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level 01

Ry(3)

level 02

R,(3)

Sample Procedures

SET

FIN

SET

SET

DO

DO

FIN

SET

FIN

DO

FIN

SET

FIN

PEND

FIN

SET

FIN

DO

SUM

SET

SET

DO

DO

FIN

SET

FIN

R2(l) + R](2)

3, 4
0

NUM(R,)

2

NUM(RZ(I)) >

R2(1) + R, (2)

1

NUM(RQ(Z)) ~1

R2(2) + R](2)

R+ 2,

NUM(R,)

2

NUM(R2(1)>1

R (M +R,(3)

.'.R](Z) 3+0 3
Increments counter of outer DO-loop by 1 and sets 1, counter;
s 2.

2

Equates local symbol R, to sublist.

Does this loop 2 times; increments counter of outer DO=loop by 1;
1 counter; .'. 1 1.

2 2

False; R2(l) 3; .. NUM(Rz(l)) 1, so skips to FIN.

Terminates inner loop.

.’.R](Z) 3+0 3

Increments counter of outer DO-loop by 1 and sets 1

.'.I2 2.

False; R2(2) 4; . NUM(R2(2))

counter;

2

1, so skips to FIN.,

Terminates inner loop.

R](Z) 4+3 7

Terminates outer DO-loop.

Terminates level 02 procedure and returns to level 01.

Terminates inner loop.

.‘.Z] 7+5 12

Increments counter of outer DO-loop by 1 and sets |
s, 3.
3

True; R] (3)

counter;

3

3, (7,8),4; .‘.NUM(R](3)) 3.

Procedure Reference (level 02)

Equates local symbol R, to list. Note that Rp is a new symbol; it is
not to be confused with the previous level 2 symbol R,

Does this loop 3 times; increments DO-loop counter by 1; [2 * counter;
S, 0.
2
False; R2(l) 3; . NUM(RZ(I)), 1, so skips to FIN.
Terminates inner DO-loop.
SR@) 340 3
Increments counter of outer DO-loop by 1 and sets 12 = counter;
S, 02,
2




2)

R,(2)

level 02

R,

R,(3)

level 01

DO NUM(R2(2)) ~1

SUM R,(2)

SET 7.8

SET 0

DO NUM(R,)

DO NUM(Ry (1)1
FIN

SET Ry(1) + Ry(2)
FIN

DO NUM(R4(2)) ~1
FIN

SET Ry(2) + R(2)
FIN

PEND

FIN

SET Ry(2) + R, (3)
FIN

DO NUM(R,(3)) > 1
FIN

SET Ry(3) + R, (3)
FIN

PEND

FIN

SET R34 Z,
FIN

PEND

Thus, the main program statement

4

SUM Q

_results in the value 34 being assigned to label Z.

True; R2(2) 7,8; . NUN\(R2(2)).\ 1.

Procedure Reference (level 03).

Equates local symbol R3 to list.

Does this loop 2 times; increments DO-loop counter by 1;1

13 1.

False;R{B(l) 70 NUM(R3(I)) 1, so skips to FIN.

3

Terminates inner loop.

.'.R2(2) 740 7

Increments counter of outer DO-loop by 1 and sets |
A | 2.
3

False; R3(2) 8; .. NUN\(R3(2)) 1, so skips to FIN.

counter;

3

Terminates inner DO-loop.

,‘.R2(2) 8+7 15

Terminates outer DO-loop.

Terminates level 03 procedure and returns to level 02.

Terminates inner DO-loop.
.'.R]l(3) 15+3 18

Increments counter of outer DO-loop by 1 and sets |

..12 3.

False; R2(3) 4; .. NUM(R2(3)) 1, so skips to FIN.

counter;

2

Terminates inner DO-loop.
.'.R](S) 4+18 22

Terminates outer DO-loop.

Terminates level 02 procedure and returns to level 01.

Terminates inner DO-loop.

.’.Z] 22+12 34

Terminates outer DO-loop.

counter;

Terminates level 01 procedure and returns to main program at level 0.
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Example 120. Procedure that Defines a Procedure

The following procedure is assigned two names (B and A) and defines a procedure when referenced.

Command
. Definitions Stack
Line
1 ORG 100 B Pointer
2 B CNAME 6 Sample 6
3 A CNAME 5 Stack B
4 PROC - A Pointer
5 LF CNAME  NAME, AF - - ] 5
6 PROC -1 - A
7 LF DATA NAME, AF pal } Q Pointer
8 PEND —— 6,17
9 PEND \ Q
T R Pointer
5,15
: R

When Meta-Symbol encounters the A/B procedure definition, it creates two stacks: the Somple Stack (lines 5-9) and the
Command Definitions Stack. In the latter stack, it enters B, assigning it the value 6, and A, assigning it the value 5.
These entries also containa pointer to the Sample Stack, indicating the lines that will be processed when B or A is sub-
sequently referenced.

The procedure reference lines

20 Q B 17
21 R A 15
22 J Q 77

cause Meta-Symbol to do the following:

1.

Line 20 causes Meta-Symbol to process lines 5 and 6 as

Q CNAME 6,17
PROC

which is u procedure definition. Therefore, Q is entered inthe Command Definitions Stack, assigned the values6, 17,
and associated with line 7. Line 8terminates the definitionof Q, andline 9returns control to the main program.

Line 21 causes Meta-Symbol to process lines 5 and 6 as

R CNAME 5,15
PROC

which is a procedure definition. Therefore, R is entered in the Command Definitions Stack, assigned the values 5,
15, and associated with line 7. Line 8 terminates the definition of R, and line 9 returns control to the main program.

Line 22 references Procedure Q which processes line 7 as
J DATA 6,17,77

Label J is assigned the value 100 (ORG 100).
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6. ASSEMBLY LISTING

The Xerox Meta-Symbol assembler produces listing lines
according to the format shown in Figure 5. The page count,
a decimal number, appears in the upper right-hand corner
of each page.

EQUATE SYMBOLS LINE
Each source line that contains an equate symbols or dis-

play directive (EQU, SET, or DISP) contains the following
information:

or

IRRRI A one- to four-character value type
indicator when the value of the item
in the argument field is other than

an address or a single precision inte-

ger. This is discussed below.

and

SSS ... Source image. If source input was
from a keyed file, columns73-80
(print positions 100-117) will be re-

placed by the key number.

NNNNN*  Source image line number in deci-
mal.  An asterisk identifies an up- When the argument field of an EQU, SET, or DISP directive
date line. specifies a value that is neither a single precision integer
nor an address that is evaluatable when the directive is en-
and countered, the assembler will print a one- to four-character
value type indicator in the value field of the listing (print
XXXXXXXX Value of argument field as a 32- positions 19-26). If the argument field of these directives
bit value. specifies more than one value, or if one of the arguments is
itself the name of a list, the values or value type indicators
or will be printed singly beginning with the value field of the
. directive line and continuing for successive lines. The in-
CC Current section number in hexa- formation listed in the value field for various kinds of EQU,
decimal. The first control section SET, and DISP arguments is shown in the following listing:
of an assembly is arbitrarily assigned
e el | ot soctens SerEQUOS?  Diglay
9 v Argument Type Listing Value Field
LLLLL Value of the argument field as a Sinal ision int lue of inteqe
hexadecimal word address. Ingle precision integer vatv inreger
Address value of address
B Blank, 1, 2, or 3 specifying the Fixed decimal constant  FX
current byte displacement from a
word boundary. Floating short constant FS
Print
Position 1234567891011 1213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
Equate NNNNN Cc C L LLLL B S...
symbols NNNNN XX X X X X XX : S..
line NNNNN TTTT S..
Assembly
listing line NNNNN c C L L L L L B X X X X X X X X A S...
Ignored
source
image line NNNNN Ys o
Error line | * % * * me s s ag e S
Literal . )
listing line Cc C L L L L L B X X X X X X X X A

Figure 5. Meta-Symbol Listing Format
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SET, EQU, DISP
Argument Type

Floating long constant
Decimal constant

Character string constant

Undefined global symbol
Forward reference

Local forward 1eference
External reference
Double precision integer

I expression involving
a relocatable item

List, i.e.,

vclue‘, .« .,value,

Display in

Listing Value Field
FL

D

TEXT (For EQU and SET
directives)first 8 bytes of
constant in EBCDIC (for
DISP directive)

UND
FR
LFR
EXT
DPI

value of integer

addend 1 S.
LIST followed by:

value 1
only for DISP
directive

value
Ak ok ok

Note: Any of the list items might itself be a list. In thot

case LIST and **** will print to define the elements

of such a sublist.

ASSEMBLY LISTING LINE

Each source image line containing a generative statement

prints the following information:

NNNNN * Source image line number in decimal.
An asterisk identifies an update line.

CC Current section number in hexadecimal.
See CC under "EquateSymbols Line".

LLLLL Current value of execution location
counter to word level inhexadecimal.

B Blank, 1, 2, or 3, specifying the byte
displacement from word boundary.

XX,

XXXX, Object code in hexadecimal listed in

XXXXXX, groups of one to four bytes.

XXXXXXXX

A Address classification flag:

blank denotes a relocatable
field.

A denotes an absolute ad-
dress field.

F denotes an address field
containing a forward
reference.

X denotes an address field
containing an external
reference.

86 Assembly Listing

N indicates that the object code
produced for the source line
contains a relocatable item
(i.e., an address, a forward
reference, or external refer-
ence) in some field other than
the address field.

NN specifies intersection refer-
ence number.

SSS. .. Source image.

IGNORED SOURCE IMAGE LINE

A skip flag indication
xgH

is printed in columns 33-35 for each statement skipped by
the assembler during a search for a GOTO label or while
processing a DO or DOI directive with an expression value
of zero. It will also be printed for a system directive that
specifies a file included in the standard definition file.
NNNNN and SSS. .. have the same meanings as in an as-
sembly listing line.

The *S* flag is also printed in columns 33-35 beside any
CNAME directive containing a procedure name that was
not subsequently referred to in a command procedure refer-
ence line. If none of the names for a procedure are
referred to, the entire procedure will be skipped and so
indicated on the assembly listing.

ERROR LINE

When an error is detected in the source image line, the line
immediately following begins with the error indication

* ok k ok

This line may contain one or more single-character syntax
error codes or an error message. The error codes print be-
neath the part of the source image line that is erroneous.
The error codes and their meaning are fisted in Table 6;
the error messages are given in Chapter 7, "Meta-Symbol
Operations". ' )

LITERAL LINE

Any literals evaluated during an assembly are printed imme-
diately following the END statement. Literals are listed in
the order in which they were evaluated, and the listing line
contains

CC Current section number in hexadecimal.
See CC under "Equate Symbols Line".

LLLLL Current value of execution location

counter to word level in hexadecimal.



Table 6. Meta-Symbol Syntax Error Codes

Significance

Code | Severity'
A 4
B 4
C 4
E 4
F 4
L 4
M 4
N 4
o 4

Arithmetic operand error. Arithmetic has been attempted with an operand on which arithmetic is not
syntactically meaningful, probably a list. For example:

(8,C) * 2
A

Column 1 of a continuation card does not contain a blank. For example:

MASK  DATA
X!'3FFF*
B

2

Constant string error. A constant contains an illegal character or is improperly formed. For example:

X'ABCDEFG!
C

Expression error. An arithmetic expression is malformed (a missing operand, an unknown operator, etc.).
For example:

51/2
E

Invalid system file name. The argument field of a SYSTEM directive contains other than a legal Meta-
Symbol name. System SIG7FDP is substituted. For example:

SYSTEM ALPHA 1 2
F

Label error. The argument field of one of the directives CDISP, FDISP, DEF, REF, SREF, LOCAL,
OPEN, or CLOSE contains other than a well-formed Meta-Symbol symbol. For example:

OPEN 50
L

Missing command field.

