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Z_80 ASSEI\,IBLER

Assembler? What 's  that?

The Digital Group Z-80 Assembler is a collection of various software routines
to increase an indiv idual 's  sof tware product iv i ty .  Not  too c lear  yet?
Well, this assembler gives a person the chance to build programs which are
very close to the Z-80 machine language, yet isolates him from many of the
problems, such as remembering a bunch of numbers, keeping track of each memory
address, and often a total rewrite when a missing piece of programming
must be inserted in the middle of the o1d program.

How? An assembler  can work symbol ic ly .  I t rs  sor t  of  l ike l is tening to
somebody talking about "watchamacall its". The speaker may not quite grasp
the proper name and precise concepts, but the general idea gets conveyed
nonetheless. The programmer uses an assembler to avoid an exact address
placement  of  each inst ruct ion;  he usual ly  locates just  the beginning address;
everyth ing e lse just  natura l ly  fo l lowing.  Instead of  programming using:

address data
r23345
L23346
I23347
12 3  350

he could use: LoADA LD A,321
ouT 002

076
32L
323
002

The assembler replaces the addresses with a label, which can be somewhat
descriptive, and replaces the numeric data codes with the much more easily
remembered Z-80 mnemonic.

Some sacr i f ices resul t ,  however.  I f  the machine code vers ion was d i rect ly
entered into the machine. onfy 4 bytes of storage would be used. In the
Assembler  vers ion,  the assembler  code i tse l f  takes up many K of  s torage,
the "Source code" (note the term) would take up 20-30 bytes,  and the reSul tant

"Object  code" (note th is  term- i t rs  the resul tant  machine language) uses 4
bytes. One would suspect that assemblers were invented by memory manufacturers.

In addition, a certain amount of additional t ime is required for the assembl-er
to be loaded, more characters to be typed and the actuaL assembly (or conversion
to machine code) to take p lace.  obviously ,  d i rect  machine code wi l l  o f ten
be a better choice for small programs, and mandatory for small- systems. The
assembler becomes very attractive for programs greater than a few hundred
bytesr dnd the total t ime and effort savings in a commercial operation far
outweighs the additional memory costs.

System required to run this assembler

Digital Group Z-80 system with l-8K or more memory.
Dig i ta l  Group Audio Casset te in ter face (s tandard wi th most  systems).
Digital Group 512 character TV Readout board.
Standard ASCII keyboard attached to Port p. Upper and lower case

character  set ,  contro l  codes,  and cursor  keys helpfu l ,  but  not  requi red.
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Since the programming used in this Z-80 Assembler is standard Z-8O code, this
assembl-er can be nodified to run on systens which differ considerably from the
intended design,  or  even run on non D.G. systems (shame on you!) .

General Assembler Design
The Digital Group Z-80 Assembler prograrnming occupies from address 0 to split
octal address 057377 (2F'FF in Hex). The prograrnmer's Source and Object
code may be placed at any address above the assembler (060000 Octal or
3000 Hex) . The exact memory uti l ization j-s:

000000 -  000377 EROM
001000 -  005377 General  Z-80 Op Sys
006000 - 006377 Optional Hardcopy area
007000 -  I0 I377 $/  Scro l l  buf fer
011000 - OII377 Tl/ & Keyboard Scroll ing subroutine
021-000 -  057377 Assembler  Rout ines
060000 -  377377 User Area for  Source & Object  f i les

Several  vers ions of  page
devices.  The 256 bytes
devices.

have already been written for various hardcopy
this area should be adequate for most hardcopy

6
in

General Assembler Aids to the User
The Digital Group z-80 Assembler is designed to assemble from standard
Z-80 mnemonics as l is ted in  the ZLLog User 's  Guide manual-  sh ipped wi th each
Digi ta l  Group Z-80 system. This assembler  uses an extensive l ine or iented
editor which automatically generates l ine numbers and automatically tabs to the
proper field. Other features of the editor are:

File management
Source code Write on cassette
Source code Read from cassette
Resequence line numbers
F i l e  l i s t i ng  (a l l  l i nes ,  s i ng le  l i ne ,  b l ock  o f  l i nes )
L ine delet ion (s ingle l ine,  or  b lock of  l ines)
L ink ing abi l i ty  between f i les
Error messages
Octal, Hexadecimal, Decimal, and ASCff constants
Relat ive addressing
Source code reduction

Using the Assembler
I .  P lace the casset te labeled 'Z-80 Assembler"  in  the casset te recorder .

When the low tone begins, turn on your l8K or greater Digital Group
Z-80 system.
When the data burst ends, the system should display an option
select  l is t .  A modi f ied vers ion of  the z-80 Op System is  ut i l ized for
opt ions 3 and 4 (see Appendix A) .
Opt ion 7 begins the assembler  operat ion.  I f  hardcopy is  desi red,
Option 8 may be selected, but an init ial selection of hardcopy
generally wastes paper and slows the operation. Option 8 is
recommended for source code listing of large programs and assembly
l is t ings.  So,  press 7 on your  keyboard.
The screen wi l l  in i t ia l ly  d isp lay "z-8O Assembler"  at  the top of
the screen,  and an under l ine character  (  )  4  l ines befow the t i t ]e
message .
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5. Precise entries to the assembler are required to obtain proper results.
The following abbreviations wil l be referred to in the succeeding
direct ions:
(sp) means a space bar depression
(cr) means a carriage return key depression
(xc) means a letter X entry while the "Control" key is depressed

(deletes the l ine of characters currently being entered)
(@c) means a letter @ entry while the "Control" key is depressed

(exits from the auto numbering node)
( ! ) begins the auto numbering mode (with a l ine number of oI00)
(DEl)neans a delete key depression (backspaces to delete the

previous character just entered - used for error correction)
The scroll ing system's input routine automatically nodifies any
l-ower case alpha entry to upper case.

6.  The f i rs t  operat ion must  be the creat ing of  a source code f i le .
This is  done by typ ing FILE(sp)  a f iLename consist ing of  a arb i t rary

name 1-5 characters in length, the first character of which is alpha
("p) and the starting location address which must be greater than or
equa l  t o  060000 (oc ta l )  o r  3000 (hex )  ( c r ) .  Examp le :
F ILE  ( sp )  TEST (sp )  050000  ( c r )
The system wi l l  respond wi th the f i lename that  you'have selected,
then the current beginning and ending address, which at this point

would be the same. Example: TEST 050000 060000
The system is now ready to assist you in building 

tyor-,t 
source fi le.

To begin the auto numbering system type !
9. The system wilf respond with OlOO(sp) you may now build your

program. The system has been designed so that f ive fields are

uti l ized: number label mnemonic. operation comment
a. The "number" f ield contains a four digit number between 0Ool

and 9999. The auto numbering system will increment by ten
Note: the number entry must contain four digits.

b.  The " label"  f ie ld is  opt ional .  I f  desi red,  an entry '  consis t ing
of I-6 alphanumeric characters, the first of which is alpha, i laY

be placed in this field. A comment statement, beginning with
an *  may begin in  th is  f ie ld.

c. The "mnemonic" f ield must be one of the various Z-80 op codes shown
in the Zj-Jog users' manual or the l isting incLuded with this
document.

d.  The "operat ion"  f ie ]d is  requj - red for  most ,  but  not  a l l  ,  op
codes.  The inc luded l is t ing shows samples.  Symbol ic  labels may
be ut i l ized i f  desi red.

e.  A "comment"  may be inc luded i f  desi red.  A shor t ,  meaningfu l  comment
can be a great help for later analysis of the function of each
instruct i .on.

f .  A (cr)  terminates the f ine entry ,  and the system wi l l  automat ica l ly
enter  the next  l ine entry .  I f  no fur ther  entry  is  desi red,  an
a C
g

10.  Af ter  the
progralnmer

L IST  ( c r )

F ILE  ( c r )

RSEQ (cr)

will exit from the autonumbering system.
source file has been made, several options are open to the
prior to assembling the source file.

wi l l  resul t  in  a l is t ing of  the source f i le  you have
been bui ld ing.
wil l produce the name of the current f i le, as well as the
beginning then ending address.
wil l reorder the source fi les numbering to start at
010O and incrernent in 0010 steps.
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DELT (sp)  XXXX
or

DELT(sp )XXXX(sp )XXXX(c r )  w i l l  r esu l t  i n  t he  l i ne  ( f i r s t
example)  or  a b lock of  l ines being deleted.

XXXX inser ts  or  corrects a l ine of  code.  XXXX may be
any appropriate nurnber O00L and 9999 inclusive.sAVE ( cr ) :ii : . "'3?"::":=::":" ::: =;":$:':fl":i.'i: ;i::il'ri"ii!'
casset te recorder ,  and the recorder  p laced in record
mode pr ior  to  enter ing the (cr) .  The appropr iate headers
will be written on the tape for subsequent loading.

