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Foreword 

The Concurrent CPIM-86 TM Programmer's Utilities Guide documents the 8088 and 
8086 assembly language instruction set, rules for use of the Digital Research ASM-86 TM 

assembler, and rules for use of the Digital Research dynamic debugging tool, DDT-86". 

Section 1 contains an introduction to the Digital Research assembler, ASM-86, and 
the various options that can be used with it. Through one of these options, ASM-86 can 
generate 8086 machine code in either Intel ® or Digital Research format. Appendix A 
describes these formats. 

Section 2 discusses the elements of ASM-86 assembly language. It defines the ASM-86 
character set, constants, variables, identifiers, operators, expressions, and statements. 

Section 3 describes the ASM-86 housekeeping functions, such as conditional assem- 
bly, multiple source file inclusion, and control of the listing printout format. 

Section 4 summarizes the 8086 instruction mnemonics accepted by ASM-86. These 
mnemonics are the same as those used by the Intel assembler, except for four instructions: 
the intrasegment short jump, intersegrnent jump, return, and call instructions. Appendix B 
summarizes these differences. 

Section 5 discusses the Code-macro facilities of ASM-86, including Code-macro 
definition, specifiers, and modifiers, and nine special Code-macro directives. This infor- 
mation is also summarized in Appendix G. 

Section 6 discusses DDT-86, the Dynamic Debugging Tool that allows the user to 
test and debug programs in the 8086 environment. The section includes a sample 
debugging section. 
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Concurrent CP/M-86 is supported and documented through four manuals: 

• The Concurrent CP/M-86 User's Guide documents the user's interface to Con- 
current CP/M-86, explaining the various features used to execute applications 
programs and Digital Research utility programs. 

• The Concurrent CP/M-86 Programmer's Re[erenee Guide documents the appli- 
cations programmer's inter/ace to Concurrent CP/M-86, explaining the internal 
file structure and system entry points, information essential to create applications 
programs that run/n the Concurrent CP/M-86 environment. 

• The Concurrent CP/M-86 Programmer's Utilities Guide documents the Digital 
Research utility programs programmers use to write, debug, and verify applica- 
tions programs written for the Concurrent CP/M-86 environment. 

• The Concurrent CP/M-86 System Guide documents the internal, hardware- 
dependent structures of Concurrent CP/M-86. 

iv 



Table of Contents 

1 In t roduc t ion  m ASM-86  

2 

1.1 Assembler  Opera t ion  . . . . . . . . . . . . . . . . . . . . . . . . . .  1-1 
1.2 Opt iona l  Run- t ime  Parameters  . . . . . . . . . . . . . . . . . . . . .  1-4 
1.3 Ending  ASM-86  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-5 

2.1 
2 .2  
2.3 
2 .4  

Elements  of  ASM-86  Assembly Language  

ASM-86  Charac t e r  Set . . . . . . . . . . . . . . . . . . . . . . . . .  2-1 
Tokens  a n d  Separators  . . . . . . . . . . . . . . . . . . . . . . . . .  2-1 
Delimiters ............................... 2-1 

Cons tan t s  ................................ 2-3 
2.4.1 Numer i c  Cons tan t s  . . . . . . . . . . . . . . . . . . . . . . .  2-3 
2.4.2 Charac t e r  Strings . . . . . . . . . . . . . . . . . . . . . . . .  2-4 

2.5 Identifiers ................................ 2-4 
2.5.1 Keywords . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-5 
2.5.2 Symbols  an d  The i r  At t r ibutes  . . . . . . . . . . . . . . . . . .  2-6 

2 .6  Opera to r s  ................................ 2-8 
2.6.1 O p e r a t o r  Examples  . . . . . . . . . . . . . . . . . . . . . .  2-12 
2.6.2 O p e r a t o r  Precedence . . . . . . . . . . . . . . . . . . . . .  2-14 
Expressions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-16 
Sta tements  ............................... 2-16 

