


























































































































































































































































































































The format of the AWORK statement is:

- —— e - —————

The AWORK statement requires one
n?nrandln\ which must ha either the digit 1

I SRRV SRRV SRS 2 ] -

or the digit 2. If the digit 1 appears as
the operand, the Assembler assumes one work
area. If the digit 2 is used, the Assembl-
er assumes two work areas. If no AWORK
statement is provided. the Assembler
assumes one work areaa

A work area must always be assigned to a
disk area consisting of contiguous storage
positions. This is accomplished by using
the proper job—control (XTENT) statements.
For details concerning XTENT statements,
refer to the SRL publication IBM_System/360
Model 20, Disk Programming System, Control
and Service Programs, Form GC24-9006.

The AWORK statement must precede any
AOPTN statements used and the source
statements.

AOPTN (ASSEMBLER OPTION) STATEMENTS

AOPTN statement(s) may be used if the norm-
al Assembler output is to be altered.

AOPTN statement(s), must be written preced-
ing any other source-program statements,
even an ICTL statement. Figure 16 shows
the option indicators that can be used.

The normal Assembler output consists of
two major files: the object program and
program listing. The object programn con-
sists of three types of information: the
External Symbol Dictionary {(ESD), Text
(TXT), and the Relocation Dictionary (RLD).
The program listing consists of five lists
of information: ESD listing, source and
object program listing, RLD listing, error
listing, and symbol table.

The format of the AJDPTN statement is:

The option(s) that may be supplied in
the ROPTN statement are shown in Figure 16;
each option is identified by a symbol which
is used in the AOPTN statement. Each
cption of the ADPTN statement may be speci-
fied in a different AOPTN statement, or
they may appear as multiple operands
(separated by commas) in a single
statement.
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NORLD ? No RLD data will appear in the |
|object program or the program |
{1listing. Thus, the object pro-|
|gram will be absolute. |

| NOLIST |The program listing will not |

| |appear. (A statement indicat- I

i |1ng the number of errors in thej

i iprogram wili, however, be i

| |printed.) |
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NOERR |The error listing will not |
|appear in the program listing. |
| (A statement indicating the |
|number of errors will, however, |
|be printed.)
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| NOSYM |Neither a Table of Defined Sym-|
| bols nor a Crossreference List |
|will appear in the program |
llisting. |

NOVERIFY*|Intermedlate write operations |
|on disk are not verified. |

CROSSREF*IA cross-reference listing will |
jappear instead of the symbol |
|table listing. The cross-
|referencs listing contains all |
|the symbols used in the program]
land the number of the statement|

in which they were used (see

|Appendix G). Note: The total

|
|number of symbol definitions |
|
|

|and references must not exceed
112,288,

B T s e ]

LITERAL##* |Literals will be processed. If]
| LITERAL is omitted, literals |
|will not be processed. |
|Note: The user must be sure he|
|has enough tape units for 1it- |
|eral processing. |

|An ENTRY card will be produced |

| |at the end of the output text. |

e ekt it s e

* For the disk-resident Assembler only.

#%# For the tape-resident Assemwmbler only.
(Not required for DPS.)

Figure 16. AOPTN Card Option Indicators



Note: No object deck will be produced in
case of the LIMIT EXCEEDED error regardless
of the option specified.
Assembler Diagnostic__Messages).
a listing will appear.

However,

The AOPTN statements must precede the
source statements and follow the AWORK sta-
tement, if any.

ICTL -- INPUT FORMAT CONIROL

The ICTL instruction allows you to alter
the normal format of your program state-
ments. An ICTL instruction statement, if
any, must precede all other statements in
the source program except the AWORK and
AOPTN statements, if any, and must not be
used more than once. Only the following
two formats of the ICTL instruction are
allowed:

either:

(————- L Sttt tat ey 1
|Name | Operation]| Operand |
p-—--—4- fom oo .
|Blank| ICTL | 25 |
{——— L b e 1
or:

r————-- L D S i 1
|Name | Operation | Operand |
poom—- S By Lttt 1
!|Blank | ICTL | 25,71,38 ]
| S B R — § S—— S — J

In the first case, the operand specifies
that the begin column of the coding format
is 25. Since the end column is not speci-
fied, it is assurmed to be column 71. No
continuation lines are permitted.

In the second case, the begin column is
column 25, the end column is column 71, and
the continue column for macro instructions
is column 38.

Non-standard operand specifications
other than the two above are not allowed.

ISEQ -- INPUT SEQUENCE CHECKING

The ISEQ instruction is used to check the
sequence of input cards. The format of the
ISEQ instruction statement is as follows:

r———-- S St Bt 1
| Name |Operation |Operand |

Tt !
{Blank]| ISED | Two decimal values of |
| | |the form 1,r; or blank |
Lo L e e e e e e —— e ——— ]

The operands 1 and r, respectively, spe-
cify the leftmost and rightmost columns of
the field in the input cards to be checked.
Operand r must be ejual to, or greater
than, operand 1. Operand 1 must be greater
than 72. The field specified by operanis 1
and r must not be greater than seven bytes.

Sequence checking begins with the first
card followiny thz ISED statement. Com-
parison of adjacent cards makes use of the
eight-bit internal collating sejuence (see
Appendix J). The input cards are said to
be in sequence if the value in the columns
checked in thz second card is greater than
or equal to that of the first card. If a
statement is found to be out 5f sejuence a
warning is given but no error message
appears in the diagnostics- listing.

An ISEDQ statement with a blank operand
terminates the checking operation. The
next ISEQ statement initiates a new check.

Sequence checking is only performed on
statements contained in the source orogranm.
Statements generated by a macro instruction
are not checked for sejuence (see Appeniix
.
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Cataloging a Macro Definition

The macro library is maintained by the
Macro Maintenance Program (MMAINT).. Use

this program to add or delete any number of

macro definitions to or from the macro
library.

Job Control Statements (DPS)

The job control
MMAINT run are:

statements required for a

ittt 1
|77/ JOB MMAINT Required. |
| I o e e e e e e — - —————— i
__________________ 4
i// DATE ... Regquired if first |
| job after IPL. |
_________________________________________ 4
|// BSSGN SYSLOG,... Optional. |
e e o e e !
| 7/ ASSGN SYSLST,... Optional. |
b= o e :
/7 ASSGN SYSIPT,... Required. |
bomoo o= A 1
|77/ VOL SYSIPT,SYSIF Required only if |
] SYSIPT |
|// DLAB ... Required refers |
| to a |
|7/ XTENT ... Reguired disk drive.}|
bmm e e e i
{// EXEC Required. |
b e i

Job Contirol Statements (TPS)

The job control statements regquired for an
MMAINT run are:

[T T oo ——ce——— e 1
i// JOB MMAINT Required. |
pommmmmm o m o mmmmmeee == 1
|7/ DATE ... Required if first |
| job after IPL. |
o o i
|7/ ASSGN SYSLOG,... Optional. |
b oo oo 1
i// ASSGN SYSLST,... Optional. |

_________________________________________ {
|// BASSGN SYSIPT,... Required. I

......................................... |
| // BSSGN SYSO000 Work tape. |
oo !
|77/ EXEC Required. |
L e e e e e e e e e e 1
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Tue program control statenents reguired to
catalog a macro definition in source format
are:
it 1
| /7 CATAL i
| 7/ END |
b |
You may use any number of macro defini-
tions in a MMAINT run, but each macro defi-
nition must ke preceded by a // CATAL sta-

tement and the last definition must be fol-
lowed by the // END statement.

For other (optional) program control
statements see the SRL publications IBM




If listing is specified, a list is printed
during the assembly run. The form of the
lists and the type of information contained
therein are shown in Appendix G.

Source Program _and Data Checking
{Assembler)

Diagnostic messages are printed if inco-
rrectly coded instructions are detected by
the Assembler program during an assembly
run. Both the number of the related
source-program statement and the action
taken by the Assembler program are printed
together with each message. If more than
one error is detected within a source-
program statement, the diagnostic messages
for all errors detected are listed. The
Assembler program then takes the action for
the severest error detected, and the appro-
priate action is printed with the diagnost-
ic messages.

Notification of the types of Assembler
actions that may occur during an assembly
run are listed below in the order of their
severity with the severest type first:

ASSEMBLY IN ERROR (AIE)
The user®s program cannot be executed. The
assembly run is completed, but only diag-

nostic messages preceding the AIE message
may be considered valid.

STATEMENT TREATED AS COMMENT (STC)

Output Listings

STATEMENT INCOMPLETELY ASSEMEBLED (SIA)

If the statement is a machine instruction,
the storage area required for the instruc-
tion is reserved and filled with zeros.

STATEMENT ASSEMBLED (SA)

The individual diagnostic messages are
listed in Appesndix H.

Source Program and Data Checking (MMAINT)

A diagnostic message is added t> an inco-
rrect statement. Only one error can be
detected within a statement.

If an error has been detected within a
macro definition, sequence symnbols are not
processed and the macro dafinition is not
catalogued. If an error has been detected
within a prototype statement, the macro
definition is not checked for further
errors.

The TPS macro maintenance program performs
a check to determinz whetner the contents
of columns 73 through 80 of a statement are
out of sequence. In case of a sejuence
error, the statement is flagged with the
letter S. If no other errors are contained
in the macro definition, it is catalogued.

The individual 3diagnostic messages are
listed in Appendix I.
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Language Compatibility

The IBM System/360 Model 20 DPS/TPS
Assembler and macro Languagjes are Closely
patterned after the Basic Programming Sup-
port (BPS) and Disk and Tape Operating Sys-
tems (DOS/TOS) Assembler and macro lan-
guages except where dlfferences 1n machlne
Model 20.
follows:

These dlfferences are as

e There are seven Model 20 machine
instructions that are not contained in
the instructions sets of higher System/
360 models:

CI0, XIO, TIOB, SPSW, BAS, BASR, HPR.

If programs that were written for the
Model 20 are to be executed on higher
System/360 models, the use of these
instructions can be avoided as follows:

a. CIO, XIOo, TIioB, ani SPSW instruc-
tions may be avoided by using IOCS
macrc instructions for input/output
operations.

b. BAS and BASR instructions must be
replaced by BAL and BALR, respec-
tively, with consideration given to
the functional differences between
Model 20 and higher System/360
models.

c. HPR ins ructions must be replaced
nch instructions.

e The Model 20 Program Status Word (PSW)
has a length of only four bytes.

¢ The Model 20 Channel Command Word has a
length of only 6 bytes and must be
aligned at a half-word boundary. The
Model 20 Assembler instruction is DCCW
instead of CCW. The use of the DCCW

110

instruction may be avoided by using
IoCs.

¢ The number and l=ngth of Modesl 20 regis-
ters differ from higher System/ 360
models.

a. Model 20 has only eight registers
(8-15). 1In addition, it has eight
pseudo base ragisters (3-7) with
fixed contents. The pseudo base
registers contain 0, 4096, 8192,
12288, 16384, 20480, 24576, and
207D

e - . e L
ey TES _Lv-:J__y, thus permic
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1§ GLired

©
-
i

rfb

3
<

b. Model 20 registers have a length of
only 2 bytes.

Note: Y-type address constants twd bytes
in length must not be specified for System/
360 models having a storage capacity of
more than 65535 bytes. No Y-type constants
must be used in projgrams to be executed
under control of the Operating System/360.

Programs written in the Model 20 Basic
Assemkler language can be assembled by the
Model 20 DPS/TPS Assembler program unless
blank opesrands ars used in Assembler or
machine instructions.

The instructions LCLA, LZLB, 3BLA, 3BLB,
and GBLC which ares discussed in the Disk
and Tape Operating Systems, Assembler Spe-
cifications are ignored. The use of LCLC
is illegal becaus2 local SETC symbols are
not allowed.

The relationships between the individual
Assembler languages are as shown in Appen-
dix F.



Absolute Address:

1. An address that is permanently assigned
by the machine designer to a storage
location.

2. A pattern of characters that identifies
a unigue storage location without
further modification.

Access Method: Any of the data management
techniques available to the user for
transferring data between main storage and
an input/output device.

Access Time:

1. The time interval between the instant
at which data is called for from a
storage device and the instant delivery
is completed, i.e., the read time.

2. The time interval between the instant
at which data is requested to be stored
and the instant at which storage is

completed, i.e., the write time.

e —

1. An identification (name, label, or
number) for a register, location in
main storage, or any other data source.

2. Any part of an instruction that speci-
fies the location of an operand for the
instruction. )

3. (v.t.) 1In BSCA IOCS a technique by
which the CPU prepares a remote station
to receive a message.

Address Constant: A valué,‘or an expres-
sion representing a- value, interpreted as a
main storage address.

Allocate: To assign storage locations or
areas of storage for a specific job.

Allocated Variable: A variable with which
storage has been associated.

Alphabetic Character: Any of the charac-
ters #, §, 8, and the characters of the
alphabet (A through Z).

Alcernate Drive: When two drives are given
for one multi-volume file, the first drive
is the primary drive and the second drive
is the alternate drive. Tape reels or disk
packs are mounted such that the first is on
the primary drive, the second on the
alternate drive, the third on the primary
drive, etc.

Arithmetic Data: Numeric values used in
arithmetic operations (add, subtract, mul-
tiply, and divide).

Glossary

Arithmetic Operators: Any of the prefix
operators (+ and -) or the infix operators
(+, -, *, /, and *%),

+ = plus s/ = divide
- = minus *¥* = raise to a power
* = multiply

Ascending Order: A seguence of records
such that the control fields of each suc-
cessive recorl collate equal to or higher
than those of the preceding record.

Ascending Sequence: See Ascending Order.

ASCII: See USASCII.

Assemble: To prepare a machine-language
program from a symbolic-language program by
substituting absolute operation codes fdr
symbolic operation codes and absolute or
relocatable addresses for symbolic
addresses.

Assemble-and-Execute: A job setup which
provides for an assembly of a source pro-
gram followed immediately by the execution
of the assembled program.

Assemble-and-Go: See Assemble-and-Execute.

Assembler: A program that assembles.
Assembler Language: A& symbolic language
(used to write source programs) which
enables the programmer to use.all machine
functions as if he were coding in machine
language.

Attribute: A characteristic; fbr example,
attributes of data include record length,
record format, data file name, associated
device type and volume identification, uase,
creation date, etc.

Backup and Restore Program (BACKUP): A DPS
service program that can be used to

1. create a backup tape from dne or more

disk files and ona or more card files,

2. create a backup disk from one or more
disk files, and

3. restore each backup file to its origin-
al medium.

4. Cchange th2 volume and file serial
numbers.

Base:

1. A reference. value.

2. A number that is multiplied by itself
as many times as indicated by an
exponent.
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3. the number system in terms of which a
value is represented. Examples: the
decimal base (ten), the binary base
{(two), the hexajecimal base (sixteen).

Rage Address:

Bage Address A glven address from wh
an effective address is derived by co
tion with a relative address. (See

Displacement).

1ich
mbina-

Binary:

1. A characteristic or property 1nvolv1ng
a selection, choice, or condition in
which there are two possibilities.

2. The numeration system with a radix of
two.

Binary Coded Decimal: A decimal notation
in which the individual decimal digits are
each represented by a group of binary
digits, e.g., in the 8-4-2-1 binary coded
decimal notation, the number twenty-three
is represented as 0010 0011l whereas, in
binary notation, twenty-three is repre-
sented as 10111.

Binary Digit: The smallest unit of infor-
mation., It can have either of the two
binary values zero or one.

Binary Search: A search in which a set of
jtems is divided into two parts, where one
part is rejected, and the process is
repeated on the accepted part until the
item with the desired property is found.