11.  The assembly of  the source code can take e ight  forms.
ASSM(sp )HHHH (c r )  ( hex  ve rs ion )

or
ASSM (sp)OOOOOO (cr)  (octa l -  vers ion)
This f i rs t  form wi l l  assembl-e the source f i le  s tar t ing at  the
indicated address.  Be carefu l  of  the address.  You can wind up
destroy ing the assembl-er ,  the source code,  or  run out  of  memory.

aSSM (sp)  hhhh (sp)  HHHH (cr)  (hex vers ion)
or

ASSM(sp )oooooo  ( sp )OOOOOO (c r )  ( oc ta l  ve rs ion )
Thi .s  form wi l l  assemble the source code such that  the object
code is  Located star t ing at  the second address g iven.  However
the actual- code generated is the code as it would appear if
designed to run at  the f i rs t  address g iven.  Example:
A S S M ( s p ) 0 0 6 0 0 0 ( s p ) 1 3 0 0 0 0 ( c r )  w i l l  r e s u l t  i n  a  o c t a l  l i s t i n g
of the code as if i t were designed to run at page 6 and fol-lowj-ng,
but a look at storage wil l- show that the code is physically
located at  page 130 and fo l lowing.
This form is  used to generate code which wi l l  eventual ly  be run
at  the area of  s torage where the assembler  or  source code is  present ly
located.

ASSI ' IE (sp)  HHHH (cr)  (hex vers ion)
or

ASSI4E (sp)  000000 (octa l  vers ion)
This form is  s imi ]ar  to  the ASSM(cr)  format ,  except  that  only
errors are l - is ted.

ASSME (sp)  i rhhh (sp)  HHHH (cr)  (hex vers ion)
or

ASSME (sp )oooooo  ( sp )OOOOOO (c r )  ( oc ta l  ve rs ion )
This form wi l l -  a l -so l is t  only  errors,  but  wi l l  per form the
dual  address svstem above.

ASSML (sp )HHHH (c r )
ASSML (sp) OOoooo (cr)

ASSML (sp)  hhhtr  (sp)  HHHH (cr)
ASSIvIL (sp)  O0OO00 (sp)oOoOOO (cr)

ASSIvILE (sp)HHHH (cr)

ASSMLE (sp )  000000  ( c r )
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ASSMLE (sp) hhhh (sp) HHHH (cr)

ASSMLE (sp) oooooo (sp) OOOOOO (cr)
These last four forms of the ASSM permit l inking the assembly of
a number of Source fi les through a common l-abe} table. This
permits uti l izing the same limited amount of memory for each
Source f i le .  The casset te recorder  is  ut i l ized to SAVE and LOAD
the var ious Source f i les.  The ASSI4L (E)  inst ruct ion then bui l -ds
the desi red Obiect  code.

For  example,  suppose a user  wishes to assemble two Source f i les,
named TESTI and TEST2,  each requi r ing 4K of  s torage.  The
user has an l-8K system, so making them into a single 8K Source
fi le (plus the 12K of the Assembler code) would exceed the storage
capacity of the system. TESTI references labefs in TEST2 and
viceversa.  The user  woul-d assemble TESTI us ing the usual
ASSM(E)  i ns t ruc t i on .  ' r l . r r  ( l abe l )  e r ro rs  w i l l  r esu l t ,  bu t  a re
temporarily ignored. The TEST1 Source fi l-e is then SAVEed on
a casset te.  TEST2 is  next  made current  and entered or  LOADED.
This t ime the user  assembles TEST2 using the ASSI4L(E) inst ruct ion.
There should be no "L"  errors on th is  run i f  th is  is  the last
Source f i le .  TESTI is  then made current  and reLOADed. Re-
assemble TESTI us ing ASSI4L(E).  This t . ime every label  of
TEST1 should be l - is ted as a "D" (dupl icate)  label - ,  because a l l
these labeLs are a l ready in  the label  table.  The assembly is
now complete. Up to six Source fi les can be merged in this
manner. The only l imitation is the amount of RAM available and
the maximum of  96 labels (unless the labe1 area is  enlarged).

Here are two samples of how the assembler works. The underlined characters
are the operator 's  entr ies.

The f r rs t  example demonstrates the ASSM(E) format .

F IL I I  TEST 06OOOO
T E S T  0 6 0 0 0 0  0 b 0 0 0 0

!  O]OO KEY IN
O I 1 O  _  B I T
0 1 2 0  _  J R
O]30 -  PUSH
OI4O STROBE IN
0 1 5 0  _  B r T
0 1 6 0  J R
0 I 7 O  

-  p O p
0 1 8 0  _  R E r

0 0 0

./ Vl.-t,
a . l \ L  L

AF
0 0 0

-:-g-
7 Vr.v

GET DATA.FROM PORT O

SAVf, DATA

AF Rf,STORI DATA

OOgO f;  KIYBOART INPUT SUBROUTIJ.{E
0  1 6 0 J R  N Z . K E Y
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RSEQ

L I S T
O1OO f '  KEYBOA}ID INPUT SUBROUTII iE
O]10 KEY IN OOO GET DATA FROI{ PORT O
0 1 2 0  B I T  7 , A
0 t 3 0  J R  Z , K E Y
O14O PUSH AF SAVE DATA
0t_50 STROBE I l {  000
0.1-60 BIT 7 ,A
0 1 7 0  J R  N Z , K E Y
O18O POP AF RESTORE DATA
OI9O RXT

A S S 1 4  0 0 1 2 5 0  r 3 0 0 0 0

0 0 1 2  5 0
0 0 1 2 5 0
00L252
0 0 1 2 5 4
0 0 1 2  5 6
0 0 1 2  5  7
0 0 1 2  6 1
00r  26  3
00I2  65
0 0 I 2 6 6

3 3 3  0 0 0
3I3  L77
v J v  5 t l
? A q

3 3 3  0 0 0
3 1 3  r 7 7
0 4 0  3 6 3
3 6 I
3 1 1

O]"OO :I  KEYBOARD
O11O KEY IN
0 1 2 0  B I T
0 1 3 0  J R
O]40 PUSH
O15O STROBE IN
0 ] 6 0  B I T
0 1 7 0  J R
OIBO POP
O]90 RET

II ' IPUT SUBROUTINE
OOO GET DATA FROM
I  s A

? vrv

AF SAVE DATA
0 0 0
, s n

NZ,  KEY
AF RXSTORE DATA

PORT O

The Second example shows thc

OIOO * KEYBOARD INPUT SUBROUTINE
O]10 KEY IN OOO GET DATA FROM PORT O
0 1 2 0  B I T  7 , A
o t 3 0  J R  Z , K E Y
O14O PUSII AF SAVE DATA
O15O STROBE IN OOO
0 1 6 0  B I T  7 , A
0170 JR NZ,KEY
O18O POP AF RESTORE DATA
O]90 RET

Assl\4l  (E )  operat ion .

ASSM 4OOO

4 0 0 0
4000 DB
4002 cB
4 0 0 4  2 8
4 0 0 6  F 5
4 0 0 7  D B
4 0 0 9  c B
400ts  20
4 0 0 D  F ]
4 0 0 E  c 9

0 0
7F
FA

0 0
7 T

FILE  TEST2  O6OOOO
T E S T 2  0 6 0 0 0 0  0 6 0 0 0 0

!  0I00 ' t  TV
O]10 SPACE
0120 TV
0 r 3 0
0 1 4 0
0 r 5 0

OUTPUT SUBROUTINE
I . n  a r  I

OuT 000
XOR A
ouT 000
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A S S t l  0 0 0 3 7 0  1 0 0 0 0 0

0 0 0 3  7 0
0 0 0  3 7 0
0003 72
000374
0 0 0 3 7 5
0 0 0 3 7  7

D A  V L

076 240
3 2 3  0 0 0
2 5 7
3 2 3  0 0 0

O1OO : ' I  TV OUTPUT
O11O SPACE LD
O]20 TV OUT
0130 XOR
0140 OuT
O]50 RET

0l-00 :k  TV
0l_L0 fi

O ]20  ERASE
U I - J  U

0140
0ts0  cLoAD
O]60 BLANK
017 0
0 1 8 0
0 1 9 0
0 2  0 0

SUBROUTINE
A r t  I

000
A
0 0 0

F I L E  T E S T 3  O 6 O O O O
TEST3  060000  060000

I 0l_00 ?t TV
0l_10 tf

O I2O ERASE
n 1 2 n

0 I 4  0
0 I50  cLOAn
0 1 6 0
0 I 7 0
0  1 8 0
n r a n
0 2 0 0

L I S T
0l_00 * TV
0 l_10 *
O12O ERASE
0 I  3 0
0 1 4  0
0150 CLOAD
0]60 BLA}JK
0 1 7 0
0 I  8 0
0 1 9 0
0 2 0 0

0 0 0 3  4  6
0 0 0  3 4 6
0 0 0 3 4 6  0 7 6
0 0 0 3 5 0  3 1 5
0 0 0 3 5 3  0 0 6
0 0 0 3 5 s  0 1 6
0 0 0 3 5 7  3 1 5
0 0 0 3 6 2  0 1 s
0 0 0 3 6 3  0 4 0
0 0 0 3 6 5  0 2 0
0 0 0 3 6 7  3 r r

ERASE SUBROUTINE

0 1 5 0  C L O A D  L D  C , 0 0 4
0160 BLANK CALL SPACE

LD
L N L L

LD
D L D
CALL
DEC
J R
DJNZ
RET

A , I 2 7 D
TV
D  n n n

c  , 0 0 4

NZ, tsLANK
CLOAD

ERASE SUBROUTI] ' IE

L D  A , I 2 7 D
CALL TV
L D  B , 0 0 0
L D  C , 0 0 4
CALL SPACE
DEC C
JR NZ,BLA} IK
DJNZ CLOAD
RET

177
3 7 2  0 0 0
0 0 0
0 0 4
3 7 0  0 0 0

3 7 2
3 6 6

A S S M L  0 0 0 3 4 6  0 7 7 3 5 6

ERASE SUBROUTINE

L D  A , I 2 7 D
CALL TV
L D  B , 0 0 0
L D  C , 0 0 4
CALL SPACE
DEC C
JR NZ,BLANK
IJJNZ CLOAD
RET
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Other Operat ions
Several  other  features of  the Z-80 Assembler  have been
in i t i a l  r e l - ease .

inc luded in th is

save the current  source

J R T J P ,  a n d

On a  LD opera t lon

LOAD (cr) was used in the above operations to
f i l e  on  a  casse t te  f o r  l - a te r  use .