Parentheses nesting error. For example:

A*B/(C+1)
N

Arithmetic overflow during constant conversion. For example: - ®

FX'1.5B2E3'
O

Mhe highest error
listing.

severity level encountered in the assembly is passed to the loader and appears at the end of the assembly
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Table 6. Meta-Symbol Syntax Error Codes (cont.)

Code Severityt Significance
Q 4 An apparent constant qualifier other than C, D, O, X, FS, FL, or FX has bean encountered. For
example:
G'FFAB!
Q
S 4 A general violation of syntax structure has been encountered, usually a juxtaposition of characters that
provides no indication of intended meaning. For example:
BA(A)B
S
\ 4 A character not in the recognized character set has been encountered outside a constant string. For
example:
ALPHA.R2
\
X 4 The previous list has more than 255 elements.
Mhe highest error severity level encountered in the assembly is passed to the loader and appears at the end of the assembly
listing.
B Blank, 1, 2, or 3, specifying the byte If an asterisk follows the control section number, as

displacement from word boundary.

XXXXXXXX  Value of literal as a hexadecimal mem-
ory word.

A Address classification flag. See "Assem-
bly Listing Line".

SUMMARY TABLES

Immediately following the literal table, the following eight
summaries are printed as a standard part of the assembly list-
ing. Each summary is preceded by an identifying heading.

1, Control Section Summary. Shows, in hexadecimal, the
section number, size, and protectiontype of all control
sections in the program. A typical item has the form

01 00584 2 PT 1

where 01 is the control section number, and 00584 is the
number of words in the section, plus two additional
bytes. PTdenotes “protection type" and 1 means that
protection type 1is assigned tothis section. Protection
type, an integer from O to 3, is specified by a CSECT
or DSECT, or PSECT directive (see Chapter 2). The con-

trol section summary is listed four items per line.
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in
03*001D3 PT O

it indicates that control section 3 was declared to be
of size X'1D3" words in the object language (if gener-
ated), but that the listing indicates a different maxi-
mum size for control section 3. This may indicate that
a different amount of data was generated by pass 1 of
the assembler than was generated by pass 2. This con-
dition causes an error severity level of 3.

A page eject follows the control section summary and
the following summaries then print. Items 2 through 5
below may be omitted by including the option NS
(no summaries) on the METASYM control card. Items 6
through 8, the error summaries, always print, however.

Symbol Value Summary. Shows all nonexternal symbols
in the program, except those designated as LOCAL or
closed. A typical item has the form

SCALE/01 001B5

where SCALE is a symbol name, 01 is its control section
and 001B5 is the hexadecimal word address at which it



is defined. In place of a control section and word
address, some symbols will have a 32-bit value dis-
played as an eight-digit hexadecimal number or may
have a one- to four-character value type indicator.

In other words, the information following a symbol
name may have the same formatas described previously
under "Equate Symbols Line". On some items, the
slash is replaced by an asterisk if the SD option has
been included in the METASYM control card. The

SD option specifies that symbolic debugging code (i.e.,
a symbol table) is to be included in the relocatable
object module.

The symbol values are printed four per line except
where an entry is too long for its allotted print field
and overflows into the field to its right.

External Definition Summary. Shows all symbols in the
program declared to be external definitions. Format is
the same as the Symbol Value Summary.

Primary External Reference Summary. Shows all symbols
declared to be external references. Only symbol names
are listed, formatted seven per line where possible.

Secondary External Reference Summary. Shows all
symbols declared to be secondary external references.
Format is the same as for the Primary External Refer-
ence Summary .

Undefined Symbol Summary. Shows all symbols used
but not defined nor declared to be external references.
Format is the same as for the Primary External Refer-
ence Summary .

Error Severity Level. This line shows the highest error
severity level encountered in the program.

Error Line Summary. Shows the line numbers of all lir »s
inthe source program onwhich errors were encountered.
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1. OPERATIONS

Meta-Symbol has been designed to run under control of
the Sigma Batch Processing Monitor and Batch Time-Sharing
Monitor, thereby making available to it all facilities of
the Monitor system. This document provides a discussion
of the Monitor interface that affects the typical user. In
particular, Monitor control commands necessary to assemble
a program are described. Consult the reference manuals
for the above mentioned Monitors for further information
about their operation and use.

BATCH MONITOR CONTROL COMMANDS

To assemble a Meta-Symbol program, a run deck containing
the necessary Monitor commands must first be prepared.
This chapter describes those commands. A large variety of
other Monitor commands exist; for these, the user is referred
to the appropriate Monitor Reference Manual.

JOB CONTROL COMMAND

The first card in each Meta-Symbol run deck must be a JOB
card, which has the format shown below.

1JOB account number, name, priority

where

account number is a 1- to 8-character alphanumeric
string identifying the account or project to which
the run is to be charged.

name is a 1- to 12-character alphanumeric string
identifying the user.

priority is a number between X'1' and X'F' speci-
fying the priority of the job. Although the priority
is not used by the unscheduled Monitor, it must be
specified; otherwise, the Batch Monitor will reject
the entire job.

LIMIT CONTROL COMMAND

Immediately following the JOB card there should be a
LIMIT card, which has the format shown below. The order
of the three limit options is immaterial.

ILIMIT (LO,limit),(PO,limit),(TIME, limit)

where limit is a decimal integer specifying maximum oper-
ational limits, as follows:

LO, limit specifies the maximum number of pages
that can be listed.

90 Operations

PO, limit specifies the maximum number of cards
that can be punched.

TIME, limit specifies, in minutes, the maximum
time that the job can take.

These three limits are applied, respectively, to the sums of
LO output, PO output, and time used across the entire job.
Thus, these limits should reflect the maximum expected
usage for all assemblies within the job, not just the first
assembly. If the LIMIT card is omitted, the installation
default limits are used.

ASSIGN CONTROL COMMAND

Appearing next in the run deck are any ASSIGN cards
relating to the assembly. Normally, ASSIGN cards will
not be needed, since the system has the following standard
default assignments.

Logical Device or File Physical Device

BO Card punch
CI Card reader
coO Card punch
DO Line printer
GO Magnetic disk
LO Line printer
SI Card reader
SO Card punch

X1 (Intermediate file)
X2 (Update file)
X2KF Update file)
X3 (Concordance file)

Magnetic disk
Magnetic disk
Magnetic disk
Magnetic disk

If the user desires to reassign any of these 1/O options, an
appropriate ASSIGN card is necessary. For most users, the
only change from the above standard assignments will be
the assignment to magnetic tape of Cl and/or CO or the
intermediate files.

Meta-Symbol does not protect against conflicts that may
arise when two or more output options are assigned to the
same physical device. Such conflicts (such as SO and LS
to a line printer, or SO and CO to a card punch) may cause
the output to be interspersed in an irregular manner. Such
conflicts should be resolved by reassigning one or more of
the output options to a different device, or by calling the
assembler more than once, specifying only one such option
per assembly .



METASYM CONTROL COMMAND

The next card in the run deck will be the METASYM card,
which has the following format:

IMETASYM optionl,option 2,...,option n

where any number of options, or none, may be specified.
The options and their meanings are given below.

AC(ac],acz, - .,ocn) Account number specification,
where each ac is a Batch

Monitor account number.

BA Batch assembly mode.

BO Binary output.

ClI Compressed input.

CN Concordance output.

co Compressed output.

DC Default concordance.

GO Ovutput GO file.

LD List standard definition file.
LO List assembly output.

LS List source.

LU List updates.

ND No standard definition file.
NS No summaries.

PD (sny,sn9, . . .,sn,) Producestandard definition file.
SD Symbolic debugging output.

SB or SB(. . .)
SCoor SC(. . .)

Sequence binary.
Sequence compressed.

SI Source input.
SO Source output.
SU Sequential update.

Options may be specified in any order. Except for AC,
repetitions of the same option are ignored, that is, the
effect is that of a single occurrence. If no options are
specified, the following options are assumed:

51,L0, GO

The METASYM card is free form; blanks may appear any-
where except between the two letters of an option name or
between the option name and the left parenthesis for AC,
B, and SC'. At least one blank must separate the METASYM
command from the first option. The option list may be con-
tinued on one or more cards following the METASYM card.
Continuation is specified by placing a semicolon at any
point where a blank is legal. Processing of the METASYM
card is then resumed at the first nonblank column. METASYM
continuation cards must not have an ! in column one.

If the program -is on cards, it must imfr\ediately follow the

METASYM card. However, if CN has been specified,

the METASYM card must be followed immediately by

~ Concordance Control Command cards, the last one of

.~ which must be a .END card (see "Concordance Control
Commands and Listing" later in this Chapter). . The

*tNote that blanks may be significant characters for the SB
and SC options.

Meta-Symbol program deck is considered terminated by the
first card containing an END directive in the command
field. Any cards after the END directive are ignored by
the Meta-Symbol assembler.

A sample METASYM card is shown below.

IMETASYM SI,LO, CI, BO, SB(BIN)

The meanings of the various options are as follows:

AC(acy,acy,...,ac,) where n < 9. This option is used
in conjunction with the SYSTEM directive of Meta-Symbol.
With this directive, the user has the capability of calling
system files that have been placed on disk. Normally the
only system files used are those provided by the assembler
(namely, SIG7FDP, ... ,SIG5). However, when a user wants
to provide his own system files, a minor problem arises in
that, typically, he will have access to only a limited number
of account numbers' provided by the Monitor with which to
identify these files when they are entered onto the disk.
In order for Meta-Symbol to access these files, the assembler
must be told what their account numbers are. The AC option
provides this information.

If the AC option is specified and Meta-Symbol later en-
counters a SYSTEM directive, it will ask the Monitor to
search for the system name in the Monitor's account number
and nome table, under the account numbers given in the AC
option. The search will be performed according to the order
of the numbers in the AC option, from left to right, until
the specified system is found or the account nymbers are
exhausted. If the system is not found under the user-
specified account numbers, the systems filed under the
“system account number"tt are then searched. If the AC
option is not specified, the system specified by the SYSTEM
directive is searched for only under the "system account
number", Since all standard Meta-Symbol systems are filed
under the "system account number", they will be found
correctly even when the AC option is not used. If more
than one AC option is specified, the search is performed
from left to right across the card.

Thus,
IMETASYM AC(1),...,AC(2,3),...,AC(4),...
is equivalent to
IMETASYM AC(1,2,3,4),...
and both will cause a system search to be performed, first

under account number 1, then 2, 3, 4, and, finally, under
the "system account number".

fSee " JOB Control Command" for the definition of account
numbers.

M he "system account number" is the account number (:SYS)
under which all standard Xerox Sigma software is filed.

Batch Monitor Control Commands 1



A system is identified by the name under which it is entered
on the disk. This name must correspond to the name speci-
fied on the SYSTEM directive line used to reference the
system. Further, a system name must constitute a legal
"symbol" according to the Meta-Symbol syntax rules,
whereas the Monitor's rule for naming files is somewhat
broader (see "Creating System Files").

