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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. 
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Section 1 
Introduction to ASM-86 

1.1 Assembler Operation 

ASM-86 processes an 8086 assembly language source file in three passes and produces 
three output files, including an 8086 machine language file in hexadecimal format. This 
object file can be in either Intel or Digital Research hex formats, which are described in 
Appendix C. ASM-86 is shipped in two forms: an 8086 cross-assembler designed to run 
under CP/M ® on the Inte18080 or the Zilog ZS0 ® based system, and an 8086 assembler 
desisned to run under Concurrent CP/M-86 on an lntel 8086 or  8088 based system. 
ASM-86 typically produces three output files from one input file as shown in Figure 1 - 1: 

I ! soo.oE ,sM-  I 

~ ~ 1  LIST FILE I 

HEX FILE I 

filename.A86 - contains source 
filename.LST - contains listing 
filename.H86 - contains assembled program in 

hexadecimal format 
filename.SYM - contains all user-defined symbols 

Figure 1-1. ASM-86 Source and Object Files 

m DIGITAL RESEARCH ~" 
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Figure 1-1 also lists ASM-86 filetypes. ASM-86 accepts a source file with any three- 
letter extendoo, but if the filetype is omitted from the starting command, ASM-86 looks 
for the spediied filename with the filetype .A86 in the directory. If the file has a filetype 
other than .A86 or has no filetype at all, ASM-86 returns an error message. 

The other filetypes listed in Figure 1-1 identify ASM-86 output files. The .LST file 
contains the assembly language listing with any error messages. The .H86 file contains 
the machine language program in either Digital Research or Intel hexadecimal format. 
The .SYM file lists any user-defined symboh. 

Start ASM-86 by entering a command of the following form: 

ASM86 source filespec [ $ parameters ] 

Section 1.2 explains the optional parameters. Specify the source file using the foUow- 
ing form: 

[d:] filenarne [.type] 

where 

[d'] is an opdonal valid drive letter specifying the source file's location. 
Not needed if source is on current drive. 

filename is a valid CP/M filename of I m 8 characters. 

[.type] is an optional valid filetype of I m 3 characters (usually .A86). 

Some examples of valid ASM-86 commands are 

A>ASM86 B : B I O S 8 8  
A>ASMS8 B I O S 8 8 , A B 8  
A>ASM88 D:TEST 

SFI AA HO PB SB 

Note that if you try to assemble an empty source file, ASM-86 generates empty list, hex, 
and symbol files. 

m DIGITAL RESEARCH TM 

1-2 



Concurrmt CP/M-86 Utilities Guide 1.x Jwumb= ~ 

Once invoked, ASM-86 responds with the message: 

CP/M 8086 ASSEMBLER VER x.x 

where x.x is the ASM-86 version number. ASM-86 then attempts to open the source 
file. If the file does not exist on the designated drive or does not have the correct filetype 
as described above, the assembler displays the memage: 

NO F I L E  

If an invalid parameter is given in the optional parameter list, ASM-86 displays the 
m e s s a g e :  

PARANETER ERROR 

After opening the source, the assembler creates the output files. Usually these are 
placed on the current disk drive, but they can be redirected by optional pararneters or 
by a drive specification in the source filename. In the latter case, ASM-86 directs the 
output files to the drive specified in the source tilename. 

During assembly, ASM-86 halts if an error condition, such as disk full or symbol table 
overflow, is detected. When ASM-86 detects an error in the source file, it places an 
error-message fine in the listing file in front of the line containing the error. Each error 
message has a number and gives a brief explanation of the error. Appendix H lists 
ASM-86 error messages. When the assembly is complete, ASM-86 displays the message: 

END OF ASSEMBLY. NUMBER OF ERRORS: n 

i DIGrI'AL RESEARCH ~ 
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1.2 Op t iona l  Run- t ime  Paramete rs  

The dollar-sign character, $, flags an optional string of run-time parameters. A param- 
eter is a single letter followed by a single-letter device name specification. Table 1-1 lists 
the parameters. 

