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CHAPTER 1
INTRODUCTION

MACRO-80 s a reilocetable macra smembler for 8080 and Z80
micrecomputer systems. Rt assembles 8080 or Z80 code on any 8080 or Z80
development gystem ruming the CP/M, ISIS-I, TRSDOS or TEKDOS
operating system. Tha MACRO-5] package Includes the MACRQ-80
assembler, the LINK-80 linking loader, and the CREF-80 crass reference
facility. CP/M versiors also incljude the LIB-80 Librery Manager.
MACRO-80 resides in approximately 14K of memory and haz an amsembiy
rate of over 1000 lines per minute.

MACRO-80 Incorparates almost all "big computer™ sssembier features
without sacrificing speed or memary space. The assembler suppors a
complets, Intel standard macro facllity, including IRP, IRPC, REPCAT,
local variables and EXITM. MNesting of macros is limited only by memory.
Coce is sssembled in relocatable modules that sre manipulated with the
flaxible lnking loader. Conditional wssembly capability ia enhanced by an
expanded sat of conditional pseudo operations that Include testing of

assembly pass, symbal definition, and paremeters to macros. Conditionals
may be nested up to 255 levels.

MACRO-80' linking loader provides s versstile arTay of loader capsbilities,
which are sxecuted by means of sasy command lines and switehes. Any
number of programs may bes loaded with one command, relocatable modulea
may Ye loaded in user-specified locations, and external references between
moduies ars resolved sutomatically by the loader. The loader also performs
library searches (or system subroutines and generates a load map of memory
showing the locations of the main progrem and subroutlnes. The cross
referenca facility that is included in this package supplies a convenient
aiphabetic list of ajl program wariable rames, plong with tha line numbers
where they are referenced and defined.

This marwml s designed to serve as a reference guide o the MACRD-80
package. [t deflnes, sxplaira and gives examples of all tne features in
MACRO-80 in terms that should be understandsbie o anyone familiar with
assembly lahguaca programming. It is not intended, howaver, to serve as
instructional masterial and presumes the user hea substantisl knowledge of
sssembly lenguage programming. The user should refer to Instructional

material svailable fram g weriety of sources for additional tutorial
inf armation.
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CHAPTER 2

MACRO-20 ASSEMELER

2.1 RUNNING MACRO-80

T e command e run MACRC-E0Q is
NMEC
MACRG-80 retums the prompt "*", indicating It is ready to accept commands.

NCTE

1f vou are using the Tc<DCS operating sysiam,
see Appendix A for proger commande formats.

2.2 COMMAND FCRMAT

L]

~ command o MACRGO-80 consists eof a string of filenames with cpticra;
swiiches. Al filemames shculc foliow the cperating sysiem's convent.ons fcr

filerames ancd extensicns. The cefaull exiensicns supclied by Microscfl sofiware
are as 'ciiows:

File CP/M [515-1
Reiccatatie cbject file REL REL
Listing file FanN LST
“ACZRC.a0 scurce file M AT MAC
FCRTRAMN scurce file FCR FOR
CCECL sourcs ccB coB
BAS[C source BAS BAS
Absoiute file cCM

A cammand to MACRC-80 conveys the name of the scurce file to be assemblec,
the rames of the fiie.s) to be created, and which assembly cpticns are Cesired.
Tre foermat of a MACRC-380 command is:

objfilelstfile=sourcea file

Only the equal sign and the source file fleld are required to create a relocatable
object file with the cefault (source) filename and the default extension REL.

Ctrerwise, an cbhiect file i3 created only if the obifile field is filled, and a lisling
fiie 5 creates only «f the [stiile leid is filled.
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To assemble the source file without producing an object file or listing file, place
orly a comma to the left of the equal sign. This is a handy procedure that lets
you check far syntax errars before assembiing to an object file.

Cxamples:

*=TEST Assemble the source file TEST.MAC and place the
object file in TEST.REL without a listing file.

* =TEST Assemble the source file TEST.MAC without
creating an object ar [isting file. Useful for error
checking.

TEST, TESTaTEST Assemble the source file TEST.MAC, placing the
object file# in TEST.REL and the listing file in
TESTPRMN. (with [SiS-1I, the listing File is TEST.LS7.)

*CBJECT=TEST Assemble the source file TESTMAC and place the
abject file in OBXECT.REL.

OBJECT,LIST=TEST Assemble the source fils TEST.MAC, placing the

object file in OBECT.REL and the listing fiie in
LISTPRN. (With [SIS-II, the listing file is LIST.LST.)

MACRO-80 also supports command lines; that i, the invocation and command
may be typed on the same |line. For example:

MB0 ,=TEST

2.1 Cevices

Any field in the MACRD-80 comynand string can asiso specify a device name.
The default device name with the CP/M operating system is the currently logged

disk. The cdafault device name with the [S[S-[ operating system is disk drive 0.
The command format |s:

dev:objfile,dev:istfileadevsource flls

The cdevice names are as follows:

Device CP/M ISIs-1

Disk drives Az, Bz, Clyees oF 01, tFl:, F22, =
Line printer LST: LST:

Teletype or CRT TTY: TTY:

High speed reader HSR:
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Examples:

* TTY=TEST Assermble the source file TEST.MAC and list the program on
the console. No c¢bject code is generated. Useful for error
check,

*SMALL , TTY=B:TEST Assemble TEST.MAC (found on disk drive 8], place he cbject
file in SMALL.REL, and list the program on the consale.

2.2.2 Switches

A switch is a letter that is appended tn the command string, preceded by a slash. It
specifies an optional task to be perfarmed during assembly. Mare than one switch can be
used, but each must be preceded by a slash. (With the TEDOS operating system, swiltches

sre preceded by commas or spaces. See Appendix A.) All switches are optional. The
aveilabie switches ares

Swit ch Actlon
O Octal listing
H Hexadecimal listing (default)
R Farce generation of an cbject file
L Force generation of a listing file
- Force generation of a cross reference file

Examples:

*3TEST/L Assemble TEST.MAC, place the object file In TEST.REL
and a listing file in TESTPRN. (With ISIS-[, the [isting
file is TEST.LST.)

*=TESTAL/C Same a3 above, but listing file addresses will be in octal.

S_ASTTEST/C Assemble TEST.MAC, place the object file in LAST.REL

and crosa reference file in TEST.CRF. (See Chapter J.)

2.3 FORMAT CF MACRO-80 SCOURCE FILES

Input scurce [ines of up to 132 charactars in length are acceptable.

MACRO-80 preserves lower case letiers in quoted sirings and comments., All

symbals, opcodes snd pseudo-opcodes typed in lower case will be converted o
upper case. )

¥ thm source file includes line numbers from sn editer, each Dyte of the line

number must have the high bit on. Line numbers from Micrasoft's EDIT-80 Editer
are acceptable. |
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w3l Sratements

source flles input to MACRQO-B0 consist of staterments of the form:
[iabe!{: ] (cperator] [arguments] [;comment]

A:h the exception cf the [SIS assembler $ controls (see Section 2.11), it is rot mecessary
hat statements begin in column 1. Multiple blanks or tabs may be used o improve
readability.

. @ latel is present, it is the first item |n the statement and is immediately followea by 3

colon. If it is followed Dy two colons, it ls declared as PUBLIC (see ENTRY/PUBLIC,
jection .6.10). For example:

FCQOmn RET
is equivalent to

FOC: PUBLIC FOO
RET

The next item after the |abel, or the first item on the line If noc label is present, is an

ooerator. An operatcr may be an 8080 or Z80 mnemonic, pseudo-op, macro cal cr
exgression. 1he evalustion order ia as followa:

1. Macro call
. Mnemonic/Pisudo operation
). Expresmon

irstead of flagging an expression as an error, the assembler treats it as if it were 3 02

statement (see Section 14.4), The arguments following the operator will, of course, vary
in ferm accorcding to the operalor.

»» Comment always Degins wilh 3 sermicoion and ends with a carriage retum. A comment
may be a lire by |=elf or it may Be appended o a line that contaires a statement.

Extended comments can be entered using the .COMMENT pseudo gperation (see Section
26.20).

