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INTRODUCTION

EDUCATOR-Z-80 is a sel f -bootstrapping software package designed to run on
The D ig i ta l  Group,  Inc . ,  (DGI )  Z-80  mic ro-computer  under  the  TV-Casset te  0pera ted
System. I t  should be immediately operable on any DGI Z-80 system which has been
wired according to the DGI reconrnended standards.  EDUCAT0R-Z-80 requires a
min imum of  5K o f  RAM.

INSTRUCTION SET

The EDUCAT0R-Z-8O command/ instruct ion set  is a subset of  the Z-80 instruct ion
set.  The commands implemented with EDUCAT0R-Z-80 include commands which do not
in any way effect the content of memory or require memory access, program sequence
cont ro l ,  the  s tack  or  s tack-po in te r ,  inpu t /ou tpu t  o r  in te r rup t  con t ro l .  A l l  o ther
cornrnands and the i r  var ian ts  a re  inc luded in  the  ins t ruc t ion  se t  (over  400 com-
mands and var iants are implemented. )  Since instruct ions i l .e to be executed
sing' ly f rom the keyboard,  there was no need to incorporate any of  the Jump,
Jump-Re la t i ve ,  Ca l l ,  Return  or  Resar t  ins t ruc t ions .  However ,  s ince  the  F lags  are
d isp layed dynamica l l y ,  i t  i s  very  easy  to  de termine whether  o r  no t  a  g iven con-
d i t iona l  Jump,  Ca1 ' l  o r  Return  wou ld  cause a  t rans fer  o f  con t ro l  by  observ ing  the
set t ing  fo r  the  F lag  whose s ta tus  is  be ing  tes ted .  The conmands wh ich  a l te r
memory were not implemented because anything which can be done to memory can be
done to the registers and because i t  was not considered pract ica' l  to at tempt to
d isp lay  bo th  memory  and the  reg is te rs  -  F1ags.  S tack  and Stack-Po in te r  opera-
t ions were excluded for the same reasons as memory al terat ion instruct ions.
F ina l ' l y ,  no  ins t ruc t ion  whose ac t ion  cou ld  no t  be  read i l y  observed was imp le-
mented i  € .9 . ,  Inpu t /Outpu t ,  Ha1 t ,  D I /E I ,  IMx ,  e tc . )

In  the  jn te res t  o f  showing the  opera t ion  o f  as  many ins t ruc t ions  as  poss ib le ,
al l  of  the working registers except IX and IY are shown onthe screen and can be
manipu la ted  by  the  ins t ruc t ion  se t  appropr ia te ly .  In  add i t ion ,  the  "PRIME"
reg is te r  se t  i s  a lso  ava i lab le  th rough the  use  o f  the  appropr ia te  Exchange
Commands. Al ' l  instruct ions are shown as they would appear in the Z-80 Assembly
Language.

The ins t ruc t ion  subset  and the  va l id  operands  fo r  each ins t ruc t ion  are
shown as  fo l lows:

REGTSTEREo rnaoe uanr and
Copyr igh t  "  

*  *  *  D ig i ta l  Group Sof tware  Sys tems,  Inc . ,  P .0 .  Box  1086,
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- - - - -FLAGS--- - - -  '  -

COMMAND OPERANDS DESCRIPTI0N 0F OPERATI0N P
STOHOVNC

ADC n ADD the value of  the CARRY-FLAG and the value D D 0 D 0 U A D
of the immediate operand n to the contents of
the  Accumula tor

ADC s  ADD the  va lue  o f  the  CARRY-FLAG and  the  DDgD AU AD
conten ts  o f  the  s ing le - reg is te r  s  to  the
contents of  the Accumulator

ADC HL,dd  ADD the  va lue  o f  the  CARRY-FLAG and  the  D D 0  X0V AD
conten ts  o f  the  doub le- reg is te r  pa i r  dd  to  the
conten ts  o f  the  doub le- reg is te r  pa i r  HL

ADD n  ADD the  va lue  o f  the  in rmed ia te  operand  n  D  D 0  DAU 0D
to the contents of  the Accumul ator

ADD s  ADD the  con ten ts  o f  s ing ' le - reg is te r  s  to  DD0D0U AD
the contents of  the Accumulator