2 .7  
2 .8  

3 Assembler  D/rectives 

3.1 In t roduc t ion  ............................... 3-1 
3 .2  Segment S tar t  Directives . . . . . . . . . . . . . . . . . . . . . . . . .  3-1 

3.2.1 T h e  CSEG Directive . . . . . . . . . . . . . . . . . . . . . . .  3-2  
3.2.2 T h e  DSEG Directive . . . . . . . . . . . . . . . . . . . . . . .  3-2 
3.2.3 T h e  SSEG Directive . . . . . . . . . . . . . . . . . . . . . . .  3-3 
3.2.4 T h e  ESEG Directive . . . . . . . . . . . . . . . . . . . . . . .  3-3 

3.3 The  O R G  Directive . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-4 
3 .4  The  IF and  ENDIF  Directives . . . . . . . . . . . . . . . . . . . . . .  3-4  
3 .5  The  INCLUDE Directive . . . . . . . . . . . . . . . . . . . . . . . .  3-5 
3.6 The  END Directive . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-5 
3 .7  The  EQU Directive . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-5 
3.8 The  DB Directive ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-6 
3 .9  The  D W  Directive . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-7 
3 .10 The  DD Directive . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-8 



Table of Contents (continued) 

3.11 The  RS Directive . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-8 
3 .12 The  RB Directive . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-9 
3.13 The  R W  Directive . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-9 
3 .14 The  TITLE Directive . . . . . . . . . . . . . . . . . . . . . . . . . .  3-9 
3.15 The  PAGESIZE Directive . . . . . . . . . . . . . . . . . . . . . . .  3-10 
3.16 The  P A G E W I D T H  Directive . . . . . . . . . . . . . . . . . . . . .  3-10 
3 .17 The  EJECT Directive . . . . . . . . . . . . . . . . . . . . . . . . .  3-10 
3.18 The  S I M F O R M  Directive . . . . . . . . . . . . . . . . . . . . . . .  3-10 
3.19 The  NOLIST and  LIST Directives . . . . . . . . . . . . . . . . . . .  3-11 
3.20 The  IFLIST and  NOIFLIST Directives . . . . . . . . . . . . . . . .  3-11 

The ASM-86 Ins t ruc t ion  Set 

4.1 In t roduct ion  ............................... 4-1 
4.2 Da ta  Transfer  Ins t ruct ions  . . . . . . . . . . . . . . . . . . . . . . .  4-3 
4.3 Ari thmetic ,  Logical, and  Shift  Instruct ions . . . . . . . . . . . . . . .  4-5 
4.4 String Inst ruct ions  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-10 
4.5 Cont ro l  Transfer  Ins t ruct ions  . . . . . . . . . . . . . . . . . . . . .  4-12 
4.6 Processor Cont ro l  Instruct ions . . . . . . . . . . . . . . . . . . . .  4-16 
4 .7  M n e m o n i c  Differences . . . . . . . . . . . . . . . . . . . . . . . .  4-18 

5 Code-macro Facilit/es 

5.1 In t roduc t ion  to Code-macros  . . . . . . . . . . . . . . . . . . . . . .  5-1 
5.2 Specifiers ................................ 5-2 
5.3 Modifiers  ................................ 5-4 
5.4 Range Specifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-4 
5.5 ~de-trm~o Directives . . . . . . . . . . . . . . . . . . . . . . . . .  5-5 

5.5.1 SEGFIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-5 
5.5.2 N O S E G F I X  . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-5 
5.5.3 M O D R M  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-6 
5.5.4 RELB and  RELW . . . . . . . . . . . . . . . . . . . . . . . .  5-7 
5.5.5 DB, D W  and  DD . . . . . . . . . . . . . . . . . . . . . . . .  5-8 
5.5.6 DBIT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-8 

vi 



Table of Contents (continued) 

