






















































































































































































































































































































































































































































































































































































count

Examples:

condition Description

GT Greater than; the value of first string must
be greater than the value of the second string.

GE Greater than or equal to; the value of first
string must be greater than or equal to the
second string.

EQ Equal; the value of first string must be equal
to the value of the second string.

NE Not equal; the value of the first string must
not equal the value of the second string.

Statement count; must be an absolute expression with
positive value. All symbols in the expression, if any,
must be previously defined. A missing or null count
subfield gives a zero count.

count is only used when the location field is not
specified. If name is not present and count is present
in the operand field, skipping stops when count is
exhausted. If neither name nor count is present, no
skipping occurs.

1. 1In the following example, the first string is delimited by the @, and
the second string is delimited by %. The first string is equal to
the second string.

|Location|Result | Operand {Comment

|11 110 120 135

| I I |

| | IDENT | TEST |

|EX1 | IFC | @ABC@@D@, EQ,%ABC@D% ; The condition is true;

SR-2003

skipping does not occur.

|2
|S1 |1 | ; Statement is included.
1S2 |2 | s Statement is included.
| ELSE | | ; Statements within the ELSE
| I |; sequence are included only if
| | |: the condition fails
|S3 13 |; Statement is skipped.
|ENDIF | | End of skip sequence EX1
I I I
| END | I
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2. In the following example, the first string is not equal to the second
string, the two statements following the IFC are skipped.

|Location|Result |Operand | Comment

1 110 120 135

I I | |

[ | IDENT | TEST |

| EX1 |IFC | @QABBCD@, EQ, @ABCD@ ; The condition is false:;

skipping occurs

l:
| |s1 |1 | This statement is skipped
| |s2 |2 | This statement is skipped
| EX1 | ENDIF | | ;> End of skip sequence
| |S3 |13 | ; This statement is included
| | | | ; irregardless of whether the
| | | | ;> condition is true or false
| | END I |

5.9.3 IFE - TEST EXPRESSIONS FOR ASSEMBLY CONDITION

The IFE pseudo instruction tests a pair of expressions for a condition.
Code is assembled if the relation (condition) specified by the

operation is satisfied. If the relationship between the expressions 1is
true, assembly resumes with the next statement. If the relationship
between the expressions is false, subsequent statements are skipped. If
a location field name is present, skipping stops when an ENDIF or ELSE
pseudo instruction with the same name is encountered. Otherwise,
skipping stops when the statement count is exhausted.

If any errors are encountered while evaluating the expression-condition,
the resulting condition is handled as if true and an appropriate listing
message is issued.

If an assembly error is detected, assembly continues with the next
statement.

The IFE pseudo instruction can be specified anywhere within a program
segment. If the IFE pseudo instruction is found within a definition, it
is defined and is not recognized as a pseudo instruction. If the IFE
pseudo instruction is found within a skipping sequence, it is skipped and
is not recognized as a pseudo instruction.

Format:
|[Location|Result |Operand
| | |
| [name] |IFE | [expression]","condition"," [expression][","[count]]
| [name] |ife | ([expression]}","condition"," [expression](["," [count]]
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name Optional name of a conditional sequence of code. A
conditional sequence of code controlled by a name is
ended by an ENDIF pseudo with a matching name. The
condition of a conditional sequence of code controlled by a
name can be reversed by an ELSE pseudo with a matching
name. If both name and count are present, name takes
precedence.

name must meet the requirements for identifiers as
described in the BNF. For a description of names,
subsection 4.2.

expression
Expressions to be compared. All symbols in the expression
must be previously defined. If an expression is not
specified, the absolute value of zero is used.

Expressions must meet the requirements for expressions as
described the BNF. For a description of expressions, see
subsection 4.7.

condition Specifies the relation to be satisfied by the two strings.
condition can be entered in mixed case and must be one of

the following:

condition Description

LT Less than; the value of the first expression
must be less than the value of the second
expression; the attributes are not checked.

LE Less than or equal to; the value of first
expression must be less than or equal to the
second expression; the attributes are not
checked.

GT Greater than; the value of first expression
must be greater than the value of the second
expression; the attributes are not checked.

GE Greater than or equal to; the value of first
expression must be greater than or equal to
the second expression; the attributes are not
checked.
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condition Description

EQ Equal; the value of first expression must be
equal to the value of the second expression.
The expressions must both be one of the
following:

Absolute

Immobile relative to the same section
Relocatable reative to the same section
External relative to the same external symbol

The word-address, patcel—address, or value
attributes must be the same.

NE Not equal; the first expression and the second
expression do not satisfy the conditions
required for EQ described above.

count Statement count; must be an absolute expression with
positive value. All symbols in the expression, if any,
must be previously defined. A missing or null count
subfield gives a zero count.
count is only used when the location field is not
specified. If name is not present and count is present
in the operand field, skipping stops when count is
exhausted. If neither name nor count is present, no
skipping occurs.
Example:
| Location]Result |Operand | Comment
1 L0 120 135
I I ! I
| | IDENT | TEST |
| SYM1 = |0 |
| SYM2 = | * I
| SYM3 | SET j1000 |
| SYM4 | SET | 500 |
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Example (continued):

|Location|Result | Operand | Comment

11 110 |20 135

| | I |

| NOTEQ |IFE | SYM1,EQ, SYM2 |: Condition fails, values are
| |Ss1 | SYM1 | : the same, but the attributes
| |s2 | SYM2 |: are different

| NOTEQ | ELSE | | : The ELSE sequence is assembled
| |Ss1 | SYM3 | ; Statement included

| |S2 | SYM4 | ; Statement included

| NOTEQ | ENDIF | | End of conditional sequence
! | END I I

5.9.4 IFM - TEST MACHINE CHARACTERISTICS

The IFM pseudo instruction tests characteristics of the current target
machine. If the result of the machine condition is true, assembly
continues with the next statement. If the result of the machine
condition is false, subsequent statements are skipped. If a location
field name is present, skipping stops when an ENDIF or ELSE pseudo
instruction with the same name is encountered. Otherwise, skipping stops
when the statement count is exhausted.

If any errors are encountered while evaluating the string condition, the
resulting condition is handled as if true and an appropriate listing
message is issued.

The IFM pseudo instruction can be specified anywhere within a program
segment. If the IFM pseudo instruction is found within a definition, it
is defined and is not recognized as a pseudo instruction. If the IFM
pseudo instruction is found within a skipping sequence, it is skipped and
is not recognized as a pseudo instruction.

Format:
|Location|Result |Operand
I | |
| [name] |IFM | logical-name["," [count]]
| [name] |IFM | numeric-name","condition","[expression]["," [count]]
| | |
| [name] |ifm | logical-name("," [count]]
| [name] |ifm | numeric-name","condition"," [expression][","[count]]
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name

Optional name of conditional sequence of code. A
conditional sequence of code controlled by a name is

ended by an ENDIF pseudo with a matching name. The
condition of a conditional sequence of code controlled by a
name can be reversed by an ELSE pseudo with a matching
name. If both name and count are present, name takes
precedence.

name must meet the requirements for names as described in
the BNF. For a description, see subsection 4.2, Names.

logical-name

Logical name; the mnemonic signifying a logical condition
of the machine for which CAL is currently targeting code.
For a detailed list of the mnemonics, refer to the logical
traits of the CPU option for the appropriate operating
system (section 2, Operating Systems)

numeric-name

condition

SR-2003

Numeric name; a mnemonic signifying a numeric condition of
the machine for which CAL is currently targeting code. For
a detailed 1list of the mnemonics, refer to the numeric
traits of the CPU option for the appropriate operating
system (section 2, Operating Systems). These mnemonics may
be specified in mixed case.

Specifies the relation to be satisfied between the numeric
name and the expression, if any. condition can be
entered in mixed case and must be one of the following:

condition Description

LT Less than; the value of the numeric name must
be less than the expression.

LE Less than or equal to; the value of the
numeric name must be less than or equal to the
expression.

GT Greater than; the value of the numeric name

must be greater than the expression.

GE Greater than or equal to; the value of the
numeric name must be greater than or equal to
the expression.

EQ Equal; the value of the numeric name must be
equal to the expression.

NE Not equal; the value of the numeric name must
not be equal to the expression.



expression

Expression to be compared to the numeric name. All symbols
in the expression must be previously defined and must have
an address attribute of value and a relative attribute of
absolute. If the current base is mixed, a default of
decimal is used. If an expression is not specified, the
absolute value of 0 is used.

Expressions must meet the requirements for expressions as
described in the BNF. For a description of expressions,
see subsection 4.7.

count Statement count; must be an absolute expression with
positive value. All symbols in the expression, if any,
must be previously defined. A missing or null count
subfield gives a zero count.
count is only used when the location field is not
specified. If name is not present and count is present
in the operand field, skipping stops when count is
exhausted. If neither name nor count is present, no
skipping occurs.

Example:

|Location|Result | Operand | Comment

11 110 120 135

l I I I

| |ident | test |

|ex1 | i€fm | vpop |7 Assuming the condition is

| |. | | true, skipping does not

| | . | |2 occur within the IFM part.

| [ - | |

|ex1 |endif | |

|ex2 |ifm | numcpus, eq, 4 |; Assuming the condition is

| | | | ; false, skipping occurs.

I l. I I

I - I I

|ex2 |else | |; Toggles the condition so

| |. | |; the else part is not skipped.

l l- I I

I l. | |

|ex2 |endif | |

I I I I

| |end | |
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5.9.5 SKIP - UNCONDITIONALLY SKIP STATEMENTS

The SKIP pseudo instruction unconditionally skips subsequent statements.
If a location field name is present, skipping stops when an ENDIF or ELSE
with the same name is encountered; otherwise, skipping stops when the
statement count is exhausted.

The SKIP pseudo instruction can be specified anywhere within a program
segment. If the SKIP pseudo instruction is found within a definition, it
is defined and is not recognized as a pseudo instruction. If the SKIP
pseudo instruction is found within a skipping sequence, it is skipped and
is not recognized as a pseudo instruction.

Format:

|Location|Result _ |Operand

I | I

| [name] |SKIP | [count]

| [name] |skip | [count]

name Optional name of conditional sequence of code. If both
name and count are present, name takes precedence.
name must meet the requirements for identifiers as
described in the BNF. For a description of names, see
subsection 4.2.

count Statement count; must be an absolute expression with
positive value. All symbols in the expression, if any,
must be previously defined. A missing or null count
subfield gives a zero count.
count is only used when the location field is not
specified. If name is not present and count is present
in the operand field, skipping stops when count is
exhausted. If neither name nor count is present, no
skipping occurs.

Example:
|Location]|Result | Operand | Comment
1 110 120 135

| I I
| | SKIP

| I
|SNAME1 | SKIP

; No skipping occurs

Statements are skipped until
an ENDIF or ELSE with a
location field label that
matches SNAME1l is found.

e Ne Ne Ne

I [ -
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Example (continued):

| Location|Result |Operand | Comment
11 110 120 135

I I | |
|SNAME1 |ENDIF

| |
| |
| | |
[ | |
| | |
|SNAME2 | SKIP |10 | ; Statements are skipped until
| | . | | ; an ENDIF or ELSE with a
| l. |. |: location field label that
| | . | . | ; matches SNAME2 is found.
| SNAME2 |ENDIF | |
| . [ - |
| | . l- !
| I. |- |
| | SKIP |4 | ; Four statements are skipped.

5.9.6 ENDIF - END CONDITIONAL CODE SEQUENCE

The ENDIF pseudo instruction terminates skipping initiated by an IFA,
IFE, IFC, ELSE, or SKIP pseudo instruction with the same location field
name. Otherwise, ENDIF acts as a do-nothing pseudo instruction. ENDIF
has no effect on skipping, which is controlled by a statement count.

The ENDIF pseudo instruction can be specified anywhere within a program
segment. Skipping is terminated by an ENDIF pseudo instruction with a
matching location field name. If the ENDIF pseudo is found within a
definition, it is defined and is not recognized as a pseudo instruction.

Format:

|Location|Result |Operand

! | |
| name | ENDIF |ignored

| name |endif |ignored
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name Required name of conditional sequence of code. name must
meet the requirements for identifiers as described in the
BNF. For a description of names, see subsection 4.2.

NOTE

If an END pseudo instruction is encountered in a
skipping sequence, an error message is issued and
skipping is continued. An END should not be used
within a skipping sequence.

5.9.7 ELSE - TOGGLE ASSEMBLY CONDITION

The ELSE pseudo instruction terminates skipping initiated by an IFA, IFC,
IFE, ELSE, or SKIP pseudo instruction with the same location field name.
If statements are currently being skipped under control of a statement
count, ELSE has no effect.

The ELSE pseudo instruction can be specified anywhere within a program
segment. If the assembler is not currently skipping statements, ELSE
initiates skipping. Skipping is terminated by an ELSE pseudo instruction
with a matching location field name. If the ELSE pseudo instruction is
found within a definition, it is defined and is not recognized as a
pseudo instruction.

Format:
|Location|Result |Operand
I | I
| name | ELSE |ignored
| name |lelse |ignored
name Required name of conditional sequence of code. name must

meet the requirements given for names as described in the
BNF. For a description of names, see subsection 4.2.
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Examples:

|Location|Result |Operand | Comment
1 110 120 135

I | |

| SYM | = 11

|L | MICRO | 'LESS THAN®

| DEF = 11000

| BUF = |100

| | IFA | 4DEF, A, 1

|A | = |10

|BTEST  |IFA | EXT, SYM

| WARNING |ERROR |

I | |

|BTEST  |ELSE [

| |Al | SYM

| | I

|BTEST  |ENDIF |

I I I

|* Assemble BSSZ instruction if W.* i
|* assemble ORG ]

; Generate warning message if
; SYM is absolute

;s Assemble if SYM not absolute

less than BUF, otherwise

| | IFE |W.*%*,LT,BUF, 2

| | BSSZ | BUF-W. * ; Generate words of zero to
| * | | ; address BUF

| | SKIP |1 ; Skip next statement

| | ORG | BUF

| | IFC |'"L""',EQ,,2

|ERROR  |ERROR |
| * I |

Error message; if micro string
defined by L is empty

Ne Ne Ne Ne Ne

———— e s - —— s e e e e e s e s e e o {f) o e e e ———— —

|X |IFC | 'ABCD',GT, 'ABC' If ABCD is greater than ABC
| |S1 | DEF Statement is included

| |S2 | BUF Statement is included

X | ENDIF i

Y JIFC |* ',6T,,2 ; If single space is greater
| * | | ; than null string.

| |83 | DEF ; Statement is included

| |S4 | BUF ; Statement is included

|Z |IFC {**'',EQ,%*'*%,2 ; If single apostrophe equals
| % | | ; single apostrophe

| IS5 5

| |S6 |6

5.10 MICROS
Through the use of micros, a programmer is able to assign a name to a

character string and subsequently refer to the character string through
use of its name. A reference to a micro results in the character string
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being substituted for the name before assembly of the source statement
containing the reference.

¢ CMICRO Constant micro; assigns a name to a character string
e MICRO Redefinable micro; assigns a name to a character string

e OCTMIC Converts the octal value of an expression to a character
string, and assigns it a redefinable name.

® DECMIC Converts the decimal value of an expression to a
character string, and assigns it a redefinable micro name.

In addition to the micros previously listed, the CAL assembler provides
the following predefined micros.

$DATE Current date - 'mm/dd/yy’

$JDATE Julian date - ‘'yyddd’

$TIME Time of day -~ 'hh:mm:ss'

$MIC Micro character - double quote mark (")

$CNC Concatenation character - underscore (_)

$QUAL Name of qualifier in effect; if none, then null string.

$CPU Target machine: 'CRAY 1°', 'CRAY XMP', or 'CRAY 2'

$CMNT Comment character used with the new format - semicolon (:)

$APP Append character used with the new format - circumflex (A)
Example:

The following example illustrates the use of a predefined micro, $DATE.

|Location|Result | Operand | Comment
1 110 120 |35

I | I I

| | DATA | *THE DATE IS "$DATE"'

I | DATA | *THE DATE IS 06/23/82'F

¥ Generated by CAL
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Micros can be referenced anywhere in a source statement, except a
comment, by enclosing the micro name in quotation marks. If column 72 of
a line is exceeded as a result of a micro substitution, the assembler
creates additional continuation lines. No replacement takes place if the
micro name is unknown or if one of the micro marks has been omitted.

Example:

A micro named PFX is defined as the character string ID. A reference to
PFX is in the location field of a line:

|Location|Result |Operand | Comment

1 110 [ 20 j35

| | I |

| "PFX"TAG| SO |Ss1 |; Left-shifted three spaces
| | | | ; when edited

However, before the line is interpreted, CAL substitutes the definition
for PFX producing the following line:

|Location|Result | Operand | Comment

13 _ 110 120 135

| | I |

|IDTAG SO S1 ; Left-shifted three spaces

| | | | ; when edited

5.10.1 CMICRO - CONSTANT MICRO DEFINITION

The CMICRO pseudo assigns a name to a character string. Once the name is
defined, it cannot be redefined.

If the CMICRO pseudo instruction is defined within the global definitions
part of a program segment, it can be referenced at any time after its
definition by any of the segments that follow. If the CMICRO pseudo
instruction is defined within a program module, it can be referenced at
any time after its definition within the module. However, a constant
micro defined within a program module is discarded at the end of the
module and cannot be referenced by any segments that follow.

If the CMICRO pseudo instruction is found within a definition, it is
defined and is not recognized as a pseudo instruction. If the CMICRO
pseudo instruction is found within a skipping sequence, it is skipped and
is not recognized as a pseudo instruction.
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Format:

|Location|Result ]Operand

I
| name
| name

name

string

exp

SR-2003

| CMICRO | [string[","[exp][","[expl[","[casel]]l]l]
|emicro | [string[","[exp]["."[exp][","[case]l]]]]

Required micro name. name is assigned to the character
string found in the operand field and has nonredefinable
attributes. If name has been previously defined and the
string represented by the previous definition is not the
same string, an error message is issued and definition
occurs. If the strings match, no error message is issued
and no definition occurs.

name must meet the requirements for identifiers as
described in the BNF. For a description of names, see
subsection 4.2,

Optional character string, which can include previously
defined micros. If string is not specified, an empty
string is used.

A character string can be delimited by any character other
than a space. Two consecutive occurrences of the
delimiting character indicate a single such character. For
example, a micro consisting of the single character * could
be specified as '*' or *&kk,

Optional expressions. The first expression must be an
absolute expression indicating the number of characters in
the micro character string. All symbols, if any, must be
previously defined. If the current base is mixed, decimal
is used for the expression.

The micro character string is terminated by the value of
the first expression or the final apostrophe of the
character string, whichever occurs first. The string is
considered empty if the first expression has a 0 or
negative value. If the first expression is not specified,
the full value of the character string is used. In this
case the string is terminated by the final apostrophe.

The second expression must be an absolute expression
indicating the micro string's starting character. 2all
symbols, if any, must be previously defined. 1If the
current base is mixed, decimal is used for the expression.
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case

The starting character of the micro string begins with the
character that is equal to the value of the second
expression, or with the first character in the character
string if the second expression is null or has a value of 1
or less.

The expressions must meet the requirements for expressions
as described in the BNF. For a description of expressions,
see subsection 4.7.

Optional character conversion case. case denotes how
uppercase and lowercase characters are interpreted when
they are read from string. Character conversion is
restricted to the letter characters (A-Z and a-z) specified
in string. case can be specified in uppercase,

lowercase, or mixed case and must be one of the following:

MIXED Default; No uppercase or lowercase conversions are
made; string is interpreted as entered.

UPPER If UPPER is specified, all lowercase letter
characters in string are converted to their
uppercase equivalents.

LOWER If LOWER is specified, all uppercase letter
characters in string are converted to their
lowercase equivalents.

5.10.2 MICRO - MICRO DEFINITION

The MICRO pseudo instruction assigns a name to a character string. The
assigned name can be redefined.

A redefinable micro can be referenced and redefined after its intitial
definition within a program segment. A micro defined with the MICRO
pseudo instruction is discarded at the end of a module and cannot be
referenced by any of the following segments.

The MICRO pseudo instruction can be specified anywhere within a program

segment.

If the MICRO pseudo instruction is found within a definition,

it is defined and is not recognized as a pseudo instruction. If the
MICRO pseudo instruction is found within a skipping sequence, it is
skipped and is not recognized as a pseudo instruction.
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Formats:

|Location|Result _ |Operand
I

| name
| name

name

string

exp

SR-2003

| MICRO | [string(","(exp][","[exp]["."[case]l]]]]
|micro | [string[", " [exp][".,"[exp][","[casel]]]]

Required micro name. name is assigned to the character
string found in the operand field and has redefinable
attributes. If name has been previously defined, the
previous micro definition is lost.

Optional character string, which can include previously
defined micros. If string is not present, an empty
string is used.

A character string can be delimited by any character other
than a space. Two consecutive occurrences of the
delimiting character indicate a single such character. For
example, a micro consisting of the single character * could
be specified as '*' or *&kk,

Optional expressions. The first expression must be an
absolute expression indicating the number of characters in
the micro character string. All symbols, if any, must be
previously defined. If the current base is mixed, decimal
is used for the expression.

The micro character string is terminated by the value of
the first expression or the final apostrophe of the
character string, whichever occurs first. The string is
considered empty if the first expression has a 0 or
negative value. If the first expression is not specified,
the full value of the character string is used. In this
case the string is terminated by the final apostrophe.

The second expression must be an absolute expression
indicating the micro string's starting character. All
symbols, if any, must be previously defined. If the
current base is mixed, decimal is used for the expression.

The starting character of the micro string begins with the
character that is equal to the value of the second
expression, or with the first character in the character
string if the second expression is null or has a value of 1
or less.

The expressions must meet the requirements for expressions
as described in the BNF. For a description of expressions,
see subsection 4.7.



case Optional character conversion case. case denotes how
uppercase and lowercase characters are interpreted when
they are read from string. Character conversion is
restricted to the letter characters (A-Z and a-2) specified
in string. case can be specified in uppercase,
lowercase, or mixed case and must be one of the following:

MIXED Default; No uppercase or lowercase conversions are
made; string is interpreted as entered.

UPPER If UPPER is specified, all lowercase letter
characters in string are converted to their
uppercase equivalents.

LOWER If LOWER is specified, all uppercase letter
characters in string are converted to their
lowercase equivalents.

Example:
|Location|Result |Operand | Comment
|11 110 120 135
| | | |
|MIC |MICRO | *THIS IS A MICRO STRING'
|MIC2 |MICRO | r'MIC"',1 I
IMICZT |MICRO | 'THIS IS A MICRO STRING',1
|MIC3 |MICRO | *"MIC2""’ |
IMrc3t  |MicrO jrT |
{MIC4 |MICRO | *"MIC"',10 | Call to micro MIC2
iMrcat  |MICRO | *THIS IS A MICRO STRING',10
|MICS |MICRO | ' *MIC4"’ |
IMrcst  [MICRO | *THIS IS A ' |
|MIC6 |[MICRO | +*MIC"*,5,11 |
iMrcet  |MICRO | *THIS IS A MICRO STRING',S,11
IMIC7 |MICRO | **MIC6" " |
|MIc7t  |MICRO | "MICRO' |
|MIC8 |MICRO | *"MIC"',11,5 |
IMrcst  |MICRO | *THIS IS A MICRO STRING',11,5
IMIC9 [MICRO | **MIC8"™" |
|Mrcot  |MICRO |* IS A MICRO' |

+ These lines have been edited by CAL.
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5.10.3 OCTMIC - OCTAL MICROS

The OCTMIC pseudo instruction converts a value of an expression into a
character string that is assigned a redefinable micro name. The
character string that is generated by the pseudo instruction is
represented as an octal number. The final length of the micro string is
inserted into the code field of the listing.

OCTMIC can be specified with zero, one, or two expressions. The value of
the first expression is converted to a micro string with a character
length equal to the second expression. If the second expression is not
specified, the minimum number of characters needed to represent the octal
value of the first expression is used.

If the second expression is specified, the string is equal to the length
specified by the second expression. If the number of characters in the
micro string is less than the value of the second expression, the
character value is right justified with the specified fill characters
(zeros or blanks) preceding the value. If the number of characters in
the string is greater than the value of the second expression, the
beginning characters of the string are truncated and a warning message is
issued.

The OCTMIC pseudo instruction can be specified anywhere within a program
segment. If the OCTMIC pseudo instruction is found within a definition,
it is defined and is not recognized as a pseudo instruction. If the
OCTMIC pseudo instruction is found within a skipping sequence, it is
skipped and is not recognized as a pseudo instruction.

Format:

ILocation|Result [Operand
I | I

| name | OCTMIC | [expression;][","[expression,[","[option]]]]
| name |octmic | [expression;](","[expression,[","[option]]]]
name Micro name. name must meet the requirements for

identifiers as described in the BNF. For a description of
names, see subsection 4.2.

expressiong
Optional expression; micro string equal to the value of the
expression. If specified, expressioni; must have an
address attribute of value and a relative attribute of
absolute with all symbols, if any, previously defined. 1If
the current base is mixed, a default of octal is used. 1If
the first expression is not specified the absolute value of
zero is used in the creation of the micro string.
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expressionl must meet the requirements for expressions
as described in the BNF. For a description of expressions,
see subsection 4.7.

expression,
Optional expression. expression, provides a positive
character count less than or equal to decimal 22. If this
parameter is present, leading zeros are zeros or blanks
(depending on option) are supplied, if necessary, to
provide the requested number of characters.

If specified, expression, must have an address

attribute of value and a relative attriube of absolute with
all symbols, if any, previously defined. If the current
base is mixed, a default of decimal is used. If the
expression, is not specified, the micro string is
represented in the minimum number of characters needed to
represent the octal value of the first expression.

expression, must meet the requirements for expressions
as described in the BNF. For a description of expressions,
see subsection 4.7.

option If the second expression is present and fill is needed,
option represents the type of fill characters (ZERO for
zeros or BLANK for spaces) to be used; the default is
ZERO. option can be entered in mixed case.