ADD HL,dd  ADD thecon ten ts  o fdoub le - reg is te rpa i r  N  N 0X 0N0 D
dd to the double-reg' ister Pair  HL

AND n  L0GICALLY-AND the  va lue  o f  the  immed ia te  D  D 0  IAP g0
ooerand n to the contents of  the
Accumul ator

AND s  L0GICALLY-AND the  con ten ts  o f  s ing ' le - reg is te r  D  D0 LAP0A
s to the contents of  the Accumulator

B IT  # ,S  TEST b i t  #  o f  s ing le - reg is te r  s  and  se t  the  XD0 1  0  X  0  N
ZERO-FLAG accord ing ly

C0MPLEMENT the value of  the CARRY-FLAG; N N 0 X 0 N 0 D
i f  i t ' i s  ze ro  make  i t  one  o r  i f  i t  i s  one ,
make i t  zero

CP n  CQMPARE theva lueo f the  immed ia teoperand  DD0D0V 1  D
n w i th  the  conten ts  o f  the  Accumula tor

CP s  C0MPARE the  con ten ts  o f  the  s ing le - reg is te r  s  DD0 D 0V 1  D
wi th the contents of  the Accumul ator

COMPLEI4ENT thecon ten ts  o f theAccumula to r  N  N0 1  0N 1  N
by changing a' l ' l  the ones to zeros and al l
the zeros to ones

DECIMAL-ADJUST the  va lue  in  the  Accumu ' la to r  DD0 D 0  P  N D
(a f te r  an  ar i thmet ic  command us ing  dec ima l
numbers )

DEC dd  DECREMENT (sub t rac t  l f rom)  thecon ten ts  o f  NN0N0NNN
doub le - reg is te r  pa i r  dd

DEC s  DECREMENT (sub t rac t  1  f rom)  thecon ten tso f  DD0D0VgN
si  ng ' le - reg i  s te r  s

EX AF,AFI  EXCHANGE theAccumula to r  and  FLAGS o f  the  ?  ?  0?  A?  ?  ?
current set  wi th the Accumulator and FL.AGS
of  the  PRIME se t
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COMMAND OPERANDS DESCRIPTION OF OPERATION -- - - -FLAGS-- - - -
P

s70H0vNc
EX DE,HL EXCHANGE the contests of  double-register pair  N N g t ' t  0 t l  t ' t  t ' t

DE w i th  the  conten ts  o f  doub le- reg is te r  pa i r
HL

EXX EXCHANGEthedoub le - reg is te rpa i rs  BC,  DEand NNgNgNNN
HL o f  the  cur ren t  se t  w i th  the  doub le- reg is te r
pa i rs  BC,  DE and HL o f  the  PRIME se t

INC dd  INCREMENT (add  1  to )  thecon ten ts  o fdoub le -  NNgN0NNN
reg is te r  pa i r  dd

INC s  INCREMENT (add  1  to )  the  con ten ts  o fs ing le -  DDgD0U 0N
reg is te r  s

LD dd ,nn  LOAD the  doub le - reg is te r  pa i rddwi th  the  N  N 0  N  0  N  N N
two byte immediate value nn

LD s ,h  L0AD thes ing le - reg is te rsw i th  the  immed ia te  N  N0N0 N N N
va l  ue  n

LD s ,s  L0AD the f i r s t  s inq le - req is te rw i th  the  N  NgN 0NN N
contents oTTh'e selond slngle-register

NEG NEGATE the  con ten ts  o f  theAccumula to r  DDA D 0  V  1  D
(perform the two's complement;  can be
accompl ished by  a  CPL fo l lowed by  an  INC A or
by subtract ing the contents of  the Accumulator
from zero)

N()P N0-0PERATION do no th ing NNONONNN

0R n  LOGICALLY-OR the  va lue  o f  the  in rned ia te  DD0A0P A0
operand n to the contents of  the Accumu' lator

0R s  LOGICALLY-0R thecon ten ts  o fs ing le - reg is te r  s  N  N 0  N0NN N
wi th  the  conten ts  o f  the  Accumula tor  (Use
0R A to c lear the CARRY-FLAG and set the
SIGN-FLAG and ZERO-FLAG accord ing ly  to  the
conten ts  o f  the  Accumula tor )

