
Photo 1: ln this exomple,
Educotor-8080 is shown
before (left) and after
(rignil tne execution of on
XRA A instruction. The
effect of this instruction is
of course to cleor the oc-
cumulotor A, as is shown
ot the right,

What ls an Educator?

Educator-808O was designed as a class-
room instruction aid for a microprocessor
programming course. The principal design
goals were to develop a system which would
il lustrate the architecture of the machine
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 bi! has a
value of 1 if either of the two operands or
arguments, but not both, has a value of 1;
otherwise it has a value of 0. The Edu-
cator-8080 can simply i l lustrate this
function. ln 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

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 rhe definit ion 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-8O8O is a
convenient means to i l lustrate rather com-
plex operations which facil i tate 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. ln addition, if the lO devices are
ASCI I oriented, a reduction in the length of
the error messages (perhaps l imiting them to
the error 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 f airly
straightforward manner and it should not be
particularly diff icult to adapt it to any 8080
system with more than 1 K bytes of pre
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grammable memory, a keyboard, and an
output  device of  some k ind.  l t  is  designed to
operate wi th a te lev is ion d isplay device and
to dynamical ly  show the resul ts  of  the
execut ion of  the input  commands.

I t  would probably be desi rable to modi fy
the d isplay funct ion somewhat  i f  the output
device is  a hard copy device such as a
Teletype.  The content  could be the same but
the e l iminat ion of  b lank l ines and pr int ing
the t i t les only  every 10 or  15 inst ruct ions
would speed th ings up considerably on a
Teletype device.  The input  output  rout ines
required to adapt Educator-8080 to almost
any system are descr ibed funct ional ly  but
are not  g iven in deta i l .  They should be
adapted from routines already in use for a
given system.

The Instruction Set

The Educator-SO8O instruction set is a
subset of the 8080 instruction set. The
commands  imp lemen ted  w i th in  Edu -
cator-8080 were selected to provide repre-
sentative instructions from most of the
funct ional  inst ruct ion 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, Cal l  or  Return
instructions; however, since the flags are
displayed after each operation, it is very easy
to determine whether  or  not  a g iven con-
di t ional  Jump, Cal l  or  Return would cause a
transfer of control by simply observing the
setting for the flag whose status is being
tested.  In  addi t ion,  because of  memory
l imi tat ions none of  the inst ruct ions which
cause memory to be read or written were
implemented.  F inal ly ,  no inst ruct ion whose
action could not be readilv observed was
implemented.

To keep the display as uncluttered as
possible the registers which could be ac-
cessed bv Educator-8080 instructions were
limited to the accumulator and the B and C
registers. lt would not be particularly dif-
f icult to incorporate the rest of the registers
into the display and as operands for the
Educator-8080 instruction subset. However,
unless the abi l i ty  to  address memory is
desi rable the only inst ruct ions which could
be added to the subset would be the DAD
and the XCHG.

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

lmmediate Operands

Almost half of the instructions supported
by Educator-8080 requi re immediate

Toble 1: Commond List for Educator-8)8}. ln order to illustrate the
operations of the 8080 processor, Educator-808} interprets o subset of the
8080's instructions. The subset generolly references the qccumulotor, A, and
registers B or C; it excludes oll branching and program control operations.
The complete list of ovoilable operotions is found in this table.

Commend

A C I  I

A D C  t

A D D  r

A D I  r

A N l l

C M A

c M c

C M P  r

C P I  r

D A A

D C R  r

D C X  r p

I N R  '

I N X  r p

M V I  r .  i

N.4OV r,  s

N O P

O R A  r

o R r ,

R A L

R A R

R L C

R R C

S 8 8  r

S B I  I

S T C

S U B  r

s u l

X R I  I

K o y :

F  L A G S  I

Dercr ip l ron  o t  Opora taon

A d d  l h c  v a l u e  o l  t h c  C s r . y  F l q  a n d  t h e  v a l o c  o l  t h e

r n r n e d r a t e  o p e r a n d  i  l o  l h e  c o n l e n l s  o l  l h ( j

accumul r to r

A d d  t h e  v a l u c  o l  t h e  C l r r y  F l a g  a n d  l h e  c o n t e n t s  o l

' e q r s l c r  r  l o  t h e  c o n l e n i s  o l  t h e  a c c u m u l a l o i

A d d  r h c  c o n t e n t s  o l  r e q r s l e r  r  l o  t h e  r c c u m u l e t o r

A d d  r h e  v a l u e  o l  l h e  i m m e d i a l e  o p e r a n d  i  l o  r h e

lccumula lo r

Logrca l l y  AND the  con len ts  o f  regrs te r  r  wr th  rhe

accumuls lo r .

L o g i c a l l y  A N D  t h e  v a l o e  o l  t h e  i m m e d i a l e  o p e r a n d

i  w i t h  t h e  c o n t e n t s  o l  t h e  r c c u m u h t o T

C o m p l e m e n t  l h e  c o n l e n t s  o t  t h e  r c c u m u l a t o r ,

c h a n g r n g  a l  o f  l h e  z e r o s  l o  o n e s  a n d  a l l  o i  l h e  o n e s

C o m p l e m e n r  l h e  v a l u e  o l  l h €  C l r r y  F l r g ,  r l  r r  r s

z e r o  m a k e  i l  o n e ,  o f  r t  r t  i s  o n e  m a k e  i t  ? e . o

C o m p a r e  t h e  c o n l e n t s  o l  r e g i s t e r  r  w r t h  t h e  c o n l e n l s

o l  t h e  r c c u m u h l o r

C o m p a r e  t h e  v a l u e  o l  l h e  r m m e d r a l e  o p e r a n d  i  w r r h

t h e  c o n t e n t s  o l  l h e  l c c u m u l r l o r

O e c  m a l  a d J U s t  l h €  v a l u e  i n  l h e  s c c u m u l a l o r  { a l l e r  a n

a r  t h m e t r c  c o m m a n d  u s r n q  d e c r m a  n u m b e r s )

D e c r e m e n l  ( s u b l r a c t  1  l r o m )  l h e  c o n l e n l s  o l

D e c r c m e n l  r h r  c o n l e n l s  o l  r h e  r e g r r t e r  p a i .  r p

I n c . e m e n t  l a d d  1  t o )  t h e  c o n r e n t s  o f  r e g i s t e r  r

I n c r e m e n t  t h e  c o n l e n l s  o l  l h e  r e g r s l e r  p a (  . p

M o v e  t h e  v a l u e  o l  l h e  r m m e d r a t e  o p e r a n d  I  I n l o

r e q r s l e r  ?

M o v e  t h e  v a l u e  o t  l h e  c o n l e n t s  o l  r e g i s t e t  5  I n t o

reg iner  r  leav inq  r  unchanged.

N o  o p e r a l r o n  d o  n o l h r n g

L o g i € 1 l V  O R  t h €  c o n r e n t s  o t  r e g i s t e r  r  w r r h  t h e

L o g r e l l y  O R  r h e  v a l o e  o l  i h e , m m e d r a l e  o p e r a n d

i  wr th  the  lccu f iu la lo r

R o t a t e  t h e  c o n t e n t s  o t  t h e  a c c u m u l l t o r  l e t t  o n e  b  I

p o s r r r o n  w r t h  l h e  h r g h  o r d e r  b 1 t  g o i n g  l o  l h e  C s r r y

F 1 4  a n d  r h e  C s r r y  F 1 4  g o r n g  l n l o  l h e  l o w  o r d e r  b r t

o l  rhe  accumul r lo r

R o t a l e  t h e  c o n l e n l s  o l  t h e  r @ u m u l r t o r  r  q h l  o n e

b i t  p o s r l r o n  w r t h  l h e  i o w  o r d e r  b i t  o t  l h e . @ u f r u h t o t

q o r n g  r n t o  r h e  C l r r y  F l q  a n d  r h e  C r . r y  F l q  g o r n q

In to  the  h igh  order  b r r  o l  the  aeumuhlor .