Example:

|Location|Result |Operand | Comment

11 110 120 135

I I | I

I | IDENT | EXOCT I

| | BASE |0 |; The base is octal.

| ONE | OCTMIC |1,2 | 2

| _* | "ONE" | |2 Returns 1 in two digits

| % 01 | ; Returns 1 in two digists

| TWO | OCTMIC |5%7+60+700,3 |

| _* | " TWO* | |2 Returns 1023 in three digits

| % 023 | ; Returns 1023 in three digits

|THREE | OCTMIC | 256000, 10, ZERO |

| _* | "THREE" | | Zero fill on the left

| % 00256000 | ; Zero fill on the left

| FOUR | OCTMIC | 256000, 10, BLANK|

| _* | "FOUR" I |; Blank fill () on the left

| % ""256000 | | : Blank fill () on the left

| | END | |

SR-2003 5-90



5.10.4 DECMIC - DECIMAL MICROS

The DECMIC pseudo instruction converts the positive or negative value of
an expression into a positive or negative decimal character string that
is assigned a redefinable micro name. The final length of the micro
string is inserted into the code field of the listing.

DECMIC can be specified with zero, one, or two expressions. DECMIC
converts the value of the first expression into a character string with a
character length indicated by the second expression. If the second
expression is not specified, the minimum number of characters needed to
represent the decimal value of the first expression is used.

If the second expression is specified, the string is equal to the length
specified by the second expression. If the number of characters in the
micro string is less than the value of the second expression, and the
value of the first expression is positive, the character value is right
justified with the specified fill characters (zeros or blanks) preceding
the value.

If the number of characters in the string is less than the value of the
second expression, and the value of the first expression is negative, a
minus sign precedes the value. If zero fill is indicated, zeros are used
as fill between the minus sign and the value. If blank fill is
indicated, blanks are used as fill before the minus sign.

If the number of characters in the string is greater than the value of
the second expression, the characters at the beginning of the string are
truncated and a warning message is issued.

The DECMIC pseudo instruction can be specified anywhere within a program
segment. If the DECMIC pseudo instruction is found within a definition,
it is defined and is not recognized as a pseudo instruction. If the
DECMIC pseudo instruction is found within a skipping sequence, it is
skipped and is not recognized as a pseudo instruction.

Format:
|Location|Result _ |Operand
| | I
| name | DECMIC | [expressiony]([", " [expressiony["," [option]]]]
| name |decmic | [expressiony ][", " [expressiony[","[option]]]]
name Required micro name. name is assigned to the character

string representing the decimal value of the
expression; and has redefinable attributes.

name must meet the requirements for identifiers as

described in the BNF. For a description of names, see
subsection 4.2.
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expressiony

Optional expression; micro string equal to the value of the
expression. If specified, expression; must have an

address attribute of value and a relative attribute of
absolute with all symbols, if any, previously defined.

If the first expression is not specified, the absolute
value of zero is used. If the current base is mixed, a
default of octal is used. If the first expression is not
specified the absolute value of zero is used in the
creation of the micro string.

expression, must meet the requirements for expressions
as described in the BNF. For a description of expressions,
see subsection 4.7.

expression,

option

SR-2003

Optional expression. expression, provides a positive
character count less than or equal to decimal 20. 1If this
parameter is present, leading zeros are zeros or blanks
(depending on option) are supplied, if necessary, to
provide the requested number of characters.

If specified, expression, must have an address attribute
of value and a relative attriube of absolute with all
symbols, if any, previously defined. If the current base
is mixed, a default of decimal is used.

If expression, is not specified, the micro string is
represented in the minimum number of characters needed to
represent the decimal value of the first expression.

expression, must meet the requirements for expressions
as described in the BNF. For a description of expressions,
see subsection 4.7.

If the second expression is present and fill is needed,
option represents the type of fill characters (2ERO for
zeros or BLANK for spaces) to be used; the default is
ZERO. option can be entered in mixed case.
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Examples:

1.

The following example includes the DECMIC and MICSIZE pseudo
instructions:

|Location|Result |Operand | Comment

11 110 120 135

I l |

|MIC | MICRO | *ABCD"'

|v |MICSIZE |MIC The value of V is the number

; of characters in the micro
; string represented by MIC
; DECT is a micro name.
C

I
I
I
I | I |
! I | |
| DECT | DECMIC |V,2 |
|-* There are "DECT" characters in MI
|* There are 19 characters in mic.t

The following example demonstrates the ZERO and BLANK options with
positive and negative strings:

| Location]Result |Operand | Comment

11 110 120 135

I I I I

| | BASE |D | ;7 The base is decimal.

| ONE | DECMIC |1,2 |

| * | *ONE" | | ; Returns 1 in two digits

| % 01 | ; Returns 1 in two digists

| TWO | DECMIC |5%8+60+900,3 |; Decimal 1000

| _* | "TWO" | | Returns 1000 as 3 digits (000)
| * 000 | ; Returns 1000 as 3 digits (000)
| THREE | DECMIC |-256000,10,ZERO; Decimal string with zero fill

| _* | "THREE" | |2 Minus sign, zero fill, value

| * ~-000256000 | ; Minus sign, zero fill, value

| FOUR | DECMIC |-256000,10,BLANK; Decimal string with blank fill
| _* | "FOUR" | | Blank £ill, minus sign, value
| * """_256000 | | ; Blank fill, minus sign, value
| FIVE | DECMIC 256000, 10, ZERO |

| _* | "FIVE" | | ; 2ero fill on the left

| * 0000256000 | | ; Zero £ill on the left

| SIX | DECMIC | 256000, 10, BLANK |

| _* ["SIX"” | |; Blank £ill () on the left

| * """"256000 | | ; Blank fill (") on the left
| | END I I

| SEVEN | DECMIC |256000,5 |

| _* | *SEVEN" | | ; Truncation warning issued

| % 56000 | ; Truncation warning issued

|EIGHT  |DECMIC |777777777,3 |

| _* | “EIGHT" | |7 Truncation warning issued

| * 777 | ; Truncation warning issued

+ Generated by CAL
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5.11 FILE CONTROL (INCLUDE PSEUDO)

The INCLUDE pseudo inserts a file at the current source position. The
INCLUDE pseudo always prepares the file for reading by opening it and
positioning the pointer at its beginning.

Files can be included within other files. The same file can be included
more than once, although CAL does not allow a file that is currently
being included to be included again until it has been fully included.

The INCLUDE pseudo instruction can be specified anywhere within a program
segment. If the INCLUDE pseudo occurs within a definition, it is
recognized as a pseudo instruction and the named file is included in the
definition. If the INCLUDE pseudo instruction occurs within a skipping
sequence, it is recognized as a pseudo instruction and the named file is
included in the skipping sequence. The INCLUDE pseudo statement itself
is not inserted into a defined sequence of code.

NOTE

The INCLUDE pseudo can be forced into a definition or
skipped sequence of code although it is not recommended
for a definition. To do this, embed an underscore (_)
anywhere within the pseudo as shown in the following
example:

IN_CLUDE

If editing is enabled during expansion, the files
specified with the INLCUDE are included during
expansion. However, formal parameters are not
substituted into statements when these files are
included at expansion time.

Format:
|ILocation|Result __ |Operand
| | |
| ignored |INCLUDE | string
|ignored |include | string
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string An ASCII character string that identifies the file to be
included. The ASCII character string must be a valid file
name depending on the operating system under which CAL is
executing. If the ASCII character string is not a valid
file name or CAL is not able to open the file, a listing
message is issued.

string must be specified with a single matching character
on both ends. string can be delimited by any ASCII
character other than a comma or space. Two consecutive
occurrences of the delimiting character indicate a single
such character is to be included in the character string.

Examples:
1. In the following example, the module named INCTEST contains an

INCLUDE pseudo instruction. The file to be included is called DOG
and includes the file CAT.

|Location|Result | Operand | Comment
11 {110 120 135
| | | |
[ | IDENT | INCTEST [
| | INCLUDE | *DOG* | Call file DOG with INCLUDE
I | END [ |
File DOG:
|Location]|Result | Operand | Comment
|11 110 |20 135
| I | I
|s1 |1 ; Register S1 gets 1.

| |

| | INCLUDE | 'CAT"® |; Call file CAT with INCLUDE
| |S2 |2 | : Register S2 gets 2.

File CAT:

|Location|Result |Operand | Comment

|1 110 120 {135

| | I I

| |s3 |3 | ; Register S3 gets 3.
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Expansion:

1

| Location|Result |Operand | Comment
|10 120 135
| I |
| IDENT | INCTEST |
| INCLUDE | *DOG#* |: Call file DOG with INCLUDE
|s1 |1 | ; Register S1 gets 1.
| INCLUDE | *CAT* |; Call file CAT with INCLUDE
|83 ] | : Register S3 gets 3.
|s2 2 | 7 Register S2 gets 2.
| END I I

2. The following example demonstrates that it is illegal to include a
file from a file that was included by that file.

|Location|Result |Operand | Comment
11 110 120 135
] | | |
[ | IDENT | INCTEST |
I | INCLUDE | #DOG# |]; Call file DOG with INCLUDE
| | END | |
File DOG:
| Location|Result | Operand | Comment
11 110 120 L35
I | I |
| |s1 |1 |7 Register S1 gets 1.
| | INCLUDE | *CAT* |; Call file CAT with INCLUDE
| |s2 |2 | ; Register S2 gets 2.
File CAT:
|Location|Result |Operand | Comment
! 110 |20 135
| I | |
| |83 I3 |
| | INCLUDE | -DOG- | Illegal; If file B was
| | ! |7 included by file A, it cannot
| | | | include file A.
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3. The following example demonstrates that it is legal to include a file
more than once as long as it is not currently being included:

| Location|Result | Operand | Comment
|1 110 120 135
| | | |
| | ident |inctest |
| |include | %dog% |; Call file dog with include
| | include | %dog% l; Call file dog with include
I |end | |
File DOG:
|Location|Result | Operand | Comment
11 110 120 135
I | | |
| |sl |1 | ; Register S1 gets 1.
| |s2 |2 | ; Register S2 gets 2.
Expansion:
| Location|Result | Operand | Comment
|4 110 120 135
I | | |
| ident |inctest
| include | dog ; Call file dog with include
|s1 |1 ; Register S1 gets 1.

I |
| |
I |
| |s2 |2 | ; Register S2 gets 2.
| |include | dog |
| |
| I
| |

; Call file dog with include
|sl |11 ; Register S1 gets 1.
|s2 |2 ; Register S2 gets 2.
|end ]

5.12 DEFINED SEQUENCES

You can define sequences of instructions to be saved for assembly at a
later point in the source program. The four types of defined sequences
are as follows: MACRO, OPDEF, DUP, and ECHO. Defined sequences have
several functional similarities.

Since the ENDM, ENDDUP, and STOPDUP pseudo instructions terminate defined
sequences and the LOCAL and OPSYN pseudo instructions are associated with
definitions, they are included in this subsection. The following is a

brief description of the pseudo instructions included in this subsection.
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e MACRO A sequence of source program instructions that are saved
by the assembler for inclusion in a program when called
for by the macro name. The macro call resembles a pseudo
instruction.

¢ OPDEF A sequence of source program instructions that are saved
by the assembler for inclusion in a program called for by
the OPDEF instruction. The opdef resembles a symbolic
machine instruction.

e DUP Introduces a sequence of code that is assembled
repetitively for a specific count; the duplicated code

immediately follows the DUP pseudo instruction.

e ECHO Introduces a sequence of code that is assembled
repetitively until an argument list is exhausted

e ENDM Ends a macro or opdef definition
¢ ENDDUP Terminates a dup or echo sequence of code

e STOPDUP Stops the duplication of a code sequence by overriding
the repetition condition

¢ LOCAL Specifies unique strings that are usually used as symbols
within a macro, opdef, dup, or echo

¢ OPSYN Defines a location field functional that is the same as a
named operation in the operand field functional

5.12.1 SIMILARITIES AMONG DEFINED SEQUENCES
Defined sequences have the following functional similarities:

Editing

Definition format

Formal parameters

Instruction calls

Interact with the INCLUDE pseudo instruction

® & ¢ o o

5.12.1.1 Editing

Editing is disabled by the assembler at definition time. The body of the
definition (see definition format) is saved before micros and
concatenation marks are edited. Editing occurs when the definition is
assembled each time it is called if editing is enabled. The ENDDUP,
ENDM, END, INCLUDE, and LOCAL pseudo instructions and prototype
statements should not contain any micros or concatenation characters,
because they may not be recognized at definition time.
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When a sequence is defined, editing is disabled and cannot be explicitly
enabled. When a sequence is called, CAL performs the following
operations:

® Checks for all parameter substitutions that were marked at
definition time

® Edits the statement if editing is enabled

® Processes the statement
It is possible to take advantage of the fact that editing is disabled at
definition time. If, for example, the INCLUDE pseudo instruction is

specified with embedded blanks as shown in macro INC, a saving in program
overhead is achieved.

Example:
| Location|Result | Operand | Comment
11 110 120 135
| I | I
| | MACRO | |
| | INC I I
I l . [« I
| l . - I
I l. | . I
| |IN_CLUDE |MYFILE | 7 INCLUDE pseudo with an
| |- |- | ;: embedded underscore
| . | . I
I l. I I
| INC | ENDM | |

Since editing is disabled at definition time, concatenation does not
occur until INC is called. If editing is enabled when the macro is
called, MYFILE is included at that time.

Embedding blanks in an INCLUDE pseudo becomes desirable when the INCLUDE
pseudo identifies large files. Since files are included when the macro
is called and not at definition time, embedding blanks in the INCLUDE
pseudo instruction can reduce the overhead required for a program.

5.12.1.2 Definition format

Macro, opdef, dup, and echo use the same definition format. The format
consists of a header, body, and end.
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The header consists of a MACRO, OPDEF, DUP, or ECHO pseudo instruction, a
prototype statement for a macro or opdef definition, and, optionally,
LOCAL pseudo instructions. For a macro, the prototype statement provides
a functional and a list of formal parameters. For an opdef, the
prototype statement supplies the syntax and the formal parameters.

LOCAL pseudo instructions identify parameter names that CAL must make
unique to the assembly each time the definition sequence is placed in a
program segment. Asterisk comments can be placed in the header and have
no affect on the way CAL scans the header. Asterisk comments are dropped
from the definition. To force asterisk comments into a definition, see
subsection 3.3.5, Comment.

The body of the definition begins with the first statement following the
header. The body can consist of a series of CAL instructions other than
an END pseudo. The body of a definition can be empty, or it may include
other definitions and calls. However, a definition used within another
definition is not recognized until the definition in which it is
contained is called. Therefore, an inner definition cannot be called
before the outer definition is called for the first time.

A comment statement identified by an asterisk in column 1 is ignored in
the definition header and the definition body. Such comments are not
saved as a part of the definition sequence. Comment fields on other
statements in the body of a definition are saved.

An ENDM pseudo instruction with the proper name in the location field
ends a macro or opdef definition. A statement count or an ENDDUP pseudo
instruction with the proper name in the location field ends a dup
definition. An ENDDUP pseudo instruction with the proper name in the
location field ends an echo definition.

5.12.1.3 Formal parameters

Formal parameters are defined in the definition header and recognized in
the definition body. Four types of formal parameters are recognized:
positional, keyword, echo, and local.

The characters that identify positional, keyword, echo, and local
parameters must all have unique names within a given definition. In
addition, positional, keyword, and echo parameters are case sensitive.
These parameters must be specified in the body of the definition exactly
as specified in the definition header to be recognized.

Parameter names must meet the requirements for identifiers as described
in the BNF. For a description of names, see subsection 4.2.
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A formal parameter name can be embedded within the definition body.
However, embedded parameters must safisfy the following requirements:

Formal

The first character of an embedded parameter must begin with a
legal initial-identifier-character.

An embedded parameter cannot be preceded by an
initial-identifier-character. For example, PARAM is a legally
embedded parameter within the string ABC_PARAM DEF, because it is
preceded by an underscore character. PARAM is not a legally
embedded character within the string ABCPARAMDEF, because it is
preceded by an initial-identifier-character (C).

An embedded parameter must not be followed by an
identifier-character. In the following example, the embedded
parameter is legal, because it is followed by a element separator
(blank character):

PARAM678

In the following example, the embedded parameter is illegal,
because it is followed by an identifier-character:

PARAM6789

Embedded parameters must contain eight or fewer characters.
PARAM6789 is illegal, because it is nine characters long. The
character that follows an embedded parameter (9) cannot be an
identifier-character.

An embedded parameter must occur before the first comment
character (;) of each statement within the body, if and only if

the new format is specified.

An embedded parameter must have a matching formal parameter name
in the definition header.

parameter names should not be END, ENDM, ENDDUP, LOCAL, or

INCLUDE. If any of these are used as parameter names, substitution of

actual

arguments occur when these names are contained in any inner

definition when the definition is referenced.
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NOTE

Arguments are not substituted for formal parameters
into statements within included files if the file is
included at expansion time.
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5.12.1.4 Instruction calls

Each time a definition sequence of code is called, an entry is added to a
list of currently active defined sequences within the assembler. The
most recent entry indicates the current source of statements to be
assembled. When a definition is called within a definition sequence
being assembled, another entry addition is made to the list of defined
sequences, and assembly continues with the new definition sequence
belonging to the inner, or nested, call.

When the end of a definition sequence is reached, the most recent list
entry is removed and assembly continues with the previous list entry.
When the list of defined sequences is exhausted, assembly continues with
statements from the source file.

An inner nested call can be recursive; that is, it can reference the same
definition that is referenced by an outer call. The depth of nested
calls permitted by CAL is limited only by the amount of memory available.

The sequence field in the right margin of the listing shows the
definition name and nesting depth for defined sequences being assembled.
Nesting depth numbers begin in column 89 and can be one of the
following: :1, :2, :3, :4, :5, :6, :7, :8, :9, :%,

If the nesting depth is greater than 9, CAL keeps track of the current

nesting level and an asterisk represents nesting depths of 10 or more.

Nesting depth numbers are restricted to two characters so that only the
two right-most character positions are overwritten.

If the sequence field (columns 73 through 90) is not empty in the source
file, CAL copies the existing field for a call into every statement
expanded by the call with columns 89 and 90 reserved for the nesting
level. For example, if the sequence field for MCALL was LQ5992A.112, the
sequence field for a statement expanded from MCALL would read as follows:

LO5992A.112 :1

Additional nested calls within MCALL would change the nesting level, but
the sequence field would be unchanged during the MCALL. For example:

LQ5992A.112 :2
LQ5992A.112 :2
LQ5992A.112 :2
LQ5992A.112 :3
LQ5992A.112 ]
LQ5992A.112 01
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If the sequence field (columns 73 through 90) is empty in the source
file, CAL inserts the name of the definition as follows:

& Macro The inserted name in the sequence field is the functional
found in the result field of the macro prototype statement.

e Opdef The inserted name in the sequence field is the name used in
the location field of the OPDEF pseudo instruction itself.

¢ Dup The inserted name in the sequence field is the name used in
the location field of the DUP pseudo, or if the count is
specified and name is not, the name is *Dup.

¢ Echo The inserted name in the sequence field is the name used in
the location field of the ECHO pseudo instruction.

In all cases, the first two columns of the sequence field contain ** to
indicate that CAL has generated the sequence field. Columns 89 and 90 of
the sequence field are reserved for the nesting level. 1If, for example,
the sequence field is missing for MCALL, it would read as follows:

*% MCALL :1

Additional nested calls within MCALL would change the nesting level, but
the sequence field number would be unchanged for the duration of MCALL.

Example:
%% MCALL :1
**% MCALL :2
*% MCALL :2
*% MCALL :2
*%* MCALL 23
*% MCALL ]
** MCALL :1

5.12.1.5 INCLUDE pseudo instruction

The INCLUDE pseudo instruction operates with defined sequences as follows:
MACRO INCLUDE pseudo instructions are expanded at definition time.

OPDEF INCLUDE pseudo instructions are expanded at definition time.
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DUP INCLUDE pseudo instructions are expanded at definition time.
If count is specified, the INCLUDE pseudo statement itself is
not included in the statements being counted.

ECHO INCLUDE pseudo instructions are expanded at definition time.

5.12.2 MACRO

A macro definition identifies a sequence of statements that is defined;
saved by the assembler for inclusion elsewhere in a program. A macro is
referenced at a later point in the source program by a single
instruction, the macro call. Each time the macro call occurs, the
definition sequence is placed into the source program.

The MACRO pseudo instruction can be specified anywhere within a program
segment. If the MACRO pseudo instruction is found within a definition,
it is defined. If the MACRO pseudo instruction is found within a
skipping sequence, it is skipped and is not recognized as a pseudo
instruction.

A macro definition is defined as global if it occurs within the global
definitions part of a program segment. Macro definitions are local if
they occur within a program module (an IDENT, END sequence). A global
definition can be redefined locally, but the global definition is
reenabled and the local definition is discarded at the end of the program
module. A global definition can be referenced anywhere within the
assembler program following the definition.

Example:
|Location|Result |Operand | Comment
|1 110 120 {35

| I I
| | MACRO | GLOBAL

| _* GLOBAL DEFINITION IS USED.
|GLOBAL | ENDM |

; Globally defined

|
I
I
|
| | GLOBAL | |; Call to global definition
| |LIST . |MAC |
| * GLOBAL DEFINITION IS USED. |
| | IDENT | TEST [
i | GLOBAL | |; Call to global definition
| * GLOBAL DEFINTION IS USED. ]
| |MACRO | GLOBAL |: Locally defined

|* Redefinition warning message is issued
|* LOCAL DEFINTION IS USED. |
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Example (continued):

|Location|Result | Operand | Comment
1l 110 |20 135

I | I |
|GLOBAL | ENDM |

|
| | GLOBAL | |: Call to local definition
|* LOCAL DEFINITION IS USED. [
| | END | | Local definitions are discarded
| | IDENT | TEST2 |
| | GLOBAL | | Call to global definition
I

| * GLOBAL DEFINTION IS USED.

5.12.2.1 Macro definition

The macro definition header consists of the MACRO pseudo instruction, a
prototype statement, and optional LOCAL pseudo instructions. The
prototype statement provides a name for the macro and a list of formal
parameters and default arguments.

A comment statement, identified by an asterisk in column 1, is ignored in
the definition header or definition body. Such comments are not saved as
a part of the definition sequence. Comment fields on other statements in
the body of a definition are saved.

The end of a macro definition is signaled by an ENDM pseudo instruction
with a functional name that matches the functional name in the result
field of the macro prototype statement. For a description of the ENDM
pseudo instruction, see ENDM in this subsection 5.12, Defined Sequences.

Example:

The following macro transfers an integer in an A register to an S
register. Then it converts it to a normalized floating-point number.

|Location|Result | Operand | Comment

11 110 120 135

I | | I

| |macro | |

| | intconv Ipl.p2 j; Pl=A reg, P2=S reg

| Ip2 |+f pl | ; Transfer with special exp
| | | | ; and sign extension

| |p2 |+f_p2 | ; Normalize the S register
I |;

intconv |endm | End of macro definition
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As with every macro, INTCONV begins with the pseudo instruction MACRO.
The second statement is the prototype statement; names the macro and
defines the parameters. The next three statements are definition
statements. They identify what the macro is supposed to do. The ENDM
pseudo instruction ends the macro definition.

The format of the macro definition is as follows:

|Location|Result  |Operand [Comment
[ | |
| ignored |MACRO | ignored | s Definition header
| loc | funct | parameters ; Prototype statement
| LOCAL | [name]{","[name]} ; Optional LOCAL pseudos

|. | |
| |; Definition body

|. | |
|

|; Definition end

|Location|Result |Operand |Comment
| I I
| ignored |macro | ignored ; Definition header
| loc | funct | parameters ; Prototype statement
| local | [name]{","[name]} ; Optional LOCAL pseudos

|
|
l ]
I [ I |
| - | | Definition body
| | . | |

| funct | endm [ |; Definition end

The format of the macro prototype statement is as follows:

|Location|Result _ |Operand

| I |

| loc | functional |positional-parameters(","[keyword-parameters]]
| loc | functional |keyword-parameters

positional-parameters and keyword-parameters are defined as follows:
positional-parameters ::=

[["t"]["*"]name] [","positional-parameters] |
{["*"]["!'")name] [","positional-parameters])
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keyword-parameters ::=
w1 [ %" name"="[expression—-arqgument-value]
[","[keyword—parameters]] |
["*"]"t"name"="[expression-argument-value]
[","[keyword-parameters]] |
["*" ]name"="[string—-argument-value]
[","[keyword—-parameters]] .

expression-argument-value ::= expression .
string-argument-value ::= embedded-argument | argument—character* .

loc Optional location field parameter. Iloc must be
terminated by a space.

loc must meet the requirements for names given in the
BNF. For a description of names, see subsection 4.2.

functional
Name of the macro, must be a valid identifier or the equal
sign. If functional is the same as a currently defined
pseudo instruction or macro, this definition redefines the
operation associated with functional, and a message is
issued.

functional must meet the requirements for functionals as
described in the BNF. For a description of functionals,
see appendix A, Instruction Syntax.

positional-parameters
Positional-parameters must be specified with valid and
unique names. positional-parameters must meet the
requirements for names given in the BNF. For a description
of names, see subsection 4.2.

There can be none, one, or more positional-parameters.
Positional-parameters cannot be entered after
keyword-parameters. The default argument for a
positional-parameter is an empty string.

The positional-parameters defined in the macro definition
are case sensitive. Positional-parameters specified in the
definition body must identically match

positional-parameters defined by the macro prototype
statement.