RES # ,s  RESET ( fo rce tobezero )  b i t#o fs ing le -  NNON0NNN
reg i  s te r  s

RL s  R0TATE the  con ten ts  o f  s ing ' le - reg is te r  s  DD0A0P 0D
le f t  one  b i t  pos i t i on  w i th  the  7 -b i t  go ing
to the CARRY-FLAG and the CARRY-FLAG going to
the  zero  b i t

ROTATE the  con ten ts  o f  the  Accumula to r  le f t  N  N 0  00N00
one b i t  pos i t j on  w i th  the  7 -b i t  go ing  to  the
CARRY-FLAG and the CARRY-FLAG going to the
zero  b i t

RLC s  ROTATE the  con ten ts  o f  s ing1e- reg is te r  s  le f t  DD000P 0D
one b i t  pos i t i on  w i th  the  7 -b i t  go ing  to  bo th
the CARRY-FLAG and the zero bi t
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RLCA

RRCA

COMMAND OPERANDS DESCRIPTION OF OPERATION -----FLAGS---- '
P

SZAHOVNC

R0TATE the  con ten ts  o f  theAccumula to r  le f t  N  N 0  00N0D
one b i t  pos i t ion  w i th  the  7-b i t  go ing  to  bo th
the CARRY-FLAG and the zero-bi t

RR s  ROTATE the  con ten ts  o f  s ing le - reg is te r  s  r igh t  DD000P gD
one b i t  pos i t ion  w i th  the  zero-b i t  go ing  to  the
CARRY-FLAG and the CARRY-FLAG going to the
7-b i  t

RRA ROTATE the  con ten ts  o f  theAccumula to r  r igh t  N  N I  00N00
one-b i t  pos i t ion  w i th  the  zero-b i t  go ing  to
the CARRY-FLAG and the CARRY-FLAG going to the
7-b i  t

RRC s  R0TATE the  con ten ts  o f  s ing le - reg is te r  s  r igh t  DDA09PAD
one-b i t  pos i t ion  w i th  the  zero-b i t  go ing  to
both the CARRY-FLAG and the 7-bi t

R0TATE the  con ten ts  o f  the  Accumula to r  r igh t  N  N 0  00N00

NN000N0tSCF

one-b i t  pos ' i t ion  w i th  the  zero-b i t  pos i t ion
going to both the CARRY-FLAG and the 7-bi t

SBC n  SUBTRACT the  va lues  o f  the  CARRY-FLAG and the  DDA D 0  V 1  D
inmediate value n f rom the contents of  the
Accumul ator

SBC s  SUBTRACTtheva lues  o f theCARRY-FLAGand the  DD0D0V 1D
conten ts  o f  s ing le - reg is te r  s  f rom the
contents of  the Accumulator (Try SBC A to set
a l l  the  b i ts  in  the  Accumula tor  to  the  va lue
of the CARRY-FLAG)

SBC HL,dd SUBTRACT the values of  the CARRY-FLAG and the D D 0 X 0 V 1 D
contents of  double-register pair  dd f rom the
conten ts  o f  doub le- reg is te r  pa i r  HL

SET the CARRY-FLAG to a 1

SET # ,s  SETb i t#  o fs ing le - reg is te rs  toa  1  N  N0NgNN N

SLA s  SHIFT the  con ten ts  o f  s ing le - reg is te r  s  le f t  DD00AP 0D
one-b i t  pos ' i t ion  and inser t  a  A  in to  the
zero-b i t ;  the  7-b i t  goes  to  the  CARRY-FLAG

SRA s  SHIFT the  con ten ts  o f  s ing le - reg is te r  s  r igh t  DD0AgP 0D
one-b i t  pos i t ion  and jnser t  a  va lue  equa l  to
what  the  7-b i t  was  in to  the  7-b i t ;  the  zero-
bi t  goes into the CARRY-FLAG

SRL s  SHIFT the  con ten ts  o f  s ing le - reg is te r  s  r igh t  DDA0AP 0D
one-b i t  pos i t i on ,  sh i f t  a  0  in to  the  7 -b i t
and the zero-bi t  to the CARRY-FLAG
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COMMAND OPERAND DESCRIPTION OF OPERATION -- . - -FLAGS-.. . .