L3.2 Svmbaols

MACRO-80 symbols may de of any length, however, only the first six characters are
significant. The following characters are legal in a symbol:

A-Z 0.9 s . 7 a

with Micresoft's 8080/280/8086 assemblers, the underline character b alsc legal
in a8 symbal. A symbol may not start with a dgit. When a symbaol is resd, lower
case is trans/ated [nto upper case. [f a8 symboel reference s followed by #@ it s
declared external (see also the EXT/EXTRN pseudo-op, Section 2.6.12).
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2.3.3 Numerie Constants

The defsult base for numeric constants (s decimal. This may be changed by the
RADIX pseudo-op [(see Section 2.6.22). Any base from 2 (binary) to 15
(he xadecimal) may be selectad. When the base is greater than 10, A-F are the

digits following 9. If the first digit of the number s not numeric the number
must Ye preceded by a zero.

Numbers are l6-bit unsigned quantities. A number ia always evaluated in the
current redix uniess one of the following special notstions is used:

nonnB Binary
nonnD Decimal
nnnnD Cctal

nnnnQ Octal

rrnn- e xadecimai
X' Hexadecimal

Overflow of a rumber beyond two bytes is ignored and the result is the fow order
14-bits.

A character cocostant is a string comprised of zero, one ar two ASCI characters,

delimited by guotation marks, and used in a non-simple expressicn. For example,
in the statement

DB - |
‘A’ is a charscter constant. But the statement
D8 A

uses 'A’ as a string becsuse it is In s simple expression. The rules for character
canstant dellmiters are the same a2 for strings.

A character constant compriaed of ona character has s ita value the ASCH value
of that character. That is, the high orcer byta of the value is zero, and the low

order Lyte b the ASCH valus of t'w character. For example, tha value ofths
constant 'A' s alkH.

A character constant comprised of two characters has as lts value the ASC]
value of the first charscter in the high order byts and the ASCII vailue of the

second character in the low order byte. For exampie, the value of the character
constant "AS" is 41H*256+42H
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A string is comprised of fero or mmore characters cejimited Dy Quotaticn marks.
Z.ther single or doucle Quotes ay 0@ used as string delimiters. T e Celimiter
guctes may be wused as characters i they appear twices for every charac:ar
ceocurrence desired. For example, the statement

C8 "l am "great™ tcday”
siores the siring

 am "great" today

'f there are zero characters between the celimiters, the string is a null strirg.

LA EXPECIIION EVALLUATION

2.4.]1 Arithmetic And Legical Coerators

Silgwing cperators are allegwed in exgressions. The operators are liated (n
orcer cf grececence.

ML

LCW, H1CH

*, [, MCO, SHR, SHL
Unary Minus

'h-'—

EG.NE, LT, LE, G7, GE

NOT

AND
CR, XOR

Parentheses are ysed o change the orfer of precedence. Durirg evaliuation of an
exgreTsion, as 20N 39 3 new 2perator @ ercguntered thatl has prececerce (243
t~an or equal w the [ast cperator encountered, all cperaticns wD o the rew
operatar are cerformed. That is, subexpressions involving aoperators of higher
precedencs are computed first.

All cperators excest ., -, *, / must De separatecd from Uheir operands Dy at (east
crg L1CECe.
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The byte isolation operators (HIGH, LOW) isolate the high or low orcer 8 bits of
an Absoiyte 1é-bit value. If a relocatadble value is supplied as an operand, HIGH
and LCW will treat it as if it were relative to location zera.

2.4,2 Maces

All symbals used as cperands |n expressions are |n one of the following modes:
Absolute, Data Relative, Program (Code) Relative or COMMON. (See Section

2.6 for the ASEC, CSEG, DSEG and COMMON pseudo-ops.) Symbols assemblec
under the ASEG, CSEC (cefault), or DSEG pseudo-ops are in Absolute, Coce
Reiative or Data Relative mode respectively. The number of COMMCN modes in
a pregram is determined Yy the number of COMMGCN blocks that have been
named with the COMMCMN pseudo-op. Two COMMOMN symbols are not in the
same moce uniess they are in the same COMMON block.

In any operation other than additien or subtraction, the mode of both ocperanda
must be Absolute.

If the operation is addition, the following rules apply:

1. At least ore of the gperands must be Absolute.
2. Absalute + (mode> = {moce>

ifthe operation is subtraction, the following rules apply:

l. {mode> - Absolute = {mode>
Z. ¢{mode’> - <mode? w Absolute where the two <moda>s are the same.

Each intermediate step in the evaluation of an expression must conform to the
atove rules for modes, or an errcr will be genersted. For example, if FCO, BAZ
and ZAZ are three Program Relative symbals, the expression

FOO « BAZ - ZAZ

will generate an R error because the first step (FOO + BAZ) adds two relocatable
values. {One of the values must be Absolute.) This problem can always be fixed

by inserting parentheses. 5o that
FOO « (BAZ - ZAZ)

s legal because the first step (BAZ - ZAZ) generates an Absolute vaiue that is
then adced to the Program Relative value, FOQ.
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2.4.3 Externals

Asice from its classification by mode, a symbol is either External or not
Cxternal. (Sea EXT/EXTRN, Section 2.8.12) An External wvalue must be
assembled into a two-byte field. (Single-byte Externals are not suppcrted.) The
fa.lowing rules apply to the use of Externals in expressions:

1. Exterrals are legal only in gcdition and subtraction.

2. If an Externaj symdol is used in an expression, tre resul: of the
expression is always Sxtermal.

3. When the gperat:on is acdition, either operand (but mot beth) may he
External.

4. When tre ogperaticn is subtracticn, only the first gperand may e
E atemal.

2.5 CFCCOES AS CPERANDS

BC20 opcodes are valid cne-byte operands. MNote that only the first byte is a
valid sperand. Feor example:

WAVE] ALOMP)
AT (CP1

MY ! B..ANZ
=1 ™I )
AC1 Lx! e

M ] cC MOV A8

ETars will be generated if mote than cne byte |3 incluced in the operand -- such
as (CPI 5), LX[ 8,LABELL) ar (IMP LABEL2).

Cococes used 33 cne-byte operands need not be enclcsed in parentheses.
NOTE

Coczces are not valid operands in 250 moce.

L6 PSELCC CPERATICNG

2.6.1 ASED

ASEG

ASEDC sets the location counter to an absolute segment of memaory. The locaticn
of iNe absclute counter will be that of the last ASET (cefault ia Q), unless an
CRC is corne after the ASES to change the location. The effect of ASCS is also

achieved by using the coce segment (CSED) pseuco operation and the /P switch
in LN -50. See also Section 1.6.28.



Utillty Softwars Marual 10
MACRQ-80 ASSEMBLER

2.5.1 COMMCN

CCMMOMN /<block name)/

COMMOMN sets the [ocation counter ta the selected common block in memory.

The location is always the begirning of the ares so that compatibility with the
FCRTRAN COMMON statement i3 maintalned. [f <black namea?> iz omitted or

consists of spaces, it is comsidered to be blank common. Sea alsg Section 16.28.
L&J3 CSEG

CSEG

CSEC sets the location counter to the code relative segment of memory. The
location will be that of the last CSEC (default is 0), unless an ORC is done after

the CSEC to change Lhe location. CSEGC is the default condition of the
asaembler (tha INTEL assembier defaults to ASEG). See alss Section 2.8.28.

2.6.4 08 - Define Byte

D8 <axpX,<expd...]
D8 <stringX{<string>...)

The argumants to DB are either expressions or strings. DB stores the values of
the expressigns or (he charecters of the strings in successive memory locations
beginning with the current location counter.

€xpressions must evalusts to one byte. (If the high byts of the result is 0 or 235,
ma error is given; otherwise, an A error results.)

Strings of three or more characiars may not be used In sxpraasions (l.a., they
must be immeciately followed by a3 comma or the end of the line). The

charscter in a string are stored in the order of appearancs, each &3 a cne-byle
value with the high arder bit set to zero.