DDT-86 

6.1 DDT-86 Operation . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-1 
6.1.1 Starting DDT-86 . . . . . . . . . . . . . . . . . . . . . . . .  6-1 
6.1.2 DDT-86 Command Conventions . . . . . . . . . . . . . . . .  6-1 
6.1.3 Specifying a 20-Bit Address . . . . . . . . . . . . . . . . . . .  6-3 
6.1.4 Terminating DDT-86 . . . . . . . . . . . . . . . . . . . . . .  6-3 
6.1.5 DDT-86 Operation with Interrupts . . . . . . . . . . . . . . .  6-3 

6.2 DDT-86 Commands . . . . . . . . . . . . . . . . . . . . . . . . . .  6-4 
6.2.1 The A (Assemble) Command . . . . . . . . . . . . . . . . . .  6-4 
6.2.2 The B (Block Compare) Command . . . . . . . . . . . . . . .  6-4 
6.2.3 The D (Display) Command . . . . . . . . . . . . . . . . . . .  6-5 
6.2.4 The E (Load for Execution) Command . . . . . . . . . . . . .  6-6 
6.2.5 The F (Fill) Command . . . . . . . . . . . . . . . . . . . . . .  6-6 
6.2.6 The G (Go) Command . . . . . . . . . . . . . . . . . . . . .  6-7 
6.2.7 The H (Hexadecimal Math) Command . . . . . . . . . . . . .  6-8 
6.2.8 The I (Input Command Tail) Command . . . . . . . . . . . .  6-8 
6.2.9 The L (List) Command . . . . . . . . . . . . . . . . . . . . .  6-8 
6.2.10 The M (Move) Command . . . . . . . . . . . . . . . . . . . .  6-9 
6.2.11 The QI, QO (Query I/O) Commands . . . . . . . . . . . . . .  6-9 
6.2.12 The R (Read) Command . . . . . . . . . . . . . . . . . . .  6-10 
6.2.13 The S (Set) Command . . . . . . . . . . . . . . . . . . . . .  6-11 
6.2.14 The SR (Search) Command . . . . . . . . . . . . . . . . . .  6-12 
6.2.15 The T (Trace) Command . . . . . . . . . . . . . . . . . . .  6-12 
6.2.16 The U (Untrace) Command . . . . . . . . . . . . . . . . . .  6-13 
6.2.17 The V (Value) Command . . . . . . . . . . . . . . . . . . .  6-13 
6.2.18 The W (Write) Command . . . . . . . . . . . . . . . . . . .  6-14 
6.2.19 The X (Examine CPU State) Command . . . . . . . . . . . .  6-14 

6.3 Default Segment Values . . . . . . . . . . . . . . . . . . . . . . . .  6-16 
6.4 Assembly Language Syntax for A and L Commands . . . . . . . . .  6-18 
6.5 DDT-86 Sample Session . . . . . . . . . . . . . . . . . . . . . . . .  6-19 

vii 



Table of Contents (continued) 

Appendixes 
A Starting ASM-86 ............................... A-1 

B Mnemonic D i f f e r e n ~  from the Intel Assembler . . . . . . . . . . . . . . .  13-1 

C ASM-86 Hexadecimal Output Format . . . . . . . . . . . . . . . . . . . .  C-1 

D Rmm-ved Words ................................ D-1 

E ASM-86 ~ Summmry . . . . . . . . . . . . . . . . . . . . . . . .  FA 

F Sampt~ Frustum AI~.AS6 . . . . . . . . . . . . . . . . . . . . . . . . . .  r ~ l  

G Caxle-macro 13q£mition Syntax . . . . . . . . . . . . . . . . . . . . . . . .  G-1 

H ASM-86 Error Mintages . . . . . . . . . . . . . . . . . . . . . . . . . . .  H-1 

I DDT-86 Error Meuagm . . . . . . . . . . . . . . . . . . . . . . . . . . .  I-1 

viii 