Table 1-1. Run-time Parameter Summary 

A source file device A, B, C, ... P 
H hex output file device A ... P, X, Y, Z 
P list file device A... P, X, Y, Z 
S symbol file device A... P, X, Y, Z 
F format ofhex output file I,D 

AU parameters are optional and can be entered in the command line in any order. 
Enter the dollar sign ordy once at the beginning of the parameter string. Spaces can 
separate parameters but are not required. No space is permit~l, however, between a 
parameter and its device name. 

A device name must follow parameters A, I-I, P, and S. The devices are labeled 

A,B,C .... PorX,  Y ,Z  

Device names A through P, respectively, specify disk drives A through P. X specifies 
the user console (CON:), Y specifies the line printer (LST:), and Z suppresses output 
(NUL:). 

If output is directed m the console, it can be temporarily stopped at any time by 
entering a CTRL-S. Restart the output by entering a second CTRL-S or any other 
character. 

I DIGITAL KI~..A~CH ~ 
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The F parameter requires either an I or a D argument. When I is spedfied, ASM-86 
produces an object file in Intel hex format. A D argument requests Digital Research hex 
format. Appendix C details these formats. If the F parameter is not entered in the 
command line, ASM-86 produces Digital Research hex format. 

Table 1-2. Run-time Parameter Examples 

Command Line ] Result 
I 

ASMBB IO 

ASMBB IO,ASM $AD SZ 

ASMBB I0 $PY 9X 

ASMB6 I05 FD 

ASM88 I05 FI 

Assemble file IO.A86, and produce IO.H86, 
IO.LST, and IO.SYM, all on the default drive. 

Assemble file IO.ASM on device D, and produce 
IO.LST and IO.H86. No symbol file. 

Assemble file IO.A86, produce IO.H86, route 
listing directly to printer, and output symbols on 
console. 

Produce Digital Research hex format. 

Produce Intel hex format. 

1.3 Ending ASM-86  

You can halt ASM-86 execution at any time by pressing any key on the console 
keyboard. When a key is pressed, ASM-86 responds with the question: 

UBER B R E A K .  O K ( Y / N ) ? .  

A Y response stops the assembly and returns to the operating system. An N response 
continues the assembly. 

End of Section 1 
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Section 2 
Elements of ASM-86 Assembly Language 

2.1 A S M - 8 6  C h a r a c t e r  Set 

ASM-86 recognizes a subset of the ASCII character set. The valid characters are the 
alphanumerics, special characters, and nonprinting characters shown below: 

A B C D E  F G H  I J K L M N O P Q R S  T U V W X Y Z  
a b c d e f g h i  j k l m n o p q r s t  u v w x y z  
0 1 2 3 4 5 6 7 8 9  

+ - ' / =  ( ) [ l ; ' . t , _ : @ $  

space, tab, carriage return, and line-feed 

Lower-case letters are treated as upper-case, except within strings. Only 
alphanumerics, special characters, and spaces can appear in a string. 

2.2 T o k e n s  a n d  Separa to rs  

A token is the smallest meaningful unit of an ASM-86 source program, much as a 
word is the smallest meaningful unit of an English composition. Adjacent tokens are 
commonly separated by a blank character or space. Any sequence of spaces can appear 
wherever a single space is allowed. ASM-86 recognizes horizontal tabs as separators and 
interprets them as spaces. Tabs are expanded to spaces in the list file. The tab stops are 
at each eighth column. 

2.3 Del imi ters  

Delimiters mark the end of a token and add special meaning to the instruction, as 
opposed to separators, which merely mark the end of a token. When a delimiter is 
present, separators need not be used. However, using separators after delimiters makes 
your program easier to read. 