Examples
GOoG &) &2 o8 AR’
cooZ 42 D8 *AB' AND OFFH

0003* 4l AZ &3 D8 'ABC
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L6.5 DC - Qefing Character

OC <string)

OC stores the charscters in <string> in successive memary locaticns h-n-qimlr;j
with the current location countsr. As with 08, charscters are stored in order

appesarance, each 39 3 one-byts wvalue with the high order bit set ta Zero.
However, DC stores the last charscter of the string with the high order bit set Lo
gne. An error will result if the argument to DC s a mudl string.

16.6 OS - Define Space
DS <exp>

D% reservet an ares ¢f memory. The vaius of <exp> glves the number of bytes to
be aliccated. All names used In ¢exp> must be previously defined (i.e., ail names
known at that paint on pass l). Otherwise, a V error is generated during pass 1
ard a U error may ba genersted during pass 2. [f a U error s not generated

during pass 2, a phase error will probably be generated because the DS generated
no cocde on pass L

6.7 DSEG
DSEG

DSEG sets the locatian counter to the Data Relative segment af memaory. The
location of the data relative counter will be that of the last DSEG (default is Q),

uniess an ORC is done after the DSEC to change the location. See also Section
16.28.

6.8 DW - Define Word

CW <expX,<exp>..)

CW stores the valuss of the expresaions M successive memory locatlons beginnin
with the current location counter. Expressiors are evaluatsd as 2-byte (word

values.

26.9 O
END [<exp>)

The END statement specifies the end of the program. If <exp) is present, it s

tha start addresas of the progrem. f <axp) I not present, then no start address is
passed to LINK-80 for that program.
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NOTE

if an assembly language program is the main
pragram, a start address (label) muwt be
specified. I not, LINK-80 will issue & "no start
address” error. [f the program is a subroutine to a
FCRTRAN progam (say) the start address is not
required as F ORTRAN hss supplied one.

L6.10 ENTRY /PUBLIC

ENTRY <name>{,<name)...]
PUBLIC <nameX,<name)...]

ENTRY or PUBLIC declares each name in the list as internal and therefore
available fer use by this program and other programs to be loaded cecncurrently.
All of the names in the list must be dafined in the current program or a |J error

results. An M aror is generated if the name is an external name or
cocmmon-biockname.

2611 EQU
{rame> £AL <exp>

EGL astigns the value of <exp> to <name’. [f {exp) ls sxternal, an error ia

generated. if <ame> already has a value other than <exp>, an M error is
ceneratad,

2612 EXT/EXTRN

EXT <mameX,{name>...]
EXTRN <name>,{name)...]

EXT or EXTRN declares that the nameds) in the list are external {i.e., defined in

a different program). If any item in the list references a name that is defined in
the current program, an M errar resuits. A referencs to a name where Lhe name

is foilowed immediataly by two pound signs (e.g., NAMEZ##) also declares e
name as external.

613 INCLUDE

INCLUCE <{filerame>

The INCLUDE pseudo-op assembles sourcs statements from an alternate source
file into the current source file. Use of INCLUDE eliminates the nesd o repeat

an often-used sequence of statements in the current source file. The gsevdo-opa
MNCOLUDE, SINCLUDE and MACLIE are synonymous.
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(fileneme?> is any valid specification, as cetermined by the operating sysism.
Defaults for filename extensiorns and cevice names are the same a3 those in a3
MACRO-80 command line.

The [NCLUDE file Is opened and assembiled into the current source file
immediately following the INNCLUCE statement. When end-of-flle la reached,
assemb|y resumes with the statement following INCLUDE.

Gn a MACRC-80 listing, a plus gign is printed between the assembled code and
the source lime on each line assembled from an INCILLUCE file. (See Section 2.1}

Nested MNCLLTDEs are not allowed. [ ancountered, they will result in an
oojecticnable syntax error 'O’

The file specified In the operand field must exist. [If the flle is not found, the
errar 'V' (value error) is given, and the NCLUCE ia ignored.

Z.6.14 NAME
NAME (‘modname’)
NAME defines a mame far the meocdule. Only the first six characters are

sigmficont in 3 module name. A module name may also be defined with Lthe

TITLE pseudo-ap. [n the absence of both the NAME and TITLE pseudo-aps, tre
module myme is created from the source file name.

L.56.15 ORG - Define Qrigin

CRC <exp>

The |gcaticn counter is set to the value of <{exp> and the amembler assigns

generated code starting with that value. All names used in <exp> must be kncwn

cn pass 1, and the value must either be absolute or in the same area as the
locatlon counter.

616 PAGE

PAGE [<exp>]

PACE causes the assembier to start 2 new output page. The vajue of <exp?, if
included, becomes the new page size (measured in lines per page) and must be in
the range 10 to 255. The default page size is 50 lires per page. The assembler
puts 2 form feed character in Lhe listing file st the end of a page.
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2.6.17 SET
<{rame> ST <exp>

SET is the same as EGLJ, except no error [s generated if <{name’> is aireacy
ce fired.

2618 SUBTTL
SUBTIL <{text)

SUBTTL specifies a subtitle to be listed on the line after the title (see TITLE,

Section 16..9) on each page heading. <text> is truncated after &0 charactars.
Any number af SUBTTLs may be given in a program.

2519 TITLE
TITLE <text>

TOOLE soecifies a title to be listed on the first line of each page. [f mcre than
one T{TLE is quven, 2 Q error results. The first six characters of the title are
used as the module mame uniess a NAME pseucdo operation is used. [f reither a

MAME or TITLE pseudo-op is used, the module name |ls created from the source
filename.

16.20 .CCMMENT

LOMMENT (delimo<text><delim>

Tre first non-blark character encountered after .CTCMMENT i the delimiter.

The feilcwing {text> comprises a comment block which continues urtil the next
occurrence of {delimiter> is encountered. For example, using an asterisk as Lhe
delimiter,the format of the comment block would bes

LOMMENT =
any amount of text entered
here as the comment block

sretumn to normal mode
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L6.21 PRINTX

PRINTX <delim><text><delim>

The first non-Dlank character encountered after PRINTX i the delimiter. The
foilowing text is listed on the terminal during assembiy until another occurrsnce
of tre delimiter is encountared. PRINTX is wseful for displaying progress

through a |cng amembly or for displaying the value of conditicnal assembly
switches. For example:

F CPM
PRINTX /CPM version/
ENDIF

NOTE

PRINTX will output on both passes. If only one
printout s desired, use the IFl or F2 pssudo-op.
For axampie:

F2

F CPM

PRINTX JOPM vession/
ENDWF

ENCIF

will only print if CPM i true and MB80 is in pass 2.

26.22 .RADIX
RADLX <axp>

The default base (or radix) far all constants is decimal. The RADDK statement
allows the default radix to be changed to any base in the range Z to lé. Faor

exampie:
MYV I B,0FFH
JSADDK 16
MV 1 B,0FF

The two MV in the example are identical. Tha <exp> in a RADIX statement is
always in decimal radix, regarcless of the current radix.
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2.5.23 .25

2 5d enadles the assemkbler to accent 230 epcodes. This ia the default condis.
~"2n Lhe assembler 15 rupming an a 280 aperating system. B0 moce mav a.:c
rel Sv agcencirg the Z switon o e MACRC-30 commang string -- see Zeclon

3 9

23280 enanles Me amsemoier 0 accept SCEC cpcodes. This i3 the cefzult
cocrditicn when the assemoler is rurning en an 2C2C cperating system. 3050 mcce

mav aiso te sel by appendirg the { switch to the MACRO-80 command string --
see Secticn 2.2.1.

SESUEST Cfilerame (filera~e)....
RETUEST sercs a reguest %o e LINK.20 icacer 10 sear?sn the filerames ir "o
il for uncefired qlocais. The filenames in the lis? should e in he for gf Legal
syrbels. They s™ould nct inc.ude filepame extensians or cisd fdecifizat.or:.

LM< -B0 gupplies a cefault extersion and assumes the default disk drive.

—f.26 Corcit:cnal Psevoc Croeratiors

The congiliora, pseulc Sceralicrs are:

FFT <enpd True if <exp) is ret O

FZ/FF <amp2 True if {exp? is J.

Fl Teue if pass L

F2 True if poss 2.

