
MASM and L/A/K
Options

MASM The MASM assembler translates an assembly language source file
Into a machine language oblect  file. It generates three files, a$  shown:

SOURCE FILE

!
MUM

/.’ I ‘-1
OBJECT?lLE LIST FILE CROSS-REFERENCE FILE

The oIrject  file  contains the machine language translation of the as-
sembly language  source code, plus other information nccdrd  to produce an
executable file.

The list (i/e is a text file that gives assembly language code and the
corresponding machine code, a list of names  usrd  in the  program, error
~wwa~y~,  i111i1  trll~r  slatlslics.  II Is ln~lf~ful  III dt~lr~~ggl~~g

‘I‘hc  c~o~s-n~/i’rrr~cr  p/r lists ~x~nws  used  in the  program and line num-
bers where they appear. It makes large programs easier  to follow. As generated,
it is not readable: the CREF utility  program may be used to convert It lo a
legible form.
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MASM Command Line

For MASM vcrslon 5.0, the mast general command line is

MASM  optionm  source~file,object~file,list~file,cross-

ref-file

l‘hc  dcbult  cxlcnsion  for the ol)jcct  iilc  is .OllJ, Tar tlic lisliilfi  IIIV ii

is .Ls’I;  and for the cross-reference file it is .CKF.
For example, suppose MASM is on a disk in drive C, sourct8  III,,

l~lIIS’l’.ASM  is on a disk in drive A, and C is the logged drive. To crc’alc  0111~ I
file I~llW~OlIJ,  listing file FIIIST.LSI;  and cross-reference file l~II1s’l’.<Xl~ ori
drlvc A, we could type

/_-(:;MASM  A.FIRST  A S M  A:FIRST.OBJ,A:FIRST.LST,A:FIRST.CF@

A simpler way to get  the same result is

I l:>MASM A:FIRST,A:  ,A:  ,A:

r\ wnicolon  instead of a comma on the MASM command lint klh

the assembler not to generate any more  files.  For example, if we \ypr

I ‘:yMASM  A:FIRST,A:  ;

CT 215
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CX4ASM  A: FIRST
Microsoft  (RI  Macro Assembler Version 5.10
Copyright (Cl  Microsoft Corp 1981, 1988. All rights reserved.

oblect  filename [FIRST.OBJ]: A: <Enter>
source  listing [NUL.LST): <Enter>
Cross-reference fNUL.CRFI: A: FIRST <Enter>

50110 + 231323 Bytes symbol apace free
0 Warning Errors
0 severe Errors

The first response lust  given means that we accept the name
FIRST.OBJ  for the object file. The second one means that we don’t want a
listiq  file (NUL means no file).  The third one means we  want a cross-rrfcr-
ence  file called FIRST.CRF.

Options

The MASM options control the operations of the assembler and the
format of the output files. Table D.l gives a llst of some commonly usrd
ones. For a complete list, see the Microsoft Programmer’s Guide.

Several options may be specified on a command line. For example,

C>MASM  /D /W2 /Z /ZI FIRST;

Table D.1  Some MASM  Options
Option

IA

IC
I D
/ML
/R
Is
Nv(Olll2)

n
RI

Actjon

Arrange source segments in
alphabetical order.
Create a cross-reference file.
Create pass 1 llstlng  (see below)
Make names case sensitive.
Accept 8087 floating-point Instructions.
Leave source segments In  orioinal order
Set error level display: (default = 1):

y z ~~~:ba::~~~~estionab,e
statements

2 = statements that may produce
inefficient code

Display the lines containing errors.
Write symbolic informatlon  to the
object file (use with CODEVIEW).
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A MASM Demonstration

To show what the MASM output files Look like, the following pr~~~~cu
SWAl?ASM  will be  assembled.  It swal~s  the  rolltent of IWO munory  wurd\.

Program Listing PGMD-l.ASM
TITLE PGMD-1:  SWAP WORDS
.MODEL SMALL
.STACK 1OOH
.DATA
WORD1 uw 10
WORD2  DW 20
.CODE
MAIN PROC

MOV AX,@DATA
MOV DS,AX
MOV AX,WORDl
XCHG AX,WORDZ
MOV WORDl,AX
MOV AH, 4CH
INT 21H

ENDP
END MAIN

CzUASl4  A:PGMDJ,A:,A:,A:

Microsoft (R)  Macro Assembler Version 5.10
Copyright (C)  Microsoft Corp 1981, 1988. All rights reserved.

