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Chapter 1

How to Use
the HP Assembler

General

The assembler processes the source program modules and produces an output that consists
of a source program listing, a relocatable object file, and a symbol cross-reference list. Errors
detected by the assembler will be noted in the output listing as error messages. Refer to
Appendix D for a listing of all error codes and their definitions.

NOTE

Refer to Chapter 2 in the Overview Manual for BOOT-UP
operations and SOFTWARE UPDATING PROCEDURE from a
tape cartridge.

Input/Output Files

Source Input File

Input to the assembler is a source file that is created through the editor. It consists of the
following:

Example Description
“8080" - Assembler directive.
Source Code - Source statements consisting of:

Assembler Pseudos - refer to
Chapter 3

Microprocessor Instructions -
refer to the Assembler
Supplement Manual

1-1
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Assembler Output Files

The assembler produces relocatable object modules that are stored under the same name as
the source file but in a format that can be processed by the linker. If an object file does not
exist at assembly time, the assembler will create one. If an object file does exist, the assembler
will replace it.

List File. The list file is a formatted file that is output to a line printer. It can also be stored in
another file or applied to the system CRT display. The list can include:

a. Source statements with object code.

b. Error messages.

c. Summary of errors with a description list.
d. Symbol cross-reference list.

Symbol Cross-reference List. All symbols are cross-referenced except local macro labels and
parameters. A cross-reference listing contains:

a. Alphabetical list of program symbols.
b. Line numbers where symbols are defined.

c. All references (by line numbers) to symbols in the program.

Entering a Source Program

Once a source program has been developed, it can be entered into the HP Model 64000 by
way of the system editor. The first line of the source program must be the assembler directive
statement since it tells the assembler what type of assembly source follows in the file. This
first line of the source program is also used to set options that control the assembler output
listing. The assembler directive format is:

“processor”’ options
Example:

“8080” XREF EXPAND
NOTE

Options may be listed in either upper or lower case characters.
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The list options that may be selected in the assembler directive statement are list/nolist,
expand, nocode, and xref. A brief description of each option follows:

nolist - no listing, except for error messages. All LIST pseudo instructions
in the source program are ignored.

list - listing of source program with no macro or data expansions. All
NOLIST pseudo instructions in the source program are ignored.

expand - listing of all source and macro generated codes. All LIST pseudo
instructions in the source program are ignored.

nocode - the nocode option suppresses the generation of object code.
xref - the xref option activates the symbol cross-reference feature of the
assembler.
NOTE

If an invalid option is assigned, the assembler will indicate the
error within the directive statement as follows:

“8080” REFX<-invalid EXPAND

This type of directive error is not counted with the source
program errors detected by the assembler.

The output listing can be controlled to limit the number of lines appearing on each page of the
output. The following rules apply.

1. The format is: LIST <decimal number>.

2. Theinstruction must be embedded in the program; but cannot be included on the
directive line. The instruction will not be accepted by the assemblerifitis entered
from the keyboard.

3. The effective limits for <decimal number>are 5 thru 127. If anumber less than five

is used, the first page of output will have six lines, and succeeding pages will have
five lines.

1-3
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1-4

Pseudo instructions LIST, NOLIST, and EXPAND may be assigned in the body of the source
program (refer to Chapter 3). However, if the assembler directive statement specifies any list
option, that option will override all embedded list instructions.

Assembling the Program

Once a source program module has been entered into the system by way of the editor, it can be
assembled using the assemble function of the system. A syntax description follows for
assembler activation.

NOTE

Refer to table 1-4 for syntax conventions.




ASSEMBLER/LINKER

aererence vaua. I assemble

MODEL 64000

SYNTAX

—

where:
<source FILE> -

listfile -
<list FILE> -

display -
printer -
null -

options -

<list FILE>

assemble <source FILE> listfile display

printer
null

list
options [expand] [nocode] [xref]
nolist

name of the file containing the source program.

soft key used to specify a destination for output listing other than the
system default list file.

name of the file where the assembler output listing will be stored. If the
file does not exist, a new file will be created using the name assigned.

designates the system CRT as the output listing destination.
designates the system line printer as the output listing destination.
specifies that no listing is to be generated.

soft key used to specify type of output listing.