FCEF {symbal) True f <symtel> is definred cr has teecn
geclared Exterral.

FNOEF 3ymagld True f {zymCcld> 3 uncdefined or nct Ceclared
Exzerral.

F2 Large True if <arg> i3 tlank. The angle tracket:

around <{arg> are required.

IFINB <arg> True if <arg> s not blank. Used for testirg
when cdummy garamelers aresuppliec. The
angie drackets arcund <arg> are recuirec.
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All conditionals use the following format:

IF = [argument]

ENDIF
Cenditionals may be rested to any level. Any argument to a conditicnal must be
known on pass |1 to avoid V errors and Incorrect evaluation. For IF, FT, IFF,
and JFE the espressicn must involve values which weres previcusly cefired and

the expression must be absolute. f the name i definred after an FCES ar
FNODEF, pass | consicders the name to be undefined, but it will be defined on pass
e J

2.6.26.1 £L%E - FEach cocnditional pseudo operation may opticnally be used with
the ELSE pseudo operation which allows aliernate ccde to be generated when the
eoposite concition exsts. [Uniy one ELSE is permitied for a given [F, anc an
CELSC s always tbound 2 1he most recent, coen [F. A conditional with mare than
one EL_SE or an ELSE without a conditional will cause a C error.

26.26.2 ENDF - Each F must hawe a matching ENDIF to terminate the
conditional. Stherwise, an "Unterminated cenditional' message is generated at
the end of each pass. An ENCIF without a matching [F causes a C error.

2.6.27 Listing Control Pseudo Operations

Cutpuyt to the listing file can De controlled by two paeudo-ops:
LIST and XLIST

If a listing i3 not being made, these pseudo-ops have no effect. .LIST is the

default condition. When a .XLIST is encountered, source and object coce will not
be listed until a .L]ST is enccuntered.

The output of cross reference infermation is ceontralled by CREF ang XCREF.
if the cross reference facility (see Chapter J) has not been invoked, CREF and
JCREF have no effect. The cdefaul! condition is .CREF. When a XCREF is

encountered, no ¢ross reference information is output wuntil CREF s
encountiered.
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The output of MACRD/REPT/IRP/IRPC ewpensions ls controlled by three
psaudeo-oos: LALL, .SALL, and .XALL. .LALL lists the complete macro text for
ail expansians. .5ALL lists only the cbject code produced by a macro and nat its

text. .XALL is the default condition; it i similar to .SAL! , except 3 source line
is listed only if it generates object code-

2.4.28 Rejocstion Pseuda Ooerations

The ability 0 create relocatsble modules is one of the major features of
Microsoft assemblers. Relocatable moduyles offer the advantages of sasier
cading and faster testing, debugging and modifying. In addition, it |8 pessible to
specify segments of assembled code that will later be [oaded into RAM (the Daca
Relative segment) and ROM/PROM (the Code Relative segment). Tha pseuco
operations that select reiocatable areas are CSEG and CSEG. The ASES

pseudc-ap i= used o generate ron-relocatable (absolute) cocde. The

CCMMCNpseudo-op creates 3 commaon data area for every COMMON block that
is ramed in the program.

The default mode for the assembier is Code Relative. That i3, assembiy becins
with a CSEL automatically exscuted and the location counter in the Code
Relative moce, pointing to location 0 in the Code Relative segment of memary.
Al subssquent instructions will be assembled into the Code Relative segment of
memory until an ASEG or DSEG or COMMON pseudo-op ia executed. For
example, the first DSES encountered sets the [ocation counter to location zero
in the Data Relative segment of memary. The following code is assembied in the
Data Relative mode, that is, it I8 assigned to the Data Reiative segment of
memory. [f a subsequent CSEG is encountered, tie location counter will retum
to the next free location in the Code Relative segment and 30 on.

The ASEG, DSEG, CSEC pseudo-aps never have operancs. [f you wish to alter
the current value of the location counter, use the CRG pseudo-ap.

2.6.28.1 GHG*Mn-ap - AL any time, t'w value of the location counter may be
changed by use of the the ORG pssudc-op. The farin of tha ORC statement is:

ORG <exp>

where the value of <exp)> will be the new wvalue of the location counter in the
currernt mode- All mames used in {exp> must be known on pass 1 and the value of

{ewp) must be either Absolute or in the current mode of the location counter.
Faor example, the statements

DSEC
CRG >0

sel the Data Ralstive location counter to 350, relative to the start of the Data
Relatjve segment af memary.
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2.6.28.2 _INK-80 - The LINK-80 linking locader (see Chapter & of this mancal)
combines (ne segments and creates each reiocatable module in memory when the
program 3 .cadec. The origins of the reiocatable segments are not fixeq until
e program .3 .oaded anc the arigins are assigned by LINK-80. The commard ¢

LM<-8C may corntain wser-specified origim through the use of the /P (for Code
Relative) and /O (for Data and COMMON segments) swilches.

For example, a program that begins with the statements

ASES
CRGC  B0CH

and b assembled entirely in Abscolute mode will always load begimning at 800
wilem the ORC statement is changed in the source file. Howewver, the same
program, amembled in Coce Relative mode with no ORG statement, may Ce

loaded at any specified address by appending the /P:{address) switch lo Lhe
LINK -80 command sering.

2629 Relocation Sefore Loading

Two pseuco-ops, FPSHASE and DEPHASE, allow code to be located in one area,
but executed only at a diff erent, specified area.

For example:

GoCo" PHASE 100H
oloag E8 0003 FOO: CALL BAZ
a103 E9FFal ~hR ZCOo
0lCé c3 BAZ; RET
DEPHASE
ocg7 EY FFFB ZOO: MP 5

All labels within 3 PHASE block are cdefined as the absolute value from the
origin of the phase area. The coce, however, is lcaded in the currpnt area (i.z.,

&

frem 0F in this exampie). The code within the block can later be moved to 10GH
and executed.

1.7 MACROS AND BLOCK PSEUICO CPERATIONS

Tre macro facilities provided by MACRO-80 include three repeat pseuco
operaticns: repeat (REPT), |ndefinite repeat (RP), #nd Indefinite repeat
character (IRPC). A macro definition operation (MACRQ) is also provided. Each
of these four macro operations is terminated by the ENDOM pseudo operaticn.
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7.1 Terms

For the purposes of discussion of macros and block operations, the following
terms will be used:

L <dummy> i3 wsed to represant 8 cdummy parameter. All cdurmmy

parsmeters are legal symbols that appear in the body of a macro
exXPansion.

Cadummylist) iz a list of {dummy>s separated by commaas.

Carglist> is q list of arguments separeted by commas. <arglist> must
be delimited by angla bruckets. Two angle brackets with ne
intervening chatacters (<>) or two commas with na intervening
characters enter a null argument in the list. Otherwise an argument
s a character or series of characters terminated by & comma or D,
With angle brackets that are nested inside an <arglist>, one level of
brackets ia removed each time the bracketed argument is used in an
Carglist>. (See example, Sectlon 2.7.5.) A quoted string is an
scceptable srgumert and s passed as sueh. Uniess enclosed in
brackets or 8 quoted string, leading and trailing spaces are deleted
from argumaents.

<paramiist> is used (0 represent a list of actusl parameters s=parsted
by eommas. No delimiters gre required (the list is terminated by the
end of line or 3 comment), but the rules for entering nuil parameters
and nesting brackets are the same as described for (arglist>. (See
example, Section 2.7.5)

7.2 REPT-ENDM

REPT <sxp>

ENDM

The block of statements between REPT and ENDM Is repeated <{exp? times.

<exp> is evaluated as a 1&-bit unsigned number. If <exp) contalns any external
or unde fined tarms, an error is generated.

Exampies

3843

10 mgenerates OB 1. D8 10
Xel
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.73 PEP-ENDM

IRP {(cummy> {arglist>

ENCM

e Carglist> must be encicsed [n angle brackets. The rumber of arguments n
the darglist> cdetermires the number of times Lhe bBlock of statemen's .5
repceated. Each repetition substitutes the rext item in the <arglist> fer every
pecourrence of <dummy? in the block. If the <arglist> is nuil (i.e., <»]), the block
s processed cnce with each occurtence of (dummy> removed. For example:

{als %,<1,2,3,%,5,5,7,8,%9,10%
~B X
EMNOM

generates Lhe sarme bytes as the REPT example.