Rota te  lhe  conten ts  o l  the  accomul l to i  le t t  one

b i t  p o s i l r o n  w r l h  t h e  h r g h  o r d e r  b i l  g o r n q  I n r o  b o t h

r h e  l o w  o r d e r  b r l  a n d  l h e  C l r r y  F l t g

R o l a t e  t h e  c o n l e n l s  o l  l h e  r c c u m u l e l o r  r g h t  o n e  b i t

p o s r t r o n  w i t h  t h e  l o w  o r d e r  b L r  g o r n g  I n t o  b o t h  t h e

h r g h  o r d e r  b i t  a n d  t h e  C r r r y  F l . 9

S u b t r a c r  r h e  v a l u e s  o t  r h €  C ! r r y  F l . g  a n d  r e g r s r e r  r

l r o m  l h e  r c c u m u h l o r

S u b r r a c t  r h e  v a l u e s  0 1  r h e  C l r f y  F b g  a n d  t h e

rmmedia le  operand a  t rom lhe  rccumula tor

Ser  the  Cr . ry  F leg  ro  a  1  va lue

S ! b t r a c t  l h e  c o n l e n l s  o l  r e g r r i e r  r  l r o m  t h e

S u b t r a c t  t h e  v a l u e  o l  l h e  m m e d r a t e  o p e r a n d  I  l r o m

L o q r c a l l y  E  r c l u s r v e  O R  r l c  c o n r p n t s  o l  r e g r s t e r  r

wr ih  lhe  accumul t lo r .

L o g i c a l l y  E x c l u s i v e  O R  r h e  v a l u e  o l  r h e  r m m e d i a t e

o p e r a n d  i  w i r h  t h e . c c u m u l e t o r

-Flag!-
P  Z  S  A C

X X X X X

X X X X X

X X X X X

X X X X X

X X X X O

X  X  X  X O

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

X  X  X O

X X X O

N

0

0

N N N N X

N N N N X

N N N N X

X X X X X

X X X X X

N N N N X

N N N N

X X X X

X X X X X

X X X O O

X  X  X O  O

X
0
1
N

a n y  v a l i d  r m m e d i a t e  o p e r a n d  { s e e  t e x t ) .

a n y  o n e  o l  i h e  t h r e e  r e q r s t e r s  d i s p l a y e d  A ,  8 ,  o r  C

m u s r  b e  r h e  r e q i s t e r  p a r r  I  a n d  C  w h i c h  r s  d e s i g n a l e d  I

any  one o l  the  th ree  regr l le rs  d rsp layed A,  B ,  o r  C

Changed va lue  dependr  on  operands  and command

R e s e l  t o  z e r o  a l w a y s

Se l  to  one a lways .

N o t  c h a n g e d  l ) y  t h i s  c o m m a n d



operands. An immediate operand is a con-
stant value which is part of the instruction
being executed and it immediately follows
the operation code of the instruction, hence
the name immediate.

Whenever a single byte "constant" is
required in a program, its inclusion as the
immediate value of an appropriate instruc-
tion reduces the length of the program
because there is no need to address the value

Table 2: Operation Code Toble for the Educator-8)8} program. Table 1
showed the command list for the progrom. This table gives the obsolute
machine codes for the command table beginning at address 12)/122. Eoch
command is represented by a 3 byte ASCII chorocter string mnemonic
followed by the naked (without register volues) 8080 operation code and the
address of the routine which interprets the commond, The routine nzme is
shown symbolically in the right hand column, and can be found in the
progrom of listing l.

ASCII -----------OstalCode---------- Routine
Address Mnemonic Mnemonic Opcode Routine Name

Photo 2: Whot happens
when an 8080 executes an
ADD B instruction? A
specific exomple rs il-
lustrqted in this set of be-
fore ond after snapshots.

directly. lmmediate values have an implied
address which is the address of the byte
following the opcode and this address is
supplied from the program counter register
automatically whenever an immediate type
instruction is executed. In the Edu-
cator-8080 system the "program counter" is
provided by the operator's sequence of
commands which are executed one by one.

Educator-8080 has three different types
of immediate values as part of the input
command and defaults to one of these types
i f  the input  command omits  type
information.

The general form of an immediate
operand is as tbllows:

T p V p
Where: T is the type code which designates

the form of the immediate value and
may be any of the following:
B - for a binary immediate value
Q - for an octal immediate value
H - for a hexadecimal immediate
value
lf the type code is omitted entirely
and the first nonpunctuation character
encountered is a numeric digit 0 to 7,
then a default type of octal is as-
sumed.
p is any form of punctuation (eg:
single or double quotes, parentheses,
etc). Punctuation is not required, and
provis ion for  i ts  inc lus ion is  so le ly  in
the interest of enabling the user to
enter commands in a format consistent
with that of various advanced assem-
blers.
V is the value of the immediate
operand expressed in a form consistent
wi th the expl ic i t  or  impl ied type
selected. The form and content of the
value field for each type is as follows:
T = B: V is a series of eight con-
secutive numeric characters which
have the value zero or one.
E x a m p l e :  B ' ' 1 1 0 0 0 1 1 1 ' .  V  i s
1100011 1,  quotes are opt ional .
T = Q or T omitted: V is a series of

<2>1122
<2>1130
<2>1136
<2>1144
<2>1152
<2>1160
<2>1166
<2>1174

<2>t202 ',CMP',
<2>1210 ',CPt',
<2>1216 ',DAA',
<2>1224 ',DCR',
<2>1232 ',DCX',
<2>1240 ' , rNR'
<2>1246 ',tNX',
<2>1254 ',MOV',

' A c t ' ,  1 0 1  1 0 3  1 1 1
'ADC' ,  101 104 103'ADD' ,  t01  '104 104
' A D r ' ,  1 0 1  1 0 4  1  1 1' A N A '  1 0 1  1 1 6  1 0 1
' A N r '  1 0 1  1 1 6  1 1 1
'cMA' ,  103 1  15  101
' c M c '  1 0 3  1 1 5  1 0 3

31 6  212<1> TMMED
210 152<1> RG210
200 152<1> RG210
3 0 6  2 1 2 < 1 >  | M M E D
240 152<1> RG210
346 212<1> |MMED
o57 144<1> DTRCT
o77 144<1> DIRCT

1 0 3  1 1 5  1 2 0  2 7 0
1 0 3  1 2 0  1 1 1  3 7 6
104 101 101 047
104 103122 005
1 0 4  1 0 3  1 3 0  0 1 3
111 116 ' t22  004
1 ' t  1  1 1 6  1 3 0  0 0 3
1't5 117 126 100

152<1> RG210
212<1> TMMED
144<'t> DIRCT
245<1> RG543
2M<1> RG54B
245<1> RG543
2U<1> RG54B
1 4 5 < 1 >  M O V R T

<2>1262 ' ,MVr',  115 126 1't1 006 205<1> MV|RT
<2>1270 ' ,NOP', ' t16 117 120 000 144<1> DIRCT
<2>12t6 ' ,ORA', 117 122 101 260 152<'t> RG210
<2>1304 ' ,ORr ' ,  ' t17  122 111 366 212<1> IMMED
<2>1312 ' ,RAL', 122 10'. t  114 027 144<'t> DIRCT
<2>1320 ' ,RAR', 122 101 122 037 144<1> DIRCT
<2>1326 ' ,RLC' 122 ' t14 103 007 144<1> DIRCT
<2>1334 ' ,RRC', 122 122 103 017 144<1> DIRCT

<2>1342 ' ,SBB', 123 102 102 230 152<1> RG210
<2>1350 ' ,SBr',  123 102 111 336 212<'t> IMMED
<2>1356 ' ,STC' 123 124 103 067 144<1> DIRCT
<2>l3U ',SUB', 123 125 102 220 152<1> RG210
<2>1372 ' ,SUt' ,  123 125 111 326 212<1> IMMED
<3>/000 'xRA' 130 122 101 250 152<',t> RG210
<3>/006 ' xRt '  130 122 111 356 212<1> |MMED
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Photo 3: To illustrqte the
use of hexadecimol im-
mediate values, this photo
shows the operotion of
XRI H'C3'.

Listing 1: The Educator-8080 program expressed as on qbsolute assembly languoge listing. The nototions <0>, <1>, 12>. and
(J) ore used to denote the high order (page) address bytes of four consecutive poges in memory oddress spoce, When loading
the program into o given system, these nototions become bytes with consecutive octol volues, Thus to load the progrom at
locotion 2001000 in memory address spoce, the values utilized would be 200, 201 , 202 qnd 203.

ddr6 at.l{od. l&.1 op oFtnd @m|mlty

'Tho control routino it th6 top of lhg structu16 and controlt thg oparation ot tha antiro prog[m.

three consecutive numeric characters
which have octal digit values of from 0
to 7.
Example: Q'307' V is 307, quotes are
opt ional .
T=H: V is  a pai r  of  consecut ive charac-
ters which have hexadecimal  d ig i t
va lues f rom 0 to F.
Example:  H'C7'  V is  C7,  quotes are
op t i ona l .