+ Any ASCII character, except a comma, space, or semicolon (new format
only), is permitted.
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The ! is optional. 1If the ! is not included, the
positional-parameter can take one of the following forms
when the macro is called:

¢ Embedded-argument
¢ (Character string
e Null string

Embedded-argument; a left parenthesis signals the beginning
of an embedded argument and must be terminated by a
matching right parenthesis. An embedded argument can
contain an argument as described in appendix A, Instruction
Syntax. Note that an embedded argument can also contain
pairs of matching left and right parentheses. If an
asterisk preceeds the positional parameter name, the
embedded argument is used in its entirety. If an asterisk
does not preceed the positional parameter name, the
outermost parentheses are stripped from the embedded
arqument and the remaining string is used as the argument.

Character string; anj character up to but not including a
legal terminator (space or semicolon for new format) or an
element separator (comma).

Null string; a null argument.

If the ! is included, the parameter can take one of the
following forms when the macro is called:

® Syntactically valid expression
® Null string

Syntactically valid expression; an expression can include a
legal terminator (space or semicolon for new format) or an
element separator (comma). The syntactically wvalid
expression satisfies the requirements for an expression,
but it is used only as an argument and is not evaluated in
the macro call itself. See the BNF for a description of
the syntax of an expression.

If the syntactically valid expression is an
embedded-argument, the following will occur. If an
asterisk preceeds the positional parameter name, the
embedded argument is used in its entirety. If an asterisk
does not preceed the positional parameter name, the
outermost parentheses are stripped from the embedded
argument and the remaining string is used as the argument.

Null string; a null arqument.
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Use of the syntactically valid expression, permits you to
enter a string (=','R) of characters that may contain one
or more spaces or comma. For example:

|Location|Result |Operand | Comment
|1 110 120 135
I I I |
|MACRO |
| JUSTIFY |  PARAM ; Macro prototype

| JUSTIFY
| JUSTIFY

Macro call
Macro call

I
I
|
JUSTIFY |ENDM |
|
|

When the following macro is called, the positional
parameter pl receives a value of vl because an asterisk
does not preceed the parameter on the prototype statement.
The positional parameter p2, however, receives a value of
(v2) because an asterisk preceeds the parameter on the
prototype statement.

|Location|Result | Operand | Comment
|1 110 120 135
I I I |
|macro |
|paren |pl,*p2 ; Macro prototype

| I
| |
I [ . I
I [« [ I
I . . I
|paren | endm | |
I I |

(vl),(v2) ; Macro call

keyword—-parameter

SR-2003

Keyword-parameters must be specified with valid and unique
names. Names within keyword-parmeter must meet the
requirements for names as described in the BNF. For a
description of names, see subsection 4.2.

There can be none, one, or more keyword-parameters. Names
within keyword-parameters can be entered in any order.
Default arguments can be provided for each
keyword-parameter at definition time and are used if the
keyword is not specified at call time.

The keyword-parameters defined in a macro definition are
case sensitive. The keyword-parameters specified in the
macro body must match the positional-parameters specified
in the macro prototype statement.
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The ! is optional. If the ! is not included, the parameter
can take one of the following forms when the macro is
called:

¢ Embedded-argument
¢ Character string
¢ Null string

Embedded-argument; a left parenthesis signals the beginning
of an embedded argument and must be terminated by a
matching right parenthesis. An embedded argument can
contain an argument as described in appendix A, Instruction
Syntax.Note that an embedded argument can also contain
pairs of matching left and right parentheses. If an
asterisk preceeds the positional parameter name, the
embedded argument is used in its entirety. If an asterisk
does not preceed the positional parameter name, the
outermost parentheses are stripped from the embedded
argument and the remaining string is used as the argument.

Character string; any character up to but not including a
legal terminator (space or semicolon for new format) or an
element separator.

Null string; a null argument.

If the ! is included, the parameter can take one of the
following forms when the macro is called:

® Syntactically valid expression
¢ Null string

Syntactically valid expression; an expression can include a
legal terminator (space or semicolon for new format) or an
element separator (comma). The syntactically valid
expression satisfies the requirements for an expression,
but it is used only as an argument and is not evaluated in
the macro call itself. See the BNF for a description of
the syntax of an expression.

If the syntactically valid expression is an
embedded-argument, the following will occur. If an
asterisk preceeds the positional parameter name, the
embedded argument is used in its entirety. If an asterisk
does not preceed the positional parameter name, the
outermost parentheses are stripped from the embedded
argument and the remaining string is used as the argument.

Null string; a null argument.

If a default is provided for a keyword-parameter, it must
meet the requirements as described above.
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5.12.2.2 Macro calls

A macro definition can be called by an instruction of the following

format:

|Location|Result |Operand

|{1locarg] |functional |positional-arguments [","[keyword—arguments]]
| (locarg]|functional |keyword-arguments

positional—-arguments and keyword—arguments are defined as follows:

positional-argument ::= [argument][","[positional-arguments]] .

keyword-arguments ::= name"="[argqument][","[keyword—arguments}]]

locarg

functional

Optional location field argument. Iocarg must be
terminated by a space. locarg can be any character up to
but not including a space.

If a location field parameter is specified on the macro
definition. A matching location field parameter can be
specified on the macro call. locarg is substituted
wherever the location field parameter occurs in the
definition. If no location field parameter is specified in
the definition, this field must be empty.

Macro functional name; an identifier or an equal sign.
functional must match the functional specified in the
macro definition.

functional must meet the requirements for functionals as
described in the BNF. For a description of the BNF for
functionals, see appendix A, Instruction Syntax.

positional-arguments

SR-2003

Positional-arguments; an actual argument string
corresponding to a positional-parameter that is specified
in the definition prototype statement. The requirements
for positional-arguments are specified by the corresponding
positional-parameter in the macro definition prototype
statement. Positional-arguments are not case sensitive to
positional-parameters on the macro call.
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The first positional-argument is substituted for the first
positional-parameter in the prototype operand field, the
second positional-argument string is substituted for the
second positional-parameter in the prototype operand field,
and so on. If the number of positional-arguments is less
than the number of positional-parameters in the prototype
operand field, null argument strings are used for the
missing positional-arguments,

Two consecutive commas indicate a null (empty)
positional-argument string.

keyword-arguments

arqgument

Keyword-arguments; an actual argument string corresponding
to a keyword-parameter that is specified in the macro
definition prototype statement. The requirements for
keyword-arguments are specified by the corresponding
keyword-parameter in the macro definition prototype
statement.

Keyword-arguments are not recognized until after n
subfields (n commas), where n is the number of
positional parameters in the operand field of the macro
definition.

Keyword-arguments can be listed in any order; matching the
order in which keyword-parameters are listed on the macro
prototype statement is unnecessary. However, the
keyword-parameter is case sensitive and must be specified
in the macro call exactly as specified in the macro
prototype statement to be recognized.

The default keyword-parameters specified in the macro
prototype statement are used as the actual
keyword-arguments for missing keyword-arguments.

All arguments must meet the requirements of the
corresponding parameters as specified in the macro
definition prototype statement.

The following restrictions are placed on the macro call:

e The !

is not permitted on the macro call statement. An !

specified in the prototype statement for positional-parameters or
keyword-parameters is remembered by CAL when the macro is called.

SR-2003
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If the first character of the actual argument is a left
parenthesis, the string must be terminated by a matching right
parenthesis. Such an argument is called an embedded-argument and
consists of all characters between the enclosing parentheses. An
embedded-argument can contain commas and blanks, and can also
contain pairs of matching left and right parentheses.

The actual argument string for each positional and keyword
parameter is substituted in the definition sequence wherever the
formal parameter occurs. Embedded argument strings are
substituted without the enclosing parentheses.

To call a macro, use its name in a code sequence. INTCONV can be called
as follows.

INTCONV | ENDM |

End of macro definition

|Location]|Result | Operand | Comment

11 110 120 |35

| | | |

| | MACRO | |

| | INTCONV |P1,P2 |: P1=A reg, P2=S reg

| | P2 | +F_P1 | Transfer with special expression
| | | |; and sign extension

| | P2 | +F_P2 |; Normalize the S register

I I:

I |

|LIST | MAC

Call and expansion:

| Location|Result | Operand | Comment
|1 110 [20 135
I I I I
| INTCONV |a1,83 |; Macro call
|S2 | +FAl ; Transfer with special expression

SR-2003

| | |; and sign extension
|S2 | +FS2 ; Normalize the S register

NOTE

Comments preceded by an underscore and an asterisk are
included in the definition bodies of the following
macro examples. These comments are included to
illustrate the way in which parameters are passed from
the macro call to the macro definition. Since comments
are not assembled, _* comments allow arguments to be
shown without regard to hardware differences or
available machine instructions.
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Macro examples:

1.

The following examples illustrate the use of positional-parameters
and keyword-parameters.

a. Macro table contains positional and keyword parameters.

|Location|Result |Operand | Comment

|1 110 120 135

| | | I

| Jmacro | |

| | table |tabn,vall=#0,val2=,val3=0
|tables |section |data |

| tabn | con | 'tabn'l |

| | con |vall |

| |con |val2 |

| | con |vall |

| | section | * | 7 Resume use of previous section
|table | endm | |

| |list |mac |

Call and expansion:

|Location]|Result | Operand | Comment

I1 110 [20 [35

! | | |

| | table |taba,val3=4,val2=a ; Macro call
|tables |section |data |

| taba | con |'taba’'l |

| | con | #0 |

I |con la I

| | con |4 I

| | section | * | Resume use of previous section

b. Macro noorder demonstrates that keyword-parameters are not order

dependent.
|Location|Result |Operand | Comment
|1 110 {20 135
I I I I
| |macro | |
| | noorder | paraml,param2, param3=, paramé4=b
| |sl |paraml |
| | s2 |param2 |
| |s3 |param3 |
| | s4 | param4 |
| |1list fmac |
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Call and expansion:

|Location|Result |Operand |Comment
I 110 120 [35

| I I I

| |noorder |1(1),2,param4=dog, param3=4
I [sl 1 |

I Is2 |2 |

I |s3 Is! !

I |s4 | dog I

2. Macros ONE, two, and THREE demonstrate that the number of parameters
specified in the macro call may be different than the number of
parameters specified in the macro definition.

|Location|Result |Operand | Comment

11 j10 120 135

I | I I

| | MACRO I I

| | ONE | PARAM1, PARAM2 , PARAM3

| _* PARAMETER 1: | PARAM1 | 7 SYM1 corresponds to PARAMI1
| % PARAMETER 2: | PARAM2 |; Null string

| _* PARAMETER 3: | PARAM3 | ; Null string

| ONE | ENDM I ]

I |LIST | MAC |

Call and expansion:

|Location|Result | Operand |Comment

|1 110 120 |35

| | O |

| | ONE | SYM1 | Call using one parameter
| * PARAMETER 1: | SYM1 ; SYM1 corresponds to PARAMI1
| * PARAMETER 2: | ; Null string

| * PARAMETER 3: | ; Null string

| Location|Result | Operand | Comment

11 {10 120 135

I I I I

| | two |paraml, param2, param3

| _* Parameter 1: | paraml ; Syml corresponds to paraml
| _* Parameter 2: | param2 ; Sym2 corresponds to param2
| _* Parameter 3: | param3 ; Null string

| two | endm | |

| |list |mac |
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Call and expansion:

|Location|Result |Operand | Comment

11 {10 120 135

| | | |

| | two | syml, sym2 |7 Call using two parameters
| * Parameter 1: | syml ; syml corresponds to paraml
| * parameter 2: | sym2 ; sym2 corresponds to param2
j* parameter 3: | ; Null string
|Location|Result |Operand | Comment

1 110 120 |35

| I I I

I | THREE | PARAM1, PARAM2 , PARAM3

| _* PARAMETER 1: | PARAM1 ; SYM1 corresponds to PARAM1
| _* PARAMETER 2: | PARAM2 ; SYM2 corresponds to PARAM2
| _* PARAMETER 3: | PARAM3 ; SYM3 corresponds to PARAM3
|THREE | ENDM | |

| |LIST | MAC |

Call and expansion:

|Location|Result |Operand | Comment

|1 |10 120 135

I I | I

| | THREE | SYM1,SYM2,SYM3 |; Call matching prototype

| * PARAMETER 1: | SYM1 ; SYM1 corresponds to PARAM1
| * PARAMETER 2: | sYM2 : SYM2 corresponds to PARAM2
| * PARAMETER 3: | SYM3 ; SYM3 corresponds to PARAM3

3. The following examples demonstrate the use of the optional !.

a. Macro BANG demonstrates the use of the embedded argument (1,2),
syntactically valid expressions for positional-parameters
('abc,def') and keyword-parameters (PARAM3=1+2) and the null

string.
|Location|Result | Operand | Comment
|1 {10 120 135
| | I |
| |MACRO | [
| | BANG | PARAM1,  PARAM2, ' PARAM3 =, PARAM4 =
| *PARAMETER 1: | PARAM1 | ; Embedded argument
| _*PARAMETER 2: | PARAM2 | ; Syntactically valid expression
| _*PARAMETER 3: | PARAM3 | ; Syntactically valid expression
| _*PARAMETER 4: | PARAM4 | > Null string
| BANG | ENDM | |
| |LIST |MAC |
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Call and expansion:

| Location|Result | Operand | Comment

|1 110 120 135

I I I I

| | BANG |1(1,2),'abc,def',PARAM3=1+2,, ; Macro call

| * PARAMETER 1: 1,2 ; Embedded argument

| * PARAMETER 2: 'abc,def’ ; Syntactically valid expression
| * PARAMETER 3: 1+2 ; Syntactically valid expression
| * PARAMETER 4: | Null string

e If the argument for PARAM1 had been (((1,2))), S1 would have
gotten ((1,2)) at expansion.

e The ! specified on PARAM2 and PARAM3 permits commas and spaces
to be embedded within strings 'abc,def' and allows expressions
to be expanded without evaluation 1+2.

® PARAM4 passes a null string. A space or comma following the
equal sign specifies a null or empty character string as the

default argument.

b. The ! is remembered from the definition in macro remem.

| Location|Result | Operand | Comment

|1 [10 120 {35

| | I |

] |macro | |

| | remem | 'paraml=" 'r | ; Prototype statement includes !
| |sl | parmal |

| remem | endm | |

| |1ist |mac |

Call and expansion:

|Location|Result |Operand | Comment

|1 |10 {20 135

I | [ I

| | remem |paraml=" ‘r | ; Macro call does not include !
I Is1 [* 'r I

4. The NULL and nullparm macros demonstrate the effect that null strings
have when parameters are passed.

a. NULL demonstrates the effect of a null string on macro
expansions. P2 is passed a null string. When NULL is expanded,
the resulting line is left-shifted two spaces; the difference
between the length of the parameter (P2) and the null string.
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|Location]Result | Operand | Comment

11 110 120 135

I I | I

| | MACRO | |

| | NULL |P1,P2,P3 |

I |s1 |P1 |

|_* |Ss2 | P2 | Left-shifted two spaces
| |83 IP3 |

|NULL | ENDM I [

| |LIST |MAC |

Call and expansion:

|Location|Result | Operand | Comment

|1 110 120 135

| | I I

i | NULL [1,.3 ; Call

I |s1 1 |

| % S2 | ; Left-shifted three spaces
I |S3 |3 I

b. Macro nullparm demonstrates how a macro is expanded when the
macro call does not include the location field name specified on
the macro definition.

|Location|Result |Operand | Comment

11 110 120 135

I | I |

| |macro | |

| [nullparm | Llongparm |

| longparm| = |1 | 2 Prototype statement
|nullparm|endm | |

| |list |mac |

Call and expansion:

|Location|Result |Operand | Comment

11 110 120 135

I | I I

| |nullparm | |

1 1 ; prototype statement
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NOTE

The location field parameter was omitted on the macro
call in the previous example. The result and operand
fields of the first line of the expansion were shifted
left eight character positions because a null argument
was substituted for the 8-character parameter, LONGPARM.

If the o0ld format is used, only one space appears
between the location field parameter and result field
in the macro definition. If a null argument is
substituted for the location parameter, the result
field is shifted into the location field in column 2.
Therefore, at least two spaces should always appear
between a parameter in the location field and the first
character in the result field in a definition.

If the new format is used, the result field is never
shifted into the location field.

5. DEFAULT illustrates how defaults are assigned for keywords when the
macro is expanded.

|Location|Result |Operand | Comment

|1 110 130 135

| | | |

| |MACRO | |

| | DEFAULT | PARAM1=(ABC DEF,GHI),PARAM2=-ABC,PARAM3=
| _* PARAM1 | |

| _*  PARAM2 | [

|_*  PARAM3 | |

| DEFAULT |ENDM ] |

| |LIST |MAC |
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Calls and expansions:

| Location|Result | Operand | Comment

|1 |10 130 135

I | I |

| | DEFAULT | PARAM1=ARG1, PARAM2=ARG2, PARAM3=ARG3 ; Macro call
[* ARG1| I I

|* ARG2| I |

[* ARG3| I I

| | DEFAULT | PARAM1=, PARAM2=(ARG2) ,PARAM3=ARG3 ; Macro call

| * | I I

|*  ARG2| | |

|*  ARG3| | |

| I I |

| | DEFAULT | PARAM1=( (ARG1)),PARAM2=,PARAM3=ARG3 ; Macro call
{*  (ARG1) | |

| * I I I

|*  ARG3| | I

The following examples illustrate the correct and incorrect way to
specify a literal string in a macro definition.

a. WRONG illustrates the wrong way to specify a literal string in a
macro definition. The comments in the expansion are writer
comments and are not part of the expansion.

|Location|Result | Operand | Comment

1 [10 [20 : 135

| I | |

| | MACRO | |

| | WRONG | PARAM1=" 'R | ; Prototype statement
| _* PARAM1 | |

| WRONG | ENDM ] |

| |LIST |MAC | List expansion

Call and expansion (CAL erroneously expands WRONG; ' 'R was intended):
|Location|Result | Operand | Comment

|1 L10 120 |35

| I | I

| | WRONG | |; Call

t* | l

b. Macro right illustrates the right way to specify a literal string
in a macro definition.
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|Location|Result |Operand | Comment

P 110 120 |35
! | I
| |macro |

I

| _* paraml |
|right | endm |
|

I
|
|right | 'paraml=" 'r |; Prototype statement
I
I
|1ist |mac |

; List expansion

Expansion (CAL expands RIGHT as intended because of the !):

|Location|Result __|Operand { Comment
11 {10 _120 |35

I I I |

| | right | |; Call
I* ' 'r | |

7. The following macros demonstrate the wrong and right methods for
replacing parameters on the prototype statement with parameters on
the macro call statement.

a. BAD demonstrates the wrong method for replacing parameters.

|Location|Result __ |Operand | Comment
|1 110 120 |35

! | I I

I | MACRO | [

| | BAD | PARAM1, PARAM2, PARAM3=JJJ
| _* PARAMETER 1: | PARAM1 |

| % PARAMETER 2: | PARAM2 I

I_* PARAMETER 3: | PARAM3 |

| BAD | ENDM [ |

[LIST |MAC I |

Call and expansion:

| Location|Result |Operand | Comment

11 110 120 135

I I I I

| | BAD | PARAM3 =KKK | ; Macro call
| * PARAMETER 1: PARAM3 =KKK |

| * PARAMETER 2: I [

| * PARMAETER 3: JJJ |
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b. Macro good demonstrates the right method for replacing parameters.

|Location|Result | Operand | Comment

|1 110 120 135

| I I I

[ |macro | |

| |good |paraml, param2,param3=3jj

| _%* parameter 1: |paraml | ; Null string
| _* parameter 2: | param2 f; Null string
| _* parameter 3: | param3 |

|good | endm | |

| jlist | mac |

Call and expansion:

|Location|Result |Operand | Comment

11 110 120 135

| I | I

| | good |, .param3=kkk |; Macro call
| * parameter 1: | ; Null string

| * parameter 2: | ;3 Null string

| * parameter 3: kkk | 2

8. ALPHA demonstrates the specification of an embedded parameter.

|Location|Result | Operand | Comment

|11 110 120 [35

| I [ I

| | MACRO | | ; EDIT=ON

| | ALPHA | { PARAM | ; Appending a string

| _* FORMAL PARM: | PARAM |

| _* EMBEDDED PARM: |ABC_PARAM DEFG |: Concatenation off at call time
|ALPHA | ENDM [ |

I |LIST |MAC |

Call and expansion:

| Location|Result |Operand | Comment

|1 110 120 135

I | | |

| | ALPHA |1 | » Macro call
|* FORMAL PARM: 1 | ;

| #* EMBEDDED PARM: ABC1DEFG |2
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CAL processed the embedded parameter in macro ALPHA as follows:

1. CAL scans the string to identify the parameter. ABC_ cannot be a
parameter, because the underscore character is not defined as an
identifier character for a parameter.

2, CAL identifies PARAM as the parameter when the second underscore
character is encountered.

3. 1 is substituted for PARAM producing the string ABC_1 DEFG.

4. If editing is enabled, the underscore characters are removed and
the resulting string is ABCI1DEFG.

If editing is disabled, the string is ABC_1 DEFG.

5. CAL processes the statement.

5.12.3 OPDEF - OPERATION DEFINITION

An opdef (operation definition) identifies a sequence of statements that
is called at a later point in the source program by a single instruction;
the opdef call. Each time the opdef call occurs, the definition sequence
is placed in the source program.

Opdefs resemble machine instructions and can be used to define new
machine instructions or to redefine current machine instructions.
Machine instructions map into opcodes that represent some hardware
operation. When an operation is required that is not available through
the hardware, an opdef can be written to perform that operation. When
the opdef is called, the opdef maps into the opdef definition body and
the operation is performed by the defined sequence specified in the
definition body.

Any existing CAL machine instruction can be replaced with an opdef.
Although opdef definitions should conform to meaningful operations that
are supported by the hardware, they are not restricted to such operations.

The opdef definition sets up the parameters into which the arguments
specified in the opdef call are substituted. Opdef parameters are always
expressed in terms of registers or expressions. The opdef call passes
arquments to the parameters in the opdef definition. Formal parameters
can be specified in any form that is permitted by the BNF. The syntax
for the opdef definition and the opdef call are identical with two
exceptions:
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e The complex register has been redefined for the opdef definition
prototype statement as follows:

complex-register ::=
complex-register-mnemonic.register-parameter

® Expressions have been redefined for the opdef definition prototype
statement as follows: '

expression ::= "@"[0 to 7 character expression-parameter]

These two exceptions allow parameters to be specified in the place of
registers and expressions for an opdef definition.

The syntax defining a register-parameter and an expression-parameter is
case sensitive. Every character identifying the parameter on the opdef
prototype statement must identically match every character in the body of
the opdef definition. This match includes the case (uppercase,
lowercase, or mixed case) of each character.

Since the opdef can accept arguments in many forms, it can be more
flexible than a macro. Opdefs place a greater responsibility for parsing
arguments on the assembler. When a macro is specified, the
responsibility for parsing arguments is placed on the user in many

cases. Parsing a macro argument can involve numerous micro

substitutions. These substitutions greatly increase the number of
statements that are required to perform a similar operation with an opdef.

Defined sequences (macros, opdefs, dups, and echos) are costly in terms
of assembler efficiency. As the number of statements in a defined
sequence increases, the speed of the assembler decreases. This decrease
in speed is directly related to the number of statements that are
expanded and the number of times a defined sequence is called.

Limiting the number of statements in a defined sequence improves the
performance of the assembler. In some cases, an opdef can perform the
same operation that is performed by a macro and use fewer statements in
the process.

The following example demonstrates that an opdef can accept many
different kinds of arguments from the opdef call.

|Location|Result |Operand |Comment
|1 110 120 135

[ I | I
| MANYCALL | OPDEF |

|
| |A.REG1 |A.REG2!A.REG3 |; Opdef prototype statement
[ |S1 |A.REG2 I
| |s2 |A.REG3 |
| |S3 |s1ts2 I
| |A.REG1 |S3 | Or of registers S1 and S2
I |

MANYCALL | ENDM |
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Calls and expansions:

|Location}Result |Operand | Comment

11 110 120 135

| I I |

| |Al |A21A3 ; First call to opdef MANYCALL
| |S1 la.2 |

| |S2 |a.3 |

I [S3 |S1!S2 I

| |A.1 S3 ; Or of registers S1 and S2

| |A.1 |A.2'A.3 |2 Second call to Opdef MANYCALL
| |s1 jA.2 |

| |S2 jA.3 |

| |S3 |S1!Ss2 |

| |A.1 s3 ; Or of registers S1 and S2

] |A.ONE |A.TWO!A.THREE |; Third call to Opdef MANYCALL
| |S1 |A.2 i

I |S2 |A.3 I

| IS3 [S11S2 |

| | A.ONE s3 ; Or of registers S1 and S2

| |Al |A.2'A.THREE |: Fourth call Opdef MANYCALL

| |S1 jA.2 |

| |S2 |A.3 ]

| IS3 |S1!82 I

| JA.1 S3 ; Or of registers S1 and S2

In the first and second calls to opdef MANYCALL, the arguments passed to
REG1, REG2, and REG3 are 1, 2, 3, respectively. In the third call to
opdef MANYCALL, the arguments passed to REG1l, REG2, and REG3 are ONE,
TWO, and THREE, respectively. The fourth call to opdef MANYCALL
demonstrates that the form of the arguments can vary within one call to
an opdef as long as they take a form that is permitted by the BNF. The
arguments passed REG1l, REG2, and REG3 in the fourth call are 1, 2, and
THREE, respectively.

The following example demonstrates how an opdef can be used to limit the
number of statements required for a defined sequence.
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|Location]|Result |Operand | Comment

1L 110 |20 135
| | I I
| MACRO |
| $IF |REG1,COND,REG2 |; Macro prototype statement

I I -

[/ B

6,EQ,S.3 ; Macro call

. .

| SENDIF

Parsing the parameters (S6,EQ,S3) passed to the definition requires many
micro substitutions within the definition body. These micros increase
the number of statements within the definition body.

The same function is performed in the following example, but an opdef is
specified instead of a macro. In this instance, specifying an opdef
rather than a macro reduces the number of statements required for the
function.