BA Selects the batch assembly mode. In this mode, suc-
cessive assemblies may be performed with asingle METASYM
card. The assembler will read and assemble successive pro-
grams until a double end-of-file is read. In the batch mode
current device assignments and options on the METASYM
card are applied to all assemblies within the batch.

A program is considered terminated when an END directive
is processed. Successive programs may or may not have an
end-of-file indicator separating them.

With input from the card reader, an end-of-file is indicated
by an EOD card. Two successive EOD cards or any other
Monitor control card terminates the job.

With input from unlabeled magnetic tape, standard tape
end-of-files provide job termination.

With input from labeled files on disk or tape, the job will
terminate when all programs inthe file have been assembled.

When batch assemblies consist of successive updates from
the card reader, to compressed programs from disk or tape,
the update packets are considered terminated by a +END
card, and should not be separated by EOD cards. There
must be a one-to-one correspondence of update packets to
compressed programs. End of job is signaled by end-of-file
conventions applied to the Cl device.

Output may be to any device, or labeled files on disk or
tape. QOutput on a device will be separated by ends-of-
file, and terminated by a double end-of-file. All output
to labeled files specified on the original ASSIGN card will
be written as successive records in the appropriate output
file, without module or program end-of-file separators.

BO This option specifies that binary output is to be pro-
duced on the BO device.

Ci This option specifies that compressed input is to be
taken from the Cl device.

CN This option specifies that a concordance, or sym-
bolic name cross-reference listing, is to be produced on the
LO device. One or more Concordance Control Commands
will follow the METASYM card on the C device. These
commands specify the range of names to be included in the
concordance (see "Concordance Control Commands and
Listing" later in this chapter). The concordance listing is
produced at the end of the assembler's encoding phase, and
does not require a full assembly. It may be produced in
conjunction with an LS listing.

co This option specifies that compressed output is to
be produced on the CO device.
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oc This option specifies that a “standard" concordance
is to be produced on the LO device. The DC option differs
from the CN option in that no attempt is made to read the
C device for concordance control commands. If both DC
and CN are specified, the DC option takes priority, and
the CN option is ignored.

GO This option specifies that the binary object program
is to be placed in a temporary file from which it can later
be loaded and executed. The resultant GO file is always
temporary and cannot be retained from one job to another.
To retain the binary object program for a subsequent job,
the BO option (with BO assigned to disk or magnetic tape)
must be used.

LD This option specifies that a listing of the standard
definition file (if any) is to immediately piecede the noi-
mal program listing. LD will have no effect if LO is not
also specified.

Lo This option specifies that a listing of the assembled
object program is to be produced on the LO device.

LS This option specifies that a listing of the source pro-
gram is to be produced on the LO device. This listing con-
sists of an image of columns 1 to 72 of each input line (after
updates have been incorporated) with its line number.

LU This option specifies that a listing of the update
decks (if any) is to be produced on the LO device. This
listing consists of an image of each update line with the
number of the lines in the update deck.

ND This option specifies that no standard definition file
is to be input for this assembly. Note that PD implies the
ND option, so that ND is redundant if PD is also specified.

NS This option specifies that summaries following the
assembly listing are to be omitted for symbol values, ex-
ternal definitions, and primary and secondary external
references.

PD (shy...,Sny) This option specifies that a standard
definition file is to be produced. The file will ke written
through the F:STD DCB, which contains a built-in file name
of $:STDMET. Thus, if F:STD is not reassigned, the PD op=
tion will cause creation (or overwriting) of a file, $:STDMET,
in the current job account. F:STD may be assigned to a dif-
ferent file name in the current account, and a standard defi-
nition file of that name will then be created.

The optional sn; are names which, if used as arguments of a
SYSTEM directive in a program that subsequently uses this
file, will cause that SYSTEM directive to be ignored. This
allows programs to reference SYSTEM directives as usual,
yet take advantage of a standard definition file that includes
the designated system.

$B,SC These options specify, respectively, that binary or
compressed card images are to be sequence numbered in col-
umns 77 to 80. The form SB(...) or SC(...) also may be
used, where the ellipsis represents a string of alphanumeric
characters.” With this form the leftmost four characters of

t .

All legal EBCDIC characters are permitted except for com-
mas, semicolons, and left or right parentheses. Blanks are
treated as significant characters.



the string are punched as identification in columns73to 76.
If fewer than four characters are specified, they are left-
justified and blank-filled in the remaining columns. [f SB
or 5C is specified without a corresponding output option
(BO or CO, respectively), the SB or SC option has no
effect.

SD This option specifies that symbolic debugging code
(i.e., asymbol table) is to be included in the relocatable
object module produced by the assembler. Inclusion of this
symbol table allows a debug subsystem to associate symbolic
names and type information with specified memory cells.
This allows run-time debugging and modification of a pro-
gram in a symbolic format similar to the actual assembly
listing.

If the SD option appears on the METASYM card, BO or GO

must be given also.

When a symbol value summary is produced at the end of the
assembly listing, any symbols entered into the object code
will be identified in the summary by an asterisk (*) instead
of a slash (/) preceding their value, word address, or type

indicator.

] This option specifies that symbolic input is to be
taken from the SI device.

SO An EBCDIC card image representation of the input
program is to be produced. The symbolic records will be

written on the SO device. The full range of assignments

may be made when obtaining source output.

Creation of source output does not require a complete as-
sembly, but rather is done during the encoding phase.

Su This option specifies that the update control com-
mands (see "Updating a Compressed Deck ")within any up-
date deck must be given in sequential order. Normally, the
order of these commands is immaterial, the assembler order—
ing them as required; but if SU is specified, only update
control commands in sequential order are permitted. This
option is provided to accommodate those systems whose disk
storage is too small to hold the intermediate file necessary
to perform updating. In such a case, this file could be
placed on magnetic tape.

EOD CONTROL COMMAND

In the batch mode (that is, when the BA option is specified),
programs on cards may optionally be separated by EOD
cards, which have the format 'EOD.

Each EOD card will normally be placed immediately after the
END card in a program deck. Any cards between the first
END card of the program and the EOD card are ignored.

FIN CONTROL COMMAND

Another Monitor control card should allow the last program
deck of the assembly. This may be a FIN card, which has
the format 'FIN.

Since the FIN command returns the Monitor to the idle

state, however, the program deck will be followed in most
cases by a LOAD card, METASYM card, or JOB card.

UPDATING A COMPRESSED DECK

By the use of the CO option on the METASYM card, Meta-
Symbol may be directed to produce a compressed deck of a
source program which can then be used as input during a
later assembly. Since a typical compressed deck contains
one-fourth to one-fifth as many cards as the corresponding
source deck, the use of compressed decks offers significant
operating advantages in both manageability and speed. The
following discussion explains how to update a compressed
deck with an"update packet". An update packet is consid-
ered to be the set of cards between the first t (update)
command and the compressed deck. If any symbolic carcs
precede the first | command they are termed a "symbolic
deck"; however, they are treated as if they were preceded
by a 10 card (see 'k below); that is, they are inserted
before the first line of the program.

Meta-Symbol recognizes four update control commands:

13 where k is a line number corresponding to a
line number on the source ov assembly listing
produced from the compressed deck. The 1k
control card designates that all cards following
the tk card, up to but not including the next
update control card, are to be inserted after
the kth line of the source program. The com-
mand 10 designates an insertion before the first
line of the program.

Uik where j and k are line numbers corresponding
to line numbers on the source or assembly listing
produced from the compressed deck, and j< k.
This form designates that all cards following the
1j.k card, up to but not including the next update
control card, are to replace lines j through k of
the source program. The number of lines to be
inserted does not have to equal the number of lines
removed; in fact, the number of lines to be in-
serted may be zero. In this case, lines j through k
are deleted.

o4 identifies a comment card that will be dis-
played within the update listing (LU specified),
but will have no other effect upon the update
process. Comments may begin in column 3 of
the 1* command. Comment cards are not in-
serted into the program being updated.

+ END designates the physical end of an update
packet. If the SI and CI devices are the same,
this command is optional, since, if omitted,
Meta-Symbol will terminate the update packet
automatically on encountering the first compressed
card. If the SI and CI devices are different, this
command is required.
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The + character of each update control command must be in
column 1, followed immediately by the control information,
with no embedded blanks. The control command is termi-
nated by the first blank column encountered. Optionally,
the blank may be followed by comments. Unless the SU op-
tion has been specified, the update control commands, with
their associated update records, may occur in any order;
Meta=-Symbol will order them as required.

The ranges of successive insert and/or delete control com-
mands must not overlap, except that the following case is
permissible: +j,k followed by +k, where j<k.

Overlapping or otherwise erroneous control commands will
cause an abcert error.

PROGRAM DECK STRUCTURES

Meta-Symbol accepts two basic types of input decks:
symbolic decks and compressed decks preceded by optional
update packets. Meta-Symbol will accept any number of
alternating symbolic and compressed (with update) decks
until a deck is found that contains an END directive; any
cards remaining after the END directive are ignored up to
the next Meta=Symbol control card. These decks, up to
and including the END directive, are combined into one
program. Five basic deck structures are possible, as shown
in Figure 6.

1. Symbolic only.

Symbolic

2. Compressed only.

Compressed

3. Compressed with update.

I—Compressed

Update

Figure 6. Basic Symbolic and Compressed
Deck Structures

94 Program Deck Structures

4. Symbolic and compressed.

Y
|

Compressed

r

5. Symbolic and compressed with update.

I.

Compressed

Figure 6. Basic Symbolic and Compressed
Deck Structures (cont.)

Any of these five kinds of deck structures may be combined
with any other kind, as required. Various legal deck struc-
tures are shown below in Figure 7.

Compressed

I Compressed

Figure 7. Sample Legal Deck Structures




I Compressed

2.

bymbol ic
Compres;ed
3.

Compressed

Compressed

Compressed

lCompressed

(81)

éymbollc

(C1

Compress‘eﬂdv B

Figure 7.* Sample Legal Deck Structures (cont.)

If the SI and CI devices are different and it is desired to
read compressed input from the CI device, then the only
permissible structure is that shown in Figure 8.

Figure 8. Deck Structure for SI and CI on
Different Devices

The symbolic deck on the SI device may be omitted. If the
SI device contains a compressed deck preceded by an update
packet that does not terminate with a +END card, that
compressed deck will be updated and assembled, and the
CI device will not be read.

If an update packet and its associated compressed deck are
to come from different devices, both SI and CI must be
specified on the METASYM card. If both are on the same
device (or if only symbolic input or only compressed input
is to be processed), the assembler can distinguish among
the three types of decks from the deck structure and card
format, and is therefore not dependent on the options speci-
fied. The action of the assembler for each combination of
options is as follows:

SI (or CI) only. The assembler will read from the SI (CI)
device and process whatever structure it finds. In either
case, this may consist of any legal combination of symbolic,
update, and compresseddecks. The only difference between
the SI and CI option in this situation is that SI causes input
to be read from the SI'device and CI from the CI device.

Sl and CI. The assembler will read the SI device first; it

must contain some information. If the input deck on the SI
device consists of an update deck terminating with a + END
control command, the CI device is then read. If there is no

. +END card on the update deck, and this is followed by a

compressed deck, it is assumed to be the compressed input
specified by the CI option and no attempt is made to read
the CI device.
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(The section headed "Maintaining Compressed Files on
Magnetic Tape" has been deleted.)

