Pow ... 723 Volt Ret: _ .59 

CqMPUTER GRAPHICS 2 I ... sa. 
"JOYsn~1i" p $4.50 

Wt.l0oL 
CIL No. 1,3808A 

MOTHERBOAR D 
EDGE CONNECTOR 

106 pins (68 each Bide). 
Uae w ith IMSAI &: ALTAIRI 
0 . 125" pin ct.u, l(oldpJat.ed 
0/." wire wrap lew. Open 
end •• llt wide PC boards. 
8 OZ.I . Cat. "0. ,1.,3.887 

TABSCR'S, 

12 AMP 50 A .. P 250 AMP 
eP~ (#:.~7) (#:~~r) (#tlrs5 ) 

e 100.36 1.10 6.50 
0200 045 1.35 7.50 
o 400.61 1.75 a.so 
e 600 .79 2.25 10.50 
e 100.90 2.75 11.50 

DIP SWITCHES 
Cit. No . Switch •• SCI'. o I' 3668 2 $.77 

8 I' '669 3 .88 
8,3021 4 .99 

o '.3&71 6 1.29 

ICSOCKETS 

•• low .. !17C ••. 
• Low IWofUe •• older taB. 

C.t. No. Oe.crlptlon 

~ :=~~~: ~f~nmJ~ldlp 
e .51309 16 pin dip 
e 113378 18 pin dip 
0855265 1. pin ·Wlra Wrap· 
08$5266 16 pin Wire Wrep· 
a 153U6 2. pin MSI 
a IS388 7 28 pin MSI 
0853802 otO pin LSI 

"Gold Plated 

·C ........ Lia. QUADRACS! ~at. N .. ~I~ 5tj~ 

Order by C.t. No. 'i~~s· :::: ::~m g 199 ::: 
.nd Volt... QUADRACS 111590 

lN4000 Epo*l' Rectifiers 

HANDY OOMPUJ.'ER 
MUL'DTESTER 
• 1000 ohms per volt 

1 % precision. movemen~ 
diode protected nl'aln.t 
burnout. Me~ures DC volta 
O.115-15~lOOOi AC volta 
0-15-160-1000: DC current 
0-160ma: reala tRaCO XIOOO. 
Sensitivity 1000 ohms/volt 
AC-DC. Uses p eolite cell. 
not included, Size 2 3/a x 
B1J, x 1 0/11"' \\'t. 15 ou. 
Cat. No. as 3921 

I 
,:~~ BRIDGE RECTIFIERS: 

2 AMP 6 AMP 10 A .. P 25 A .. P 
PIV (#&SI346) (#112456) (# •• 2447) (#112273) 

e 50 S .s9 $ ... $1.05 $1.20 
o 100 .65 ." 1.11 1.25 
e 200 .Q U9 1.29 1.95 
e 400 .89 lAO 1.79 2.95 
o 600 .M US9 1 .. 5 19S 
e 100 U9 1.95 2.25 4.95 
e 1000 1.25 2.25 2.50 5.50 

Ore, by C.t. No. Am,.,..p .nd Vott ... 
CI:DCClJClXl::xCD' i I . ii' ii" I MTD 

MIX-N-MATCHlo!a.a$16.88 
DU AL ~e~i:.Ch:~~ ~~O':::~~~H~~:~ 

POWER four pClpular poaitivc nnd 
nc~ntive combina tinnll. UYea 

SU PPLI ES ~~~t:~r8 ~nii~~le2~eui:i~i~~ 
• 1 Amp each volt_let 

2 Amp. tot_If 
C.t. No. 5," 

0853995 +5 ·5 $141.88 
0853996 +5 -12 17.U 
0853999 +12-12 la.U 
0654003 +15-15 19.88 

Fila easily into gadget boxes or 
cabinet of your own design . 
f:o..sy to a88cmhle with step· 
byslcp instructions. (Include" 
PC oollrd, trnnl~fOrmer8, line 
cord, cnpncit.ora, rectificl"fl, hent 
ainka and h'wore). Complete kit, 
nothing else to buy. Wt. 101hR. 

•••••••••••••••••••••••••••• 
• COMPUTER ~ld8,OOO w-;gD $~.;';: 
: GRADE e 13.000 .0 2.25 • 

·CAPACITORS~ tt882 ~~ m: 
: ~~:1~ '~~:I~el ~ ~t= ~~ ~:U • 
• 0 44.000 30 3.95 • •••••••••••••••••••••••••••• 

/

' DISCRETE LED'S 6 for $1.19 
Order In mutupl •• ~'~i;t35 f,,·:t!P.\':3 5:::10:; 
of 6 of e.ch type! c 111944 Jumbo Yellow XC556Y 

! OJUMBO .34" h g ::~~=: ~:t:l::: Xcm~ 
. ·OMEDIUM .24" g :::~r~ :~R~ .... n ~~~ 

o MICRO .21" 0 1.1948 Mkto Yellow XC209Y 
(TO-tS) 0 152140 Mkro C,..en XC290G 

"RED" LED READOUTS! 
.. low.. zoc elUlh 

CIt. No. 
0"1890 
[] '11503 
o .11273 
o .13093 
a a.3161 
0.53512 
0"2949 
0112950 
e 113463 
·0112485 
~ 8.2256 

5". 
.127'" 
.19 
.27 
.33 
.31 
.35 
.s 
.s 
.s 
.s 
.6 

DeKrtpUon Sale 
MA"'3·· 5 I ... $1.00 
MA~" 2 for $1.19 
"AII·I· 11.00 
MAN·72 eq ... I" 1.le 
MAN·7. equal"" 1.19 
FND359"" $1.00 
FND500· $1.50 
FND507· $1.50 

~l~:g~~:" H~ 
7.7" $1.95 

"Common Anode ""Common C.thode 

GIANT SALE! MICRO· MINI C.t. No. Contact. Sale 
rOGGLE SWlTCHES,ol54016 5PDT $1.2 

• 3A. 125VAC conbeb or bett. 0 155085 'PDT- 1.3 
• Comp,-t. with mountlnl \hrdwaret ·Cent.r off 

l RIBBON CABLE ~o;g.:~ $1.96 
AT THIN PRICES e 266ft. $1.96 

• Ultr.flat! • 28 AWCI 0 34 5 It. $1 •• 
• 51nll_ colorllndexedl 0 40 4 fL $1 •• 
Ord.r by cat. No. .13939 .nd conductors 

SPECTRA· TWIST • TwI.tad pa' .. 01 b'lell"" RIBBON colored e.blel 2AA 0 

CABLE 0 c.t. " .... )680.48 condo 2 It. $1.98 

Terms: Add pO:;laR'e Rated: net 30 
Phone: Wak. field. Mass. (617) 245·3829 

~rd~!"~~t~':;. N:. !~~ ;;:: No. Ret.lI: 16-18 lJel Carmine St .. Wakefield. 
cot. N .... N MINIMUM ORDER - $6.00 (l). 

O.I237~ III400t OlY PAKS 0'12371 1N4002 
015237. 1N4OO3 

g:ru:~ t::=: P.O. BOX 9.2-58 

1l.~~~~~~~~~~~~~~~~g~::~:~::J .. ~t~~5:~~7~ .. ~S.~~~Ja!.~~~~~~;:~~~~~~~lJ~~~~~~· L~Y::"~~NFIELD.Nl4. IP 0194() __ " 
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WE SHIP FROM STOCK 

TELETYPE MODEL 43 
Only $985 

300 baud, full ASCII character set, 132 
column width, 30 cps, quiet, light-weight, 
dependable. With RS 232 ....... . $1085 

TECHNICO 9900 16 BIT COMPUTER KIT . . . $299 
RCA VIP KIT . . . . . . . . . . . . . . . . . . . . . ..... $2.30 
EX·I50 ELECTRONICS EXPERIMENT KIT. . . $65 
HAZELTINE 1500 . . ... ..... .... . $1045 
HAZELTINE 1500 KIT . . . $895 
HAZELTINE 1510 . . .. $1165 

To order: Check, money order, major credit cards. 
$4 shipping. NYC residents add 8% tax. 

We have no readsr inquiry number. 
Please write or phone. 

OWENS ASSOCIATES, DEPT. 8-A 
147 NORWOOD AVENUE 

STATEN ISLAND, NEW YORK 10304 

Day, Evening, Weekend Calls Welcomel 

(212) 448-6283 (212) 448-6298 

.,. i 

IS YOUR COMPUTER 
DULL? 