Since an opdef is called by its form, it is more flexible than a macro in
accepting arguments. The opdef expects to be passed two S registers and
the EQ mnemonic. The arguments for the registers can be specified in a
number of ways and still be recognized as S register arguments by the
opdef.

| Location|Result |Operand | Comment

|1 110 120 135

| | [ I

| |opdef | |

|example |$if |s.regl,eq,s.reg2 ; Opdef definition statement
|_* Registerl: |regl |

| _* Register2: | reg2 |

| example |endm | |

| |1list | mac |
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Calls and expansions:

|Location|Result |Operand | Comment
11 |10 120 135

I | | I

| | $if |s6,eq,s.3 |

|* Registerl: 6 I

|* Register2: 3 |

An opdef is defined as global if it occurs within the global definitions
part of a program segment. Opdef definitions are local if they occur
within a program module (an IDENT, END sequence). A global definition
can be redefined locally, but the global definition is reenabled and the
local definition is discarded at the end of the program module. A global
definition can be referenced anywhere within an assembler program after
it has been defined.

The OPDEF pseudo instruction can be specified anywhere within a program
segment. If the OPDEF pseudo instruction is found within a definition,
it is defined. If the OPDEF pseudo instruction is found within a
skipping sequence, it is skipped and is not recognized as a pseudo
instruction.

In the following example, the operand and comment fields of the expanded
line are shifted two positions to the left (difference between reqg and 1):

|Location|Result |Operand |Comment
1 110 120 |35

I I I |
lexample |opdef ]

|
| |s.reg | @exp |; Prototype statement
| |a.reg | @exp | ; New machine instruction
|example |endm | l:
| |1list | mac |

Call and expansion:

|Location]Result |Operand | Comment

11 110 |20 135

| | | I

| |s1 |2 | ; Opdef call

| fa.1 2 ; New machine instruction

5.12.3.1 Opdef definition

The OPDEF pseudo instruction is the first statement of an opdef
definition. An opdef is constructed much like a macro. However, an
opdef is defined not by a functional name like a macro but by the form of
the opdef statement.
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Opdef syntax is uniquely defined on the result field alone in which case
the operand field is not specified or on the result and operand fields.
The OPDEF prototype permits up to three subfields within the result and
operand fields. At least 1 field must be present within the result
field. No fields are required in the operand field.

The syntax for each of the subfields within the result and operand fields
of the opdef prototype statement is identical. There are no special
syntax forms for any of the subfields. The rules that apply for the
first subfield in the result field apply to the remainder of the
subfields within the result field and to all of the subfields within the
operand field.

Format:

|Location|Result _ |Operand  [Comment

I | | |

| name | OPDEF | | ; OPDEF macro header

I{1oc] |defsynres |defsynop | Prototype statement

| | LOCAL | [name]{","[name]} : Optional LOCAL pseudos

I l. [ - I:

| |. | . | ; Definition body

| l. . |2

| name | ENDM | | : Definition end

|ILocation|Result  |Operand |Comment

| | I |

| name |opdef | | : OPDEF macro header

I[loc] |defsynres |defsynop | : Prototype statement

i |local | [name}{","[name]} ; Optional LOCAL pseudos

| l. . I:

| | . | . | Definition body

I I. e |:

| name | endm | | ; Definition end

name OPDEF definition name. name identifies the definition
and has no association with functionals appearing in the
result field of instructions. name must match the name
in the location field of the ENDM pseudo instruction, which
ends the definition.

loc Optional location field parameter; loc must meet the
requirements for names as described in the BNF. For a
description of names, see subsection 4.2.

defsynres

Definition syntax for the result field; can be one, two, or
three subfields specifying a valid result field syntax.
The result field must be a symbolic.
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Valid result subfields for opdefs can be one of the
following:

® TInitial-register
® Mnemonic
® Initial-expression

Initial-register; to specify an initial-register on the
for initial-registers described below:

initial-register ::=
[prefix] [register-prefix] register
[register-separator[register-ending]]

initial-register ::=
[prefix] [register-prefix] register
[register—expression—-separator [register-ending]]

initial-register ::=
[prefix] [register-prefix] register
[register-expression—-separator [expression—-ending]

initial-register ::=
[prefix] [register—-prefix] register
[special-register-separator [register-ending]]

Optional prefix; can be "(" or "["

opdef prototype statement, use one of the four syntax forms

]

Optional register-prefix; case insensitive¥ and one of

the following:

MO LM tECT |t | tEY | HET | URET |
ERT | HIY | UEL® | UEP" | “#p" | "HQ" | “#q" |
R N T N N Bt B OO
MRIU L Ui | Pt | ep" | M4Q" | "ag" | "4R" |
ez | Mazt | U= | ZFM | “_f" | “-H" | “-hv |
Wit | MePe | tept | M-Q" | M-g" | "-R" | "-r® |
gt | AU | UAER | UREN | UAEM | taRe | vRIv |
"HP" | AT | "KQU | gt | UARY | tkrt | vz |
oL M/ER L OC/ER | /HT | /Rt /It | v7iv |
0V2- RN EPI LN IV L BV S 2 S B2 A BV L
€T UHT | U] UIMO | Mt | Rt | vt |
gt MR et | vz | vz

“HH"
“HR"
N+h"
"+rll
w_gw
w_gw
LFIRL
gt
w/pn
HE

"Q"

+ When a register-prefix is specified on an opdef call, it is recognized
by the opdef definition without regard to the case (uppercase or
lowercase) in which it was entered.
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Required register; a simple-register or a
complex-register.

simple-register ::=
“CA" l "CE" l “CI" ' wCL" l “MC" | “RT" ' “SB" l
"SM" ' "VL" I "VM" l "XAN"'

The complex-register has been redefined for the opdef
prototype statement as follows:

register-designator ::=
complex-register-mnemonic.register—parameter

complex-register-mnemonic; case insensitivett
and one of the following:

"A" I HBII l "SB" I "SM" I "SR" l "ST" I "S" '
"T" I HV'I

register—-parameter is a one to eight character
identifier that is composed of
identifier-characters.

optional register-separator; case insensitivett and
one of the following:

S LI S B GO L U DS SN ENE T B L
"+P" I "+Q" ' "'Pq" I "“+R" I “4+r" | YA I ez I
A I A e A B U LSS L BB LR RS S
“opt | Mm@t | Mgt | eR | Mert | M-zt | ezt |
PAEC | CRET | URHY | AR | UAIMO | tkEn | AP |
"ApU | MAQT | QU | TRR™ | Thpt | ez | et |
“/E" | M/E | "/H' | “/RU | /TN | t/it | /P |
“spt | “/Q" | "/q" | /RT | /) /2" | /2"

Optional register-expression-separator; can be one
of the following:

n)n | " ] " I u&lt ' " ! " I n\n I u#( ” ' u#) " I " < "
n)n I ll+N I "w_n l LLE I |l/|l

+ When a simple-register or a complex-register-mnemonic is specified on
an opdef call, it is recognized by the opdef definition without regard
to the case (uppercase, lowercase, or mixed case) in which it was
entered.

¥+ When a register-separator is specified on an opdef call, it is
recognized by the opdef definition without regard to the case
(uppercase or lowercase) in which it was entered.
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Optional
follows: "#"

Optional register-ending; to specify a
register-ending, use one of the three syntax forms
described below:

register-ending ::=

special-register-separator; specified as

registery [ register-separator [ registery [

suffix 171

register—ending ::=

register [ register—expression-separator [

register—-or-expression [ suffix ] ] ]

register-ending ::=

registery [ special-register-separator [
registery [ suffix ] ] ]

Required register,; see register under
initial-register.

Optional register-separator; see
register-separator under initial-registe

Optional register,; see register under
initial-register.

Optional suffix; see suffix under
initial-register.

Required register; see register under
initial-register.

Optional register-expression-separator;
register-expression-separator under

initial-register.

Optional register-or-expression; can be
register or an expression.

Required register if expression is not
designated; see register under initial

Required expression if register is not

r.

see

-register.

specified. Expression has been redefined for
the opdef prototype statement as follows:

expression ::= expression-parameter
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expression—-parameter is an identifier that
must begin with the @. The @ can be followed
by from zero to seven identifier-characters.

special-register-separator; specified as
follows: "#"

Optional expression-ending; specified as follows:

expression-ending ::=
expression [ expression-separator [
register—-or-expression [ suffix ] ] ]

Required expression. Expression has been
redefined for the opdef prototype statement as
follows:

expression ::= expression-parameter

expression-parameter is an identifier that
must begin with the @. The @ can be followed
by from zero to seven identifier-characters.

Optional expression-separator; one of the
following:

II)" I n]n I u&n ' ll!ll I l!\vl l "w_w I ll#(ll I u#)u

Optional register-or-expression; can be a
register or an expression.

Required register if expression is not
designated; see register under initial-register.

Required expression if register is not
specified; see expression.

Optional suffix; see suffix under
initial-register.

Mnemonic; one to eight character identifier that must begin
with a letter (A-Z or a-z), a decimal digit (0-9), or one
of the following characters: $, %, &, ', *, +, -, ., /.,

= ?, \, ', |, or ~. Optional characters 2 through 8 can
be @ or any of the above-mentioned characters.

-
.
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Initial-expression; to specify an initial-expression on the
opdef prototype statement, use one of the following syntax
forms for initial-expressions:

initial-expression ::=
[prefix] [expression-prefix] expression
[expression-separator [register-ending]]
initial-expression ::=
[prefix] [expression-prefix] expression

[expression~-separator [expression-ending]]

initial-expression ::=
expression [ expression-separator [register-ending]]

initial-expression ::=
expression [expression-separator [expression-ending]]

Optional prefix; one of the following: "('" or "["
Optional expression-prefix; one of the following:
u(u I u)n l n#<u l n#)n

Required expression; redefined for the opdef prototype
statement as follows:

expression ::= expression-parameter

expression-parameter is an identifier that must
begin with the @. The @ can be followed by from zero
to seven identifier-characters.

Optional expression-separator; one of the following:
lt)n I ll]n I n&n | n!u I n\n I u(u I u)n I u#(n I u#)n

Optional register-ending. See register-ending under
initial-register.

Optional expression-ending. See expression-ending
under initial-register.

Definition syntax for the operand field; can be zero,

one, or two subfields specifying a valid operand field
syntax. If a subfield exists in the result field, the
first subfield in the operand field must be a symbolic.

The definition syntax for the operand field of an opdef is
the same as the definition syntax for the result field of
an opdef. See defsynres for a description of the
definition syntax for subfields.
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5.12.3.2 Opdef calls

An opdef definition is called by an instruction that matches the syntax
of the result and operand fields as specified in the opdef prototype
statement.

The arguments on the opdef call are passed to the parameters on the opdef
prototype statement. The parameters on the opdef call can be entered in
any form that is consistent with the BNF. The special syntax for
registers and expressions that was required on the opdef definition does
not extend to the opdef call. Anything that is permitted by the BNF is
permitted on the opdef call.

Format:

|Location|Result |Operand
| | |
| loc-arg |callsynres |callsynop

locarg Optional location field argument. Iocarg must be
terminated by a space. locarg can be any character up to
but not including a space.

If a location field parameter is specified on the opdef
definition. A matching location field parameter can be
specified on the opdef call. 1locarg is substituted
wherever the location field parameter occurs in the
definition. If no location field parameter is specified in
the definition, this field must be empty.

callsynres
Result field syntax for the opdef call. callsynres can
consist of one, two, or three subfields and must have the
same syntax as specified in the result field of the opdef
definition prototype statement. The result field must be a
symbolic as described in the BNF in appendix A, Instruction
Syntax.

The syntax of the result field call is the same as the
syntax of the result field definition with two exceptions.
The special syntax rules that are in effect for registers
and expressions on the opdef definition do not apply to the
opdef call. The syntax for registers and expressions used
on the opdef call is the same as the syntax for registers
and expressions stated in the BNF.
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The following

The subfields in the result field on the opdef call can be
specified with one of the following:

¢ Initial-register
® Mnemonic
¢ Initial-expression

For a description of the syntax for the result field of the
opdef call, see the syntax for the result field of the
opdef definition.

Operand field syntax for the opdef call. callsynop can
consist of zero, one, two, or three subfields and must have
the same syntax as specified in the operand field of the
opdef definition prototype statement. The operand field
must be a symbolic as described in the BNF in appendix A,
Instruction Syntax.

The syntax of the operand field call is the same as the
syntax of the operand field definition with two
exceptions. The special syntax rules that are in effect
for registers and expressions on the opdef definition do
not apply to the opdef call. The syntax for registers and
expressions used on the opdef call is the same as the
syntax for registers and expressions stated in the BNF.

The subfields in the operand field on the opdef call can be
specified with one of the following:

e Initial-register
® Mnemonic
¢ TInitial-expression

For a description of the syntax for the operand field of
the opdef call, see the syntax for the result field of the

opdef definition.

rules apply for opdef calls:

¢ The character strings callsynres and callsynop must be exactly
as specified in the opdef definition.

® An expression must appear whenever an expression @exp is indicated
in the prototype statement. The actual argument string is
substituted in the definition sequence wherever the corresponding
formal parameter @exp occurs.

SR-2003
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¢ The actual argument string consisting of a
complex-register-mnemonic followed by a "." followed by a

register-parameter.

A register-designator followed by a

register-parameter must appear wherever the register-designator
A.register-parameter, B.register-parameter,
SB.register-parameter, S.register-parameter,
T.register-parameter, ST.register-parameter,
SM.register-parameter, or V.register-parameter, respectively,
appeared in the prototype statement.

Examples:

If the register-parameter is of the form octal-integer, the
actual argument is the octal-integer part. The octal-integer
is restricted to four octal digits.

If the register-parameter is of the form "." integer-constant
or "." symbol, the actual argument is an integer-constant or

a symbo

1.

1. The following opdef definition illustrates a scalar floating-point
divide sequence.

|Location|Result |Operand | Comment

|1 110 |20 135

| | I |

| £dv | opdef | |; Scalar floating-point
|L |s.rl |s.r2/fs.r3 |7 divide prototype statement
] |errif |rl,eq,r2 |

| |erxrif Irl,eq,r3 |

| | I I

|L |s.rl |/hs.r3 |

| |s.r2 |s.r2*%fs.rl |

| |s.r3 |s.r3*is.rl |

| |s.rl |s.r2%fs.r3 |

| £dv | endm | |

Opdef call and expansion:

|Location|Result |Operand | Comment
|1 110 } 20 |35

| I | I

la | s4 |s3/7£s2 | Divide S3 by S2, result to S4
| lerrif |4,eq,3 |

| |errif |4.eq,2 |

|a Is.4 |/hs.2 ]

| |s.3 |s.3*fs.4 |

| |s.2 |S.2%is.4 |

| |s.4 |S.3*%fs.2 |
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2. The following opdef definition, call, and expansion define a
conditional jump where a jump occurs if the A register values are

equal.

Opdef definition:

|Location|Result |Operand | Comment

1L 110 120 135

| ! I |

| JEQ | OPDEF | I

|L | JEQ |A.A1,A.A2,QTAG |; Opdef prototype statement
|L | A0 |A_Al-A_A2 |

|_* | JAZ | @TAG | ; Expression is expected.

| JEQ | ENDM [ |

| |LIST |MAC |

Opdef call and expansion.

The expansion starts on line 2.

|Location|Result |Operand | Comment

1L 110 120 L35

I I | |

| | JEQ |A3,A6,G0 | ; Opdef call

| A0 A3-A5 |

| * JAZ GO Expression is expected.

3. The opdef in the following example demonstrates how an existing
machine instruction can be redefined by an opdef.

|Location|Result _|Operand | Comment

1 {10 120 135

I | I I

| EXAMPLE | OPDEF [ [

| | S.REG | @EXP | ; Opdef prototype instruction
| |A.REG | @EXP | : New machine instruction

| EXAMPLE | ENDM | |:

| |LIST | MAC |

Opdef call and expansion:

| Location|Result |Operand | Comment

11 110 120 |35

I I | }

| |S1 |2 |; Opdef call

| A.l 2 ; New machine instruction
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4. The following example demonstrates how the expansion of an opdef is
affected when the opdef call does not include a label that was
specified in the opdef definition.

| Location]|Result | Operand | Comment

11 110 120 135

I | | |

|regchg |opdef | |

| 1bl |s.reqgl |s.reg2 | ; Opdef prototype statement

|1bl |= | % | Left-shifted if 1bl is left off
| | s.reg2 |s.regl | ; Register S2 gets register S1
|regchg |endm | |

|1ist |mac | |

Opdef call and expansion:

|Location]Result |Operand | Comment

|1 110 120 135

I | I |

| |sl |s2 | ; Opdef call

| = ; Left-shifted if 1bl is left off
| s.2 s.1 ; Register S2 gets register Sl

NOTE

The location field parameter was omitted on the opdef

call in the previous example. The result and operand

fields of the first line of the expansion were shifted
left three character positions because a null argument
was substituted for the 3-character parameter, 1bl.

If the old format is used, only one space appears
between the location field parameter and result field
in the macro definition.
substituted for the location parameter, the result
field is shifted into the location field in column 2.
Therefore, at least two spaces should always appear
between a parameter in the location field and the first
character in the result field in a definition.

If a null argument is

If the new format is used, the result field is never
shifted into the location field.

SR-2003
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5. The following example illustrates the case insensitivity of the

register and register-prefix.

|Location|Result |Operand | Comment

11 110 120 135

I | I |

| CASE | OPDEF | |

| |S1 | #Pa2 | ; Prototype statement
I [- l - I

! |- I !

I [ - l . I

| CASE | ENDM | |

Opdef calls:

|Location|Result |Operand | Comment

Il 110 [20 135

I | | |

| |s1 | #pa2 | ; Recognized by
| |S1 | #Pa2 | ; Recognized by
| |s1 | #pA2 | ; Recognized by
| |81 | $PA2 | ; Recognized by
| sl | #pa2 | 7 Recognized by
| |sl | $Pa2 | ; Recognized by
| |sl | $pA2 | Recognized by
| |sl | $PA2 | ; Recognized by

5.12.4 DUP - DUPLICATE CODE

The DUP pseudo instruction introduces the definition of a sequence of

CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE

code that is assembled repetitively immediately following the definition.

The dup sequence is assembled the number of times specified on the DUP
The dup sequence to be repeated consists of

statements following the DUP pseudo instruction and any optional LOCAL
Comment statements are ignored.

pseudo instruction.

pseudo instructions.

The dup sequence

ends when the statement count is exhausted or when ENDDUP with a matching

location field name is encountered.

Only one type of formal parameter is accepted within a DUP and must be

specified with the LOCAL pseudo.

The DUP pseudo instruction can be specified anywhere within a program
If the DUP pseudo instruction is found within a definition,
If the DUP

segment.

is defined and is not recognized as a pseudo instruction.

pseudo instruction is found within a skipping sequence, it is skipped

is not recognized as a pseudo instruction.
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Format:

|Location jResult |Operand

| [dupname] | DUP |expression[", " [count]]
| [dupname] | dup | expression["," [count]]
dupname Optional name of the dup sequence; required if the count

field is null or missing. name must match an ENDDUP name
if no count field is present. The sequence field in the
DUP pseudo itself represents the nested dup level and
appears in columns 89 and 90 on the listing. For a
description sequence field nest level numbering, see
subsection 5.12.1, Similarities among defined sequences.

dupname must meet the requirements for names as described
in the BNF. For a description of names, see subsection 4.2.

expression

count

SR-2003

An absolute expression with a positive value specifying the
number of times to repeat the code sequence. All symbols,
if any, must be previously defined. If the current base is
mixed, octal is used for the expression. If the value is
0, the code is skipped. A STOPDUP can be used to override
the given expression.

expression must meet the requirements for expressions as
described in the BNF. For a description of expressions,
see Expressions in subsection 4.7.

Optional absolute expression with positive value specifying
the number of statements to be duplicated. All symbols, if
any, must be previously defined. If the current base is
mixed, octal is used for the expression.

LOCAL pseudo instructions and comment statements (* in
column 1) are ignored for the purpose of this count.
Statements are counted before expansion of nested macro or
opdef calls or dup or echo sequences.

count must meet the requirements for expressions as

described in the BNF. For a description of expressions,
see subsection 4.7.
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Examples:

1.

In the following example, the number of dups is 3 and the number of
statements that are included in the dup definition is 5 :

|Location|Result |Operand jComment

11 110 120 135

I | |

| | DUP 13,5 ;

| | LOCAL | SYM1, SYM2 ; LOCAL pseudo; not counted

|* Asterisk comment;

I Is1

|* Asterisk comment;

| | INCLUDE

File ALPHA:

not counted
|1

not counted
| ALPHA

s First statement in definition

; INCLUDE pseudo; not counted

|Location|Result |Operand | Comment

11 110 120 135

| [ | |

| |S2 |3 | » Second statement in definition
| |S4 |4 | Third statement in definition

| * Asterisk comment; not included |

| |85 |5 | s Fourth statement in definition
| |S6 |6 | Fifth statement in definition

The following two con pseudos are duplicated three times immediately
following the definition.

|Location|Result {Operand |Comment

11 110 120 135

I | I I

i |1ist | dup |

|example |dup |3 | Definition

I |con 1 |

| |con |2 |

|example |enddup | i

Expansion:

| Location]|Result |Operand | Comment

L 110 |20 135

I | ! I

| |con {1 |

| |con |2 |

| jcon 1 |

| |con |2 |

| |con 1 I

| |con |2 |
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5.12.5 ECHO - DUPLICATE CODE WITH VARYING ARGUMENTS

The ECHO pseudo instruction introduces the definition of a sequence of
code that is assembled zero or more times immediately following the
definition. On each repetition, the actual arguments are substituted for
the formal parameters until the longest argument list is exhausted. Null
strings are substituted for the formal parameters once shorter argument
lists are exhausted. The echo sequence to be repeated consists of
statements following the ECHO pseudo instruction and any optional LOCAL
pseudo instructions. Comment statements are ignored. The echo sequence
ends with an ENDDUP that has a matching location field name.

The STOPDUP pseudo instruction can be used to override the repetition
count determined by the number of arguments in the longest argument list.

The ECHO pseudo instruction can be specified anywhere within a program
segment. If the ECHO pseudo instruction is found within a definition, it
is defined and is not recognized as a pseudo instruction. If the ECHO
pseudo instruction is found within a skipping sequence, it is skipped and
is not recognized as a pseudo instruction.

Format:
|Location|Result |Operand
I I |
| dupname |ECHO | [name" ="argument]{"," [name"="argument]}
|dupname |echo | [name" ="argument]{"," [name"="argument]}

dupname  Required name of the echo sequence. dupname must match
the location field name in the ENDDUP instruction that
terminates the echo sequence.

dupname must meet the requirements for names as described
in the BNF. For a description of names, see subsection 4.2.

name Formal parameter name; must be unique. There can be none,
one, or more formal parameters.

name must meet the requirements for names as described in
the BNF. For a description of names, see subsection 4.2.

argument List of actual arguments. The list can be a single
argument or a parenthesized list of arguments.

A single argument is any ASCII character up to but not
including the element separator, a space, or a semicolon
(new format only). The first character cannot be a left
parenthesis.
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A parenthesized list can be a list of one or more actual
arguments. Each actual argument can be one of the
following:

¢ An ASCII character string can contain embedded
arguments. If, however, an ASCII string is intended
the first character in the string cannot be a left
parenthesis. The following is a legal ASCII string:
4(5)

The following is an illegal ASCII string: (5)4(5)
® A null argument; an empty ASCII character string.

® An embedded-argument that contains a list of arguments
enclosed in matching parentheses. An embedded
argument can contain blanks or commas and matched
pairs of parentheses. The outermost parentheses are
always stripped from an embedded argument when an echo
definition is expanded.

An embedded-argument must meet the requirements for
embedded arguments as described in the BNF. For a
description of embedded-arguments, see subsection 4.7,
Expressions.

Examples:

1. In the following example, the ECHO pseudo is expanded twice
immediately followng the definition:

|Location|Result |Operand | Comment

11 110 120 135

| | | I

[ |LIST | DUP |

| EXAMPLE |ECHO | PARAM=(1,3),PARAM=(2,4) ; Definition

| | CON | PARAM1 |; Gets 1 and 3

| | CON | PARAM2 |; Gets 2 and 4

| EXAMPLE | ENDDUP I |

Expansion:

|Location|Result |Operand | Comment

|1 110 120 135

| I I I

| | CON |1 | Gets 1 and 3

| | CON |2 |; Gets 2 and 4

| | CON |13 | Gets 1 and 3

| | CON | 4 |; Gets 2 and 4
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2. In the following example, the echo pseudo is expanded once
immediately following the definition with 2 null arguments.

|Location]|Result |Operand | Comment

11 110 120 135

| I I I

] |list |dup |

|example |echo |paraml=,param2=() ; ECHO with two null
| | | ; parameters

| _* Parameter 2 is: ‘'param2’

(
I
|_* Parameter 1 is: ‘paraml’ |
I
jexample |enddup | |

Expansion:
|Location|Result | Operand | Comment
1L 110 [20 |35

|* Parameter 1 is: ' |
|* Parameter 2 is: '° |

5.12.6 ENDM - END MACRO OR OPDEF DEFINITION

The body of a macro or opdef definition is terminated by an ENDM pseudo
instruction. ENDM has no effect if used within a MACRO or OPDEF
definition with a different name.

The ENDM pseudo instruction can only be specified within a macro or opdef
definition. If the ENDM pseudo instruction is found within a skipping
sequence, it is skipped and is not recognized as a pseudo instruction.

Format:
|Location|Result |Operand
I I I
| func | ENDM | ignored
| func | endm | ignored
func Name of the macro or opdef definition sequence, must be a

valid identifier or the equal sign. func must match the
functional appearing in the result field of the macro
prototype or the location field name in an OPDEF
instruction.
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If the ENDM pseudo instruction is encountered within a
definition but func does not match the name of an opdef
or the functional of a macro, the ENDM instruction is
defined and does not terminate the opdef or macro
definition in which it is found.

func must meet the requirements for functionals as
described in the BNF. For a description of functionals,
see appendix A, Instruction Syntax.