The following table, Table 2-1, describes ASM-86 separators and delimiters. Some 
delimiters are also operators and are explained in greater detail in Section 2.6. 

ss DIGITAL RESEARCH TM 

2-1 



2.3 Ddimiten Con~trrent C]P/M-86 Utilities Guide 

Table 2-1. Separators and Ddimiters 

Character I Name ) U,e 

20H space separator 

09H tab legal in source files, 
expanded in list files 

CR carriage return terminate source lines 

LF line-feed legal after CR if within 
source lines, interpreted 
as a space 

; semicolon starts comment field 

: colon identifies a label, 
used in segment override 
s p ~ c a ~ o n  

period forms variables from 
numbers 

$ dollar sign notation for present value 
of location pointer 

+ plus arithmetic operator for 
addition 

- minus arithmetic operator for 
subtraction 

" u tedJk  arithmetic operator for 
multiplication 

/ slash arithmetic operator for 
division 

@ "at ~ sign legal in identifiers 

_ underscore legal in identifiers 

l exdamation logically terminates a 
point statement, allowing 

multiple statements on a 
singlesource line 

' apostrophe delimits string constants 
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2 . 4  C o n s t a n t s  

A constant is a value known at assembly ume that does not change while the assembled 
program is executed. A constant can be either an integer or a character string. 

2.4.1 Numeric Constants 

A numeric constant is a 16-bit value in one of several bases. The base, called the radix 
of  the constant, is denoted by a traihng radix indicator. The radix indicators are shown 
in Table 2-2: 

Table 2-2. Radix Indicators for Constants 

x,, ,c,,tor I Co,,st,,,,tT e I 
B binary 2 
O octal 8 
Q octal 8 
D decimal 10 
H hexadecimal 16 

ASM-86 assumes that any numeric constant not terminated with a radix indicator is 
a decimal constant. Radix indicators can be upper- or lower-case. 

A constant is thus a sequence of digits followed by an optional radix indicator, where 
the digits are in the range for the radix. Binary constants must be composed of 0s and 
ls .  Octal digits range from 0 to 7; decimal digits range from 0 to 9. Hexadecimal 
constants contain decimal digits and the hexadecimal digits A (10D), B (11D), C (12D), 
D (13D), E (14D), and F (15D). Note that the leadingcharacter of a hexadecimal constant 
must be a decimal digit, so that ASM-86 cannot confuse a hex constant with an identifier. 
The following are valid numeric constants: 

1234 1234D 11005 1111000011110000B  
123dH OFFEH 33770  13772g 
33770  OFE3H 1234d O f f f f h  
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2.4.2 Character Strings 

ASM-86 treats an ASCII character string delimited by apostrophes as a string constant. 
All instructions accept only one- or two-character constants as valid arguments. Instruc- 
tions treat a one-character string as a 8-bit number. A two-character string is treated as 
a 16-bit number with the value of the second character in the low-order byte, and the 
value of the first character in the high-order byte. 

The numeric value of a character is its ASCII code. ASM-86 does not translate case 
in character strings, so it accepts both upper- and lower-case letters. Note that only 
alphanumerics, special characters, and spaces are allowed in strings. 

A DB assembler directive is the only ASM-86 statement that can contain strings longer 
than two characters. The string cannot exceed 255 bytes. Include any apostrophe you 
want printed in the string by entering it twice. ASM-86 interprets the two keystrokes" as 
a single apostrophe. Table 2-3 shows valid strings and how they appear aher processing: 

Table 2-3. String Constant Examples 

String in Source Text [ A~ter Processing by ASM-86 
I 

s a '  • 

' A b ' ' C d '  Ab'Cd 
I I 1 #  i 

'ONLYUPPERCABE' ONLY UPPERCABE 
eOn~Y  ~ O W I ? O I I !  e O ~ l Y  1OWl? 0 1 1 1  

2.5 Identif iers 

Identifiers are character sequences that have speaal symbolic meaning to the assem- 
bler. All identifiers in ASM-86 must obey the following rules: 

I. The first character must be alphabetic (A,...Z, a,...z). 
2. Any subsequent characters can be either alphabetic or a numeral (0,1,.....9). 