CREATING SYSTEM FILES

To place a system deck on disk, the Monitor control com-
mand sequence shown in Figure 9 could be used.

|' IFIN
I_Sysrem Deck
_[COPY CR TO system name
frpcL

1JOB account, name, priority

Figure 9. Example of System File Creation

This sequence will cause the deck following the PCL COPY
card to be entered onto the disk with the "system name"
given on the COPY card and under the account number
specified on the JOB card. The system deck may consist of
either a single symbolic or a single compressed Meta-Symbol
program. If the account number is the "system account
number" (:SYS), this system deck can be referenced by
other programs without using the AC option on a METASYM
card. Otherwise, any assembly that needs to reference this
deck must use the appropriate AC option. That is the case
in the typical usage shown in Figure 10.

Part of

symbolic
input
deck

s
/

Vi
SYSTEM MYS$PROCSDECK
(Card containing

SYSTEM statement)

7
/
7

IMETASYM SI, LO, BO, AC(3716) \—
[system deck named MY$PROCSDECK
[1coPY CR TO MY$PROCSDECK
IPCL
1JOB 3716, BRIAN, 1

Figure 10. Use of the AC Option

Note that use of the AC option was necessary even though
the assembly was done under the same account number as
that under which the system deck MY$PROCSDECK was

entered. This number was not the system account number.

CREATING AND USING A STANDARD
DEFINITION FILE

Although system files provide the most general and flexible
means for including common source libraries into the pro-
gram, they can cause a processing overhead that is unac-
ceptable for short programs or on-line terminal use. A
standard definition file is similar in function to a system
file, but exists in a Meta-Symbol internal format that is
directly usable by the assembler, thus avoiding the proces-
sing time required for source or compressed system files.
Unlike system files, a standard definition file is not invoked
by name but is automatically read in prior to starting an
assembly.  Only one standard definition file is available
to a single program, but SYSTEM directives may still be
used to include other required source library files in the
program.

Since standard definition files are installation-specific in
content, a program that may be assembled at different in-
stallations should still use a SYSTEM directive to identify
each required system file. The process of producing a stan-
dard definition file allows specification of system file names
that are included in that file; Meta-Symbol will then ig-
nore any SYSTEM directives whose file name is one of those
included in the standard definition file. Figure 11 illus-
trates a typical standard definition file creation.

['FIN

[  EnD

| SYSTEM DATADEF

|  SYSTEM BPM

| SYSTEM siG7FDP
[[METASYMSI,PD(SIG,BPM,DATADEF)

1JOB :SYS, STANDARD, 7

Source
deck

Figure 11. Creation of a Standard Definition File

Note that the Sigma instruction procedures are identified in the
PD option with the special keyword SIG. When a SYSTEMdi-
rective is included in the program that specifies any of the in-

struction subsets (SIG5P, SIG7, etc.), thedirectiveisignored

and treated as if it specified the same set of instruction proce-

dures which was used to create the standard definition file.
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By default, use of the PD option will produce a file named

$:STDMET in the current job account. Also by default, it
will attempt to open the $:STDMET file (unless the ND op-
tion is used) first in the current job account, and if not
found, in the :SYS account. If neither account contains

a $:STDMET file, the assembly proceeds as if ND had been
specified. Note that the AC option does not apply to

standard definition files.

It is possible to create and use standard definition files with
other names. This requires an ASSIGN card for the F:STD
DCB prior to calling Meta-Symbol. Figure 12 illustrates
this method.

Unlike the default case when F:STD is preassigned by Meta-
Symbol, a user assignment of F:STD will cause an abort if
the file cannot be located.

There is no restriction on the language elements that may

be included in a standard definition file, although it is ex-
pected that the common use will be for procedure defini-

tions and certain symbol definitions. No output occurs on
the listing for inclusion of a standard definition file; if the
file causes code to be generated, the location counters will
start with the values last set by the standard definition file.

CONCORDANCE CONTROL COMMANDS
AND LISTING

When the CNoption is included on the METASYM card, the
assembler will access the C device for additional control
records describing the data to be included in the concor-
dance (symbolic name cross-reference) listing.

An alphanumeric string, such as R2, B, o‘r RES is considered

by Meta-Symbol to be an operation code when used in the
first command field of a statement. When used elsewhere
in a statement it is considered to be a symbol.

If desired, a "standard" concordance can be produced by
entering the DC option on the METASYM command and
omitting all concordance control records on the C device.

The "standard" concordance listing does not include opera-
tion code names, but otherwise includes all symbol refer-

ences, including function and command procedure names
and intrinsic functions such as §, L, AFA, etc.

LOCAL symbols or symbols appearing as arguments of a
SYSTEM directive do not appear on any concordance listing.
Except for this restriction, all symbols and operation codes

used in a program can be listed by selective use of the con-
cordance control commands.

CONCORDANCE CONTROL COMMANDS

The concordance subsystem provides the following commands
for specifying the contents of a concordance listing:

10 Include all or a selected set of operation codes.
SS  Suppress all or a selected set of symbols.
OS Include only a selected set of symbols.

DS  Produce a modified LS listing, displaying only
lines that reference a selected set of names.

END Terminate concordance control commands.

\

I User program

r IMETASYM S1,LO,DC

IASSIGN F:STD,(FILE,MY$PROCS)

[ 1JoB 124C41 RALPH,5

[ User standard definition source

I IMETASYM 51,PD

| 1ASSIGN F:STD,(FILE,MY$PROCS),(SAVE)

1JOB 124C41,RALPH,5

Figure 12. Creation and Use of a Named Standard Definition File
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The control records must have a period (.) in column 1 and
the selection code (i.e., command name) in columns 2-4,
After a space of one or more blanks, a name list of the form
name1, name?, ... may follow the selection code. Em=-
bedded blanks between names in the list are not allowed.
The name list may be continued for several physical records
by using the Meta-Symbol semicolon continuation conven=
tion. Furthermore any number of records containing the
same selection code may be used.

Symbols specified on concordance control commands are im=-
plicitly OPENed when the command is processed. The sym-
bols may subsequently be OPENed and CLOSEd within the
program and the command will control all such symbols with
the same name. However, if a CLOSE balances the initial
implicit OPEN, that symbol is effectively removed from fur-
ther concordance control at the point of the CLOSE.

Concordance control records are printed, as read, on the
LO device.

10 This command specifies that all operation codes, or
only those given, are to appear on the concordance listing.
The form of the command is

.]O[nome],namez, v ,nomen]

If the name list is given, only the operation codes it
specifies will be listed. If the name list is absent, all op~
eration codes will be listed. (The brackets do not appear
on the control record; they are shown above only to indi-
cate that the name list is optional.)

S This command specifies that all symbols, or only
those given, are to be suppressed on the concordance listing.
The form of the command is

.SS [nome] ,namey, .. .,name ]

If the name list is given, only the symbols it specifies will
be suppressed. If the name list is absent, all symbols will
be suppressed. The SS and OS commands (explained below)
may not both be used in a given set of concordance control
commands. (The brackets do not appear on the control rec-
ord; they are shown above only to indicate that the name
list is optional.)

0s This command specifies that only a given list of
symbols is to appear on the concordance listing. The form
of the command is

.OS ndme],name2, -+ +/name
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The name list is mandatory.  Only the symbols it specifies
will appear on the concordance listing. The SS and OS
commands may not both be used in a given set of con-
cordance control commands.

DS This command specifies that a given list of symbols is
to be displayed by producing a modified LS listing. (The LS
option was explained previously under "METASYM Control
Command",) The format of the DS command is

.DS name,,name,, ...,name
1’ 2’ ! n

The name list is mandatory. Only the symbols it specifies
will appear on the modified LS listing. Instead of the en-
tire source program, the LS listing will display only lines
containing names — in any context — specified in the DS
name list. The DS command is independent of the 10, SS,
and OS commands. The DS command overrides a request for
a full LS listing.

END This command identifies the end of a set of concor-
dance control commands. Its format is

.END

The END command is mandatory if the CN option is speci=
fied. If only the END command appears on the C device,
a “"standard" concordance listing will be produced.

CONCORDANCE LISTING

The concordance listing precedes the regular assembly list-
ing. Names are printed on the concordance listing in
alphabetical order, sorted on the first seven characters.
Appearing on the lines below each name are one or more
name reference items. The general format of each name
reference item is

- op. code
reference line number { $

/ op. code [*]
where

reference line number is the source program line
number in which the name appears. The largest
reference line number that may be correctly pro-
cessed is 32767. 1f update records appear in the
concordance in the form "n.n", the largest update
record number (".n") that may be correctly pro-
cessed is 16383.

- op. code indicates that the name occurs in the
label field of the reference line, and op. code is
the operation code name used on that line.



$ indicates that the name occurs in the first com-
mand field of the reference line. In this case, $
terminates the reference item.

/ op. code (+] indicates that the name occurs in
other than the label or first command field of the
reference line, and op. code is the operation
code name used on that line. The operation code
name may be followed by an asterisk if the name
specified occurred in argument field 1 and was
indirectly addressed.

A sample name might appear on the concordance listing as

A

372 - DATA 459/LW*

This display means that symbol A was used at line 372 in
the label field of a DATA statement, and at line 459 of an
indirectly addressed Load Word instruction.

Reference line numbers can appear in the form "n" or
"n.n", depending on the form of the source program. The
form n.n appears for those lines that are in an update rec-
ord format and for which a new compressed file has not
been produced.

The reference items following each name are formatted
seven per line and are sorted by reference line number.
Unusually long operation code names will cause fewer ref-
erence items per line to be printed.

LIMITATIONS

The largest reference line number that may be correctly
processed is 32,767. If update records appear in the con—
cordance in the form "n.n", the largest update record num-
ber (".n") that may be correctly processed is 16,383.

META-SYMBOL ERROR MESSAGES

Meta=-Symbol has two basic phases: (a) the "encoder" phase,
during which the input file is read and updated, system
files are read, and syntax analysis is performed; and (b) the
"assembly" phase, during which the input is assembled, and
a listing and binary object program are produced. Both
phases of Meta-Symbol may generate various error messages

and diagnostics. This chapter explains these error messages.

TERMINAL ERRORS

Certain unusual conditions cause Meta-Symbol to terminate
an assembly prematurely. In such a case, an explanation
for the termination is given, followed by the message

METASYMBOL ABORT ERROR

If an abort occurs during a batch assembly (BA) run, the
standard termination message is

METASYMBOL ABORT ERROR
PROCESSING PROGRAM NO. nnn

where nnn is the sequence number of the program within the

batch.

Following either of the above messages, Meta-Symbol causes
an error exit (M:ERR) to the monitor.

ENCODER PHASE ERROR MESSAGES

Errors detected during the "encoder" phase fall into five
classes:

SYNTAX ERRORS

The encoder detects a variety of syntax errors during its pass
over the input file. These errors are noted for later inclu-
sion in the assembly listing, and will also appear in the
source listing if one is produced (i.e., if the LS option is
specified), Syntax error identification is in the form of a
one-character flag displayed beneath the character in the
symbolic image at which the error was detected. These
one-character flags and their meanings were given in
Table 6, Chapter 6.

ERRORS ENCOUNTERED DURING PROCESSING OF AN
UPDATE PACKET

Update Syntax Errors

record number erroneous control record

ILLEGAL SYNTAX

METASYMBOL ABORT ERROR

The update control record displayed has a syntax error in
the position indicated by the colon. The position of the
erroneous record in the update packet is indicated by the
record number. For example:

100 +5,Z

Update Record Sequence Errors

record number 1 erroneous control record 1

record number 2 erroneous control record 2

ILLEGAL UPDATE SEQUENCE

METASYMBOL ABORT ERROR

The update control records displayed are not in sequential
order and the SU option has been specified.
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Update Command Value Errors

erroneous control record
ILLEGAL UPDATE SEQUENCE
METASYMBOL ABORT ERROR

record number

The update control record displayed is of the form +j,k
where j > k.