E X B C ( s p ) H H H H ( c r )  ( h e x  v e r s i o n )
EXEC(sp )OOoOOO(c r )  ( oc taL  ve rs ion )

w i l l -  cause  the  assemb le r  t o  b ranch  to  t he  i nd i ca ted  add ress .
This address is  normal ly  the heginning address of  the Object
code generated by the assembly operat ion.

SYl , lB(cr)  wi l l  pr in t  the l -abel  tabl -e data as shown above.

NEIdtr (cr)  c lears a l l  RAM Source areas and label  tabfe areas.  Whi l -e
not  general ly  necessary,  th is  operat ion is  recommended when
d i f f e ren t  success i ve  asse rb l i es  (bu t  no t  l i nked )  a re  be ing
r t t h

Arguments
Arguemen ts  cons i s t  o f  Reg i s te r  names ,  cond i t i ons  ( f o r  Ca f I ,
RET) ,  cons tan ts ,  and  va r i ab l -es  w i t h  o r  w i t hou t  o f f se t .

R e g i s t e r  n a m e s !  A , B , C r D , E , H , L r A F r B C , D E , H L , S P ,  f X ,  I Y .
M  may  be  used  i ns tead  o f  (HL ) .

Cons tan ts :

C o n d i t i o n s  :  Z , N Z , C , N C , P O , P E , P , M .

Var iab les :

O c t a l  D e f a u l t  e . 9 .  3 7 7  i n  O c t a l
Dec ima l  i nd i ca to r  i s  D .  e .g .  l - 28  D  means  a  dec ima l  va lue  o f  128 .
Hex  i nd i ca to r  j - s  H .  e .g .  lEH  means  a  Hex  va lue  o f  lE .  NOTE:

al l  hex number must  begin wi th a number e.g.  BFFH means
a hex val -ue of  FF.

A s c i i  c o n s t a n t s  a r e  i n d i c a t e d  b y  s i n g l e  q u o t e s  e . g .  ' B ' m e a n s  t h e
Asc i i  va lue  o f  B  wh i ch  wou ld  be  302  i n  Oc ta l - .  NOTE:  on l y
one  cha rac te r  pe rm i t t eo ,  and  ( c r )  and  con t ro l  cha rac te rs
a re  n . r f  nc rm  i  l -  t ed  .

These are the labels def ined in the Source program or
by a EQU statement . .  Those in a constant  f ie ld can be of fset
by  an  Oc ta f ,  Hex  o r  Dec ima l  cons tan t .  E .G .  HERE+ l7  THERE-2OH.
The var iables ( l -abel -s)  may be l -  to  6 characters in  length.
The f i rs t  character  must  be a l -phabet ic .  The other  characters
may be a lphabet ic  or  numer ic .  Specia l  characters are not  a l -
lowed,  nor  may the regis ter  names be used for  Labels.

Is  used to indicate the 16 b i t  va lue of  the program counter
a f t e r  t he  cu r ren t  i ns t ruc t i on  i s  assemb led .  O f f se t
values may be added to th is  pointer .  Examples:
OOSO (sp )  BEGIN  ( sp )  t p  ( sp )  $+100  ( c r )
0 0 9 0  ( s p )  L I N E  ( s p ) D S  ( s p )  $  ( c r )
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Pseudo Ops
ORG will reset the origin of the assembly at that point to the value

ind i ca ted .  Examp les :  0100  ( sp )  ( sp )ORC(sp )4000  ( c r )  ( hex  o rg )
01OO (sp )  ( sp )  onc  ( sp )  100123  ( c r )  ( oc ta l  o rg )

EQU gives a value to a symbol. Example:
0120 (sp)  THREE (sp)  EQU (sp)  003 (cr)
0130 (sp)  ERASE (sp)  reu (sp)  000346 (cr)

DS leaves the indicated number bytes unchanged. Example:
o t4o  ( sp )  BUFFER (sp )  ps  ( sp )  512D (c r )

DB defines the val-ue of one byte of data. Example:
0150  ( sp )  ROBERT (sp )  os  ( sp ) ' 123  ( c r )

DW defines a number of data words. One form has ASCII data words
placed between s ingle quotes.  (cr )  and contro l  characters
are not  permi t ted.  Example:
0150  ( sp )  SUDING (sp )  DW (sp ) '  SUDING '

Another form has a number or a label without the single quote marks.
A sixteen bit number is stored corresponding to the
address of the label or the val-ue of the number. Examples:
ot70 (sp)  Here (sp)  Dw (sp)  r2332L (cr)
OI80 (sp)  where (sp)  Dw (sp)  suDrNc

Errors
The following errors are l isted at assembly time in the space between the

Object code and the Source code.
D -  Dupl icate label  detected
M -  Miss ing label
O - Opcode il legal
L -  Label  i l legal  or  miss ing
V - Value of constant too large. value of a relative jump too large.
U - Undefined Symbol
S - Syntax i l legal
R -  Register  i l legal
A - Argument i l legal
N  -  B i t  se lec ted  i 11e9a1  (SET ,RES,B IT )
J - Jump relative error

Some messages wil l occur at command times such as:
????? - fhe command given was il legal
USED - The fi le name already exists
FULL - Al-I six f i les are already being used
LABEL TABLE FULL - All 96 l-abels permitted have been used.

Specia l  F i Ie  Handl ing
The command FfLE can create a new Source f i1e,  delete an o ld Source f i le ,  or
make an old Source fi le current for further work or available for cassette
operat ions.

FILE (cr) wil l give the name of the current Source fi le with its
beginning and ending addresses

FILES (cr)  wi l l  l is t  a l l -  f i l -es and thei r  addresses
FILE(sp)xxxx(sp)  (cr )  wi l l  make the Source f i le  name entered for

XXXX current
FILE(sp)XXXX(sp) f r (cr )  wi l l  remove the Source f i le  name entered for

XXXX from the l ibrary.
F ILE(sp )XXXX(sp )HHHH(c r )  ( hex  ve rs ion )

o r
FILE (sp)  XXXX (sp)  OOOOOO (cr)  (octa l -  vers ion)

wi l l  create a new Source f i le  as prev iously  descr ibed.
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Saving your  Object  f i le  on Casset te
Often the assembler  wi l l  be used to generate object  code designed to be
immediately run with the cornplete assembler and source fi l-e resident.
In  th is  case,  no specia l  object  code saving is  necessary.  However,
the code wi l l  general ly  be designed to run in  the storage area occupied
by the assembler ,  hence,  temporary casset te loading may be desi reable.
Simi lar ly ,  Iarge programs may be constructed f rom smal ler  object  code modules.
The main operat ing system can be used as the new system's operat ing
system, or ,  the assernbl -er  can be used to generate "a new wor ld"  of
operat ing system.

Either way, the progralnmer would generally temporarily put the new data
on  a  casse t te (s )  and  l a te r  bu i l d  upon  the  bas i c  casse t te  read ing  sys tem
in  t he  EROM a rea  (000000  to  000377 ) .  Th i s  p rocedu re  cons i s t s  o f  mod i f y i ng
the ex is t ing casset te wr i t t ing rout ine to record only the specia l  area
just  assembled,  then modi fy ing the casset te reading rout ine to p lace
the new sof tware where desi red.
EXAMPLE: The Assembler  assembles some code to run at  page 012.  Since
th is  is  the present  assembler  4rs6,  the assembly would be the double
address type such as ASSM 012000 -  I -00OOO. The resul - tant  code of  th is
double address would be ]ocated at  address 1O0OOO and fo l lowing.  The wr i te
rout ine would be rnodi f ied to Load th is  area of  memory on a casset te.
Assuming the end to be at  101-321-,  the star t  and stop addresses of  100000
and  10 I321  wou ld  t hen  be  l - oaded  as  rep lacemen ts  t o  t he  p resen t  w r i t e  add resses
on  page  001 .  Mod i f y :  O0 lO44  to  000  (L  S ta r t )

0 0 1 0 4 7  t o  ] 0 0  ( H  S t a r t )
0 0 1 0 5 2  t o  3 2 1  ( L  E n d )
0 0 1 0 5 5  t o  1 0 1  ( H  E n d )

P ress  R  to  ob ta in  t he  Op  Sys tem d i sp lay .  A f te r  p lac ing  a  f r esh  casse t te
on the recorder  and pressinq "Record"  select  Opt ion "2"  and wr i te  the
casse t te .  S top  the  casse t te  when  f i n i shed  wr i t i nq .

