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This document describes an assembler for the INTFL 8080
picroccemputer which is tased on the IBM H-level assembler for the
360/370.

The language implemented is a minor variation cf that
described in Intel documentation ("Programming Manual for the
8080 Microccmputer System™) and available through the MACSD
- Assenbler. Most of the differences are minor syntactical changes
impcsed by the macrc language of ‘the IBM assembler:; s=e Table II
for details,



SUMMARY CF CHANGES

The following additicns were made tc the language as defined
by Intel:

1. LOD has been added as a synomrym for MCV. MOV A,E
encourages c¢ne to say "move A tc E", which is the
wrong interpretation. LOD A,B zncourages "load A
from B", and is therefore less likely tc lsad to
arrnrs.

2. The JMNP, CAIL, and RET instructions have been
generalized to allow an optional first arqument to
specify a cendition. This allows the short and
possibly confusing opcodss like CM to be aveided.

3. Double register pairs can te clearly indicated; one
may write EBC instsad of B when the pair is needed,

4, Instructions have been generalized, or general
versions introduced, to minimize the numbter of
special—~case crcodes required. For example, the
single opcode INC can be used to increment Ltoth
single registers and register pairs. Thus cne may
write INC E instead of INR B

and INC BC instead of INX B

5., Immediate-operand mnemonics whkich are derived fronm
the register version by the addition cf "IY have
bean added, Thus further reduces the nunker of
unique opcodes that must be learned,

5, Standard symrbeols for ASCII special characters have
been added (2.9. @CR for carriage return). See
table III,

Although all the opcodes described in Intel documentaticn
have bheen inmplemented, the additional features -just described
allow the selection of a shorter but still ccmplete subset.
Table I lists the format of a consistent and easier~to-remember
set of mnemonics which makes available the entire instructicn
repertoire of the 8080.



1. Commant Statsment

Any input card with an asterisk (*) in cclumn 1 is a comment
and may contain any information in cclumns 1-71.

2. Source statenents

Source statements consist of up to four field: label, opcode,
cperand, and comment, Each field should ccrntain nc tlarks, and
the fields are separated from each other ty cne ¢or more tklarks.
Only the opcode field is required; tte cthers are opticnal.

1) Label

The label field, if present, must begin with a letter in column 1
and may continue for up to 1% more lstters or digits. If the
label field is to te cmitted, cclumn 1 must ke a blank.

B) Cpcode

The cpcode is separated from the label (cr column 1) by at least
cne blank. The opcode is required, and pay te a machine
instruction mnemcnic or an Assembler pseudo-operation,

C) Cperands

The cperand field is cptional, and may consist of a number of
items serparated by ccmmas., There should bte nc imbedded blanks,
axcept within quoted strings.

D} Ccnments

The comment field is cptional and may extend out to column 71.

If nc operand field is required and vyeou wish to include a
comment, you must put a single comma in the operand fisld sc that
the ccmment will not be mistaken for the cperand.

Althongh free-form input is allowed, program readatbility
is almost always improved by starting the opccds, cperand,
and ccmrpent fields in fixed columns, such as 10 16 36,



TABLE I ~ 8080 INSTRUCTICKS

Notaticon: Upper case letters must be writtsn as shcwn.
Lower case letters indicats variatle fields to be
substituted: see the KEY at the ernd.
{x,v,z} means X or y or %2
{x] means x is optional

Cpcede Cperands Description

0D p o 8 Sk ot o Register-to~register loads

10D SP,HL

LoDl r,data Lcad register fror immediate data

LCDI r,addr, {£,>}
LODI rpt ,addr

PUSH rp2 Push onto stack pcinted tc by S5P
POP Ip? Pcp from stack pointed to by SE
LD ?,gaddr Load A from memory

&7 2,gaddr Store A into memcry

LD HL,addr Load HL from memory

ST HL,addr Store EL intc memcry

XCH BL,LE Exchange HL with DE

XCH H1, (SP) Exchange HL with the top-of~-stack
OFT r register-to=A arithmetic

ADD HL,rpt 16-bit addition to HL

oprl data Immediate data to A arithmetic

oprl addr, [<,>}

ROT ropl,n] Accumlator rotateysshift

INC {fryrpt}f{,n] Increment register or register pair
DEC fr,rpt}f,n] Decrement register cor register pair
JMP fcc, Jaddr Jump

JHEF {HL) Junp indirect

CALL [cc, Jaddr Call subrocutine

RET {ccl Return from sukrcutine

RST i Bestart {(CALL 8*m, C<m<7)

N dev Input to A from I/C device

0U7T dav Output frcm 2 to I/0 device

NOP {n] Null operation n times

HLT Halt {(actually Wait-for-Interrugpt)
STC Set carry bit on

CHC Corplement carry bit

CHMA Cceplemant A

DAR Decimal adjust 2

EY Enable Interrupts
DI Disatle Interrupts
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gaddr

OFpL

L op

ccC

dev

cne or more registers (A,B,C,D,E,H,L,M}

I¢D B,C means "load B from C®

10D BC,HL is equivalent to LOT B,BE +then LOD C,L
M represents the memory leocation pcinted tc tky HI.
¢ne register {[A,EB,C,D,E,H,L,M}

a register pair {BC,DE,HL,SP}

a register pair {BC,DE,HL,FA,PSH} (FA=PS¥=£flags and A)

is an B8-bit constant or expressicn

is a 16-bit constant or expressicn

is the character < if the high=~crder 8 bkits of tha
address are *¢ be used, or the character > if the
low=crder 8 bits of the address are to ke used.
Prnemonic: view them as left- or right-pcinting arrocus.