Is he hung up in the same old 
loop? 
Is he sorting and searching his 
life away? 
Turn him on to computer 
humor! 
Bring out his hidden talents 
with a sophisticated selection 

of BAUDY JOKES AND 
BYTING WIT! 

Let your computer comic de­
light your friends with a dazz­
ling display of wit and whimsy! 
Your computer will have the 
last laugh! 
Shift $5.95 into our register for: 
LAF·TRAK 1 (on cassette) 

Micro-Madness 
P_ O. Box 2250 

Pasadena, Ca. 91105 
Specify computer or Interface 
type and memory size. 

',' , '" !!I.; - ~" 
Circle 223 on inquiry card_ 

IT'S A GREAT BIG COMPUTER WORLD -1+-
But You Only Need -1+-

HE COMPUTER CORNER=:! 
-SOL - A New Dawn is Here! 

-COMMODORE PET & KIM 
- NORTHSTAR HORIZON 

-IMSAI VOP·80 
• Memories & 110 Boards 

• Computer Book Service 
• Magnetic Tapes & Disks 

• Full Line of Magazines 
• Brain Games & Puzzles 

·Workshops & Club Information 

Visit THE COMPUTER CORNER for 
all your computer needs. Stop in and 
browse - you 'll like our personal service. 

THE COMPUTER CORNER 
White Plains Mall - Upper Level 

200 Hamilton Avenue 
White Plains, New York 10601 

T.I : (914) WHY· DATA 

Cjrcl.e 65 oo)nquiry card, 

1 

Apple II 
Computers 

available at 

Computer Components 
of Orange County 
Available Now 
Bob Bishop's Speech Synthesizer 
Program for APPLE II 

• • • only $1'.'5 
no speelal hardware needed 

- Send for our 
Software list. 

- Sign up for free 
Apple II workshops. 

6791 Westminster Ave. 
Westminster, CA 92683 

714-898-8330 
Circle 64 on inquiry cerd. 

KIM KOMPUTER HEADQUARTERS 
• Send for Iree KIM Klt.log . 

PAL COMPUTERS USING 6602 SYSTEM I 
• ORDER OUR PAL TECHNICAL MANUAL 1$7.25 
Postpaid I which fully descr ibe, the K IM Bus and indivi ­
dual Board' in the PAL system. 

INDUSTRIAL QUALITY 
MICROPROCESSOR CARD KITS 
All +5V only . SId 4.5.6.5.22144 edge conn. 

• 4 K RAM $79.95 • 2 K PROM S 79.95 
• Motherboard $39.95.4 K PROM $129.95 
• Card Cage $20.00 • Digital 110 $ 59.95 
• KeyboardlDliPlay $89.95 • CasIette Interface $ 37.95 
• 6802/6502 CPU BOARD $99.95 
(SHOWN BElOWI 

'iI :: . 
.. .. _1.-._,' 

• BARE BOARDS, ENCLOSURES. FIRMWARE. ETC. 
SEND $3.70 FOR TECHNICAL MANUAL /lNFOR· 
MATION ON ALL ABOVE INDUSTRIAL BOARDS) 

SILVER SPUR 
ElectronIC Communlcallons Co. 

p , O. BOl( 386, Chino, CA 91710 
or Visit Aetail Store : 
13552 Central Avenue 

Circle 317 on inquiry card. 

SALE SALE SALE SALE SALE SALE 
··SUPPLIES··SYSTEMS··SOFTWARE··PERIPHERALS·· 

8 " fLEXIBLE DISKS 
51428 IBM 3740'. , S/32 , Shuijlrt, p,r Sci 3.90 

P,rtle. C&lcomp (Mnd for clt&109) 
5380232 "Hlrd Sector", A1llir. Shuijltt , 

Plrt..: Plr Sd, CaJeomp ... marl 
5\.(," fLEXIBLE DISKS 

S425& Sln91. (0 II s.ctor 
54257 Tin (10) Sleto r 
54258 SlJ:IHn fl6) Sector 

TELETYPE MODEL 43 
4320AAA Klyboltd, Pin f"d . noL 
4 3 10AAA ReeeivI only, Pin Feed , noL 
TP430035 Modll 43 Ribbon 

3.90 

3 .75 
3.75 
3.75 

$1000.00 
$ 900.00 
$ 5.25 

PP4:$ ·AOI Modll 43 PIpet pin or (ric 3M $ 12.75 
SBCSIOOO BUSINESS SYSTEM : mlcroeomputlr 32K 
2 disk dri .... s. video t.rminal , printlr. 
elbinlt /d.sk DOS , BASIC SOFTWARE $6000.00 
IECCIOOO EDUCATOR SYSTEM : mlcrocomputtr 
32K , dbk dri .... . vid,o lermlnal, printtr 
clbintl/d •• k OOS BASIC SOFTWARE 15600.00 
S ... D COMPUTER TECHNOLOGY 24 HOURS/7 DAYS 
P.O. Box 1283 (5 18) 463·2091 
ALBANY . NY 12201 

Circle 309 on Inquiry card. 

NEW SURPLUS PRINTER 
Okidatl - CP 110 - Friction Feed 

Un-Used, in O.E.M_ Factory Cartons. 
• 5x7 Impact Dot Matrix 

·BOChar/Line ~. 
·64 Char ASCII 
• 110 Char/Sec . --;Z / 
• 66 lines/Min ..• _ ,. 
• Accepts BY; ' ,..... 

Roll paper -Includes - Power Supply, Built in Selftest, 
Parallel Interface, Line Buffer and Cables . 
Housed in a three piece plastic cabinet with 
all control electronics. Retail for over $1,100 

Our Price: 1 ea_ $650 10 up $600 ea. 
Operating Manuallnciuded . 
Service Manual $20 Supplies Limited 

Shipped Freight Collect. Send Check or M .O. 
Sorry No Warranty Available at these Prices 

INTERNATIONAl- ELECTRONICS 
EQUIPMENT CORP. 

P.O. Box 522542. Miami . Florida 33152 

Circle 172 on inquiry card_ 

PET SCHEMA TICS 
Anothor Fil1t From "PET·SHACK". 

For onlv $34.95 you got: 

24" x 3~'' sch.metic of thl CPU boord. plu. OYOl1illd 
schem.ties of tho Video Monitor .nd Top. Recorder. plu. 
comploto Ports L.vout-.II Acturelliv ond Poinstlkinglv 
drewn to the Minutllt dellil. 

PET ROM ROUTINES 
Anothar Bre.klhrough From ''PET·SHACK''. 

Com plaia Assamblv Listings of .11 7 ROM •• plu. id.nti· 
fied subroutine entry points; Video Monitor, Keyboard 
Routina. Topa Record .nd PloVbock Routina. Rotl Tim. 
Clock. ate. 

lo entice you WI Ir. lisa including our own Machin. 
Languaga Monitor program for your PET u.ing tho key· 
board and vidlo d~pl.V. All th~ for onlv $19.95. 

SA TlSFACTlON GUARANTEED. 
You can have the Monitor program on cauttt. for only 
$9.95.xtr • . 

Sand chack, monaV order. or Master Cha'1la or VISA 
number and expiration dlt. to: 

PET -SHACK Software House 
Marketing and Research Co. 
P. O. Box 966 
Mishawaka, IN 46544 

", .... ------_ .. 
Circle 289 on .inquiry card. 

TRS80 

rVMC~mlji~~ 
presents 

RECIPES (programs) on CASSETTE 
TAPES for your hungry TRS SO-with 
lots of graphics II 
All programs written to run on your TRS 
SO-Levell (4k or more RAM). 
Free COOKBOOK (catalog) of cassettes 
with other recipes (programs) included . 

CASSETTE SOlO: U .F .O . Battle. 
Checkbook. Draw Poker. Pile High. 
Poker Oice • Snoopy (graphic). 

CASSETTE S020: Monthly Minder. Slot 
Machine. Dart Throw. Venus Touch­
down. Number Guess. Tic Tac Toe. 

S 9.50 per cassette. SlS.00 for both. 
Send Check or Money Order to. 

THE COMPUTER PANTRY 
2224 -C Old Middlefield Way 
Mountain View. CA 94043 

(415) 964-4t75 
"he Pantry pays postage and lax ll Pr~pt Delive";! 