5.12.7 EXITM - PREMATURE EXIT OF A MACRO EXPANSION

The EXITM pseudo immediately terminates the innermost nested macro or
opdef expansion, if any, caused by either a macro or an opdef call. 1If
files were included within this expansion and/or one or more dup or echo
expansions are in progress within the innermost macro or opdef expansion,
they will also be terminated immediately. If such an expansion does not
exist, the EXITM pseudo issues a caution level listing message and does
nothing.

The EXITM pseudo instruction can be specified anywhere within a program
segment., If the EXITM pseudo instruction is found within a definition,
it is defined and is not recognized as a pseudo instruction. If the
EXITM pseudo instruction is found within a skipping sequence, it is
skipped and is not recognized as a pseudo instruction.

Format:
|Location|Result |Operand
| I I
|ignored |EXITM | ignored
|ignored |exitm | ignored
Example:

In the following macro call, the macro expansion is terminated
immediately as a result of the EXITM pseudo. Therefore, the second
comment is not included as part of the expansion.
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| Location|Result |Operand | Comment
|1 110 120 135
I | I |
|macro |
alpha ]
* First comment |
|exitm |
I
|
I

_* Second comment

I
I
I
I
I
alpha | endm |
I

|1ist mac
Call and expansion:
|Location]Result |Operand | Comment
|1 110 120 135
I I I I
| falpha | |; Macro call
|* First comment | |
I |exitm | I

5.12.8 ENDDUP - END DUPLICATED CODE

The ENDDUP pseudo instruction ends the definition of the code sequence to
be repeated. An ENDDUP pseudo instruction terminates a dup or echo
definition with the same name. ENDDUP has no effect if used within a DUP
or ECHO definition with a different location field name. ENDDUP has no
effect on a dup definition that is terminated by a statement count.

The ENDDUP pseudo instruction is restricted to definitions (DUP or
ECHO). If the ENDDUP pseudo instruction is found on a MACRO or OPDEF
definition, it is defined and is not recognized as a pseudo instruction.
If the ENDDUP pseudo instruction is found within a skipping sequence, it
is skipped and is not recognized as a pseudo instruction.

Format:
|Location|Result |Operand
I | |
|dupname |ENDDUP | ignored
| dupname |enddup | ignored

dupname  Required name of a dup sequence. name must meet the
requirements for names as described in the BNF. For a
description of names, see subsection 4.2,
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5.12.,9 NEXTDUP - PREMATURE EXIT OF THE CURRENT ITERATION OF A
DUPLICATION EXPANSION

The NEXTDUP pseudo stops the current iteration of a duplication sequence
indicated by a DUP or an ECHO pseudo instruction. Assembly of the
current repitition of the dup sequence is terminated immediately and the
next repitition, if any, is begun.

Assembly of the current iteration of the innermost duplication expansion
with a matching location field name is terminated immediately; however,
if the location field name is not present, assembly of the current
iteration of the innermost duplication expansion is terminated
immediately.

If other dup, echo, macro, or opdef expansions were included within the
duplication expansion to be terminated, these expansions are also
terminated immediately. In addition, if a file is being included at
expansion time within the duplication expansion to be terminated, the
inclusion of that file is terminated immediately.

The NEXTDUP pseudo instruction can be specified anywhere within a program
segment. If the NEXTDUP pseudo instruction is found within a definition,
it is defined and is not recognized as a pseudo instruction. If the
NEXTDUP pseudo instruction is found within a skipping sequence, it is
skipped and is not recognized as a pseudo.

Format:
|Location [Result |Operand
| I |
| [dupname] | NEXTDUP | ignoread
| [dupname] |nextdup | ignored

dupname Name of a dup sequence. If the name is present but does
not match any existing duplication expansion, a caution
level listing messages is issued and the pseudo does
nothing. If the name is not present and a duplication
expansion does not currently exist, a caution level listing
message is issued and the pseudo does nothing.

5.12.10 STOPDUP - STOP DUPLICATION

The STOPDUP pseudo instruction stops duplication of a code sequence
indicated by a DUP or ECHO pseudo instruction. STOPDUP overrides the
repetition count. Assembly of the current dup sequence is terminated
immediately. STOPDUP terminates the innermost dup or echo sequence with
the same name as found in the location field. If there is no location
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field name, STOPDUP will terminate the innermost dup or echo sequence.
STOPDUP does not affect the definition of the code sequence to be
duplicated.

Assembly of the innermost duplication expansion with a matching location
field name is terminated immediately; however, if the location field name
is not present, assembly of the innermost duplication expansion is
terminated immediately. 1If other dup, echo, macro, or opdef expansions
were included within the duplication expansion to be terminated, these
expansions are also terminated immediately. In addition, if a file is
being included at expansion time within the duplication expansion to be
terminated, the inclusion of that file is terminated immediately.

The STOPDUP pseudo instruction can be specified anywhere within a program
segment. If the STOPDUP pseudo instruction is found within a definition,
it is defined and is not recognized as a pseudo instruction. If the
STOPDUP pseudo instruction is found within a skipping sequence, it is
skipped and is not recognized as a pseudo instruction.

Format:
|Location |Result |Operand
I I I
| [dupname] | STOPDUP | ignored
| [dupname] | stopdup | ignored

dupname Name of a dup sequence. If the name is present but does
not match any existing duplication expansion, a caution
level listing message is issued and the pseudo does
nothing. If the name is not present and a duplication
expansion does not currently exist, a caution level listing
message is issued and the pseudo does nothing.

name must meet the requirements for names as described in
the BNF. For a description of names, see subsection 4.2.
Examples:

1. The following example uses a DUP pseudo instruction to define an
array with values 0, 1, and 2.

|Location|Result | Operand | Comment
|1 110 120 135

I I | I

IS | = [W.* I

| | DUP 13,1 |

| | CON |W.%*-S |

SR-2003 5-148



DUP expansion:

|Location|Result {|Operand | Comment
L 110 |20 L35

| I ! I

| | CON |W.%-S |

| | CON |W.%-§ |

| | CON |W.*-S I

2. The ECHO and DUP pseudo instructions define a nested duplication in
the following example.

|Location|Result | Operand | Comment
(P |10 120 135
I I | I

| ECHO | ECHO |RI=(A,S),RJK=(B,T)
I I | SET |0 |

| DUPI | DUP |8 |
|JK | SET |0 |
|DUPJK  |DUP |64 |

] |RI.I |RJK.JK |

I | | I

| JK | SET |JK+1 |

| DUPJK | ENDDUP | |

| I | SET |I+1 |

| DUPIL | ENDDUP | |

| ECHO | ENDDUP | |

ECHO and DUP expansion. (The following expansion is not generated by
CAL, but is included to illustrate the expansion of the previously
nested duplication expansion.)
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|Location|Result |Operand | Comment
1L 110 120 135

| _| |
I

In the first call of the echo,
the A and B parameters are
used.

DUPJK generates the register
A.0 gets register B.0 through
register A.0 gets register
B.64 instructions.

B.0

A.0

A.0

[« )

.64
DUPI increments the

A register from A.l1 to A.7

for succeeding passes through
DUPJK. DUPJK generates
register A.I gets register

B.0 through register A.I

gets register B.64
instructions; where I is 1 to 7
In the second expansion of the
echo pseudo , the S and T
parameters are used.

[+«

A.l .0

.
.

w P> .
H W

7
0

Ne Mo Ne Ve Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne N Np

W .
.
(=)}
w»

0 DUPJK and DUPI generate the
same series of register
instructions for the S and T
registers that were generated

for the A and B registers.

. 0

.

.
Ne Ne N Ne Ne

Ne

|
I !
I !
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
! I
| I
I |
I I
I I
I I
| I
| |
I I

S.8 T.64

3. The STOPDUP pseudo instruction terminates duplication.

| Location|Result |Operand | Comment
{1 110 120 |35

I I I |

| |LIST | puP |

|T | SET |0 |

|A | DUP |1000 |

|T | SET |T+1 I

| | IFE |T,EQ,3,1 |; Terminate duplication when T=3
|A | STOPDUP [ I

| | CON |'T I

|a | ENDDUP | |
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Expansion:

|Location|Result | Operand | Comment
11 110 120 135

I l | I

| T | SET | T+1 |

I | CON |T I

|T | SET | T+1 |

i | CON |T |

|T | SET | T+1 |

|A | STOPDUP | |

4. The following example uses a STOPDUP pseudo instruction to
immediately terminate a DUP.

|Location]Result |Operand |Comment
|1 [10 120 135

I I | I
|[DNAME | DUP

|
| * First comment |
] | STOPDUP |
I
|

|_* Second comment

| DNAME | ENDUP

Expansion:

|Location|Result | Operand | Comment
11 [10 120 135

|* First comment | |
| | STOPDUP [ |

5. The following example is similar to example four except that in this
example, NEXTDUP replaces STOPDUP. The current iteration is
terminated immediately when the NEXTDUP pseudo is encountered.

|Location|Result | Operand | Comment
11 110 [ 20 135

I | | I

| DNAME | DUP |3 |

|_* First comment | |

| | NEXTDUP | ]

|_* Second comment | |

|DNAME | ENDUP | |
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Expansion:

| Location|Result |Operand | Comment
|1 110 120 135

| | I |

|* First comment ] |

I | NEXTDUP | I

|* First comment | |

| | NEXTDUP | |

|* First comment | |

| | NEXTDUP | |

5.12.11 LOCAL - SPECIFY LOCAL UNIQUE CHARACTER STRING

The LOCAL pseudo instruction specifies unique character string
replacements within a program segment that are defined only within the
macro, opdef, dup, or echo definition. These character string
replacements are only known in the macro, opdef, dup, or echo at
expansion time. The most common usage of the LOCAL pseudo is for
defining symbols, but the LOCAL pseudo is not restricted to the
definition of symbols. Local pseudos within a macro, opdef, dup, or echo
header are not part of the macro definition.

On each macro/opdef call and each repetition of a dup or echo definition
sequence, the assembler creates a unique 8-character string (commonly
used for the definition of symbols by the user) for each local parameter
and substitutes the created string for the local parameter on each
occurrence within the definition. The unique character string created
for local parameters has the form %Z%nnnnnn, where n is a decimal

digit.

Zero or more LOCAL pseudo instructions can appear in the header of a
macro, opdef, dup, or echo definition. The LOCAL pseudo instructions
must immediately follow the macro or opdef prototype statement or DUP or
ECHO pseudo instructions, except for intervening comment statements.

The LOCAL pseudo instruction can only be specified within a definition.

If the LOCAL pseudo instruction is found within a skipping sequence, it
is skipped and is not recognized as a pseudo instruction.

Format:

|Location|Result |Operand

I | |

| ignored |LOCAL | [name]{"," [namel}
|ignored |local | [name}{"," [namel}
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name Formal parameters that must be unique and are to be
rendered local to the definition. name must meet the
requirements for names as described in the BNF. For a

description of names,

Examples:

see subsection 4.2.

1. The following example demonstrates that all formal parameters must be

unique.

|Location|Result |Operand |Comment

|1 110 120 |35

I I I I
| MACRO I
|UNIQUE | PARM2 PARM2 is defined within UNIQUE
| LOCAL | PARM1, PARM2 Error; PARM2 previously

UNIQUE |ENDM

; defined as a parameter in the
; macro prototype statement.

2. The following example demonstrates how a unique character string is
generated for each parameter defined by the local pseudo.

|]Location|Result |Operand | Comment

11 110 120 135

I I | I

| |macro | |

| |string | |2

| |local |paraml,param2 |; Not part of the definition
I | | |; body

|paraml |= (1 iz

| |s1 | paraml | ; Register sl gets the value
| | | | defined by paraml.

I ] I I

|param2 |= [2 |2

| |s2 | param2 |; Register s2 gets the value
| | | |; defined by param2.

|string }(endm | |

| ]list [mac iz
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Call and expansion:

|Location|Result |Operand |Comment

|1 110 120 135

I | | I

| | string | | :

|%%262144| = | 1 | :

| |sl |%%262144 | : Register sl gets the value

| | | |: defined by paraml.

[%%131072| = | 2 | ;

| |s2 |%%131072 | ; Register s2 gets the value
I

I I | ; defined by param2.

The call to the macro string generates unique strings for paraml
(%%262144) and for param2 (%%131072).

5.12.12 OPSYN - SYNONYMOUS OPERATION

The OPSYN pseudo instruction defines an operation that is synonomous with
another macro or pseudo operation. The functional in the location field
is defined as being the same as the functional in the operand field. Any
pseudo instruction or macro can be redefined in this manner.

The functional in the location field can be a currently defined macro or
pseudo in which case the current definition is replaced and a message is
issued informing you that a redefinition has occurred.

An operation defined by OPSYN is global if the OPSYN pseude occurs within
the global part of an assembler segment, and it is local if the OPSYN
pseudo appears within an assembler module of a segment. Global
operations can be referenced in any program segment following the
definition. Every local operation is removed at the end of a program
module, making any previous global definition with the same name
available again.

If the OPSYN pseudo instruction occurs within a definition, it is defined
and is not recognized as a pseudo instruction. IF the OPSYN pseudo
instruction is found within a skipping sequence, it is skipped and is not
recognized as a pseudo instruction.

Format:

{Location|Result |Operand
I I |
| funcl |OPSYN | [func2]

| funci jopsyn | [func2]
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funci Required functional name; a valid functional. The name of
a defined operation such as a pseudo instruction or macro,
or the equal sign. funcl must not be blank.

funcl must meet the requirements for functionals as
described in the BNF. For a description of functionals,
see appendix A, Instruction Syntax.

func2 Optional functional name The name of a defined operation

or the equal sign. If func2 is blank, funcl becomes a
do-nothing pseudo instruction.

Examples:

1. The following macro definition includes the OPSYN pseudo instruction
that redefines the IDENT pseudo instruction.

OPSYN definition:

|Location|Result |Operand |Comment

1 {10 120 {35

| I | I

| IDENTT |OPSYN | IDENT

| |MLEVEL | ERROR Eliminates the warning error

that is issued because the
IDENT pseudo is redefined

Ne Ne e

|

|

| | MACRO |

| | IDENT | NAME

| |LIST |LIS,OFF,NXRF

| NAME |LIST |LIS,ON,XRF ; Processed if LIST=NAME on CAL
| | | ; control statement

| | IDENTT | NAME

|

IDENT | ENDM |

OPSYN call and expansion. The expansion starts on line 2.

‘ILocation|Result | Operand | Comment

11 110 120 135

| I | |

| | IDENT |A |

| |LIST |LIS,OFF,NXRF |

|A LIST LIS,ON,XRF | ; Process if LIST=NAME on CAL
| | | | ; control statement

! |

| IDENTT [A
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2. Macro first illustrates that a functional can be redefined a number

of times.

|Location]Result |Operand | Comment

11 |10 [20 135

I | | I

| |macro I |

| |first | |

| Isl 1 I

| Is2 2 |

| |s3 |sl+s2 |

|first | endm | |

|second |opsyn |first |; second is the same as first
|third |opsyn | second |]; third is the same as second

Opdef calls and expansions:

|Location|Result |Operand | Comment
(I 110 |20 135

| I I I

| |first | | ; Macro call
I Isl 1 I

| Is2 2 |

| |s3 |sl+s2 |

[ | second I |

| Is1 1 |

! Is2 |2 |

| |s3 |sl+s2 |

| jthird | |

I [s1 I1 I

| Is2 |2 |

| |s3 |sl+s2 |

3. In the following example the functional EQU is defined to perform the

same operation as

| Location|Result |Operand | Comment
1 [10 |20 135
| I I |
| EQU | OPSYN |= |; EQU is defined to perform the
| [ | | ; operation that the = pseudo
| | | |; instruction performs.
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A. INSTRUCTION SYNTAX

This appendix lists the CAL instruction syntax that describes machine
instructions and opdefs. The syntax for pseudos and macros are described
in section 5, Pseudo Instructions. The instructions themselves are
described in one of the following appropriate symbolic machine
instruction manuals:

e Symbolic Machine Instructions Reference Manual, CRI publication
SR-0085

® CRAY-2 Computer System Functional Description, publication HR-2000.

Opdefs and the OPDEF pseudo instruction are described in subsection
5.12.3, OPDEF - Operation Definition.

A.1 INSTRUCTION SYNTAX CONVENTIONS

Each machine instruction and opdef can be defined syntactically using the
Backus-Naur Form (BNF). BNF is a hierarchy of definitions. The BNF
conventions used in this manual are described under Conventions in
section 1, Introduction.

A.2 CAL INSTRUCTION SYNTAX

This section contains the rules for the syntax of a symbolic machine
instruction or opdef, and a description of how the syntax is used. This
section also contains an alphabetical listing of all the symbols used in
the Backus-Naur Form for a CAL instruction.

A.2.1 SYNTAX DESCRIPTION

BNF requires a starting point. For the CAL syntax, the result field is
the starting point. The statement

result field ::= functional | symbolic .
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identifies the result field as a nonterminal symbol that can be expanded
to include either functional or symbolic. Both functional and symbolic
are nonterminal symbols.

The second statement
functional ::= identifier | "=" .

identifies functional as a nonterminal symbol that can be expanded to
include either the nonterminal symbol identifier or the terminal symbol

"_mn
="

The translation continues in this manner until every nonterminal symbol
is expanded to include only terminal symbols.

Generally, CAL evaluates the operand field of an instruction in the same
way that it evaluates the result field. If the result field of an
instruction is a functional (pseudos and macros), the operand field
syntax is dependent on the function. If the result field of an
instruction is a symbolic (machine instruction or opdef), the operand
field of the instruction must also be a symbolic.

A.2.2 INSTRUCTION SYNTAX (HIERARCHICAL VERSION)

The CAL instruction syntax begins with the result field and works through
all of the possible instructions.

NOTE

CAL uses the BNF rules while parsing statements.
Parsing is done statement by statement. Ambiguities
are resolved by scanning BNF productions in a left to
right order and accepting the first valid production
that matches currently defined pseudo, macro, machine,
or opdef instructions.

The following symbolic instruction syntax is presented in hierarchical
order.

result-field ::= functional | symbolic .

functional ::= identifier | "=" .
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symbolic ::=
[ subfield ] [ subfield-separator [ subfield ]
[ subfield-separator [ subfield ] ] ] .

subfield-separator ::= "," .

subfield ::=
initial-register | mnemonic | initial-expression .

initial-register ::=

( prefix ] [ register-prefix ] register
register-separator [ register-ending ] ] |
prefix ] [ register-prefix ] register
register-expression-separator
register-ending ] ] |
prefix ] [ register-prefix ] register
register-expression-separator
expression-ending ] ] |
prefix } [ register-prefix ] register
special-register-separator [ register-ending ] ] .

L B B B e B e S e W e W W ¥

initial-expression ::=
[ prefix ] [ expression-prefix ] expression
[ expression-separator [ register-ending ] ] |
[ prefix ] [ expression-prefix ] expression
[ expression-separator [ expression-ending ] ] |
expression [ expression-separator
[ register-ending ] ] |
expression [ expression-separator
[ expression-ending ] ] .

register-ending ::=
register [ register-separator [ register [ suffix ] ] ] |
register [ register-expression-separator
[ register-or-expression [ suffix ] ] ] |
register [ special-register-separator
[ register [ suffix ] ] ] .

expression-ending ::=
expression [ expression-separator
[ register-or-expression [ suffix ] ] ] .

1]

I

prefix ::
suffix :s:= ")" | "]" .

register-prefix ::=
expression-prefix |
complement-character [ prefixed-register-character ] |
arithmetic-character [ prefixed-register-character ] |
prefixed-register-character .
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expression-prefix ::=
prefixed-expression-character |
complement-character prefixed-expression-character .

register-separator ::=
arithmetic-character prefixed-register-character .

special-register-separator ::= complement-character .

register-expression-separator ::=
expression-separator | arithmetic-character .

expression-separator ::=
suffix | logical-character | "=" |

[ complement-character ] prefixed-expression-character .

prefixed-register-character ::=

"F" I nfn I an I nhn | nI" I niu I nPn I uPu |
"QII I nqu I "Rn ' nru I nzu I uzn .
prefixed-expression-character ::= "<¢" | ">" .

complement-character ::= "#" .
arithmetic-character ::= "+'" | "=" | "™ | "/
logical-character ::= "&" | "!" | "\" .
register-or-expression ::= register | expression .
register ::= complex-register | simple-register .

complex register ::=
complex-register-mnemonic register-designator .

simple-register ::= simple-register-mnemonic .

complex-register-mnemonic s2=T
IlAll I ClB.' I l'SB.l ' l'SM" I 'ISR" | "Sl' | 'lT'l I lOSTl' | l'V" .

simple-register-mnemonic 2=t
"CA" | "CE" | "CI " l IICLN | "MC" I "RTH I "SB" I IISMH I "VL" I "VM"
"XA_" .

register-designator ::=
octal-digit [ octal-digit [ octal-digit [ octal-digit ] ] ] |
"." integer-constant |
".'" symbol .

+ All characters within these terminal symbols can be either uppercase
lowercase.
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symbol ::= unqualified-symbol | qualified-symbol .

unqualified-symbol ::= identifier .

qualified-symbol ::= "/" [

identifier

identifier ] "/"

initial-identifier-character

[ identifier-character
[ identifier-character
[ identifier-character
[ identifier-character

initial-identifier-character

identifier-character

[ identifier-character
{ identifier-character
[ identifier-character
]

111111

n$|v l

initial-identifier-character | decimal-digit

letter ::=
"A" | "B”" | "C" | "D"
"J* | "K” | "L" | "M"
*s* | T | "u” | Vv
"a" | "b" | "c" | "a"
"L RN ]t | me
"stol e | "u" | v
octal-digit ::=
"o | 1t | "2" | "3"

decimal-digit ::= octal-digit |

hex-digit ::=
decimal-digit |
"A" ' nan I nBvl I nb"
B o I nan I wEn I wEn

expression ::=
embedded-argument |
[ add-operator ] term

s = l'("

embedded-argument

argument :

I nEn l I'F" l ||Gu I nHu
I "N" I uon I uPn | uQn
I uwl- | uxn | uYu I " zu
I l'ell | l'f" I llg" I Q'hll
l “n' | non ' nPn I nqn
' lown I ux " I HYII l " 2 ”
I n4n I usn ' "6" l wgn
l‘8ll l !'9“
l ncn l ucn l IID" I nd"

{ add-operator term } .

{ argument } ")" .

argument-character | embedded-argument .
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argument-character :

R R R A R A S A R B
S B B B B I L B E o B L B E
"g | MBT | UEM | MTU | teT | MM | txt | Mpt | vt |
Mt | Wyn | M2 | m@e | AW | “B" | "C" | D" | “E" |
MEY | OMGM | MH® | “IM | UIM | K" | LT | UMt | OUN" |
"O" | MPM | QU | MR® | US| MT | UM | UV | Wt |
I S A A G I I S A B B
"at | vt | e | vd | e | “E" | "g" | “h" | “iv |
"§UOp ek 10| tme | oemt | tot | pt | tgr | vrt |
I B B B e B e L B Gl
R B R BEEUR
term ::=

prefizxed-element { multiply-operator prefixed-element } .

add-operator ::= "+" | "-" .

multiply-operator ::= "% | /"

prefixed-element ::= [ "#" ] [ element-prefix ] element .
element-prefix ::= "P." | "p." | "W." | "w."

element ::= special-element | constant | symbol | literal

special-element ::=
"*A" I N*an I "*B" | u*bn I "*O" | "*O" I n*Pn I u*Pu
g

constant ::=
floating-constant | integer-constant |
character-constant .

floating-constant ::=
[ decimal-prefix ] floating-decimal
( binary-scale decimal-integer ] ] .

floating-decimal ::=
decimal-integer decimal-fraction
[ decimal-exponent decimal-integer ] |
decimal-integer "."
[ decimal-exponent decimal-integer ] |
decimal-integer decimal-exponent decimal-integer |
decimal-fraction [ decimal-exponent decimal-integer ]

decimal-exponent ::=
uEn [ add_operator ] l "e" [ add—operator ] I
wp" [ add_operator ] I rar [ add—operator ]

decimal-fraction ::= "." decimal-integer .
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integer-constant ::=
base-integer [ binary-scale base-integer ] |
octal-prefix octal-integer
[ binary-scale octal-integer ] |
decimal-prefix decimal-integer
[ binary-scale decimal-integer ] |
hex-prefix hex-integer [ binary-scale hex-integer ] .
base-integer ::= decimal-integer .
octal-prefix ::= "O'" | "o'"
decimal-prefix ::= "D'" | "d'" .
hex-prefix ::= "X'" | "x'"
octal-integer ::= octal-digit { octal-digit } .
decimal-integer ::= decimal-digit { decimal-digit } .

hex-integer ::= hex-digit { hex-digit } .

binary-scale ::=
“s" [ add-operator 1 | "s" [ add-operator ] .

character-constant ::=
[ character-prefix ] character-string
[ character-suffix ] .

character-prefix ::= "A" | "a" | "C" | "c" | “E" | "e" .

character-string ::= "'" { string-character } "'" .

string-character ::=
| e e | g | g |y g (|
N R I B B A B N B S
R L Y S B E N B B A R R T IR
R O R b2 AL B LU I S R : AU B ol
"D | "E" | “E" | "G" | “H" | "I" | "J" | "K" | "L" |
"M | UN" | "O" | "BY | "QU | "R | “S" | YT | "U" |
AN I LI IS S IS SO B L B SR BRI D L B
"t TR man | tht | vt | vt | e | EM | "g” |
S I U E I S T B e R B
A B R B R B A IS B
LR I GO BTN B T S

character-suffix ::=
llHu I uhn I llLu | ullv I an | nrlo ' qu I "zn .
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literal ::= "=" data-item .
data-item ::=
floating-data | integer-data | character-data .

floating-data ::= [ sign ] floating-constant .
integer-data ::= [ sign ] integer-constant .
Sign T n+n I "_n I n#u

character-data ::=
[ character-prefix ] character-string
[ character-count ] [ character-suffix ] .

character-count ::= base-integer | prefixed-integer | "*"

prefixed-integer ::=
octal-prefix octal-integer |
decimal-prefix decimal-integer |
hex-prefix hex-integer .

mnemonic ::=
initial-mnemonic-character
[ mnemonic-character [ mnemonic-character
[ mnemonic-character [ mnemonic-character
[ mnemonic-character [ mnemonic-character
[ mnemonic-character 1 1.1 1111.

initial-mnemonic-character ::=
letter | deCimal-digit | l'$ll | ll%ll | 'l&l. I " I l'*'l I 'I+ll | ll_ll |
" ” l n/n | " : " I u=u I "o n ' n\" l (LW ' " I [1} | ININ])
mnemonic-character ::= initial-mnemonic-character | "@"

A.2.3 INSTRUCTION SYNTAX (SORTED VERSION)

The CAL instruction syntax begins with the result field and works through
all the possible instructions. The following syntax is presented in
alphabetical order.

add-operator ::= "+" | "-" .

argument ::= argument-character | embedded-argument .
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argument-character ::=

Mo | e g e | g | e ||
R B B Al B B S R A B
"4 | US| MEM | M7 | 8T | M9M | Mat | Mpv | e |
"sto| vt | M7 | v@" | A" | "B" | "C" | "D" | "E" |
"EY | UGM | YH™ | “I" | "J" | "K" | "L | "M" | "N" |
"0 | VBT MQU | CR" | ST | YT | UUT | WY UWY |
e SIS S B B S LS L B B B
"a" | "b" | "c | "a" | ve" | "€ | "g" | "h" | "i" |
"L K" U1M | Umt | "n | "o" | "p” | "g" | "r" |
R R B B B B B A B L B O
RN R B

arithmetic-character ::= "+ | =" | ‘% | /¢
base-integer ::= decimal-integer

binary-scale ::=
"S" [ add-operator ] | "s" [ add-operator ] .

character-constant ::=

[ character-prefix ] character-string

[ character-suffix ] .
character-count ::= base-integer | prefixed-integer | "*"
character-data ::

[ character-prefix ] character-string

[ character-count ] [ character-suffix ] .
Character—Prefix 2= "Au I "au I uc" I ucu I nEu I ueu .

character-string ::= "'" { string-character } "'"

character-suffix :
"Hn I nhu | "L (]

l nln I uRn I uru I uzu l nzu .

complement-character ::= "§" .

complex register ::=
complex-register-mnemonic register-designator .

complex-register-mnemonic 2=
"A" I uBu I "SB" I "SM" | llSRn I usn I NTn I "ST" l uvu .

constant ::=
floating-constant | integer-constant |
character-constant .