Update Record Overlap Errors

record number 1 erroneous control record 1
erroneous control record 2
OVERLAPPING SEQUENCE NUMBERS

METASYMBOL ABORT ERROR

record number 2

The update control records displayed are overlapping in an
illegal manner. For example:

10 +13,26
27 +3,15

Update Line Number Errors

UPDATE CONTROL NUMBERS EXCEED COMPRESSED
FILE

METASYMBOL ABORT ERROR

A line number specified in an update control record is
greater than the number of lines in the program.

ERRORS ENCOUNTERED WHILE PROCESSING AN INPUT
FILE

Input File Control Byte Errors

ERROR RECORD CONTROL BYTES xx/xx/xx/xx.
1D/SEQUENCE/CHECKSUM/BYTE COUNT.

PROCESSING SYSTEM — system name. ] | °"or 06~
curs while
AT LEVEL — level of system file nesting. processing a
system file.
ID
COMPRESSED RECORD [SEQUE NCE ERROR
CHECKSUM

identification
SHOULD BE — correct { sequence
checksum

METASYMBOL ABORT ERROR

While reading a compressed input or system file, a com-
pressed record was encountered with the indicated erroneous
control byte.
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Compressed Input File Missing

COMPRESSED FILE MISSING AFTER UPDATE PACKET
METASYMBOL ABORT ERROR

After processing an update packet, the encoder expected
but did not find o compressed file on the appropriate input
device.

Compressed Input File Incomplete

INCOMPLETE COMPRESSED FILE

PROCESSING SYSTEM — system name, | || /O 0¢~
curs while

AT LEVEL — level of system call nesting. processing d
system file.

METASYMBOL ABORT ERROR

A symbolic record or an end-of-file was encountered while
processing a compressed file, prior to having encountered
the compressed end-of-file byte. Typically, this error
occurs when cards have been lost from the end of a com-
pressed deck.

Input File END Directive Missing

EOF ENCOUNTERED. END DIRECTIVE SUPPLIED BY
ENCODER.

PROCESSING SYSTEM — system name. If ervor oc-
curs while

AT LEVEL - level of system call nesting. processing a

. system file.

While processing the input file, an end-of-file was encoun-
tered prior to encountering an END directive. The missing
END directive is supplied by the encoder.

ERRORS ENCOUNTERED DURING THE OPENING OR
PROCESSING OF SYSTEM FILES

System Missing

UNABLE TO FIND SYSTEM — system name.
AT LEVEL — fevel of system nesting.

METASYMBOL ABORT ERROR

A SYSTEM directive specifying the system name displayed
has been encountered, but there is no system filed with this
name under any of the account numbers specified by the
AC option (if any), under the current job account, or under
the “system account number".



Monitor-Detected Errors

ERROR IN OPENING - system nome.
AT LEVEL ~ level of system nesting.

METASYMBOL ABORT ERROR

Duplicate Definitions of Program Symbols

DBL DEF

An error has occurred while trying to find the system filed
under the system name displayed.

OTHER ABNORMAL CONDITIONS ENCOUNTERED BY
THE ENCODER

No Input Option Specified

NO INPUT SPECIFIED,

METASYMBOL ABORT ERROR

Neither SI nor Cl was specified on the METASYM card,
but the card contained other options.

Monitor-Detected Abnormal Conditions

BAD 1/O. ABNORMAL CODE — xx.

If error oc-
curs while

processing a
system file.

PROCESSING SYSTEM — system name.

AT LEVEL — level of system call nesting.

METASYMBOL ABORT ERROR

An abnormal condition has been signaled by the Monitor.

Encoder Abort Errors

ENCODER ABORT,

symbolic image

METASYMBOL ABORT ERROR

A machine error or an assembler error during the encoder's
syntax analysis was encountered in processing the line
displayed.

ASSEMBLY PHASE ERROR MESSAGES

In the "assembly" phase, a variety of syntactical, logical,
and functional errors are detected during the two passes
over the input. These errors are normally included in the
assembly listing, but will be listed on the LO device even
if the LO option is not specified. The non-fatal errors
cause severity of 3. ‘

Checksum Errors

X1 CHECKSUM ERROR
METASYMBOL ABORT ERROR

A hardware malfunction has occurred while reading the
intermediate file.

This error message is caused by one of the following
conditions:

1. A non-redefinable symbol is defined more than once
within the program, or a symbol is defined in both
a redefinable and a non-redefinable context.

2. The same symbol is declared as an external definition
more than once within the program, or the symbol is
declared as both an external definition and an external
reference.

Unterminated Loops

PEND/END BEFORE FIN

The assembler has detected an unterminated DO or WHILE
loop (i.e., a PEND or END directive was encountered
before the FIN directive that should have terminated the
loop).

Unterminated Procedures

END BEFORE PEND

The assembler has detected an unterminated procedure (i .e.,
an END directive was encountered before the PEND direc-
tive that should have terminated the procedure).

Illegal Placement of a Directive

INVALID DIRECTIVE

This error message is produced when a directive occurs in a
context where it either is meaningless-or cannot be pro-
cessed consistently.

I. AnELSEorFINdirective occurs outside a DO or WHILE
loop, or an extra ELSE was encountered inside a DO
or WHILE loop.

2. A PENDdirective occurs outside aproceduredefinition.

3. A DOI, END, or SYSTEM directive immediately fol-
lows a DOldirective thathas a repeat count greater
than one.

4. AnS:RELPdirective was encountered within a procedure.
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Illegal Argument Fields

ILLEGAL AF

This error message is caused by one of the following
conditions:

1. The argument field for SCOR or TCOR is not a list.

2. The argument field for BOUND contains other than an
integer from 1 to X'8000'.

3. The argument field for DO, DO, RES, SPACE, or
WHILE contains other than a single-precision integer.

4. The argument field for ORG or LOC contains other
than an integer or an address.

5. The argument field for USECT contains other than an
address.

6. The argument field for CSECT, DSCET, or PSECT con-
tains other than an integer between 0 and 3.

7. The argument field of a standard instruction is blank,
or contains more than two fields.

8. The argument field for DEF, REF, SREF, CDISP, or

FDISP contains other than unsupscripted global symbols.

9. The (nonblank) argument field for TITLE contains other
than a single character string constant of 0 to 75
characters.

10. The argument field of an immediate class instruction is
indirect, or specifies indexing.

11. The (honblank) argument field for LIST, PCC, PSR,
PSYS contains other than a non-negative, single-
precision integer.

12. The argument field for ERROR, TEXT, or TEXTC con-
tains other than character string constants.

13. The argument field for COM or GEN contains more

values than the nu—ber of fields specified in the
command field.

Illegal Command Fields

ILLEGAL CF

This error message is caused by one of the following
conditions: o

1. Theseverity level for” ERROR is other than an inte-
ger from O to 15, or the condition is other than “an
integer.

2. The command field for ORG, LOC, REF, or SREF con-

tains other than the integers 1, 2, 4, or 8.
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3. The command field for DATA contains other than an
integer from 0 to 16.

4. The command field (for class 0 or 2) of a standard
instruction is blank.

5. The (nonblank) command field list for COM and GEN
contains other than non-negative, single-precision in-

tegers, or the total is not a multiple of 8, or is greater
than 128.

6. The (nonblank) command field for CNAME, EQU,
GOTO, RES, S:SIN, or SET contains other than a
non-negative, single-precision integer, or the com-
mand field for S:SIN is greater than 2.

lllegal Forward References

ILLEGAL FORWARD

A symbol or literal was used in a directive in such a way
that core allocation could not be determined at the time
that the directive was processed (e.g., a forward reference
in the field list of a GEN directive or in the command or
argument field of a RES directive).

Unsatisifed Local GOTO Searches

INVALID LOCAL GOTO

The assembler has encountered a LOCAL directive while a
GOTO search was being made for a local symbol.

IHlegal Use of GOTO

ILLEGAL GOTO

This error message is caused by one of the following
conditions:

1. Command field two of the GOTO directive specifies a
number greater than the number of symbols in the argu-
ment field.

2. The selected argument is not a symbol.

3. The selected argument is a local symbol passed info the
procedure from the reference line.

Illegal Labels

ILLEGAL LABEL

This error message is caused by one of the following
conditions:

1. The label field for CNAME, COM, FNAME, orS:SIN
contains other than an unsubscripted global symbol or
a list of such symbols.



2. The label field for DSECT contains other than a single
unsubscripted global symbol.

3. The label field for a directive that enters values into
the symbol table contains other than a blank, a symbo!,
a subscripted symbol, or a [ist of symbols or subscripted
symbols.

1llegal Subscripts

ILLEGAL SUBSCRIPT

A subscripted definition is not an integer from 1 to 255, or
a subscripted reference is not an integer from 0 to 255.

Maximum Procedure Level Exceeded

PROC LEVEL > 31

More than 31 levels of procedure referencing have been
encountered.

New Literals in Pass 2

NEW LITERAL IN PASS 2

Most commonly, the argument of a literal is itself a literal,
i.e., the literal of a literal.

I[llegal Operand Types

OPERAND TYPE ERROR

An operand that is illegal for the associated operator (or,
possibly, for all operators) has been encountered.

Excessive Number of List Elements

LIST TOO LONG

The indicated operation would create a list containing more
than 255 elements. The list is truncated to the first 255
elements.

Unterminated Skips

SKIP TERMINATED BY PEND/END

The assembler has detected an unterminated skip in a con-
ditional assembly sequence in a procedure (i.e., a PEND
or END directive was encountered before the termination
condition was satisfied).

Memory Overflows

INSUFFICIENT CORE
META-SYMBOL ABORT ERROR

The program being assembled is too large to assemble in
the amount of core memory available. (This error can also
occur during the "encoder" phase.)

Overlong Text Strings

TEXT TOO LONG

Asingle text string contains more than 255 EBCDIC characters.

Excessive Generated Data Lengths

TRUNCATION

The assembler has encountered a generated data value that
is too long for the specified field.

Undefined Local Symbols

UNDEFINED LOCALS

A symbol declared to be local was used, but not defined,
within the previous local region. (This message appears at
the end of a local region.)

Undefined Symbols

UNDEF SYM

An attempt was made to evaluate a global symbol that was
not defined on Pass 1 of assembly, and has not yet been de-
fined on Pass 2.

Unrecognized Commands

UNDEF COM

The assembler has encountered a command procedure refer-
ence containing an unrecognized command procedure name.
The command is evaluated as if it were a class O instruction
with an op~code of X'00'.

Circularly Defined Symbols

CIRCULAR DEF

The assembler has encountered a symbol that is defined in
terms of itself, either directly or indirectly.

Use of Doubly Defined Symbols

USE OF DBL DEF SYM

The assembler has encountered an instruction in which a
doubly defined program symbol is used.
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IHlegal Object Language Value

VALUE TYPE ERROR

The argument cannot be expressed in the standard object
language.

Doubly Defined Commands

DBL DEF COM

The assembler has encountered a CNAME, COM, or S:SIN
statement label that is identical to the label of another
CNAME, COM, or S:SIN statement.