Circle 77 on inquiry card. 



lB. Selectric-Based 
1/0 Writers 

5249.95 
WORKING & 

CLEANED 

Excellent Bobby Printers 

Series 72/731 
Heavy Duty 
8V2" Platten 

All Solenoids 
Original Documentation 
While Supply Lasts 

Circle 353 on inquiry card. 

SUPER SALE 
These terminals are from a large airline reservation 
system. They are heavy duty and were under continuous 
maintenance. The units have been in storage . We make 
every effort to ensure that all essential parts are included . 
Most work when plugged in. No warranties are given or 
implied. 
Conversion Kits. 
1. Conversion instructons, PC board for printer only using soft­
ware approach $59 .95 
2. liD kit makes the unit into a conversational terminal. Instruc­
tions, P C board, components for a parallel or RS232 interface. 
Will ,work with any IBM terminal $249 .95 
3. Completely converted unit and assembled interface for liD us-
ing kit $999.95 

Card reader by HP with RS232 interface $299 .95 
Printec line printers, parallel interface $1500.00 
Honeywell 516 & 316 mini's, make offer. Cables, used 11 
conductor, 100 ft with connectors $9.99 
Electronic parts and circuit boards 1 14 Ib bag $4.99 

Check, Money Order, Cash. Personal checks require 3 
weeks to clear. No COD's. Units shipped UPS or PP 
collect. Prices Net FOB Tulsa 

SUPER SURPLUS SALES 
P.O. BOX 45944 TULSA, OK 74145 1-918-622-1058 

.~~~~~~~----------~~~==----------~~~====~::~ . ..01 STAT1C, m 111,00T 409611 .~ lAM 'F r.·,. INTEGRATED TONE RECEIVER 

GENERAL 
DESCRIPTION 

Plrt Number 4801 
IS • 4K .. micon­
duclcr random 
acc ... tnetnory 
o rganiZed II 4096 1-bll word • . 11 i, tully st.lle aM 
needs no clock or r.".th pulle • . ll requir .. ' 
l ino'e • S yol! power supply and i. fully TTL com· 
patibl. on Input and output hnea. Ttl. -4801 i. 
Plckaged in. conyenient1S pin dUll-in-line 
package. 

• Singl. - 5Y Powe, Supply 
nATURES 

• 4K., Organization 
• Repllc .. 41024., Stalic RAM. 
• COI"nPI.t.ly Static-No Clocks or FWlreah 
• 18 Pin Packega 
• Accna/ Cycl. Tim .. .., nMe ma. 
.250 mw TYPical Operlling Powar 
• Seplrata 0.,. In and 011. Out 
• TTL Compallbla 110 
• Three State Output. 
• O.ta Bus Compatible I/O Function 

4IIW STAlK, TTL 1.IOUT 1m .. 1I-MOS lAM 

III!NEIW. 
DESCRlPnON 

Pan Number 4804 
II a 4K semlCon­
duclor random 
access memory 
organized .. 1024 4-bi! words. It II tully .'aUc and 
need. no clock or relt .. h pulses. II requires a 
. ingle . 5 yolt power supply lnell,fully TTL com· 
patlble on Input .nd ouipui llne,. The 4804 i, 
Plc kaged in I convenient Ie pm dUll-In-lina 
PICkIO@ 

FEATUUI 
• Singla . 5V Pow.r SUp"ly 
• 1 Kx4 Org,aniZilion 
• AeplIC.,41024x' Static RAM. 
• Completely Sialic-No Clocks or Aehuh 
• 18 Pin Package 
• Acceu /Cycla Ti"," 60CI nsec m.x 
• 250 mw Typical Operating Powe' 
• Common 110 au. 
• TTL Compatlbla I/ O 
• Thr .. Stal. Output, 

~I '" 4804 4K RAM', 
SS.95 8/S60.oo 16/$100.00 

Circle 381 on inquiry card . 

'''''8 N .. 1h 11th ... ~. MK5102(N)-5 PhMnI. , "'1101'\1 85021 
16021 995·9352 

10 AMP REGULATORS 
78P05 

QI.UL DlICIIIIJI'T1ON - The ~78PO$ I •• 3-tarrninal poe,iliwe 5Vhybrid r.gula'C)I' 
c.pabJa of c»lIwenng 10 A. Thlt MYJCI I. wi"ually blowout proof.nd contain. aU lhe 
protl(tlen ' •• Iu .... Inher."t in monolithiC '-QuI.1Ot • .uch .. Inllrnal iIhor1--CIt'CUIt 
curr.n, Itmlt'tIQ .nd 'IWfmal-owerlQad protl(lien. The ",A7eP05 i. packagMI In a 
herrne1lC.Uy .. a~ T()-J prOViding 50 W at 25-C cue. TM hybrid con.i.t. of a 
monolithiC conltOf Cl'IIP dnYIng • rugged ...... tran~stor 

:~ ~~~~,~nut;,:;:;:;:;::, tt':O~I:~n~.~!n!~~.~i~: wi~h:' :::~:~ 
employed In the con.t,uellon of lhe 10 A regulal(.. ; OJ proYI<HI the .. me hiQh ... lIability 
obtained In the ",A71H05 5 A 'eguaalor 

• 10 A OUfllVT C......-r COHNICTION DtAOAAIH '_oJ) OU'1IUf1ll 

• "TlftMAL n.:-.aL-OftN.OAD .-oftCnofiI 1'04 .. ACIlAOI : ~~:r =~':*' ITOPVIEWI 0 0 
a 10 W IIOWI" DtIW.TlOIt 
• ~~ C~,... wrnt n-. ,..,... .... ,...... AIID IMID ~ II' 
• .~n TO--J .. ACUIM 

78P05SC ••.•• . .•.•....• • ••.•. • • ••. .. . .•...•.. . . . ...•.• S12. 95 
Specs. . ..... . .. . .... ..... . . . . .... .. ...... . .... . ....... .60 

HI POWER RECHARGEABLE CELL 
Brand now Got .. gol1od .1.cholyt. leod-odd .norllY coli . 2 Volts, 5 
A"", Hour I Mok. high power stond-by supply f", porlabl. g_ '" 
c~.r ry>tems. 
GGC-0205 .••••..•. • ..•. • .....•.••.•. . .......• $5.35, 4/$27.00 

MULTI-CHANNEl8 BIT AID CONVERTER 
F04rchilds' new 6 charnel analog-to digital convert.r has a lot going 
for it. Full scal. cOI'T.ction capabilities, rotiametric conversion and 
wide input dynamic range . 

fEATURES 
o Detects ai' 16 stand"d OTMF d igits 
o ReQuires minimum uterna' parts count for 

minimum system cost 
o Uses inexpensive 3.579545 MHz crystal for 

reference 

o Digitll counter detection with period averaging 
insures minimum false re-sponse 

o 16·pin package fot hi!tl system del · ~it\· 

II Single supplV 5 Volts ~ 10% 
iJ Output in either 4 ·bit binary code or dual 2·bit 

row/column code • 
n Latched outputs 

DESCRIPTION 

The MK5102 is • monolithic integrated circuit 
f.brtnted using the complementlry·symOl~try MOS 
(CMOS) proceu. Using .n ioe_pensive 3.579545 MHz 
television colorbuut cryst.f for refe~e. 1he 
MI(5102 detects ind decodes the 8 standard OTMF 
frequenctel used in telephone dilling. The requir. 
ment of only I single supply ..t its c:)ftltruct~ in I 

l6-pin p.ck.ge mike the MK5l02 ide" for appli· 
Cltions requiring minimum size and •• tlt'''''' part. 
count. 

DETECTION FREOUENCY 

low GIOUP to 

Row 1 - 697 HI 

Row 2 ... 710 HI 

Row 3 >- 851 HI 

Row 4 • 941 HI 

H19h G,oup to 

Colum" 1 • 1201 HI 

Column 2· 1336 Hz 
Column 3 ... 1417 HI 

Column 4 ... 1ell HI 

MK5102N-5 •.•••• . •••• • •• • •• •. •... • • •• • • • S34.95 
Specs . . . . ........ . ... .... ... .. ....... . . . . . .. SO 

600 Ohm to 600 Ohm C . T. transformer. _ .. • ... • S I _ 9S 
Micro-p4'OCOUOf compatible, it carmines the multiplexer, decoder and 
5O~le-Clnd4-lold functions with ca'lverter to save boord spoce and 
eliminate external ports. It provides 8 bit, .:!:.! lSB conversion in 300 
uSec featuring auto-;[ero and dynomic range all the way to ground. 
UA9708 in 16 pin plostic DIP •...•• ....... . • . ... .• . . ..... $7.951 

P. C. BOARD TERMINAL STlUP 

• 
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MUST SELL: Heathkit H·8 & H·9 Terminal , 
assembled and operational. H·8: 16 K program· 
mabie memory . serial·cassette 10 , cables, case & 
power supply . H·9 : 12 x 80 characters, full cu rsor 
control, etc. Includes all software and manuals . 
Sell together or consider separately. $1400, ship · 
ping paid in US . Charles W Wood, 215 N Carswe" , 
Whiteman AFB MO 65305, 1816) 563·5094 
nights or weekends. 

