














































Photo 7: In this example, 
Educator-8080 is shown 
before (left) and after 
(right) the execution of an 
XRA A instruction. The 
effect of this instruction is 
of course to clear the ac­
cumulator A, as is shown 
at the right. 

Explore an 8080 

with Educator -8080 
Charles P Howerton 
President, Digital Group Software Systems Inc 
PO Box 1086 
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What Is an Educator? 

Educator-8080 was designed as a class­
room instruction aid for a microprocessor 
programming course. The principal design 
goals were to deve lop a system which would 
illustrate the architecture of the mach ine 
and the effect of the execution of various 
instructions. For example, the reader might 
ask to what use the logical EXCLUSIVE OR 
function may be put in an 8080. This 
function, which operates on each bit, has a 
value of 1 if e ither of the two operands or 
arguments, but not both, has a value of 1; 
otherwise it has a value of O. The Edu­
cator-8080 can simply illustrate this 
function. In the example shown in photo 1 
(left and right), both arguments of this 
function are equal: the first argument is the 
value in the accumulator (A) and the second 
argument is also the value stored in the 
accumulator (A). The function value (ie: the 
result) is placed in the accumulator after 
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execution. The left photo shows the ac­
cumulator (and other registers, etc, which 
are not affected) before execution of the 
instruction XRA A, and the right photo 
shows it after execution. The result is that 
the accumulator (A) is cleared, ie: it con­
tains eight 0 bits. This result is consistent 
with the definition of the EXCLUSIVE OR 
above: Whenever both bit arguments are 0, 
or are 1, a value of 0 is returned. This 
example shows that the Educator-8080 is a 
convenient means to illustrate rather com­
plex ope rations which facilitate learning the 
instruction set and architecture without the 
tedium of plowing through books. A sub­
ordinate goal was to implement the entire 
system with the exception of the physical 
input output routines and the stack in 1024 
bytes of memory. All of the design goals 
were met. In addition, if the 10 devices are 
ASCII oriented, a reduction in the length of 
the error messages (perhaps I imiting them to 
the e rror code number) should provide 
sufficient space for the inclusion of the 
physical input output routines and the stack 
within the 1 K byte memory space. 

Educator-8080 is written in a fairly 
straightforward manner and it should not be 
particularly difficult to adapt it to any 8080 
system with more than 1 K bytes of pro-



grammable memory, a keyboard, and an 
output device of some kind . It is designed to 
operate with a television disp lay device and 
to dynamicall y show the resu lts of the 
execution of the input commands. 

It wou ld probably be desirab le to modify 
the disp lay function somewhat if the output 
device is a hard copy device such as a 
Te letype. The content could be the same but 
the elimination of blank lines and printing 
the titles only every 10 or 15 instructions 
wou ld speed things up considerably on a 
Teletype device. The input output routines 
required to adapt Educator-8080 to almost 
any system are described functionally but 
are not given in detai l. They should be 
adapted from routines already in use for a 
given system. 

The Instruction Set 

The Educator-8080 instruction set is a 
subset of the 8080 instructio n set. The 
commands implemented within Edu­
cator-8080 were selected to provide repre­
sentative instructions from most of the 
functional instruction groups. Since the in­
structions are to be executed one at a time 
from keyboard input, there was no need to 
incorporate any of the Jump, Call or Return 
instructions; however, since the f lags are 
displayed after each operation, it is very easy 
to determine whether or not a given con­
ditional Jump, Call or Return wou ld cause a 
transfer of control by simply observing the 
setting for the flag whose status is being 
tested. In addition, because of memory 
limitations none of the instructions which 
cause memory to be read or written were 
implemented. Finally, no instruction whose 
action could not be readily observed was 
implemented. 

To keep the disp lay as unc luttered as 
possible the registers wh ich cou ld be ac­
cessed by Educator-8080 instructions were 
lim ited to the accumu lator and the Band C 
registers. It would not be particu larly dif­
ficult to incorporate the rest of the registers 
into the disp lay and as operands for the 
Educator-8080 instruction subset. However, 
unless the ability to address memory is 
desirable the on ly instructions which cou ld 
be added to the subset wou ld be the DAD 
and the XCHG . 

The instruction subset and the valid 
operands for each instruction are shown in 
tab le 1. Tab le 2 contains the corresponding 
information as it is loaded into the com­
puter's memory and used by Educator-8080. 

Immediate Operands 

Almost half of the instructions supported 
by Educator-8080 require immediate 

Table 7: Command List for Educator-808a. In order to illustrate the 
operations of the 8080 processor, Educator-8080 interprets a subset of the 
8080's instructions. The subset generally references the accumulator, A, and 
registers B or C; it excludes all branching and program control operations. 
The complete list of available operations is found in this table. 

Command 

AC I, 

AOC . 