Bit: See Binary Digit.

Buffer: An area in main storage used as
intermediate storage in I/0 operations.
During input, data is read into a buffer;
during output, data is written from a
buffer.

Byte: The smallest addressable unit of
informatidn in System/360. Every byte con-
sists of eight bits, each having a value of
zZerd> Or one.

Card-Resident System: Consists of the card
control programs: Initial Program Loader,
(Basic) Monitor, and Job Control. Used for
the execution of object programs contained
in punched cards.

Catalog: (v.t.) The action of including
an object program or program phase in the
core-image library as a temporary or a per-
manent entry.

Chaining File: See Chaining.

_______ A record retrieval technigue.
The control information contained in
records of one (the chaining) file is used
to access a record in another (the chained)
file. The chained file must be organized
indexed-sequentially.

[

Character:

1. One of a set of elementary signals
which may include decimal digits 0
through 9, the letters A through Z,
punctuation marks and any other symbols
acceptables to a computer for reading,
writing, or storing.

2. An 8-bit (1-byte) code that can be

man1nn1:+aa in main ctorages

Character Set: An ordered set o>f unijue
representation called characters.

CMAINT: See Core-Imag2 Maintenance
Program.

Code:

1. (v.t.) To represent data >r machine

instructions in a symbolic form that
can be accepted by an approaoriate pro-
cessor program.

2. Machine instruc¢tions produced on the
bases of coded instructions (see Object
program) .

Collating Sequence: The relative order of
characters on which a sort or merge is
based.

Comment: A string of characters used for

documentation.

Communication Region: An area of the
{Basic) Monitor. Contains date, storage-
capacity specification, UPSI byte, user
areas 1 and 2, program-name area, and
various control bits used by the system.
Provides for intra-program and inter-
program communication.

Compile-and-Execute: A job setup which
provides for a compilation of a source pro-
gram followed immediately by the execution
of the compiled program.

Compile-and-Go: See Compile and Execute.

Compiler: A program which translates a
program written in a problem-oriented (RP3,
PL/I, etc.) language into object code.

Compiler Control Statement: Any one of the
control statements in the input stream that
defines the reguirements and optioans of a
job to the compiler.

Concatenation: The operation that connects
two character strings in the order indi-
cated to form one string whose length is
egual to the sum of the lengths of the two
strings.

Control Programs: A set of programs which
provide the management functions necessary
for continuous operation of a computing
system.




Control Section: The smallest unit of a
program that can be separately assembled or
compiled. All elements of a control sec-
tion are in constant relationship to each
other.

Control Statement: Any of the statements
in the input to a specific job that define
the rejuirements of the job or its options.

Conversion: The process of changing from
one form of representation to another.

Copy System Disk Program (COPSYS): A DPS
service program used to copy the system
file stored on the system disk pack onto
another disk pack.

Copy System Tape Program: A TPS service
program contained in punched cards. Copies
user's tape-resident system from one tape
onto another.

Core-Image Directory: _A table on the sys-
tem disk pack used as directory to the pro-
gram (core-image) library. Each directory
entry contains information about a program
phase and its location in the library.

Core-Image Format: A data format identical
to that used in main storage. Programs or
program phases stored in the core-image
library constitute data in core-image for-
mat. Such programs or program phases are
ready for direct loading from the core-
image library into main storage.

Core-Image Library: An external-storage
area containing the Job Control program,
other IBM-supplied programs (except the
[Basic] Monitor and the IPL), and user's
problem programs. Permits retrieval of
programs oOr program phase by the Monitor.

Cure-Image Maintenance Program: A system
service program. Updates the core-image
library and directory. Is used to add and/
or replace and/or delete phases and the
(Basic) Monitor.

Core-Image Program: A system service pro-
gram that permits the printing, writing
and/or punching of one or more entries of
the core-image library.

CPSYS: See Copy System Tape Program.
CSERV: See Core-Image Service Program.
Data:

1. A representation of facts, concepts, or
instructions in a formalized manner
suitable for communication, interpreta-
tion, or processing by humans or by
automatic means.

2. Any representations such as characters
to which meaning is, or might be,
assigned.

Data File: A collection of related records
treated as a unit consisting of data in one
of several prescribed arrangemeants and de-
scribed by control information to which the
system has access.

Data Format Item: Specifications in the
program that Jdescribe data items in the
stream. Such data items may be characters
or arithmetic values in character fora.

Data Item:

A single unit of data.

Data_Set: ©See data file.
Data Transmission: The sending of Jata
from an external storage device to nain
storage and vicerversa.

Decimal:

value 10.

The number system based on the

Decimal Digit: One of thzs characters 0
through 9 in a decimal number. For
example, in the number 567, each of the
numeric characters 5, 6, and 7 is a decimal
digit.

Decimal Point:
representation.

The radix point in decimal

Delimiter: Any valid special character or
combination of special characters used to
separate items of data, such as identi-

fiers, constants, and statements.

Descending Order: A sequence of records
such that the control fields of each suc-
cessive record collate egual to or lower
than those of the preceding record.

Descending Seguence: See Descending Order.

Device Address: See Physical Device
Address and Symbolic Device Address.

Device Independence: The ability to
regquest input/output operations without
regard to the characteristics of the input/
output devices.

Direct Access: Retrieval or storage of
data by a reference to its location on a
volume rather than relative to the pre-
viously retrieved or stored data.

Direct Address: An address that specifies
the location of an operand without need of
modification such as adding a base address
value.

Director See Core-Image Directory or
Macro Directory

A unit of information in
(Phase

Directory Entry:
the core-image or macro directory.
header or macro identifier.)

Glossary 113



Directory Service Program: A system ser-
vice program. Causes printing of the core-
image and/or macro directory and/or system
directory.

Disk-Resident System: Contains the Mon-
itor, the disk-resident portion of the IPL,
and the Job Control program. May contain
any one or a combination of the fcllowing:
IBM-supplied or user-written programs,
macro definitions, and a relocatable area.

Displiacement: A value, or an expression
representing a value, which is added to a
base address to obtain the effective
address.

DPS Control Programs: A collective term
used to refer to the Initial Program Load-
er, the Monitor, and the Job Control
program.

DSERV: See Directory Service Program.
Dump :
i. (v.t.) To copy the contents of all or

part of main storage or an external
storage onto an output device, so that
it can be examined.

2. (n.) The data resulting from 1.
3. (n.) A routine that will accomplish 1.
EBCDIC: (Extended Binary Coded Decimal

Interchange Code) A specific set of eight-
bit codes standard throughout System/360.

Edit: To modify the form or format of
data, e.g., to insert characters such as
page numbers or decimal points or to delete
characters such as leading zeros.

Edit Pattern: A field composed of charac-
ters of a special significance. These
characters control such editing functions
as zero suppression, insertion of a float-
ing dollar sign, etc.

Effective Address: The absolute address
that is derived by applying any specified
indexing (base address value) or indirect
addressing rules to the specified address.
The derived effective address is actually
used to identify the current operand.

The symbolic address of an

__________ In a routine,
which control can be passed.

any place to

EOF Card: End-of-file card which signals
the end of a logical set of input cards
{/*b in columns 1-3, where b = blankj.
EOF_Record: End-of-file record which sig-
nals the end of a logical set of input
records (/*b in columns 1-3, where b =
blank).

114

ESD: See External Symbol Dictiosnary.

ESID: See External Symbol Identification.

Exceptional Condition: An occurrence which
can cause a program interrupt >r an unex-
pected situation such as an overflow error,
or an occurrence of an expected situation
such as an end-of-file condition that
occurs at an unpredictable time.

EXEC statement: Sez Execute statement.

Executable Object Program: The set of
machine instructions produced by a language
translater and prepared for loading into
main storage either by link-editing or by a
a CMAINT run if an installation uses a
disk-resident system; the set of machine
instructions produced by a language trans-
lator without further preparation if an

‘installation uses a card-resident systen.

Execute: (v.t.) To carry out an instruc-
tion or perform a routine.

Execute-Loader Function: The function of
executing an object program that is not
cataloged in the core-image library. The
object program may be read from either a
card-reading device or a tape drive or from
the relocatable area.

Execute Statement: A Job Contr>l statement
that designates a job by identifving the
load module to be fetched and executed.

Explicit addressing: An addressing techni-
que which requires the specification of all
elements of on address (base and displace-

ment) by means of absolute values.

Exponent: In a floating-point constant a
decimal integer that specifies the power to
which the base of the floating-point con-
stant is to be raised.

Expression: An operand entry that consists
of a single t=2rm or an arithmetic combina-
tion of terms, normally representing an
address value.

External Storage: A storage device cutside
the computer capable of storing information
in a form acceptable to the comnputer; for
example, cards or magnetic tapes.

External Symbol: A control section name,
entry point name, or external reference; 2
symbol contained in the external symbol
dictionary.

External Symbol Dictionary (ESD): Control
information associated with an object or
load module which identifies the external
symbnls in ths moinle,




External Symbol Identification_ (ESID):
ESID numbers are assembler-assigned poin-
ters that are used by the Linkage Editor
program to correctly recompute the address
constants referred to in RLD entries.

‘Feature: A function of a program, Or a

that can be used to perform spec1f1c
operations.

Fetch:
1. (v.t.) To read into main storage and
pass control to phases or subphases.

2. (n.) The name of a control routine of
the (Basic) Monitor that accomplishes
1.

Field: 1In a record or in a data stream, a

specified area used for a particular cate-
gory of data, for example, a number of
character positions used to represent a
wage rate or a number of bytes in main
storage used to express the address of data
in main storage.

File: See Data File.

F&zgg_ggigg- Pertaining to a number system
in which the location of the (decimal)
point is fixed with respect to one end of
the numerals according to some convention.

Flag: Any of various types of indicators
used for identification, normally a bit.

Floating Point: Pertaining to a numeration
system in which the position of the point
does not remain fixed with respect to one
end of the numerals.

Format: The general makeup of data, a ccn-

trol statement, or a record.

Graphic: The visual representation of a
character or symbol.

_______ The leftmost or rightmost four
bits of an eight-bit byte. Can contain
representation of a digit or the sign of a
number.

Halfword: Two adjacent bytes where the
left byte is on a halfword boundary.

Halfword Boundary: Any even-numbered
addressable byte position in main storage.

Hexadecimal: A number system using the
equlvalent “of the decimal number 16 as a
base. The values 0-15 are represented by
the digits 0-9 and the aphabetic characters
A-F.

High-Order Digit:
decimal number.

Leftmost digit of a

Identifier: A symbol whose purodse is to
identify, indicata, or name a body of data.

Implicit Addr=ssing: An addressing techni-
que that allows the specification of symbol
addresses.

Index Register: A register whose content
is added to the operand address prior to or
during the execution of an instruction.

Indirect Addresss: An address that speci-
fies a storage location which contains
either a direct address or another indirect
address.

Infix_Operator: An operator that defines
an operation between two operands.

Initialize: To sa2t counters, switches, and
addresses to zero, blank, or other starting
values at the beginning of, or at pre-

scribed points in, a computer routine.

Initial Program Loader: A system control
program. Loads (Basic) Monitor into main
storage. Is us2d to assign physical I/0
device addresses to symbolic addresses SYS-
RDR and/or SYSRES. Places name of Job Con-
trol program into communicatisn region of
(Basic) Monitor. The program must be
executed at the beginning of a system run.

Initial Value: A value placed into a
register or a storaje area at the beginning
of an operation and used during the opera-
tion for count purposes or control purposes
or both.

Inner Macro Instruction: A macro instrac-
tion contained in a macro definition.

Input: The transfer of data from an
external storage device to main storage.

Input Job Strzam: A sequence of Job-
Control statements entering the system,
which may also include input dJata.

Input/Qutput _Control System: 1A group of
macro definitions which are contained in
the macro library of the programming sys-
tem. These macro J=finitions can bz re-
trieved from the library and tailored to
the input/output reguirements of the user.

Inguiry Program: A projgram whose execution
is initiated by an inquiry reguasst on the
printer-keyboard attachsd to the Model 20
system. When such a request is made, rou-
tines of the Monitor cause the current con-
tents of main storage to be rolled out, the
inquiry program to ke loaded and executed
and, on execution of that program, the ori-
ginal contents to b2 roll=d in again.
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Installation: A particular computing sys-
tem in the context of the overall functicn
it serves and the individuals who manage
it, operate it, apply it to problems, ser-
vice it, and use the results it produces.

Integer Digit:
decimal point.

A digit to the left of the

Inter-Program Communication: The exchange
of data between two or more programs.

_______ (v.t.) To stop a process in

such a way that it can be resumed.

Intra-Program Communication: The exchange
of data between two or more phases of a
multi-phase program. Facilitated by the
comununication region.

I/0: Input or output or both.

I/0 Area: An area (portion) of main
storage into which data is read or from
which data is written.

__________ A system feature that permits
an input/output operation to be performed
simultaneously with other I/0 operations or
with processing or both.

I/0 Time: the time interval between the
instant at which data is called for from an
external storage device and the instant
delivery is completed (read time); the time
interval between the instant at which data
is requested to be stored in an external
storage device and the instant at which
storage is completed (write time).

I0SC: See Input/Output Control System.
IPL: See Initial Program Loader.
Job: An externally specified unit of work

for the computing system from the stand-
point of installation accounting and
operating system control.

Job Control Program: A system control pro-
gram. Resides in main storage between jobs
and provides for automatic job-to-job tran-
sition., Processes Joh Control statements
in the input streamn.

Job_Control Statement: Any one of the con-
trol statements (in the input stream) that
identify a job or define its reguirements
and options.

Job Stream: See Input Job Stream.

K Bytes:

1024 bytes.
bytes.

For example: nK = n x 1024

[

Key: One or more characters within an item
of data used to identify that data or to
control its use.

Reyword: A mnemonic in a kesyword macro
instruction.
word Macro Instructiocn: A nacro

vword Macro Ins

Ke
instruction whosz operands must each con-
sist of a mnemonic (keyword), an ejual
sign, and a specification. The operands
need not be in a predetermined order.
Language Translator: A program Or a rou-
tine that accepts statements in one lan-
guage and produces equivalent statements in
another language such as an assembler or a
compiler.

LDSYS:

See Load System Progran.

_____ A collection of objects (e.g.,
files, volumes, card decks) associated with
a particular use, and the location of which
is identified in a directory of some type.

Library Allocation Organization Program: A
system service program. Used t> redefine
the limits of one or a combination of the
following: core-image library, core-image
directory, macro library, macro> directory,
and relocatable area.

______ System service
programs such as Core-Image Maintenance,
Macro Maintenance, Directory Service, and
Library Allocation Organization programs.

Library Work Ar2a: An ar=a on the system
disk pack used by the CMAINT program for
updating the Monitor or the IPL. 1In
assemble-and-go or compile-and-go runs, the
CMAINT program uses this area for the stor-
ing of tape label information.

Linkage: Machine instructions that connect
separately assembled control sections.

Linkage Editor: A system service progran.
Relocates programs or phases and links
separately assembled programs or phases.

___________ The function of combiningy a
program control section with one or mnors
other, separately assembled program control
sections into one executable object
program.

Load:

1. To read a program Or a prograu ohase
into main storaje.

2. To initially write a data file onto
disk.

Load_System Disk Program: A system service
program that creates a tape- or disk-
resident system from card input.




Logical Unit Block: An entry in the Logic-

al Unit Table.

Logical Unit Table: Part of the (Basic)
Monitor. It has logical unit blocks, each
of which refers to one specific symbolic
I/0 address and contains the address of a
physical unit block. These symbolic
addresses are related to physical I/0
device addresses by means of ASSGN control
statements.