ASM-86 ignores the special characters @ and _ but they are still legal. For 
example, a_b becomes ab. 

3. Identii~en can be of any length up to the limit of the physical line. 

2~ 
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Identifiers are of two types. The first type are keywor& that the assembler recognizes 
as having predefined meanings. The second type are symbols defined by the user. The 
following are all valid identifiers: 

NOLIST 
MORD 
AH 
T h i r d _ s t r e e t  
How__a~e_you .~ today  
v a r i a b l e B n u M b e r B 1 2 3 4 5 B T 8 9 0  

2.5.1 Keywor& 

A keyword is an identifier that has a predefined meaning to the assembler. Keywords 
are reserved; the user cannot define an identifier identical to a keyword. For a complete 
fist ot keywords, see Appendix D. 

ASM-86 recognizes five types of keywords: instructions, directives, operators, regis- 
ters, and predefined numbers. 8086 instruction mnemonic keywords and the actions 
they initiate are defined in Section 4. Directives are discussed in Section 3. Section 2.6 
defines operators. Table Z-4 lists the ASM-86 keywords that identify 8086 registers. 

Three keywords are predefined numbers: BYTE, WORD, and DWORD. The values 
of these numbers are 1, 2, and 4, respectively. In addition, a type attribute is associated 
with each of these numbers. The kcyword's type attribute is equal to the keyword's 
numeric value. 
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Rem~ [ 
Symbol S ~  

Table 2-4. ReSister Keywords 

Value Mean/rig 

AH I byte 100 B Accumulamr-Hish-Byte 
BH I byte 111B Base-Resi~er-Hish-Byte 
CH I byte 101 B Count-Reskter-Hish-Byte 
DH I byte 1 I0 B Data-~Hish-Byte 

AL I byte 000 B Accumulator-Low-Byte 
BL I byte 011 B Bue-Register-Low-Byte 
CL I byte 001 B Count-Resiater-Low-Byte 
DL 1 byte 010 B D a t a - ~ - L o w - B y t e  

AX 2 bytes 000 B Acaunulator (full word) 
BX 2 bytes 011 B Base-Register (full word) 
CX 2 bytes 001 B Count-Reg~ter (full word) 
DX 2 bytes 010 B Dam-Resim~ (full word) 

BP 2bytes 101B I~cPointcr 
SP 2 bytes 100 B Stack Pointe~ 

SI 2bytes 110B Source Index 
DI 2byms 111 B Dettination Index 

CS 2 bytes 01 B Code-Segment-Re~ter 
DS 2 bytes 11 B Data-Segment-Register 
SS 2 bytes 10 B Stack-Sesment-Register 
ES 2 bytes O0 B Extra-£~ment-Resister 

2.5.2 Symbols and Their Attributes 

A symbol is a user-defined identifier that has attributes specifying the kind of informa- 
tion the symbol represents. Symbols fall into three categories: 

• variables 
• labels 
• numbers 

i s  DIGITAL i t .ESF~RCH ~ 

2-6 



C, oncurrmt CP/M-86 Utilities Guide 2.$ Idmtit~as 

Variables 

Variables identify data stored at a particular location in memory. All variables have 
the following three attributes: 

• Segment tells which segment was being assembled when the variable was defined. 
• Offset tells how many bytes there are between the beginning of the segment and 

the location of this variable. 
• Type tells how many bytes of data are manipulated when this variable is referenced. 

A segment can be a Code Segment, a Data Segment, a Stack Segment, or  an Extra 
Segment, depending on its contents and the register that contains its starting address. 
See Section 3.2. A segment can start at any address divisible by 16. ASM-86 uses this 
boundary value as the segment portion of the variable's definition. 