+ All characters within these terminal symbols can be either uppercase or
lowercase.
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data-item ::=
floating-data | integer-data | character-data .

decimal-digit ::= octal-digit | "8" | "9"

decimal-exponent ::=

"E" [ add-operator ] | "e" [ add-operator ] |
"D" [ add-operator ] | "d" [ add-operator ] .
decimal-fraction ::= "." decimal-integer .

decimal-integer ::= decimal-digit { decimal-digit } .
decimal-prefix ::= "D'" | "a'"

element ::= special-element | constant | symbol | literal .

element-prefix ::= "P." | "p." | "W." | "w." .
embedded-argument ::= (" { argument } ")" .

expression ::=
embedded-argument |
[ add-operator ] term { add-operator term } .

expression-ending ::=
expression [ expression-separator
[ register-or-expression [ suffix ] ] ] .

expression-prefix ::=
prefixed-expression-character |
complement-character prefixed-expression-character .

expression-separator ::=
suffix | logical-character | "=" | .
[ complement-character ] prefixed-expression-character .

floating-constant ::=
[ decimal-prefix ] floating-decimal
[ binary-scale decimal-integer ] ] .

floating-data ::= [ sign ] floating-constant .

floating-decimal ::=
decimal-integer decimal-fraction
[ decimal-exponent decimal-integer ] |
decimal-integer "."
[ decimal-exponent decimal-integer ] |
decimal-integer decimal-exponent decimal-integer |
decimal-fraction [ decimal-exponent decimal-integer ] .
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functional ::= identifier | "=" .

hex-digit ::=
decimal-digit |

"A" I ua" | !lB" I nbn ' IIC" I ncn | an | ndn l

nEn ' nen l uFu I ufn .
hex-integer ::= hex-digit { hex-digit } .

hex-prefix ::= "X'" | "x .

identifier ::=
initial-identifier-character

[ identifier-character [ identifier-character
[ identifier-character [ identifier-character
[ identifier-character [ identifier-character
[

identifier-character 1 1 1 1111.

identifier-character ::=
initial-identifier-character | decimal-digit

initial-expression ::=
[ prefix ] [ expression-prefix ] expression
[ expression-separator [ register-ending ] ]
[ prefix ] [ expression-prefix ] expression
[ expression-separator [ expression-ending ]
expression [ expression-separator
[ register-ending ] ] |
expression [ expression-separator
[ expression-ending ] ] .

initial-identifier-character ::= letter | "$" |
initial-mnemonic-character ::=
letter | decimal-digit | "$" | "%" | "&" | "
tl.l' | ll/l. I l':ll I ll=l0 I ll?" ' "

initial-register ::=

[ prefix ] [ register-prefix ] register
register-separator [ register-ending ] ] |
prefix ] [ register-prefix ] register
register-expression-separator
register-ending ] ] |
prefix ] [ register-prefix ] register
register-expression-separator
expression-ending ] ] |
prefix ] [ register-prefix ] register

e N e B B e B W e B e |
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integer-constant ::=
base-integer [ binary-scale base-integer ] |
octal-prefix octal-integer
[ binary-scale octal-integer ] |
decimal-prefix decimal-integer
[ binary-scale decimal-integer ] |
hex-prefix hex-integer [ binary-scale hex-integer ] .

integer-data ::= [ sign ] integer-constant .

letter ::=
liA" I’ IIBII I I'CO' l "D" | llEl’ I V'F!' l "G" I "H'! I IOI" '
an l "K" I HLH I "M" I uNn I uou ' nPII l llQll I uva I
HS" ' nTu I uuu I HV" I nwn l HXN I IIYH I "Z" '
Uall I 'lb" I llcll I l'dll l llell I ” f'l I llgll ' ’lhl' I l'ill I
"j!l I llkll I ”ll' I "ml' I linl' l l!o'. l "P" l llql' I "r'l I
"S" I GOt'l I "u'l I "V" I llwll ' l'xl' I '.Yl' l l‘le .
literal ::= "=" data-item .
logical-character ::= "&" | "!" | "\" .,
mnemonic ::=
initial-mnemonic-character
[ mmemonic-character [ mnemonic-character
[ mnemonic-character [ mnemonic-character
[ mnemonic-character [ mnemonic-character
[ mmemonic-character ] 1 111 11.
mnemonic-character ::= initial-mnemonic-character | "@" .
multiply-operator ::= "% | /"
octal-digit ::=
"0'l l "1" | "2.! I "3'. I ll4ll I "5" l "6H | "7" .

octal-integer ::= octal-digit { octal-digit } .

octal-prefix ::= "0'" | "o'"

prefixed-element ::= [ "#" ] [ element-prefix ] element .
prefixed-expression-character ::= "<¢" | '">" .
prefixed-integer ::=

octal-prefix octal-integer |

decimal-prefix decimal-integer |
hex-prefix hex-integer .
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prefixed-register-character ::=
"F'l | l.f“ I "H.. I llh" I "I" ' |li" I OlPl' ' "P" I
"Q" ' "qll I 'IROC | COrl' ' l!z" | llzti .

qualified-symbol ::= "/" [ identifier ] "/'" identifier .
register ::= complex-register | simple-register .

register-designator ::=
octal-digit [ octal-digit [ octal-digit [ octal-digit ] ] ] |
"." integer-constant |
"." symbol .

register-ending ::=
register [ register-separator [ register [ suffix ] ] ] |
register [ register-expression-separator
[ register-or-expression [ suffix ] ] ] |
register [ special-register-separator
[ register [ suffix ] ] ] .

register-expression-separator ::=
expression-separator | arithmetic-character .

register-or-expression ::= register | expression .
register-prefix ::=
expression-prefix |
complement-character [ prefixed-register-character ] |
arithmetic-character [ prefixed-register-character ] |

prefixed-register-character .

register-separator ::=
arithmetic-character prefixed-register-character .

result-field ::= functional | symbolic .

sign = "4+t | Y-t U4

simple-register ::= simple-register-mnemonic .
simple-register-mnemonic =T

"CA" I "CE" I "CI " I IICLU l "MC" I "RT" I MSB" I "SM" I uVLn I "VM" |
CXAY

+ All characters within these terminal symbols can be either uppercase or
lowercase.
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special-element :
"*Al' | ll*all I II*BII I ll*bll I "*O" ' l'*oll I " *P'l I ..*P" l ”" *wi' I ” *w|' I
"*ll

* =
* =

special-register-separator ::= complement-character .

string-character ::=

L A I e A I S B B L B G
D B B B R BT IR B R L
"2 | M3 | vam | MSM | ven | M7t | veT | vev | it |
A A I A I I S - A
"D* | “E | "F" | "G | “H" | "I" | "J" | "K" | "L" |
"M" | N" | "O" | "B | Q" | "R | "S" | "T" | "U" |
AT R B S e S Tt A Tl O I B L B
"rp Tt vat | v | vet | tat | et | MEM | g" |
S e T S e e S I e Ml B L B -
G A R e A AR S B L B
R B G B R S S

subfield ::=
initial-register | mnemonic | initial-expression .

subfield-separator ::= ","
suffix ::= ")" | "]" .
symbol ::= unqualified-symbol | qualified-symbol .
symbolic ::=
[ subfield ] [ subfield-separator [ subfield ]
[ subfield-separator [ subfield ] ] ] .

term ::=
prefixed-element { multiply-operator prefixed-element } .

unqualified-symbol ::= identifier .
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B. PSEUDO INSTRUCTION INDEX

Name

ALIGN
BASE
BITP
BITW
BLockt
BSS
BSSZ
CMICRO

coMMeENT T

commont
CON
DATA
DECMIC
DMSG
DUP
ECHO
EDIT
EJECT
ELSE
END
ENDDUP
ENDIF
ENDM
ENDTEXT
ENTRY
ERRIF
ERROR
EXITM
EXT
FORMAT
IDENT
IFA

IFC

IFE

IFM
INCLUDE
LIST

+ Available on CRAY X-MP and CRAY 1 Computer Systems only

SR-2003

Definition

Equate symbol

Align on an instruction buffer boundary
Declare base for numeric data

Set *P counter

Set *W counter

Local section assignment

Block save

Generate zeroed block

Constant micro definition

Define Program Descriptor Table comment
Common section assignment

Generate constant

Generate data words

Decimal micros

Issue diagnostic message

Duplicate code

Duplicate code with varying arguments
Change statement editing status
Begin new page

Toggle assembly condition

End program module

End duplicated code

End conditional code sequence

End macro or opdef definition
Terminate global text source
Specify entry symbols

Conditional error generation
Unconditional error generation
Premature exit of a macro expansion
Specify external symbols

Change statement format

Identify program module

Test expression attribute for assembly condition
Test character strings for assembly condition

Test expressions for assembly condition
Test machine characteristics

Include files

List control

5-54
5-37
5-11
5-35
5-33
5-26
5-31
5-58
5-84
5-5
5-217
5-57
5-59
5-91
5-43
5-139
5-142
5-15
5-49
5-81
5-4
5-146
5-80
5-144
5-52



Name Definition Page

LOC Set * counter 5-32
LOCAL Specify local symbols 5-152
MACRO Macro definition 5-104
MICRO Micro definition 5-86
MICSIZE Set redefinable symbol to micro size 5-56
MLEVEL Message priority 5-42
NEXTDUP Premature exit of the current iteration of a

duplication expansion 5-147
OCTMIC Octal micros 5-89
OPDEF Operation definition 5-123
OPSYN Synonymous operation , 5-154
ORG Set *O counter 5-30
QUAL Qualify symbols 5-13
SECTION Section assignment 5-18
SET Set symbol 5-55
SKIP Unconditionally skip statements 5-79
SPACE List blank lines 5-48
STACK Increment the size of the stack 5-29
START Specify program entry 5-10
STOPDUP Stop duplication 5-147
SUBTITLE Specify listing subtitle 5-50
TEXT Declare beginning of global text source 5-51
TITLE Specify listing title 5-50
VWD Variable word definition 5-63
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C. LISTING MESSAGES

Listing messages are generated by the assembler when a syntax or semantic
error is encountered. Table C-1 lists and briefly describes the listing
messages that are generated by CAL.

Table C-1. Listing Messages

| I |

| Message | Priority | Description

| ] ]

[ I |

| 6 | Error | Micro was previously defined with a

| | | redefinable attribute

I I !

| 7 | Error | Micro was previously defined with a

| | | nonredefinable attribute

I I [

| 8 | Error | Micro was previously defined

I I I

| 10 | Error | Assembler module is not terminated properly
I I |

| 11 | Error | Maximum allowable address was exceeded in the
| | | literal section

I | |

| 12 | Error | Definition is not terminated properly

I I I

| 13 | Error | Skipping is not terminated properly

I | |

| 14 | Warning | Symbol is not defined

I | |

| 15 | Warning | Symbol matches the syntax of a register
I I I

| 16 | Error | Symbol was previously defined with a

| | | redefinable attribute

I I I

| 17 | Error | Symbol was previously defined with a

| | | nonredefinable attribute

I I I

| 18 ] Error | Symbol was previously defined

I I I

| 19 | Warning | Symbol is immobile or relocatable relative
| | | to an empty section

I 1 |
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Table C-1. Listing Messages (continued)

been defined previously

I I
Message | Priority | Description

| |
I I

20 | Caution | Input line truncation has occurred
I I

21 | Caution | Micro character was not terminated
I I

22 | Error | Micro character was not terminated after
| | embedded micros were edited
I I

23 | Warning | Micro name is undefined and ignored
! I

24 | Error | Micro name is undefined after embedded micros
| | were edited
I |

25 | Warning | Last line of input file; no appending is
| | done.
I |

26 | Warning | Location field was not defined in the formal
| | definition
| |

27 | Warning | Field is ignored; a comment was expected.
I I

28 | Error | Pseudo instruction is invalidly placed
I |

29 | Error | Machine instruction is invalidly placed
I I

35 | Warning | Location field is ignored
I I

36 | Error | Syntax error; null instruction is not
| | recognized.
I |

37 | Error | Syntax error; instruction is not recognized.
I I

38 | Error | Field contains too many subfield
| | representations
| I

39 | Error | Character is not recognized as a subfield
| | separator
I |

40 | Error | Empty result field in prototype statement
| | is not allowed
I I

41 | Warning | Functional in this prototype statement has
I I
l l
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Table C-1. Listing Messages (continued)

in an expression

| I I

| Message | Priority | Description

| | |

I I I

| 42 | Warning | Syntax of this prototype statement has been
| | | defined previously

I I I

| 43 | Error | Parameter has been used previously within
| | | this definition

I I I

| 44 | Error | Expression-argument-value syntax is invalid
| I |

| 45 | Error | Unrecognized characters are skipped after
| | | expression-argument-value

I | I

| 46 | Error | Unrecognized characters are skipped after the
| | | string-argument-value

l I I

| 47 | Error | Keyword parameter name is unknown

I I I

| 48 | Warning | Keyword parameter has been used previously
| | | within this call

| | !

i 49 | Warning | Local parameter has been used previously

| | | within this definition

I I I

| 50 | Error | Name was expected but not found

I I I

| 51 | Error | Name was expected but the end of the

| | | statement was encountered

I | |

| 52 | Error | Name is terminated illegally

| | |

| 53 | Error | Name is terminated illegally by the end of
| | | the statement

I | I

| 56 ] Error | Expression was terminated illegally

| I I

| 57 | Error | Functional was expected but not found

I I I

| 58 | Error | Functional was terminated illegally

| I l

| 59 | Error | Functional was terminated illegally by the
| | | end of the statement

I I |

| 60 | Error | Embedded-argument is semantically prohibited
| I I

I I I
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Table C-1. Listing Messages (continued)

I |
Message | Priority | Description

| |
| |

61 | Error | Only one external is allowed in an
| | expression
| |

62 | Error | External term must never be preceded by a
| | minus operator
| I

63 | Warning | Term has parcel attribute but expression has
| | word attribute
| [

64 | Warning | Term has parcel attribute but expression has
| | mixture
| |

65 | Warning | Term has word attribute but expression has
| | parcel attribute
| |

66 | Warning | Term has word attribute but expression has
| | mixture
I I

67 | Error | Expression is relative to more than one
| | location
I |

68 | Error | Expression cannot be immobile or relocatable
| | and contain an element
I I

69 | Error | External element must be the only element
| | within a term
I I

70 [ Warning | Relocatable attribute changed to absolute;
| | zero width destination
| |

71 | Warning | External attribute changed to absolute;
| | zero width destination.
| |

72 | Caution | Destination of expression is shorter than
| | relocatable parcel width
! |

73 ] Caution | Destination of expression is shorter than
| | relocatable word width
| I

74 | Warning | Positive expression result is truncated
I |

75 ] Warning | Negative expression result is truncated
| |
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Table C-1. Listing Messages (continued)

found

| I I

| Message | Priority | Description

| | ]

| I I

| 76 ] Error | More than one immobile or relocatable was

| | | found in the term

| | |

| 77 | Error | Partial term preceding the division operator
| | | must be absolute

| I |

| 78 | Error | Element following a division operator must

| | | be absolute

| | I

| 79 | Error | Division by zero is not allowed

| | |

| 80 | Warning | Partial term with parcel address is

| | | multiplied by parcel element

| | !

| 81 | Warning | Partial term with word address is multiplied
| | | by parcel element

| | I

| 82 | Warning | Partial term with parcel address is

| | | multiplied by word element

| | |

| 83 | Warning | Partial term with word address is multiplied
| | | by word element

| ] |

| 84 | Warning | Partial term with value address is divided by
| | | parcel element

| | |

| 85 ] Warning | Partial term with word address is divided by
| | | parcel element

I | |

| 86 | Warning | Partial term with value address is divided by
| | | word element

[ | [

| 87 | Warning | Partial term with parcel address is divided
| | | by word element

[ [ |

| 88 | Error | Prefixed-element was expected, but the end

| | | of the statement was encountered

| | I

| 89 | Error | Expression element was expected after #

| I |

| 90 | Error | Expression element was expected but not

I | |

| 1 |
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Table C-1. Listing Messages (continued)

value

| |
Message | Priority | Description
| |
| |
91 | Error | Expression element expected; but end of
| | statement was encountered
| |
92 | Error | Special-element is allowed only within an
| | assembler module
| |
93 | Warning | Origin counter is not on a parcel boundary
| |
94 | Warning | Location counter is not on a parcel
| | boundary
I I
95 | Error | Floating-constant cannot be complemented
| I
96 ] Warning | Immobile attribute change to absolute; zero
| | width destination
| |
97 | Error | Numeric base is not decimal, insert a
| | decimal-prefix
| |
98 | Error | Floating-constant is too large to evaluate
| I
99 | Warning | Double precision floating-constant is
| | converted to single precision
| |
100 | Warning | Overflow was detected while evaluating
| | floating-constant
| I
101 | Warning | Exponent underflow was detected while
| | evaluating floating-constant
I I
102 | Warning | Exponent overflow was detected while
| | evaluating floating-constant
| |
103 | Error | Binary-scale is too large to evaluate
| |
104 ] Warning | Overflow was detected while evaluating
| | binary-scale
| [
105 | Caution | Binary-scale value is out of range
| |
106 | Warning | Exponent underflow is due to binary-scale
! |
] |
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Table C-1. Listing Messages (continued)

length of zero

I ! I

| Message | Priority | Description

| | |

| | I

| 107 | Warning | Exponent overflow is due to binary-scale
| [ | value

| I I

| 108 | Error | Integer-constant is too large to evaluate
| I I

| 109 | Error | Integer-constant contains nonoctal digits:;
] | | the base is octal

| | !

| 110 | Warning | Overflow was detected while evaluating

| | | floating-integer

I I |

| 111 | Error | Binary-scale contains nonoctal digits; the
| | | base is octal

I I I

] 112 | Warning | ASCII character string is truncated

I I !

| 113 | Warning | CDC character string is truncated

I I I

| 114 | Warning | EBCDIC character string is truncated

I | I

| 115 | Caution | Special-element is not on a word boundary
I I I

| 116 | Error | Special-element is not absolute and cannot
| | | be complemented

| I !

| 117 | Caution | Constant is not on a word boundary

| I I

| 118 | Error | Constant is not absolute and cannot be

| | | complemented

| | |

| 119 | Caution | Symbol is not on a word boundary

I I I

| 120 | Error | Symbol is not absolute and cannot be

| | | complemented

I I |

| 121 | Caution | Literal is not on a word boundary

! I I

| 122 | Error | Literal is not absolute and cannot be

| | | complemented

I I |

| 123 | Error | Data-item of a literal must never have a
| I I

I | ]
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Table C-1. Listing Messages (continued)

been performed

| I I

| Message | Priority | Description

| ] ]

I I [

| 124 ] Error | Symbol is undefined

I I |

| 125 | Error | Unqualified symbol is undefined

I I (

| 126 | Error | Qualified symbol is undefined

| | |

| 127 | Error | Count symbol must have absolute value

| | | attributes

| | I

| 128 | Error | Unqualified count symbol must have absolute
| | | value attributes

I | I

| 129 | Error | Qualified count symbol must have absolute
| | | value attributes

| ! |

| 130 | Error | Expression cannot have a parcel attribute
I I |

| 131 | Error | Expression cannot have a word attribute

| | |

| 132 | Error | Expression cannot have an absolute

| | | attribute

| I |

| 133 | Error | Expression cannot have an immobile attribute
I I I

| 134 | Error | Expression cannot have a relocatable

| ] | attribute

I | I

| 135 | Error | Expression cannot have an external

| | | attribute

I I I

| 136 | Error | Expression cannot have a negative value

I | |

| 137 | Error | Count was expected but not found

I | f

| 138 | Error | Count was expected, but the end of the

| | | statement was encountered

| I I

| 139 | Error | Count value is out of range; too low

[ I I

| 140 | Error | Count value is out of range; too high

[ | |

| 142 | Warning | Integer evaluation of floating-constant has
I I I

I | |
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Table C-1. Listing Messages (continued)

to a value

| I I

| Message | Priority | Description

| 1 |

| | |

| 143 | Warning | Floating-constant has been complemented

| I I

| 146 | Caution | Expression is relocatable relative to a

| | | task common and is nonzero

| | I

| 159 | Error | File cannot be opened

I | I

| 160 | Error | File can be used only once at a given time

I I I

] 161 | Error | Maximum number of allowable sections is

| | | exceeded

| I |

| 162 | Error | Blank common name is already in use with

| | | different attributes

I | I

| 163 | Error | Common name is already in use with different
| | | attributes

I | I

| 164 | Error | Section attribute is not recognized

I I |

| 165 | Error | Type attribute can be specified only once

I I |

| 166 | Error | Location attribute can be specified only once
| | |

| 167 | Error | Task common section must be named

I I I

| 168 | Error | Maximum section memory size has been exceeded
| I !

| 170 | Warning | Text mode is terminated due to the start of
| | | an assembler module

| | I

| 171 ] Warning | Specified text name has replaced the current
| | | text name

I I |

| 172 | Caution | Text mode is not currently enabled

I I I

| 173 | Error | Unrecognizable attribute; V", "P", or "W"

| | | was expected

I I I

| 174 | Warning | Immobile expression cannot be converted to a
| | | value

I | I

| 175 | Warning | Relocatable expression cannot be converted

I I |

I | |
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Table C-1. Listing Messages (continued)

I I
Message | Priority | Description
] ]
| I
176 | Error | Entry symbol is undefined
I I
177 | Error | Maximum number of allowable entries was
| | exceeded
| I
178 | Error | Entry symbol is not redefinable
I I
179 | Error | Entry symbol is not relocatable relative to
| | a stack
| I
180 | Error | Entry symbol is not relocatable relative to
| | a task common section
I I
181 | Error | Entry symbol cannot be external
I I
182 | Error | Primary entry was previously defined; only
| | one entry is allowed
I I
183 | Error | Primary entry cannot be absolute
I |
184 | Error | Primary entry cannot be immobile
I I
185 | Error | Primary entry must be relative to either a
| | code or a mixed section
I I
188 | Caution | Pseudo was not found within a definition
I |
190 | Error | Not supported when targeting for a CRAY-1
| | Computer System
I I
191 | Error | Not supported when targeting for a CRAY X-MP
| | Computer System
I I
192 | Error | Not supported when targeting for a CRAY-2
| | Computer System
| I
196 | Error | Unrecognized characters were skipped
I I
197 | Error | Final expression value is too large
! I
198 | Error | "/" was expected after the count
I I
199 | Error | Data-item was expected but not found
I |
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Table C-1. Listing Messages (continued)

I I I

| Message | Priority | Description

| | |

I I [

] 200 | Warning | Instruction is redefined

I | I

| 201 | Error | Instruction is undefined

I I I

| 202 | Error | End of statement was not expected after the
| [ | numeric name

I I I

i 203 | Error | Comma was expected after the numeric name
| I I

| 204 | Error | End of statement was not expected after the
| | | first expression

! | I

| 205 | Error | Comma was expected after the first

| | | expression of the condition

I I I

| 206 | Error | Condition was expected after the comma

I I I

| 207 | Error | Comma was expected after the condition

I I |

| 209 | Error | Conditional relation was expected but not
| | | found

I | I

| 210 | Caution | Attributes of the two expressions do not
| | | match

I I I

| 214 | Error | End of statement was not expected after the
| | | first string

| I I

| 215 | Error | Comma was expected after the first string
| | | of the condition

| | I

| 218 ] Error | Invalid target machine characteristic is
| | | specified

I I I

| 220 | Error | Attribute was expected, but the end of the
| | | statement was encountered

| I I

| 221 | Error | Attribute was expected

I I I

| 222 | Error | Comma was expected after the attribute

I I I

i 223 | Error | Expression was expected after the comma

! l [
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Table C-1. Listing Messages (continued)

| | |

| Message | Priority | Description

| ] ]