;;il;
f rom the contents of  the Accumulator

SUB s  SUBTRACT the  con ten ts  o f  s ing le - reg is te r  s  DD0 D 0V 1  D
from the contents of  the Accumulator

XOR n  LOGiCALLY-EXCLUSIVE-OR the  va lue  o f  the  D  D 0  D0P A0
immediate operand n to the contents of  the
Accumul ator

XOR s  L0GICALLY-EXCLUSIVE-0R the  con ten ts  o f  s ing le -  D  D 0  D9P A0
reg is te r  s  to  the  conten ts  o f  the  Accumula tor
(Try  XOR A to  c lear  the  Accumula tor )

Where: n = a one-byte immediate value

nn = a two-byte immediate value

s  =  any  one  o f  the  s ing le  reg is te rs  d isp layed  B ,C,D,E ,H,L  and  A

dd =  any  o f  the  doub le- reg is te r  pa i rs  d isp layed BC,  DE,  o r  HL

Values for FLAGS: D = Depends on command and resul ts

X  =  Mean ing less

N = Not Changed

V = Depends on 0verf low

\= P = Depends on Par i ty

0  =  F lag  is  rese t

l .  =  F lag  i s  se t
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IMMEDIATE OPERANDS

Many of  the instruct ions supported by EDUCATOR-Z-80 require immediate oper-
ands .  An in rned ia te  operand is  a  cons tan t  va lue  wh ich  is  par t  o f  the  ins t ruc t ion
be ing  executed  and,  usua l1y ,  i rmed ia te ly  fo l lows the  opera t ion  code o f  the
ins t ruc t ion ;  hence the  name inmed ia te .

Whenever  a  s ing le  by te  o r  somet imes doub le  by te  "cons tan t "  i s  requ i red  in
a  program,  i t s  inc lus ion  as  the  i r rned ia te  va lue  o f  an  appropr ia te  ins t ruc t ion  w i l l
serve to reduce the length of  a program because there is no need to address the
va lue  d i rec t l y .  Inmed ia te  va lues  have an  imp l ' ied  address  wh ich  is  the  address
of  the  by te  fo ' l low ing  the  opcode.  Th is  addness  is  supp l ied  by  the  Program-
Counter  Reg is te r  au tomat ica l l y  whenever  an  immedia te- type  ins t ruc t ion  is  executed .

EDUCAT0R-Z-8O supports s ix di f ferent types of  immediate values as part  of
the  input  conmand and de fau l ts  to  sp l i t -oc ta l .  The fo rmat  o f  the  immedia te  oper -
ands are consistant wi th the format for  the Assembler.  There are two qeneral
k inds  o f  inmed ia te  va lues :  Charac ter  and Numer ic .

CHARACTER IT4MEDIATE VALUES - A character immediate value is shown as a
charac ter  s t r ing  f rom 1  to  X  charac ters  long enc losed in  s ing le  quotes
(example  - 'A ' ) .  Whenever  the  leng th  o f  the  s t r ing  i s  g rea te r  than  the
length  requ i red  by  a  spec i f i c  ins t ruc t ion ,  on ly  the  r igh tmots  n  charac ter (s )
w i l l  be  used w i th  space padd ing  on  the  le f t  hand end.

Thus :  LD A , '? '  Load  a  ?  in to  A
LD B, 'ABC'  Load  a  C  in to  B
LD HL, '780 '  Load an  B0 in to  HL
LD DE, 'X '  Load  sp  X  in to  DE

The on ly  va lues  wh ich
are :  Car r iage Return
or  233 oc ta l  ) ;  and the
forms for the values.

cannot be speci f ied as a character inmediate value
(215  oc ta l ) ;  Con t ro l -L  (214  oc ta l ) ;  De le te  (377  oc ta l
s ing le  quo te  (247  oc ta l ) .  Use  one  o f  the  numer ic