The offset of a variable can be any number between 00H and 0FFFFH 
(65535 decimal). A variable must have one of the following type attributes: 

• BYTE 
• WORD 
• DWORD 

BYTE specifies a one-byte variable; WORD, a two-byte variable, and DWORD, a 
four-byte variable. The DB, DW, and DD directives, respectively, define variables as 
these three types. See Section 3.2.2. For example, a variable is defined when it appears 
as the name for a storage directive: 

V A R I A B L E  D 5 0  

A variable can also be defined as the name for an EQU directive referencing another 
label, as shown below: 

V A R I A B L E  EOU ANOTHER V A R I A B L E  
B 

Labels 

Labels identify locations in memory that contain instruction statements. They are 
referenced with jumps or calls. All labels have two attributes: segment and offset. 
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Label segment and offset attributes are essentially the utme as variable k-gment and 
o ~ e t  attributes. In general, a label is defined when it precedes an imerucdon. A colon, 
:, separates the label from the instruction. For example, 

LABEL: ADD AXtBX 

A label can also appear as the name for an EQU directive referencing another label. 
For example, 

LABEL EOU ANOTHER__LABEL 

Numbers 

Numbers can also be defined as symbols. A number symbol is treated as though you 
had explicitly coded the number it represents. For example, 

N u M b e r _ f i v e  EOU 5 
MOU AL,NuMber_fivt 

equals 

MOV AL , 5  

Section 2.6 describes operators and their effects on numbers and number symbols. 

2 .6  O p e r a t o r s  

ASM-86 operators fall into the following categories: arithmetic, logical, and relational 
operators, L-ghent override, variable manipulators, and creators. The following table 
defines ASM-86 operators. In this table, a and b represent two dements of the expression. 
The validity column defines the type of operan& the operator can manipulate, using the 
OR bar character I to separate alternatives. 
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Table 2-5. ASM-86 Operators 

Syntax [ R,sult [ Validity 

Logical Operators 

a XOR b bit-by-bitlogical EXCLUSIVE a, b = number 
OR of a and b 

OR b bit-by-bit logical OR of a a, b -- number 
and b 

a AND b bit-by-bitlogicalANDofa a,b -- number 
and b 

NOT a logical inverse of a: all 0s a = 16-bit number 
become ls, ls become 0s 

Relational Operators 

EQ b returns 0FFFFHifa ffi b, a, b = unsigned 
otherwise 0 number 

a LT b returns0FFFFTlifa<b, a,b = unsigned 
otherwise 0 number 

a LE b remrns0FFFFHifa<ffi  b, a,b = unsigned 
otherwise 0 number 

a GT b remrns0FFFFTIifa>b,  a,b = unsigned 
otherwise 0 number 

a GE b remrns0FFFH-l i fa>= b a,b = unsigned 
otherwise 0 number 

a NE b r emrns0FFFFHifa<~b ,  a . b -  unsigned 
otherwise 0 number 
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2-9 



2.60paston Concusrmt CP/M-86 U6J~tia 

Table 2-5. (continued) 

Syntax ] Result ] Validity 

. ~ , ' i d ~ c  Opera ton  

a + b ar i thmeticsumofaandb a = variable, 
label or number 
b = number 

a -  b arithmetic difference of a = variable, 
a and b label or number 

b = number 

a * b does unsisned multiplication a, b = number 
of a and b 

a / b does unsigned division of a a, b -- number 
andb  

a MOD b reternsremainderofa/b a,b = number 

a SHL b returns the value which a,b = number 
resuks from shifting a to 
le~ by an amount b 

a SHR b retumsthevaluewhich a, b -- number 
results from shifting a m 
the right by an amount b 

+ a gives a a = number 

- a gives 0 -  a a = number 

Sq;mcat O v ~ i d c  

<seg reg>: overrides assembler's choice <se8 reg> --- 
<addr exp> of sesment register. CS, DS, SS 

orES 
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Table 2-5. (continued) 

2 .60peraton 

Syntax ] Result ] Validity 

Variable Man ipda ton ,  Creaton 

SEG a creates a number whose value is the a = label I variable 
segment value of the variable or 
label a. The variable or label 
must be declared in an absolute 
segment (i.e. CSEG 1234H); 
otherwise the SEG operator is 
undefined. 