a Y“generalized" address ({addr, (EC),(DE), (BI)}

an arithmetic operation {ADD,ADC,SUE,SBE,ANA,XRR,O0RBA,CHP}

a rctate operaticn {E,L} for 8=bit rotates
{BC,LC} for 9-bit rotates

{S=M=gsign rit on, NS=P=sign bit off)

a pesitive integqger exressicn or constant irndicating
how many such instructions should ke generated.

is an 8~bit I/0 device numbear or exrression,



ASSEMBLER PSEUDO~CPERATICNS

TITLE '...TEXT ...' Title the listing

SEARCE 1 Space n lines

EJECT Fijact to a new page

ERINT {OFF,O0N} Stop or rsstart listing
var EQU axpr Define assemnbly~time variable
var SET SXpr
op CESYN op {re=)define cpcode

OFG expr Change locaticn ccunter

ALIGN n,n Align the lccaticn counter to

n bytes past an m-kyte boundary.

PAGE n Adjust the lccaticn ccunter so
the following n bytes will fit
on one page.

[lab] ©LE OPsOPx e Define byte constants
Each operand can ke a constant,
expressicn, ¢r gqucted character
string.

[lab] D¥W OP,0Ps e Define word constant (s)
Each operand can ke a constant or
an address exrressicn.

[lab] DS {n] Cefine storage (i.e. skip leccations
without assigning their values).
Reserves n bytes cf memory (cr 1
if n is crnitted).
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TABLE II -~ DIFFERENCES FERCHM MACS0

Numbers in hexadecimal are written X'AZ' rather than A2R
Bumbers in binary are written B'11001100' rather than
110011008

There are no octal constants.

Labels should not be followed by a cclon {:) tut may ke ugp
to 16 characters long. They nust begin in cclumn 1. Opcodes
may be used as labels.

There should be no blanks in the opegrand field. Ccamment
fields need not begin with a semicolen (3}, and all-ccmment
cards shonld begin with ar astarisk (*).

The functions MOD, NOT, AND, OR, XOR, SHR, and SHEL are not
available.

&n instruction in parenthesis is nct a legal expression.
Macrcs are defined in a slightly different format, but are
much more powerful, See an IEM Asssnbler Lancuage manual.
Ccnditional assembly using IF and ENDIF is done slightly
differently., See an IBM Assembler language manual,
Fegister symbols may not be redefined.

SET symbols may not be redefined; use the IEM assembler
SETA, SETB, or SETC symbols instead.

TABLE ITI ~ SPECIAL ASCIT SYMBOLS

0-7 8-15 16=23  24=31
aNUL @ES aDLE aCAN
BSCH DHT aCC1 DEM
aSTX DLF ADC2 BS5UE
AETX AVT 2apC3 DESC
2ECT DFF 2DCY aFs
AENC BCR ZNAK 2CE
BACK @50 @SYN @RS
3BEL DSI DETR 208
121



INTEIL-STYLE OPCODES

Tha f£fcllcwing shows the corrsespondence between the
additional instructions ¢f the Intel prcgramming manuval

and those shown above, Note however, that ths above list is
complete in the sense that all valid machine instuctions can
be generated with it,

MoV LOD

MVI LODI
INR INC

INX INC

LCR DEC

ECX DEC

ADI ADDI
ACI ADCI
S0I SUBI
SBI SBCI
ANI ANDI
XRI XRAI
ORI ORRIX
CPI CMPI

JC Jne,C
JNC JME,KC
Jd7 JHP,Z
JP JMP,F
JM JEP, ¥
JEE JMP,EE
JPO JMP,EO
cC CALL,C
CHNC CALIL,NC
- CZ CALL,Z
CNZ CALL,NZ
ce CARLL,P
cH CALL,H
CPE CALL,PE
CBO CALL,PC
RC RET,C
ENC RET,KC
RZ RET,Z
ENZ RET,NZ
EP RET,F
EN RET, M
FEPE RET,EE
EPO RET, PO
LXI 10D
STA ST A

1DA 1D A



XCHG ¥CH HL,DE

¥THL XCH HL, (SP)
SPHL 1CD SP,HL
FCHL JNP [HL)
CAD ADD HL
STAX ST A

IDAX LD A

SHLD ST HL
LHLD LD HI

RLC ROT 1

RRC BROT E

EAL ROT LC
BAR RCT FC

HOR THE USE THE ASSEMBLER

There is a WYLBUR exec file available which will generats all
the necesary JCL to use the 8C80 assembler., T¢ use it, you should

1) Get the source program in the active file.

2) EXE FEO #ACALL USER NCS GEO CG CON CAT
This exaecfile will irsert the JCL necessary to run the
Assepbler at the appropriate points irn the active file,
It asks some guestions to which you may reply "2" to
get information.

The Assembler produces a single print output file, which may
be FETCEed at a WYLB UR terminal, or printed. The cbijsct file
will be saved on disk SCFEV5 under your acccunt, and will

he called "OBJ"™, If an "OEJ" already exists frcm a previous
assembly, it will ke replaced.

Lenny Shustek 8/19/74
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