The desi red op system may then be read in or  the present  op system may
be  u t i l - i zed  i f  t he  sc roL l i ng  sys tem i s  des i red .  The  casse t te  read
cons tan ts  mus t  be  nex t  mod i f i ed  t o  read  i n  t he  spec ia l  casse t te  t o  t he
des i red  foca t i on .  S ince  i n  ou r  examp le  t he  code  was  des igned  to  run  a t
011000  to  01232L ,  t hese  s ta r t  and  s top  add resses  mus t  be  en te red .

t r4od i_ f y :  001030  to  000  (L  S ta r t )
0 0 1 0 3 1  t o  0 1 1  ( H  S t a r t )
001 -032  to  321  (L  End )
0 0 1 0 3 3  t o  0 1 2  ( H  E n d )

P ress  R  to  ob ta in  t he  Op  Sys tem d i sp lay .  A f te r  p lac ing  the  spec ia l
casse t te  i n  t he  reco rde r  and  s ta r t i ng  t o  p lay  t he  casse t te ,  se lec t  op t i on
" f "  when  the  l ow  tone  beg ins .  A f te r  t he  t one  bu rs t ,  t he  new da ta  i s  l oac led .

Res to re  t he  w r i t e  cons tan ts  a t  OO1O44  -  001055  to  t he i r  o r i g i na l  va lues ,
and  the  t rans fe r  i s  compLe te .

Another  possib le way to t ransfer  the data is  to  wr i te  and execute a Z-80
memory  t r ans fe r  rou t i ne  such  as :

LD  HL ,F rom *  (F rom =  p resen t  Loca t i on )
LD  DE,TO *  (TO= in tended  l - oca t i on )
DD BC,Leng th *  Se t  t o  code  l eng th
LDf R *T ' ransf  er
RST 060 *Do a storase Dump
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ASSM l3OOOO

13000 0
I 3 0 0  0 0
I 3 0 0 0 0
1 3 0 0 0 0
I  30  000
r 3 0 0 0  0
I300 00
I 3 0 0 0 0
1 3 0 0 0 0  3 7 7
I  3 0 0  0 r

3 0 5  3 0 4  3 I I  3 2 4
I 3 0 0 0 5
]  3 0 0  0 6
I 3 0 0 0 6
I 3 0  0 0 6
1 3 0 0 0 6  3 5 5  1 2 7
' I ? n n 1 n  ? R q  I " ?

1300t -2  I77
1 3 0 0 1 3  r 7 0
1 3 0 0 I 4  l 7 r
1 3 0 0 1 s  r 7 2
1 3 0 0 1 6  1 7 3
I 3 0 0 1 7  I 7 4
r 3 0 0 2 0  r 7 5
1 3 0 0 2 1  1 7 6
r30022
130022 176
L J r J r J Z J  V L Z

t 3 0 0 2 4  0 3 2
1 3 0 0 2 5  3 3 5  1 7 6  0 0 2
1 3 0 0 3 0  3 7 5  1 7 6  0 0 3
1 3 0 0 3 3  0 7 2  3 4 5  I 2 3
1 3 0 0 3 6  0 7 6  0 0 3
1 3 0 0 4 0  I 0 7
L 3 0 0 4 1  I 0 0
1 3 0 0 4 2  I 0 l
1 3 0 0 4 3  r 0 2
1 3 0 0 4 4  I 0 3
1 3 0 0 4 5  1 0 4
1 3 0 0 4 6  r 0 5

OIOO : ' I  Z-80 ASSM CODE TESTE]i
0Lt_0 t;
O12O ?' :  DATA ASSIGI ' I I i ' iG
0 1 3 0  *
0 r q 0  T E S T  E Q U  I 2 3 3 4 s
0150 HEX EQU I234H
0160 DECI4AL EQU r23D
0170 THREE EQU oo3
O].80 DATA
O 1 9 O  E D I T

O2OO STORE DS
0 2r0 t :
O22O !:B tsIT LOAI)
0230 i ' r
0240 LD
0 2 5 0  L D
0 2 6 0  L D
0270 L I )
O 2 B O  L D
0 2 9 0  L D
0300 LD
0 3 1 0  L D
0 3 2 0  L D
0 3 3 0  L D
0340 : !  rr14fr  l , l^Y BE
0 3 5 0  L D
0 3 6 0  L D
0 3 7 0  L D
0380 LD
0 3 9 0  L D
0 4 0 0  L D
0 4 1 0  L D
0 4 2 0  L D
0 4 3 0  L D
0440 LD
0 4 5 0  L D
0 4 6 0  L D
0 4 7 0  L D
0480 LD

3 7 7
I  E D I T  I

0 0 1

GROUP

A , I
A , R
A r A
A , B
h t \ '

A N

A , H
A , L
A , ( t t L )

USED IN PLACf, OF
A 'l ' l
A , ( B C )
A , ( D t )
A , ( r x + 2 )
A,  (  IY+TI IREE )
A,  (  TEST )
A,  THREE
B , A
B , B
n n

B , D

p u
s  t r r

B ' L

I I ( I I L ) I ' I F  D E S I R E D :

DB
DW

- t _ I -
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1 3 0 3 5 0  3 3 5
1 3 0 3 5 4  3 3 5
1 3 0 3 6 0  3 3 5
1 3 0 3 6 2  3 7 5
l_30 366 375
1 3 0 3 7 2  3 7 5
1 3 0 3 7 4  3 5 5
1 3 1 0 0 0  3 s s
1 3 1 0 0 4  0 4 2
t 3 t 0 0 7  3 5 s
1 3 1 0 1 3  3 3 5
1 3 1 0 1 7  3 7 5
1 3 1 0 2 3  3 6 5
1 3 1 0 2 4  3 0 s
1 3 1 0 2 5  3 2 5
I 3 I 0 2 6  3 4 5
r 3 1 0 2 7  3 3 5
r 3 1 0 3 r  3 7 5
r 3 1 0 3 3
' l e l n ? ?

r310 33
I  ? 1 n ? a

r310 33
1 3 1 0 3 3  0 1 0
I31034 331-
r 3 1 0 3 5  3 5 3
1 3 1 0 3 6  3 4 3
I 3 r 0 3 7  3 3 5
1 3 t 0 4 1  3 7 5
1 3 1 0 4  3
I 3 1 0 4 3
131 04  3
1 3 1 0 4 3  3 5 5
r 3 l - 0 4 5  3 5 5
I 3 1 0 4 7  3 5 5
I J I V J I  U J J

1 3 1 0  5  3
131_0 5 3
13105 3
J - J I - U C J  J J J

1 3 r 0 5 5  3 5 5
1 a ]  n  q t  2 q q
I U ! V J  I  9 J J

' r ? r n A l  ? q q

r 3 1 0 6 3
1 3 1 0 6  3
1 3 1 0 6 3  2 0 7
1 3 1 0 6 4  2 0 0
I 3 r 0 6 5  2 0 1
L J L U O O  Z V Z

1 3 1 0 6 7  2 0 3
t 3 1 0 7 0  2 0 4
l -3107r  20s
r 3 1 0 7 2  2 0 6

0 4 t  3 4 5
0 5 2  3 4 5
34I
041 345
0 5 2  3 4 5
341
1 0 3  3 4 5
1 2 3  3 4 5
3 4 5  I 2 3
1 6 3  3 4 5
042 345
0 4 2  3 4 5

L23
1 2 3

L23
123

123
t 2 3

L23
123
123

1 5 5 0  L D  T X , T E S T
1 5 6 0  L D  r X , (  T E S T )
] -570 POP IX
l58o LD rY,TEST
1 5 9 0  L D  r Y , ( T E S T  )
1600 POP IY
] 6 ] 0  L D  ( T E S T ) , B C
] 6 2 0  L D  ( T E S T ) , D E
1 6 3 0  L D  ( T E S T ) , H L
1 6 4 0  L D  ( T E S T ) , S P
1 6 5 0  L D  ( T E S T ) , I X
1 6 6 0  L D  ( T E S T ) , I Y
1670 PUSI I  AF
1680 PUSH BC
1690 PUSH DE
17OO PUSH HL
1710 PUSH IX
L72O PUSH IY
1730 : I  END OF 16 BIT LOAD
1740 *
]750 ' !  END OF LOAD TEST
1760 :I EXCTIANGf,S
1770 tc
1780 EX AF
1 7 9 0  E X X
1 8 0 0  E X  D E , H L
r s ro  EX (Se ; ,s1
1820  EX  (SP) , rX
r83o  EX  (SP) , rY
1840  *

1850 : t  BI ,OCK TRANSFER
1860  Jb

I87O LDI
1880  LD IR
1890  LDD
I9OO LDDR
l-9L0 n'

] -920 : I  BLOCK SEARCFI
l_930 t3

1940  CPI
I 9 5 O  C P I R
1960  CPD
1970  CPDR
19 80 :t

I99O NO 8 BIT ARITHMETIC 6 LOGIC
2 O O O  A D D  A
2OIO ADD B

A n n
t v z v  A U U  u

2 O 3 O  A D D  D
2O4O ADD E
2 O 5 O  A D D  H
2060 ADD L
2 O 7 O  A D D  ( H L )

3+5
345

3 4 3
3 4 3

z + v

260
2s0
270

24I
26I
Z J L

2 7 I
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r  3 0 1 6  5
130I  66
r  3 0 1 6  7
r30r70
I 3 0 1 7 3
r30r  76
1 3 0 2 0 0
r 3 0 2 0 1
L30202
: 3 0 2  0 3
r30204
r 3 0 2 0 5
I30  2  06
r  3 0 2  0 7
I 3 0  2 I  I
L30212
1 3 0 2 r 3
r  302 16
13022I
r30224
r30227
r30232
r 3 0 2 3 5
r 3 0 2 4 0
r30244
r 3 0 2 4 7
I302s2
1 3 0 2 5 5
1 3 0 2 6 0
I  3 0 2 6  3
I  302 66
13027 L
r 3 0 2  7  5
1 3 0 3 0 0
1 3 0 3 0 2
r 3 0 3 0 4
r 3 0 3 0 4
r  30304
1 3 0 3  0 4
1 3 0 3 0 5
1 3 0 3  I 0
I 30 314
r 3 0  3 1 5
I 3 0 3  2  0
1 3 0 3 2 4
1 3 0 3  2  5
1 3 0 3 3 0
I 2 n e ? ?