1-5



ASSEMBLER/LINKER

assemble I = RENCE MANUAL

(Cont'd) MODEL 64000

DEFAULT VALUES

T T T T T T T T T T T T T T T T T T T T T T TETTTTN

listfile: Assembler output listing defaults to the device specified by the userid
statement. If the userid statement does not specify an output location,
the assembler defaults to the null listing function.

options: If no entry is made following the options soft key prompt, the output
listing default will be as follows:

a. Output listing of source program with object codes and error
messages.

b. There will be no expansion of macros and multiple-byte pseudo
instructions.

c. There will be no listing of the symbol cross-reference list.

PO e G — — —— — — — — — — — —
e TEED N I EEIED CEED EEE CE G G G G — —

— e — — — — —— — — — — — — — — — — — — — — — — — — ——

EXAMPLES:
a. assemble SAM
Assembles source file SAM; output listing to listfile defauit.
b. assemble SAM listfile CHARLEY
Assembles source file SAM; output listing to file name CHARLEY.
c. assemble SAM listfile display options nolist nocode

Assembles source file SAM; only error codes will be listed on the CRT display; no
object code will be generated.

FUNCTION

The assembler translates source program inputs into relocatable object modules that may be
linked and loaded into the system. Absolute addresses are assigned by the linker.

1-6
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How to Use the Assembler

NOTE

In the following paragraphs, the soft key prompts are indicated
as follows:

The name listed in the soft key symbol indicates the soft key
prompt or the soft key that is to be pressed.

Program Assembly
To assemble a source program and list the assembler output to a disc file or some other
device, proceed as follows:

a. Ensure that the following soft key prompts are displayed on the system CRT:

““““““ Y STETTITTITUN o TTTTTITN T T T TSN TSN TN T TN
' edit || compile || assemble!| link || emulate ! |prom_prog! | <run> ! |---ETC--- |
S — o N — N = N P -7\ - M /N - 7/
FTTTT T N . . .
b. Press | assemble | soft key. The soft key configuration will change to:
N~ 7
(<he- ) 3 YO (T T YO YO 30 )
________________ 7/ ——— e N /' \. /’ \ 7\ 7

c. Your next prompt is FILE. Type in the name of the source program to be assembled.

d. The soft key configuration will change to:

S N (T N IR T Y | | .
. . . 1
! !l listfile | | options | | I " i 1 |
PAERN J \. Z N\

e. The user now has the opportunity to select an output listing device or the listfile
default device (see SYNTAX description block). If the listfile default device is se-

lected, press the key and proceed to step k.

Zzxc-imx)

1-7
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NOTE

If the required output listing device is the device specified by
the listfile default but the output listing options need revised,

press the l: options :} soft key and preceed to step i.

If another output listing device is desired, press the :: listfile :: soft key. The soft key

configuration will change to:
. R
. { <FILE> | | display | { printer | | null | | 3 M Vi )
FAERN N\

________________ N~ e —_— - —— e

-

f. Route the assembler output listing to the desired location by pressing the | display |
FTTTTTT TN N 4
soft key, or the | printer | soft key.

\

NOTE

Pressing the | null :l soft key results in no output listing.

Error messages will be displayed on the system CRT.

g. |f the output listing is to be stored in another file, type in the name of the file to
accomplish step f.

h. The soft key configuration will change to:

i. The user now has the opportunity to select new list options or the option default
condition (see SYNTAX description block). If the option default condition is selected,

press the key and proceed to step k. If the output listing options are to be changed,

press the { options | soft key. The soft key configuration will change to:

- N - N N - N o
1 list R nolist J | expand !\ nocode || xref || L I !
7

j. Press any of the soft keys to change the output listing for this assembly run (more than
one soft key may be pressed starting with the left-most key).

ZznCc~mx]

k. After accomplishing step j, press the key to assemble and list the source program.
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Output Listing
An example of an assembler output listing is given in table 1-2, using the source program ex-

ample listed in table 1-1. To illustrate an assembler output listing that contains error messages
refer to table 1-3.

NOTE

Tables 1-1, 1-2, and 1-3 use the target system program for their
examples. The file names have been changed slightly to pre-
vent program duplication.