WANTED : Printer, CRT terminal, and digital 
cassette recorder. Printer should have upper and 
lowar case, ASCII code , RS-232 interfaca, type­
writer quality output such as Diablo, IBM, Qume 
(no dot matrix!, with or . without keyboard; CAT 
Terminal with 80 character line width, block mode 
transmit , upper and lower case, RS·232; digitsl 
cassette recorder capable of working with printer 
or CRT terminal. Please indicate price, operating 
features , and condition. Norman N Axelrod, 
445 E 86th St, New York NY 10028. 

FOR SALE : New Altair 8800b computer. Includes 
16 K )( 8 memory, audio cassette record interface. 
serial 2SI0 with 1 port, ASCII keyboard. Package 
II assembler, editor, debug and 8 K BASIC 
software by MITS, manuals. Ready to run . $1200 
complete . TI 743RO 30 CPS printer, $1000. 
Ken Crandall, 1415) 692·6693 . 

FOR SAJ.E: Friden Flexowriter with attached 8 
level tape punch and tape reader. The Flexowriter 
and punch both have independent code and binary 
modes . The Flexowriter has a row of control 
switches which include single step read, rege ner­
ati on , delete and stop codes. The shift key shifts 
to a special character set which 'includes square 
root, delta, rub out and others . The Fle xowriter 
has eight resettable tabs and is in good working 
condition . The schematics, modification sheets, 
specification sheets, code chart and metal table 
are all included. $200 or best offer plus shipping. 
Will trade. Anthony Masterson, 3812 Stratford, 
Dallas TX 75205. 

FOR SALE : 16 K M6800 system of SwTPC boards 
and AC30 casse tte interface and surplus keyboard . 
Includes Microware 16 task ROM, ACIA and PIA , 
editor. assembler, 8 K BASIC and full documen­
tation. Excellent appearance and working order. 
Will sacrif ice for $600 and delive r in New England. 
Robert Boyd, Woodlawn Av, Kennebunkport ME 
04046. 

WANTED : Complete documentation for VIA · 
TRON , Computer Tape Recorder IModel 5002 
9 trackl. Must include schematics and parts list for 
unit and model 129000·00 power supply. R M 
Shectman, 14606 Larch mere Blvd, Shaker HIS 
OH 44120. 

FOR SALE : Ohio Scientific OSI 430B Super 10 
board, fully populated; A to 0 , 0 to A, Multiplex, 
cassette interface (1200 baud KC) serial 10 parallel 
10 etc. Brand new, all ICs in sockets. COSt $399 
new, se ll for $275. Joe Ruby, 6057 Beck Av, N 
Hollywood CA 91606,1213)985·1519. 

NEW UNCLASSIFIED POLICY 

RUMn who hlliffl flquipm,nr, softw.,., or othtlr i~ms 
to buy, stIli or sw.p should SInd ;n • cl,.rly typfld noric, 
to thllt tlfI#ct. To btl considtlr~ for public.tion, . n .dvtlr· 
tiumant must btl cJ,lIrfy noncommtlrcilll, tYPlld doubltl 
",1IC,d on plilin whirlJ p.".r, con r.in 50 words or I.ss. lind 
ineluiH compltltfl n.",. lind IIddlYlu inform.tion. 

Thtls. notic.s .,., frH qf chllrgf lind w;1I M printild OM 
tim, only on • "'« •• ".i/.b/II ~is. Notie.s e.n btl .c­
c.p red from indilfidUIIJs or bonll fidtl computllr us.n clubl 
only. Wfl e.n fln~~ in no eorlYl.pond,nce on th.s. and 
your confirmllrion of pl«emenr i. IIppellrllnCfl in . n issulJ of 
BYTE. 

PI,IIU not. that ir mey tllke th". or four months for." 
lid to IIpp.ar in the m.~in6.-
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FOR SALE : Motorola 6800 based d·2 MPU kit 
complete in unopened package . I ncludes keyboard 
and display, monitor program, 378 bytes pro · 
grammable memory, serial and parallel 10 ports . 
Everything you need except the 5 V 2 A power 
supply to get started in MPUs. Sell for $170, kit 
lists for $235. Steve Kay, 51 Tidewater Ln, Willing· 
bar NJ 08046, 1609) 877·1345. 

SACRIFICE : 8 K 8080A system six parallel 10 
portS ladd two chips for three more PIOs and 
seriall, 3 K PROM board ' Iwlo 27081. 2·4 K 450 
ns low power static programmable memory , TVT-3 
terminal with cursor control, UART brd, 2 K pro­
grammable memory board, Hall effect ASCII 
keyboard , HITS audio cassette interface. All 
boards new, unused , sockets for chips , most boards 
assembled . 5 A supply. edge connectors and card 
guides (ex tra included), case , documentation . 
Bonus 2·60 chip ground plane wire wrap proto 
boards with 96 gold plated wire wrap sockets. 
Sacri fice at fraction of cost $675 Isent UPS!. 
Write for information, David Krivoshik , 18 
Newcomb, Elizabeth NJ 07202. 

FOR SALE : lomec disk drive with single remov­
able 1 M byte platter , with power supply, rack and 
manual. Also : CDC 300 lines per minute drum 
printer with manual. No interfaces available . 
Machines sold as is, neither have been used for 
over 3 years. Asking $1,000 each . Chuck Gahan, 
12781 Taylor St, Garden Grove CA 92645. 

WANTED : Boards for 8008 computer and manual 
for Mark 8 . I hope to find someone who never 
fin ished 'a Mark 8 or MOD 8 and will sell cheaply . 
Larry Bates, POB 664, US 25, Skyland NC 28776. 

FOR SALE : Model 400 M6800 processor 10SI) 
with all documentation, buss holds 8 boards, 4 K 
memory board 13 K on board) , and video board. 
All for $150 or best offer. Tony Preston, 15151 
Ripple Dr, Linden MI 48451 . 

FOR SALE : Tarbell cassette interface board. 
Assembled, checked at factory, with manual. 
For price of kit only $120. E Tattle, 2993 
Yorkway, Baltimore MD 21222. 

FOR SALE : MITS Dual Disk System, 8800A with 
heavy duty power supply, dual disk drive, 40 K 
Seals memory, ADM·1 CRT, Okidata printer, 
2SI0 board, PROM board, disk boot loader on 
PROM, ACR board. 8est after. J R Morrow, 
6501 Harding Rd, E21, Nashville TN 37205, 
1615) 329·1844 days, 1615)352·0599 evenings. 

FOR SALE: Teletypes, ASR33s, one brand new 
in box with manuals , located in Silicon Valley, 
one used only 25 hours, located in Boston. $500 
each or reasonable offer. If interested in either 
one, send postcard to Ralph Guditz , POB 61266, 
Sunnyvale CA 94088. 

FOR SALE : Centronics 101A with lower case 
OPtion, parallel input, switch or software for 
double width characters . Includes stand and paper 
tray. $1200, you pay f reight. Digital Group 8 K 
memory boards 400 ns low power. Two at $200 
each, I pay shipping. 0 L Earle , 729 Milam Bldg, 
San Antonio TX 78205, 1512) 222-0077 or 1512) 
690-0499 . 

FDR SALE : Heath H9 Video Terminal. New and 
completely assembled, $500. Jim Ketcham, 57F 
Sherwood Forest, Wappingers Falls NY 12590, 
1914) 831 ·1709 evenings. 

FOR SA LE : One fully assembled and functioning 
TDL ZPU Z·80 processor card, S250. Includes 
operat ing manual and 1 K monitor . One fully 
assembled Seals battery backup ca rd with batteries, 
S120. Contact James Stanley, =805, 4045 Link· 
WOOd , Houston TX 77025, or call 171"3) 792-4727. 

WE NEED HELPI High school has a Sol System II 
with 32 K and a video tape camera and cassette . 
We would like to interface the two in order to 
produce digitized computer portraits . Send infor­
mation Or suggestions to Bill Games , Franklin HS, 
Stockton CA 95205. 