LA RPC . ENDM

IRPC <dummy>string (or {string>)

TNCM

[FPC = similar to [RP but the arglist is replaced by 2 string ef text and the
angle brackets grourd the sthing are opticnal. The statements in the block are
repeated cnce for each character in the string. Each repetition substitutes the

rext character in the string for every occurrencs of <dummy> in the blocx. For
eXamait:

ISFC X 0234556789
o8 Xl
ENDM

generates the same coce as the two previous examples.

Li.5MACRQ

Often it is convenient o be able to generate a given sequence of statements
from various piaces in a program, even thouch different parameters may De

recuwied each Lime the secuence is used. This capability is prowiced oy Lhe
MACRC statement, The form is

Cname> MACRO <dummylist>
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where <name> conforms to tha rules for farming aymbais. <name> is the mrame
that will be used L3 invoke the macro. The {dummy>s in {dummylistd are the
parameters that will be changed (replaced) each time the MACROQO is invoxed.
The statements before the ENCM comprise the body of the macto. Quring
assemtly, the maco i3 expanded every time it is invoked DbDut, uniike
REPT/IRP/IRPC, the macro is not expanded when it is encountered.

The form of a macro call |s
<{mame> <{paramiist>

where (name> is the name supplied in the MACRO definition, and the
parameters n  {paramiist>? will meplace the <{Suvmmy> in the MACRQO
(dummylist> on a one-to-ane basis. The number of items in {dummylist> and
{aaramiist? is limited only by the length of 3 line. The number of parameters
used when the macro |s called need not be the same as the number of {dummy>s
in ¢dumemylist>. [f thers are mome parametesr then <dummmy>a, the extres are
igrored. If there are fewer, the extra <{dummy>s will be made nuil. The

assembied code will contain the macro e xpansion coce after esch macra call.

NOTE

A durnmy parameter in 8 MACRO/REPT/IRP/IRPC is
always recognized exclusively as 3 dummy parameter.
Register nrames such as A and B will be changed in the
expansion if they wete used as Cummy parameters.

Hers is an example of 8 MACRC cefinition that defines a macro called FOC:

FCOQ MACRO X

Y ET g
RERPT b
Y =T Yel
ce Y
ENDM
eMNDM

This macro generates the same code as the previous three examples when the call
FOO 10

s exacuted.
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Argtter sxampie, which generates Ne same code, (llusirates the femoval of cre
&

iewel af Srackes ~hen an argumert 5 used 83 an argiis
=CC MAZRC X
PP Y XD
CE Y
EMNDM
ENCM
When the call

FCO <1,2,3,4,5,6,7,8,9,10>

s mMmace, the macre expansion |ooks like this:

IRP v.«L1,2,3,4,5,45,7,3,9,10>
c8 Y
ENDM

-5 TNEM

Teery REPT, (PP, IRPC and MACRC pseudo-gp must be terrmunated with the
=nDM  pseuco-o0p. *herwise, the ‘Unterminated REPT/IRP/IRPC/MAZRC

message is Qenerated at the end of each pass. An unmatched ENDM causes an T
error.

- =
:'..- §omd

XIT™

"

Te EXITM pseudo-op is used to terminate a REPT/IRP/IFPC cor MACRC call.
‘Wrer an EXITM 5 execuled, the expansion 3 exited mmeciate.y arnd any
Temaginung #aDans:on or recet:tion is not generated. [f the Sleck cortaiming the
I TM™ iz nestec wilhin ancther bicck, the cuter level continues Lo De expancec.

7.9 .C0CAaL

LCCAL (dummylistd>

The LCCAL pseuco-ap is allowed only inside a MACROD definition. When LOCAL
is executed, the azsembler creates a unique 3ymbeol for each <dummy> :n
Céummylist> and substitutes that symbol for each occurrence of the {dummy2> in
the expansion. Trese unique symbols are usually used Lo define a {abel wilhin a
macro, thus elimirating multiply-defined |atels on successive expansions of LDe
macro. The svmbcls created by the assembler range frem DCCL tp LFFFF.
L'sers wil] therefecre want to avoid the form ..nnnn for the:r cwn symbois. [f
LTCAL statements are used, they must be the first statements n (e ™magro
sefinition.
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2.7.9 Special Macro Coeratars And Forms

&

L HE

Trhe ampersand is used in a macro expansion to concatenate text or
symitcls. A cummy Zarameter that is in a gquoted stmng wiil act te
scbsi:tuted n the expansicn unless it 3 immediately prececed bv &. 70
form a symbol from text and a dummy, out & between them. For examgole:

ERRGEN MACRQ x
ERROR&LX: PUSH 8
MY 8, &
JMP ERROR
ENDM

In this e xample, the call ERRGENA will generate:

ERRCRA: PUSH e
MV 8,'A
JInP ERROR

In 3 block operation, a comment preceded by two semicolons is not saved
as part of the expansion (i.e., it will not appear on the listing even uncer
LALLY. A comment prececded by one semicolon, however, wiil be
creserved and apcear in [he @ xpansion.

Whren an exclamat:on >qint is used In an argument, the next character s
entzrec literally (i.e., '; and ;> are equivalent).

MNUL is an operatar that retumns true if its argument (a parameter!} is ull.

Tre remainder af a lire aftar NUL is considered to be the argument Lo
NUL. The conditional

F NUL argument

is false if, curing the expansion, the first character of the argumert 3
amytung cther than a semicoion or carmage return. It is recommended

that testing for nuil parameters be cdone using the [FB and [FNB
condit.onais.
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L3 USING Z8) FSEUCO-CPS

When uming re MACRO-80 assembler, the following Z80 pseuco-cps are walid
The function of each pseudo-op is equivalent to that of its counterpart.

Z50 pseudo-op Eguivalent pseudo-cpD
COomMD FT
ENCC ENDIF
*LJECT PAGE
OEFB Cca
DEFS DS
DEFW Cw
DEFM CB
CEFL SET
CLOBAL PUBLIC
EXTERNAL EXTRN

The formats, where different, conform to the previous format. That is, DEFB
and DEFW are permitted a list of arguments (as are DB and OW), and DEFM is
permitted a string or numeric argument (as is DB).
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2.9 SAMPLE ASSEMBLY

A>MBC

HEXMPLL TTY =sEXMPLL

MACS0 J2 PAGE

8ivs

PARAMETZ!

goco
gool
g0
acax'

0Coa*
CO0s&"

aaar
caoog*
cace
QCoA!
oo

cCoc*
acor

PARAMETER
Qo1
Qoll
ool2
0al 3

MACHED 3.2
CsL3 0odr

Ng Fatal error(s)

TE
23

66
&F

06 O3
AF

29
17
85
&F
05
C2 0006’
E3

73
23
72
ce

PAGE

LOCR

coloo
00200

00300
00400
00450

00309
COs00
00700
0ae00
00200
olo00
01lCO
01220
01300
Glao0
C15G0
D1sC0
B1700
0ledd
01900
020C0

2100
G22Co
Q2200
Q2400

025Co
024C0
Q2700
02800
02500 END

0gds

25

1CSLIPL,P2)
iISHIFT Pl LEFT CIRCULARLY 3

RETURN RESULT IN P2

ENTRY CSL)
{GET VALUE CF F.RSY
CSL:
MOV A M
N -
MOV M
MOV LA
1SHIFT COUNT
MVI g.)
LOCP: XRA A
1 SHIFT LEFT
DAD M
;ROTATE INCY BIT
RAL
ADD L
MOV L,A
iIDECREMENT COUNT
CCR B8
ICNE MORE TIME
JNZ LCCP
XCHG
sSAVE RESAT N ScCOND
MO V M,E
X b=
MOV M,D
RET
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.10 MACRC-B8C ERRORS

MAZPRLC-60 errors are irdicated by a one.characler flag in column one of the
ist:ng file, [f a listing file s not Deing printed on the lermunal, each erroreous

lire 3 alsm pninted or displayed on the terrunal. Selow i3z a list cf tre
MACRC-EC Errar Codes:

A

Argument error
Argument o pseuco-op (8 not in correct forrmat or is Qut of range
((PAGE l; .RADIX 1; PLUBLIC 1; IMPS TCOFAR).