Table 1-1. Source Program Example

‘808Q’ list xref

EXT DSPL,KYBD

ORG oBOOH
EXEC LXI H,0CooH

SPHL

LXI H,0805H

MVI A,03H
LP1 MOV M, A

DCR L

JNZ LP1

MVI B,06H
LP2 CALL KYBD

JC LIGHT

PUSH PSW

DCR B

JP LP2

MVI B,-01H

LXI H,0805H

LXI D,0804H
GO LDAX D

MOV M,A

DCR L

DCR E

JNZ GO

POP PSW

MOV M,A

JMP LIGHT

POP PSW

MOV M,A

DCR L
LIGHT CALL DSPL

JMP LP1

END

1-9



ASSEMBLER/LINKER
REFERENCE MANUAL

Table 1-2. Assembler Output Listing

MODEL 64000

FILE: EXCT
LINE LOC
1

2

3 BOO
4 0BoO
5 #B@3
6 pBQ4
7 oB@7
8 PB@9
9 OBRA
10 oB@B
11 PBOE
12 oB19
13 #B13
14 ?B16
15 oB17
16 ¢B18
17 ¢B1B
18 @B1D
19 2B20
20 9B23
21 pB24
22 PB25
23 pB26
24 oB27
25 PB2A
26 oB2B
27 pB2C
28 ?B26
29 #B30
30 ¥B31
31 pB32
32 ¥B35
33

Errors=

CODE ADDR
21 0Co0
F9

21 @805
3E 03

77

2D

Cc2  0B09
96 06

CD 0000
DA  0B32
F5

05

F2  @B10
g6 FF

21 08@5
11 08p4
1A

77

2D

1D

c2  0#B23
F1

77

C3  @#B32
F1

77

2D

CD 0000
C3  0Bg9
0

‘8080’ list xref

EXEC

LP1

LP2

GO

LIGHT

HEWLETT-PACKARD
INTEL 8080 ASSEMBLER

SOURCE STATEMENT

EXT
ORG
LXI
SPHL
LXI
MVI
MOV
DCR
JNZ
MVI
CALL
JC
PUSH
DCR
JP
MVI
LXI
LXI
LDAX
MOV
DCR
DCR
JNZ
POP
MOV
JMP
POP
MOV
DCR
CALL
JMP
END

DSPL,KYBD
PBOOH
H,0CooH

M,A
A,B3H
M,A

L

LPI
B,p6H
KYBD
LIGHT
PSW
B

LP2
B,-01H
H,0805H
D,0804H
D

M,A

L

E

GO
PSW
M,A
LIGHT
PSW
M,A

L
DSPL
LP1




MODEL 64000

Table 1-2. Assembler Output Listing (Cont'd)

ASSEMBLER/LINKER
REFERENCE MANUAL

FILE: EXCT: CROSS REFERENCE TABLE
LINE# SYMBOL TYPE REFERENCES

2 DSPL E 31

4 EXEC A
20 GO A 24

2 KYBD E 12
31 LIGHT A 13,27

8 LP1 A 10,32

12 LP2 A 16

NOTE: In the cross-reference table, the letter listed under

the TYPE column has the following definition:

A = Absolute

C = Common (COMN)
D = Data (DATA)

E = External

M = Multiple Defined

P = Program (PROG)

R = Predefined Register
S = Special

U = Undefined
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Table 1-3. Assembler Output Listing with Errors

MODEL 64000

FILE: EXCT:

LINE LOC CODE ADDR
1

2

3 ?BOO

4 PBOO 21 pCo0
5 #B0o3 F9

6 PBO4 21 0805

7

ERROR-UO

8 0BO7 77

9 ?BO8 2D

10 PBQ9 Cc2 0B@7
11 #B@C 06 06
12 PBOE CD 2000
13 ?B11 DA PB2F
14 9B14 F5

15 @B15 05

16 @B16 F2 0BOE
17 2B19 06 FF
18 pB1B 21 0805
19 PB1E 11 08p4
20 0B21 1A

21 pB22 77

22 9B23 2D

23 pB24 1D

24 ¥B25 C2 pB21
25

ERROR-UO, see line 7

26 pB28 77

27 pB29 C3 PB2F
28 pB2C F1

29 #B2D 77

30 ?B2E 2D

31 PB2F CD 0000
32 ¥B32 C3 oB@7
33

Errors=2, previous error at line 25

UO-Unidentified Opcode, Opcode encountered is not defined for this microprocessor