Wi th the except ion of  the move imme-
diate (MVl)  command which requi res a
destination register, immed iate commands
are entered as the mnemonic oocode fol-
lowed by the immediate operand in any of
its valid forms.

Some "before and after" examples of
Educator-8080 commands are shown in
photos 1 through 3. In each case, a com-
mand is typed into the keyboard of the
computer, then the Educator-SO8O display
fo l lowing the command is  depicted.

Entering Commands

C o m m a n d s  a r e  e n t e r e d  i n t o
Educator-8080 as a string of characters (eg:
letters, numbers, spaces and punctuation)
followed by a command termination charac-
ter. As written, Educator-8080 assumes that
the command terminat ion character  wi l l  be
an ASCII carriage-return (octal 015). How-
ever, any other keyboard character code
may be used as the command termination
character by changing the value of the
immediate operand in the instruction lo
cated at address <0>1341 which tests for
command terminat ion.  (See l is t ing 1. )

Since it is not uncommon to make errors
when keying information into a computer,
two provisions have been made in Edu-
cator-8080 for correcting or eliminating

<0>/ooo
<0>/m3
<0>/06
<0>/01 t
<0>/014
<0>/01 5
<0>/020
<0> /o23

<0>/026 041
<0>/03't 3t5
<0>/034 (xl
<0>/037 072
<o> lu2  315
<0>/045 041
<0>/050 072
<0>/053 315
<0>/056 041
<0>/6 t  3 ' t5
<0>i64 052
<0>/67 175
<0>/070 346
<o>to72 315
<0> i075 175
<0>/076 346
<0>/100 315
<0>/10: t  t75
<0>/104 346
<0>/106 3 t5
<0>/11 |  175
<o>1112 346
<0>/1  t4  3 t  5
< 0 > / 1 1 7  1 7 5
<o>t120 346
<o>t122 315
<0>/125 174
<0>1126 315
<o>/ t3 t  31  1

<0>1132 365
<3>/133 315 261
<o>/136 361
<o>/137 036 010
<0>/t41 007
<0>1142 365
<0>/143 346 ml
<0>/145 315 237
<0>/150 351
<o>/ t5 t  035
<0>1152 302 r4t
<o>/155 267
<0>/156 036 m3
<0>/160 021
<0>/t6't o21
<0>/162 027
<0>/163 365
<0>/164 346 m7
<0>/166 366 60
< 0 > / 1 7 0  3 1 5  x x r
<o>1173 361
<0>1174 035
<o>t175 302 r50
<0>/200 315 25 t
<0>/?03 035 m2
<0>1205 007
<0>/206 007
<o> t207 007
<o>t210 007
<o>t21t  365
<o>t212 345 017
<o>t214 306 060
<o>t216 376 072
<0>1220 332 225
<o>t223 306 m7

CNTFL LXI SP, STACK
NOTZER CALL OSPLY

C A L L  C M O N T
C A L L  F E T C H
O R A  A
J N Z  N O T Z E R
C A L L  X O T E R
J M P  N O T Z E R

L X I  H , T I T L S
C A L L  C H E D T
L X I  H , B L I N E
L D A  B R E G
CALL DSPCV
L X I  H , C L I N E
L D A  C B E G
CALL OSPCV
L X I  H , A F H D R
C A L L  C H E D T
LHLD PSiWA
MOV A,L
ANt B',(xmoroo'
C A L L  D S P F G
MOV A,L
ANr Bl l@O@o',
C A L L  D S P F G
M O V  A , L
ANr 8',r000(m'
C A L L  D S P F G
MOV A,L
ANr S',Oooim(D'
C A L L  D S P F G
MOV A,L
ANt B',OOOOdnl',
C A L L  D S P F G
MOV A,H
CALL DSPCN
R E T

Sat rt&k pointr. to progrmmabla mmorY;
Diaplry contcnta ot raoirlrrt;
Entaa a commsnd;
Fdch ths @.rEt opcodo;
Sol zaro llae at p!. cootanlt;
Jump it not zcro ca,or @u.r!d;
Go axeuia lh! currlnt c@oed:
Lo@ lordor:

Lo6d rddros of litl.t into HL;
Oirpl.y ridcr;
Load rddr ol  BLINE t i rh;
Load conGn[ ol  BREG inro A;
Convcn and ditplry;
Lo.d lddr of CLINE t i t l . ;
Load contlnt ol CREG inro A;
Convcit rnd diplry;
Load addr ol A tl6g. tirls;
Oi.pby ritls.;
Lo.d fl!g. sd A inlo HL;
Movo t|'g. ro A;
AND ofi rll but p.rity flag;
Oirploy rho tlrg vrlug;
Move fhgl to A;
ANO olf rll blt zero tl.g;
Dirplay lhc tl.g vrluG;
Movo fl.$ to A;
ANO otf .ll bur .ign fleg;
Dilpl6y tho fl69 vrlu.;
Mov6 ll.g' ro A;
ANO off all but ruxilisry c!,ry tl.g;
Oilpl.y ths tllg vrluo;
Movo tbg. to A;
AND otl .ll but c.rry fl!€;
Oirplay tho tlag wlu.;
Move A .eginer Elue to A;
Oi.pl.y wirh no titls prinr;
R.tu.n to thG CNTRL rourina:

Sav6 outDut valu6 tor CHEDT;
Dirplry l ino r i r lo sddr in HL;
Rotrid6 sad outgut vrlua;
Mwo 8to E rggi3ta.;
Rotrt6 MSg into C.rry and LS8;
Sryo curront valua;
ANO off  . l l  but LS8:
Go display bit vrluo;
Rotrievo w€d currant valua;
D@remnt l6p count;
Jump if lo@ count not rGro;
Rost carry;
M o v o 3 t o E r 6 g i s t o r ;
MSB to Csrry, Carry to LSB,

do il ag.in,
thr4 timls for @rd digit drifr;

Sava cuffont vrluo;
AND oIf rll blt @t.l LSO;
OR on bits to make ASCII num€ric cha.acler:
Outpul the char- lor;
Retrieve g€d current valuG;
D4re@nt loop count;
Jump i f  l@D count not aero;
Output a apce;
Move 2 to E:
Rotat€ MSB into Carrv and LSg,

do ir again,
four t idet tor,

hexadeimal irift;
Save currant value;
AND of l  al l  bur hexadsimal LSO:
Add on bits io make ASCI I nuderic char-tet
Commre ae{lt to oe more than 9;
It nume.ic thcn rkip adiurtmont;
Add 7 giving ASCII 'A'  thru 'F 'cod6;

061 xxx  xxx
315 026 <0>
3t5  316 <0>
3 , | 5  6 3  < r >
267
302 @3 <0>
315 030 <2>
303 (x)3 <0>

'Thit dirplay routino conlrolt lhr gmsration ol rha dynamic dirplay

t67
261
257
351
132
211
350
132
304
261
346

004
231

100
231

200
237

020

ml

r37

<3> DSPLY
<0>
<3>
<3>
<0>
<3>
<3>
<0>
<3>
<0>
<3>

<0>

<0>

<0>

<0>

<0>

<0>

'Tho displsv convodion r@lino printt binory, et6l lnd hox6d*imel.