1303 34
' r  ?n?  ?R

I  3 0 3  3 7
I  3 0 3  4 l
I 3 0 3  4 4

I54

1 5 6
3 3 5
3 7 s
0 5 6
1 6 7
l_o u

I61
162
l _ o J

I64
1 6 5
0 6 6
002
002
3 3 5
335
? 2 q

3 3 5
3 3 5
3 3 5
3 3 5
3 3 5
375
3 7 5
3 7 5
3 7 5
3 7 5
3 7 5
3 7 5
? ? q ,

062
3 5 5
3s5

t0  20
I 0 3 0
1 0 4 0
1 0 5  0
1 0 6 0
1 0 7  0
10 80
1 0 9 0
1 1 0 0
1rt0
r r20
l r30
I14O
I 1 5 O
1160
I ITO
r t 8 0
r190
I  t n n

r2 I0
r220
12 30
1240
1 2 5 0
I 2 6 0
L270
1 2  8 0
1 2 9 0
1 300
r 3 1 0
1320
1 3 3 0
I340
13 50
r 360
1370
1 3  8 0
I  3 9 0
140 0
1 4 1 0
1 4 2 0
14 30
I4 40
1 4 5 0
1 4 6 0
I 4 7 0
I480
1 4 9 0
1 5 0 0
15 10
1 5 2 0
15 30
1 5 4 0

1 5 6  0 0 2
J . J O  U U J

0 0 3

L D  L , H
L D  L , L
L D  L , ( r r l )
L D  L ,  (  r X + 2  )
LD L ,  (  IY+TI IREE )
L D  L , 3
LD (  I {L )  ,A
L D  (  H L )  , B
L D  ( i l L ) , C
I ,D (  I {L )  ,D
L D  ( H L ) , E
L D  ( H L ) , H
L D  ( H L ) , L
L D  ( i l L ) , T H R E E
L D  ( B C ) , A
L D  ( B C ) , A
L D  ( I X + 2  ) , A
L D  (  I X + 2 ) , B
L D  (  I X + 2  ) , C
L D  (  I X + 2  ) , D
L D  (  I X + 2 ) , E
L D  (  I X + 2  ) , H
LD ( IX+2)  ,L
LD ( IX+Z ) ,THREE
L D  ( I Y + 3 ) , A
L D  ( I Y + 3 ) , B
L D  (  r Y + 3  ) , c
L D  (  I Y + 3 ) , D
L D  (  I Y + 3 ) , E
L D  (  I y + 3 ) , H
L D  (  I Y + 3  ) , 1
LD (  rY+3 ) ,THREE
L D  ( T E S T ) , A
L D  I , A
L D  R , A

8 BIT LOAD

0 0 3

167 002
160 002
1 6 1  0 0 2
162 002
1 6 3  0 0 2
1 6 4  0 0 2
1 6 5  0 0 2
0 6 6  0 0 2  0 0 3
1 6 7  0 0 3
160 003
1 6 1  0 0 3
162 003
1 6 3  0 0 3
164 003
1 6 5  0 0 3
066 003 003
3 4 5  1 2 3
r07
1 1 7

? 4 1

0 0 r  3 4 5  I 2 3
3 s 5  1 1 3  3 4 s  1 2 3
? n l

0 2 t  3 4 5  I 2 3
3 5 5  1 3 3  3 4 5  ] 2 3
32r
0 4 I  3 4 5  I 2 3
0 5 2  3 4 5  r 2 3
3 4 1
J I L

3 3 5  3 7 1
3 7 5  3 7 1
0 6 1  3 4 5  r 2 3
3 5 5  I 7 3  3 4 5  I 2 3

:t END

C! BEG]N 16 BIT LOAD
POP AF
LD BC,TEST
L D  B C , ( T E S T )
POP BC
LD DE,TEST
L D  D E , ( T E S T )
POP DE
r  n  u r  TEST
u u  r r u t . r

L D  H L , ( T E S T )
POP HL
L D  S P , H L
T . n  s P  T Xv .  t  4 .

T.n sP TYu u  s .  t -

L D  S P , T E S T
L D  S P , ( T E S T )
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r 3 0 0 4 7
1 3 0 0 s 0
r 3 0 0  5  3
I  300 56
t 3 0 0 6  0
I300 6  I
r 3 0 0 6 2
1 3 0 0 6  3
r 3 0 0 6 4
I 3 0 0 6 5
I 3 0 0 6 6
1 3 0 0 6 7
r 3 0  0 7 0
t 3 0 0 7 3
t  3 0  0 7 6
1 3 0 r 0 0
' I ? n l n l

r 3 0 1 0  2
1 3 0 t  0 3
1301-04
r 3 0 r 0  5
I  3 0 1 0 6
I 3 0 t 0 7
t 3 0 1  t 0
t 3 0 L ]  3
r30116
1 3 0 t 2 0
]30121-
L30r22
r 3 0 r  2 3
I 3 0 1 2 4
1 3 0 1 2  s
I  3 0  1 2 6
I30r27
I  301 30
1 3 0 1  3 3
r301 36
r 3 0 1 4 0
I3014I
r  3 0 r 4 2
r  3 0 t 4  3
r 3 0 1 4 4
r 3 0 1 4 5
I 3 0 1 4 6
r30147
r 3 0  t 5  0
1 3 0 1 5  3
t301 56
13016 0
I 3 0 t 6 I
r3016 2
r 3 0 1 6 3
r30 164

1 0 6  0 0 2
106 003
003

1 1 6  0 0 2
1 1 6  0 0 3
0 0 3

126 002
126 003
0 0 3

0 4 9 0
0 5 0 0
0 5r0
0 5 2 0
0 s 3 0
0 540
0 5 s 0
0 5 6  0
0 5 7 0
0  5 8 0
0 5 9 0
0 6 0 0
0  6 1 0
06 20
0 6 3 0
0640
0 6 5  0
U O O U

0 6 7 0
0 6 8 0
0 6 9 0
0 7 0 0
0  7 1 0
07 20
0 7 3 0
0 740
0 7  5 0
0 760
0 7 7  0
0780
0  7 9 0
0 8 0 0
0 810
0  8 2 0
0 8 3 0
0 840
0 8 5 0
0 8 6 0
0  8 7 0
0  8 8 0
0  8 9 0
0 9 0 0
09 I0
0 9 2 0
0 9 3  0
09 40
0 9  5 0
09 60
0 9 7 0
09 80
0 9 9  0
I000
r0 10

' I  nA

3 3 5
3 7 5
006
I I7
1r0
rl_1
II2
113
Ir4
115
116
3 3 5
3 7 5
0 1 6
1 2 7
L20
1 2 1
L22
123
124
1 2 s

3 3 5
3 7 5
026
t 3 7
t ? n

1 3 1
r32
1 3 3
I 3 4
1 3 5

0 3 6
l-r+ 7
1 4 0
I41
142
1 4 3
144
145
l_46
3 3 5
375
046
t 5 7
150
I 5 I
r 5 2
I  q ?

1 3 6  0 0 2
l_36 003
0 0 3

L D  B , ( I I L )
L D  B , ( I X + 2 )
L D  B , ( I Y + T I I R E E )
LD B,THRf,E
L D  C , A
L D  C , B
L D  C , C
L D  C , D
L D  C , t
r N  A  L I
u u  u , l l

t n  6  f
b u  u  r L

L D  C ,  ( H L )
L D  C ,  (  I X + 2  )
L D  c , (  I Y + T H R E E )
LD C,THREE
L D  D , A
L D  D , B
L D  D , C
L D  D , D
L D  D , E
L D  D , H
L D  D , L
L D  D , ( H L )
L D  D , (  I X + 2  )
LD D,  (  IY+3 )
LD D,THREE
L D  E , A
L D  E , B
L D  E , C
L D  E , D

!  t !