ADD r 

A D I, 

A N A r 

ANI I 

CMA 

CMC 

CM P r 

CPt , 

OAA 

DCA r 

DCX r p 

INA I 

INX rp 

M V I r ,i 

MO V r ,S 

NO P 

OR Ar 

OA I I 

RAl 

RAR 

Rl C 

RRC 

Saar 

S81, 

STC 

SUB r 

SUI I 

X R A r 

XAl r 

Key : 

Values for 
FLAGS , 
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Description of Operation 

Add Ih e valul ~ 0 1 Ihl ~ Carry Flag and Ihe valu e 0 1 Ihl! 
lIIull t!dr a te o perand i to Ihe cont e nt s 0 1 th,: 

accumulator 

Arkl th e va lue 0 1 the Carry Flag and the co m e nt s 0 1 
regis te r r 10 Ih e CQ rH e ll1 S 0 1 Ih e .ccumulator . 

Acid thl~ content s 0 1 register r 10 th e accumulator . 

Add t he value 0 1 th e im mediate o perand i to th e 
8ccumul.to,. 

L ogically AND the contents o f regi ster r With the 

accumulator . 

Log ically -AND the value o f the immed iate operand 
i' wit h the content S o f the accumulator , 

Complemen t the contents o f the accumulator , 
changing all o f the leros to ones and all 01 the o nes 
to zeros . 

Complem ent the value 'o f the Carry Flag ; if it is 

lero ma ke it o ne, or i f it is o ne m ak e it zero . 

Compare the contents o f register r Wi th the con ten ts 

0 1 t he accumulator . 

Compare the value o f th e immediat e operand i Wi th 

t he co n tent S 0 1 the accumulator , 

Decimal ad j us t the va lue in the accumulator (af ter an 
ar ithmet iC command uSing d ecimal numbers). 

Decrement (subtract 1 h oml t he conte nt s o f 
renls ter r 

Decre m en t th ~ content s 0 1 t he reg ister pair rp , 

I ncremen t (add 1 tal t he contents o f regi ster r . 

I ncrem ent the con tents o f t he r eg ister pai r rp , 

M ove the value o f the im med ia te operand i i nt o 
register r . 

M ove the va lue o f t he conten ts o f r eg ister s int o 

reg ist er r leav ing s unchanged . 

No operat ion · d o not h ing , 

Logica l ly O R the co nt ent s 01 r egi ster r w it h the 
accumulator , 

Logica ll y O R the value o f the im m ed iate o peran d 
i wi th the accumulator . 

Ro tate the contents 0 1 the accumulator lelt o ne b i t 
posi t ion w it h the high o rder bi t going to the Carry 
Flag and th e Carry Flag go ing i n to the low order b it 
o f the accumulator . 

-Flags-
P Z SAC 

x X X X X 

x X X X X 

X X X X X 

X X X X X 

X X X X 0 

X X X X 0 

N N N N N 

N N N N X 

X X X X X 

X X X X X 

X X X X X 

X X X X N 

N N N N N 

X X X X N 

N N N N N 

N N N N N 

N N N N N 

N N N N N 

X X X 0 0 

X X X 0 0 

N N N N X 

R o tate the conten ts o f the accumulator right one N N N N X 

bi t posit ion wi th the low order b i t 0 1 the accumulator 

90in9 i n to t he Carry Flag and the Carry F lag going 

inl o the hig'h o rd er bit 01 the accumulator . 

Ro tate' the contents of the accumu lator left o ne N N N N X 

bi t pos itio n wi th the h igh order bit go ing into bo th 

the low ord er b i t and the Cerry Flag. 

R o tate the co nten ts o f th e accumulator right o ne b i t N N N N X 

pos itio n with the low order b i t go ing into bOlh the 

h igh o rder bit and the Carry Flag . 

Subtrac t the va lues o f the Carry Flag and regis ter r X X X X X 
f ro m the accumulator , 

Subt rac t the values 0 1 t he Carry Flag and the X X X X X 
immediate operand i Irom the accumu lator , 

Se t the Carry Flag to a 1 v<;l luc , N N N N 1 

Sub t ra c t the con ten ts of regis ter r f ro m Ihe X X X X X 
accumulator . 

Subtract the va lue o f Ihe im mediate o perand i fr om X X X X X 
accumulator . 

Log ica ll y Exc lusive OR the cont ent s o f regist er r X X X 0 0 
With t he accumulator . 

Logica ll v Excl USIve OR the value o f the immediate 
operand j w ith the eccumulator . 

any va l id immed iate o perand !see tex t!. 
any o ne o f th e three reg iste rs display ed A , B , o r C. 

x X X 0 0 

rp m ust be the reg ister pa i r B and C which is d esignated B . 
S anyone o f the three reqlstCrs displayed A . 8 , or C 

X Changed va lue depends o n operands and command . 
o Re set to le ro always . 
1 Se t to o ne always . 
N No t changed b y this comm and . 
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