DSPCV PUSH PSW
< O >  C A L L  C H E D T

POP PSW
osPcN MVr E,OOlo' ,
DSPBT BLC

PUSH PSW
ANt O',Ool ' ,

< O >  C A L L  D S P F G
POP PSW
O C R  E

<O> JNZ DSPBT
O B A  A
MVt E,O',m3'

DSPOT RAL
R A L
F A L
PUSH PSW
ANt OOOT'
oRt 0'060'

x x x  C A L L  C H R P R
POP PStl/
OCR E

<O> JNZ DSPOT
<O> CALL DSPSP

MVt E,O'002'
D S P H T  R L C

R L C
F L C
R L C
PUSH PSW
A N t  8 ' , 0 0 0 0 1 1 1 1 '
ADt 0.060'
cPt 4,072,

<O> JC DSPHS
ADt O'OO7'

25



Listing f , continued:
addr6 etalcoda labal o9 opar.nd

- <0>1225 315 rxx xxx OSPHS CALL CHRPR
<0>/230 361 POP PSiW
<o>/?31 0@ NOP
<0>1232 035 oCR E
<0>/233 302 2(}5 <O> JNZ OSPHT
<0>/236 3t I  RET

commontary

Outgut rhc ciaraar;
Rctride sad c0rrdt valua:

D6.orent loop count;
Jump i t  l@p count not zaro;
Raturn lo cal l ing rdl ine;

Jump if pasad vglue ia a zoro;
OthaMig movo a I into A:
Convan into ASCII nu@.ic char*tsr;
Output the chtr&tar;
Sovo th6 tbgt 6nd value in A;
Move rp@ into A;
Oulput thc p&e;
Rer.id. thc sld tlag. and A;
Raturn to thg cal l ing rdt ino;

Mwa naxt char&tcr into A;
Compa.e it to 2OO etal;
R.turn il rqurl it's ond ot .tring;
Jump if greatlr for ?*a r@tine;
El$ go dtp0t th€ charetor;
Incrgmnt lho f l r ing indar;
Loop tor naxt char&tar;
Subtr*t 2OO ctd trom v.lue;
Move s@ c@nt to 8;
Move ap&a to A;
Output the 'pee;
O&rarunt so count;
Jumg if count nol zoro to atart ot lo@;
Jump bek into CHEDT loog;

M o v e  r d d . s  o t  ' C O M M A N O  ? ' t o  H L ;
Ditpl.y tho m6s.9e;
Movo addra$ of command input araa HL;
Move maximum length to B;
Gat an inp!t ch6r-tor;
l r  i t  a cont.ol- l  l ine dolare?
It b thsn roatart program;
la i t  a carr iago return?
lf  so th6n 9o compreai input;
l !  i t  6 dolote ch6r&t6r?
ll not thcn go ilorr tha charrtgr;
l {  s r$116 with bck orrow;
Slora input char&tor in command buffgr;
Oitpl6y rho input ch.r&tor;
Incremenl command work sroa ind6x;
Dererunt command l6ngth count;
l f  not tul l  thon rgi terata;
l l  butfer ful l  thon glsl  error

numb€r I ond print i$ m6i$gs;
Reitan tho program;

Lord HL wrth ddror3 ol m.k rot;
Purr & Fp mqv. il to OE

rt th! compralion 9ointa.;
Lod A wift mrximum llngti;
Slbtr-t rem.ining lcn$h lrm B;
M@. eturl lrngilh io 8;
Mova commlnd chlretrr to A;
la r t  a b-k f , row {char*ter del€lel7
It not thd go to othai tattt;
Low.ddrd byt.  ot  CMDAR ro A;
Comprra to currrnt low !dd.d byir;
l l  not graatrr  than rkip ao;
Ela bck up comprasion poi6trr;
Skip wing tha ch.rel l r ;
It tha char-tGr lc$ thrn 'O'?

l{  b th.n rkip Eing ir ;
Ir tha cha.rtar lag thm 9' + I ?
lf rc than sw numlric valu!;
l r  th!  chrc$r l rs lh.n 'A'?

I t  b $.n tk ip pi^g i r ;
l! tha char&1fi gralta. thrn 'Z'l

l f  F th.n l l ip aing i t ;
Stora chlrEta. in comgrdrad araai
Incrmrnl cmpralion Doinla. indax;
Incrman! input tt.ing pointar;
O*.amml GtuC lcngth cdn!;
lf langth ir not ra.o than .ait!r!s;
Elr  Grud to CNTRL cl l l ino poinr;

Lo.d .dd,.a of opcod. trblc HL;
Mwo bbla alamlnt count to E:
Savr cur.rnt damnt !ddrc!:
Lord .dd..E ot CMOAR into 8Cj
Mova opcoda langth to O;
Lod commmd chlcE ro A indlxld by B;
ComD..a it ro tlbh chrrrtr;
lf not !qu.l thrn go to nlxt !lam!nt;
Incromot comDrnd chraatar andlx;
Inca.@nt bU! chtrrla, in&x;
Drrlmnl opcoda lmgth @unr.r;
It not 2(o continua 6t l@p;
Exchsga HL wirh top ol rrck;
Po9 HL f  rom rEk lo cl . r  i t ;
Move nlkod opcode to E, O ir z.ro;
S€w nlkad Fod.;
Incramt tlbb Fintlr;
D@dr rolin. lry lddro byta to E;
lncrrmlnt t!u! pointaa;
Ocodr rourinr high dd.6 by$ lo o;
Mova dcoda rourina addr6 ro HL:

errors. The ASCII delete character code
(octat tll\ is used to delete the last re-
maining character in the input string. Since a
deleted character is not considered to exist,
N consecutive delete characters wil l delete
the N preceding characters. For example, if
the delete character is shown as a back arrow
(<-), RAX<-L wil l be reduced to RAL and
CQP+<-MA will be reduced to CMA. Charac-
ters which have been keyed in are displayed
after they have been tested. The display
function uses the octal value 1J7 as a clear
screen control code; therefore, character
deletes are transformed into the back arrow
before they are displayed and stored. Edu-
cator-8080 users with systems which
have a back arrow (octat Ol3) key on their
keyboards may use it as a character delete
code and it wil l have the same effect as the
delete key assumed in this version. Users
who have neither of these keys can designate
any keyboard character as the delete charac-
ter code by changing the immediate operand
in the instruction located at (0)/346 which
tests for the delete character. (See listing 1).
The other, and somewhat more drastic,
method of eliminating keying errors is to
delete the ent i re input  l ine.  This is  usual ly
done when an error is detected before the
command termination character is input but
several characters after the error occurred.
The procedure for deleting an entire l ine is
to enter an ASCII form feed code (octal
014)  which is  a "contro l  L"  combinat ion on
typical  ASCII  keyboards.  This wi l l  c lear  the
input l ine and restart the command entry
procedure. Like the command termination
and the character delete codes, the l ine
delete code can be made to be any keyboard
character by changing the value of the
immediate operand in the instruction at
location <0>1334 which tests for the l ine
delete code.

A very useful feature of Educator-8080
permits the user to execute the last com-
mand input several t imes. This is accom-
pl ished by s imply keying the command
termination character when the system calls
for the entry of a new command. In order to
provide this facil i ty the input buffer is not
cleared prior to call ing for the entry of a
new command, so the last previously entered
command is sti l l  in the buffer. This feature is
especially handy when demonstrating the
effect of multiple executions of the rotate,
increment, decrement, arithmetic and logical
commands.

The general format for entering a com-
mand is as follows:

oPcoDEIp  OPERAND- l  I p  oPERAND-2 ]  I  t
W h e r e :

OPCODE

'Dirpl.y tl.g or binrry digir lollow€d by I 9@. Altarnlt! ontry it urd to diFlay e rpe.

<o>t237 312 214 <O>
<o>t242 076 001
<o>t24 36 (s0

- <0>1216 315 xxx rxx
<0>1251 365
<o>t252 076 (x0

' <0>1254 3,|5 xxx xxx
<o>t257 361
<0>/260 3t I

OSPFG JZ DSPFZ
MVI A,O'@1'

osPFz Aot 0'060'
C A L L  C H R P R

DSPSP PUSH PSW
MVt A,O'040',
C A L L  C H F P R
POP PSW
R E T

MOV A.M
cPt o'2m'
RZ
JNC CHSPA
C A L L  C H R P R
I N X  H
JMP CHEOT
sur 0'200'
MOV B,A
MVt A,O'040',
C A L L  C H R P R
DCR 8
J N Z  C H S P L
J M P  C H E N O

L X I  H , C M O M S
C A L L  C H E D T
L X I  H , C M D A R
MVr 8,O',O26',
C A L L  K E Y A O
c P t  o ! 1 4 '
J Z  C N T R L
cPr oors '
J Z  C M O N O
c P f  o ' 1 7 7 ' ,
JNZ CMOST
MVt A,O',o33',
MOV M,A
C A L L  C H R P R
I N X  H
ocR s
J N Z  C M O K B
M V r  A , O ' 0 0 r '
C A L L  E R R O B
J M P  C N T R L

LXI H,CMOAF
PUSH H
POP O
MVt A,OO26',
SUB 8
MOV 8,A
MOV A.M
cPr oo33'
JNZ CMDCH
MVI A,CMOAR.L
C M P  E
Jl ' tC CMoNS
ocx D
JMP CMDNS
cPr o'(Fo'
JC CMONS
cPl o'o72'
JC CMDSV
cPr o ' tot '
J C  C M D N S
cPt 0'133'
JNC CMDNS
STAX D
I N X  D
I N X  H
OCR B
JNZ CMDNX
R E T

'Tha chlrEtlr ti.in9 outpur ldit routina.