L D  E , H
L D  E , L
L D  E , ( H L )
L D  E , (  r X + 2 )
L D  E ,  (  I Y + 3  )

! t v

L D  H , A
L D  H , B
L D  H , C
L D  H , D
L D  H , E
L D  H , H
L D  H , L
L D  H , ( H L )
LD H,  (  IX+2 )
LD H, (  IY+THREE)
LD H,TIIREE
L D  L , A
L D  L , B
L D  L , C
L D  L , D
L D  L , E

1 4 6  0 0 2
146 003
n n ?
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1 3 1 0 7 3  3 3 5  2 0 6  0 0 2

1310?6 375 206 003

r31r0 l  306 003
r3 l r03  2r7
I3lr04 2r0
r31r05 2 l r
131106 212
1 3 1 1 0 7  2 1 3
l3 t r10  2r4
l3 r l r l  215
r 3 r 1 l 2  2 1 6
t 3 r r l 3  3 3 5  2 1 6  0 0 2

131116 375 216 003

I3 I I2 I  316 003
r3Lr23 227
r3LL2+ 220
r 3 r r 2 s  2 2 1
l-31126 222
r3LI27 223
r 3 r 1 3 0  2 2 4
I 3 1 1 3 r  2 2 s
L3LL32 226
r31r33 335 226 002
1 3 1 1 3 6  3 7 5  2 2 6  0 0 3
I 3 I I 4 I  3 2 6  0 0 3
1 3 1 1 4 3  2 3 7
131144 230
t 3 I 1 4 5  2 3 I
131 l_46 232
1 3 1 1 4 7  2 3 3
l-3U50 23t+
13I r5 l_  235
1 3 1 1 5 2  2 3 6
I 3 1 I 5 3  3 3 s  2 3 6  0 0 2
13r t56  375 236 003
131_I61  33  6  003
1 3 1 1 6 3  2 4 7
r 3 1 1 6 4  2 4 0
1 3 1 1 6 5  2 4 1
l_31166 242
1 3 1 1 6 7  2 4 3
l3 l_ I70  244
I31 I7 t_  245
I3 I I72  246
1 3 1 1 7 3  3 3 5  2 4 6  0 0 2
1 3 1 1 7 6  3 7 s
l 3 I 2 0 r  3 4 6
r3I203 257
1312 0r+ 2 50
1 3 1 2 0 s  2 5 1
131206 2s2
L3L207 253
1 3 1 2 1 0  2 5 4
I 3 I 2 I 1  2 5 5
I3I2I2 256

ADD ( IX+2 )
ADD ( IY+THREE)
ADD THREE
ADC A
ADC B
ADC C
ADC D
ADC E
ADC H
ADC L
A D C  ( H L )
ADc ( IX+2 )
ADC ( IY+THREE)
ADC THREE
SUB A
S U B  B
E T T R  C

SUB D
5 U I '  L

SUB H
C T I D  Tg v u  u

S U B  ( H L )
SUB ( IX+2 )
SUB ( IY+THREE)
SLIB THREE
SBC A
SBC B
SBC C
SBC D
SBC E
SBC H
S B C  L
S B C  ( H L )
SBC ( IX+2 )
S B C  ( I Y + 3 )
SBC THREE
AND A
A]JD B
AND C
AND D
AND E
AND H
AND L
A N D  ( H L )
AND ( IX+2 )
A N D  (  I Y + 3 )
AND 3
XOR A
XOR B
XOR C
XOR D
XOR E
XOR H
XOR L
X O R  ( H L )

2 4 6  0 0 3
0 0 3

2 0 8 0
2 0 9 0
2 100
2I IO
2l,20
21 30
2 I40
2 ] 5 0
2 1 6 0
2L70
2 I80
2 1 9 0
2200
z z  L v

l z z v

2230
2240
2250
2260
2 2 7 0
2280
2290
2  3 0 0
2 310
2320
2  3 3 0
2340
2  3 5 0
2 360
2370
2  3 8 0
2  3 9 0
2 4 0 0
2 410
2420
24 30
2 440
2 4  5 0
2460
2470
2 4 8 0
2 4 9 0
2  5 0 0
2 s I0
2520
2 5 3 0
2  5 4 0
2 s50
2 5 6 0
2570
2 5 8 0
2  5 9 0
2  6 0 0
26I0
2620
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131213
I312 16
L 3 I 2 2 I
L3L223
L3L224
1 3 1 2 2 s
13L226
L3I227
r 3 1 2  3 0
r312 31
r3r232
r 3 1 2 3 3
13 12 36
i 3 1 2 4 I
I 3 1 2 4 3
131244
1 3 1 2 4 5
I 3 1 2 4 6
1 3 1 2 4 7
r 3 1 2  5 0
r 3 1 2  5 1
1 3 1 2 s 2
1 3 1 2 5 3
r  312 56
r 3 1 2 6 I
1 3 1 2 6 3
1 3 1 2 6 4
1 3 1 2 6  5
r  312 66
13L267
r 3 1 2 7 0
I312 71
t3L272
r3L273
r 3 1 2 7 6
I  3 1 3 0 I
r31  302
1 3 1 3 0 3
1 3 r 3 0 4
1 3 1 3 0 5
1 3 1 3 0 6
1 3 1 3 0 7
1 3 1  3 1 0
13 I  311
t 3 I 3 1 4
1 3  1 3 1 7
1 3 1 3 1 7
1 2 1 2 1 t

1 3 1 3  t 7
1 3 1  3 2 0
13I3  2 l
r 3 1 3 2 2
r 3 1 3 2 3

3 3 5  2 5 6
3 7 5  2 s 6
3 5 6  0 0 3
2 6 7
260
26I
262
2 6 3
264
265
266
3 3 5  2 6 6
375 266
3 6 6  0 0 3
2 7 7
2 7 0
27L
2 7 2
2 7 3
274
t t J

276
3 3 5  2 7 6
375 276
3 7 6  0 0 3
074
004
0 1 4
o24
0 3 4
044
0 5 4
0 6 4

2 6 3 0
2 6 4 0
2 6 5  0
2 6 6 0
2670
2 6  8 0
2 6 9  0
2700
z t L v

2 7 2 0
Z  I J U

2740
2750
2760
2 7 7 0
27 80
2790
2  8 0 0
2 8r0
2820
2 8 3 0
2 840
z t t f ,u

2  8 6 0
2870
2  8 8 0
2 8 9 0
2 9 0 0
29L0
2920
2 9 3  0
2  940
Z Y J U

2 9 6 0
2970
2 9 8 0
2990
300 0
30 I0
3 0 2 0
3 0 3 0
3040
3 0 5 0
3 0 6 0
3 0 7  0
30 80 :'s
3 0 9 0  *  1 6
3 1 0 0 , !
3110
3 1 2 0
3 130
3140
3150

3 3 5  0 6 4  0 0 2
3 7 5  0 6 4  0 0 3
u  / )
n n t r

n t  q

025
0 3 5
0 4 5
0 5 5
n A q

3 3 s  0 6 5  0 0 2
3 7 5  0 6 5  0 0 3

XOR ( IX+2 )
XOR ( IY+THREE)
XOR THREE
O R A
O R B
0 R c
O R D
O R E
O R H
O R L
o R  ( H L )
0R ( Ix+2)
OR ( IY+THREE)
OR TI{REE
L T A

C P B
cPc
C P D

C P H
N D  T

C P  ( H L )

cP (  rx+2 )
CP ( IY+TIiREE)
CP THREE
INC A
INC B
INC C
INC D
INC E
INC H
T t t n  Y
l r t v  b

I N C  ( H L )
rNc (  rx+2 )
INC ( IY+THREE)
DEC A

n E n  n
u l v  u

DEC D
DEC E
nFn  u

N E A  Y
u l v  !

D E C  ( H L )
DEc (  IX+2 )
DEC (  IY+THREE)

BIT  ARITHMETIC

A D D  H L , B C
A D D  H L , D E
A D D  H L , H L
ADD HL,SP
ADD rX,BC

v v z

0 0 3

u v z

0 0 3

0 0 2
0 0 3

0 1 1
0 3 I
0 5 1
07I
3 3 5  0 1 1
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dig i ta l  group sof tware systems,  inc.

3160 ADD IX,DE
3170 ADD IX,SP
3180 ADD IX, IX
3190 ADD IY,BC
3 2 0 0  A D D  I Y , D E
3210 ADD IY,SP
3220 ADD IY,IY
3230 ADC HL,BC
3240 ADC HL,DE
3 2 5 0  A D C  H L , H L
3260 ADC HL,SP
3270 SBC HL,BC
3 2 8 0  S B C  H L , D E
3 2 9 0  S B C  H L , H L
3 3 0 0  s B C  H L , S P
3310 INC BC
3320 INC DE
3330 INC HL
3340 INC SP
3 3 5 0  I N C  I X
3360 INC IY
3370 DEC BC
3380 DEC DE
3390 DEC HL
34OO DEC SP
34IO DEC IX
3420 DEC IY
3 4 3 0 : t
3440 * GENEML PURPOSE OPS
3450 t !
3460 DAA
3470 CPL
3480 NEG
3490 CCF
3 5 0 0  s c F
3510 : !
3520 : t  JUMP, CALL, 6 RETURN
35 30 ib
3540 JP TEST
3 5 5 0  J P  C , T E S T
3 5 6 0  J P  N C , T E S T
3 5 7 0  J P  Z , T E S T
3580 JP NZ,TEST
3590 JP PE,TEST
3600 JP .  PO,TEST
36to  JP M,TEST
3620 JP P,TEST
3630 HERE JR HERE
3640 JR C,HERE
3650 JR NC,HERX
3660 JR Z,HERE
3670 JR NZ,HERE
3680 DJNZ HERE

p.o.  box 1086 arvada,  co lorado 80001

1 3 1 3 2 5
13L327
1 3 I 3 3 I
t 3 1 3  3 3
1 3 1 3 3 s
13I337
13134I
1 3 1 3 4 3
1 3 1 3 4 5
13 1347
131351
1 3 1 3 5  3
1 3 I 3 5  s
13r3s 7
1 3 1 3 6 1
1 3 1 3 6 3
I3 ]364
r3 r36  5
1 3 1 3 6 6
1 3 I 3 6  7
131 371
I3l_373
13 1  374
1 3 1 3 7 5
1 3 I 3 7 6
1 3 r 3 7 7
I  32001
132 003
1 3 2 0 0  3
1 3 2 0 0  3
1 3 2 0 0 3
r32 004
1 3 2 0 0 s
1 3 2 0 0 7
1 3 2  0 1 0
I 3 2 0 1 1
1320I I
1 3 2 0 r 1
1 3 2 0 1 1
r32 014
1 3 2 0 1 7
L32022
132025
r 3 2 0 3 0
1 3 2 0 3 3
132 0  36
I3204I
I32044
r32046
1 3 2 0  5 0
L32052
1 3 2 0 5 4
I 3 2 0  5 6