‘8080’ list xref

EXEC

LP1

LP2

GO

LIGHT

HEWLETT-PACKARD:
INTEL 8080 ASSEMBLER

SOURCE STATEMENT

EXT
ORG
LXI
SPHL
LXI
MVU
A
MOV
DCR
JNZ
MVI
CALL
JC
PUSH
DCR
JP
MVi
LXI
LXI
LDAX
MOV
DCR
DCR
JNZ
POO
A
MOV
JMP
POP
MOV
DCR
CALL
JMP
END

DSPL,KYBD
PB@OH
H,0CopH

M,A
A,03H

M,A

L

LPI
B.o6H
KYBD
LIGHT
PSW

B

LP2
B,—01H
H,0805H
D,p804H
D

M,A

L

E

GO
PSW

M,A
LIGHT
PSW
M, A

DSPL
LP1
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Table 1-3. Assembler Output Listing with Errors (Cont'd)

ASSEMBLER/LINKER
REFERENCE MANUAL

FILE:

LINE#

20

31

12

EXCT:

SYMBOL

DSPL
EXEC
GO

KYBD

LIGHT
LP1
LP2

TYPE

>> > M>>>m

CROSS REFERENCE TABLE

REFERENCES

31

24
12
13,27
10,32
16

NOTE: Error messages are inserted immediately following the statement
where the error occurs. All error messages (after the first error
message) will contain a pointer to the statement where the last
error occurred. At the end of the source program listing, an error
summary statement will be printed. The summary will contain a
statement as to the total number of errors noted, along with a line
reference to the previous error. It will also define all error codes
listed in the source program listing.

Refer to Appendix D for a listing of all error codes.
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Table 1-4. Syntax Conventions

[ 1 Parameters enclosed in square brackets are optional. Several parameters
stacked inside a set of brackets indicate an either/or situation. You may
select any one or none of the parameters.

The use of square brackets implies that a default value exists.
Example:

5]

This indicates A or B may be selected.

< > Angle brackets denote a syntactical variable. A syntactical variable is a
defined parameter that you supply.

Example:
< FILE >

This example says FILE is a variable that is supplied by you.

{ } Braces specify that the parameter enclosed is required information. When
several parameters are stacked within a set of braces, you must select one
and only one of the parameters.

Example:

A

3]

C

This example says one and only one of A, B, or C must be selected.
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Table 1-4. Syntax Conventions (Cont'd)

lower-case
bold type

UPPER-CASE
PARAMETERS

Symbols in
color

Stacked square brackets indicate that enclosed parameters are optional and
may be selected in any single occurrence, any combination, or may be
omitted.

Example:
[A]
[B]
[C]
A and/or B and/or C may be selected, or this option may be omitted.
Arrow indicates - “is defined as”
An ellipsis indicates a previous bracketed element can be repeated.

Key words (commands) are always lower-case on the System 64000. These
key words will always be represented in text with lower-case bold type.

Example:

edit <FILE>

Literal information which are parameters of a command are represented in
text with upper-case type. Literal information parameters are information
that you enter as shown in text. An exception to this is any parameter
enclosed with angle brackets, <>, (e.g. <FILE> is a syntactical variable, not
literal information.

Syntax symbols that are in color indicate that they are used for definition
purposes and do not appear on the CRT display.
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Chapter 2

HP Model 64000 Assembler
Rules and Conventions

Introduction

The HP Model 64000 Assembler recognizes three types of source statements:
microprocessor instructions, assembler pseudo opcodes, and macro definitions and calls.
This chapter describes the coding rules and conventions that must be followed when using
the assembler.

Source Statement Format Rules

Each microprocessor instruction, assembler pseudo opcode, or macro call is divided into
four fields: the label field, the operation field, the operand field, and the comment field. The
format rules to be followed when constructing a line of source program are:

a. Field sequence cannot be changed. The correct order of field sequence is:

Example:

Label Operation Operand Comment
SAVE EQU SAM ;SAVE EQUATES
;TO SAM
NOTE

Itis recommended that each field in the source statement start
at a fixed position (column) in the source line. This type of
format may be constructed using the tab setting capabilities of
the system editor to define each field’s starting position. The
presentation of the program listing in a fixed format improves
readability.
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b. One or more spaces (blanks) must separate the fields in a source statement.

c. A label field, if used, must begin in column 1 of the source statement. If column 1 is
blank, the assembler assumes that the label field is omitted.

Additional rules and conventions governing the source statement fields are given in the
following paragraphs.