<0>/26r 176 CH€DT
<o>1ft2 376 2(X)
<o>tN 3 t0
<0>/265 322 277 <O>

-  <O>127O 315 xxx  xxx
<o>t273 043 CHEND
<o>127a 303 26t <0>
<o>t277 326 2m CHSPA
<0>/301 to7
<0>/302 076 040 cHsPL

- <0>/304 315 xxr xrr
<0>/307 (n5
<o>/3to 302 302 <0>
<0>/3't3 303 273 <O>

<0>/316 (xt 332 <3> CMDNT
<0>/321 3'15 26t <O>
<0>1321 oat 352 <3>
<o>t327 06 026

-  <0>/331 315 xxr  x rx  CMDKB
<0>/334 376 0t4
<0>/336 312 q)O <0>
<0>/341 376 0t5
<0>/343 312 376 <0>
<0>/346 376 177
<0>/350 302 355 <0>
<0>/353 076 0:t3
<0>/355 167 CMOST

- <O>/356 3'15 xxx ttx
<0>/361 043
<0>/362 005
<0>/363 302 33r <0>
<0>/366 076 mt
<0>/370 3 t5  63  <2>
<0>/373 303 000 <0>

<0>/376 04r 352 <3> CMDNO
<1>/@t 345
<1>/(m 321
<t>/dxt 076 cl6
<t>/q)s 220
<r>/06 107
<t>/q)7 t76 CMDNX
<t>/oro 376 033
<t>rc12 a)2  m7 < l>
<t>/ol5 076 352
<t> /o t7  213
<t>/(zo 322 055 <l>
<1>/023 0il3
<l>tg2a 3dl 055 <t>
<1>1027 376 (FO CMOCH
<t>/031 332 (F5 <l>
<t>/03 376 072
<r>/036 332 0d! <1>
<r>/oal 376 10r
<t>/O/43 332 O55 <l>
<r>/oa6 376 r33
<r>/60 322 (F5 <l>
<f >/G3 022 CMOSV
<t>/054 vt3
<t>/o55 043 CMDNS
<t>/o56 q|5
<r>/67 3{t2 @7 <r>
<1>tcl62 3 t I

'Tha commsd 6ntry rdtinr -crpta inp!t trom tha kayboard tor comnlndr

'Tha cmmrd cqmg.d ,@tin. rliminrbt Cl b!t lattr.t.nd numbar..

'Thr FETCH innMtion/cmmrd @tin! nlidllo md boild. thr obi*r codr

<t>/63 U1 122 <2> FETCH LXt H,OPTAB
<r>/086 035 (B7 MVr E,OO37'
<t>/070 345 FLOOP PUSH H
<t>/071 00t 352 <3> LXt B,CMOAR
<l>to71 026 63 MVr D,OOO3',
<l>/076 012 FCOMP LOAX I
<1>1077 276 CMP M
<t> / loo  3o2 t25  < t>  JNZ FNXEL
<r>/103 @3 rNx B
<t> / l ( r  ( r3  tNx  H
<t>/to6 o'25 ocR D
<r>/16 302 076 <t> JNZ FCOMP
<'l>/' l l t 3/t3 XTHL
<1>1112 3ar  POP H
<r>/113 136 MOV E.M
<t>/l lt l  325 PUSH O
<t> / t15  (X3 tNx  H
<t> /116 136 MOV E,M
<l> /117 043 tNX H
<f >/120 126 MOV O.M
<1>1121 353 XCHG

26

is  the mnemonic opcode for  the



command .  Fo r  examo le :  MOV
X R l ,  e t c .

p  i s  any  des i r ed  f o rm  o f  punc tua -
t i on  o r  a  space .  p  i s  no t  r equ i r ed
and ,  t he re fo re ,  may  be  om i t t ed
en  t !  r e l y .

OPERAND- i  i s  t he  f i r s t  o r  on l y  ope rand  re -
qu i r ed  by  an  i ns t r uc t i on .  l t  may
be a register  ident i f icat ion or  an
immed ia te  va lue .  See  t ab le  I  f o r
t he  ope rand  requ i r emen ts .

OPERAND-2  i s  t he  second  ope rand  whe re  re -
qu i r ed  by  a  spec i f i c  i ns t r uc t i on .
S e e  t a b l e  l .

t  i s  t he  command  t e rm ina t i on  cha r -
ac te r ,  an  ASCI I  ca r r i age  re tu rn  i n
t he  l i s t i ng  I  ve r s i on  o f  Educa to r -
8080 .

The brackets ( [  ]  )  shown in the general
format are used to indicate that the items
wi th in them are opt ional ,  s ince some com-
mands do not  requi re any operands (eg:
RAL,  STC, CMA, etc) ,  some require one
operand only (eg:  ADl ,  CMP, XRA, etc) ,
and some commands rcqui re two operands
(eg:  MOV and MVI) .

Error Messages

ln the process of  enter ing and execut ing
commands under Educator-8080 there are a
number of  errors which can occur .  When th is
happens an error message is displayed on the
output  device.  For  the benef i t  o f  users wi th
te lev is ion d isplays,  a delay of  approximately
two seconds occurs as the messagc is being
displayed, to provide timc to read it. After
the two second delay the normal Edu-
cator-8080 d isplay is  generated and the
command entry mode is reentered. Teletype
or other  hard copy users wi l l  probably wish
to a l ter  the error  d isp lay rout ine s l ight ly  by
el iminat ing the extraneous spaces which are
used to center the error messages on the TV
monitor screen.

The errors which can occur  are l is ted in
absolute octa l  form in table 3.  The error
numbers and extended explanations of con-
di t ions are as fo l lows:

1.  INPUT TOO LONG: The input  s t r ing
exceeds 22 characters in length pro-
bably because too many characters
were deleted since delete character
codes count as input characters. Twen-
tv two characters should be sufficient
for  any normal  entry  inc luding punc-
tuation and several character deletes.

2.  INVALID COMMAND: The input
command mnemonic is  not  one of  the
ones implemented by Educator-8080.

3.  INVALID REGISTER: The operand
register is not A, B or C for a
command which requi res a s ingle
register as an operand or it was not B

Listing l, continued:

rddros ctrlrod€ hbol

<1>t122 321
<1>t123 257
<1>t124 351
<1>1125 @' , r  06  0@ FNXEL
<1>/ ' , t30  341
< 1 > / l 3 l  0 1 1
<1>/132 035
< 1>/'t 33 302 070 < t >
< t> / t36  076 @2
<1>/ t40  303 63  <2>
<'t >/'t43 0(}0

'The  in r t ruc t ion  drcodor  r@t inor  lo l low

< 1 > / 1 4 5  3 1 5  2 4 5  < 1
< 1 >/1 50 267
< 1 > t 1 5 1  3 0 0

<1: .  / ' t52  012
< I >/r53 003
< l > / t t 4  3 ' t 5  1 7 3
<1>n51 322 166
<1>1162 203
< 1 > / t 6 3  r 3 7
<1>/ t64  251
<  t  > / 1 5 5  3 l  1

< 1 > / 1 6 6  0 7 6  @ 3
<  I  > / 1 7 0  3 G 3  6 3  < 2 >

comm€nrary

Unse nok.d ofod€ to DE;
Cleor A, no error code;
Jump to addrora of dacod€ routino;
Load double londh 6 into 8C;
Unsve curr6nt al€monr eddr6sj
Add 6 to i r ;
Ddr€m6nt table el6mont counl;
Reitorato to tort  noxt olomgnr;
Move error codo 2 to A;
Go di$laV error 2, ofode unknown
No operat ion l i l lor;

op ryrand

POP D

P C H L
LXt 8,O',0@@6',
P O P  H
D A D  B
O C R  €
J N Z  F  L O O P
MVr A,O'002
J M P  E R R O R
N O P

' l n t t ru t ion !  u r ing  tho  OIRCT rou t ine  rqu i ro  no  d&od;nq .  Example  RAL,  CMA,  e t (

' lnr truct ion. ui ing th€ RG210 rout ino r@urro a burc6 rogir t . r

M O V R T  C A L L  R G 5 4 3
O R A  A
R N Z

R G 2 1 O  L D A X  B
t N x  I

< I >  C A L L  R E G A N
< . 1 >  J N C  R G E R R

A D D  E
M O V  E , A
X R A  A
R E T

< 1 > t 1 4 4  3 1  1  o t R c r  R E T

'The MOVRT I usd only bV the MOV commso.