Loop: A sequence of instructions that is
executed repeatedly a specified number of
times ‘or until a condition is brought abcut
that ends this repeated execution.
Low-Order Digit: The rightmost digit of a
decimal number.

LUB Table: See Logical Unit Table.

Machine Instruction: An Assembler-language
statement, or its functional equivalent in
machine language, that instructs the com-
puting system to perform one specific
operation, such as add, subtract, comrare,
etc.

Macro Definition: A set of statements in
the macro library used by the .DPS/TPS
Assembler program to expand a macro
instruction specified in the source program
into a series of machine instructions.

Macro Directory: An area of the macro
likrary section of a tape-resident syster,
a takle on the system disk pack of a disk-
resident system. Is used with programs
written in the Assembler language.

The TPS version has four priority sections,
each of which contains the identifiers for
the macro definitions contained in the
corresponding section of the macro library.
The DPS version lists the names, begin
addresses, and lengths of macro definitions
contained in the macro library. Is used
with programs written in ths Assembier
language.

The Macro directory can be listed on a
printer by means of the Directory Service
program.

Macro Instruction: A statement used in a
source program and replaced by a specific
sequence of machine instructions in the
associated object program.

Macro Library (DPS): A disk area contain-
ing the macro definitions for the mnacro
instructions issued in user-written pro-
grams. Contains source statements needed
to generate freguently us23 routines.

Macro Library (TPS): An area of the macro
library section of the system tape. Has
four priority sections, each of which con-

tains the macro d=finitions for the macro
instructions in user programs. Contains
source statements needed to generate fre-
guently used routines.

Macro Maintenance Program: A system ser-
vice program. Updates th= macro library
and directory. 1Is used to add and/or
delete macro Jefinitions.

Macro Name: An entry in the macro direc-
tory that identifies and points to the
corresponding macro definition in the macro

library.

Macro_Service Projram: A system service
program that permits the printing, puanch-
ing, and/or writing of one or wmdre nacro
definitions from thes macro library.

__________ All addressable internal
storage of the CPU (central processing
unit). It holds the program(s) under whose
control internal mamipulation >f data is
performed.

MMAINT:

See Macro Maintenance Program.
Mnemonic: A contraction or abbreviation
whose characters are suggestive of the full
expression.

Model Statement: Any one of the statements
in a macro definition that may be selected
and/or altered (usually according t> the
operands specified in the macro instruc-
tion) and become part of the code generated
into the source program.

Monitor: The main cvontrol program in DPS.
Resident in main storage throughout a sys-
tem run. Loads programs into main storage

and causes their exscution.

Monitor I/0O Area: An area of nain storage
within the Monitor used as a buffer by
various Monitor routines when they read
data into main storage or transfer Jata to
an output device.

MSERV:

See Macro Service Program.

Name: A set of one or more characters that
jdentifies a statement, file, nddule, etc.,
and that is usually associated with the
location of that which it identifies.

______ The occurrence 2f a macro
instruction in a macro definition.

Object Program: Tha2 output of a single
execution of an assembler or comnoiler.

0dd-Even Check: Se=2 Parity Check.
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i. A value or a unit of data that is
operated on.
2. The information needed to define and/or

locate 1.

Operation:

1. A program step undertakan by a computer
in execution of a machine instrnction
such as add, wmultiply, compare, etc.

2. The execution of a series of instruc-
tions for the purpose of having one
specific function performed, e.g., the
transter of data betwsesn main storage

Operation Code:
an operation.

A mnemonic that represents

Operational Expression:
taining operators.

An expression con-

1. A person who operates a machine.

2. A symbol specifying an operation to be
performed (see Arithmetic Operator and
Comparison Operator).

Option: A specification in a program or a
control statement that may be used by the
programmer to influence the execution of
the program or any of its statements,

Output: The transfer of data from main
storage to an external storage device.

1. That portion of the result which
exceeds the capacity of the particular
unit of storage

2. Page end on a printer.

erla (v.t.) To do something at the
same time something else is being done; for
example, to perform an I/0 operation while
instructions of a program are being
executed by the CPU.

______ To place a phase or subphase into
main storage locations occupied by another
phase or subphase that has already been
processed.

Pack:  (v.t.) A storage technique where by
two digits or one digit and sign are stored
per bvte.

Packed Decimal: A data format in which two
digits or one digit and sign are stored per
byte.

Parameter: A variable that is given a con-
stant value for a specific purpose or

process,

_________ A binary digit appended to an
array of bits to make the sum of all the
bits always o0dd or always even.

[
(<]

___________ A check that tests whether
the number of ones (or zeros) in an array
of binary digits is o33 or even.

_____ A program or a portion 2f 2 program
executed as one main-storage load if it is
not devided up into subphases. Loading a
rhase, which is stored in the cosre-image
library, is initiated by a set of Job Con-
trol statements, a FETCH or a LOAD in a
preceding phase. May be output of Assembl-
er, RPG, PL/I, or Linkage Editor program.

Physical Device Address: A coie used by
the CPU to select an I/0 3Jevice.

Physical and Logical Unit Tables Service
______ A system service program. This
program (PSERV) is usel to display and/or
change the permanent device assignmesats
and/or to change the configuration byte of
the (Basic) Monitor on the system disk
pack.

Physical IOCS: A set of routines contained
in the Monitor program. These routines
control the transfer of data from the CPU
to attached tape and/or disk drives and teo
the printer-keyboard, if present. The rou-
tines also control all data traasfer from
the aforementioned I/0 devices to the CPU.

Physical Unit Block:
ical Unit Table.

An 2ntry in the Phys-

Physical Unit Table: A table contained in
the (Basic) Monitor. It has a aumber of
physical unit blocks, each of which con-
tains an actual device address. Pointers
to these blocks are inserted into the log-
ical unit table by means of ASS3N control
statements.

Point Alignment: Alignment of arithmetic
data in a variable depending 2n the loca-
tion of the assumed or actuwal 3=2cimal
point.

Position Macro Instruction: A nacr>
instruction whose operands consist of only
the values specified by the programner.
They must be specified in a predetermined
order.

Prefix Operator: An operator that pre-
cedes, and is associated with, a single
operand. The prefix operators are + ani -.

Priority Level: Classifies macro defini-
tions by frequency usage in TPS. Four
levels are us2d in the macro library sec-
tion of the tape residzant systesm.

Priority Section: An area of the TPS macro
directory or library. Each priority sec-
tion is assigned to a specific oriority
level.




Problem Data: Arithmetic or legical
(character) data that is processed under
control of the problem program in main
storage.

Problem Program: Any program that is not
part of the programming system or of the
card programming support.

Processing Program: Any program that is
not a control program.

Program: A series of machine instructions
that, when executed, cause the necessary
processing to achieve the desired
result(s).

Program Library: A collective term used to
refer to core-image directory and library.

Program Library Section: The section of
the system tape that contains the program
library.

Program Section: See Control Section.

Prototype Statement: The first instruction
{(following the macro header) in a macro
definition. It defines the format of the
macro instruction and contains various sym-

bolic parameters for which values are sub- -

stituted when the macro routine is used by
a specific program.

PSERV: See Physical and Logical Unit

——————— .

Tables Service Program.

PUB: See Physical Unit Block.
Read: To acquire data from an external

storage device.

Read/Compute, Write/Compute Overlap Fea-
ture: A feature of the IBM System/360
Model 20, Submodel 5, that permits data
transfer from or to magnetic-tape and disk
I/0 device to be overlapped with
processing.

Read Time: See I/0 Time.

Receiving Field: Any field to which a
value may be moved or assigned.

Relative Address: The number that speci-
fies the difference between the absolute
(effective) address and the base address
(see Displacement).

Relational Operators: The following opera-
tors used in the macro language of the DPS/
TPS Assembler: EQ (equal to) GE (greater
than or equal to) GT (greater than) LE
(less than or equal to) LT (less than) NE
(not egual).

Relocatable Address: An address that can
be modified by adding a relocation factor,
i.e., a base address value.

Relocatable Area: An area on the system
disk pack used to temporarily hold an
object program (or phase) thus permitting a
program or program phase to be assembled
and executed in one job.

Relocation: The modification of address
constants required to compensate for a
change or origin of a phase or subphase.

Report_Program_Generator: A program which
generates report-writing programs in accor-
dance with specifications describing the
characteristics of the files involved, the
processing to be performed, and the desired
output.

Restart: To re-establish the status of a
job using the information recorded at a
checkpoint.

RPG: See Report Program Generator.
RWC_Feature: See Reads/Compute, Write/
Compute Overlap Feature.

Second-Level Macro Definition: A macro

definition that is called by an inner
(second-level or nesting) macro
instruction.

Sense_ Byte(s): One or more bytes in main
storage. The individual bits of a sense
byte (or bytes) are used to- indicate the
status of I/0 devices.

Service Program: Any of the system pro-
grams that assist in the use of a computing
system and in the successful execution of
problem programs, without contributing
directly to the control of the system or
production of results.

Significant Digit: A digit that contri-
butes to the accuracy or precision of a
numeral. The number of significant digits
is counted beginningy with the digit contri-
buting the most value, called the most sig-
nificant digit, and ending with the one
contributing the least value, called the
least significant digit.

Simple Statement: See Statement.

Source Program: A series of statements in
the symbolic language of an assembler or
compiler, which constitutss the entire
input to a single execution of the assem-
bler or compiler.

Source Statement: A statement written in a
source language (e.g. Assembler langunage).
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§g£§£g§;gg: A descriptive term meaning

"sort or merge" This term is frequently
used in connectlon with a generalized pro-
gram from which types of sort or merge pro-
grams may be defined.

Special Character: Any character that is
neither alphabetic nor numeric.

Statement: A meaningful expression or
generalized instruction in a source
language.

Storage Allocation: The assignment of
blocks of storage to blocks of data.

Stream:

1.  The flow of data from an external
storage medium to main storage; the
flow of data from main storage to an

external storage medium.
2. See also Input Job Stream.

Subfield: The subdivision of a field.
Subphase: A portion of a program executed

as one main-storage load. Loading a sub-
phase from the core-image library, in which
it is stored, is initiated by appropriate
instructions either within the phase of
which the subphase is a part or within the
preceding subphase.

Symbolic Address: An address represented
by one or more symbols convenient to the
programmer.

Symbolic Device Address: A symbol used ia
IBM-supplied and user-written programs to
refer to an I/0 device (e.g., SYSRES, SYS-
IPT, SYS005). This address is related to
an actual address by means of the logical
unit table.

SYSIPT: See System Input Device.

SYSLOG: See System Output Printer.
SYSLST: See System Output Printer.
SYSOPT: See System Output Device.
SYSRDR: See System Reader.

SYSRES: See System Residence Device.
System Control Program: A collective term
used to refer to the Monitor, the Job Con-
trol program, and the Initial Program
Loader .

System Directory: A table on the system

disk pack listing the addresses and sizes
of the core-image library and directory,

the macro liibrary and directory, and the

relocatable area.

120

System Disk Pack: The 3isk pack which cen-
tains the user's disk-resident systen.

System Input_Device: An I/0 device speci-
fied as a source of an input job stream,
excluding Job Control statements.

Svstem Output Device: An I/0 device used
as output device for system programs or
problem programs or both (symbolic Jevice
address is SYSOPT).

System Output Printer: A printer used to
list the output of system programs (symbol-
ic device address is SYSLST) or to log con-
trol statements (symbolic device address is
SYSLO3) or both (same printer is assigned
to both symbolic device addresses).

4
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System Resident Device: For DPS the disk
drive that contains the system disk pack if
a disk-resident system is used; the 3disk
drive on whose pack the Job Control program
writes label information if a card-resident
system is used. For TPS the tape drive
that contains the magnetic-tape volume with

the system programs.

System Service Programs: A collective term
used to refer to the Library Management
programs, the PSERV program, the Linkage
Editor, and the Load System program.

System_Tape: The reel of magnetic tape on
which the user's tape-resident system is
located.

Tape Error Recovery Routine: A system rou-
tine that controls the executisn of error
recovery procedures in the case of magnetic
tape 1/0 errors.

Tape Error Statistics Routine: A system
routine that analyzes magnetic-tape read/
write errors and noise records that may
occur during the execution of a program.

In addition, th2 routine records the number
of erase gap commands that are issued dur-
ing the execution of the program.

Tape-Resident System: (Also referred to as
"user's tape-resident system.") Contains
the Basic Monitor program, the Job Control
program, and may contain any IBM-supplied
and/or user-written programs and/or macro
definitions. Consists of three sections:
Monitor section, program library section,
and macro library secticon. Is created and
updated by means of maintenance programs.

TER: See Tape Error Recovery Routine,

TES: See Tape Error Statistics Routine.




Third-Level Macro Definition: A macro
definition that is called by an inner macro
instruction of the third lavel.

Throughput: A measure of system efficien-
cy: the rate at which work can be handled
by a computing system.

Transient Area: An area in main storage
into which the Monitor loads transient rou-
tines for execution.

Truncation: The process of cutting short a
data.entity either on the right or on the
left.

Unpack: (v.t.) To convert numeric data
stored in the packed format to unpacked
decimal format.

User Routiné: A routine written and supp-
lied by the user and incorporated into a
system program as a modification. Each
user-written routine is accessed through a
program exit.

User 's Tape-Resident System:
Resident System.

See Tape-

Otility Programs: Programs that perform
frequently recurring jobs su¢h as copying
files from one data carrier to another,

initializing a disk pack or a reel >f mag-
netic tape, etc.

Volume: That portion of a single unit of
storage media that is accessible to a
single read/write mechanism. For example,
a reel of magnetic tape for a 2415 magnetic
tape drive, or one 1316 Disk Pack for a
2311 Disk Storage Drive.

Volume label. A record which uniguely
identifies a volume of magnetic tape or a
disk pack by its volume serial number and

other information.

Volume Table of Contents (VTQOZ): A table
stored on disk pack. The table contains
the labels of all files contained on the
same disk pack.

VTOC: See Volume Table of Contents.

Write: To record data on either disk or on
magnetic tape.
Write Time: See I/D time.

Zoned Decimal: See Unpacked Decimal.
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Appendix A. Machine—Instruction Mnemonic Codes

The following list is an alphabetical listing of the mnemonic operation codes of all the
machine instructions that can be represented in the Model 20 DPS/TPS Assembler Language.
The column headings in the list and the information each column provides are as follows:

Mnemonic_Code: This column gives the mnemonic operation code for the machine
instruction.

Instruction: This column contains the name of the instruction associated with the
mnemonic.

Operation_Code: This column contains the hexadecimal equivalent of the actual machine
operation code.

Basic Machine Format: This column gives the basic machine format of the instruction:
RR, RX,SI or SS.

Operand Field Format: This column shows the symbolic format of the operand field for the
particular mnemonic.