OFFSET a creates anumberwhosevalue a = label ]variable 
is the offset value of the 
variable or label a. 

TYPE a creates a number. If the vari- a = label [ variable 
able a is of type BYTE, WORD 
or DWORD, the value of the num- 
ber is 1,2, or  4, respectively. 

LENGTH a creates a number whosevalue 
is the length attribute of the 
variable a. The length attribute 
is the number of bytes associated 
with the variable. 

LAST a if LENGTH a > 0, then LAST a = label ] variable 
a = LENGTH a - l ;  ifLENGTH 
a = O, then LAST a = 0. 

creates virtual variable or label with 
type of a and attributes of b. 

a P T R b  

.a creates variable with an offset attri- 
bute of a; segment attribute is 
current segment. 

creates label with offset no argument 
equal to current value of 
location counter; segment 
attribute is current segment. 

a = label [ variable 

a = BYTE[ 
WORD, I DWORD 
b = <addrexp> 

a = number 
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2.6.1 Operator Examples 

Logical operators accept only numbers as operands. They perform the Boolean logic 
operations AND, OR, XOR, and NOT. For example, 

OOFC MASK EQU OFCH 
OOBO SIGNBIT EQU 80H 

0000 BIBO MOV CL,MASK AND SIGNBIT 
0002 BOO3 MDV AL,NOTMASK 

Relational operators treat all operands as unsigned numbers. The relational operators 
are EQ (equal), LT (less than), LE (less than or equal), GT (greater than), GE (greater 
than or equal), and NE (not equal). Each operator compares two ope~ands and returns 
all ones (0FFFFH) if the spedfled relation is true, and all zeros flit is not. For example, 

O00A LIMITI EOU 10 
0018 LIMIT2 EgU 25 

0 

t 

0004 5BFFFF MDV 
0007 BBO000 MDV 

AX,LIMIT1LTLIMIT2 
AXtLIMIT1GTLIMIT2 

Addition and subtraction operators compute the arithmetic sum and difference of two 
operands. The first operand can be a variable, label, or number, but the second operand 
must be a number. When a number is added to a variable or label, the result is a variable 
or label, the offiet of which is the numeric value of the second operand plus the offset 
of the first operand. Subtraction from a variable or label returns a variable or label, the 
offset of which is that of first operand decremented by the number specified in the second 
operand. For example, 

0002 EOUNT 
0005 DISP1 

O00A FF FLAG 

O00B 2EAOOBO0 
O00F 2EBAOEOFO0 
0014 B303 

EQU 2 
EQU 5 
DB OFFH 
0 

o 

MOV AL ~FLAG+I 
MOV CL,FLAG+DISPI 
MOV BL tDISPI-COUNT 
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The multiplication and division operators *,/,  MOD, SHL, and SHR accept only 
numbers as operands. * and / treat all operands as unsigned numbers. For example, 

0018 BE5500 MOV SI,258/3 
0019 8310 MOV BL,B4/4 

0050 BUFFERSIZE EgU 80 
015 58A000 MOV AX,BUFFERSIZE * 2 

Unary operators accept both signed and unsigned operators, as shown in the following 
example: 

O01E 8123 MOV CLt+35 
0020 5007 MOV AL,2--5 
0022 B2F4 NOV D L , - 1 2  

When manipulating variables, the assembler decides which segment register to use. 
You can override the assembler's choice by specifying a different register with the 
segment override operator. The syntax for the override operator is 