R e t u r n  t o  C N T R L  l o r  o r r c u t i o n ;

Vo l ids te  d6s t ino t ion  rsg i r to r ;
Sor  l lag !  bssd  on  A cont€n ts j
R e l u r n  n o l  z e r o  w i l h  e r r o r ;

E l s  f a l l  t h r u  t o  R G 2 1 0 ;

Load nax t  command char&tar  rh to  A
Incro@nt  commsd chardar  andax ;
Ana lyzs  to r  vs l id  rag i t t c r ;
I t  CY=o lhon rcgr r tc r  no t  va l id ;
Add nrtad ryodc to raginer vala;
Mov.  raa l i  b4k  to  E ;
C l€ar  A  ind ic r t ing  no  er ro . ! ;
R G r u r n  i o  C N T R L ;

Move er ro r  codc  3  lo  A ;

Go d ip l4  o r ro r  3 ,  In€ l id  reg i t ! . r ;

'Th6 ogir tor orror rout ino i r  u&d to indicr io rooir tar dot ignat ion arrort

R G E R R  M V I
J M P

A,OOO3
€ R R O R

'Th. r .gi . rG. rnCyd3 ed v6l idsr ion rout ine i t  u$d by RGil3,  RG210 and RG54B

' lnl t ruct ionr roquir ing rn imrEdisto opormd us thr IMMEO r@tino

'Tha  MVIRT i ,  u6d on lv  bv  tho  MVI  command.

<r> / r73  326 l0 t
< ' t> / t75  376 m3
<l> /111 320
<1>t2@ 075
<1> l20r 3,t6 m7
< 1>i 203 67
< 1 > l 2 U  3 1 t

< l> /26  315 2 / t5  < l>
<1>t210 261
<1>1211 300

<1>1212 012
<1>1213 003
<1>n14 376 t02
< 1 > / 2 1 6  3 ' t 2  3 0 t  < l >
<1>1221 376 r2 t
<1>t223 312 336 <1>
<1>t226 376 t r0
<1>1230 3 t2  367 < t>
<1>/233 376 070
<t> /235 332 335 < l>
<1> t240 076 F5
<1>t242 303 63  <2>

<1>t245 012
<1>t246 003
<1> t247 315 173
<1>t252 322 16
<1> l6s 007
<1>/256 m7
<1>t251 007
<1>t2@ 203
<1>t261 t37
<1>/262 257
<1>/263 31  I

< t>1261
<1> t265
<1>/266
<1> t271
<1> t213
<1> /214
<1> /216 <2>

< I >/301
< | >/303
< r >/304
< | >/s5
< t > / 3 t 0
< l > / 3 t 3
< 1 >/314
<  1 > / 3 1 5
< I >/3t6

R E G A N  S U I  O ' 1 O I '
cPr o'@3
R N C
O C R  A
ANr O',007' ,
s T c
R E T

M V I R T  C A L L  R G 5 / T 3
O R A  A
R N Z

L D A X  8
I N X  8
c P t  0 ' 1 0 2 '
J Z  A I N R Y
c P l  o ' t  2  t '
J Z  O C T A L
c P t  o ' t  1 0 '
J Z  H E X
cPr 0'070'
J C  O C T A O
MVt A,O',OOs'
J M P  E R R O R

R G 5 4 3  L O A X  B
I N X  B

< I >  C A L L  R E G A N
< I >  J N C  R G E R R

R L C
R L C
R L C
A D D  E
MOV E.A
X R A  A
R E T

Subt r r l  m 
'A ' t rom 

the  chare tar ;
Cmfre  f ie  re l i  to  3 ;
I t  no t  ld  th i l  3  r . tu rn  w i th  CY=0 i
O*r lmnt  r@l i  A=377,8=0m,  C=oOl
ANO of  I  a l l  &r  c ra l  LSD;
Sat  CY= ' l  ind ic r t ing  no  ar ro r ;
Rc tu .n  to  ca l l ing  rou t inc ;

VEl id6 t6  dd t ins t ion  r . { i r t . r ;
S€t fla96 bed on A contenB;
Roturn  no t :c ro  w i th  s r ro r ;
E la  l8 l l  th ru  ro  IMMEO;

Load nox l  c f fm&d char r lc r  an to  A ;
loc€ f tn t  cmmsnd chaaor  ind6x ;
l i  the  commhd chardor  E  

'8 '7

l l  b  thcn  pr@!  6  b inary ;
I r  the  command cheElc r  o  

'O '?

l f  b  then prcc !  s t  @tr l ;
I r  the  commsd cha€rar  t  

'H '?

l f  s  then prd6  6  hox lde imd;
l !  th r  @mmand cha.e ts r  16  thm 

'8 '?

l f  b  thon t rc6 t  6  dd ;
Mova crror coda 5 to A;
Go d ip la t  o r ro r  5 ,  inw l id  imdEdiss ;

Load nox t  commsd chaar ta r  in to  A ;
Incr6@nt  commmd chore tc r  indox ;
Ans lyao fd  v l l id  rcg i ts r ;
l l  CY=0 rhcn  ro ( i ro r  nor  w l id j
Shift €ral r6gittor vslue

lo f r  th16
p l&6;

Add n.kod ofode to shrfEd vrluej
Movo rd l t  b rk  to  E ;
C loar  A  ind ico l ing  no  or ro r t ;
Roturn  to  ca l l ing  rd t ino ;

Load nax t  commsd ch ! r& tar  in to  A ;
Incromont  commlnd charqcr  indcx  j

Andyzo to r  w l id  ru { i . t . r ;
l i  tho  mgia t . r  a  zoroT
l f  r c  i r ' s  

' B ' 3 0  
r o t u r n ;

Mov6 error codc 4 to A;
Go d ip l6y  e r ro r  4 ,  invs l id  rog i . to r ;

Movo 8  to  H lo r  coun l ;
Load nox t  command char r to r  in to  A ;
S u b t r e r  6 ' 0 ' l r o d  i t ;
l !  the  r€3u l t  l6s  thsn  27
l f  no t  thon 9o  d i3p lsy  immodis tg  s r ro r ;
Ssv6 th6  count ;
Mov.  O to  L  l immsdasto  by to) ;
Sh i t r  HL l€ f i  ono  b i t ;
A d d  L  r o  b i t  i n  A ;

' lnnruct ionr ur ing tha RGil3 rdt ino rcqui16 s ddt in6t ion rc9ir tor

' lnt truct ion! ur ing tha RG&48 rout ina sr6 INX 6nd DCX

ot2
00:l
3 t 5  1 7 3
376 mO
3 1 0
076 004
303 063

046 0r0
o t 2
326 60
376 m2
322 330 <r>
3il5
r52
05r
2e5

L D A X  B
I N X  B
C A L L  R E G A N
cPt 0'000'

MVt A,O',004
J M P  E R R O R

'Tha BINRY r&t ine @nvcrs !  binory immadirto wlu6 into usbla form

8 I N R  Y  M V I  H , O ' O I  O '
S L O O P  L D A X  B

sur 0'060'
cPr 0'002'
J N C  I i ' M E R
P U S H  H
MOV L,O
D A D  H
A D D  L



'Th. imriadim aFq ratim i! ud to indicrn immadi.n vdw adm

<t>/330 076 G
<l>/32 3Gt Gt <2>

'Th. OCTAO mnv poinr b th. OCTAL .atiil ir tor di. d.hulr @idition.

<r>/3}5 0t3 ocTAo ocx B

'Tha OCTAL .qlina @Nd r Gd imnidiro [16 inlo st*|. lom.

Listing l, continued:
addras ctrkoda labal

<t>/3t? 127
<t>/fi lo 3ar
<1>/&I 0(B
<1>l3it2 0r5
<t>/it3 12 t)3 <t>
<t>/328 E7
<1>1327 3t t

<t>/336
<t>/3ao
<t >/3at
<t>/34:l
<t >/345
<r>/350
<r>/351
<t>/352
<r>/353
<t>/Ga
<t>/355
<1>/356
<r>/357
<1>/SO
<r>/36'l
<1>/3dl
<t >/365
<r>/306

commnl!ry

MoE tha Blt bEk to O;
Un5t tha dnt;
lmmot cmmnd chrr-tr indrx
Orr.mnt tha @nt;
lf not rrrc thm [irm;
Clar A indi€ting no lrren;
Rrsm to CNTRL;

Mil rr,or coda 3 to A;
Go ditclry .r@r 3, innlid imri.dirt..