FOR SALE : RCA COSMAC VIP. Described in 
August 1977 BYTE, page 30. Original cost $276 
in kit form. Will 5811 for $200 complete in running 
order. Albert G Shafer, 683 SW 7th St, Boca Raton 
F L 33432, (305) 395-5633. 

FOR SA LE: 8 YTE volume 1, #1 to · date, for 
best offer. Good condition . Will pack securely 
and ship insured. Also, complete Viatron System 
21 with manuals. Includes 9 inch B&W and 19 
inch color video displav , robot printer. two 
cassette decks, all in good working order. George 
Weiss, 4625 N Kedzie Av, Chicago I L 60625, 
1312) 588·18B5, 

FOR SALE: Diablo Systems Model 31 disk drive 
with Interdata controller. Disk drive is 100 percent 
operational. controller needs some work . Full 
documentation I supplied for both drive and can · 
troller. Best offer over $1200. Tom Ol.en, 655 
South Fairoak. Ave, Apt H206, Sunnyvale CA 
94086, 1408) 737-9353. 

FOR SALE : Technical Design Labs Xitan Alpha 2 
computer. Complete with ZPU, Z-16 116 K static 
low power programmable memory}, 5MB ISystem 
monitor In ROM, 1200 bps c •• sotte 10, two 
serial 10 ports, one parellel 10 POrt) , mother 
board leight slots, currendy using three), power 
supply, card rack, fan, case . Assembled, te"ed, 
fully operational with 8 K BAS IC, e .. embler, 
text editor and text output processor supplied 
on cassette. $1400 buys all, including Pioneer 
CT 4141 cassette deck. An excellent starter 
system. J Crowley, 2931 Queen Ln, Philadelphia 
PA 19129, (215) 842-1517. 

FOR SALE: Assembled .olid state music video 
display and graphics board $125. ($25 under kit 
price)) Extender card with connector $9. Six .Iot 
mother board (can be connected to other board 
for expansion) with 4 connector, $25. Good for 
small expandable system, Send SASE to Gary 
Camp, 158 Pago Pago, Pomona CA 91768, 

FOR SALE : TELETYPE Model 33 ASR, with 
pedestal and GE acoustic coupler assembly . Com ­
plete $400. Full set manuals available. Porta-com 
Model PC8110, standard ASCII complete, with 
internal acoustic coupler and manual cost $900, 
selling for $400. Ron Newland, 206 S Highwood 
Av, Glen Rock NJ 07452, 1201) 444-6872. 

FOR SALE : Sylvanhills DFT·2 flat bed plotter 
with power supply, 17 by 22 inch drawing area , 
mounted on drafting table, could be shipped 
unmounted. Also a Matrix video S ~ 100 bus board 
AL T 256-2, high density graphics with a software 
package for character generation . All items almost 
new. Laddie Chapman, 5715 Klump Av, N 
Hollywood CA 91601 , 1213) 985·5715. 

FOR SALE: TRS·80 Microprocessor with tape unit 
and R F modulator for use with any TV . Brand 
new, still under factory warranty. Only $499 plus 
shipping . Reason for sale : moving up to more 
powerful system. Write R Lufkin, Star Rt I , POB 
4, Charlottesville VA 22901. 

MEDICAL SOFTWARE FOR MICROPRO· 
CESSORS: Now available, patient history, health 
risk profile , differential diagnOSis generators , 
clinical laboratory data analysis, symptom, disease 
and drug cross-indexing, bibliography-reference 
retrieval and others . Write R Lufkin, Sta r Rt 1, 
POB 4, Charlottesville VA 22901. 

HELP: I COUldn 't resist the price so I bought it. 
Model-140 Eldorado computer, 8 K core. Selectric 
typewriter . Desk console. Three magnetic tape 
cassette drives . Programs and compilers. Includes 
a whole business accounting package . I need to 
find schematics in case it breaks . G Kilthau, 7142 
Tours, Houston TX 77036. 

FOR SALE : 2 Digital Group 8 K memory boards . 
Uses 2102-1 chips. ProfeSSionally assembled and 
running perfectly for three months . $200 each. 
L Langrehr, 2069 N Humboldt Blvd, Chicago I L 
60647, or call 1312)262·1600 X491. 



VISIBLE 
OR 

INFRA RED 

USED FOR CHARACTER 
RECOGNITION FOR 
COMPUTERS WITH 

EXTERNAL CIRCUITS 

MAY BE USED IN 
A VACUUM, 

UNDER WATER, 
HIGH ALTITUDE 

IN MAGNETIC ENVIRONMENT 
BECAUSE THERE IS NO 

HIGH VOLTAGE OR 
MAGNETIC DEFLECTION 

MINATURE SOLID STATE 

202 VIDEO CAMERA KIT 
FEATURING A . .. 100 x 100 BIT SELF SCANNING CHARGED COUPLED DEVICE 

THIS UNIQUE UPDATED CAMERA KIT 
FEATURES THE FAIRCHILD CCD 202C IMAGE SENSOR 

ADVANTAGES 
• IN THE FUTURE 

WE WILL SUPPLY A 
COMPUTER VIDEO INTERFACE CARD 

• All clock voltages operate at 6V 
reguiring no adjustments 

• Higher video output signal 
• We supply the power board, so only 

a 5V 1 Amp power source is needed 
• The circuitry has been simplified for 

easier assembly 
• Two level TIL output is supplied for 

interfacing 

FEATURES 
• Sensitive to Infra red 

as well as visible light 
• May be used for IR surveillance 

with an IR light source 
• Excellent for standard 

surveillance work, because 
of light weight and sinall size 

• All components mounted on 
parallel 3314" x 6V2" single 
sided boards 

• Total weight under 1 lb. 

$34900 KIT 
Add $75.00 to assemble and test 
Add $2.00 Postage and Handling 

We supply all semiconductors, 
boards, data sheets, diagrams, 
resistors and capacitors, and 
BMM lens. 
Sorry we do not supply the 
case, batteries and SV supply_ 

FB CPU BOARD KIT 
$99.00 

teBlur.ng FaHbug PSU . l K-of SIaliC ram, AS 232 
Inlertace, documenta lion , 64 BYTE reAis.l!!r 

C/MOS (DIODE CLAMPED) 

400 1 - .184016 - .,. 4027 - .37 4053- 1.10 
4002 - .184017 - .90 4028 - ... 4055- 1.25 
'006 - .954018 - .so 4029 - .95 406&- .1. 
4007 - .IB 4019- .Jl 4030- .JJ 4071 - .IB 
4009 - .Jl 4020- .so 4035 - .91 4076 - .91 
4010 - .ZI 4021 - .90 4042 - .6' 4518 - 1.00 
4011 - .184022 - .90 4046 - 1.35 74CIO .22 

4047 _ HCI93 .OS 

'111.-4KSTA.TICRAMI45On11 .......... ...... S 8.50 
52801210'1841( DVN .... IC RAM ....... '4.2a 
TMS 4050L ~ .. .. ............ .... ~ ._............ S 3.8a 
a204·41( -ROM .... _................... S 4 . SIl~ 
82523 ...... _ ................ _ .. _...... . $ l .e6 
AV·6-1013UART ........ _........ S " .U 

a70~~~~\E~:~lf/~Tt;~vERT£R 

SOL.DERLESS 8 

264L - ~t8R~~~I~E .~~.1.~~ ....... S12.50 
2 1 2R - POWER BOARD ... .......... S 2.50 

2248L - ~~ ~~~lL~ ~~.I.~.:'... .... . $ 10.00 
209R - POWER BOARD ............. $ 2.25 

IC TEST CLIPS 
TC·14- '4.50 TC-16 - S4.75 

CHARGED COUPLE DEVICES 
ceo 321 AH2-512 audio analog 5.R •. . . $95.00 
ceo 201e 10011100 Image SenIOr. $95.00 
ceo :Z02C 10011100 Image Sensor . .... $ 145,00 

VERI PAX PC BOARD ..... . . . ..•• • $4.00 
This board II • 1/16",lngl •• idad peper epollV 
be-rd, 4W'1I6W' DRILLED end ETCHED which 
will hold UP to 21 .Ingle 14 pin IC', or 8 , 16 or LSI 
DIP IC', with bUlle, for power ,upplv cannKtOr. 