Statement Length

A source statement may contain up to 110 characters (including spaces), and is terminated

by a Z . A statement containing more than 110 characters will be truncated to 110

N

characters.

Blank lines will not affect the object modules and may be used to improve readability of the
source program listing.

Label Field
Labels may be used in all microprocessor instructions, some assembler pseudo opcodes,
and macro calls. Since the label assigned identifies that particular statement, and since this
label may be used as a reference point by other statements in the program, every label must be
unique within each source program.

NOTE

Specific symbols are predefined and cannot be used as labels.
The symbols that are predefined will depend upon the
microprocessor being supported. Refer to the Assembler
Supplement Manual for a list of predefined symbols.

The label field starts in column 1 of the source statement and must be terminated by a space or
a colon (:).

NOTE

A colon (:) cannot be used to terminate a macro label. Refer to
Chapter 4 for construction of Macros.

The following symbols are predefined (reserved) and will generate a
duplicate symbol error:

VMS, HP64000, HPUX

MODEL 64000
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A label may contain any number of characters. The first character must be an upper case
alphabetic character. The remaining characters may be either alphabetic or numeric. The
alphanumeric character set includes the letters of the alphabet (upper and lower case),
underline symbol (_), and the numeric digits @ through 9.

Valid Symbols:

Ab__cd
AB__CD
AS5rHi

Invalid Symbols:

ab.cd?
$BCDEF
4UVWXY

If more than fifteen characters are entered in the label field, the assembler will print all
characters in the output listing; however, it will use the first 15 characters only for label
identification. Therefore, the assembler will recognize:

STATEMENTLABELA1
and
STATEMENTLABELA2
as being identical and will issue a duplicate-symbol error message.

The only statements requiring labels are macro definitions and EQU pseudo instructions. For
all other statements, assignment of a label is optional.

Operation Field

The operation field contains a mnemonic code for a microprocessor instruction, an
assembler pseudo opcode (see Chapter 3), or a macro call (see Chapter 4). The opcode
specifies the operation or function to be performed. The operation field follows the label field
and is separated from it by at least one space, a tab, or colon (:). If there is no label, the
opcode may begin in any column position after column 1.

The operation field is terminated by one or more spaces, by a tab, by a carriage return, or by a
semicolon (;) indicating the start of the comment field.

2-3
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Assembler pseudo and control statements provide the following capabilities:
a. Assembler control
b. Object program linkage
c. Address and Symbol definitions
d. Constant definition
e. Assembly listing control
f. Storage allocation

If a label is specified and the operation field does not contain a microprocessor instruction,
an assembler pseudo opcode, or a macro call, the label will be assigned to the current
program counter location.

Operand Field

The operand field specifies values or locations required by the microprocessor instruction,
assembler pseudo opcode, or macro call. The microprocessor uses various modes of
addressing for obtaining the operands and saving the results of the execution.

The addressing mode will be determined by the mnemonic instruction and the information in
the operand field. The operand field, if present, follows the operation field and must be
separated from it by at least one space.

An operand may contain an expression consisting of a single symbolic term, a single numeric
term, or a combination of symbolic terms and numeric terms, enclosed in parentheses, and
joined by the expression operators +, —, *, and /.

The types of information that are permitted in the operand field are summarized in
Assembler Supplement Manual. Each instruction determines the operand type and
their proper sequence.

Comment Field

The optional comment field may contain any information that the user deems necessary to
identify portions of the program. The delimiter for the comment field is the semicolon (;), a
tab, or a space following the operand field. A semicolon in any column of the source
statement will starts the comment field (except when used in an ASCII string). In situations
where more than one line of programming is needed for the comment field, an asterisk (*) in
column 1 of a source statement indicates that the information following is part of acomment
field and should not be acted on as if it were part of the program.
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Delimiters

Certain characters are used to indicate the end of fields or labels, and the beginning of
others. These characters, referred to as delimiters, should not be used as ordinary
characters. For example, a space cannot be used as part of a label name. A list of delimiters
follows:

Delimiter Use
space Separates fields or operands;
ends a label
tab Separates fields; ends a label
Semicolon (;) Indicates start of comment field
Asterisk (*) When used in column 1 of source statement,

indicates that comment field follows

Colon (: Indicates end of label field
Parentheses ((...) Used in expression for precedence
Apostrophes ('... Indicates a character string

)
)
J)
Quotation Marks (“ ”) Indicates a character string
Ampersand (&) Indicates macro parameters
Double Ampersand (&&) Index macro parameters

Symbolic Terms

A symbol used in the operand field must be a symbol that has been defined in the program,
such as a symbol in the label field, a machine instruction, or a symbol in the label field of an
EQU pseudo instruction (must be defined prior to referencing).