Otrmr cmmmd chaGr indax:

M o w r 3 i n t o H l o r @ u n t ;
Lod nan cmmnd chlrrta, into A,
Subim . '0 ' t rm ir ;
I r @ m m d c h | | m r l d t h s 8 ?
ll not drd go diDlrv immtdia$ lrror;
S& tha cdnr;
Me D ro L im.fidirt! byt!;
Shift imrn di.tt

btt lllt
thc tir;

Add L to v.lu. in A;
Md. rdlr bck ro O;
UnE! drc @unt;
Incrmot @mmrd chrEta. in&x;
DG.omt th! @unt:
It not raro dr.n nitlrrl!;
Cl.r A indicding no a.rm;
R.tu.n to CNTRL:

M @ a ! 2 i n t o H t o r @ u n t ;
Lotd naxt cmrund cha.dfi into A-
Slbt.d r '0 ' I |m i t ;
l !  i r  ld rhO 9'  + 17
lt rc drln numric chrGtcr ir OK;
€lr conwn Cph6.tic to numric;
lr chlrEtlr wlua e.sbr thln l5?
lt rc dru invdid h.xrdcimC v.la;
S.w tha count;
Mov. D to L immrdil! bYl6;
Shift immrdirt

byb lcft
lour

bas;
Add L to Y!16 in A;
Mov! @lt b*k to D:
Una! th.  c@ni:
Incmdt commlnd chrctaa indax;
OErmant tlra count;
l f  not: ! rc than Eit ! .dc;
Clor A indicltinC no !r.on;
Rl iurn to CNTRL;

Mova ganorlud opcodr to HL;
Stora i t  al6xcut ion Nint;
Lold mrking PSW & A into HL;
Purh & pop $ta valurt lor

working ragiatrr .nd l laga;
Lo.d working B and C inro HL;
Purh & Fp Et! valuo! tor

working B rnd C ragit t rd;
Tha commrnd to.ba ax6utad;
lmmedisE valu. or NOP;
Pur'i I and C working rlgittar v6lucr;
Pop lh.m into HLI
Storr thafr in sve ar!a:
Puah PSW and A working vllust:
Pop thlm into HL;
Slor! thch in sva ar!!;
Raturn to CNTRL lor next cdmand:l ;

for the INX or DCX commands which
require register pairs as operands.

4. INVALID IMMED TYPE: The type
code for an immediate operand is not
B, Q, or H, or if the default was
attempted the first digit of the implied
octal value was not a digit from 0 to 7.

5. INVALID IMMED VALUE: One of
the characters in the immediate
operand value string was inconsistent
with the immediate type code. For
example, a digit in a binary input
string was not a zero or a one. This can
also be caused by not providing the
correct quantity of digits for the im-
mediate type specified; too few digits
wil l possibly cause a problem. lf too
many digits are entered only the first
N wil l be used (N=8 for binary, N=3
for octal and N=2 for hexadecimal).

6. ERROR! This message should not
occur unless a grave internal error
occurs in Educator-8080.

Educator-8O80 Program Listing

The Educator-8080 program is presented
in an assembly language format as l isting 1.
It was hand assembled and, therefore, some
liberties were taken in the way it was
presented. Addresses are shown in a split
octal ("lntelese") format of page and
address within page. Educator-8O80 requires
four contiguous 256 byte pages of memory
(it just f its); to ease the implementation
process all addresses and address sensitive
bytes are shown with relative page numbers
in  t he  fo rma t (P ) ,whe re  P  i s  a0 ,  1 ,2o r3 .
A simple process of substitution as the
program is being put into the machine wil l
provide the abil ity to locate Educator-8O8O
in any four contiguous pages provided the
program begins on a page boundary.

The assignment of three addresses is left
to the user. These three addresses are shown
symbolically in both the source and the
object code. The first address is for the
location of the STACK; insert the address of
the stack in the command at location
<0>/000. The stack should be capable of
being at least 1 0 to 1 2 levels deep to
function correctly. The second and third
addresses are the addresses of the physical
input and output routines which must be
provided by the user. These routine ad-
dresses are shown symbolically as KEYBD
and CHRPR in the source l isting. The values
are shown as'XXX XXX' in the object code.

Input and Output Routines

The Educator-8080 program references
two subroutines for the purpose of exe

op

MOV
P()P
rNx
DCR
JNZ
XRA
F€T

OCTAL MVI
OLOOP LOAX

su l
cPl
JNC
PUSH
MOV
oAo
OAD
DAD
ADD
MOV
POP
t N x
DCF
JNZ
XRA
RET

H,O',o(xt'
B
o'000'
o'oto'
I M M E F
H
L,D
H
H
H
L
o.A
H
B
H
OLOOP
A

MVt H,Otm'
LOAX 8
sur o'og)'
cPt  oor2 '
JC HCHOK
sur o'oo7'
cPr oo20'
JNC IMMEF
PUS}I H
MOV L,D
OAD H
OAO H
DAD H
DAD H
AOD L
MOV OA
POP H
I N X  B
DCR H
JNZ HLOOP
XRA A
RET

X C H G
S H L D  X O T O P
LHLO PSWA
PUSH H
POP PSav
L H L O  B A N O C
PUSH H
POP 8
NOP
NOP
PUSH 8
POP H
S H L O  E A N O C
PUSH PSW
POP H
SH LO PSiWA
R E T

opaarnd

D A
H
I
H
ELOOP
A

IMMER MVI A.O'ql€'
JMP ERROR

'Tha HEX rqti^. @Md ! haxadcimC immrdiar wlu. into ut6l. lom.

oa6 qB
012
3il6 60
376 0rO
322 330 <1>
3rts
152
(bl
05r
051
26
r27
3al
o(xt
oa5
302 340 <1>
257
3 t t

<1>1387 (xA @2 HEX
<t>/371 0r2 HLOOP
<1>t372 326 60
<1>1371 376 0r2
<r>/376 332 010 <2>
<z>l@t 326 CD7
<2>lw 37e v20
<2>lw 322 330 <1>
<2>1010 3/t5 HCHOK
<2>lal1 152
<2>1012 051
<2>to13 051
<2>tor1 051
<2>lo1a 6r
<2>to18 26
<2>1017 127
<2>lmo v1
<2>n21 0(B
<2>tc:22 045
<2>lm3 302 371 <t>
<2>to26 2A7
<2>1021 311

'Th. XOTER rout in6.xmut6 th!  96.r .rod obiet cod. for Educ.tor€Go.

<2>/030 353
<2>/031 (X2 0'16 <2>
<2>/034 052 346 <3>
<2>to37 345
<2>/040 36r
<2>tu1 052 350 <3>
<2>lw 345
<2>/(X5 301
<2>/046 000
<2> tul 000
<2>/050 305
<2>/051 341
<2>t062 042 350 <3>
<2>/055 365
<2> t056 34'l
<2> t061 042 346 <3>
<2>1062 3r l

XOTER

'The ERFIOR rout ine ia ucd to dirplay arror mosget

'Note: H L nM contains the addres ol the eror m6sge.

<2>/063 365 ERROR
<2>l& (x l  162 <3>
<2>106 '7  3 r5  26r  <0>
<2>to12 361
<2>1073 041 014 <3>
<2>1076 205
<2>1077 t57
<2>/ lm t56

<2>t113 025
<2>t114 302 105 <2>
<2>1117 076 377
<2>t121 311

PUSH PSiW Srve error code in A;
LXI H,ERRSP LoEd addre$ of error hqsdar Seea;
CALL CHEDT Go ourput o(or headsr rp&e.
POP PSW Un5vc arror cods;
LXI H.ERTAB Lo6d addrot of e..or mes$gG r.bto;
AOD L Add low rddrGs bvto to orro. cod.;
MOV L,A Movs rerul t  to L, pointa to of tct ;
MOV L,M Move offst  ro L:

CALL CHEDT Outpui tho.rror mes.€€;
LXI O,O'00OOO0' Load DE wirh timing loop v.lue;
OCR E D@roment v6tuo in E 256 rimoi:
JNZ ERTTM+| R€it€rste tos 256 t imos;

O O@romon! D;
EFITIM+I Roiterats outcr loop 256 l imet;
A,O'377' Move s 377 ro A indicat ing error;

Retu16 to CNTFIL;

<2>/10't 3r5 251 <0>
<2>t1U 021 000 0@
<2>t107 035
<2>n10 302 105 <2>

E F T I M

'Ths abovs JMP goc. to the fi6t 0O0 in rh. LXI commmd which ir 6n gff4rivo NOP

o c B
J N Z

R E T

'Note: lor Teletype or hard copy output bytei <2>/t04 thru <2>/l l6 can be roplead bv O0O NOpt.