Cenditional nesting error
ELSE without 7, ENCIF without IF, two ELSEs cn cne [F.

Cowt (e Cefired symbtol
Reference to a symcal which ia multiply cefined.

External error

Use of an external illegal in context (e.g., FOOQ SET NAME##;
LXI B,2-NAME #i#).

Mul tiply Defined symbal
Cefinition of a symbol which is muitiply defined.

Number error
Ercor in a number, usually a bad digit le.g., 8Gl.

Bad ogpcode or abjectionable syntax

ENMDM, LCCAL outsicde a blocks; SET, £EQU or MACRQO without a
name; bad syntax in an gpcode; or bad syntax in an expressicn
'mismatched parenthesis, quotes, consecutive cperators, etc...

P*ase error
Value of a label or EQU rame is different on pass 2.

Guesticraole

Uswaily mears 8 line is mot terminated properly. This is @ warmng
error (e.g. MOV AX,BX,.

Relgeaticon

llegal use of relocation in expression, such aa abs-rel. Data, ccde
anc COMMOMN areas are relocatable.

Unde firec symbol
A sympol referenced in an expression is not defined. For certain
pseudc-aps, a V error is printed on pass 1 and a U on pass 1)

Value error

Cn pass | a pseudo-op which must have its value known cn pass 1
(e.g.. .RADIX, PAGE, DS, IF, IFE, etc.), has a value which is
uncefined. [f the symbel is cdefired later in the program. a U
error will not apoear on the pass 2 listing.
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Erfor Manegas

™NO end ststement gnooentered on lnput 1l
No END staterments either it is missing or it
Is not parsed due o being In 3 false

conditional, unterminated [RP/IRPC/RERT
blodk or termirated macro.

Untaminsted conditional®

AL Joast one conditionsl b utsrmineted st
the and of tha fils.

Unterminated REFT/IRP/IRPC/MACRD"

At |ssat omne block I untermineted.

[ex] [Na] Fatal errerds) [ax werning]
The mumbar of fatsl errom o=l wamings.

The memage a2 lstsd on the CRT and in the
list file.

211 COMPATIBILITY WITH OTHER ASSEMBLERS

The SEXECT and STITLE controls are provided for competability with INTEL'S
I5iS amembler. Tha dollar sign must appear In column 1 enly if spacas or tabs
separate the doilar sign from tha pontral word. The control

SEECT
ia ths tame us the MACRC-80 PAGE pesudo-op. Tha contral
is the same s the MACRO-80 SUBTTL Ctetd pesude-op.

Tha INTEL operards PAGE. and INP AGE garersts G errors whan used with the
MACRO-80 CSEC o DSEGC pesudo-ops. Thais @ETory &Mt wamnings; the
sssembler ignares Lhe operands.

HHMHmmMﬂhhﬁ#hmmnmm
the INTEL (SIS amsembier, the defsult is Absalute 0.
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Wwith MACRO-80, the dollar sign (§) is a defined constant that indicates the value
of tne !ccation counter at the start of the statement. Other assemolers may use

a decimal point or an asterisk. Other constants are defined by MACRC-80 0
have tre follewing values:

=0 D=2 M=d M= PSN=5
C=l E=] =3 Puebé AaT

212 FORMAT OF LISTINGS

On each page of a MACRO-80 listing, the first two lines have the form:

'TITLE text] MBO 3.3 PAGE «-y)
[SUSTTL text)

where:

1. TITLE text is the text supplied with the TITLE pseudo-op, if one wes
given in the sgurca program.

Z. x is the major page number, which is Incremented only when a form
feed s encountered in the source file. (When using Microsoft's
EDIT-80 text editor, a form feed is irserted whenever a page mark is
c¢one.) When Lhe symbol table is being printed, x = 5.

J. y ia the minor page rumber, which is incremented whenever the
P AGE pseudo-00 is encountered in the source file, or whenever Lhe
current page size nas heen (illed.

& SUBTTL text is the text supplied with the SUBTTL pseudo-op, if one
w@as given in the source program.

MNext, a blank line is printed, fallowed by the firat line of cutput.
A lire of output on 3 MACRO-E0 listing has the following form:

[crf#]{error] locfm 1xx | xxxxd... source

If cross reference information is being cutput, the first item on the line is the
cross reference number, followed by a tab.

A one-letter error code followed by & space appears next an the line, if the line
canctaing an error. [f there is no error, a space s printed. [f there is no cToss
reference number, tha error code column is the flrst column on the listing.

The value of the locstion counter appears next on the line. It ia a &digit
re xadecimal number or 6-digit octal number, depending on whether the /O or /H
switch was given in the MACRO-80 command string.
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“@¢ "raractes 3L tme &g 2f e ccation courter value s the moce ng.catos, It

O g Sl n [ | e

w:ll Se cre of t=e 'clowirng symaels:
' —oce Seizilive
" = dala Selat.ve
! ~oNMNCH Relative
(304Ce) ~o9clute
» £ xl=rnal

“2xt, three spaces are printed followed by the assembled code. One-hvie vaices
are followed by a space. Two-byte values are followed by a mocde incicater.
Two-bEyt2 values ore prirtec n the opposite arder they are stored .n, j.2., the
g ooroer Byte s orinted firzt. Exterrals are gither the offset or "he valus of
e poirder to e rext Laternal in the chain.

e
chagraciler "0 2 prirtec 3fter (Me 3czeCled Cocde or thal Lirme, (! 3 LPe of
- - il e WPl = E - e e L] . — 1. ——
$ part of 3 text expanmion MACRDO, REPT, [RP, IRPC. a plus sign "=* s printed

ifler e pssemOled CoCe O LHat lLine.

oz ne of autout oo oa MACRT-E0 listing i3 from oan MNCLUDE flle, 1he

Tre re~ai~ger of the lire contiins the lire of scurce code, as Lo was nout.
=xamgie-
HCAa9 JAa A9l Ce LDA LCOUNT

'‘Ca' incicates thus line is frem an NCLUCE file and part of a macr e xpansion.

ail.l Svrrbo!l Tatle Listirg

" e svymbal tatie listirg, all t™e macrd names n the program are lsted
apratet:cally, followed oy 2l the symbiols in the program, listecd alprabecically
Afwer eacn symocl, a tab s grimtec, fcllowes &v the vajue of e 1ymbgl. [T tre
symEel s FPUELIC, an [ s prirted immedidtely after the value. The neal

sharacter printed «til ce ore of the following:
U Undefined symbol.

c COMMCHN Block name. (The "value" of the COMMOCN block is (ts
[ength {(number of bytes) in hexadecimal ar octal.)

. External symbal.
{spacea> Absojute vajue,
=rogram Reialive value,

Tata Ralat; ve valus,

COoOMMON Relative vajye,
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C=ARTER ]
CREF-80 CRCSS REFERENCE FACILITY

f vou sre using the TEXKIZCS gperating avstem,
see Appencix A fer proper command farmats.

N erder o generate a cross reference lisung, the assembler must cutpul a
-

L ' - - T . ¥ i A - ]
fsgec.al Lsling Tiie wilh embedged coniicl Charactery. The MALURCUC.EU command
s:Tirg t2ls the amembler 0 output this pec:3] listing file. /L = the crcss

remCe® pailo™,. AWhen (Me T switlTh 13 encounter=a 1n 3 MACL=ECS-EBL commrang

string, ™ asse~™Dler cpgerz a4 ._RF file rnstead 2f a L3537 Al

* 2 oE® Jectl.Cn
—.9.27 for tre JZREF ane . NCREF pseuco-ops.)
cxampies:

i " - iy — 4
= ST, Aggarpie file TEZTMAZ arnd cCcreate chrect .8
G WP e - F3 - Pl —_—— e
=5 =l ard cross reference file TEST.CRF.
- — ' - F o -y n = - - - " - -—-r-—
Tl A iE ST T =35emboe T8 =5 vl ang crexts ochiect Tile e

ard =recss reference flle _LCRE,

When the amembler i3 finished, run the cross reference facility oy typing
CHZF5). CFEFED crompts the user with an asterisk. CREFEBC generates a cross

reference Lsting from the CRF file that was created during assemciv. T ne
iy o [— -
CREFEJ command Termat s

slsting filessguree flle

The cefaul extenmon for trhe source file 13 .CRF. There are ng swilches .n
CREF 30 commancs. Txamples of CREF-80 command atrings:

*:TEST Ecxarmine file TEST.CRF and generate a cross reference isting
file TEST.LST.
.-I-=-|.-—r_5-— ——

Evarmre file TEST.CRF and generale a cross reference [isiing
file T.LET.