A symbol may be either absolute or relocatable and depends on the type of assembly
selected. The assembler will assign a value to a symbol when it is encountered in a label field
of a source statement. If the program is to be loaded in absolute form, the values assigned by
the assembler remain fixed. If the program is to be relocated, the actual value of a symbol will
be established by the linker (refer to Chapter 5).

A symbolic term may be preceded by a plus (+) or minus (-) sign. If preceded by a plus (+)
sign or no sign, the symbol refers to its associated value. If preceded by a minus (-) sign, the
symbol refers to the 2’s complement of its associated binary value.

Program Counter ($)

The program counter symbol ($) is a symbolic term used to indicate the current value of the
program counter.
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Numeric Terms

A numeric term may be binary, octal, decimal, or hexadecimal. A binary term must have the
suffix “B” (for example: 181101B). Octal values must have either an “O” or a “Q” suffix (for
example: 260, 26Q). A hexadecimal term must have the suffix “H” (forexample: ®BBH, 2CDH,
36H). When no suffix is assigned, the decimal value is assumed.

NOTE

It is necessary to start a hexadecimal term with a decimal digit
since the assembler will identify a term that starts with an
alphabetic character as a label or an expression.

String Constants
Besides numeric and symbolic constants, an operation may contain string constants. String
constants are produced by using ASCIlI (American Standard Code for Information
Interchange) characters. String constants, combined with other symbols and constants, are
written by enclosing ASCII characters within quotation marks (“.....”), apostrophe marks
("....."), or carets (A...N).

The numeric value of a string is defined as follows:
a. A null string (“ ") (" ’) or (A A) has a numerical value of zero.

b. A 16-bit value of a one-character string is one whose high-order nine bits are zeros and
whose low-order seven bits contain the ASCIl code for the character (refer to
Appendix B for ASCII character conversion table).

Example:

PPP0PO0PB = PPH= High order byte
cr=4C” =
$1000011B = 43H= Low order byte

c. A 16-bit value of a two-character string is the 16-bit value where the ASCII code for the
first character is the high-order byte and the ASCII code for the second character is
the low-order byte.

Example:
A = 01000001B = 41H= High order byte

'AB’ = “AB” =
B = 01000010B = 42H= Low order byte

MODEL 64000
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NOTE

The MASK pseudo instruction allows the user to alter ASCI!I
strings. Refer to the MASK pseudo description given in
Chapter 3.

d. For a string longer than two characters, the value of the string will be the last two
characters.

Example:

D= 010001008 = 44H= High order byte

E= 01000101B = 45H= Low order byte

'ABCDE’ = “ABCDE” =

Expression Operators
The assembler contains two groups of operators that permit the following operations:

arithmetic and relational comparison.

Arithmetic Operators. The arithmetic operators are:

Interpretation

Operator
+ Addition
- Subtraction
* Multiplication
/ Division
Examples:

The following expressions generate the bit pattern for ASCIl character W
(010190111B):

1+28*2
1+(-28*-2)

1+(84/3)*2
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Logical Operators. Logical operators are used to form logical expressions and a logical
expression may be used any place that an expression can legally be used. The logical
operators are as follows:

Operator Interpretation
.AN. Logical AND
NT. Logical one’'s complement
.OR. Logical OR
.SL. Shift left
.SR. Shift right
Examples:
SAM.SL.1
.NT.CHAR

SAM.OR.CHARLIE

Operator Precedence. The operators have a precedence to define which operator is
evaluated first in an expression. The operators are listed below in a descending order of

precedence.
Parenthesis ( ) override all precedence.
NT.
.SL.,.SR.
.OR.,.AN.
*/
_|_'_

Relational Comparison (Macros Only). When the assembler processes an “.IF” instruction,
the logical expression in the operand field is evaluated. The relational operators are:

Operator Interpretation
.EQ. equal
.NE. not equal
LT. less than
.GT. greater than
.LE. less than or equal
.GE. greater than or equal
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Relocatable Expressions

Three program counters are provided for identifying areas of relocatable code. The three
areas are identified as data (DATA), program (PROG), and common (COMN) and can be
changed from one relocatable area to another by using these assembler pseudo codes (refer
to Chapter 3 for more detail). Some rules governing relocatable expressions are given in the
following paragraphs.