Opera- Basic Operand
Mnemonic tion Machine Field
Code Instruction Code Format Format
AH Add Halfword 4a RX R;.D2(0,B3)
AP Add Decimal Fa SS D1(L1, Bg_),Dz(Lz, Bz)
AR add 1A RR Ry +R2
BAS Branch and Stors 4p RX R,.¢D3(0,B3)
BASR Branch and Store Register 0D RR Ry eR2
BC Branch on Condition 47 RX M, ,D>(0,B2)
BCR Branch on Coniition 07 RR My, R2
CH Compare Halfword 49 RX R,#D2(0,B3)
CIO Control I/0 9B SI D, (By),0F
CLC Compare Logical D5 Ss Dy (L,By) ,D2(B3)
CLI Compare Logical Immediate 95 SI D, (B3), Iz
CP Compare Decimal F9 SS Dy (L4 ,By) Dy (Lo ,By)
DPp Divide Decimai FD SS Dl(Li‘ Bl)l Dz{Lz, Bz)
ED Edit DE SS Dy (L,By) ,D2(B3)
HPR Halt and Procsed 99 SI D, (B ,I,
LH Load Halfword ug RX Ry,D2(0,B3)
Mp Multiply Decimal FC Ss Dy (Ly,B1) Do (Lap,By)
Mvc Move Characters D2 SS D; (L,Bs),Da(B3)
MVI Move Immediate 92 SI D,(By), I
MVN Move Numerics D1 Ss Dy (L,B4),D2(By.,
MVO Move with Offset F1 SS Dy (Ly,By),Dy(Ly,By)
MVZ Move Zones D3 Ss D, (L,B4) ,Do{(By)
NI AND Logical Immediate 9y ST Dy (B,y), I,
o1 OR Logical Immediate 26 SI Dy (By)WI
PACK Pack F2 ss Dy (Ls,By),D2(Ly,Bs)
SH Subtract Halfword 4B RX Rs,D2(0,B3)
SP Subtract Decimal FB SS D, (Ly,By) ,Do(Ly, By)
SPSW Set Program Status Word 81 SI D, (By)
SR Subtract 1B RR Ry :R2
STH Store Halfword 40 RX Fy,D2(0,B3)
TIOB Test I/0 and Branch 9a SI D, (B,) ,UF
™ Test Under Mask 91 SI D, (By), I
TR Translate DC Ss D, (L,B,) ,D5(B>)
UNPK Unpack F3 ss Dy (L,,Bs),D2(La,,B2)
XI0 Execute I/0 DO ss D, (UF, By),Da (B3)
ZAP Zero and 344 Decimal rg ss 03 {L4,B1) 40 {Ly,By3J
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Extended Mnemonic Instruction Codes

- - ——

r T =T T .
{EXTENDED CODE! OPERAND l MEANING | MACHINE INSI‘RUC’I‘ION]
- —_——— . - - L
- T T - ettt ;‘
{ B |D2(0,B3) | Branch Onconditional | BC 15,D2 (0,B3) |
| BR |R2 | Branch Unconditional (RR Format) | BCR 15,R> |
| NOP |D2€(0,B2) | No Operation | BC 0,D0,(0,B3) |
i NOPR |R2 | No Operation (RR Format) | BCR 0,Ra |
poemmem e R oo -~ e + i
| \ | |USED AFTER COMPARE INSTRUCTIONS | 1|
l BH |D2(0,B3) | Branch on High I BC 2,D, (O.Bz) l
| BL |D2(0,B2) | Branch on Low | BC 4,D2(0,B2) |
| BE |D-(0,B2) | Branch on Equal | BC 8,D(0,B3) |
| BNH {D2(0,B2) | Branch on Not High | BC 13,D5(0,B) |
| BNL 102€0,B2) | Branch on Not Low | BC 11,D,(0,853) |
1 BNE lDz(O,Ba) l Branch on Not Egual !_ BC 7,D2(0,B2) |
r T L S - T “'
| | |USED AFTER ARITHMETIC INSTRUCTIONS | |
| BO {D2(0,B2) | Branch on Overflow | BC 1,0,(0,B3z) |
| BP |D2(0,B2) | Branch on Plus | BC 2,D,(0,B2) |
| BM |D2(0,B2) | Branch on Minus | BC 4,D2(0,B2) |
l BZ 1D2(0,B2) i Branch on Zero 1 BC 8,D,(0,B3) j
[ 3 T T T
| | |USED AFTER TEST UNDER MASK INSTRUCTION| i
! BO |D2(0,B2) | Branch if Ones l BC 1@02(0,32) ‘
| BM |D2(0,B2) | Branch if Mixed | BC 4,D>(0,B3) |
{ BZ lDz(O,Bz) l Branch if Zeros | BC 8,0,(0,83) |
1 L 1

Appendix A 123



Appendix B. Machine—Instruction Format

r==T mmme—m—m e TeT ST e
Vo |Assembler Operand iAppllcable i
| |Basic Machine Format |Field Format |Instructions . |
i T S $==o=2 e e 1
P18 s s [ | |
i iOperationj | | |ReeR2 | AR, BASR, SR |
1 | Code IRs IR | (See note 1) i |
| RRp=mmmmm o L I frmemmm - prmm oo 1
I 8 4 14 | | [
| |Operation| | | | Mg e Mo | BCR |
| | Code [Mq [R2] | I |
1 | I | (See notes 1 and 4) | |
e Foommmmm oo 1
i 8 P9 §% j% j12j i ! |
{ iCOperationj | | | i jRieD2{0,B2) {sTH,LH,CH,AH,SH, BAS |
] | <Code |R1|X2]|B2|D2]| IR1#52 | |
1 1 [ I I S | (See notes 1,2,3,and 7) | |
| RX f-mm - D B St e $- i
i -8 (4 14 |4 |12] | | I
| |Operation| | | | | |My402(0,B2) | BC |
| | Code [Mi|X2]|B2|Dz| IM1sS2 l !
[ ([ I T | {(See notes 2,3,4,and 7) | |
s e Frmmmm oo |
[ 8 |8 4 112] | | [
| |Operationi I |DL(By) I |CLI,MVI,NI,OI,TM,HPR |
| | Code 112 | BalDyl| |S1el2 | |
| | [ | | (See notes 2,3,6,and 7) | |
[ST}-mmmmmmm- e mmm oo prmmmmmm e e {
I 8 |8 4 112] | | |
| |Operationj| [ | |Dy (By) | SPSW |
] | Code |--  |Ba|D4| 151 ! |
[ | [ | (See notes 2,3,7,and 8) | |
| b e B S —mmmmmm oo dommme - :
I 8 |8 4 |12} | I [
| |Operation] I | Dy (By),UF {TIOB |
l l Code IUF IBllDll IS,_I,UF I\.IO (Di(Bl) detailed l
I | [ { (See notes 2,3,and 7-9) | spacification) |
e L o e S fomm oo i
[ 8 [4 14 14 j1214 112] I !
| Joperation|{ | | | | | [Dy(Ly,Bs),Dz(Lz,By) | PACK, UNPK, MVO, AP, [
| | Code  |Ly|L2|Bi{Dy|B2]Dz|Ss(Lg)ySa(Ly) |cp,DP,MP,SP, ZAP I
| | I 1 1 1 1 | |(Ssee notes 2,3,5,and 7) | |
|88 p-mmmmmme- e T S B e B fommmmm oo -1
[ 8 |8 f4 112]4 |12] [ I
| |Operation] | | | | |PyL(L,Bs),D2(B3) | cCLC, MVC, MVN, i
| | code |L |B1{Ds|B2{Da} Sy (L),S2 | MVZ, TR, ED, [
[ | | I | |(See notes 2,3,5,and 7) | |
I R B T Tt st S oo oo
ol 8 |8 [4 1124 [12] I ; I
| |Operation| | 1 | | |Dy(UF,B,4),D,(B2) |XIO0 (D, (B;) detailed |
] | Code | UF |B1|D1|B2|D2]S, (UF),Sy | specification) |
i | [ I I(See notes 2,3,7,and 9) | ]
Lem b S ST I OO I O, B _ -]

|-l
[N)
&



Notes to Appendix B:

1.

2.

3.

Ry and R; are absolute expressions that specify general registers. The general
register numbers are 8 through 15.

D; and D, are absolute expressions that specify displacements. A value 5f 0 - 4095
may be specified.

B; and B, are absolute expressions that specify base registers. Register numbers
range between 0 and 15.

M; is an absolute expression representing a condition code.

L, Ly, and L, are absolute expressions that specify field lengths. An L expression
can specify a value of 1 - 256. L; and L, expressions can specify a value of 1 -
16. In all cases, the assembled value will be one less than the specified value.

I and I, are absolute expressions that provide immediate data. The value of the
expression may be 0 - 255.

S; and S, are absolute or relocatable expressions that specify an address.
SI instruction fields that are crossed out in the machine formats are not examined
during instruction execution. The fields are not written in the symbolic operand,

but are assembled as binary zeros.

UF is an absolute expression representing an input/output unit address and a
function.
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Appendix C. Assembler—Instructions

Mnemonic Name Field

CSECT An optiomnal symbol
pc An optional symbol
DCCW An optional symbol
DROP Blank

DS An optional symbol
DSECT A required symbol
EJECT Blank

END Blank

ENTRY Blank

EQU A required symbel
EXTRN Blank

ICTL Blank

ISEQ Blank

LTORG An optional symbol
ORG Blank

PRINT Blank

REPRO Blank

SPACE Blank

START An optional symbol
TITLE 0-4 characters
USING Blank

XFR Blank

"
0o
[4,%

Operand Field

Blank; or a comment preceded by a conmna.

One operand

Four operands, separated by commas

One to four absolute
expressions, separated by commas

One operand

Blank or a comment preceded by a commna.
Blank or a comment preceded by a comna.
A relocatable expression or blank

One relocatable symbol

An absolute or relocatable expression
One relocatable symbol

25 (or 25,71,38 when using
macro-instructions)

A blank, or two decimal wvalues
separated by a comma

Blank or a comment preceded by a comma.
A relocatable expression or blank

One to three operands

Blank or a comment preceded by a comna.
A decimal term oxr blank

A self-defining term or blank

Up to 62 characters,
enclosed in apostrophes

A relocatable expression
followed by one to four absolute
expressions, separated by commas

A relocatable symbol



Appendix D. Summary of Constants

r T T T===" =TT - T s |
| I | | | | ]
| | IMPLIED | | LENGTH | | |
| | LENGTH##* | ALIGN- | MODIFIER | SPECIFIED | TRUNCATION/ |
| TYPE | (BYTES) | MENT | RANGE | by | PADDING SIDE |
| | | | | [ |
| I | | | | I
b t t -+ ¢ B A 1
| | | | | | _ |
| C | as needed | byte | L to 32 | characters | right |
| ! | l | | |
| X | as needed | byte | 1 to 32 | hexadecimal digits | left |
| | | | I | |
| B | as needed | byte | 1 to 8 | binary digits | left |
| | | | | | |
| H 1 2 | halfword* | 1 to 2 | decimal digits l left |
| | | | | 1 |
| P | as needed | byte | 1 to 16 | decimal digits | left |
[ | | | I | |
| 2 | as needed | byte | 1 to 16 | decimal digits | left |
| | | | | | |
1 ¥ | 2 | halfword* | 1 to 2 | any expression | loft |
| | | | | l |
S {- e t- oo - |
| *Unless an explicit length is specified. |
| #*¥The implied length must not exceed the maximum modifier length. i
! |
I e e e e e e e e e e e e e e = o o e e e e e e e — |
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Appendix E. Summary of Macro Language

Expressions in Macro Language

1
{
|

 imaaiebatiiet Sttt T T S e e —— e ———————o—e - § Setiedttaltt b
| Type | Arithmetic | Character | Logical | Relational

b T ST fommmm e —— ==
[Can |Positive decimal |Up to 8 characters |0, 1, or SETB symbols|Tw3 arithmetic
jcontain jself-defining termsjenclosed by | | expressions

| | |apostrophes | |

| I | | I

] |SETA and SETB sym- |Any SET symbol, | Maximum of two SETB |Two character
| | bols | system variable | symbols | exoressions

| | | symbol, or symbolic | |

| |SETC symbols’if the|parameter enclosed |0 and 1 can be used |

| |value assigned is a|by apostrophes lonly in singls-term |

| {positive decimal i jexpressions (which i

| {self-defining term | jmust not be preceded |

| | | by the operator NOT) |

| |Symbolic parameters|Any concatenation | |

| |if the correspond- |enclosed by | |

i |ing operand is a | apostrophes | |

| |positive decimal | | |

| | self-defining term | | |

! ! ! | i

| | 6SYSLIST(n) if the | | |

| |corresponding oper-| | |

| land is a positive | | |-

| |decimal self-defin-| | |

| |ing term | | |

| | | I ]

| | §SYSNDX | | |

T SR O oo oo
|Operators|+ - * / |Concatenat1ng by | AND,OR and NOT | EQ, NE, LT,

| | |using a period (.) | |GT,LE and GE

i i {and’/or substringing | i

b= oo T fommmmmmm e pomommm oo
|Range of |0 to 99999 | Zero to eight char- |0 (FALSE) or 1 (TRUE) |0 (FALSE) or

| values | |acters | |1 (TRUE)
e e frmm e e S
|Can be | SETA operands |SETC operands | SETE operands | SET8 operands
|used in IRelatlonal express-|Relational express- |AIF operands | ALIF operands

i jions jions |AIFB operands |AIFB operanis
L _d e ——— e e
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Name and Operand Field of Instructions

T T == ===
|Instruction | Name Field | Operand Field |
1 —— 4 - o ]

T
|AGO |A sequence symbol or |A sequence symbol defined in a following |
| | blank |statement |
e — t - = --—- -
|AGOB |A sequence symbol or |A sequence symkol defined in a preceding |
| | blank | statement |
foommm e BRIt - ' -—--1
|AIF |A sequence symbol or |A logical or relatjional expression enclosed |
i | blank |by parentheses, immediately followed by i
| | |a sequence symbol defined in a following ]
i | |statement |
¥ 1 St e et
|ATFB |A sequence symbol or |A logical or relational expression enclosed |
1 |blank | by parentheses, immediately followed by |
| | |a seguence symbol jefined in a preceding |
1 | |statement |
b-- -4--—- - e !
|ANOP |2 sequence symbol | Blank |
| e e et ————————
T T
| MACRO | Blank |For DPS: the version code (2 cols.) and the |
| | |modification code (2 cols.), or blank; for |
| { | TPS: blank. l
from o mm e et ey - -~ -1
| MEND {A sequence symbol or |Blank |
] |blank | |
L ) IS —_— ——— e e
s T + {
|MEXIT |A sequence symbol or |Blank |
¥ | blank | |

----------- t b oo ]
|MNOTE |A sequence symbol or |A comkination of characters encliosed by i
| lblank ]apostrophes |
. q
_______ _ —————— g
| SETA |&AGn or &ALn, where n |An arithmetic expression with a maximum |
| |1s 0- 15 |of three terms |
__________________________________________________________________ i
|SETB |8BGn where n is 0-255 |A logical expression or a relational ex- |
} |for both DPS and TPS. }pression enclosed by parentheses |
| | éBLn where n is 0-255 | |
| |for DPS and 0-127 for | |
| | TPS | |
pmm - t T e
| SETC |6CGn, where n is 0-15 |Up to eight characters enclosed by a pair |
| | |of apostrophes --substrings and |
| | lconcatenatlon permitted. |
I - i U, __._._.____,___-_______,_--__________-_"
T T E
[Model Statement |A symbol, a variable |Any valid combination of characters(including}
| (any Assembler | symbol, a sequence | variable symbols) |
|language mnemonic |symbol, a symbolic | |
|operation code, | parameter, or a con- | |
| except END, ICTRL, |catenation rep- | |
|ISEQ, LTORG, ~ |resenting a symbol | |
|PRINT, and START) | | |
pmomomeoe- 1 s o e |
|Prototype State- |A symbolic parameter |Up to 49 symbolic parameters separated by
|ment |orth< |CMMﬁ

|Macro Instruction |Va11d symbol or blank

|
!
- i
|

|Up to 49 operands, separated by comnmas

T —— 4

*Nhen the IOCS is used, the following symbols must not be used:

§BGO - &BG19, &BG21, &BG27, 6&BG28, &BG69,

and &BG80 - §&BG88.
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Symbolic Parameters and Variable Symbols in Expressions

..... — — ———— _— e
{ Symbol |pefined By | Initialized or |Value Changed By} Can be Used In

J | | Set to | |

pommmm e e - T t-——mmmm e e
|symbolic |Prototype |Corresponding |Constant |Ar1thmet1c expressions
| parameter |statement jmacro instruction|throughout |if operand is an un-

| | |operand ldefinition !31gn94 decimal self-

4 i } { jdefining tern

| | | | |

| | | | |Character exoressions

| | ! | |

| | | | |Model statenents

3 B 4 e B itk
| SETA |Predefined |0 (at assembly | |

[ | |start for global, |SETA instruction|Arithmetic exoressions
] | |at macro call | |Character expressions

| 1 | for local) |

| 1 | | | Model statements

f + + e - e
jSETB jPredefined jo (at assembly i |

i i jstart for global, |[SETB instructionjArithmetic expressions
| | |at macro call | |Character expressions

| | |foxr local) | |

| | | | | Logical expressions

1 | | |

{ | | | | Model statements

3 1 e i D e e Rt
| SETC | Predefined |Null character | SETC instruction|Arithmetic expresalona
| | |value (at assem- | | if operand is an un-

1 | |bly start) | |signed 3decimal self-

| | | | | defining term

| | I | |

| | | | | Character exoressions

| | | |

| | | | |Model statements
- -t e e - - -—-
| ESYSNDX |The Assembler|Macro instruction|Constant |Arithmetic expressions
| | | index | throughout d=fi-|

i i i jnition; unigque {[Character expressions

| i | |for each macro |

| | | {instruction |Model statements

b T R S T
| §SYSECT |The Assembler |[Contrdl section |Constant |Character expressions

| | |in which macro | throughout defi-|

| | |instruction |nition; set by |Model statements

| | | appears |CSECT, DSECT, |

| | | jand START |

____________ gy S
|£SYSLIST(n) | The Assembler|Corresponding |Constant |Arithmetic expressions
|Where n is a | |positional macro-|throughout defi-|if operand is an un-
|SETA:symbol | |instruction |nition for a |signed decinal self-
Jor a decimal | |operand lgiven value of njdefining term

| self-defining]| ] | | Character exoressions
|value | | ! |

| | | | |Mode1 statenents

L S S, U B Y B,

[

-l

o o o e s o e e i e e e s . ching e . e e e it e e e . e . i s =M . e . . s s e oM e e e e e el . e ey o e i s i ki o i



IBM—Supplied Macro Definitions

r -
|List _of IBM-Supplied Macro Definitions (DPS)

|
|ASSGN ATENT

|
|CDIPL CLOSE CNTRL CNVRI COMRG CRDPR

| .
{pceB
| DTFCG
|DTFIV
| DTFNB
| DTFPO
| DTFSN

DSKA
DTFDO
DTFMM
DT FNF
DTFSC
DTFSV

DI'FBG
DTFDR
DTFMT
DTFP

DTFSD
DTFSA

DCSCT
DTFDC
DTFLD
DTFND
DTFPR
DTFST

DSENG
DTFDF
DTFM3
DTFNE
DTFRG
DTFSU

DCNT
DTFDA
DTFLC
DTFNC
DTFPQ
DTFSR
EOJ EOM ESETL EXITB

|
| ENDFL ENDMT

|
| FEOV FETCH
|

|GET

}I$BGO I$BG1 I$BG3 IB249 IE00L IICMA
| LBRET LOAD LOM LXITB

EMACRO MAINT MCIPL MDERP MFET MINQ
[MRIN MROUT MSCED MSCO0 MSC10 MSC1l
{NOINQ

=OPEN

}PREQ PRTOV PUT

}READ RELSE RETRN RJBGN RJICHK RJICMP
|RJEND RJECT RJERR RJEUT RJEXP RJHDR
|RJRQP RITRA RITRC RJITRD RITWC RJITWE
{SETFL SETL

}TRUNC

!
| WAIT WAITB WAITC WAITF WRITE
|

CREAD

DTFBN
DIFEN
DTFMU
DTFPA
DTFSE
DTFSX

INTRD

MJOB1
MTRAN

RJICON
RJILER
RIWNQ

DTFBT
DTFIA
DTFMV
DTFPC
DTFSF
DTFSY

I0001

MJOB2
MVCOM

RJICRD
RIMSG
RPGEQ

|
|List of IBM-Supplied Macro Definitions (TPS)

| CNTRL COMRG CRDPR DSENG EOJ EOM

| PRTOV PUT READ RELSE RJCMP RJEXP
|

|Priority 2

|CLOSE DTFBG DTFBT DTFBU DITFBV DIFBA
| DTFMA DTFMX DTFMY DTFNA DTFNB DTFNC
|DTFST DTFSU DTFSV DTFSW DIFSX DIFSY

Priority 3

| )
|DTFBN DTFSN
|

|Priority 4
| DTFEN

e e e e e e —————————

EXITB
TRONC

DTFBX
DTFND
DTFSZ

FEOV FETCH
NAITB WAITC

DTFBY DTFCF
DTFNE DTFNF

OPEN

DTFBU
DTFID
DTFMW
DTFPD
DTFSG
DTFSZ

IPIQO

MJOB3

RICTR
RJOUT
SDRTB

DTFBV
DTFIN
DTFMX
DTFPE
DTFSH
DTFTC

DTFBW
DTFIQ
DTFMY
DTFPK
DTFSI
DTFTL

DTFBX
DTFIR
DIrrFM1
DTFPL
DTFSJ
DTFTO

DTFBY
DTFIS
DTFM2
DTFPM
DTFSK
DTFYR

DTFCF
DTFIT
DTFNA
DTFPN
DTFSL
DTFYW

IQIPT

MJOB4 MJOB5 MJOB6 MONTR MPPK

RIDWE RJE RIEMM
RIPTR RJREQ RJIRDM

RIDRD
RJIPCH
RAPQP

RIDRH
RJIPRD
TRATIB

GET LXITB MVCOM

WRITE

LBRET LOM

DTFCG DTFMM DTIFMT DTFMU DTFMV
DTFPA DIFPC DI'FPD DTFPF DTFSR

o —— i o . e (i et et S i . o ot O S s o — s —— — . G — — g, S — —— ———d— — a—— o — o —— — — . — ot St e et o g e, e st . S st s s s
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Appendix F. Assembler—Language Features

Feature

i s e e 21 e ey

{No. of continuation
| cards/statement (excl.
|of macro constructions)

|Input character code

E

Character self-
defining terms
Binary -self-defining
terms
Length-attribute
reference

Literals

| Extended Mnemonics
|Maximum location-
|counter value
|Multiple control
|sections per assembly

EXPRESSIONS:

Operators

Number of terms
Number of parentheses

Complex relocatability

ASSEMBLER INSTRUCTIONS
DT and DS

Expressions in
modifiers

Multiple operands
Multiple constants/
operand

.

Bit length
specification
Scale modifier
Exponent modifier
DT types

duplication factor

DC

ot
De

duplication factor
zero
length modifier

|
!
I
|
i
|
|
I
|
!
|
i
|
|
|
|
I
I
I
I
I
I
|
|
|
|
|
!
I
i

132

P e e e
|Model 20|wodel 20|SUPPAK
IBasic IDPS/TPS |

| Assem— |Assem- |

jblerxr |bler |
R e
[ [ Y [Y

1 | !

| | |

| | |
|EBCDIC |EBCDIC |BCD or
| | | EBCDIC
| | |

| | |

i i 8 i ©

i i i

|1 char. |1 char. | X
|only |only |

| -- |8 bits |} =--

| jmax. |

| -- | X | --

| | |

| -- |see D | --

| -- | X | X
l21l+..1 '215-1 122“ 1
! | [

| -- |max. of | --

| | 8 |

i | |

| | |

| +- I o+-% | +-%/
| 3 | 3 | 16

| -- {1 | --

i jievel i

| -- | X | --

| | ]

| | |

| | |

| | |

| -- | -- | --

i - i - | --

| -- | == | --

| | l

] | |

| -- | -- | --

| | |

| -- | -- | --
== - | --
|only C, |C,X,B, |Except
|X,4,Y |H,P,2, |B,V

| | ¥ |

| | |

| -- I X | X

| | |

I -- [ -= | --

| | [

| Except |see | X
JH,Y |Appx.D |

i i i
L § S j O

EBCDIC

o

1 char.
only

2te-1

+-%

Y,S

(o]

| Except
|address
| cons.

PSR PS

D9 PSP



—————g—e——————y-- - ———

T T T 1
{Feature lModel 20|Model 20|SUPPAK | BPS |BPS/BOS |DOS/TOS |0S/360 |
| |Basic | DPS/TPS | _Basic |Assem- | | |
| |Assem- |Assem- | |Assem- |bler { | |
i |bler {bler | | bler | | | |
b e o pommomeet e P fommmme 1
| DS maximum length | 256 | 256 { 256 | 256 | 256 165,535 (65,535 |
| modifier | | | | | | | |
| DS constant subfield | -- | -- | -- | -- | X | x | X |
| permitted | | | | | | | |
| DS type |only |only |only |only | X | X | X |
! |H,C |a,C Ic,H,  |C,H, | 1 | |
[ | | [FyD [FYD | | | |
| DS_length modifier |only {only |only |only | X | X | X |
l | ¢ | ¢ | | ¢ | 1 | |
| cCopY | -- | -- | -- | == | -- | X | X |
I | | | | | | | |
| CSECT | -- | 8 max. | -- | -- | X | X | X |
] | | | | [ | | |
| DSECT | -- 17 max. | -- | -- | X | X | X ]
| | | | | | I | |
| ISEQ | -- I X | -- | -- | X | X | X |
] | | | | I | | |
| LTORG | -- | X | -- | -- | X | X | X |
] ] ! ] | | | | |
IPRINT | -- I X L | —- | X | X | X |
| | | | | | | | |
| TLTLE | -- | X | X | -- | X | X | X |
| | ! | | | | | |
jcoM | -- | -- | -- | -- i -- | X | X [
| | | | | | | | |
| ICTL | =- |1 opnd. |1 opnd. |1 opnd. | X | X 1 X |
i | {25 only | 11 or 25 | | | |
| | for 3 | |only | | | |
| | lopnds. | | | | | [
| | 125,71,38] | | | | |
| | | | { | | | [
|USING |2 opnds.|5 opnds.|2-17 |2 opnds.|6 opnds.| X | X |
i |1st opnd{lst opnd|opnds. | | | | |
| |reloc. |reloc. |1st opnd|reloc. | | | |
| lonly {only |reloc. |only | | | |
| | | |only | | | | |
| | | | | | | | |
| BROP |1 opnd. |4 opnds.| X {1 opnd. |5 opnds.| X | X |
} ;only jonly { :only } ; : }
|ccAh | -- |4 opnds.| X |opnd. | X | X | X |
| | | (DCCW) | |2 reloc.| | | |
| | | | |only | | | |
| | | | | | | | |
| ORG |No | X | No | No | X | X | X |
| |blank \ |blank | blank | | | ]
{ }Opnd. ‘ =opnd. {opnd. : ; : :
| ENTRY {1 opnd. |1 opnd. |1 opnd. |1 opnd. |1 opnd. | X | X |
| |only |only |only |only |only | | |
| | i | | | | | |
| EXTRN {1 opnd. {1 opnd. |1 opnd. |max. 14 |1 opnd. | X | X |
| |only |only Jonly |1 opnd. |only | | |
{ | | | |only | | | |
I | | | [ | | | |
| CNOP | -- | -- |2 dec. |2 3Jec. |2 dec. | X | X |
| | | |digits |digits |digits | | |
| | | | | I | | |
| PUNCH | -— | - | -- | o-- | -- R | X |
| | | | | | | | |
| REPRO | -- | X | -- | -- | X | X | X |
L e e ) I L L L L L L J
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=== -= T--- —ymom———- l Sadahsbett T -=7  Eaaieindetnteiag ettt
| | ] | | [ | |
|Macro Instructions 1360720 | * ¥ b -- | -- | X | X i X
| |10CS | I I [ I |
! jonly | i i [ | [
fromm e e fommmmmm- $ommmmem f-mommees oo o oo oo
|Operand Sublists ] | - | | | -- | X | X
| | | | | | I |
}Attributes of macro- i i -- i | - | X 1 X
jinstruction opexrands | i i i i | |
|inside macro | | | ] | ] |
|definitions and symbols]| ] ] | i i ]
Jused in conditional- | | H H i i i
|assembly instructions | | | | | | |
joutside macro i l | | | | |
|definitions | | | | | ! ]
| | | | | | | |
| Subscripted SET symbols| | - | | | -- | X | X
| | | | | I | |
| Maximum number of | | 49 | | | u9 | 200 | 200
|parameters | ! | ! | i {

| i 1 ] | i i
|Conditional-assembly | | - | ] | -- | X | X
]instructions outside i | [ i | | |
| nacro definitions | | | | | | |
i | | | i | | |
|Maximum number of SET | | | | | | |
| symbols | | | | | | |
| Global SETA | i 16 | i | 16 | * | *
i Global SETB | | 2561 | | | 128 ] * | *
[} Global SEIC | i i6 | i | 16 | * | *
| Local SETA ] | 16 | | | 16 | * | *
| Local SETB ] | 2562 | ] | 128 | * | *
| Local SETB | | 1283 | | | i |
] Local SETC | | 0 | | ] 0 | * | *
L - ———— e ——— i L JY I, Lo L ) i I
Legend:

* The number of SET symbols permitted by the Cperating System/363 and DBOS/TOS
Assembler is variable, dependent upon available main storage.

X Implemented as specified in IBM System/360 Assembler Language SRL.

-- Not implemented.