Cross reference listing files differ from ordinary listing files in that:
. Zach sogurce statezrment s numbered with a cross reference ~umber.

2. AL tre ang gf the listing, variatle mames acoear n aiprabetl C
along with the rurlers of the lrnes on which they are refereng
Cefired. L.ne nyumbers on whch e symbel 3 Cefined are flaggec wiln

i,
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A8y LadRLNe LOACER

S9TE
<% vou ace c3ing ethe TEXITS

OPeIALing SYsieMm, Sed ADTEn..X
A for prope: comaand forlacs.

- -H-I-"'- L

i..ﬁ- .‘u;l--l-t ! L;::I"'E:
I-ll--ll. :a-*-l-l"d- tﬂ Ilﬁ :l':-l‘ -in -.I-l‘

I

£6 rezarss tae prompt "%, iadicating it is ready €0

"".'I -
- ;J ':“thll-l-lil

e g
Hli
i '-

- .-.-n...,_.-..-* ?-1 iy

L I r-'-—'k‘li l:i: 'I.:

Tuzn Sommand o LiLNE=84 e€5n3.8ts of & s=r.ng ol cTliecs
SeLintned Si-al3zed DY CooTmes. Tossa alr une f.les 1O Ce
Ltalad oy LINA=35. The €os and feorxzaz i

Q93jiilei,00itiiel,...c0jiilen

L.-23 Al@ SupPsOrTed, ThaT L3, VL@ LIVOSat. . owad ZImn
cid TSFue ON A% 34n@ Wit

—ey Aafiate gu=gas3ion 207 al. fileraras .3 Bl ws Czz=and
LR |

- = T ] - LT B I

i el e § b ke s
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P 3 - y 5 . - L & = o '
- ST SR g tita = ow = wul -i'i----lv-: GV Ll ¥ TN L T ‘-;.“3 L ..:
- - - - 5 - = % P W = - . Lol . "
s = ol = o d S -i" - - li :l-l:.r ':'l.l.-. }l't.-i' .-G":: pI el Nl s . wom .:.Q ﬂ“fih,t
P 5 - - il = il = - _— - g - = :
oo o Y P A A= o ':'_,— 'a"- ]' = e ol ﬁ;jl‘- Qac 1““‘ ﬁi
gl P d =
5 = o A Fra=

o-ilied,...cevn:ob;{ilen

T S3VISe nAm2s as2 as Listed in Saction Z.24is

Lou MIPRCG,AYRAZRSG

-

;o :r mach Line 13 tyged, LINRK-80 will loed the specified
S R After LiNY Einlsacs thnlis orocess, 1t will Listc ali
FeeSls that fenalined undefined followed by an asterisk.

mamSles

SeTA G.oG 0290

SCaR1l* (5C3al 1s undelined)

SATs Gidd d3vd

LJEsCALLY, O exXecute A FACAO-BU  pruglan an g.croutines,
caY  Laas Eyma3 zne losc C. Siiencnas Tolowen T /G o laecin
saaSdea@i e W3 DSLLWE QY CKEEINAL, uLE 0L i 3 Neo.d, You
€. Y.lat SiLlCs  Yoar -.:ra:; e . LT c2€E CNGlzel 3.
w d7LLp LV o @iienilni mo@ fLecadszs, JoLanvis oSS, = Eae
S « S A A St

'1.....--u £ i samern Plicis q-'l:h- el S 2z s L VD

v - SLErts execuoian

- = -y = - - |
.__-ril-.-. -
o oae W - = Sl = - r-..a-lzﬁ
" - = = - o o= - = - -m - L = - - &
s =1 - T [ = - l.-\...;! i -"‘ - .!':I'-i 1 - LT 1 - i h
- - R = s = T & = - = = = - -
- = -t ?.'I'-"H--l- | = ll'! .‘ a _'--.-.n- T—— i - ...h' e e o=V
& - = a - - = - = 1 . - T - - -
- = - = I- = N e ow e . < e
J = = = & - . & = o = = = . =
a - i = = h st =5 P o G = Y - - ] = e o e = oF L=
= - - - - o= - - . ]
- " == = e ba = * = o7 - ...I': = & "
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5.1.1 Mecules

A module is typically a FCRTRAMN or COBOL subprogram, main program cr a
MACRC-80 assemtly that contairs ENTRY statements.

The arimary function of LR.30 15 to concaterate modules in .REL files o form a
rew brary. In arcer o exiract mocules from previcus (ibraries or ~EL fiuos, A

e =

cower’ul syntax Pas been cevised to ipecify ranges of meduies within g .REL file.

The simplest way to specify 3 module within a file is simply to use the name cf
tre meocuja. For exampie:

Shd

But a relative guantity plus or minus 255 may also be used. For example:
SiN+.

soecifies the mecduie after SN and
SiN-1

specif.es the cne Defore (L.

Ranges of moguies may also be specified by using two dots:
SN mears all modules up to and including 5ilN.

Sid.. means al]l mcdules from SIN to the end of the file.
SN..CCS means SIN and COS ard all the modules in between,

Ranges of moduies and relalive offsets may also De used in combiration:
EH"‘ -:..--I::S""l-

To select a given mocdule from a file, use the name of the flle followed by the
medules) scec:fisd encicsed in angle brackets and separated Ty commas:

FCRLIB <5IN..CCS>
cr

MYLIB.REL <TEST?>
er

BICLI8.REL <FIRST MICDLE,LAST?
alz.

If ma modules are selected from a file, then all the modules in the file are
sejectec:

TESTLIB.REL
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5.2 L18-80 SMTCHES

NOTE

/E will destray your current llbrary i there s
no new library under constructien. Exit LIB-80
using Control-C if you are not revising the
library.

A number of switches are used to control LIB-80 opersticn. These switches are
always preceded by a sjashe

fO

/H
J

n

fC
€

/R

Cctal - set Cctal typeout mode for /L command.
e x - set Hex typeout made for fL. command (default).

List the symbols which would remain undefined on a search
throuch the file specified.

List the modules in the files specified and symbal definitions they
contain.

(Create) Throw away the llbrary under construction and start over.

Exit to CP/M. The [ibrary under construction (L[B) is revised to
REL and any previous copy is deleted.

Rerame - same as /E but does not exit to CP/M on completion.

5.2 LIB-80 LISTINGS

Ta list the contents of a file in cross reference format, use /L:

*FCRLIB/

When building libracies, it 3 important to order the modules such that any
intermodule references are “forward.” That is, the module containing the global
reference should physically appear shead of the module containing the entry

point. Ctherwise, LINK -850 may not satisfy all giobal references on a single pass
theough the library.

lJse /U to list the symbols which could be undefined in a single pass through a
library. [f a mocule in the library makea a backward refersnce to a symbol In
another module, /U will list that symbal. Examgle:

*SYSLIB/U
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NOTE

Since  certain mocules in  the standard
FCRTRAN and CCBOL systems ars always
farce-loaded, they will be listed as undefined by
/U but will mot cause a problem when |oading
FORTRAN or COCBCL programs.

Listings are currently always sent to the lerminal; use control-P (o send the
licting to the Jrinter.