I I |

| 228 | Warning | Skip count exists, but the skip name is used
| | | instead

! | I

| 231 | Error | Message priority is not recognized

I I I

| 232 | Comment | User-defined message

I | !

| 233 ] Note | User-defined message

I | I

| 234 | Caution | User-defined message

| I |

| 235 | Warning | User-defined message

I I I

| 236 | Error | User-defined message

I | |

| 238 | Caution | Corresponding expansion was not found

I I |

| 240 | Warning | Duplication name exists, but the duplication
| | | count is used instead

| | I

| 244 | Error | List of arguments was not terminated

| I | properly

I ! |

| 250 | Error | Invalid £ill specification

I | |

| 251 | Warning | Micro string is truncated due to character

| | | count

I I I

| 252 | Error | Value of expression specifying the character
| | | count is too large

I I I

| 253 | Error | Micro name has not been previously defined

| I I

| 254 | Error | Invalid case specification

I | I

] 260 | Warning | Alignment is relative to task common section
| I I

| 261 | Warning | Alignment is relative to stack section

I I I

| 262 | Warning | Alignment is relative to Local Memory section
I I I

| 264 | Caution | A comment has been previously specified

! | |
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Table C-1. Listing Messages (continued)

I I I

| Message | Priority | Description

] ] ]

I | I

i 270 | Caution | Location field is ignored by this pseudo
I I I

| 271 | Caution | Operand field is ignored by this pseudo

I | I

| 272 | Warning | Location field was expected by this pseudo
| | | but was not found

| | I

] 273 | Error | Location field is required by this pseudo
| | | but was not found

I | I

| 274 | Warning | Operand field was expected by this pseudo
| | | but was not found

I I I

| 275 | Error | Operand field is required by this pseudo but
| | | was not found

| I I

| 276 | Warning | Matching delimiter character to terminate
| | | the character string was not found

I I I

| 277 ] Warning | String is too long; the string is truncated
| I I

| 280 | Caution | Stack is currently empty

| I I

| 281 i Caution | Current stack entry is not redefinable

I | I

| 282 | Warning | Invalid pseudo option is specified

| | |

| 283 | Caution | Listing cannot be disabled

| | |

| 284 | Caution | Option is not redefinable

| | |

| 285 | Caution | Option is repeated

| I I

| 286 | Warning | Option is ambiguous because of a previous
| | | option in the list

I I I

] 287 | Caution | List pseudo is not processed

| I I

| 290 | Error | Maximum number of allowable externals was
| | | exceeded

! | I

| 291 | Error | External attribute is not recognized

I i I
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Table C-1. Listing Messages (continued)

a 3-bit opcode field

| I |

| Message | Priority | Description

| | L

I | I

| 292 | Caution | Extermal attribute has been previously

| | | specified

I I I

| 293 | Error | External address attribute has been

| | | previously specified

I I I

| 294 | Error | External linkage attribute has been

| | | previously specified

| I I

| 295 | Caution | Soft extermnals are not supported within the
| | | operating system

| | I

| 300 | Error | Expression must be "0"

| I I

| 301 | Error | Expression must be "1"

| I !

| 302 | Error | Expression must be either "0" or "1"

| I !

| 303 | Error | Relocatable expression must be relative to
| | | Common Memory

I I |

| 304 | Error | Relocatable expression must be relative to
I | | Local Memory

I | I

| 305 | Error | Relocatable expression must be relative to
| | | a mixed or code section

| I !

| 310 | Error | Register designator value is too large

| I |

| 311 | Error | Register designator must have a value

| | | attribute

I | I

| 312 ] Error | Register designator must not have an immobile
| | | attribute

I I I

| 313 | Error | Register designator must not have a

| | | relocatable attribute

I I I :

| 314 | Error | Register designator must not be an external
I I I

| 315 | Error | Register designator value does not fit into
I I I

I | ]
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Table C-1. Listing Messages (continued)

common section

| | |

| Message | Priority | Description

| ] |

I I I

| 316 | Error | Register designator value does not fit into
| | | a 6-bit opcode field

| I [

| 320 | Error | Register designator does not equal that of
| | | the first register

| I |

| 321 | Error | Register designator does not equal that of
] | | the second register

I I I

| 322 | Error | Register designator must not equal zero

I I I

| 323 | Warning | Register designator value is zero, possible
| | | instruction error

I I I

| 324 | Error | Register designator value must not be

| | | greater than octal 37

I I I

| 325 | Error | Register designator value must be zero

I I I

| 326 | Warning | Vector recursion; designator equals that of
| | | the first register

! ! I

| 327 | Comment | Vector recursion; designator equals that of
| | | the first register

I I I

| 328 ] Warning | Zero vector; designator equals that of the
| | | first register

| | |

| 340 | Warning | Expression has a relative attribut of

| ] | immobile

[ | I

| 341 | Warning | Expression is relocatable relative to a task
I I I

I | I
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D. DIAGNOSTIC MESSAGES

CAL generates five levels of diagnostic messages that are divided into
two classes: wuser information about the assembly (comment, note, and
caution) and CAL assembler messages (warnings and errors).

Priority Description

Comment Comment priority messages are numbered in the range from
1 to 99 and provide general assembler introductions and
statistics.

Note Note priority messages are numbered in the range from 1
to 99 and provide information such as the number or
caution and warning messages found while assembling.

Caution Caution priority messages are numbered in the range from
1 to 99 and indicate user errors.

Warning Warning priority messages are numbered 100 and greater
and indicate incompatibility between different binary
load tables; assembly continues.

Error Error priority messages are numbered 100 and greater and
report diagnostic messages that were detected by the
assembler. After the message is issued, assembly is
aborted.

If you receive a diagnostic message with a priority of warning or error,
contact your local site analyst.

CAL diagnostic messages are always prefixed by the operating system as
follows:

cannn - [CAL]
where nnn is the number of the diagnostic message. For example:

ca00l1 - [CAL] CAL Version 2 - Release (month/day/year)
Warning and error messages are printed only if the assembler is
malfunctioning. Since this condition is rare, these messages are not
listed in this manual. For more information about diagnostic messages,

see section 2, Operating Systems.

Table D-1 lists and briefly describes diagnostic messages 1 through 99.
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Table D-1. Diagnostic Messages

statement

| I I

| Message | Priority | Description

| ] |

I I I

| 1 | Comment | CAL Version 2 - Release version (mm/dd/yy)
I ! I

| 2 | Comment | Total number of segments processed: n

I | I

| 3 | Comment | Total number of source lines read: n

I I I

| 4 | Comment | Total number of statements processed: n

I I |

| 5 | Comment | Total time of assembly: n seconds

I | I

] 20 | Caution | 'option name' is not a valid type option

I I I

| 21 | Note | ‘'parameter' invocation statement parameter
| | | is no longer supported

! I I

| 22 | Caution | Primary CPU option 'option name' is not

| | | recognized; the default is used.

I I I

i 23 | Caution | Conflicting trait CPU characteristic 'charac'’
| | | specified

I I |

| 24 | Caution | 'trait’' expected to follow CPU characteristic
| | | 'charac'’

I | I

| 25 | Caution | Input file 'filename' was repeated on the
| | | invocation statement

I I I

| 26 | Caution | Attempt to open file 'filename' failed

I | I

| 27 | Caution | Valid options ‘'options’

I I |

] 28 | Caution | The 'option name' option has too many

| | | arguments

I [ I

| 29 | Caution | The 'option name' option has been repeated
| | I

| 30 | Caution | File 'filename' has been specified more

| | | than once

| | I

| 31 | Caution | An input file was required on the invocation
| I I

I [ |
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Table D-1. Diagnostic Messages (continued)

| ! I

| Message | Priority | Description

| ] ]

I I I

| 32 | Caution | Only one input file is allowed on the

| | | invocation statement

I I I

| 33 | Caution | The 'option name' option contradicts a

| | | prvevious ‘option name' option

I I |

| 34 ] Caution | 'option name' is not a valid option name

I I l

| 45 | Comment | Segment 'name' -- user message

| ! I

| 50 | Comment | Segment 'name' has n comment messages

| I I

| 51 | Comment | Segment 'name' has n note messages

I | !

| 52 | Note | Segment 'name' has n caution messages

| I [

| 53 | Note | Segment 'name’ has n warning messages

I I I

| 54 | Caution | Segment 'name’ has n error messages

I I I

| 56 | Note | Message count was exceeded, n messages are
| | | listed

I I I

| 70 | Caution | Bad binary definition file ‘file'’

I ! I

| 71 | Caution | Incompatible version of binary definition
| | | file 'file’

I | I

| 72 | Caution | Binary definition file 'file' was not built
| | | for this machine type

I | |

| 74 | Note | Symbol 'name' is redefined in file ‘file’

I I |

| 75 | Note | Micro 'name’ is redefined in file file

I | [

| 76 | Note | Macro 'name' in file 'file' replaces previous
| | | definition

I I I

| 717 | Note | Opsyn ‘name' in file 'file' replaces previous
| | | definition

| I I

| 78 [ Note | Opdef 'name' in file 'file' replaces previous
| | | definition

I I I

| 90 | Caution | Assembly errors were encountered

I | |
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E. CHARACTER SET

SR-2003

: ASCII : EBCDIC : cpe
] Code | Code | Code
Character |(Octal/Hex)| (Hex) | (Octal)

1 | |

I I I
NUL | 000/00 | 00 | None
SOH | 001/01 | 01 [ None
STX | 002702 | 02 | None
ETX | 003/03 | 03 | None
EOT | 004704 | 37 | None
ENQ | 005705 | 2D | None
ACK | 006706 | 2E | None
BEL | 007/07 | 2F | None
BS | 010/08 | 16 ] None
HT | 011709 | 05 I None
LF | 012/0A | 25 | None
VT | 013/0B | OB | None
FF | o014s0C | 0C I None
CR | 015/0D | 0D | None
SO | 016/0E | OE | None
SI | 017/0F | OF | None
DLE | 020710 | 10 | None
DC1 | 021711 | 11 [ None
DC2 | 022712 | 12 | None
DC3 | 023713 | 13 | None
DC4 | 024714 | 3C | None
NAK | 025/15 | 3D | None
SYN | 026716 | 32 I None
ETB | 027717 | 26 | None

J ] |
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: ASCII : EBCDIC : cpe
| Code | Code | Code
Character |[(Octal/Hex) | (Hex) | (Octal)

| ] ]

I I |
CAN | 030718 | 18 I None
EM | 031/19 | 19 I None
SUB | 032/1A | 3F | None
ESC | 03371B | 27 | None
FS | 034/1C | ic | None
GS | 035/71D | 1D | None
RS | 036/1E | 1E | None
us | 037/1F | 1F | None
Space | 040720 | 40 | 55
! | 041r21 | 5A | 66
" | 042722 | 7F [ 64
# | 043723 | 7B I 60
$ | 044724 | 5B | 53
% | 045725 | 6C | 63
& | 046726 | 50 | 67
' | 047727 | 7D I 70
( | 050728 | 4D [ 51
) | 051/29 | 5D | 52
* | 052/72A | 5C | 47
+ | 053/2B | 4E | 45
’ | 054r2C | 6B | 56
- | 055/2D | 60 | 46

| 056/2E | 4B | 57
/ | 057/2F | 61 | 50
0 | 060730 | FO I 33
1 | 061/31 | F1 | 34
2 | 062732 | F2 ] 35
3 | 063733 | F3 | 36
4 | 064734 | F4 | 37

1 | |
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: : ASCII : EBCDIC : cbC
| ] Code | Code | Code
| Character |(Octal/Hex) | (Hex) | (Octal)
I | | |

| I I |

| 5 | 065735 | F5 | 40
| 6 | 066/36 | F6 | 41
I 7 | 067737 | F7 [ 42
| 8 | 070/38 ] F8 | 43
| 9 | 071739 | F9 | 44
I : | 072/3a | 7A [ 00
| : | 073/3B | S5E | 77
| < | o074/73C | ac | 72
I = | 075/3D | 7E | 54
| > | 076/3E | 6E | 73
| ? | 077/3F | 6F | 71
| @ | 100/40 | 7C | 74
| A | 101/41 | c1 | 01
i B | 102742 | c2 | 02
| C | 103/43 | c3 | 03
I D | 104744 | ca | 04
| E | 105745 | cS | 05
| F | 106746 | Cé6 | 06
| G | 107747 | c7 | 07
| H | 110748 | Cc8 | 10
I I | 111749 | c9 | 11
| J | 11274A | D1 | 12
| K | 113/4B | D2 | 13
| L | 114r4C i D3 | 14
I M | 115/4D | D4 I 15
I N | 116/4E | D5 | 16
| 0 | 117/4F | D6 | 17
I P | 120750 | D7 | 20
| 0 | 121/51 | D8 | 21
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: ASCII : EBCDIC : CDC
| Code | Code ] Code
Character |(Octal/Hex) | (Hex) | (Octal)

| ] |

I I I
R | 122/52 ] D9 ] 22
s | 123/53 | E2 | 23
T | 124/54 | E3 | 24
U | 125/55 | E4 | 25
v | 126/56 | E5 | 26
W | 127/57 [ E6 | 27
X | 130/58 | E7 [ 30
Y | 131/59 | E8 [ 31
z | 132/5a | E9 I 32
[ | 133/5B | AD | 61
\ | 134/5C | EO | 75
1 | 135/5D | BD | 62
" | 136/5E | 5F | 76
_ | 137/5F | 6D | 65
' | 140760 ] 79 | None
a | 141/61 | 81 | None
b | 142/62 | 82 | None
c | 143/63 | 83 | None
d | 144/64 | 84 | None
e | 145/65 | 85 | None
£ | 146/66 | 86 I None
g | 147767 | 87 | None
h | 150/68 | 88 | None
i | 151769 | 89 | None
j | 152/6A | 91 I None
k | 153/6B | 92 | None
1 | 154/6C | 93 | None
m | 155/6D | 94 | None
n | 156/6E | 95 ] None

| | l
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: ASCII : EBCDIC : cDC
| Code | Code | Code
Character |(Octal/Hex) | (Hex) | (Octal)

] | ]

| I I
o | 157/6F | 96 | None
P | 160/70 | 97 | None
q | 161/71 | 98 | None
r | 162/72 | 99 | None
s | 163/73 | A2 | None
t | 164/74 | A3 | None
u | 165/75 ] A4 | None
v | 166/76 | A5 | None
w | 167/77 | Ab | None
X | 170/78 | A7 | None
y | 171779 | A8 | None
z | 172/7A | A9 | None
{ | 173/7B | Cco | None
} | 174/7C [ 6A | None
! | 175/7D | DO | None
~ | 176/7E | Al | None
DEL | 177/7F | 07 I None
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INDEX

64-bit

ASCII representation of 'abc', left
justified (diagram), 4-38

representation of 1 (diagram), 4-38

representation of -1 (diagram), 4-48

representation of 5 (diagram), 4-48

representation of 5 (diagram), 4-49

representation of the complement of 1
(diagram), 4-39

::= (BNF convention), 1-4
_* (comments), 5-113
= (equate symbol), 5-54

. (terminator), definition, 1-4

$ABD statement (JCL), 2-3
$APP (predefined micro), 5-83
ABORT (COS parameter), 2-5
Absolute
description, 4-10, 4-40, 4-46
example, 4-50
Accessing data from a stack section, 5-20
Accessing data from a task common section,
5-20
ACCOUNT control statement (JCL),
Actual statements, 3-11
Add-operator, 4-30
Address attribute assignment chart, 4-35
Address attributes
description, 4-9, 4-34
parcel address, 4-10
value, 4-10
word address, 4-10
Align on an instruction buffer boundary,
see ALIGN pseudo
ALIGN pseudo, 5-37
ALLSYMS (COS parameter),
Append, 3-10
Append character used with the new format,
($APP), 5-83
Appendix sections, A-1, B-1, C-1, D-1, E-1
Argument
embedded, 4-30
UNICOS, 2-12
as - CAL command line,
ASCII
64-bit ASCII representation of 'abc’,
left justified (diagram), 4-38
64-bit ASCII representation of ‘abc’,
left justified (diagram), 4-38

2-3

2-5

2-12
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ASCII (continued)

64-bit of
4-38
64-bit
4-38
64-bit
4-39
64-bit
4-48
64-bit
4-48
64-bit
4-49
64-bit representation of
of 1 (diagram), 4-39
ASCII representation of ‘'abc' left
justified in nine bits (diagram), 4-38

representation 1 (diagram),

representation of 1 (diagram),

representation of 1 (diagram),

representation of -1 (diagram),

representation of 5 (diagram),

representation of 5 (diagram),

the complement

ASCII character with left justification
and blank fill (diagram), 4-23
ASCII character with left justification
and zero fill (diagram), 4-23
ASCII character with right
justification and zero fill (diagram),
4-24
ASCII character with right
justification in 8 bits (diagram),
4-24
ASCII Code, E-1
Assembler, see CAL
Assembler-defined instructions, 3-13
Assembler messages, 2-2
Attributes
address, 4-9
relative, 4-10
redefinable, 4-11
symbol, 4-9

avl (UNICOS logical trait), 2-14
AVL (COS logical trait), 2-6

b (UNICOS option), 2-16
B

COS parameter, 2-4

UNICOS option, 2-16
-b bdflist (UNICOS option), 2-13
-B (UNICOS option), 2-13
Backus-Naur Form (BNF), 1-3
bankbusy (UNICOS numeric trait), 2-15
BANKBUSY (COS numeric trait), 2-7
banks (UNICOS numeric trait), 2-15
BANKS (COS numeric trait), 2-7
Base-integer, 4-15, 4-16
BASE pseudo, 5-11



bdm (UNICOS logical trait), 2-14
BDM (COS logical trait), 2-6
Begin new page, see EJECT pseudo
Binary definition files
creating new binary definition files,
2-24
COs, 2-24
UNICOS, 2-25
defining a binary definition file, 2-21
macros, 2-22
micro, 2-24
opdefs, 2-24
opsyns, 2-24
symbols, 2-22
figure, 2-23
using binary definition files, 2-26
compatibility checking, 2-26
multiple references, 2-27
macros, 2-27
micro, 2-28
opdefs, 2-28
opsyns, 2-28
symbols, 2-27
Binary-scale, 4-16
Binary-scale decimal-integer, 4-14
BITP
parcel B set by VWD instruction
(diagram), 5-36
pseudo instruction, 5-35
resetting the pointer (diagram), 5-36
result of a Bitp followed by a VWD
(diagram), 5-37
zeroing parcel A (diagram), 5-35
BITW pseudo, 5-33
Blank
location field, 5-2
operand field, 5-3
BLOCK pseudo, 5-26
Block save, see BSS pseudo
BNF, 1-3
Boundary
force parcel, 3-24
force word, 3-24
BSS pseudo, 5-31
BSSZ pseudo, 5-58

$CMNT (predefined micro), 5-83
$CNC (predefined micro), 5-83
$CPU (predefined micro), 5-83
¢ (UNICOS option), 2-16
C (UNICOS option), 2-16
-c bdfile (UNICOS option), 2-13
-C cpu (UNICOS option), 2-13
CAL (Cray Assembly Language)
assembler execution, 1-2
command line (as command), 2-12
control statement, 2-3
data, 4-13
character-constants, 4-17
character-data item, 4-20
constants, 4-13
data items, 4-18
floating-constant, 4-13
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CAL (continued)
floating-data item, 4-18
integer-constant, 4-15
integer-data item, 4-19
literals, 4-21
definition, 3-1
description of features, 1-1
element prefixes for symbols,
constants, or special elements, 4-26
P. - Parcel address prefix, 4-27
W. - Word-address prefix, 4-28
expression attributes, 4-45
absolute, immobile, relocatable, or
external, 4-46
parcel-address, word-address, or
value attributes, 4-47
truncating expression values, 4-47
expression evaluation, 4-36
evaluating immobile and relocatable
terms with coefficients, 4-40
expressions, 4-29
add-operator, 4-30
multiply-operator, 4-32
prefixed—elément, 4-31
complement-character (%), 4-31
element-prefix, 4-32
elements, 4-32
term attributes, 4-32
address attributes, 4-34
relative attributes, 4-33
terms, 4-30
format (syntax), 1-3
instructions, 3-12
assembler-defined instructions, 3-13
instruction syntax, 1-3
machine instructions, 3-13
pseudo instructions, 3-13
user-defined instructions, 3-13
introduction, 1-1
micros, 3-14
names, 4-3
valid and invalid (example), 4-4
organization, 3-2
program segment, 3-1
global definitions, 3-1
program module, 3-1
register designators, 4-1
complex registers, 4-1
complex-register-mnemonics, 4-2
register-designator, 4-2
simple registers, 4-3
sections, 3-19
common sections, 3-21
local sections, 3-19
literals section, 3-20
main section, 3-19
sections defined by the SECTION
pseudo, 3-20
section stack buffer, 3-21
force parcel boundary, 3-24
force word boundary., 3-24
location counter, 3-23
origin counter, 3-23
parcel-bit-position counter, 3-24
word-bit-position counter, 3-23



CAL (continued)
source statement,
header format,
new format, 3-4

3-4
1-4

comment field, 3-6

location fiel

d, 3-5

operand field, 3-6

result field,
old format, 3-7

3-5

comment field, 3-8

location fiel

d, 3-7

operand field, 3-8

result field,
special elements,
statement (JCL), 2
statement editing,

3-7
4-25
-3

3-8

actual statements, 3-11

append, 3-10
comment, 3-11

concatenate, 3-

continuation, 3

10
-10

edited statements, 3-11
micro substitution, 3-10

symbols, 4-4

address attributes, 4-9

word address,
parcel addres
value, 4-10
qualified symbo
redefinable att
relative attrib
absolute, 4-1
external, 4-1
immobile, 4-1
relocatable,

4-10
s, 4-10

1, 4-7
ributes, 4-11
utes, 4-10

0

1

0

4-10

symbol attributes, 4-9

symbol definiti
symbol referenc
symbol specific

on, 4-8
e, 4-12
ation, 4-6

unqualified symbol, 4-6

Case
rule for using upp

5-2
how characters are

ercase, lowercase, Or
mixed case for pseudo instructions,

interpreted when

read from string, 5-86, 5-88

Case-sensitivity
description, 3-4
example, 3-4
rules, 3-4

Caution message, 2-2

CDC character data ite

5-61

CDC Code, E-1

Change statement editi

pseudo

Change statement forma

charac
default, 2-5 (COS)
definition, 2-10 (
option, 2-6 (COS),

Character-constants
character-prefix,
character-string,
character-suffix,
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m storage (diagram),

ng status, see EDIT
t, see FORMAT pseudo

, 2-14 (UNICOS)
cos)
2-14 (UNICOS)

4-17
4-17
4-17

Index-3

Character-data item, 4-20
Character-prefix, 4-17
Character set, E-1
Character-string, 4-17
Character-suffix, 4-17
cigs (UNICOS logical trait), 2-14
CIGS (COS logical trait), 2-6
clocktim (UNICOS numeric trait), 2-15
CLOCKTIM (COS numeric trait), 2-7
CMICRO pseudo, 5-84
Code sequences for binary definition files,
2-22
Command line, 2-12
Comment, 3-11
Comment character used with the new format
($CMNT), 5-83
Comment field, 3-6, 3-8
Comment message, 2-2
COMMENT pseudo, 5-5
COMMON pseudo, 5-27
Common section assignment, see COMMON pseudo
Common sections, 3-21
Compatibility checking, 2-26
Complement of 1 stored in the right-most
bits of a 4-bit field, 4-39
Complement-character (#), 4-31
Complex-register-designator, 4-2
Complex-register-mnemonic, 4-2
Complex registers, 4-1
complex-register-mnemonics, 4-2
register-designator, 4-2
CON pseudo, 5-57
Concatenation
description, 3-8, 3-10
character ($CNC), 5-83
Conditional assembly, 5-65
ELSE - Toggle assembly condition, 5-81
ENDIF - End conditional code sequence,
5-80
IFA - Test expression attribute for
assembly condition, 5-66
IFC - Test character strings for
assembly condition, 5-70
IFE - Test expressions for assembly
condition, 5-73
IFM - Text machine characteristics, 5-76
SKIP - Unconditionally skip statements,
5-79
Conditional error generation, see ERRIF
pseudo
Constant micro definition, see CMICRO pseudo
Constants, 4-13
Continuation, 3-10
Control parameter comparison between COS
and UNICOS, 2-18
Conventions
conventions used in the manual, 1-3
machine instruction syntax, A-1
cori (UNICOS logical trait), 2-14
CORI (COS logical trait), 2-6
CoSs
description, 2-1
environment, 2-9
files, 2-1



COS (continued)
logical traits, 2-6
NEWCAL control statement, 2-3
numeric traits, 2-7
parameters
comparison between COS and UNICOS
parameters (table), 2-18
description, 2-3
Counters
location, 3-23
origin, 3-23
parcel-bit-position, 3-24
word-bit-position, 3-23
CPU
COS parameter, 2-5
option instruction set (COS), 2-5
Cray Assembly Language, see CAL
Cray operating systems
cos, 2-1
JCL file, 2-2
CAL control statement, 2-3
COS environment, 2-9
UNICOS, 2-11
interactive assembly, 2-12
as - CAL command line, 2-12
UNICOS environment
comparison between COS and UNICOS, 2-18
Current date ($DATE), 5-83