Arithmetic Operand Precision Exceeded

ARITHMETIC TRUNCATION

The assembler has encountered an arithmetic operation in
which the precision of one or more of the operands exceeds
the limits allowed.

Iiegal Use of CNAME

DBL DEF DIR

An attempt has been made to redefine a Meta-Symbol di-
rective with CNAME, COM, or S:SIN.

Excessive Number of Control Sections

TOO MANY CS

A CSECT, PSECT, or DSECT directive has been encountered
after 127 relocatable control sections have been generated.
The directive is ignored.

1llegal Use or Placement of SOCW

SOCW ERROR

An illegal object language feature is required, or one of
the directives DEF, REF, SREF, CSECT, DSECT, or USECT
has been encountered, while the assembly is under SOCW
control, or the SOCW directive has been encountered after
the assembler has begun generating object code.

Unrecognized Key in S:KEYS Function

UNRECOGNIZED KEY

The scanned argument field of the PROC reference contains
a keyword which is not specified in the S:KEYS reference.
Reporting of this condition is suppressed if mode&4>0.
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Missing Key in S:KEYS Reference

MISSING KEY

A required hit has not occurred.

Key Conflict in S:KEYS Function

KEY CONFLICT

More than one hit has occurred for a single bitspecification.

Illegal Use of S:KEYS

ILLEGAL S:KEYS

S:KEYS is not being used within a PROC or the S:KEYS ar-
gument contains illegal syntax.

METASYM CONTROL COMMAND ERROR MESSAGES
Errors can also be detected on the METASYM control card:

Unrecognized METASYM Options

METASYM card image

ILLEGAL OPTION IGNORED

The option inthe position indicated by the colon is unknown.

IHlegal Account Numbers

METASYM card image

ILLEGAL ACCOUNT NO. IGNORED

The account number in the position indicated by the colon
contains more than eight alphanumeric characters, or more
than nine account numbers have been specified.

Syntax Errors in METASYM Commands

METASYM card image

ILLEGAL SYNTAX

The character in the position indicated by the colon is er-
roneous syntactically.

CONCORDANCE CONTROL COMMAND ERROR MESSAGES

Control Command Conflict

*CONTROL CONFLICT. ABOVE STATEMENT IGNORED

Both the SS and OS commands have been encountered. Both
may not be used.



Incorrect Symbol List

*IMPROPER SYMBOL LIST

The name list in the preceding control command is improp-
erly formatted: blanks between names, no commas, etc.

Missing Symbol List

*MISSING SYMBOL LIST

The mandatory list of names is missing after the OS or DS
control command.

Incorrect Control Command

*IMPROPER CN CONTROL. END OF PROCESSING

The previous record was not a concordance control record.
The sequence of control records is considered terminated,
but a concordance listing will be produced according to any
legal commands received prior to the error.

Concordance Overflow

*INSUFFICIENT SPACE TO PRODUCE CN

Less than one page (512 words) of computer memory, over
and above the assembly's symbol tables, is available to the
assembler when the concordance listing is to be produced.
The concordance listing is aborted.

Extended Memory Required

EXAMPLES OF RUN DECKS

Shown below in Figures 13 through 16 are examples of legal
run deck structures of varying complexity. In all the fol-
lowing examples, a blank has been inserted after the char-
acter "1" preceding some commands. This is permissible on
all but the input control commands; namely, EOD, BIN,
BCD, DATA, and FIN.

[ 1FIN \

ISymbquc Deck
[ IMETASYM 51, LO, BO
[rLimIT (LO, 100), (PO, 300), (TIME, 2)
1JOB 1, JONES, F

Figure 13. Sample Run Deck — Single
Symbolic Assembly

*CONCORDANCE EXTENDED MEMORY MODE

*REFERENCE COUNT — xxxx. DISC OVERFLOW — yyyy.

Maximum efficiency in producing the concordance listing
is attained when all its reference data may be co-resident
in memory with the assembly's symbol tables. If this is not
possible, part of the data must remain on the intermediate
file during concordance listing, causing repeated accesses
to the RAD. When this is the case, the above message
prints just before the concordance listing.

The reference count is the total number of reference items,
and disk overflow count is the number of items that are not
memory resident. If output speed reaches an unacceptable
level, the disk overflow figure indicates the approximate
amount the data should be reduced by modifying the con-
cordance control commands.

As another alternative, the programmer might wish to con-
sider use of the DS command. The DS command requires
no reference item storage.

[1FIN

Compressed Deck

lUpdote Deck
L IMETASYM I, LO, BO

JrLmIT (LO, 500), (PO, 200), (TIME, 5)
1JOB17, KIRK, 9

Figure 14, Sample Run Deck — Single
Assembly with Update

Examples of Run Decks 105



[1FIN
[ 'meTASYM C1, B0
| 15N, 276)
[ 1ASSIGN M:CI, (DEVICE, 9T), ;

| 1FIN

Update Deck

[Compressed Deck
lieob!

Compressed Deck

[ [Symbolic Deck
1EOD!

l Symbolic Deck

_____| SU, SB(SERIAL), LS

| AC(29, 30), ;

IMETASYM SI,.CI,LO,BO, ; w

| 1ASSIGN M:CO,(DEVICE,CPA04) \
[ I(SN, 910)
L 1ASSIGN M:CI,(LABEL, SX), ;

Compressed Deck
JUpdoie Deck
[tMETASYM I, Cl, LU, BO, LO, BA

L__{1LIMIT (TIME, 10),(LO,300), (PO,700)
1JOB 1026, SMITH, 6

AS‘.vymbolic Deck

[BO, 5B(XYZ)
[ IMETASYM CI,LO,5C(C0),CO, ;
———1 I(SN, 946)
[1ASSIGN M:CO, (LABEL,MY$CO),;

[ 1 LIMIT (TIME, 15),(LO, 700), (PO, 2000)
TJOB 71, XERES, 3

tOptionc:l program separator.

Figure 16. Sample Run Deck — Multiple Assembly

with Compressed Input and Output on
Figure 15. Sampie Pun Deck — Batch Assembly Magnetic Tape
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APPENDIX A. SUMMARY OF META-SYMBOL DIRECTIVES

In this summary brackets are used to indicate optional items.

YRR Iobeln] ASECT

BOUND

Cpisp
CLOSE

label [, ..., label ] CNAME[,n]

Iobell{, Cey Iabeln] COM(,field list]

[label yroe |abe|n] CSECT

[label YRR |obe|n] DATA[, f]

DEF

DISP

[label YRRy labeln] DO

[_|c.be|-J, ., labeln] DO1

boundary

symboll[, ceey symboln]

[ symbol v .,symbo!n]

[1ist]

[value |ist]

[expression]

[value cer valuen:]

1"

[symbol Vo symboln]

[1ist]

[expression]

[expression]

Function

Declares generative statements will be assem-
bled to be loaded into absolute locations.

Advances the execution location counter to
a byte multiple of "boundary" and advances
the load location counter the same number
of bytes.

Displays the command procedure identified by
"symbo|i".

Declares that "symbol;" are to be permanently
closed for all subsequent usage.

Designates a command ("label") for the
next procedure definition and specifies the
values ("list") associated with "label".

Describes a command skeleton; specifies
the contents of each "field"; "label" is the
symbol by which the command skeleton is
referenced.

Declares program section "label" as a relo-
catable control section with memory protec-
tion specified by "expression" where 0 <
expression € 3. If "expression" is omitted,

the value 0 (no memory protection) is assumed.

Generates each value in the list of "value;"
into a field whose size is specified by f in
bytes. If f is omitted, a field size of 4 bytes
is assumed.

Declares that the "symbol;" may be refer-
enced by other separately assembled
programs.

Displays each value specified in "list" on
the assembly listing.

If the value of "expression" is greater than
zero, processes the code from DO to ELSE or
FIN (if ELSE is absent) "expression" times.
Then continues assembly at the statement fol-
lowing FIN. If "expression" <0, skips all
code from DO to ELSE or FIN (if ELSE is ab~

sent); resumes assembly at that point.

If the value of "expression" is greater than
zero, processes the one statement following
the DOI1, "expression" times, then continues
the assembly at the next statement. If "ex-
pression" <0, skips the statement following
DO1 and resumes assembly .
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Form

label

| [label

[iabel

Iabell

[label

[1abel

108

1

YRRy labeln]

,Iubeln]

..., label ]

YERRY lobeln]

YRR |abe|n].

Appendix A

DSECT

ELSE

END

EQU[,S]

ERROR[, s[, ¢]]

FDISP

FIN

FNAME

GEN[,field list]

GOTO[, k]

LIST

LOC[, n]

LOCAL

OPEN

[expression]

[expression]

symboll[, e, symboln]

{1ist]

[value list)

labell[, ey |obe|n]

[expressi on]

[location]

[symbol Vo symboln]

[symbol

1"

. .,Symboln]

Function

Declares a dummy program section "label"
with memory protection specified by "ex-
pression” where 0 < expression < 3, If
"expression" is omitted, the value 0 (no
memory protection) is assumed.

Terminates the range of an active DO or
WHILE loop, or identifies the beginning
of the alternate sequence of code for an
inactive DO or WHILE loop.

Terminates a program or system file. Op-
tionally provides the starting address of the
program. If a label is given, associates it
with the location immediately following the
literal table, which is generated at the end
of the currently active program section.

Equates "label" to the value of "list". (Non-
redefinable)

If ¢ >0, s is compared with the current high-
est severity level, the higher value is retained,
and "message" is output. 1f ¢ <0, ERROR is
ignored.

Displays the function procedure identified by
the "symbol.".

Terminates a DO or WHILE loop.

Designates a function name ("label” for the
next procedure definition and specifies the
values ("list") associated with "label".

Produces a hexadecimal value representing
"value list" in the number of bits specified
by "field" in "field list".

Resumes assembly at the statement whose
label corresponds to the kth "label".

Suppresses or resumes assembly listing de-
pending on value of "expression". If
"expression" is zero, assembly listing following
LIST will be suppressed until resumed by
another LIST directive; if "expression" is
nonzero, assembly listing is enabled.

Sets the execution location counter ($) to
the value "location" and sets its resolution
specification to n, where the value of n is

1, 2, 4, or 8.

Terminates existing local symbol region and
initiates a new region where the "symbol."

i
are local symbols.

Declares that the "symbol;" are to be open for
use as symbols until another OPEN or o CLOSE
directive is encountered.

Page
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35,37
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62

35,37
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Form

Dabell,...,labeln]

[lobel‘,. . .,Iobeln]

chell,..”lobeln]

[lobell, .. .,lobeln]

|0be_|][,. . .,|abe|n]

ORG[,n]

PAGE

PCC

PEND

PROC

PSECT

PSR

PSYS

REF [,n]

RES[,n]

SET[,s]
S:RELP

S:SIN,n

[location]

[expression]

[1ist]

[expression]

[expression]

[expression]

symbol . [, ...,symbol
Y 1 4 n

[expression]

[tist]

[expression)

Function

Sets both the current load location counter
($$) and the current execution location
counter ($) to the value "location" and sets
their resolution specifications to n, where
the value of nis 1, 2, 4, or 8.

Upspaces assembly listing to the top of form.

Suppresses or resumes assembly listing of direc-
tives PAGE, SPACE, TITLE, LIST, PSR, PSYS,
and PCC, depending on value of "expression".
If "expression" is zero, assembly listing of these
directives will be suppressed until resumed by
another PCC directive; if "expression" is non-
zero, these directives will be listed.

Terminates procedure definition.