The value of a relocatable term will be assigned during the linking process. The assigned
value will depend upon:

a. The relocatable areas (PROG, DATA, or COMN) to which it is assigned,
and
b. Where the area is located in memory during the link operation.

It should be remembered that expressions may be formed from absolute and relocatable
terms using arithmetic operators and parentheses. The expression resulting from this type of
operation must be either absolute or one of the three relocatable types.

An absolute term is an expression whose value is not dependent upon the location of the
program module in memory. The following rules apply to the formation of absolute
expressions:

a. Each absolute term or constant is an absolute expression.

b. If AD and BD are relocatable symbols in the same relocatable area, then (AD-BD) is
an absolute expression. This is so because the difference between AD and BD remains
constant regardiess of the relocation factor of the program. That is, if the program is
relocated, the values of AD and BD are offset by the same amount.

c. If A2 and B2 are absolute symbols, then:

(A2+B2)
(A2°B2)
(A2-B2)
and (A2/B2)

are absolute expressions.

A relocatable term is an expression whose value is undefined at link time. The following rules
apply to the formation of relocatable expressions:

2-9
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a. Any relocatable term is a relocatable expression.
b. If DA is an absolute expression and DR is a relocatable expression, then:

(DA+DR)
(DR+DA)
and (DR-DA)

are relocatable expressions and are the only relationship permitted. That is, an
absolute expression may be subtracted from a relocatable expression but not vice
versa.

Certain relocatable terms are invalid and will generate error messages. A few examples of
invalid relocatable terms are as follows:

a. Two relocatable symbols - same area (PROG, DATA, or COMN). If DA and DB are two
relocatable symbols, then:

(DA+DB)
(DA*DB)
and (DA/DB)

are invalid expressions because the assembler does not know where these symbols
are stored in memory.

b. Two relocatable symbols - different areas (PROG, DATA, or COMN). If DA and DB are
two relocatable symbols, then:

(DA+DB)

(DA-DB)
and (DA*DB)

are invalid expressions because, again, the assembler does not know where these
symbols are stored in mamory.

c. Relocatable symbols in different areas (PROG, DATA, or COMN) can be combined if

the expression results in one relocatable type. For example, if relocatable symbols DA
and DB are PROG type and relocatable symbol DC is DATA type, the expression:

(DA+DC-DB)

is valid since (DA-DB) is an absolute offset to DC.

2-10



Chapter 3
Assembler Pseudo

and Control Instructions

Introduction

This chapter describes the HP Model 64000 assembler pseudo instructions. The pseudo
instructions are used for listing control, program counter, linkage control, and constant

definitions.

An assembler pseudo may be either an instruction to the assembler or a request for some
special service. Most pseudos require no memory space because, unlike microprocessor

instructions, they produce no object code.

Table 3-1 is supplied to help you quickly locate the description of a specific pseudo

instruction.

Table 3-1. Pseudo Instruction Index

Pseudo
Instructions

EXPAND

LIST

NOLIST

SKIP

SPC

TITLE

WARN NOWARN

LISTING FORMAT CONTROL INSTRUCTIONS

Page
Number

3-11
3-15
3-17
3-22
3-22
3-23
3-24

3-1
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Table 3-1. Pseudo Instruction Index (Cont’d)

MODEL 64000

LOCATION COUNTER CONTROL INSTRUCTION

ORG 3-19

RELOCATABLE SECTION INSTRUCTIONS

COMN 3-6
DATA 3-6
EXT 3-11
GLB 3-12
PROG 3-6

SYMBOL DEFINITION INSTRUCTION

EQU 3-10
SET 3-21

FUNCTIONAL INSTRUCTIONS

IF 3-13
INCLUDE 3-14
MASK 3-16
NAME 3-17
REPT 3-21

MODULE TERMINATION INSTRUCTION

END 3-9

NUMERICAL CONSTANT INSTRUCTIONS

ASC or ASCII 3-4
BIN or BINARY 3-5
DEC or DECIMAL 3-8
HEX 3-12
OCT or OCTAL 3-18
REAL 3-20

3-2