$DATE (predefined micro), 5-83
d (UNICOS optiomn), 2-16
D (UNICOS option), 2-16
Data, 4-13
Data definition, 5-57
BSSZ - Generate zeroed block, 5-58
CON - Generate constant, 5-57
DATA - Generate data words, 5-59
VWD - Variable word definition, 5-63
Data item
character-data item, 4-20
floating-data item, 4-18
integer-data item, 4-19
storage
CDC character data item storage
(diagram), 5-60
labeled data item storage (diagram),
5-60
unlabeled data item storage
(diagram), 5-60
DATA pseudo, 5-59
Decimal-exponent, 4-14
Decimal-integer, 4-14, 4-16
Decimal micros, see DECMIC pseudo
Decimal-prefix, 4-13, 4-16
Declare base for numeric data, see BASE
pseudo
Declare beginning of global text source,
see TEXT pseudo
DECMIC pseudo, 5-91
Defaults (for options/paramenters)
cos, 2-3
UNICOS, 2-12
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Defined sequences, 5-97
definition format, 5-99
DUP - Duplicate code, 5-139
ECHO - Duplicate code with varying
arguments, 5-142
editing, 5-98
ENDDUP - End duplicated code, 5-146
ENDM - End macro or opdef definition,
5-144
EXITM - Premature exit of a macro
expansion, 5-145
formal parameters, 5-100
INCLUDE pseudo instruction, 5-103
instruction calls, 5-102
LOCAL - Specify local unique character
string, 5-152
MACRO, 5-104
macro calls, 5-111
macro definition, 5-105
NEXTDUP - Premature exit of the current
iteration of a duplication expansion,
5-147
OPDEF - Operation definition, 5-123
opdef calls, 5-134
opdef definition, 5-127
OPSYN - Synonymous operation, 5-154
similarities among defined sequences,
5-98
STOPDUP - Stop duplication, 5-147
Definition format, 5-99
Designators for registers, 4-1
Diagnostic messages
descriptions, 2-2, 2-11, D-1
table of messages, D-2
Diagrams
64-bit ASCII representation of 'abc',
left justified, 4-38
64-bit representation of 1, 4-38
64-bit representation of the complement
of 1, 4-39
64-bit representation of 1, 4-39
64-bit representation of -1, 4-48
64-bit representation of 5, 4-48
64-bit representation of 5, 4-49
ASCII character with left justification
and blank fill, 4-23
ASCII character with left justification
and zero fill, 4-23
ASCII character with right
justification and zero fill, 4-24
ASCII character with right
justification in 8 bits, 4-24
ASCII representation of 'abc' left
justified in nine bits, 4-38
BITP example - parcel B set by vwd
instruction, 5-36
BITP example - resetting the pointer,
5-36
BITP example - result of a Bitp
followed by a vwd, 5-36
BITP example - zeroing parcel A, 5-35
complement of 1 stored in the
right-most bits of a 4-bit field 4-39



Diagrams (continued)
result of VWD with 9-bit destination
field, 4-38
result of VWD with 4-bit destination
field, 4-40

storage of CDC character data item, 5-61

storage of labeled and unlabeled data
items, 5-60
storage of unlabeled data items, 5-60
truncated value of -1 stored in a 5-bit
field, 4-48
truncated value of 5 stored in a 3-bit
field, 4-48
truncated value of 5 stored in a 2-bit
field, 4-49
DMSG pseudo, 5-43
DUP (COS option), 2-8
DUP pseudo, 5-139
Duplicate code, see DUP pseudo
Duplicate code with varying arguments, see
ECHO pseudo

e (UNICOS option), 2-15
E
COS parameter, 2-4
UNICOS option, 2-15
EBCDIC Code, E-1
ECHO pseudo, 5-142
ED (COS option), 2-8
EDIT (COS parameter), 2-9
EDIT pseudo, 5-15
Edited statements, 3-11
Editing, 5-98
EJECT pseudo, 5-49
Element-prefix, 4-32
Elements
description, 4-25, 4-32
prefixes for symbols, constants, or
special elements
P. - Parcel address prefix, 4-27
W. - Word-address prefix, 4-28
special elements, 4-25
ELSE pseudo, 5-81
ema (UNICOS logical trait), 2-14
EMA (COS logical trait), 2-6
Embedded-argument, 4-30
Embedded parameter
process, 5-123
requirements, 5-101
End conditional code sequence, see ENDIF
pseudo
End duplicated code, see ENDDUP pseudo
End macro or opdef definition, see ENDM
pseudo
End program module, see END pseudo
END pseudo, 5-4
ENDDUP pseudo, 5-146
ENDIF pseudo, 5-80
ENDM pseudo, 5-144
ENDTEXT pseudo, 5-52
Enter comment into generated binary load
module, see COMMENT pseudo
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ENTRY pseudo, 5-6
Equate symbol (=), 5-54
ERRIF pseudo, 5-40
Error messages
‘description, 2-2
semantic, C-1
syntax, C-1
ERROR pseudo, 5-39
Evaluating immobile and relocatable terms
with coefficients
absolute, 4-40
external, 4-41
immobile, 4-40
invalid, 4-41
relocatable, 4-41
Execution of CAL, 1-2
EXITM pseudo, 5-145
Expression
attributes
address, 4-45
parcel-address, 4-45
value, 4-45
word-address, 4-45
relative, 4-45
absolute, 4-45
external, 4-45
immobile, 4-45
relocatable, 4-45
definition, 4-30, 4-36
diagram, 4-29
embedded-argument, 4-30
evaluation, 4-36
truncating values, 4-47
EXT pseudo, 5-7
External
description, 4-11, 4-41, 4-46
example, 4-50

-f (UNICOS option), 2-16
-F (UNICOS option), 2-17
Figures
address attribute assignment chart, 4-35
diagram of an expression, 4-29
diagram of a term, 4-29
sample organization of a CAL program,
3-2
symbols to be included in a binary
definition file, 2-23
word-parcel conversion for six words,
4-217
filename (UNICOS option), 2-17
File
binary definition files, 2-20
control, see INCLUDE pseudo
JCL files, 2-2
Floating-constant
binary-scale decimal-integer, 4-14
decimal-exponent, 4-14
decimal-integer, 4-14
decimal-prefix, 4-13
floating-decimal, 4-13
Floating-data item, 4-18



Floating-decimal, 4-13 Integer-constant

Force parcel boundary, 3-24 base-integer, 4-16
Force word boundary, 3-24 binary-scale, 4-16
Formal parameters, 5-100 decimal-integer, 4-16
FORMAT (COS parameter), 2-9 decimal-prefix, 4-16
FORMAT pseudo, 5-16 hex-integer, 4-16
Formats for source statements hex-prefix, 4-16

new format, 3-4 integer-constant, 4-15

old format, 3-7 octal-integer, 4-16

octal-prefix, 4-16
Integer-data item, 4-19

-g symfile (UNICOS option), 2-13 Interactive assembly, 2-12
-G (UNICOS option), 2-13 Interfaces
Generate constant, see CON pseudo operating systems, 2-1
Generate data words, see DATA pseudo Invocation statement for CAL
Generate zeroed block, see BSSZ pseudo cos, 2-3
Global definitions UNICOS, 2-12
definition, 3-1 Issue diagnostic message, see DMSG pseudo
example, 3-3 Italics, 1-3
*HOST (COS option), 2-5 $JDATE (predefined micro), 5-83
-h (UNICOS option), 2-15 -j (UNICOS option), 2-17
-H (UNICOS option), 2-15 -J (UNICOS option), 2-17
HARD, linkage attribute, 5-8 JCL, 2-2
Hex-integer, 4-16 JCL statements (definitions), 2-3
Hex-prefix, 4-16 JOB statment (JCL), 2-3
Host, description, 2-10 Julian date ($JDATE), 5-83

hpm (UNICOS logical trait), 2-14
HPM (COS logical trait), 2-6
1 (UNICOS option), 2-15

L
I (COS parameter), 2-3 COS parameter, 2-3
-i nlist (UNICOS option), 2-15 UNICOS option, 2-15
-I options (UNICOS option), 2-15 -1 1lstfile (UNICOS option), 2-13
ibufsize (UNICOS numeric trait), 2-15 -L msgfile (UNICOS option), 2-13
IBUFSIZE (COS numeric trait), 2-7 Labeled data item storage (diagram), 5-60
IDENT pseudo, 5-3 Lines per page (LPP)
Identify program module, see IDENT pseudo LPP default, 2-17
IFA pseudo, 5-66 LPP parameter, 2-9
IFC pseudo, 5-70 LPP shell variable, 2-17
IFE pseudo, 5-73 LIS (COS option), 2-8
IFM pseudo, 5-76 LIST (COS parameter), 2-7
Ignored field List blank lines, see SPACE pseudo
location field, 5-2 List control, see LIST pseudo
operand field, 5-3 LIST pseudo, 5-45
Immobile Listing control, 5-44
description, 4-10, 4-40, 4-46 EJECT - Begin new page, 5-49
example, 4-50 ENDTEXT - Terminate global text source,
INCLUDE pseudo, 5-94 5-52
Increment the size of the stack, see STACK LIST - List control, 5-45
pseudo SPACE - List blank lines, 5-48
Instructions, 3-12 SUBTITLE - Specify listing subtitle,
assembler-defined, 3-13 5-50
calls, 5-102 TEXT - Declare beginning of global text
machine, 3-13 source, 5-51
pseudo, 3-13, B-1 TITLE - Specify listing title, 5-50
syntax Listing messages
conventions, A-1 description, 2-11
description of syntax, A-1 table, C-1
hierarchical version, A-2 Literals, 4-21
sorted version, A-8 Literals section, 3-20

user-defined, 3-13
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Loader linkage, 5-6
ENTRY - Specify entry symbols, 5-6
EXT - Specify external symbols, 5-7
START - Specify program entry, 5-10
LOC pseudo, 5-32
LOCAL pseudo, 5-152
Local section assignment, see BLOCK pseudo
Local sections, 3-19
Location counter, 3-23
Location field, 3-5, 3-7
Location field, blank, 5-2
Logical traits
COs, 2-6
UNICOS, 2-14
Lowercase, see Case
LPP default, 2-17
LPP parameter, 2-9
LPP shell variable, 2-17

$MIC (predefined micro), 5-83
m (UNICOS option), 2-16
M (UNICOS option), 2-16
-m mlevel (UNICOS option), 2-16
MAC (COS option), 2-8
Machine instructions
description, 3-13
syntax, A-1
Macro
calls, 5-111
definition, 2-22, 2-27, 5-105
MACRO pseudo, 5-104
Main section, 3-19
Manual
conventions used in the manual, 1-3
execution of the CAL assembler, 1-2
introduction, 1-1
organization of the manual, 1-2
MBO (COS option), 2-8
MC (COS parameter), 2-9
memsize (UNICOS numeric trait), 2-15
MEMSIZE (COS numeric trait), 2-7
memspeed (UNICOS numeric trait), 2-15
MEMSPEED (COS numeric trait), 2-7
Message control, 5-38
DMSG - Issue diagnostic message, 5-43
ERRIF - Conditional error generation,
5-40
ERROR - Unconditional error generation,
5-39
MLEVEL - Message level, 5-42
Message
level
description, 2-2
MLEVEL pseudo, 5-42
priority, 2-2
table of listing messages, C-1
MIC (COS option), 2-8
Micro
description, 2-24, 2-28, 3-14, 5-82
character ($MIC), 5-83
definition, see MICRO pseudo
pseudos
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Micro (continued)
CMICRO - Constant micro definition,
5-84
DECMIC - Decimal micros, 5-91
MICRO - Micro definition, 5-86
OCTMIC - Octal micros, 5-89
substitution, 3-8, 3-10
substitution signaling, 3-9
MICRO pseudo, 5-86
MICSIZE pseudo, 5-56
MIF (COS option), 2-8
Mixed case, see Case
ML (COS parameter), 2-8
MLEVEL pseudo, 5-42
Mode control, 5-11
BASE - Declare base for numeric data,
5-11
EDIT - Change statement editing status,
5-15
FORMAT - Change statement format, 5-16
QUAL - Qualify symbols, 5-13
Multiple references, 2-27
macros, 2-22, 2-27
micros, 2-24, 2-28
opdefs, 2-24, 2-28
opsyns, 2-24, 2-28
symbols, 2-22, 2-27
Multiply-operator, 4-32

n (UNICOS option), 2-16
N (UNICOS option), 2-16
n (OPTION control statement), 2-9
-n number (UNICOS option), 2-16
Name of qualifier in effect ($QUAL), 5-83
Names, 4-3

valid and invalid (example), 4-4
NDUP (COS option), 2-8
NED (COS option), 2-8
New format for source statement, 3-4
NEXTDUP pseudo, 5-147
NLIS (COS option), 2-8
NLIST (COS parameter), 2-7
NMAC (COS option), 2-8
NMBO (COS option), 2-8
NMIC (COS option), 2-8
NMIF (COS option), 2-8
noavl (UNICOS logical trait), 2-14
NOAVL (COS logical trait), 2-6
nobdm (UNICOS logical trait), 2-14
NOBDM (COS logical trait), 2-6
nocigs (UNICOS logical trait), 2-14
NOCIGS (COS logical trait), 2-6
nocori (UNICOS logical trait, 2-14
NOCORI (COS logical trait), 2-6
noema (UNICOS logical trait), 2-14
NOEMA (COS logical trait), 2-6
nohpm (UNICOS logical trait), 2-14
NOHPM (COS logical trait), 2-6
nopc (UNICOS logical trait), 2-14
NOPC (COS logical trait), 2-6
noreadvl (UNICOS logical trait), 2-14
NOREADVL (COS logical trait), 2-6
nostatrg (UNICOS logical trait), 2-14



NOSTATRG (COS logical trait), 2-6
Note message, 2-2
novpop (UNICOS logical trait), 2-14
NOVPOP (COS logical trait), 2-6
novrecur (UNICOS logical trait), 2-14
NOVRECUR (COS logical trait), 2-6
NSXNS (COS option), 2-8
NTXT (COS option), 2-8
numclstr (UNICOS numeric trait), 2-15
NUMCLSTR (COS numeric trait), 2-7
numcpus (UNICOS numeric trait), 2-15
NUMCPUS (COS numeric trait), 2-7
Numeric traits

cos, 2-7

UNICOS, 2-15
NXRF (COS option), 2-8

-o objfile (UNICOS option), 2-12
Octal-integer, 4-16
Octal micros, see OCTIMIC pseudo
Octal-prefix, 4-16
Octal word count, 5-32
OCTMIC pseudo, 5-89
OFF (COS option), 2-8
0ld format for source statement, 3-7
ON (COS option), 2-8
Opdef
calls, 5-134
definition, 5-127
description, 2-24, 2-28
OPDEF pseudo, 5-123
Operand field
blank, 5-3
description, 3-6, 3-8
Operating systems
COS and UNICOS, see Cray operating
systems
interfaces, 2-1
Operation definition, see OPDEF pseudo
Opsyn, 2-24, 2-28
OPSYN pseudo, 5-154
OPTION (LPP parameter), 2-9
Options
comparison between COS and UNICOS, 2-18
cos, 2-3
UNICOS, 2-12
options (COS parameter), 2-7
ORG pseudo, 5-30
Organization
CAL program (figure), 3-2
manual, 1-2
Origin counter, 3-23

p (UNICOS option), 2-16

P (UNICOS option), 2-16

P. - Parcel address prefix, 4-27

Parameters
comparison between COS and UNICOS, 2-20
cos, 2-3
defaults, 2-3 (COS), 2-12 (UNICOS)
UNICOS, 2-12

Parcel address, 4-10, 4-47
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Parcel address prefix, 4-27
Parcel-bit-position counter, 3-24
Parcels (full) skipped, 5-38
pc (UNICOS logical trait), 2-14
PC (COS logical trait), 2-6
Predefined micros, 5-83
Prefixed-element, 4-31
Prefixes
for symbols, constants, or special
elements, 4-26
parcel address, 4-27
word-address, 4-27
Premature exit
of a macro expansion, see EXITM pseudo
of the current iteration of a
duplication expansion, see
NEXTDUP pseudo
primary
default, 2-5 (COS), 2-14 (UNICOS)
definition, 2-10 (COS)
option, 2-5 (COS), 2-14 (UNICOS)
Processing embedded parameters in a macro,
5-123
Program control, 5-3
COMMENT pseudo, 5-5
END pseudo, 5-4
IDENT pseudo, 5-3
Program module
description, 3-1
see also program control
Program segment, 3-1
Pseudo instructions
alphabetized list of all pseudo
instructions, B-1
conditional assembly, 5-65
ELSE - Toggle assembly condition,
5-81
ENDIF - End conditional code
sequence, 5-80
IFA - Test expression attribute for
assembly condition, 5-66
IFC - Test character strings for
assembly condition, 5-70
IFE - Test expressions for assembly
condition, 5-73
IFM - Text machine characteristics,
5-76
SKIP - Unconditionally skip
statements, 5-79
data definition, 5-57
BSSZ - Generate zeroed block, 5-58
CON - Generate constant, 5-57
DATA - Generate data words, 5-59
VWD - Variable word definition, 5-63
description, 3-13
defined sequences, 5-97
definition format, 5-99
DUP - Duplicate code, 5-139
ECHO - Duplicate code with varying
arguments, 5-142
editing, 5-98
ENDDUP - End duplicated code, 5-146
ENDM - End macro or opdef
definition, 5-144



Pseudo instructions (continued)
EXITM - Premature exit of a macro
expansion, 5-145
formal parameters, 5-100
INCLUDE pseudo instruction, 5-103
instruction calls, 5-102
LOCAL - Specify local unique
character string, 5-152
MACRO, 5-104
Macro calls, 5-111
Macro definition, 5-105
NEXTDUP - Premature exit of the
current iteration of a duplication
expansion, 5-147
OPDEF - Operation definition, 5-123
Opdef calls, 5-134
Opdef definition, 5-127
OPSYN - Synonymous operation, 5-154
similarities among defined
sequences, 5-98
STOPDUP - Stop duplication, 5-147
file control (INCLUDE pseudo), 5-94
index of pseudo instructions, B-1
listing control, 5-44
EJECT - Begin new page, 5-49
ENDTEXT - Terminate global text
source, 5-52
LIST - List control, 5-45
SPACE - List blank lines, 5-48
SUBTITLE - Specify listing subtitle,
5-50
TEXT - Declare beginning of global
text source, 5-51
TITLE - Specify listing title, 5-50
loader linkage, 5-6
ENTRY - Specify entry symbols, 5-6
EXT - Specify external symbols, 5-7
START - Specify program entry, 5-10
message control, 5-38

DMSG - Issue diagnostic message, 5-43

ERRIF - Conditional error
generation, 5-40
ERROR - Unconditional error
generation, 5-39
MLEVEL - Message level, 5-42
micros, 5-82
CMICRO - Constant micro definition,
5-84
DECMIC - Decimal micros, 5-91
MICRO - Micro definition, 5-86
OCTMIC - Octal micros, 5-89
mode control, 5-11
BASE - Declare base for numeric
data, 5-11
EDIT - Change statement editing
status, 5-15
FORMAT - Change statement format,
5-16
QUAL - Qualify symbols, 5-13
program control, 5-3
END - End program module, 5-4
CCMMENT - Enter comment into
generated binary load module, 5-5
IDENT - Identify program module, 5-3
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Pseudo instructions (continued)
section control, 5-17
ALIGN - Align on an instruction
buffer boundary, 5-37
BITP - Set *P counter, 5-35
BITW - Set *W counter, 5-33
BLOCK - Local section assignment,
5-26
BSS - Block save, 5-31
COMMON - Common section assignment,
5-27
LOC - Set * counter, 5-32
ORG - Set * and *O counter, 5-30
SECTION - Section assignment, 5-18
STACK - Increment the size of the
stack, 5-29
symbol definition, 5-53
= - Equate symbol, 5-54
MICSIZE - Set redefinable symbol to
micro size, 5-56
SET - Set symbol, 5-55
pseudox, 5-2
pseudoy, 5-3

$QUAL (predefined micro), 5-83
QUAL pseudo, 5-13

Qualified symbol, 4-7

Qualify symbols, see QUAL pseudo

readvl (UNICOS logical trait), 2-14
READVL (COS logical trait), 2-6
Redefinable attributes, 4-11
Redefinable micros, 5-1
References

multiple references for a definition,

2-27

Register

complex, 4-1

designators, 4-1

simple, 4-3
Register designators, 4-2
Register mnemonics, 4-2, 4-3
Relative attributes

absolute, 4-10

description, 4-33

external, 4-11

immobile, 4-10

relocatable, 4-10
Relocatable

description, 4-10, 4-40, 4-46

example, 4-50
Result field, 3-5, 3-7

s (UNICOS option), 2-15
S
COS parameter, 2-4
UNICOS option, 2-15
SECTION pseudo, 5-18
Sections
assignment, see SECTION pseudo
control, 5-17



Sections (continued)
ALIGN - Align on an instruction
buffer
boundary, 5-37
BITP - Set *P counter, 5-35
BITW - Set *W counter, 5-33
BLOCK - Local section assignment,
5-26
BSS - Block save, 5-31
COMMON - Common section assignment,
5-27
LOC - Set * counter, 5-32
ORG - Set * and *0 counter, 5-30
SECTION - Section assignment, 5-18
STACK - Increment the size of the
stack, 5-29
defined by the SECTION pseudo, 3-20
literals, 3-20
local, 3-19
main, 3-19
stack buffer, 3-21
SEGLDR statement (JCL), 2-3
Semantic error, C-1
Set * and *O counter, see ORG pseudo
Set * counter, see LOC pseudo
Set *P counter, see BITP pseudo
Set *W counter, see BITW pseudo
SET pseudo, 5-55
Set redefinable symbol to micro size, see
MICSIZE pseudo
Set symbol, see SET pseudo
Similarities among defined sequences, 5-98
Simple registers, 4-3
Simple-register-mnemonic, 4-3
SKIP pseudo, 5-79
SOFT, linkage attribute, 5-8
Source statement
new format, 3-4
old format, 3-7
SPACE pseudo, 5-48
Special elements, 4-25
Specify
entry symbols, see ENTRY pseudo
external symbols, see EXT pseudo
listing subtitle, see SUBTITLE pseudo
listing title, see TITLE pseudo
local unique character string, see
LOCAL pseudo
program entry, see START pseudo
STACK pseudo, 5-29
START pseudo, 5-10
Statement editing, 3-8
Statements
actual, 3-11
control, 2-3
edited, 3-11
source, 3-4
statrg (UNICOS logical trait), 2-14
STATRG (COS logical trait), 2-6
Stop duplication, see STOPDUP pseudo
STOPDUP pseudo, 5-147
SUBTITLE pseudo, 5-50
SYM (COS parameter), 2-4
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Symbol
attributes, 4-9
definition
= - Equate symbol, 5-54
description, 2-22, 2-2, 4-4, 4-8
MICSIZE - Set redefinable symbol to
micro size, 5-56
SET - Set symbol, 5-55
example, 4-9
included in a binary definition file
(figure), 2-23
qualified, 4-7
reference, 4-12
specification, 4-6
unqualified, 4-6
Synonymous operation, see OPSYN pseudo
Syntax
conventions, A-1
description of syntax, A-1
error, C-1
hierarchical version, A-2
machine instruction conventions, A-1
sorted version, A-8
System-defined binary definition file, 2-20

$TIME (predefined micro), 5-83
*TARGET (COS option), 2-5
t (UNICOS option), 2-15
T
COS parameter, 2-4
UNICOS option, 2-15
Tables
comparison of COS and UNICOS
parameters, 2-18
diagnostic messages, D-1
listing messages, C-1
TARGET control statement, 2-10
Target
description, 2-10
machine ($CPU), 5-83
Task common, 5-21
Terminate global text source, see ENDTEXT
pseudo
Terms
address attributes, 4-34
attributes, 4-32
complement character, 4-31
definition, 4-31
diagram, 4-29
elements, 4-32
element-prefix, 4-32
example, 4-31
figure, 4-32
multiply-operator, 4-32
prefixed-elements
relative attributes, 4-33
term attributes, 4-32
Test character strings for assembly
condition, see IFC pseudo
Test expression attribute for assembly
condition, see IFA pseudo
Test expressions for assembly condition,
see IFE pseudo

Index-10



Text machine characteristics, see IFM
pseudo
TEXT pseudo, 5-51
Time of day ($TIME), 5-83
TITLE pseudo, 5-50
Toggle assembly condition, see ELSE pseudo
Truncated values
truncated value of -1 stored in a 5-bit
field (diagram), 4-48
truncated value of 5 stored in a 3-bit
field (diagram), 4-48
truncated value of 5 stored in a 2-bit
field (diagram), 4-49
Truncating expression values, 4-47
TXT (COS option), 2-8

Unconditional error generation, see ERROR
pseudo
Unconditionally skip statements, see SKIP
pseudo
Underlining, 1-3
UNICOS
arguments, 2-12
description, 2-11
environment, 2-17
logical traits, 2-14
numeric traits, 2-15
options, 2-12
Unlabeled data item storage (diagram), 5-60
Unqualified symbol, 4-6
Uppercase, see Case
User-defined binary definition file, 2-20
User-defined instructions, 3-13

-V (UNICOS option), 2-17
Value, 4-10
Value attributes, 4-47
Variable word definition, see VWD pseudo
vpop (UNICOS logical trait), 2-14
VPOP (COS logical trait), 2-6
vrecur (UNICOS logical trait), 2-14
VRECUR (COS logical trait), 2-6
VWD
pseudo instruction, 5-63
result of VWD with 4-bit destination
field (diagram), 4-40
result of VWD with 9-bit destination
field (diagram), 4-38

W. - Word-address prefix, 4-28

Warning message, 2-2

Word address, 4-10, 4-47

Word-address prefix, 4-27

Word-bit-position counter, 3-23

Word count, octal, 5-32

Word-parcel conversion for six words
(figure), 4-27
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x", definition, 1-4
[x], definition, 1-4
b3
definition, 1-4
UNICOS option, 2-16

COS parameter, 2-4

UNICOS option, 2-16
X | y, definition, 1-4
XNS (COS option),

2-8
XRF (COS option), 2-8
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