FP 100PHOTO TRANS . . .. . .. . S .50 
REO. YE LLOW, GRE EN or AMBER 

LARGE LEO's .2" ... 6/S1.OO 
TIL-1180PTD-ISOLATOR ...... S .75 
MOLEX PINS. . . ... . . 100/$1.00 

10001$8 .00 
10 WATT ZENERS 3.9. 4.7 . 5.6. 8.2. 

lB .22.100 ,1500r200V . ea. S .60 
1 WAn ZENERS: 3.3.4.7.5.6.9.1.1 0 . 

12_ 15. lB . or 22V .. . .. 7/S1.OO 
MC6860 MOOEM CHIP . . . . . .. 59.95 
MCM 6571A 7)( 9 character Q8n S10.75 

Silicon Power Reclillers 

REGULATORS 
$ .95 340K·1 2.15 
$ .50 or 24V. .... S .95 
S .60 340T-5. 6. 8 , 12 

15, 18 or 24VS .95 
$1.00 78 MG ..... $1.35 

79 MG $135 

TRANSISTOR SPECIALS 
2N6233·NPN SWITCHING POWER $ 1.95 
MRF-8004 a CB RF Tran".tor NPN S 1.50 
2NJ772 NPN 51 TO·J .. . S 1.00 
2NI546 PNP GE TO·3 . . .. $ .75 
2N4908 PNP 51 TO·3 5 1.00 
2N6056 NPN SI TO·3 DlII hn!ll0n 5 1. 70 
2N5086 PNP SI T.o -92 . . .. .. . 4 /5 1.00 
2N3137 NPN SI RF . . $ .85 

2NJ919 NPN SI TO·l RF .. . . S 1.50 
2N1420 NPN SI TO 6 .. .. ..... 3/$ 1.00 
2Nl767 NPN SI TO-66 . S .70 
2N2222 NPN SI TO·18 . . . . 5/S 1.00 
2N30SS NPN 51 TO·3 . S .60 
2Nl904 NPN 51 TO-92 . . _ . 5/S 1.00 
2N3906 PNP 51 TO·92 . . . ... SIS 1.00 
2N5296 NPN 51 TO ·nO . _ . S .50 
2N6109 PNP 51 TO·nO . . 

7400- .13 
7401- .13 
7.02- .13 
7.03- .13 
7404- .15 
7405- .13 
7406- .18 
7.07- .20 
7408- .18 
7409- ,18 
7410- .13 
7411- .18 
7412.:. .13 
7413- .36 
7414- .eo 
7418- .22 
74",- .26 
7420- .13 
7425- .25 
7426- .22 
7427- .19 
743D- .13 
7432- .22 
7437- .21 
7.38 .... 21 
7440-
7441-

ALeo 

TO·5 . 

7445- ,65 
7448- .88 
7447- .58 
7448- .&8 
7450- .15 
7472- .25 
7473- .28 
7474- .28 
7475_ .45 
7478- .30 
7480- .31 
7483- .86 
7485- .87 
1486- .28 
7490- .42 
7491- .58 
1492- .43 
1493- .43 
7494- .81 
7495- .65 
7496- .815 

14101- ,28 
74121- .29 
74122- .38 
14123- .45 

.40 

.40 

MT A 106 SPOT 
MTA 20S OPQl 

14161- .81 
74153- .61 
14154- .94 
74165- ,58 
74157- .55 
74181- .55 
74183- .1515 
74164- .85 
1416&- .95 
74170- 1.68 
74173- 1.20 
74114- .95 
74115- .85 
74176- .15 
74117- .75 
74180- .65 
74181- 1.90 
74190- 1.00 
74191- 1.00 
74192- .79 
74193- .19 
14194- .80 
76325- 1.50 
74198- .88 
74219- .55 
74361- .85 
16491- .50 
75492- .60 

MTA 208 P·DPDT CENTER OFF 
MSO 206 P·DPDT CENTER OFF 

.9' 
1.70 
1.815 
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DIP SOCKETS 
8 PIN .17 N PIN .35 

It! PIN .20 28 PIN .40 

16 PIN .22 40 PIN .60 
18 PIN .25 

LM 101 - .75 

'''~Sln _ " 
LM 3Om.8 ." 

JRSI3l - ." LMJOl .,. 
, 4UU') - ." LMJ" - .15 
'4U1151 _ :: LMJlI - .15 
'.UISl _ LM318 -1.20 J.UII>!i -

~ 
, .LSIM - LM319 - .95 
,.UI$J _ LM324 - .1. 
'.UIIIO _ LM339 -1.10 
HLSIII_ LMJ .. - .1. 
'.1.$112 - .00 
Hl,ll5.l - .00 LM370 -1.15 
14111A _ .00 LM377 - 1.60 
14l1ll19_ .act LM'" - .95 
HU110 - 1.10 LM 381 - 1.25 '.UIU - 1.00 '.L'I'. ~ .J5 LM382 - 1.25 
J.UIn. _ .n LM537 -2.50 

m::*=': LM65J -250 
LMfi55 - .J9 

HUIt2 - .to LM'" - .85 
'."'"l ~ .to NE540L -2.25 
~:!::::: :: 560 - 2.00 

;:t~i : l: 56' ... ... 
566 : !!~~ 

ll~~~ ~ 
561 ,., - .00 , .. - .25 71. - .J5 
'.'Co< v - .75 

::~= : :: '" - .60 
'~ 1.U&1 _ .&1 LM 1310 - "2.50 
7~LUtSI - .12 "'. - .os 
7~une _ .110 " .. - .5O 
7~LIlI8 - .lS CAl048 - .15 ULIJ39O - 1.&0 
,.LIt70 _2.oo , ... - .'. SOl8CC - 3.80 

'S1 - l .iS 
lFJ56H - 1.20 

TRIACS SCR'S 
PRV lA lOA 2-;,A 1.5A 6A 35A 

100 .40 .70· 130 .40 .50 1.20 
'200 .70 1.10 1.75 .SO .70 1.60 
400 1 10 1 60 260 1 00 1 20 220 ... . .... 

Terms· FOB CamMdge. Mass S,,,d 25, 10, ,,", 001.,10. 1,· .... ,,,,. 6$' SOLID STATE SALES WE SHIP OVER 95% 
Send Check 01 Monor0rder T',lm' ~ lnt .... llld RcC1t ll c r ~ POBOX 74E OF OUR ORDERS THE 
~:;:~~:::.ICS;·~~~oom 145 Hdmp~h trt, S, C.llnbrtd~w M , I ~~ S~~EHVll LE . MASS 02143 TEL '617) 547 7053 DAY WE RECEIVE THEM 
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To get further information on the products advertised in BYTE, fill out the reader service cord with y our nome and address. Then circle the 
appropria te numbers for the advertisers you select from the l ist. Add a 13 cent stamp to the cord, then drop it in the moll. Not only do you 
gain information, but our advertisers ore encouraged to use the marketplace provided by BYTE. This helps us bring you a bigger B YTE. 

Inquiry No. Page No. Inquiry No. Page No. 

AAA Chicago Computer Center 155 110 Dynabyte 83 
* A·A-A-A Computer How's 196 115 Electrolabs 183 
4 Administrative Systems 107 120 Electronic Control Technology 158 
6 AJA Software 114 125 Electronic Systems 189 
7 ALTOS Computer Systems 19 130 Electronics Warehouse 191 
8 American Digital Development 190 132 EMM/CMP 118 
9 Anderson Jacobson 133 136 EMM/Semi Inc 158 

10 Anderson Jacobson 75 133 Entelek 196 
12 AP Products 126 140 Forethought Products 74 
11 Apparat Inc 196 142_ Functional Automation 190 
14 Apple Computer 14 148 GRT Corporation 31 
15 Apple Computer 15 149 GRT Corporation 138, 139 
* Art-by-Computer 153 153 Hamilton Logic Systems 182 

20 Artec Electronics 79 156 Hazeltine Corp 34, 35 
17 A TV Research 1 B2 160 Heath Company 1 7 
25 Atwood Enterprises 180 170 Hobby World 179 
18 AXIOm 5 171 Home Computer Centre 196 
19 Base II 57 172 lEE Corporation 204 
30 Beckian Enterprises 180 175 IMSAll1 
31 Bit Basement 182 178 I nnotronics 157 
29 BITS 61 179 Integrand 131 
32 BITS 93 180 Integrated Circuits Unlimited 193 
33 BITS 95 183 International Data Sciences 157 
34 BITS 99 185 I nternational Data Systems 98 
35 BITS 103 193 J & E Electronics 196 
38 BITS 111 195 Jade Company 181 
37 Bootstrap Enterprises 89 200 Jameco Electronics 194, 195 
36 Buss 155 201 Jim-Pak CIII 
* BYTE Back Issues 145 203 Kalin Associates 190 
* BYTE Bound Volumes 29 207 LMN Electronics 197 