335 03L
3 3 5  0 7 1
3 3 5  0 5 1
375 01I
3 7 5  0 3 1
3 7 5  0 7 I
3 7 5  0 5 1
35s 1r2
3 5 5  1 3 2
3 5 s  t  5 2
3 s s  I 7 2
3 s 5  1 0 2
3 5 5  1 2 2
3 5 5  I 4 2
3 5 5  1 6 2
0 0 3
023
0 4 3
0 6 3
3 3 5  0 4 3
3 7 5  0 4 3
0 r 3
0 3 3
0 5 3
0 7 3
3 3 5  0 5 3
3 7 5  0 5 3

0 4 7
0 5 7
3 5 5  1 0 4
0 7 7
0 6 7

3 0 3  3 4 5
3 3 2  3 4 5
3 2 2  3 4 5
3L2 345
302 345
3 5 2  3 4 5
342 345
3 7 2  3 4 5
362 345
0 3 0  3 7 6
0 7 0  3 7 4
0 6 0  3 7 2
0 5 0  3 7 0
0 4 0  3 6 6
0 2 0  3 6 4

123
1 2 3
L23
1 2 3
123
L23
1 2 3
L23
1 2 3



132060
I  32  06r
1 3 2 0 6 3
1 3 2 0 6 5
I 3 2  0  7 0
1 3 2 0 7 3
t 3 2 0 7 6
1 3 2 r 0 1
r32104
r32L07
I32IL2
1 3 2 1 1 5
132r20
132L2L
I32I22
L32123
I32L24
r32L2s
I32L26
r32L27
t32I30
132r31
I32r  33
t321 35
r32 I35
I  32 r35
13 2t  35
r32r3 6
I32  r37
r32 r40
132141
132r42
132r4  3
132144
132145
r32 r4s
13214  5
I  3214  5
r32r47
L32l-47
132r  5 I
1321s  3
13215  5
132r57
132 16l
132163
13216s
I3  216  7
I32L7L
L32L7L
L32L73
132r7  5
r32L77

3 5 1
3 3 s  3 5 1
3 7 5  3 5 I
3 I 5  3 4 5  I 2 3
3 3 4  3 4 5  I 2 3
3 2 4  3 4 5  1 2 3
3 r 4  3 4 5  1 2 3
3 0 4  3 4 5  1 2 3
344 345 I23
3 s 4  3 4 5  1 2 3
3 7 4  3 4 5  I 2 3
3 6 4  3 4 5  I 2 3
3 l I
3 3 0
320
3 1 0
300
3 4 0
3 5 0
370
360
3 s 5  I I 5
3 5 5  1 0 5

307
3L7
3 2 7
3 3 7
347
3 5 7
3 6 7
3 7 7

3 3 3  0 0 3

3 3 3  0 0 3
3 5 5  1 7 0
3 5 5  1 0 0
355 r to
3 5 5  I 2 0
3 5 5  1 3 0
3 5 5  I 4 0
3 5 s  I 5 0
3 5 s  1 6 0

3 5 5  2 4 2
355 262
355 252
355 272

3690
3700
3 7 I 0
3720
3 730
37 40
37 50
3 760
3770
3 7 8 0
3 790
3 8 0 0
3 8r0
3 8 2 0
3830
3 8 4 0
3  8 5 0
3  8 6 0
3 8 7 0
3  8 8 0
3 8 9 0
390 0
39I0
3 9 2 0  *
3930 rt
3 9 4 0  *
3 9 5 0
3960
3970
3 9 8 0
3 9 9  0
400 0
4010
4 0 2 0
4030 t r
4 0 4 0  *
4 0 5 0  *
406 0
4070 ' !
4 0  8 0
409 0
4100
4I10
4 1 2 0
4 1 3 0
4140
415 0
4160
4170 : t
4180
4 1 9 0
4 2 0 0
42 I0

J P  ( H L )
J P  ( I X )
J P  (  I Y )
CALL TEST
CALL C,TEST
CALL NC,TEST
SALL Z,TEST
CALL NZ,TEST
CALL P0,TEST
CALL PE,TEST
CALL M,TEST
CALL P,TEST
RET
RET C
RET NC
RET Z
R.ET NZ
RET PO
RET PE
RET M
RET P
RETI
RETN

RESTART

RST O
RST 8D
RST 16D
RST 24D
RST 32D
RST 4OD
RST 48D
RST 56D

INPUT

IN THREE
ALTERNATE INPUT (A) FORMAT:

IN A,THREE
r N  A , ( C )
r N  B , ( C )
rN c , (c )
rN  D , (C )
rN  E , (C )
rN  H , (C )
rN  L , (C )
rN  F , (C )

BLOCK INPUT
IN I
INIR
IND
INDR
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L3220L
13220r
r3220r
13220r
L32203
r32203
13220  5
r32207
1322I I
L32213
r322rs
132217
r3222r
r32223
132223
L3222s
132227
L3223L
132233
L32233
132233
I32233
132 2 34
r 322 3s
L32236
L32237
I3224L
132243
L32245
L32245
132245
132245
L32246
I32247
L32250
r3225L
L32253
L32255
L32257
r3226L
L32263
L32265
L32267
13227r
L32275
I32  301
13 2  303
1 3 2  3 0 5
r32 307
13 2 311
r32 313
132 3 Is
L323L7

3 2 3  0 0 3

3 2 3  0 0 3
3 5 5  I 7 1
3 5 5  1 0 1
3 s 5  1 I 1
3 5 5  1 2 1
3 5 5  1 3 1
3 5 5  l 4 t
3 5 5  1 5 1

3 5 5  2 4 3
3 5 5  2 6 3
3 5 s  2 5 3
3 5 5  2 7 3

4220
4230
4 2 4 0
4 2  5 0
4 2 6  0
4270
42 80
4 2 9 0
4 3 0 0
4 310
4320
4330
4340
4  3 5 0
4 3 6 0
4 3 7 0
4 3 8 0
4 3 9  0
r+400
44I0
4 4 2 0
4 4 3 0
4440
4 4 5 0
446 0
4 4 7 0
4480
4490
4 5 0 0
4 5 1 0
45 20
4 5  3 0
45 40
4 5 5 0
4 5 6  0
4  5 7 0
4 5 8 0
4 5 9 0
4 6 0 0
46I0
4 6 2 0
4 6 3 0
r+640
46 50
4 6 6 0
4 6 7 0
46 B0
469 0
4 7  0 0
471-0
4720
4 7 3 0
4740

:t
,t OUTPUT

OUT THREE
ALTERNATE OUTPUT (A) FORMAT:

OUT A'THREE
our  (c ) ,A
our  (c ) ,B
Our  (c ) ,c
our  (c ) ,D
our ( c) ,E
our  (c ) ,H
our  (c ) ,L

BLOCK OUTPUT
OUTI
OTIR
OUTD
OTDR

CPU CONTROL

NOP
HALT
N T
U L

E I
I M O
I M I
I M 2

ROTATES 6 SHIFTS

RLCA
RRCA
t(l.rtl

RRA
RLC A
KIJU b

RLC C
RLC D
RLC E
KI,U N

RLC L
R L C  ( H L )
RLc ( IX+2 )
RLc ( IY+THREE)
RRC A
D p n  p

RRC C
RRC D
RRC E
RRC H
RRC L
RRC (HL)

0 0 0
1 6 6
3 6 3
373
3 5 5  1 0 6
3 5 5  1 2 6
3 5 5  1 3 6

007
0 1 7
0 2 7
0 3 7
3 1 3  0 0 7
3 1 3  0 0 0
3 1 3  0 0 r
3 I 3  0 0 2
313 003
3I3  004
3 1 3  0 0 5
3 1 3  0 0 6
3 3 5  3 1 3
375 313
3 1 3  0 r 7
3 1 3  0 1 0
313 0l l -
3 I 3  0 I 2
3r3 0r3
3 I3  014
3r3  015
3r3 016