NUMERIC IMMEDIATE VALUES - There are f ive forms in which to enter numeric
in rned ia te  va lues .  Four  o f  the  f i ve  must  be  spec i f ied  and the  f i f th  (sp l i t -
oc ta l )  i s  the  de fau l t  op t ion .  A l l  numer ic  i rnmed ia te  va lues  must  beg in  w i th
a numeric characte?, A through 9,  appropr iate to the type being speci f ied
(e .g . ,  b inary  in rned ia te  va lues  can on ly  beg ' in  w i th  a  A  or  a  1 ) .  Any  one o f
the four spec' i f ied forms may be entered by enter ing the numeric str ing
fo l lowed by  a  type  ind ica tor .  The fo rmat  o f  a  numer ic  immedia te  va lue  is :

numer ic -s t r ing  T

Where :  numer ic -s t r ing  i s  a  s t r jng  o f  d ig i t s  o f  va lue  appropr ia te  to  the
to  the  type  o f  numer ic  va lue  be ing  spec i f ied

is  the  type  o f  ind ica tor  and has  the  fo l low ing
va l  ues  and mean inqs :  -

T=B B inary
T=D Dec imal
T=H Hexadec' imal
T=Q pure  0c ta l
T=C/R Sp1 i  t -0cta ' l
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Al l  numer ic  in rned ia te  va l tesare  zero  padded on  the  le f t  hand end.  On ly  as
many s ign i f i can t  d ig i ts  as  needed shou ld  be  en tered .  There  is  no  necess i ty
to  en ter  lead ing  zeros  except  as  requ i red  by  the  ru le  tha t  a l l  numer ic
inrnediate values must begin wi th a numeric character when enter ing a
hex idec ima i  inuned ia te  va lue  such tha t  the  f i rs t  hex  d ig i t  i s  no t  a  0
through 9.

Examples of  the speci f icat ion of  numeric character values are shown below:

7FH
ABH

OABH
rLw0wB

t777Q
L777C/R

6ClR
58D

y i  e l  ds
y i  e1  ds
yi e'l ds
y ie l  ds
y i  e l  ds
y i  e1  ds
y i  e1  ds
y i  e l  ds

LD A,216
LD HL,oFF3FH
ADD 36D
LD D, ' - '

7F
err0r
AB
AITLOOW
3/377 sp1 i t
L /377  sp f  i t
006  sp l  i t
072 sp1lt

Load 216 oc ta l  in to  A
Load FF3F hex  in to  HL
ADD 432 octal to A
Load 255 oc ta l  in to  D

Each  d ig ' i t  o f  a  numer ic  inmed ia te  va lue  i s  checked  fo r  va l id i t y  w i th in  i t s
spec i f i ed  rad ix .

Whenever  numer ic  immedia te  va lues  are  longer  than necessary ,  on ly  the
appropr ia te  number  o f  the  leas t  s ign i f j can t  d ig i ts  a re  used as  requ i red
by the conrnand.

Examples  o f  the  use  o f  immedia te  charac ter  va lues  are  as  fo l lows:

ENTERING COMMANDS

Conrmands are  en tered  in to  EDUCAT0R-Z-80 as  a  s t r ing  o f  charac ters  (e .9 . ,
le t te rs ,  numbers ,  spaces  and punc tua t ion)  fo l lowed by  a  command- te rm' ina tor .
As wr i t ten,  EDUCATOR-Z-80 assumes that the cornmand term' inator wi l l  be a
car r iage- re tu rn  (oc ta l  215) .

S ince  i t  i s  no t  uncommon to  make er ro rs  when key ing  in fo rmat jon  in to  a
computer,  two provis ions have been made in EDUCATOR-Z-80 for correct ' ing or
e l im ina t ing  er ro rs .  The de le te -charac ter  code (oc ta l  377)  i s  used to  de le te  the
las t  p reced ' ing  ex is t ing  charac te r  in  the  inpu t  s t r ing .  S ince  a  de le ted  charac te r
is  no t  cons idered to  ex is t ,  n  consecut ive  charac ter -de le tes  w i l l  de le te  the  n
consecut ive  charac ters  p receed ing  the  n  de le tes .  For  example ,  RAX<-L  w i l l  be
reduced to RAL and CQP+<-yA wi l1 resu' l t  in CMA.