• * BYTE Wats Line 144 215 Logical Services 62 
39 California Industrial 185 217 Manchester Equipment 182 
40 Canada Systems 135 219 Marinchip Systems 140 
43 Capitol Equipment Brokers 134 223 Micro-Madness 204 
45 Central Data 43 240 Microware 13 7 
50 Centronics 63 247 Mikos 199 
51 Chrislin Industries 190 250 Mini Micro Mart 142 
62 Computer Age 196 265 mpi 149 
64 Computer Components 204 273 National Digital Diagnostic 190 
65 Computer Corner 204 275 National Multiplex 69 
70 Computer Enterprises 124 280 Netronics 121 
71 Computer Factory 144 283 Newman Computer Exchange 120 
75 Computerland 49 285 North Star Computer 27, CIV 
74 Computer Mart of MA 190 286 Northwest Microcomputing Sys 7 
76 Computer Mart of NJ 146 287 Northwest Microcomputing Sys 127 
76 Computer Mart of PA 146 290 Ohio Scientific Instrument 20-23 
77 Computer Pantry 204 291 Oliver Advanced Engineering 125 
79 Contract Services Associates 145 293 Osborne & A ssociates 81 
80 Cromemco 1, 2 * Owens Associates 204 
91 Digital Pathways 134 294 Pacific Digital 135 
95 Digital Research (CA) 146 296 Pacific Office Systems 199 

100 Digital Research (TX) 187 297 Page Digital 188 

Article No. ARTICLE PAGE 

Allen-Rossetti : On Buirding a Light-Seeking Robot Mechanism 24 
2 Forsyth-Howard: Compilation and Pascal on Microprocessors 50 
3 Nelson: Microprocessor Update: The Number Crunching Processor 64 
4 Alpert: Pascal: A Structurally Strong Language 78 
5 Penniman: Philadelph ia's 179 Year Old Android 90 
6 Williams: Antique Mechanical Computers, Part 2 96 
7 Mundie: In Praise of Pascal 110 
8 Bowles: Pascal versus COBOL 122 
9 Weems: Designing Structured Programs 143 

10 Ciarcia: Let Your Fingers Do the Talking 156 -
11 Hastings: JACPOT -166 
12 Schwartz: Pascal versus BASIC 168 
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Inquiry No. Page No. 

298 PAIA Electronics 105 
292 PanaVise 119 
288 PCE Electronics 182 
299 Pentech Inc 182 
301 PerCom Data 46 
266 PerSci 87 
267 Pers & Small Business Cmptr Show lOB, 109 
268 Personal Computing Co 196 
302 Personal Computing '78 76, 77 
2B9 Pet Shack Software House 204 
312 Pharmassist 196 
303 Poly Paks 203 
304 Priority I 201 
305 Processor Technology 8, 9,10,48 
306 PRS Corp 55 
307 Ouest Electronics 188 
308 Rondure Co 197 
311 S-100 107 
310 Scelbi 39 
322 Scelbi/BYTE Primer 115 

* Scientific Research 37, 59 
309 S & 0 Computer Technology 204 
313 Seattle Computer Products 100 
316 Michael Shrayer Software 71 
317 Silver Spur 204 
320 Smoke Signal Broadcasting 73 
330 Software Records 153 
335 Solid State Music 47 
340 Solid State Sales 207 
350 Southwest Technical Products CII 
354 Stirling Bekdorf 123 
351 Structured Systems Group 13 
353 Super Surplus Sales 205 
356 Synchro Sound 44, 45 
360 Tarbell Electronics 51 
370 Technical Systems Consultants 85 
372 Technico 101 
371 Teletek 53 
377 Transition Enterprises 182 
376 TransNet Corp 60 
379 Trenton State College 128 
381 Tri-Tek 205 
383 Ultra Violet Products 125 
386 US Robotics 182 
384 Video Spectrum-I ndustries 129 
378 Vamp 182 
387 Wameco 183 
143 Whales 111 
393 Wintek 149 
395 Worldwide Electronics 196 
400 Xitex 136 

*Correspond directly with company. 

BOMB's Vacation 

The Bam b Analysis for May 1978 BYTE 
found Mark Gottlieb's "Hidden Line Sub­
routines for Three-Dimensional Plotting," 
page 49, receiving the highest score, with 
Larry Weinstein's "A Programmable Char­
acter Generator, Part 1 : Hardware," page 79, 
receiving second place. Since our pocket 
calculator's batteries had run down and the 
charger got misplaced, we'll omit the statis­
tical analysis this month ... CH-
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One-Stop 

Cotnponent Center 
electronic componeonts 

ALABAMA 
Mobile 
ALASKA 
Anchorage 
AR IZONA 
Flagstaff 
Fountain Hills 
Tempe 

AUTHORIZED DEALERS 

Sierra Vis ca 
Yuma 
CALIFORNIA 
Bellflower 
Berkeley 
Brea 
Cypress 
EI Monte 
Fontana 
Fullerton 
Glendale 
Lake Tahoe, South 
Lancasrer 
Long Beach 
Mission Viejo 
Modesto 
Monterey 
Oceanside 
Palmdale 
Palo A lto 
Pasadena 
Riverside 
Sacramento 
Sacramento 
Sacramento 
San Bernardino 

San Carlos 
San Diego 
San Diego 
San Fernando 
San Francisco 
San Francisco 
San Jose 
San Luis Obispo 
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San ca Barbara 
Santa Cruz 
Santa Maria 
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Sunnyvale 
Torrance 
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Ventura 
Walnut Creek 
Westminster 
Whirrier 
COLORADO 
Aurora 
Steamboat Springs 
CONNECTICUT 
Bridgeport 
FLORIDA 
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Orlando 
Tampa 
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Atlanta 
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Aiea 
Honolulu 
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Niles 
Oak Park 
Rockford 
Schaumburg 
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East Ch icago 
Hammond 
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La fayet te Radio Electronics 

Electronics Corp. of Alaska 

Jim's Audio & Stereo Repair 
P & C Communications 

Computerworld Inc. 
B & S Electron ics 
Yuma Electronics 

Earl's Hobby Shop 
AI Lasher Electronics 

Cen tury Elec tronics 
SCR Electronics 
K imba/l & Stark 

Fontana Electronics 
Or vac Electronics Inc. 

Eagle Electron ics 
CalPine Electronics 

Consumer Electronics 
Scott Radio Supply Inc. 
To wer Electronics Corp. 

Compu ter MagiC 
Zackit 

Electronic Center 
Radio Shack A.S C. Palmdale 

Zack Electronics 
Dow Radio I nc. 

Computer Cen ter 
Heathkit Electronic Center 

The Radio Place 
Zackit 

Inland Computer 
& Electronics 

J & H Outlet Store 
Radio Shack A. S C. Mira Mesa 

Radio· Tronics Inc. 
San Fernando Electronics 

Zack Electronics 
Z eni th Distributing Corp. 

Quemen t Electronics 
Mid-State Electronic Supply 

Electronics Plus 
Lombard Electronics 

Santa Cruz Electronics 
Caps Electronics 
Mission Con trol 

Sunnyvale Electronics 
SE Electronics 

Zacki t 
Th rifty Electronics Supply 
Lombard's Electronics Inc. 
Byte Shop of Walnut Creek 

JK Electronics 
o & S Electronics 

Com Co Electron ics 
Norm's TV & Electronics 

Bridgeport Computer 

Computers For You 
Lafayette Radio 

Lakeland Specialty Electronics 
A ltair Computer Center 

AMF Elee rronics 
Microcomputer Systems 

Atlanta Computer Ma r t 

Delcoms Hawaii 
Integra ted Circuit Supply 

Audiotronics 

L afayette Radio 
Itty Bitty Machine Co. 

Tti-State Electronic Corp. 
Computer Systems Center 

Moyer Electronics 
Tri·State Electronic Corp. 

Computer Land 
Spectronics Inc. 