** See the SRL publication

formance Estimates,

1 For DPS and TPS
2 For DPS only
3 For I¥S only

o
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e

T
Y

o

rogramming System, Per-

Form

M System/360 Model 20, Disk
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Appendix G. Output Listings (Assembler and MMAINT)

Assembler Program

——- T - T T T T T T T T T T T T T T T T T S e oo mmm e 1
| FIELD | PRINT | MEANING |
| | POSITIONS | |
} L _ N gy gy g Uy Sy U ST *
| External Symbol chtlonary (ESD) i
F T e mmmmm e
| SYMBOL | 01-08 | External name. |
| TYPE | 11-12 | Symbol type. |
| ID | 15-16 | ESD entry number. |
|ADDR | 19-22 | Address of symbol before relocatlon. |
| LENGTH | 26-29 | Length attribute of control section. |
LD ID | 34-35 | ESD entry number of control section where namne appears. |
- Lo S S 1
| Instructions |
-7 s et i
| LOCATN | 02-05 | Location of assembled instruction (hexadecimal). |
|OBJECT CODE | 07-20, or | Assembled instruction (hexadecimal). |
| | 07-22 | Constant generated (hexadecimal). |
|apD1 | 22-25 | Effective address of 1st operand (hexadecimal). |
|ADD2 | 27-30 | Effective address of 2nd operand (hexadecimal). |
| STMNT | 32-35 | Statement number (decimal). |
| SOURCE | 37-116 | Source statement (card image). Column 36 contains |
| STATEMENT | | 2 plus sign if a source statement is generated. |
| | 118-120 | Number of TXT card (decimal). |
| | | Note: If NODECK was specified, the number is that of |
i | i a NOESD optione. ]
| WRN | 03-05 | Flag: Possible error in previous statement. |
|SEQ | 08-10 | Flag: Seguence error in previous statement. |
| ERR | 13-15 | Flag: Error in previous statement.
| CAT | 18-20 | Flag: Catastrophic error in previous statement. .
‘,_______ 1 S 1y —_— ———— ____,'
] Relocation Dictionary (RLD) |
pmmm e m oo T T T !
| POS. ID | 03-04 | ESD ID number of control section containing the constant. |
JREL.ID | 10-11 | ESD ID number of control section containing the address in |
| | the constant. |
| FLGS | 16-17 | Type of relocatione. |
| ADDR | 20-23 | Address of constant before relocation. |
S U e S e i
1 Diagnostics |
k- O O {
| STATEMENT NO. | 05-08 | Listing seguence number of statement in arror. i
| ERROR MESSAGES| 20-79 | Explanation of error. ]
|ACTION | 80-120 | Action taken by Assembler. ]
 S— L e e i
| Table of Deflned Symbols |
- T e 1
| SYMBOL | 01 08 | Name assigned to source statement |
| | 65-72 | |
| LEN | 11-13 | Length attribute (decimal notation). |
| | 75-77 | |
|VALUE | 17-20 | Value attribute (hexadecimal notation). |
| | 81-84 | |
|TYPE | 24 | Type attribute. |
| | 88 | |
L R e L e e e e e A e . e o = . > = = o —————————— J
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- S— . sy

Crossreference List* (for DPS Assembler only)
1 e et ettt e
. | SYMBOL 01-08 Source Label
iLEN 10-13 Length attribute (decimal)
| VALUE 17-20 Value ‘attribute (hexadecimal)
| DEF 23-26 Listing sequence number of statement which defines label
1CROSS- 31-34 Listing seguence numbers of statements
1 REFERE which contain the label

n
5]
w
~
]
)
=]

Y e o e e S, S e o s, S e
~
o
]
©
N

| *Replaces Table of Defined Symbols if CROSSREF is specified in AJDPTN statement.

e e e e e e e e e e e 2n a—— - —_— -

I
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N



SYMBOL TYPE ID ADDR LENGTH LD IF

Sb 01 0100 0048

EXAMPLE

LOCATN OBJECT CODE ADD1 ADDZ STMT

EXTERNAL SYMBOL DICrIONARY

SOURCE STATEMENT

0100 0002 START 256
0000 © 0003 USING *-256,0
0008 0004 RS EQU 8
0009 0005 R9 EQU 9
0100 4890 O013E 013E 0006 BEGIN LH R9,ADDR LOAD ADDRESS OF TABLE
0007 MVA SWITCH, 0 SET SWITCH OFF
ERR
0104 D201 0140 0O1u4 0140 Olu4 0008 MvC LASTAD(2) ,HO CLEAR TABLE
010a 4D80 0000 0000 0009 BAS R8, SUBR GO TO SUBROUTINE
ERR
010E 9500 0142 0142 0010 CLI SWITCH,O IF SWITCH OFF
0112 4780 Ol11lE 011E 0011 BE EXIT LEAVE ROUTINE
0116 u4A90 0146 0146 0012 ag R9,H2 ELSE INCREASE ADDORESS
011A 47F0 0104 0104 0013 B BEGIN+U AND BRANCH BACK
011E 4D80 00CO 00co 0014 EXIT BAS R8,192
0122 0015 AREA DS 4g
0122 0016 TABLE DS 10H
013E 0122 0017 ADDR DC Y (AREA)
0140 012A 0018 LASTAD DC Y (TABLE)
0142 00 0019 SWITCH DC X'00"
0144 0000 0020 HO DC H'O"
0146 0002 0021 H2 DC H'2"
0022 END
0002 STATEMENTS FLAGGED
RELOCATION DICTIONARY
POS.ID REL.ID FLGS ADDR
01 01 04 013E
01 01 os 0140
DIAGNOSTICS
STATEMENT NO. ERROR MESSAGES ACTION
0007 UNDEFINED OPERATION CODE STATEMENT TREATED AS COMMENT
0009 UNDEFINED SYMBOL STATEMENT INCOMPLETELY ASSEMBLED
TABLE OF DEFINED SYMBOLS
SYMBOL LEN VALUE TYPE
ADDR 2 013E Y
AREA 2 0122 H
BEGIN 4 0100 I
EXIT 4 011E I
HO 2 o144 H
H2 2 0146 H
LASTAD 2 0140 Y
R8 1 0008
RO 1 0009
SWITCH 1 0142 X
TABLE 2 012a H
Figure 17. Sample Listing of Assembler Output
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Macro Maintenance Program

(=== ————s——————— Too————-- L Sut Rttt 1

| FIELD |PRINT  |MEANING I

i jPOSITION]| i

pommmm oo mme e $ommmmm T 1

| STMNT NO. | 1-8 |Statement number|

IMACRC DEFINITION| 12-91 |[Macrc definit- |

| STATEMENT i jion statement |

|DIAGNOSTIC | 95-120 |Diagnostic mes- |

| [ |sage i

S, ¥ i - iy

MACRD

STMT NO. MACRO DEFINITION STATEMENT
ENAME ADD &¢F1, EF2, 6F3, EFL, EFS

ADD 001 *

ADD 002 ENAME STH 12, SAVEAREA

ADD 003 LH 12,8F1

ADD 004 §AL1 SETA 2

ADD 005 -ADD AH 12,8SYSLIST(£AL1)

apDD 006 §AL1 SETA EAL1+1

ADD 007 §AL2 SETA &AL1+1

ADD 008 ATFB ('ESYSLIST(£AL2)' NE '').ADD

ADD 009% STH 12, 6SYSLIST(&AL1)

ADD 010 Lg 12,5AVERAREA

ADD 011 MEND

Figure 18. sSample Listing of Macro Maintenance-Program Output

=t
w
@

DIAGNOSTIC



Appendix H. Assembler Diagnostic Messages

The associated

actions (see Output Listings) are abbreviated as:

SA = Statement assembled

STC= Statement treated as comment
SIA= Statement incompletely assembled
AIE= Assembly in Error

- -
| Diagnostic Message

e —

|ASSEMBLER CONTROL STATEMENT -

| AWORK INVALID

|The operand of an AWORK statement is
|not a single operand of

|either 1 or 2.

ASSEMBLER CONTROL OR MACRO

INVALID OR MISSING OPERAND

BAD DATA

STATEMENT - INVALID NAME FIELD

ASSEMBLER CONTROL STATEMENT -

|An AOPTN statement has bean Jdetected
[with an entry in the name field. The
|name field has been ignorad, but the
|remainder of the statement has been

| processed.

|An AOPTN statement has been encount-

|operand function that is not onza of
|Jthe valid options. The valid operand
|and any other operands following arz
lignored.

| Erronecus data found in DT or DCCW
| statement.

e o g S e S e . i B o i i, S o, e

ILLEGAL FORMAT

|ope01f1ed constant length is less

4
|
|
|
+
|
|
|
|
|
i
|]ered with no operands or with an |
|
[
|
|
+
|
|
i
| than the actual length of a constant. |

}

|A statement is continued on the sub-
| sequent line (in the subsaguent
|card).

4 -
| Invalid delimiter.

i Missing or extra field(s) in sta-
| tement operand.

|3. First operand is a literal.

|t. Blank operand in a machine

] instruction.
|

|

|

|

[

|

4

1
2

5. Parentheses are not paired.
6. Invalid symbol in L'SYMBOL.
7. Illegal
format.
8. Illegal
term.

double indexing in RX

type of self-3efining

|
I

|
|
1
|
I
|
|
|
|
|

k
| ILLEGAL MODIFIER
|

e e e e e o e >

]INVALID CONDITION CODE
|SPECIFICATION

| Incorrect modifier in a DC or DS
| statement.

|The value in a START statement is not
|an integer multiple of two. (The
|value is increased to the next higher
|integer multiple of two).

lCondition code mask specified in BC
|or BCR is other than 0-15.

Appendix H
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| INVALID IMMEDIATE DATA
|
|

} ___________________
| INVALID LENGTH VALUE

I

!

|

|

|

|INVALID LITERAL SPECIFICATION
1
i
i
I

b

| INVALID NAME FIELD
|
|
!
|
I
I
|
|
I
|
I
i
|
|

| INVALID OCCURENCE OF ASSEMBLER
| STATEMENT

[ - m——rn

140

Meaning

For all instructions except DC

and EQU, the value of the expres-

sion is negative.

The expression contains more than

three terms.

The expression is complex relo-

catable, but it is not allowed

for this instruction.

The terms

not absolute.

An arithmetic operator begins or

ends an expression.

Parentheses are not paired.

During expression evaluation a

value greater than 215-1 or less

than -225 has been reached.

Invalid delimiter sequence.

The operand in an ORG statement

is not relocatable within the

section.

The operand in an END or XFR sta-

tement is not relocatable.

|The immediate data is an invalid

{self-defining term (e.g., more than

|one byte).

For SS type instructions.

a. Length is greater than 256

b. For two length instructions,
L1 or L2 is greater than 16.

Length is specified as a relocat-

able term.

terals have been specified,

though an AOPTXN LITERAL statement

{TPS Assembler

w

0

+=

in a mn1+1nllcatlon

w

not included.

Li
zl
is
only).

For all instructions except
TITLE: The statement name begins
with a non-alphabetic character.
(s, and # are considers
alphabetic characters).

The statement name is longer than
eight characters.
Non-alphanumeric characters
appear within the statement name.
A statement name is present in a
statement which must not have a
name.

A DSECT statement has no name.

No name or an invalid name in an
EQU statement.

Program has more than one

START card.

A START card is improperly plac
in the program.

An LTORS appears within a dummy
control

“’!

ﬂ

w

qop+aﬁ

100,

------------------------------- ToTTEE TSI T T T T T T

fassociated|Notes|

|
|
|
|
re|
|
|
|
|
!
|
|
|
|
|
i
!
|
+
|
i
!
+
l
|
!
|
|
|
i
|
i
|
+
|
|
|
i
l
|
|
|
|
|
|
|
|
|
|
+
1
|
i
|
!
H

Action

SA/STC

e e e e e e e e e e e e e e e b e e e e e ——————— e ———————— -
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[mmmm e
Diagnostic Message

|
|
|
|
|
| INVALID REGISTER SPECIFICATION

!

i

|

INVALID SELF-DEFINING TERM

I
|
|
[
F
| INVALID OPERATION CODE
|
|
|
|
|

LIMIT EXCEEDED

|
|
i
|
|
|
!
|
|
|
|
!

|. ________________________________
|MACRO - GENERATION TERMINATED

I

|

‘.-.....
|MACRO - GENERATION TERMINATED

| BY OPERATOR'S INTERVENTION

e e e e — —— — — i —— — —

|MACRO - INNER MACRO NESTING
| DEPTH EXCEEDED

|MACRO INSTRUCTION - INVALID

| OCCURANCE OF DATA

| MACRO INSTRUCTION -
| OPERAND

e TooTmS TS T 1
| Meaning |Associated|Notes|
| | Action | |
R pom oo mee L
|1. Specified register contents are | SIA/SA | |
| not relocatable or they excesed | | |
| 21s-1. | | [
]2. Specified contents for rzgisters | { i
| 0 - 7 are not correct. | | |
I T G $-----{
|1. Register specified is other than | SIA/STC | |
| 0 to 15. | | |
|2. Register specified as r=locatable] | |
{ term. | | |
oo fom oo -
|The self-defining term: | SIa | |
|1. is tod large | | |
|2. 1is too long | | {
|3. contains an invalid character. | | |
T oo S !
]1. The operation code begins with a | SIC | |
| non-alphabetic character. (3§, a,]| | |
] and # are considered alphabetic | | |
| characters). | | ]
|2. Non-alphanumeric characters | | |
| appear within the operation code.| | |
T omommoon $-mmmd
| Storage reguired for a constant | STC | |
|exceeds 215-1. ] | |
T e i
|1. The value of the location counter| AIS ] |
| has exceeded 215-1. | | |
12. The value of the location counter} ] !
| set by the OR3Z statement has gone| | |
| below the initial value of the | | |
| control section. | ] i
|3. The total number of CSECT, DSECT, | | |
| and EXTRN statements exceeds 31. | | |
|4. The total number of CSECT and | | ]
| DSECT statements exceeds 8. | i ]
|5. Total number of ENTRY statements | | |
| must not exceed 20. | | |
e e poomomoo- poo--- 1
| Maximum number (999 for TPS; 4999 for| STC | 1, 2j
|DPS) of executed AGO, AGOB, AIF, and | ] |
|AIFB statements exceeded. | | |
TS pomommoes tommm |
|The generation is terminated after | sSIC | |
|the operator has assigned the value | i |
| *"FF' to the core storage position | | |
|*00CE' via the console. | | |
oo e pommmmmeme- $----{
|An inner macro instruction has besn | SIC | 1, 2]
| given within a third level. (This | | |
|macro instruction will not be | | |
| expanded). | | |
------------------------------------- e SRR,
|The columns up to the continue column| SA | |
|of a continuation line are not blank.| | |
T ——— pommmmmm - poom-- 1
| For example, operand long=r than 7 | SIC | |
|characters, or operand has an egual | | |
|sign in other than the first | | |
| position. | | |
e Lo Lo 1
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{ MACRC INSTRUCTION - KEYWORD iA keyword occurs more than once in a
|MULTIPLE SPE»IFIED |macro instruction operand.

s

|MACRO INSTRUCTION - TOJ MANY | More operands in a macro instruction

{ OPERANDS fthan specified in the prototype sta-
jtement. The extra operanis are
|1ignored.

)
"
$
]
}
+
I.l

i

I

t

i Keyword in macro joss not
| match any keyword deflned in the pro-
| |totype. This operand is ignored; all
| |other operands are processed. Noteg:
{ |Only one message appears when more

| | than one undefined keyword appears in
| |the same card of a macro instruction
t

g
~
=t
=
j=s}
=
o]
=3
[y
0
O.
o
=
A«
P
=g

I
+

1

1

1}

t

I

I
+

|MACRGC - INVALID RESULT IN |For an AIF, AIFB, or SETB statement

| ARITHMETIC OPERATION |with an arithmetic relation or for a |
|SETA STATEMENT: |
i1 Result is negative i
|2 Result is greater than 99999. |
e o T —— +
I
|
I
+
|
I
I
}
]
J

MACRO - INVALID SUBSTRING |Spec1f1ed substring not wholly con-
|tained in the character string of a
|SETC instruction.

e e v Sttt g i i S

|MACRO - INVALID SYSLIST | SYSLIST reference to a parameter
| REFERENCE |number is less than 1 or greater than
i jus.

| MACRO - LONG FINAL RESULT Character string result has exceeded
jCHARACTER OPERATION jeight characters in an AIF, AIFB, or |
| | SETB statement with a character rzla-|
| [tion or a SETC statement.

|MACRO - LONG INTERMEDIATE RESULT|Character string has exceed=3i sixtezn
| IN CHARACTER OPERATION |characters for a SETC statement.
|MACRO - STATEMENT TRUNCATED |A generated model statement exceeds

i |column 71

|MACRO - UNDEFINED OPERATION CODE|An instruction with an operation code
| |which is not recognized as a valid

] | System/360 Model 20 operation code

H jand is not contained in the macro

| |library was found during macro

i | generation.

b= e e o e o
|MISSING UF IN XIO |Missing unit and function specifica-
{ |tion in XIO statement.

|
[
1
]
|
1
1
|
I
|
|
]
)
|
|
|
|
1
|
1
1
1
|
|
]
|
|
|
|
i
|
|
+
]
|
|
|
|
1
!
f
|
|
|
!
|
|
|
]
|
|
|
|
]
|
L}
1
|
|
|
[}
]
]
!
'
|
!
!
|
t

|MNOTE |2 message from the macro coder to
i fthe macro user, generally identifying
| lan error in the macro instruction.

e R iR S T

,..
|
1
|
!
|
|
|
|
1
|
1
|
|
|
i
|
1
!
f
1
[}
[}
|
!
[}
!
i
]
|
1
]
1
-
1
1
|
|
}
|
|
i
|
1
|
|
1
1
|
1
1
]
[}
!
I
i
!
|
1
[}
t
|
[}
t
|
|
|
i
]
]
1
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Associate ilNotesl
Action | i
---------- -]
sa i I

I |
---------- t-----1
SIA | |

! !

| I

I I
---------- t-----1
Sia H i

I l

| I

I I

| |

I I

[ I
---------- -
STC i1, 24

| :

I I

I I
—————————— t-—---1
STC i1, 2]

I |

I l

I I

| I
—————————— ===
STC | 1, 2|

I I

| |
---------- t-—---
STC | 1, 2|

I |

| I
---------- -----
SIC {1, 2j

| I

| I

I |
—————————— t-----1
STz | 1, 2}

| I
---------- -1
sa | |

[ |
—————————— t-----1
SIC | 2 |

| |

I [

I |

| I

I I
---------- t-----1
SIA | |

I I
---------- t-----1
None ] |

I |

I |
.......... Lo ___1



a.

b.