<segment register> : <address expression> 

where the <segment register> is CS, DS, SS, or ES. For example, 

0024 388B472D MOV 
0028 28880E5500  MOV 

AX,SS: WORDBUFFER[BX] 
CX,ES: ARRAY 

A variable manipulator creates a number equal to one attribute of its variable operand. 
SEG extracts the variable's segment value; OFFSET, its offset value; TYPE, its type value 
(1, 2, or 4); and LENGTH, the number of bytes associated with the variable. LAST 
compares the variable's LENGTH with 0 and, if greater, then decrements LENGTH by 
one. If LENGTH equals 0, LAST leaves it unchanged. Variable manipulators accept 
only variables as operators. For example, 
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1234 
O02D 0 0 0 0 0 0 0 0 0 0 0 0  WORDBUFFER 
0033 0 1 0 2 0 3 0 4 0 5  BUFFER 

0038 B80500  MOV 
0035 5 8 0 4 0 0  MOV 
O03E BSOIO0 NOV 
0041 580200  MOV 
0044 B83412 MOV 

DSEG 1234H 
DW 0 , 0 , 0  
DB 1 ,2,3,4 t5 
t 

o 

o 

AX,LENGTH BUFFER 
AX,LAST BUFFER 
A×,TYPE BUFFER 
AX,TYPE WORDBUFFER 
AX,SEC BUFFER 

The FIR operator creates a virtual variable or label that is valid only during the 
execution of the instruction. It makes no changes to either of its operands. The temporary 
symbol has the same Type attribute as the left operator and all other attributes of the 
right operator as shown in the following example: 

0044 CB0705 MOV BYTE PTR [ B X ] ,  5 
0047 BA07 MDV AL,BYTE PTR [ B X ]  
004B FF04 IN~ WORD PTR [S l ]  

The period operator creates a variable in the current data segment. The new variable 
has a segment attribute equal to the current data segment and an offset attribute equal 
to its operand. The operand of the new variable must be a number. For example, 

O04B AIO000 MOV A×, . 0  
O04E 2EBB1EO040 MOV BX,  ES: . 4 0 0 0 H  

The dollar-sign operator, $, creates a label with an offset attribute equal to the current 
value of the location counter. The label's segment value is the same as the current 
segment. This operator takes no operand. For example, 

0053 EgFDFF JMP $ 
0056 EBFE JMPS $ 
0058 ESFD2F JMP $+3000H 

2.6.2 Operator Precedence 

Expressions combine variables, labels, or numbers with operators. ASM-86 allows 
several kinds of expressions. See Section 2.7. This section defines the order in which 
operations are executed if more than one operator appears in an expression. 
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ASM-86 evaluates expressions left to right, but operators with higher precedence are 
evaluated before operators with lower precedence. When two operators have equal 
precedence, the leftmost is evaluated first. Table 2-6 presents ASM-8 6 operators in order 
of increasing precedence. 

Parentheses can override rules of precedence. The part of an expression enclosed in 
parentheses is evaluated first. If parentheses are nested, the innermost expressions are 
evaluated first. Only five levels of nested parentheses are legal. For example, 

1 5 1 3  + I B I O  = 5 + 2 = 7 

1 5 1 ( : ] +  I B I S )  = 1 5 1 ( : 3 +  2 )  = 1 5 1 5  = 3 

Table 2-6. 

Order I 
1 

2 

3 
4 

7 

8 

9 

10 

11 

Precedence of Operations in ASM-86 

Operator Type I Operators 
Logical 

Logical 

Logical 

Relational 

Addition/subtraction 

Multiplication/division 

Unary 

Segment override 

Variable manipulators, 

c r e a t o r s  

Parentheses/brackets 

Period and Dollar 

XOR, OR 

AND 

NOT 

EQ, LT, LE, GT, 
GE, NE 

+ , - -  

*,/, MOD, SHL, 
SHR 

+ , -  

< s e g m e n t  override>: 

SEG, OFFSET, PTR, 

TYPE, LENGTH, LAST 

(),[] 

. , $  
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