Im p erial Computer Systems 
Data Domain 

Acro Electronics Corp. 
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Bridge Elec. Computer Cen ter 
Computer Store of Davenport 

Elec tron ix Limited 

Electronic Surplus Sales 

KANSAS (Continu ed) 
Manhattan Communications Specialties Ltd. 
Wichita Ama teur Radio Equipment Company 
KENTUCKY 
Lexington 
LOUISIANA 
Baton Rouge 
MARYLAND 
Baltimore 

Bal timore 
La Vale 
Rock ville 
Silver Spring 
Towson 

Radio-Electronic Equipment Co. 

D avis Electronics Supply Co. 

Computer Workshop 
of Baltimore 

Everything Electronic 
J & M Elec tronics 

Computer Workshop 
Computers Etc . 

Baynesville Electronic Inc. 
To wson 
MASSACHUSETTS 
Medford 

Computers Etc. 

Tufts Electronics 
Electronics Supply Center 

Computer Mart Inc. 
RM Electronics Inc. 

North Adams 
Waltham 
Worcester 
MICHIGAN 
Ann Arbor 
Flint 
Grand Rapids 
L ansing 
Mt. Clemens 

MINNESOTA 
Duluth 
Eagan 
Hopkins 
MISSOURI 

A irwa y Electronic Communications 
Hobby Electronic Center 

Micro Compu ter World 
Fulton Radio Supply Co. 

The Computer Store 

Northwest Radio of Duluth 
Computer Room Inc. 

Heathkit Electronic Cente r 

EI Dorado Springs 
Parkville 

Beckman Electronics 
Computer Workshop 

of Kansas City 
MONTANA 
Billings 
NEBRASKA 
Lincoln 
North Platte 
Omaha 
NEVADA 
Las Vegas 
NEW JERSEY 
Bayville 
Bricktown 
Cherry Hill 
Hoboken 
Paterson 
Pompton Lake 

Ramsey 

NEW YORK 
Albany 
Kingston 
New York 

Conley Radio Supply 

Altair Compu ter Center 
Scot t Radio Supply Corp. 

Omaha Computer Store 

Century 23 

A. R.S. Communications Services 
Radio Shack Associa te Score 

The Computer Emporium 
Hoboken Computer Works 

AII· tronics 
Computer Comer 

of New Jersey 
Type tronic Computer Store 

Fort Orange Electronics 
Greylock Electronics 

Computer Mart of New York 

NEW YORK (Continued) 
Rensselaer Com- Tech Electronics 

2001 Microsystems 
Trojan E lec tron ics 

Th e Computer Corner 
Hirsch Sales Co. 

Rochester 
Troy 
White Plains 
Williamsville 
NORTH CAROLINA 
Durham Fucureworld 

Byte Shop 
Byte Shop of Rale igh 

Greensboro 
Raleigh 
OHIO 
Bucyrus 
Cincinnati 
Columbus 
Dayton 
Reynoldsburg 
OKLAHOMA 
Guymon 
Oklahoma City 
Tulsa 
OREGON 
Albany 
Beaverton 
Coos Bay 
Medford 
Ontario 
Portland 
Salem 
PENNSYLVANIA 
Drexel h fll 
Erie 
H erS/ley 
Murraysville 

Phoenixville 
Pittsburgh 
Wilkesbare 
York 
RHODE ISLAND 
Cranston 
Pawtucket 

Mead Electronics 
Digital Design 

Heathkit Electronic Center 
Altair Computer Cen ter 

Universal Amateur Radio 

Sound Service 
Bits, Bytes & Micros 

High Technology 

Oregon Ham Sales 
Altair Computer Cen rer 

Herrick Electron ix 
Portland Radio Supply 

M iller Elec tron ics 
Portland Radio Supply 

Computer Pa th ways 

Kass Electronic Distributors 
Warren Radio 

Microcomputer Systems Inc. 
Computer Workshop 

of Pittsburgh 
Stevens Electronics 

Tydings Company 
Hamline Elec tronics 

G. Y. C. Company 

Jabbour Electronics City 
Jabbour Electronics City 

SOUTH CAROLINA 
North Charleston 
TENNESSEE 

Technical Services Inc. 

Chattanooga 
Clarksville 
Knoxville 
Memphis 
Memphis 
Oak Ridge 
TE X AS 
A marillo 
Dallas 
Houston 
Houston 
San Antonio 
UTAH 
Provo 
VIRGINIA 
Alexandria 
Alexandria 
Charlottesville 
Hampton 
Richmond 
Roanoke 
Springfield 

Virginia Beach 
WASHINGTON 
Bellevue 
Kennewick 
Longvie w 
Pasco 
Richland 
Seattle 
Seattle 
Spokane 
WEST VIRGINIA 
Morgantown 
Morgantown 
R ipley 

CANADA 

William 's Data Comp Division 
Masstron ics 
Byte Shop 

Bluff City Electron ics 
Sere- Rose & Spencer E lectronics 

Computer Denn 

Compu ter Encounters Inc. 
CompuShop 

Altair Computer Center 
Interac tive Computers 

Sherman Electronics Supply Inc. 

Alpine Electron ic Supply Co . 

Computer Hardware Store 
Computers Plus Inc. 

L afayette Electron ics 
Lafaye tte Radio 

Computers- To -Go 
The Computer Place 

Computer Workshop 
of North Virginia 

Heathkit Electronic Center 

Altair Computer Cen rer 
C & J Electronics 

Progress Electron ics 
Riverview Electronics 

C & J Electronics 
C-Com 

Empire Electronics 
Personal Computers 

The Computer Corner 
Electro D is tributing Co. 

Thompson's Radio Shack 

Alberta (Calgary) 
Ontario (Williowdale) 
Quebec (Mon treat) 

The Computer Shop 
Home Computer Centre 

Wang's Microcen ter 

PANAMA 
Panama City 
Panama City 

FRANCE 
Paris 

SINGAPORE 

Electrotecn ia s.A. 
Sonilel, SA. 

Computer Boutique 

Inter-Trade (PTE) Ltd. 

SEE YOUR LOCAL J!ro.j~P':~ DEALER TODAYI 
For Dealer Information, write or phone JIM-PAK~ 1021 Howard Ave_, San Carlos, California 94070 (415) 592-8097 
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Look To The North Star HORIZON Computer. 
HORIZON lM _ a complete, high-performance microprocessor 
system w ith integrated floppy disk memory. HORIZON is 
attractive, professionally engineered, and ideal for business, 
educational and personal applicatic ns. 

To begi n programming in extended BAS IC, merely add a CRT 
or hard-copy terminal. HORIZON-1 includes a Z80A processor, 
16K RAM, minifloppy ™ disk and 12-s lot S-100 motherboard 
w ith seri al terminal interface - all standard eq uipment. 

WHAT ABOUT PERFORMANCE? 
The Z80A processor operates at 4MHZ - double the power of 
the 8080. And our 16K RAM board lets the Z80A execute at 
full speed. HORIZON can load Of save a 10K byte disk program 
in less than 2 seconds. Each diskette can store 90K bytes. 

AND SOFTWARE, TOO 
HORIZON includes the North Star Disk Gperating System and 
fu ll extended BASIC on diskette ready at power-on. Our BAS IC, 
now in w idespread use, has everything desired in a BAS IC, in­
c luding sequential and random disk fi les, formatted output, a 
powelfulline editor, strings, machine language CALL and more. 

EXPAND YOUR HORIZON 
Also ava il ab le- Hardware fl oat ing point board (FPB); add i­
t ional 16K memory boards with parity option. Add a second 
disk drive and you have HORIZON-2. Econom ica l serial and 
para llel I/ O POltS may be installed on the motherboard. Many 
widely avai lab le S-100 bus peri phera l boards can be added to 
HORI ZON,. 

QUALITY AT THE RIGHT PRICE 
HORIZON processor board , RAM, FPB and M ICRO DISK SYS­
TEM can be bOLlght separately for either Z80 or 8080 S-100 bus 
systellls. 

HOR IZON-1 $1599 kit; $1899 assembled. 
HOR IZON-2 $1999 kit ; $2349 assembled. 

16K RAM-$399 kit ; $459 assembled; Parity opti on $39 kit; $59 
assembled. FPB $259 kit ; $359 assembled. Z80 board $199 kit ; 
$259 assembled. Prices subject to change. HORIZON offered 
in choice of wood or blue metal cover at no extra charge. 

Write for free co lor catalogue or vis it your loca l computer store. 

NORTH STAR * COMPUTERS 
2547 Ninth Street · Berkeley, Californ ia 94710 • (415) 549-0858 
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