2A



Toble 3:
Error Messoges, This table consists of o list of oddress offsets (locqtion <3>l0l 4) followed
by the ASCII error messoge strings, The octol values 201 through 377 ore used to encode from
1 to | 77 spaces (l to I 27 decimal). The strings contain a single space for these codes. The octal
value 200 is used to indicote end of string, ond isshown symbolically qsthechoracter "v", The
octql volue 177 is used to indicote the clear screen operation, ond is shown symbolicolly os the
charqcter "t",

cut ing lO operat ions.  The KEYBD sub-
routine is used to read a single character of
input  f rom an ASCII  keyboard device.  The
CHRPR subrout ine is  used to d isp lay (or
print) a single character. These routines are
not  shown in the l is t ings,  but  should be
adapted from the routines normally used
wi th the par t icu lar  system in which the
program is  run.  tsoth KEYBD and CHRPR
use the accumulator (A) to pass a single
character argument. KEYBD defines a value
in A obta ined f rom the inout  device.
CHRPR displays the value in  A on a device
such as a v ideo d isplay or  Teletype.  Al l  o ther
registers of the 8080 processor should be left
unchanged upon return from either of these
rout ines.  Entrv to the lO rout ines is  shown
using a CALL inst ruct ion in  these l is t ings.  A
corresponding RET inst ruct ion in  the rou-
t ine shou ld return contro l  when e i ther
operation is completed. An alternate method
of entry would be to employ the 8080 RST
instruct ion in  p lace of  CALL.  l f  the Edu-
cator-8080 listings accompanying this article
are used wi thout  reassembly,  then the CALL
instruct ions would be replaced by an RST
and two s ingle byte NOP inst ruct ions.

The keyboard entry  rout ine KEYBD

Cont inued on page 75

Addres Octal Cod! ASCII St.i.n Valu€

<3>/014 153 0?4 O43 063 063 1U 127 153 AddressOf f€ ts to rmesrges0throughT

< 3 > 1 0 2 4  l 1 r  1 1 6  1 2 0  1 2 5  1 2 4  0 4 0  1 2 4  1 1 7  ' , t N p U T T O O  L O N G  V ' ,
< 3 > / 0 3 4  1 1 7  0 4 0  1 1 4  r 1 7  1 1 6  1 0 7  2 0 0

< 3 > / 0 4 3  1 1 ' , t  1 1 6  ? 2 6  1 0 1  1 1 4  1 1 1  1 0 4  C l 4 0  ' , I N V A L t D C O M M A N O V ' ,
< 3 > / 0 5 3  1 0 3  1 1 7  t l 5  1 t 5 ' t 0 l  1 1 6  l 0 4  2 0 0

< 3 > / 0 6 3  r 1 1  1 1 6  ' , r 2 6  1 0 1  1 1 4  1 1 1  1 0 4  0 4 0  ' , t N V A L t O ' , R E G | S T E B V ' ,
<3>/073 122 1o5 ' tO7 111 123 124 16  122
<3>/193 2OO

< 3 > / 1 0 4  1 1 t  1 1 6  ' , t 2 6  1 0 1  1 ' , t 4  t  1 1  ' t O 4  0 4 0  ' , t N V A L t O  T M M E D  T y p €  V  ' ,
< 3 > 1 1 1 4  l 1 t  1 1 5  1 ' , t 5  1 0 5  t O 4  0 4 0  1 2 4  1 3 1
<3>1124 120 105 200

< 3 > / 1 2 1  r 1 1  1  t 6  1 2 6  1 0 1  r 1 4  1 1 1  1 0 4  0 4 0  ' | N V A L | D  T M M E D  V A L U E V ' ,
< 3 > f i 3 1  1 1 1  1 1 5  1 1 5  1 0 5  1 0 4  0 4 0  1 2 6  1 0 1
< 3 > 1 1 4 7  1 r 4  1 2 5  1 0 5  2 0 0

< 3 > / 1 5 3  1 0 5  1 2 2  1 2 2  1 1 1  1 2 2  U 1  2 @  ' , E R R O R T V ' ,

The fo l low ing  s t r ing  is  g iven  the  name "ERRSP'  and is  ued to  c lear  the  screen,  then spae down to  the
enler prior to displaying an error rcssage.

<3>/162 t77  377 377 211 200 ' . V

AddFs Ocrrl Cod.

<3> /167  171  2 t1  t os  104  125  IO3  101  124
<3>/177 120 122 055 070 060 070 060 264
<3>1207  137  137  137  r37  102  r1 r  116  101
<3>1217 122 131 137 r37 r37 r37 137 040
<3>1227  117  103  124  040  110  r30  212  067
<3>1237 040 066 040 065 040 064 040 063
<3>1247 040 062 040 06t O40 060 250 200
<3>1257 1U2 055 122 105 107 040 076 076
<3>t267 040 200
<3>t271 24r 103 055 r22 rO5 r07 040 076
<3>/301 076 o4O 2m
<3>/304 240 106 114 101 ' t07 123 046 r01
<3>/314 r03 r03 227 120 040 132 040 123
<3>t324 040 101 040 103 227 200
< 3 > 1 3 C 2  2 4 0  r 0 3  1 1 7  1 1 5  1 1 5  1 0 1  r 1 6  l M
<3>lu2 040 077 040 200

Nrmo ASCII Vrlrc

T I T L S

B L I N E

C L I N E

A F H D R

CMDMS

Toble 4: Educotor-8080 stqndard display format messoges, This toble contains the definitions of
severol chorocter string messoges which are used to formqt the output disploy device, As in table
3, the codes from octal 201 to 377 represent from 1 to 1 77 spaces transmitted. The charocter
"v" is used to indicote an end of text code, octal 200, Thechorlcter "." is used to indicate o
clear screen code, octol 1 77.

SOt!D STATES MUSIC PRODUCTS

4Kx8 Stat ic  Memories
MB-l  MK-8 board,  l  usec 2102s or  equiv-
alent .
K i t . . .  . . . . . . . $ 1 0 3
MB-2 Al ta i r  8800 compat ib le,  may be
piggybacked for 8Kx8.
K i t  ( 1 u s  2 1 O 2 s  o r  e q u i v . )  . . . . . . .
Kit  ( .55us 91 L02As)

l/O Boards
l /O-1 8 bi t  paral le l  input  & output  pof ts,
common address decoding jumper se-
lected,  Al ta i r  8800 plug compat ib le,

K i t . . . .  . . . $ 4 2  P C  B o a r d o n l y . . . $ 2 5

ll0-2 ll0 for 8800. 2 ports committed,
pads of 3 more, other pads for EROMS
UART, etc.
K i t . . . . .  $ 4 7 . 5 0  P C  B o a r d  o n l y  . . . $ 2 5

Misc.
Al ta i r  compat ib le mother board .  . . ,$45
32x32 Video board Ki t  ,  .  .$125

21O2's I  lusec l .65usec |  .Susec

ea lsr .os lsz.zs I  gz.so
32 l$sg.oo l$68.00 |  $76.00

Please send for  complete l is t ing of  lC's and
Xistors at competitive prices.

MIKOS
419 Portofino Dr.

San Carlos, Calif. 94070
Check or money order only.  Cal i t .  residents 6% tax. Al l
ordeE postpaid in US. Al l  devies tested pr ior to ele.
Money back 30 dav Guarantee. $1O min. order.  Pr ices
subj4t to changp without not ie.

17O2A* 1us $10.00
17O2A* .Sus $13.00
2101 $ 4.50
2111-1
4002-1
4002-2 $ 7.50
7489 $ 2.50
*Programing send
hex l ist $ 5.00

2112-1 $ 4.50
74C89 $ 3.50
74L89 $ 3.50
74200 $ 5.90
74L200 $ 5.90
8223 $ 3.00
91L02A $  2 .55

32 ea $ 2.40
2602 $ 2.00

$ 4.50
$ 7.s0

. $ 1  1 2

.$132

Erom Board
MB-3 1702A's Erorrs, Altair 8800 &
IMSAI 8080 plug compat ib le,  on board
selection of address & nait cycles, 2K
may be expanded to 4K.
K i t 2 K  ( 8  1 7 0 2 A ' s )  . . . . . . $ 1 4 5
K i t 4 K ( 1 6 1 7 0 2 A ' s )  . . . . . $ 2 2 5
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