‘I’7358  t 390893 uytt2:3  sylllbol  space free
0 Wdrlling  l?,.rru1s
0 severe Errors

Down the left side ol the listing are the line numbers. Next we have a colun~n
of offset addresses (in hex), relative to stack, data, and code segments. Alter
that comes the machine code translation (in hex) of the instructions.

Two-Pass Assembly and the SYMBOL TABLE

ErlASM  makes two passes through the source file. On the first pass,
MASM checks for syntax errors and creates a sy/r~lx~/  frrllle  of names and their
rrlntivc  .Iocatlon$  within a segment. To kq  track of locations, it uses  ;I
lwrfiofr  cof~~llvf. ‘fhc location counlcr is reset  to 0 at the  bcgilming  of a
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iCrosoCt  (RI  Macro Asscmblcr  Version 5.10 g/6/91 00:43:35
;MD-1: SWAP WORDS Page-l

1 TITLE PGMD 1:SWAf'  WORDS
.MODEL SM-&L
.STACK 1OOH
.DATA
WORD1
WORD2

2
3
4
5 0000 OOOA
6 0002 0014
7
rl 0000
9 0000 68 - R
10 0003 SE DB
11 0005 Al 0000 H
12 0008 87 06 0002 R
13 oooc A3 0000 R
14 OOOF B4 4C
15 0011 CD 21
16 0013
17

IicrosoCt (R)  Macro Assembler

DW 10
DW 20
.CODE
PROC
MOV AX,@DATA
MOV DS,AX
MOV AX.WORDl
XCNC AX.WrJRD2
MOV WORCl,AX
MOV AH,4CH
INT 21H
KNDP
MAIN
g/6/91 00:43:35

MAIN

MAIN
RND

Version 5.10

N a m e Length Align CombineClass
IGROUP. . . . . . . . . GROUP

-DATA. . . . . . . . 0004 WORD PUBLIC'DATA'
STACK. . . . . . . . 0100 PARA STACK 'STACK'

TEXT . . . . . . . . . 0013 WORD PUBLIC'CODE'

gymbols:

N a m e TYPO Value Attr
4AIN . . . . . . . . . . N PROC 0000 -TEXT Length - 0013
lSURD1 . . . . . . . . . L WORD 0000 DATA
VORDZ . . . . . . . . . L WORD 0002 IDATA

!CODE . . . . . . . . . TEXT TEXT
!CODESIZE . . . . . . . TEXT 0
?CPlJ. . . . . . . . . . TEXT OlOlh
~DATASIZE . . . . . . . TEXT 0
?FILENAME . . . . . . . TEXT PGMD-I
!VERSION. . . . . . . . TEXT 510

17 Source Lines
17 Total Lines
20 Symbols

47358 + 390893 Bytes symbol space free
0 Warning Errors
0 Severe Errors

I
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segment. When an instruction is encountered, the location counter rs
increased by the number of bytes needed for the machine code of the imtruc-
non.  When a name ls encountered, It is entered in the symbol table along with
the location counter’s value. The symbol table appears  near the bottom of the
UT file; in the preceding example, the .symtxAs  are MAIN, WORDI,  and
WORDZ. The MASM  /D optton  causes the UT file to include pass 1 error
messages. Whelhcr  these are actually rrrors  is detcrmincd  In  pass 2.

On  the second pass, MASM completes error checking and nnchinr
codes the instructions, except for those instructions that refer to names in
other object modules. The UT file is also created.

The reason MASM needs two passes to assemble a program is that
some instructions may refer to names that appear later on in the source lilc.
These instructions can be machine-coded only after their relative locations
have been determined from the symbol table.

The object file (PGMD-l.OBJ)  that MASM  creates is not executable.
The final addresses of the variables need to be determined by the LINK lrru.
gram (sea  later description). In the .fST  file, these addresses are marked hy
a “IV (rclu~~tihl~)  syn~bol  (lines 9, IO, 11, 12, 13).

The Cross-Reference File

The cress-reference fife  (here PGMD-l.CRF)  contains information on
names-where they are defined and the line numbers where they appear in
the .LST  file. The .CRF  file is not printable; the CREF program, on the DOS
tlik,  ronwrls il to a .Hlil:  IIlc  that has an ASCII  form;rt:

Microsoft Cross-Reference Version 5.10 Fri Sep 06 01:33:52  1991
PGMD-1: SWAP WORDS
Symbol Cross Reference (Y definition, + modification) Cref-1

IY
1Y

@CPU  . , . . , . . . .
@VEKSlON  . . . . . , , .