0 0 2  0 0 6
0 0 3  0 0 6
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r 3 2 3  2 1
132 32  5
1 3 2  3 3 1
132 3  33
r32 335
132 3 37
1 3 2 3 4 t
r 3 2  3 4 3
r 3 2 3 4 5
132 347
132 351
1 3 2 3 5 5
r-32 36I
1 3 2 3 6 3
1 3 2 3  6 5
1 3 2 3 6 7
1 3 2  3 7 1
1 3 2 3 7 3
132 37  5
L32377
I 3 3 0 0 r
133 005
1330I1
I 3 3  0 1 3
I33  015
1 3 3  0 I  7
1 3 3 0 2  I
r  3 3 0 2  3
1 3 3 0 2 5
1 3 3 0 2 7
1 3 3 0 3 I
1 3 3 0 3  5
1  3  3041
I 3 3 0 4 3
1 3 3 0 4 5
13 3047
1 3 3 0 5 I
1 3 3 0 s 3
1 3 3 0 5 5
1 3 3 0 5 7
1 3 3 0 6 r
1 3 3 0 6  5
r3307r
I 3 3 0 7 3
1 3 3 0 7  5
1 3 3  0 7 7
I  33  l0 t
r 3 3 1 0 3
I 3  3  t 0 5
r 3 3 1 0 7
133 l l l
I  33 I Is
1 3 3 1 2 1
1 3 3 1 2  3

3 3 5  3 1 3  0 0 2  0 1 6
3 7 5  3 I 3  0 0 3  0 1 6
3 I 3  0 2 7
3 1 3  0 2 0
3r3  021
3I3 022
3 1 3  0 2 3
3 1 3  0 2 4
3 r 3  0 2 5
3 t 3  0 2 6
335 3 I3  002 026
375 3r3  003 026
3 1 3  0 3 7
313 030
3 r 3  0 3 1
3 I 3  0 3 2
3 1 3  0 3 3
3 1 3  0 3 4
3 1 3  0 3 5
3 1 3  0 3 6
3 3 5  3 1 3  0 0 2  0 3 6
3 7 5  3 r 3  0 0 3  0 3 6
313 047
3 1 3  0 4 0
3 r 3  0 4 1
3 1 3  0 4 2
3 I 3  0 4 3
313 044
3 t 3  0 4 5
313 046
3 3 5  3 1 3  0 0 2  0 4 6
3 7 5  3 1 3  0 0 3  0 4 6
3 r 3  0 5 7
3r3  050
313 051
3 r 3  0 5 2
3 r 3  0 5 3
3l_3 054
3 1 3  0 5 5
3 I 3  0 5 6
3 3 5  3 1 3  0 0 2  0 5 6
3 7 5  3 1 3  0 0 3  0 5 6
3 1 3  0 7 7
3 r 3  0 7 0
313 07 I
3 1 3  0 7 2
3 1 3  0 7 3
3 I 3  0 7 4
3 r 3  0 7 5
3 r 3  0 7 6
3 3 5  3 1 3  0 0 2  0 7 6
3 7 5  3 1 3  0 0 3  0 7 6
3 5 5  1 5 7
3 5 5  1 4 7

RRc ( IX+2 )
RRC ( IY+THREE)
R L A
R L B
R L C
I(L L)

R L E
R L H
R L L
R L  ( H L )
R L  ( I X + 2  )
RL ( IY+THREE)
R R A
R R B
R R C
R R D
R R E
R R H
R R L
RR (HL)
RR ( IX+2 )
RR (IY+THREE)
SLA A
SLA B
SLA C
SLA D
SLA E
SLA H
StA L
S L A  ( H L )
SLA ( IX+2 )
SLA ( IY+THREE)
S R A A
SRA B
SRA C
SRA D
SRA E
SRA H
SRA L
SRA (HL)
S R A  ( I X + 2 )
SRA ( IY+THREE)
SRt  A
SRL B
SRL C
SRL D
SRL E
SRL H
SRL L
S R L  ( H L )
SRt (  IX+2 )
SRL ( IY+THREE)
RLD
RRD

4 7 5 0
4 760
t+77 0
4 7 8 0
4 7 9 0
4 8 0 0
4810
4 8 2 0
4 8 3 0
4 8 4 0
4 8  5 0
4 8 6 0
4870
4 8 8 0
4 8 9 0
490 0
4 9 I 0
4 9  2 0
493 0
4940
4 9 5 0
4 9 6 0
4970
4 9 8 0
4 9 9  0
5 0 0 0
501-0
5 0  2 0
5 0 3 0
5 0 4 0
5 0 s  0
5 0 6  0
5  0 7 0
5 0 8 0
5 0 9  0
5 I 0 0
5 l I0
5  t 2 0
5  1 3 0
5 I40
5 150
5 1 6 0
5 170
5180
5 1 9 0
5 2 0 0
5 2 I0
5220
5 2  3 0
5 2 4 0
52 s0
526 0
5270
5 2 8 0
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1 3  3 1 2  5
1 3 3  1 2 5
1 3 3 1 2 5
1 3 3 1 2  5
133 12  5
I33r27
r33  r31
133 I33
133  r35
r33t-37
r 33 I4l
133143
r3314  5
I331  5 I
13 31 55
13 31 57
r3  3161
133163
r33 t  65
r33r67
r3 31 7 l
r33 r73
13317  5
1332  0 r
I332 0s
133207
I332 I I
r 332 r3
I33  2 I5
I  332 r  7
I s322 I
13322  3
133225
133 2 31
13323s
r33237
I3  324 I
13  3243
133  24s
13  3247
r33  2  51
133253
1332  s  s
13  326  1
I . J J Z O J

r33267
r332  71
13  32  73
13327s
L33277
13330 r
I  33 303
' I  ? " ? n (

3 I3  I07
313 r00
313  101
313  r02
3 r3  103
3 I3  104
2 ' l  2  1 n E
v r g  r v w

3 1 3  1 0 6
3 3 5  3 I 3
3 7 5  3 1 3
3r3  1 r7
313  r20
313  r3 I
313  142
313  r s3
313 164
? r 2  I ? q

3 1 3  1 7 6
3 3 5  3 L 3
3 7 5  3 1 3
3 1 3  2 0 7
3 1 3  2 0 0
3 1 3  2 0 I
3 r 3  2 0 2
3 l -3  203
3 I 3  2 0 4
3 1 3  2 0 s
3 r 3  2 0 6
3 3 5  3 I 3
3 7 s  3 ] 3
3L3 2r7
3r3  220
3t3  2  31
3 1 3  2 4 2
3 r 3  2 5 3
3 1 3  2 6 4
3t_3  275
3 r 3  2 7 6
3 3 5  3 r 3
3 7 5  3 r 3
3 1 3  3 0 7
3 1 3  3 0 0
3 1 3  3 0 1
3 1 3  3 0 2
3 1 3  3 0 3
3l_3 304
3 I 3  3 0 5
3I3  306
3 3 5  3 1 3

0 0 2  1 0 6
003 106

0 0 2  1 7 6
0 0 3  1 7 6

0 0 2  2 0 6
0 0 3  2 0 6

0 0 2  2 7 6
0 0 3  2 7 6

0 0 2  3 0 6

5290 ' t
5 3 0 0  *
5 3 1 0  *
5320 t3

5  3 3 0
5  3 4 0
5  3 5 0
5  3 6 0
5 370
5  3 8 0
5 3 9 0
5 4 0 0
5  4 1 0
5 4 2 0
5 4 3 0
5440
5 4 5  0
5 4 6 0
5 4 7 0
5 4  8 0
5 4 9 0
5 5 0  0
5 5l-0
5 5  2 0
5  5 3 0
5 540
5  5 5 0
5 5 6 0
5  5 7 0
5 5 8 0
5 5 9  0
5 6 0  0
5 6 I 0
5 6 2 0
5 6 3  0
5 6 4 0
5 6 5  0
5 6 6  0
5 6 7 0
5 6  8 0
5 6 9  0
5  7 0 0
5 710
5720
R  ? a n

5  7 4 0
5  7 5 0
5 7 6 0
5770
5 7 8 0
5 7 9 0
5 800
5 8r0

BIT MANIPULATION
(PARTIAL L ISTING)

B I T  o , A
B r T  0 , B
B I T  0 , C
B I T  o , D
B I T  0 , E
B I T  0 , H
B I T  O , L
B I T  o , ( H L )
Brr  o , (  rx+2)
B I T  0 , (  I Y + T H R E E )
B I T  I , A
B I T  2 , 8
B I T  3 , C
B I T  4 , D

e ) p

B I T  6 , H
B I T  7  , L
B r T  7 , ( H l , )
B I T  7 , (  I X + 2  )
B I T  7 , (  I Y + T H R E E )
RES 0 ,A
R E S  o , B
R E S  0 , C
R E S  o , D
R E S  o , E
R E S  O , H
R E S  0 , L
R E S  o ,  (  H L )
R E S  o , (  I X + 2 )
RES o , (  IY+THREE)
RES I ,A
R E S  2 , B
p t r q ? n

v  i v

R E S  4 , D
R.ES 5 ,E
R E S  6 , H
RES 7  ,L
R E S  7 , ( H L )
R E S  7 , ( r X + 2 )
RES 7 , (  IY+THREE)
s E T  0 , A
s E T  0 , B
sET 0 ,c
sET 0 ,D
SET O,E
sET  o ,H
SET  O ,L
sET  o , (HL )
sET  0 , (  r x+2  )

- '  2 L . , * , 4 r r r + i r /  
i  r '

diq i ta l  sroup sof tware svstems,
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