Ae

b.

C.

d.

C.

f.

|

|

|

|

|

|

|

|

]

|

|

|

|
——————— t
1. No base register specified. |
2. An absolute displacement is |
|

|

I

|

|

+

|

I

I

|

|

|

}

T
|
|
4
|
|
|
|
|
{
|
|
|
|
|
|
|
+
|
|
|
|
|
|
i
|1. Base register specified in relo-
|
|
|
{
|
$
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
]
|

T
Meaning |Associated|Notes|

1. Identical symbols appear in the
name fields of two or more
statemnents.

2. For an EXTRN statement:

Operand is identical to the
name field of another
statement

Two Oor more statements have
identical operands

3. The name fields of CSECT and/or
DSECT statements are identical.
The statement encountsred sza2cond
is considered unnamed.

greater than 4095

3. Base register(s) specified in
USING statement(s) cannot bz app-
lied, (no coincidental
relocatability).

catable operand.

2. Relocatable expression in YL1( ).
3. Symbeol in operand of ENTRY state-
ment is defined in an unnamed

control section.

1. Erroneous operand in an
instruction.

2. Blank operand in an Assembler
instruction.

3. For DC or DS:

First character in operand
field is not alphabetic or
numeric.

No alphabetic character fol-
lows the diplication factor.
No terminating apostrophe or
close parenthesis.
Terminating apostrophs or
close parenthesis followed by
a non-blank character.
Length specification is
non-numeric.

Invalid constant type.

operand is not contained in
columns 2 through 71.

5. Operation code has more than 5
characters.

6. DC literal has no fourth
sub-field.

7. No initial apostrophe in TITLE
statement.

8. More than four registars arz spe-
cified in a USIN3 or DROP
statement.

———— e ————— et ——————

|SYMBOL NOT PREVIDUSLY DEFINED |A symbol in the operand of an JRG or
| |EQU statement is not defined in a
i | previously encountered statement.

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
||
4. An operation code and/or an |
|
|
|
|
|
|
|
|
|
|
|
i
|
{
|
L

Action

Appandix 4 143



i i L ettt S 1
| Diagnostic Message | Meaning |Ass3c1ate3|ﬂotesl
| ] | Action | !
v ——— fmm oo s pommmmomoem T
|TOO MANY DIGITS | Too many digits in a decimal value or| SA | |
i |a self-defining term. | | |
p-=- i oo boommoe oo - {
| ONDEFINED OPERATION CODE |Mnem0nlc operatlon code is not reco- | SIC | |
i ignized as a valid IBM Systen/360 i i i
| | Model 20 operation code and is not i | |
| |contained in the macro library. | | |
e - T e
| UNDEFINED SYMBOL |& symbol has been referenced but it | SIA } 1
| |1s not defined in the name fiz1l3 of | | |
i |any instruction. | | |
b T T oo oo pomms |
|ONPAIRED AMPERSAND |Odd number of ampersands encountered | SA | |
| ]in a constant. (Two ampersands must | | |
| | be sSpecified for every ampersani | ] |
| | wanted in a constant.) | | |
e e o 1 ——Le )
[ T T T T T e e e e e oo o—— - 1
| Notes: I
| !
]1. These messages refer to statements in the assemkly listing which contain additional]
] information. This additional information is: the macro-instruction name, and a |
! peinter to the instruction in error within the generated macro routine. i
| |
|2. Diagnostic messages for macrc instructions may be caused by improper data ian the i
| macro instruction (for example, alphabetic characters supplied for a length |
| specification). |
e e e e e 3
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Appendix I. Diagnostic Messages of the Macro Maintenance

Program
| e L === - -~/
| MESSAGE | MEANT NG |
o ARACIER VALOR T05 1oNG | Ih character value of tnis scaremem: 13 tos lemg. T 1
| ARASTER STAING T00 LoNG  |A character string of this statement is tom 1oma. T *|
|EBE,;'I—EQEB-IE'ESE"BEZ&E""IESIS;E] through 15 must be blank. 1
—————————————————————————————————————————————————— ———— —_— _.._____._.__‘

| ILLEGAL CONTIN PUNCH

| ILLEGAL OPERAND

| ILLEGAL OPERATION CODE
|
|
!

| ILLEGAL STATEMENT FORMAT
|

|ILLEGAL CONTINUATION LINE

| ILLEGAL SUBSTRING

|INV OPERAND TERMINATION

|The operation code of this statement is not allowed Nithini
|a macro definiticn, or the operation code specified in a |
| prototype statement is a machine instruction or an |
|assembler statement. |

| The format of the statement is illegal (has no operation |
|code). |

e e 1
|The continuation line is not permitted. |
T |
|a substring specification is not permitted for this |
|statement. |
ettt 1
| The continuvation line is incorrect (column 16 of a con- |
|tinuation line is blank). |
o o o e !
|The arithmetic term of a substring is invalid. |
T T T 1
|The termination of the character string is incorrect. |
T T i
|Arithmetic expression has an invalid format. ]
T T !
|The format of the logical expression’'is invalid. |
e 1
| The termination of the operand is incorrect. |
b oo i
|The prototype statement is incorrect. |
o mm e oo oo 1

|An invalid relational operator (E), NE, GT, GE, LT, LE) is|
| specified. |
O e -4
The name of a SET statement is invalid. |

|
o 1

 The termination of a substring is incorrect. |
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25 T T T T T ST T T T T T T T T T T T T e T T s T T T T T T 1

| MESSAGE | MEANING |
L e e e e e ]
]
| INVALID ARITHMETIC TERM |The statement contains an arithmetic term which is |
i jinvalid. i
SR o i
| INVALID LOGICAL OPERATOR |An invalid logical operator is spescified. |
e s !
| INVALID OPERATION CODE | The operati code for this statement is invalid. i
———————————————————————————— et ittt td |
] INVALID MATZRO STATEMENT |The macro statement specified is incorrect |
St Sttt bttt 1
JINVALID MNCTE OPERAND iThe operand of an MNOTE statement 1s invalid. |
---------------------------- T O
] INVALID OPERAND TYPE |Ppositional prototype statement with keyword or vice versa.|
———————————————————————————— - e
| INVALID SEQUENCE SYMBOL |The sequence symbol of this statement is invalid |
———————————————————————————— Rt g
| INVALID STANDARD VALUE | The standard value specified for a keyword is incorrect. |
---------------------------- T Ot —
IMORE THAN 3 ATITHM TERMS |IThis statement contains more than 3 arithmetic ternus. |
gy g U S Gy P i
v T
|MULTI DEFINED SYMB PARAM |A parameter is defined more than once. |
———————————————————————————— T T
|NO END PAREN IN OPERAND |[The terminating parenthesis of this operand is mnissing. |
pommmm e e I T !
|NO INIT * IN CHAR STRING |The initial apostrophe of a charactsr string is mnissing. |
ettt ettt ittt bt bttt el il 1
| The second character value has no initial apostrophe. |
T !
jThe initial parenthesis of this operand is wissing. |
T 1
|The name field of an ANDOP statement Jdoss not contain a |
| sequence symbol. i
b oo o e e 1
|The operand of this statement is missing. |
T T 1
| The continuation of an operand is missing. ]
T ST !
| The operand extends beyond column 7i. |
T T 1
|[The contents cof cclumns 73 through 80 of this statemnent ]
|are out of sejuence. |
b oo s i
|} Sequence Symbol | |
|MULTI DEFINED |A sejuence symbol is defined more than once. |
pomsmmesmmom e e e !
| Sequence Symbol | |
|NOT DEFINED |A sejuence symbol should be Jdz2fined. |
——————— -~ T T G|
] TOO MANY SYMB PARAMETERS |This staterent contains too many symkolic paraueters. |
b e O i
* TPS only
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Appendix J. Character Codes

This appendix lists all System/360 card codes to which a printer graphic is assigned.
(The printer graphic may vary according to the national character set.)

r=———"—"7="== b Sttt T~ TeT T T~~~ =—= D S 1
|EBCDIC | CARD PUNCH | PRINTER | | |
| CODE | COMBINATION | GRAPHIC | DECIMAL | HEXADECIMAL |
b——- + - =t t-———————— - 1
| ] | | | |
00000000 | 12,0,9,8,1 [ | 0 | 00 [
100000001 | 12,9,1 | | 1 | 01 |
{00000010 | 12,9,2 | | 2 | 02 |
100000011 | 12,9,3 | I 3 | 03 |
100000100 | 12,9,4 | 1 4 | o4 [
[00000101 | 12,9,5 [ 1 5 | 05 I
100000110 | 12,9,6 [ | 6 | 06 |
100000111 | 12,9,7 | | 7 [ 07 I
00001000 | 12,9,8 | i 8 | 08 |
{00001001 | 12,9,8,1 1 | 9 | 09 |
00001010 | 12,9,8,2 | I 10 [ oa |
100001011 | 12,9,8,3 | | 11 I 0B 1
100001100 | 12,9,8,4 i | 12 | oc |
00001101 | 12,9,8,5 ] | 13 | 0D |
00001110 | 12,9,8,6 [ [ 14 I O |
jooo01111 | 12,9,8,7 | | 15 | OF |
! Gt frmmmmm e rmmmm e frmmmmmmmmee - |
00010000 | 12,11,9,8,1 | I 16 | 10 I
00010001 | -11,9,1 i | 17 | 11 |
100010010 | 11,9,2 | | 18 | 12 I
00010011 | 11,9,3 | [ 19 i 13 |
100010100 | 11,9,% | | 20 | 14 |
jooo10101 | 11,9,5 | | 21 I 15 [
00010110 | 11,9,6 | | 22 | 16 |
|00010111 | 11,9,7 i | 23 | 17 |
00011000 | 11,9,8 1 | 24 I 18 |
100011001 | 11,9,8,1 | | 25 | 19 I
100011010 | 11,9,8,2 | | 26 | 1a I
00011011 | 11,9,8,3 1 | 27 | 1B i
00011100 | 11,9,8,4 | I 28 | 1c |
00011101 | 11,9,8,5 [ | 29 | 1D I
00011110 | 11,9,8,6 | | 30 | 1E I
00011111 | 11,9,8,7 | | 31 | 1F |
————————— e e T
|00100000 | 11,0,9,8,1 | i 32 | 20 |
100100001 | 0,9,1 I | 33 | 21 |
100100010 | 0,9,2 I | 3y | 22 |
00100011 | 0,9,3 I | 35 | 23 |
100100100 | 0,9, | | 36 | 24 I
00100101 | 0,9,5 I | 37 | 25 |
00100110 | 0,9,6 I | 38 | 26 |
[00100111 | 0,9,7 | 1 39 | 27 I
00101000 | 0,9,8 | [ 40 | 28 I
00101001 | 0,9,8,1 | | 41 | 29 [
joo101010 | 0,9,8,2 | | 42 | 23 |
[00101011 | 0,9,8,3 1 | 43 [ 2B |
100101100 | 0,9,8,4 | [ uy | 2C |
00101101 | 0,9,8,5 | | 45 | 2D I
joo101110 | 0,9,8,6 | [ u6 [ 2E |
|00101111 | 0,9,8,7 I | 47 | 2F I
| S . S, e y|
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=== | S
|EBCDIC | CARD PUNCH

| CODE | COMBINATION
_________ +-__-_-___..-___..-
00110000 | 12,11,0,9,8,1
100110001 | 9,1
100110010 | 9,2
}p0110011 | 9,3
100110100 | 9,u
00110101 | 9,5
00110110 | 9,6
00110111 | 9,7
00111000 | 9,8
|00111001 | 9,8,1
100111010 { ©9,8,2
100111011 | 9,8,3
00111100 | 9,8,4
00111101 | 9,8,5
{00111110 | 9,8,6
00111111 | 9,8,7

—_— % _______
101000000 |

01000001 | 12,0,9,1
01000010 | 12,0,9,2
101000011 | 12,0,9,3
01000100 | 12,0,9,4
01000101 | 12,0,9,5
101000110 | 12,0,9,6
101000111 | 12,0,9,7
01001000 | 12,0,9,8
101001001 | 12,8,1

| 01001010 | 12,8,2
101001011 | 12,8,3
01001100 | 12,8,0
101001101 | 12,8,5

| 01001110 | 12,8,6
01001111 | 12,8,7
_________ +-____..-__--_--._..
01010000 | 12

01010001 | 12,11,9,1
01010010 | 12,11,9,2
|01010011 | 12,11,9,3
01010100 | 12,11,9,4
01010101 | 12,11,9,5
[01010110 | 12,11,9,6
|01010111 | 12,11,9,7
01011000 | 12,11.9,8
(01011001 | 11,8,1
01011010 | 11,8,2
01011011 | 11,8,3
[01011100 | 11,8,4
01011101 | 11,8,5
01011110 | 11,8,6
01011111 | 11,8,7

| B .