Identifies the beginning of a procedure
definition.

Declares program section "label" as a relo-
catable control section to be loaded on a

page boundary with memory protection speci-
fied by "expression" where expression is in
the range O to 3. If "expression’ is omitted,
the value 0 (no memory protection) is assumed.

Suppresses or resumes assembly listing of lines
skipped under control of GOTO, DO, or
WHILE, depending on value of "expression".
If "expression" is zero, assembly listing of
lines skipped subsequent to PSR will be sup-
pressed until resumed by another PSR direc-
tive; if "expression" is nonzero, skipped lines
will be listed.

Suppresses or resumes assembly listing of files
called by the SYSTEM directive. If "expres-
sion" is zero, assembly listing of all files
called by SYSTEM subsequent to PSYS will
be suppressed until resumed by another PSYS;
if "expression" is nonzero, system files will

be listed.

Declares that the "symbol;" are references to
externally defined symbols.

Adjusts both location counters ($ and $3$) by
the number of n-sized units indicated by the
value of expression. If n is omitted, a size of
four bytes is assumed.

Equates "label" to the value of "list".
(Redefinable.)

Releases all command and function procedure
definitions.

Defines standard instruction, "label", to be of
format "n", with opcode "expression".
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Form

[Iabell,. . .,labeln]
[labell, .. .,labeln )
[lobel],. . .,lobeln]
| [|qbe|],. - label ]
110 Appendix A

SOCW

SPACE

SREF[,n]

SYSTEM

TEXT

TEXTC

TITLE

USECT

WHILE

[expression]

[symboly,..., symbol ]

v
name
cs]'[, .
)
cs] [,. ey

['es']

name

[expression]

Function
Suppresses the automatic generation of
object control words.

Upspaces the assembly listing the number
of lines indicated by expression. If expres-
sion is omitted, 1 is assumed.

Declares that the "symbol;" are secondary
external references.

Calls system "name" from the library
storage media.

Assembles the "cs;" (character string constant)
in binary-coded format for use as an output
message.

Assembles the "cs;" (character string con~
stant) in binary-coded format, preceded
by a byte count, for use as an output
message .

Prints "cs" (character string constant) as a
heading on each page of assembly listing.

Specifies that the control section of which
label "name" is part is to be used in assem-
bling subsequent statements.

If "expression” <0, skips all code from
WHILE to ELSE or FIN (if ELSE is absent),
and resumes assembly at that point, If
"expression" ~0, performs the comparison
(0 < expression) again, and proceeds
accordingly.

Page
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Required syntax items are underlined whereas optional items
The following abbreviations are used:

register expression
value expression
indirect designator
address expression
index expression
displacement expression

are not,

m

:

A\

a

X

d
Mnemonic
LOAD/STORE
LI m,r
LB m,r
LH m,
LW m, T
LD m,r
LCH m, T
LAH m,r
LCW m,r
LAW m,r
LCD m,r
LAD m,r
LS m,r
LM mr
LCFI m
LCI m
LFI m
LC m
LF m
LCF m
LAS m,r
LMS m,r
LRA m,r
XW m,r
STB m,r
STH m, T
STW m,r
STD m,r
STS m,r
STM mr
STCF m

>
Z
>
=
<
N
m
>
A
W)

*| <

% % 3
ol|olo
21o1g

* % ke %k
aigigigig]
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* ok
ieigigl

~ IS

* %
o
~

<
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4 Q
181818

2o

LR R
1

*
[*]

*

121

*
Qo

14
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~

* kX %
~ '~

18181819

~

ANLZ

INT

FIXED-POINT ARITHMETIC

3

~
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Al
AH
AW
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SH
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3
x|
oo

~
=

~

X X X =

3

~
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~
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APPENDIX B. SUMMARY OF SIGMA INSTRUCTION MNEMONICS

Sigma 9

Sigma 7 (or 9)
Privileged
Decimal Option

Lock Option

ITCTMO TNO

w
-n

Function

Load Immediate

Load Byte

Load Halfword

Load Word

Load Doubleword

Load Complement Halfword

Load Absolute Halfword

Load Complement Word

Load Absolute Word

Load Complement Doubleword

Load Absolute Doubleword

Load Selective

Load Multiple

Load Conditions and Floating Control Immediate
Load Conditions Immediate

Load Floating Control Immediate
Load Conditions

Load Floating Control

Load Conditions and Floating Control
Load and Set

Load Memory Status

Load Real Address

Exchange Word

Store Byte

Store Halfword

Store Word

Store Doubleword

Store Selective

Store Multiple

Store Conditions and Floating Control

Analyze
Interpret

Add Immediate
Add Halfword
Add Word

Add Doubleword
Subtract Halfword

Codes for required options are

Floating=Point Option

P Memory Map Option
Special Feature —notimplemented onall machines

Equivalent to:




Mnemonic  Syntax

FIXED-POINT ARITHMETIC (cont. )

*

SW m,r a, x
SD m,r *a, x
MI m,r v
MH m,r *a, x
MW m,r *a, x
DH m,r *a, x
DW m,r  *a,x
AWM m,r  *a,x
MTB m, v *a,x
MTH m, v *a,x
MTW mv  *a,x
COMPARISON

Cl m,r v

CB m,r *a, x
CH m,r *a, x
Cw m,r *a, x
CDh m,r *a, X
Cs m,r *a, x
CLR m,r  *a,x
CiM m, r *E, x
LOGICAL

OR m,r *a, x
EOR m,r *a,x
AND m,r ‘g, x
SHIFT

S m,r *a, x
SLS m,r v, X
SLD mr v, x
SCS m,r v, x
SCD m,r v, x
SAS m,r v, x
SAD m,r v, x
SSS mr  g,x
SSD m,r  a,x
SF m,r  *a,x
SFS m,r v, x
SFL mr v, x
CONVERSION

CVA m,r *a, x
CVvs m,r *E, x

|

.

FLOATING-POINT ARITHMETIC

*

FAS m,r a, x
FAL m,r *a, x
FSS m,r  *a,x
FSL m,r  *a,x
FMS m,r  *a,x
FML m,r *a,x
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Function

Subtract Word
Subtract Doubleword
Multiply Immediate
Multiply Halfword
Multiply Word

Divide Halfword
Divide Word

Add Word to Memory
Modify and Test Byte
Modify and Test Halfword
Modify and Test Word

Compare Immediate

Compare Byte

Compare Halfword

Compare Word

Compare Doubleword

Compare Selective

Compare with Limits in Register
Compare with Limits in Memory

OR Word
Exclusive OR Word
AND Word

Shift

Shift Logical, Single
Shift Logical, Double
Shift Circular, Single
Shift Circular, Double
Shift Arithmetic, Single
Shift Arithmetic, Double
Shift Searching, Single
Shift Searching, Double
Shift Floating

Shift Floating, Short
Shift Floating, Long

Convert by Addition
Convert by Subtraction

Floating Add Short
Floating Add Long
Floating Subtract Short
Floating Subtract Long
Floating Multiply Short
Floating Multiply Long

‘Equivalent to:

Required
Options

MMM M T



Required
Mnemonic  Syntax Function Equivalent to:  Options

FLOATING-POINT ARITHMETIC (cont. )

FDS m,r *a, x Floating Divide Short F
FDL mr o *a,x Floating Divide Long F
DECIMAL

DL m,v  *a,x Decimal Load D
DST m, v *a, x Decimal Store D
DA m,v  *a,x Decimal Add D
DS m, v *a, x Decimal Subtract D
DM m v *a,x Decimal Multiply D
DD m,v  *a,x Decimal Divide D
DC m, v “'E, X Decimal Compare D
DSA m *a, x Decimal Shift Arithmetic D
PACK myv  *a,x Pack Decimal Digits D
UNPK r-n_,—_v_ *a, x Unpack Decimal Digits D
BYTE STRING

MBS “m,rd Move Byte String 7
CBS m,r d Compare Byte String 7
TBS m,r d Translate Byte String 7
TTBS mr d Translate and Test Byte String 7
EBS E E:l_ Edit Byte String D
PUSH DOWN

PSW m,r *a, x Push Word

PLW m,r  *a,x Pull Word

PSM m,r  *a,x Push Multiple

PLM m,r  *a,x Pull Multiple

MsP E "‘E, x Modify Stack Pointer

EXECUTE/BRANCH

EXU m *a, x Execute

BCS m,v *a, x Branch on Conditions Set

BCR m,v  *a,x Branch on Conditions Reset

BIR m,r *a, X Branch on Incrementing Register

BDR m,r *a, x Branch on Decrementing Register

BAL m,r *a, x Branch and Link

B E— *E, x Branch BCR, 0 4 *a, x
BE m *a, x (" Branch if Equal BCR, 3 *a, x
BG m *a, X Branch if Greater Than BCS, 2 *§_, X
BCE m *a, x Branch if Greater Than or Equal fo BCR, 1 *a, x
BL m *a, x Branch if Less Than BCS, 1 *_3_, X
BLE m *a, x Branch if Less Than or Equal to BCR, 2 *a, x
BNE E *E, X For Use After Branch if Not Equal to BCS, 3 *a, x
BEZ m *a, x Comparison < Branch if Equal to Zero BCR, 3 *a, x
BNEZ m *a, x InserCﬁons . Branch if Not Equal to Zero BCS, 3 *a, x
BGZ m *a, x Branch if Greater Than Zero BCS, 2 *a, x
BGEZ m *a, x Branch if Greater Than or Equal to Zero BCR, 1 *a, x
BLZ m *a, x Branch if Less Than Zero BCS, 1 *a, x
BLEZ m *a, x Branch if Less Than or Equal to Zero BCR, 2 *E, X
BAZ m *a, x L Branch if Implicit AND .is Zerof BCR, 4 *a, x
BANZ m *E, x Branch if Implicit AND is Nonzerot BCS, 4 *a, x

t .
See CW instruction in Xerox Sigma 7 Computer Reference Manual.
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Mnemonic  Syntax

EXECUTE/BRANCH (cont. )

BOV
BNOV
BC

BNC
BNCNO
BWP
BDP

[2i31312]31313

BEV
BOD

1313

BID
BLD

1313

BSU
BNSU
BSE
BSNE
BSF
BSNF
BSO
BNSO

1313131313131313

BIOAR
BIOANR
BIODO
BIODNO
BIOSP
BIOSNP
BIOSS
BIOSNS

{313131313131213

CALL
CALI
CAL2
CAL3
CAL4

3
<

3
<

3
<

2
<

|

CONTROL

LPSD
XPSD
LRP
MMC
LMAP
LMAPRE
LPC
LLOCKS
WAIT
RD

WD

3

3

121012
NN
X X X

EIE

3

3
2

2
.