CODE . . . . . . . . . . 1

.
D A T A . . . . . . . . . . 4
DGROUP . . . . . . . . . 9

MAIN . . . . . . . . . .

STACK. . . . . . . . . .

WORDl. . . . . . . . . .
WORDZ. . . . . . . . . .

-DATA,  . . . . . . . . .

-TEXT. . . . . . . . .

11 Symbols

8Y 16 17

3 13

5# 11 13t
6# 12+

41
71
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C>CREP  A:PUdD-1;

MicrosoEt  (RI  Cross-Reference Utility Version 5.10
Copyright (C)  Microsoft Corp 1961-1985, 1987. All rights reserved.

11 Symbols

The output is the  file fGMl~~l.RT,F,  which can be printed by using the ‘I‘YI’E
command (Figure D.2).

LINK The job of the LINK program is to link object files (and possibly
library files) into a single executable file. To do this, it must resolve reference
to names used in one module but defined tn  another. The mechanism for
doing this is explained in Chapter 14. LINK must be used even if there is
only one object file.

The input to LINK is one or more ohlrct  and library filrs,  and the
output is a run file and an optional loadmap  file, as shown:

Run file Loadmap  file
The run file is an executable machine language program. The loadmap file
gives the size and relative location of the program srgmrnts.

LINK Command Line

For LINK version 5.0, the most general command line is

LINK options obj~ct_file~ist,run_fila,loadasp-file,li-
bray-list

The only option you will be likely to use is /CO, which causes extra
information for COl~liVII:W  lo he inclutlrd.

‘The o~jecfJUcJisr  is a list of object files to be linked. It begins with
the name of the object file containing the main program; the other object
fllcs  usually contain prncrdtnes  lhat  arc called by  the main program and  In
each other. The file names arc separated by blanks or “+”
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The rw~filc  has an .EXE extension. It  is an executable file unle>,  r).,
program is a COM  format program, ill which case one more step is rr~d\~l
to produce an executable file. COM  programs are discussed  in C11air1~~1  I i

The librtrry~iist  consists of library files, if any, scpxalcd  by bl,urb\  tiu
“+“. Library files usually have a LIB  extension, and they often contairr  U.II~.
dard routines used by many programs, such as I/O routines. An es;i1111~!,.
appears In Chapter 14.

For example, suppose LINK is on a disk in drive C and the Irlc~ 1~1
be linked are in drive A. The main object file is FIRST.OBJ,  other object trl~~
are SiCOND.OBj  and THIRD.OBJ.  ‘lb create a run file FIRST.EXE  ~(1  .I
loadmap  file FIRST.MAP,  we could type

I-- \
I ’C>LINK A:FIHSTtSECONDtTHIRD,A:FIRST,A:FIAST;

or just

C>LINK  A:FIRSTtSECONDtTHIRD,A:,A:;

The semlcolon  at the end means that there are no library filvs.  As \\i~lr
MASM, it’s possible to run LINK interactively:

C>LINK  FIRSTtSECONDtTHIRD

Microsoft (R) Overlay Linker Version 3.64
Copyright (C) Microsoft Carp 1983-1988. All rigjlts
I c':ill,  V<,d.

Hun File [FIRST.EXEI: <Enter>
List File [NUL.MAPl A:FIRST  <Enter>
Libl-dries:  [.LIBl <Enter>

CT215

The first  response means that we accept the name FIRST.RXE  for the rurr  film
The second response means we want to call the loadmap  file FIRST.MAI?  ‘I 11~
third response means that there are no library files.

A LINK Demonstration
Let’s link PGMD-1  above:
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---

ClLINK  A:PGMD-l,A:,A:;

Microsoft (I71  Overlay Linker Version 3.64
Copyright (Cl Mj~croaoft  Corp 1983-1988. All rights
reserved.

lirre  is the londmap  file:

C>TYPE A:PGMD-l.MAP

start stop Length Name
0000011 0001211 0001311 -TI?XT CODE
00014H 00017H OOOOllH  -DATA DATA
00020H 0011Pli  OOlOOH STACK STACK

01 iqi.11 Group
ooo1:o DGROUP

Program entry point at OOOO:OOOO

Class

The file gives the relative size and location of the program segments.
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