Characters which have been keyed in are disp' layed af ter  they have been
tes ted .  The d isp lay  func t ' ion  used the  oc ta l  va lue  377 as  a  c lear -screen cont ro l
code. Therefore,  character-deletes are t ransformed into the back-arrow before
they  are  d isp ]ayed and s to red .  EDUCATOR-Z-80 users  who have a  back-ar row
(oc ta l  233)  key  on  the i r  keyboards  may use i t  as  a  charac ter -de le te  code and i t
w i l l  have the  same e f fec t  as  the  ke le te  key .  The o ther - - -and somewhat  more
dras t ic - - -method o f  e l im ina t ing  key ing  er ro rs  i s  to  de le te  the  en t ' i re  input  l ine .
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This is usual ly done when an error is detected before the cormand-terminator
character is input but several  characters af ter  the error occurred. The pro-
cedure for delet ing an ent i re l ine is to enter a l ine-delete code (octal  2I4)
wh ich  is  an  ASCI I  C0NTR0L-1 .  Th is  w i l l  c lear  the  input  l ine  and res tar t  the
conrnand entry procedure.

A special  feature of  EDUCAT0R-Z-8O permits the user to execute the last
cormand which was input several  t imes. This is accompl ished by hi t t ing "Return"
aga in .  In  o rder  to  p rov ide  th is  fac i l i t y ,  the  input  bu f fe r  i s  no t  c leared  pr io r
to ca]1ing for the entry of  a new conrnand and, s ince the the conrnand-terminator
is  no t  s to red  in  the  bu f fe r ,  the  las t  p rev ious ly  en tered  comrnand is  s t j l l  i n
the buffer.  This feature is especial ly handy when demonstrat ing the ef fect  of
mu l t ip le  execut ions  o f  the  Rota te ,  Inc rement ,  Decrement ,  Ar i thmet ic  and Log ica l
conrnands.

The general  format for  enter ing a cornmand is as fo l lows:

0PC0DE sp 0PERAND-1 ,0PERAND-2 t

Where: OPCODE is the nmemonic opcode for the command.
(Example :  LD,SGC,e tc .  )

sp  is  one or  more  spaces .

OPERAND- I  i s  the  f i rs t  o r  on ly  operand requ i red  by  an  ins t ruc t ion .
I t  may be  a  reg is te r  iden t i f i ca t ion  or  an  imrned ia te
value. See the imp' lemented instruct ion set  for  the
operand requirements.

0PERAND-2 is the second operand where required by a speci f ic
ins t ruc t ion .  See the  imp lemented ins t ruc t ion  se t .

i s  the  command- te rmina tor ,  usua l l y  a  car r iage- re tu rn .

See ENTERING COMMANDS

The brackets shown in the general  format are used to indicate that  the
i tems within them are opt ional  s ince some commands do not require any operands
(e .9 . ,  RLA,  SCF,  CPL,  e tc . ) ,  some requ i re  one  operand  on ly  (e .9 . ,  AND,  CP,  DEC,
e tc . ) ,  and some conmands requ i re  two operands  (e .g . ,  LD,  EX) .

ERROR MESSAGES

There are a number of  errors which can occur dur ing the process of  enter ing
and execut ing conmands under EDUCAT0R-Z-80. When this happens an enror message
is displayed on the output device.  A delay of  approximately two seconds occurs
as t l re message is being displayed to provide t ime to read i t  for  those with TV-
Monitors.  The normal EDUCATOR-Z-80 djsplay is outputed and the command entry
mode is re-entered af ter  the two second delay.

The er ro rs  wh ich  can occur  a re  as  fo l lows:
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ERROR MESSAGE

INVALID COMMAND

INVALID FORMAT

INVALID IMMED VALUE

INVALID SINGLE-REGISTER

INVALID DOUBLE-REGISTER

MEANING

The input command nmemonic is not one of  the
nmemonics permit ted and/or implemented under
EDUCAT0R-Z-80 or the command is too 

' long.

The format of  the input conrnand operand is
incons is tan t  w i th  the  cornmand.

One of  the characters in the immediate operand
str ing was inconsistant wi th the i runediate type
code.  For  example ,  a  d ig i t  in  a  b inary  input
str ing was not a zero or a one.

The character speci f ied where a s ' ing' le-register
spec i f i ca t ion  i s  requ i red  i s  no t  A ,  B ,  C ,  D ,  E ,
HorL .

The charac ter  se t  spec i f ied  where  a  doub le-
reg is te r  pa ' i r  spec i f i ca t ions  i s  requ i red  i s ,no t
BC,  DE,  HL or ,  fo r  the  EX command,  AF or  AFr .
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