3.4 SAMPLE LIB SESSICN

AX_IE

*TRANLIB=SIN,COS, TAN,ATAN,ALOG
EXP

*TRANL!B.LIB/U
*TRANLIE.LIB/L

(List of symbols in TRANLIB.LIB)

*/E
A2

5.5 SUMMARY OF SMTCHES AND SYNTAX

/0 Cctal - set listing racix

M Hex - set listing radix

J List undefineds

. List cross reference

JjC Create - start LIB gver

JE Exit - Rename .LIB to .RELand exit
/R Remame - Rerame .LLIB to .REL

modules: =module rame {+ or - m.mhll'}
module sequence iz
module | .module | module.. | modulel..modulel

file specificationmzzfilename {{mﬂdul- imﬂl:‘l){,{mcﬂ.lll um}}}
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TEASCS CRPERATING SYSTEM

—

The command formats fer MACRQO-80, LINK-60 and CREF-30 differ sughtly
uncer tne TEADOS operating system.

" Pl T al i
A.. TEH708 Cormrmang Flles
- K - — Ty

J—E :-\,h F =0 LW |

480, LBC, and TH0 are ac:ually commoand files for the compiler

assem2ier, |oacder, and c-oss reference srograms resceciively., THhese command
s et tte emL.Al.on Toce 13 D and seiect the Z-30 azmembier grocmeior e
TCW OGS smcumentalicn), (hen axeculas the approprizte program flle. You oweld
rote trat 3l af trese commang files are det up 1o execulte e Mocomazatr

omeramrs from Soive Al As af versien )74, LINK-B0 will alsc loock for tre
ikrary FCR LIB) an crive #1. [f vou wish to evecuta any of this saftware from
girve #QJ, the command file must bte ecited and LINK-BO should be guiven an
explicit library search directive "FCRLIB-S". (See section 4.2.1.)

Cl

ismamoier accepts commanrd lines oniy. & promet i3 not Cispiaves an
 mrarnct, g8 sommaraes are net accegtag, CTormmarcs have tte same farmat 2
TEACCS 1memtler commands; i.8., Nree fliename or cevice name paramel2rs
olus catioral switches.

L%

MEQ [abjfiie] (istfile) sourcefile [swl] [aw2...]

The amiect znd lListing file zarameterz are coticnal. These files will ret be
s—agtes f the carametars are crmytiled, NCwever anv error messaces will st:ll be
=.5C.avaC o thp corsc.e. M@ 3valatie switctes sre as cescriBed v Chapier 2 o
T Mancal, excest that the swilshes are Selimited by commas or sgaces nstle
cf 5.3 es.

g
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AS CacrF .l
The form of commands to CREF B0 is:

80 lstfile sourceflle

Both fi!sname parame‘ters are required. The sgurcefile parameter is always the

name of a CREFEO file created curing assembly, by use of the T switch.
 zampie:

Create a CREF 30 file using MACRC-80:
M80 ,, TSTCRF TSTMAC C

Create a cross reference listing from the CREF S0 file;

C80 TSTLST TSTCRF

A4 N4 -B0

with TELDQS, tre |JNK-80 |padar accepts |[nteractive commands only.
Coammand lines are rot supported.

When | INKC-B0 [s invoked, and whenever it ls waiting for input, it will promgot
wit™ an asterisk., Commancs are lists of filenames and/or devices separated by

coTVmMas o spaces and cptionally interspersed with switones. The inpul 0

LM< -80 muat be Microsoft reliocatabie object code (not Lhe same as TEKDQS
lcacer fermat).

Switches o0 LINK-B80 are cellmited by hyphens under TEKDQS, instead of
slasres. Al LINK-80 switches (as documented in Chapter 4) are sugported,
except "G and "N", which are not implemented at this time.

£ xampies:

L Assemble a MACRO-80C program mamed XTEST, creating an cbject
file called XREL and a listing file called XLST:

JMBO XREL XLLST XTEST
2. Load XTEST and save tha loacded mocuie:

> B0

*XREL-E

[caap 2288)
*0Q0S*RROR &6

L80 TERMINATED

M XMOD 400 2288 08 AD
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Note that "-£7 exits via an error message cue to execution of a HLT instruction.
Tre memory image is intact, however, and the "Mocule” command may be used

to save it. Once a program is saved in module format, it may then be executed
directly without going through L[NK -80 again.

The bracketed numbers printad by LINK-80 before exiting are the entry point
acdresy and the highest address loaded, respectiveiy. The loader default is to
Eecin loading at 40CH. However, the |oader aiso places a jump to the start
sddress in jocaticn 0, thereby allowing execution to begin at 0. The memory

'‘ceations between 0003 and Q400H are reserved for SR8% and L/O buffers at
runtime.
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MNCEX

SINCLUDE
tmemey

LCCMMENT
LREF
CEEHAS
LALL
LISV

P AGE

P ASE
PRINTX
FRADIEX
LAREQUEST
SALL
SCALL
NXCREF
XLIST

Absalute memary

Ar:thmet.c operators
ASED

Slctk Cseuco ofs

Character canstants
Ccde Reiative
Command fermat
CCcmments

CCMMOCN

Condil:onals

Canstants

TR /M

Cross reference facility
Cs5zC

Data Retative
CcB

o

Cefire Byte
Define Character
Defire Orgin
Deine Space
—efire Wore
0s

D<EC

Ow

INDEX

b1

14

17
18
17
17
26
18
l4
3, 15

17
17
17

1
-

7.9, 28
7.9, 18
19

é

10, 17, 28

i, 31, 32, 42, 48, 47
5, 14

7,9, 2B-29

15

5

I| ]I‘ 311 3]"}&" H" M| u

4,17, 28, 20
9, 10, 17, 27

7, 11, 18, 28-29
6, 10

10

6, 10

10

13

11

11

11

7, 1,17, 7
11

49
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INCEX

= ZIT-80

=1 F

N S

ExND
EXNDIF
ZhNCM
ZNTRY
e

—rror codes
Error messages
EX[TM™
tXT
Externals
TXTRN

Ha

(FLl

F i

5

FCEF

F=

irF

B

FT
INCLUDE
INTEL

PP

1SPC
LSis-d
Li0-50
Library manager
LMK -E0
_atings
LOZ AL

't cgical operatars

MACTL B
MACRO

Macro operators
Moces

Modules

MNAME

Operatgrs
CRG

PACE
~ragram Relative
FUELIC

REPT

a, 28
16
11
17
19.22
12, 40
2,13
26, 28
27, 37
22
12
8, 12, 26, 39

12

16

16

16

16

16

16

16

16

16

12

27

17, 20-22

17, 20-22

2. 3, Ja

39

39

9, 11, 15, 18, 32, &1
12, 17, 28-29, 30, 31
23

9-11, 13, 18
13, 27

7

s, 12, 29

17, 19.20

>d
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=T

St=incs
SUBTTL

Swit ches
Symbal table

TE<XDOS
TITLE

H

9

13, 27.28

&, 31, 33-36, 44-45
28-.29

35, 30, &6
13-14, 28
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ATRIENDA TOX
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l. Add to MACRD-BC SWITCHES:

Swilch

P

Artion

Fach /P ajiocates an extra 256
byies of stack space for use
dusing assembly. Use /P if stack
evertiow errors oCccur during
assembly. Otherwise, not needed.

. Add to Section 2.7.9 Special Marcro Qoerators and Forms

TYPE

Tiw TYPE operator returns 8 byte that describes two characteristics
e! 1t argument: 1) the mode, and 2) whether iL is External ar notl.
The argument o TYPE may be any expression (string, numes:c,
Inmeali. M ihe expression is invahd, TYPE retums zero.

Tre Lyle that is returned is configured es fcllows:
The lower two bits gre the mode. If the lower two bits are:

0the mode s Absolute

| the mode is Program Relative
Z the mooe is Data Relative

3 the mode is Common Relative

The high bit (B0H) is the External bit. If the high bit is on, the
exniress;on contains en External. i the high bit s off, the expression
15 acal inot Externall.

The Defined it 13 20H. This it is on if the expression s locally
efined, and it 13 off if the expression is uncelired or externgj. ¥
e "er bt s Oon, the expression 15 invalid.

TYPE 15 usually used inside mecros, where an argument tyie may

need Lo De tested to make g decision regarding program flow. For
eEnmple:

F oy MACLRO X

LDCAL £
7 SET TYPE X
m i~