2133

3
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* *
Q
Pl N

siolglglgl

~

X ok k¥ Ok
\INQ|

o ~
X X X X X X X X
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X X X X

*

12181818

* X

*

<

*a, x

For Use After
Fixed-Point
Arithmetic
Instructions

For Use After
Fixed-Point
Shift Instruc-
tions

For Use After
Decimal
Instructions

For Use After
Push Down
Instructions

For Use After
Input/Output <

Instructions

*a, x or (v, v), x
*a, x or (v, v}, x

I

Function

Branch if Overflow

Branch if No Overflow

Branch if Carry

Branch if No Carry

Branch if No Carry and No Overflow
Branch if Word Product

Branch if Doubleword Product

Branch if Even (number of 1's shifted)
Branch if Odd (number of 1's shifted)

Branch if 1llegal Decimal Digit
Branch if Legal Decimal Digit

Branch if Stack Underflow
Branch if No Stack Underflow
Branch if Stack Empty

Branch if Stack Not Empty
Branch if Stack Full

Branch if Stack Not Full
Branch is Stack Overflow
Branch if No Stack Overflow

Branch if 1/O Address Recognized
Branch if /O Address Not Recognized
Branch if 1/O Device Operating
Branch if 1/O Device Not Operating
Branch if 1/O Start Possible

Branch if 1/O Start Not Possible
Branch if 1/O Start Successful

Branch if 1/O Start Not Successful

Call 1
Call 2
Call 3
Call 4

Load Program Status Doubleword
Exchange Program Status Doubleword
Load Register Pointer

Move to Memory Control

Load Map

Load Map (Real Extended)

Load Program Control

Load Locks

Wait

Read Direct

Write Direct

Required

Equivalent to:  Options
BCS, 4 *a, x
BCR, 4 *a, x
BCS, 8 *a, x
BCR, 8 *a, x
BCR, 12 *a, x
BCR, 4 *a, x
BCS, 4 *a, x
BCR, 8 *a, x
BCS, 8 *a, x
BCS, 8 *a, x
BCR, 8 *a, x
BCS, 2 *a, x
BCR, 10 *a, x
BCS, 1 *a, x
BCR, 1 *a, x
BCS, 4 *a, x
BCR, 15 *a, x
BCS, 8 *a, x
BCR, 8 *a, x
BCR, 8 *a, x
BCS, 8 *a, x
BCS, 4 *a, x
BCR, 4 *a, x
BCR, 4 *a, x
BCS, 4 *a, x
BCR, 4 *a, x
BCS, 4 *a, x

P

P

P

p

7MP

oMP

7MP

LP

P

P

P



Mnemonic  Syntax

CONTROL (cont.)

NC)Pr m a, x
PZE m *a, x
INPUT/OQUTPUT
SIO m,r *a, x or (v, v}, x
T “or (v, v, v), x
HIO m,r *a, x or (v, v), X
or (v, ;I—;-)Ix
TIO m,r *a,x or (v,v),x
“or (v, v, v), x
DV m,r *a, x of (v, v), X
T T or (v, vy v),x
AIO m,r *a, x
RIO m,r *a, x
POLP m,r *a, x
POLR m,r *a,x

Function

No Operation
Positive Zero

Start Input/Output

Halt Input/Qutput

Test Input/Output

Test Device

Acknowledge Input/OQutput Interrupt
Reset Input/Output

Poll Processor
Poll and Reset Processor

t
Generates an LCFI instruction with neither C nor F specified.

Required
Options

9P
9P
9P

Appendix B
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Note: For each entry in this index, the number of the most significant page is listed first. Any pages thereafter are listed in

numerical sequence.

+END (update command), 93,95
+j, k (update command), 93,111
+k (update command), 93,111
$, 20,2,23-25,28,50, 100
$$, 20,2,23,24,28,50
* ok ok i‘, 86
*S*, 35,61,86
(literal designator), 5

A

absolute address, 5

absolute section, 27

absolute value, 21

absolute zero, 55

ABSVAL function, 21

AC option, 91

address resolution, 22
addresses, 5-8

addressing, 20

addressing functions, 20
advance location counters to boundary, 25
AF function, 52,64

AFA function, 52,64
argument field, 10,8, 52, 64
argument field asterisk, 52,64
ASECT directive, 26-30

assembly

control, 32-42

listing, 85-89

listing line, 86

passes, 1

phase error messages, 103
ASSIGN

control command, 90, 109

control command format for labeled tape, 96
asterisk

as indirect addressing, 6,7

as multiplication operator, 7

in column 1 (comments), 10

in concordance listing, 100

test for presence of (AFA function), 52,64,65

BA function, 20,92

batch monitor control commands, 90-93
begin new page, 58

begin procedure definition, 60

blank lines in assembly listing, 55
blanks at beginning of field, 8

-BO option, 92,110

bootstrap loaders, 55
BOUND directive, 25
byte address, 20

byte count, 55

C

CDISP directive, 62
CF function, 52,64
character
set, 2
string constant, 3,55,56,73
string functions, 74
Cl, 95,92,110
classification of symbols, 12
CLOSE directive, 44-46
CN option, 92,110
CNAME directive, 59
cO, 92,110
coding form, 9
COM directive, 51
command
definition, 51
definitions stack, 84
field, 9,8,52,64
procedure, 59,60,61
commas, 9
comment
field, 10,8
lines, 10
compressed files on magnetic tape, 96
concordance control
command error messages, 106
commands and listing, 99, 100
conditional branch, 34
conditional code generation, 78
constants, 2
continuation lines, 10
control section, 72
control section summary, 88
creating and using standard definition files, 98
creating system files, 97,112
CS function, 72
CSECT directive, 26-30

DA function, 21

DATA directive, 53

data generation, 50-55, 32
DC option, 92

decimal constant, 4

Index

V17



Note: For each entry in this index, the number of the most significant page is listed first. Any pages thereafter are listed in

numerical sequence.

declaration of
external definitions, 46
external references, 48
local symbols, 43
DEF directive, 46
defining symbols, 11
determine number of elements, 66
directives, 32-58
summary of, 113-116
DISP directive, 57
display values, 57
DO directive, 37-42
DO-loop, 38
doubleword address (DA function), 21
DOI1 directive, 34
DS concordance command, 100
DSECT directive, 26
dummy sections, 31

E

EBCDIC character string, 54
ELSE directive, 35-42
encoder phase error messages, 101
end assembly, 34
END directive, 34
END concordance command, 100
end procedure definition, 60
entries, 8
EQOD control command, 93,111
EQU directive, 42
equate symbols (EQU directive), 42
equate symbols line, 85
ERROR directive, 57
error
line, 86
line summary, 89
messages, 101,106, 107
severity level, 57,89
errors
encountered during processing of update packet, 101
encountered during opening or processing of system
files, 102
encountered while processing an input file, 102
examples of run decks, 108
execution location counter, 28
expression evaluation, 6
expressions, 6,7
external
definition, 46
definition summary, 89
reference, 12,48

F

FDISP directive, 62
field list, 50,51
fields, 8

118 Index

FIN directive, 35-42

FIN control command, 93
fixed-point decimal constant, 4
floating-point long constant, 5
floating-point short constant, 5
FNAME, 59

forward references, 11,69
function procedure, 59,61

GEN directive, 50
generate a value, 50
GO option, 92,110
GOTO directive, 34

HA function, 21
halfword address, 21
hexadecimal constant, 3

identify output, 56
ignored source image line, 86
include system file, 33
inhibit forward reject, 68
instruction set mnemonics, 33
intrinsic

address resolution, 20

functions, 63-74

symbols, 67
1/0O concordance command, 99
iteration control, 34,35
iterative loops, 38

J

JOB control command, 90

keyword scan (S:KEYS function), 69

L

L (literal designator), 5
Jabel field, 9,8,63
labeled magnetic tapes, 96
LF function, 63

LIMIT control command, 90
linear value lists, 12

LIST directive, 56



Note: For each entry in this index, the number of the most significant page is listed first. Any pages thereafter are listed in

numerical sequence.

list/no list, 56

listing
control, 55-58, 32
format, 85

of skipped records, 56
of system files, 57
lists, 12-19
in procedures, 74-77
literal line, 86
literals, 5,31
LO option, 92,110
load location counter, 28
LOC directive, 25,23
LOCAL directive, 43
local symbol region, 43
location counter, 23, 20, 55
logical operators, 7
LS option, 92,110
LU option, 92,110

memory protection feature, 27
METASYM

control command, 91,110

control command error messages, 106
mnemonics, 117-121, 33
monitor error messages, 107
multiple

labels, 9

name procedures, 62

NAME function, 65

ND option, 92

nonlinear value lists, 15

NS option, 92,110

null value, 13

NUM function, 17,66

number of characters, 72
number of elements in a list, 17

octal constant, 3

OL option, 111

OPEN directive, 44-46
operating procedures, 90-112

operational labels, implicitly assigned, 109

operators, 6
ORG directive, 23,24
OS concordance command, 100

P

pack text, 73
PAGE directive, 58
parentheses, 6,9,16,70
Pass 0, 1
Pass 1, 1
Pass 2, 1
PCC directive, 56
PD option, 92
PEND directive, 60
previously defined references, 11
primary external reference summary, 89
print
control cards, 56
skipped records, 56
system, 57
PROC directive, 60
procedure
control, 32
display, 62
format, 59
levels, 63
name reference, 65
reference lists, 74-77
references, 60
procedure~-defining procedure, 84
procedure-local symbol region, 43
procedures and lists, 59-84
processing of symbols, 10
program
deck structures, 94,112
section directives, 26
sections, 26-31
PSECT directive, 27
PSR directive, 56
PSYS directive, 57

quotation marks, 3,54

recursive

command procedure, 81

function procedure, 78
redefining symbols, 11
redundant parentheses, 16
REF directive, 48
reference syntax for lists, 14
relative addressing, 20
release procedure definitions, 62
relocatable

address, 5

control sections, 27
RES directive, 25



Note: For each entry in this index, the number of the most significant page is listed first. Any pages thereafter are listed in
numerical sequence.

reserve an area, 26 statements, 8

restrictions on forward references, 69 SU option, 93,111

returning to a previous section, 28 suppress object control words, 55
run decks, examples of, 108, 109 symbol

control, 44
correspondence, 66

S manipulation, 42-50, 32
references, 11

S:AAD, 67 table, 12,22

s:C, 67 value summary, 88

S:D, 67 symbols, 2,10, 12

S:DPI, 67 syntax, 8

S:EXT, 67 syntax errors, 101

S:FL, 67 SYSTEM directive, 33

S:FR, 67

S:FS, 67

S:FX, 67

S:IFR, 68 T

S:INT, 67

S:KEYS, 69,70 TCOR function, 67

S:LFR, 67 terminal errors, 101

S:LIST, 67 TEXT directive, 54

S:NUMC, 72 text with count, 55

S:PT, 73 TEXTC directive, 55

S:RAD, 67 TIME option (LIMIT command), 90

S:RELP, 62 TITLE directive, 56

S:SIN, 53 trailing blanks, 54,55

S:SUM, 67 type correspondence, 67

S:UFV, 68

S:UND, 67

S:UT, 73

sample procedures, 77-84 u

sample stack, 84

saving and resetting the location counters, 28 undefined symbol summary, 89

SB option, 92 unlabeled magnetic tapes, 96

SC option, 92 vnpack text, 73

SCOR function, 66 updating o compressed deck, 93

SD option, 93,111 updating a compressed file, 111

secondary external references, 48, 89 use forward value, 68

self-defining terms, 3 USECT directive, 27

semicolon, 9
SET directive, 43
set
a value, 43 V
g:zg:z: z:‘;f:""z'; 25 value lists, 12-17,50, 51
location counter, 24
Sl, 93,111

skip flag ($$$), 86,61 W

skipped records, 56 :

skipping mode, 35 ) . WA function, 21

SO, 93,11 WHILE directive, 35-38
SOCW directive, 55 WHILE-loop, 35-38
source statement, 8 word address, 21

SPACE directive, 55
space listing, 55

SREF directive, 48 R x

SS concordance command, 100

standard instruction definition, 53 XOS control commands, 109
statement continuation, 10 XOS operations, 109
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