'..l
£
[+3]

P e e e . ———— e —— e

PRINTER
GRAPHIC

———— ———————— -

R o e e e e e e ———— e ——— e e

F———— e e e

HEXADECIMAL |

|
i
I
I
|
|
|
|
|
I
1
I
|
]
|
e



| CODE
| 01100000
[01100001
[ 01100010
101100011
101100100
101100101
01100110
{01100111
101101000
01101001
01101010
| 01101011
101101100
j 01101101
| 01101110
01101111
01110000
01110001
[01110010
[01110011
01110100
01110101
101110110
01110111
101111000
01111001
101111010
101111011
101111100
01111101
01111110
101111111
10000000
110000001
110000010
110000011
110000100
{10000101
10000110
110000111
110001000
10001001
110001010
10001011
110001100
110001101
110001110

T O o s |

CARD PUNCH
COMBINATION

b e e e A — —

PRINTER
GRAPHIC

P

Vv VI
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| CODE

10010011
{10010100
110010101
10010110
110010111
110011000
(10011001
{10011010
110011011
10011100
10011101
10011110
110011111
110100000
10100001
110100010
10100011
110100100
110100101
10100110
110100111
(10101000
10101001
110101010
110101011
110101100
110101101
{10101110
10101111
10110000
110110001
10110010
110110011
10110100
110110101
10110110
10110111
110111000
110111001
10111010
110111011
10111100
10111101
110111110

150
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CARD PUNCH
COMBINATION

12,11,8,
12,11,1
12,11,2
12,11,3
12,11,4
12,11,5
12,11,6
12,11,7
12,11.8
12,11,9

=
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| D e T T
|EBCDIC | CARD PUNCH | PRINTER |
| CODE | COMBINATION | GRAPHIC | DECIMAL
poe o oo mmmm - b oo
{11000000 | 12,0 | | 192
{11000001 | 12,1 | a | 193
111000010 | 12,2 | B | 194
111000011 | 12,3 | ¢ i 195
111000100 | 12,4 | D [ 196
{11000101 | 12,5 | E | 197
111000110 |} 12,6 | F | 198
{11000111 | 12,7 | G | 199
{11001000 | 12,8 | H | 200
111001001 | 12,9 | I I 201
{11001010 | 12,0,9,8,2 i | 202
{11001011 | 12,0,9,8,3 | I 203
111001100 | 12,0,9,8,4 | | 204
|11002101 | 12,0,9,8,5 i I 205
{11001110 | 12,0,9,8,6 | I 206
{11001111 | 12,0,9,8,7 | | 207
=—smrmmme et ——-me-t - + -—-
11010000 | 11,0 | | 208
{11010001 | 11,1 | J | 209
]11010010 | 11,2 | K [ 210
111010011 | 11,3 | L ] 211
|11010100 | 11,4 | M | 212
111010102 | 11,5 | N I 213
(11010110 | 11,6 | o I 214
111010111 | 11,7 | P I 215
|11011000 | 11,8 | 2 | 216
111011001 | 11,9 | R | 217
j11011010 { 12,11,9,8,2 | | 218
111011022 | 12,11,9,.8,3 | | 219
{11011100 | 12,11,9,8,4 | I 220
|11011101 § 12,11,9,8,5 | | 221
|11011110 | 12,11,9,8,6 | I 222
{11011111 | 12,11,9,8,7 [ | 223
b - -t fommmommeemm
{11100000 | 0,8,2 | I 224
}11100001 | 11,0,9,1 | I 225
111100010 | 0,2 | s | 226
111100011 § 0,3 | T ] 227
111100100 | 0,4 | U [ 228
{11100101 | 0,5 | v | 229
111100110 | 0,6 | W [ 230
111100111 | 0,7 | x | 231
{11101000 | 0,8 | ¥ [ 232
111101001 | 0,9 | 2 | 233
{11101010 | 11,0,9,8,2 [ | 234
|11101011 | 11,0,9,8,3 | | 235
11101100 | 11,0,9,8.4 | | 236
|1110110% | 11,0,9,8,5 I | 237
j111012110 | 11,0,9,8,6 | | 238
11101121 | 11,0,9,8,7 | | 239
L A O, I,

+——

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

Apoendix J

151



r
| EBCDIC
| CODE

11111000

(11110001
111110010
11110011
111110101
111110110
11110111
111111000
11111001
11111010
{11111011
111111100
11111101
11111110

152
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Appendix K. Minimum and Maximum System Configuration

Minimum System Configuration

The following is the minimum system confi-
guration reguired to perform an assembly.

Submodel 2

An IBM 2020 Central Processing Unit Model
c2 for the TPS (8,192 bytes of main
storage), or BC2 for the DP5 (12,288 bytes
of main storage);

an IBM 2415 Magnetic Tape Unit Model 2 or 5
(with at least one 9-track drive) for the
TIPS, or

an IBM 2311 Disk Storage Drive Model 11 or
12 for the DPS;

one of the following card reading devices:

IBM 2501 Card Reader Model Al or A2,
IBM 2520 Card Read-Punch Model A1l,
IBM 2560 Multi-Function Card Machine
Model Al;

one of the following printers:

IBM 1403 Printer Model N1, 2, or 7,
IBM 2203 Printer Model Al.

Submodel &4

An IBM 2020 Central Processing Unit Model
BC4 (12,288 bytes of main storage);

an IBM 2311 Disk Storage Drive Model 12;

an IBM 2560 Multi-Function Card Machine
Model A2;

an IBM 2203 Printer Model AZ2.

Submodel 5

An IBM 2020 Central Processing Unit Model
C5 for the TPS (8,192 bytes of main
storage), or BCS for the DPS (12,288 bytes
of main storage);

an IBM 2415 Magnetic Tape Unit Model 2 or 5
{with at least one 9-track drive) for the
TPS, or

an IBM 2311 Disk Storage Drive Model 11 or
12 for the DPS;

one of the following card reading devices:

IBM 2501 Card Reader Model Al or A2,
IBM 2520 Card Read-Punch Model Al,
IBM 2560 Multi-Function Zard Machine
Model Al;

one of the following printers:

IBM 1403 Printer Model N1, 2, or 7,
IBM 2203 Printer Model Al.

Maximum System Configuration
Assembler object programs may be prodaced
for the following maximum systen
configuration.

Submodel 2

An IBM 2020 Central Processing Unit Model
D2 (16,384 bytes of main storage); with-or
without IBM Binary Synchronous Communica-

tions Adapter, Feature No. 2074;

two IBM 2311 Disk Storage Drives Model 11
or 12 (both must be the same nddel);

an IBM 2415 Magnetic Tape Unit Model 1
through 6;

an IBM 2501 Card Reader Model Al or A2;

an IBM 1442 Card Punch Model 5;

one of the followingy card units:

IBM 2520 Card Read-Punch Mod=l A1,
IBM 2520 Card Punch Model A2 or a3,
IBM 2560 Multi-Function Card Machine
Model Al;

one of the following printers:

IBM 1403 Printer Model N1, 2,
IBM 2203 Printer Model Al;

or 7,
one of the followingy magnetic character
readers:

IBM 1419 Magnatic Character Reader Model
1 or 31,

IBM 1259 Magnetic Character Reader Model
1, 31, or 32;

an IBM 2152 Printer-Keyboard.
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Submodel U

An IBM 2020 Central Processing Unit Model
D4 (16,384 bytes of main storage); with or
without IBM Binary Synchronous Commnunica-
tions Adapter, Feature No. 2074;

two IBM 2311 Disk Storage Drives Model 12;

an IBM 2560 Multi-Function Card Machine
Model AZ2;

an IBM 2203 Printer Model A2.

an IBM 2152 Printer-Keyboardi.

An IBM 2020 Central Processing Unit Model
ES5 (32,768 bytes of main storage); with or
without IBM Binary Synchronous Comnunica-
tions Adapter, Feature No. 2074;

four IBM 2311 Disk Storage Drives Model 11
or 12;

an IBM 2415 Magnetic Tape Unit Model 1
through 6;

154

an IBM 2501 Car3d Reader Model Al or A2:;

an IBM 1442 Card Punch Model 5;

one of the following card units:

iBM 2520 Card Read-Punch Model Ajl,
IBM 2520 Card Punch Mojel A2 or a3,
IBM 2560 Multi-Function Zard Machine
Model Al;

one of the following printers:
IBM 1403 Printer Model N1, 2, or 7,
IBM 2203 Printer Model Al;
one of the following magnetic character
readers:
IBM 1419 Magnetic Character Reader Model
1 or 31,
IBM 1259 Magnetic Character Reader Model

1, 31, or 32;

an IBM 2152 Printasr-Keyboard.



Appendix L. Hexadecimal—Decimal Number Conversion Table

The table in this appendix provides for direct ccnversion of decimal and hexadecinal nun-
bers between 0000 and 4095 (hexadecimal 000 and FFF).

For numbers outside the range of the table, add the following wvalues to the table
figures:

Hexadecimal Decimal Hexadecimal Decimal
1000 4096 9000 36864
2000 8192 AQ000 40960
3000 12288 BOOO 45056
4000 16384 c000 49152
5000 20480 D000 53248
6000 24576 E0O0O 57344
7000 28672 F000 61440
8000 32768
0 1 2 3 4 5 6 7 8 9 a B c D E F

00 0000 0001 0002 0003 0004 0005 0006 0007 0008 0009 0010 0011 0012 0013 0014 0015
01 0016 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031
02 0032 0033 0034 0035 0036 0037 0038 0039 0040 0041 0042 0043 OO44 0045 D046 0047
03 0048 0049 0050 0051 0052 0053 0054 0055 0056 0057 0058 0059 0060 0061 0062 0063

o4 0064 0065 0066 0067 0068 0069 0070 0071 0072 0073 0074 0075 0076 0077 0078 0079
05 0080 0081 0082 0083 0084 0085 0086 0087 0088 0089 0090 0091 0092 0093 0094 0095
06 0096 0097 0098 0099 0100 0101 0102 0103 0104 0105 0106 0107 0108 0109 0110 0111
07 0112 0113 0114 0115 0116 0117 0118 0119 0120 0121 0122 0123 0124 0125 0126 0127

08 0128 0129 0130 0131 0132 0133 0134 0135 0136 0137 0138 0139 0140 0141 0142 0143
09 0144 0145 0146 0147 0148 0149 0150 0151 0152 0153 0154 0155 0156 0157 03158 0159
oa 0160 0161 0162 0163 0164 0165 0166 0167 0168 0169 0170 0171 0172 0173 0174 0175
0B 0176 0177 0178 0179 0180 0181 0182 0183 0184 0185 0186 0187 0188 0189 0190 0191

c 0192 0193 0194 0195 0196 0197 0198 0199 0200 0201 0202 0203 0204 0205 0206 0207
0D 0208 0209 0210 0211 0212 0213 0214 0215 0216 0217 0218 0219 0220 0221 0222 0223
0E 0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 3238 0239
oF 0240 0241 0242 0243 0244 0245 0246 0247 0248 0249 0250 0251 0252 0253 0254 0255

10 0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0269 0270 0271
11 0272 0273 0274 0275 0276 0277 0278 0279 0280 0281 0282 0283 0284 0285 0286 0287
12 0288 0289 0290 0291 0292 029%3 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303
13 0304 0305 0306 0307 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319

14 0320 0321 0322 0323 0324 0325 0326 0327 0328 0329 0330 0331 0332 0333 0334 0335
15 0336 0337 0338 0339 0340 O341 0342 0343 0344 0345 0346 0347 0348 0349 0350 0351
16 0352 0353 0354 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 0366 0367
17 0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383

18 0384 0385 0386 0387 0388 0389 0390 0391 0392 0393 0394 0395 0396 0397 03398 0399
19 0400 0401 OuUO2 0403 OUOL OHO5 0406 0O4LO7 O4O8 0409 0410 0411 OL12 0413 OU4lL 0415
1A 0416 0417 0418 0419 0420 OL21 0422 0423 OU24 0425 0426 OU2T7 0428 0429 Ju30 0431
1B 0432 0433 0434 0435 OuU36 0uU37 0u38 0439 Ouu4O 0L O4L2 O4L3 OL4Y OLUS Ou46 O4uT

1c 0448 0489 0450 0451 0452 0453 0u54 0455 Qu56 0457 0u58 0u59 0460 0461 I462 0U63
iDp Ou6lL 0465 0L66 OU6T7 068 OUE9 D470 0471 OU72 Q4T3 OUT7H 0475 OUT6 OuUTT 0478 0479
1E 0480 0Ou81 0482 0483 Ousy 0us85 0u86 OU87 0488 0OuU89 0490 OUO1 0492 0493 04U 0UI9S
1F 0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 2510 0511
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4c
4D
UE
4F

foX8

Nncan

0512
0528

osu4
0860

voU v

0576
0592
0608
0624

0640
0656
0672
0688

0704
0720
0736
0752

0768
0784
0800
0816

0832
08us8
0864
0880

0896
0912
0928
o9uu

0960
0976
0992
1008

1024
1040
1056
1072

1088
1104
1120
1136

1152
1168
11384
1200

1216
1232
1248
1264

Anraa

0513
0529

0545
0581

V2T L

0577
0593
0609
0625

0641
0657
0673
0689

0705
0721
0737
0753

0769
0785
0801
0817

0833
0849
0865
0881

0897
0913
0929
0945

0961
0977
0993
1009

1025
1041
1057
1073

1089

1108

PSRV e}
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0898
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0962
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0994
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1026
1042
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1074
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1122
1138

1154
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1186
1202

1218
1234
1250
1266

-

0515
0531

0547
0562
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0579
0595
0611
0627

0643
0659
0675
0691

0707
0723
0739
0755

0771
0787
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0819

0835
0851
0867
0883

0899
0915
0931
0947

0963
0979
0995
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1027
1043
1059
1075

1091
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1123
1139

1155
1171
1187

1203

1219
1235
1251
1267

ACa <

0516
0532
0548
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0580
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0612
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0740
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1236
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0517
0533
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0581
0597
0613
0629

o645
0661
0677
0693

0709
0725
0741
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0773
0789
0805
0821

0837
0853
0869
0885

0901
0917
0933
09ua

0965
0981
0997
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1029
1045
1061
1077

1093

1100

LiLv>

1125
1141

1157
1173
1189
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1221
1237
1253
1269

0518
0534
0550

NS84

vIOT

0582
0598
0614
0630

0646
0662
0678
0694

0710
0726
0742
0758

0774
0790
0806
0822

0838
0854
0870
0886

0902
0918
0934
0950

0966
0982
0998
1014

1030
1046
1062
1078

1094

1110
1230

1126
1142

1158
1174
1190
1206

1222
1238
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1270

can

0519
0535
0551

ngg7
V3T s

0583
0599
0615
0631

oeu7
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0679
0695

0711
0727
0743
0759

0775
0791
0807
0823

0839
0855
0871
0887

0903
0919
0935
0951

0967
0983
0999
1015

1031
1047
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1079

1095

14111
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1127
1143

1159
1175
1191

1207

1223
1239
1255
1271

0520
0536
0552
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0584
0600
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3290
3306
3322

3338
3354
3370
3386

3402
3418
3434
3450

3466
3482
3498
3514

3530
3546
3562
3578

2827
2843
2859
2875

2891
2907
2923
2939

2955
2971
2987
3003

3019
3035
3051
3067

3083
3099
3115
3131

3147
3163
3179 .
3195

3211
3227 -
3243
3259

3275
3291
3307
3323

3339
3355
3371
3387

3403
3419
3435
3451

3467
3483
3499
3515

3531
3547
3563
3579

2828
2844
2860
2876

2892
2908
2924
2940

2956
2972
2988
3004

3020
3036
3052
3068

3084
3100
3116
3132

3148
3164
3180
3196

3212
3228
3244
3260

3276
3292
3308
3324

3340
3356
3372
3388

3404
3420
3436
3452

3468
3484
3500
3516

3532
3548
3564
3580

2829
2845
2861
2877

2893
2909
2925
2941

2957
2973
2989
3005

3021
3037
3053
3069

3085
3101
3117
3133

3149
3165
3181
3197

3213
3229
3245
3261

3277
3293
3309
3325

3341
3357
3373
3389

3405
3421
3437
3453

3469
3485
3501
3517

3533
3549
3565
3581
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2830
2846
2862
2878

2894
2910
2926
2942

2958
2974
2990
3006

3022
3038
3054
3070

3086
3102
3118
3134

3150
3166
3182
3198

3214
3230
3246
3262

3278
3294
3310
3326

3342
3358
3374
3390

3406
3422
3u38
3454

3470
3486
3502
3518

3534
3550
3566
3582

2831
2847
2863
2879

2895
2911
2927
2943

2959
2975
2991
3007

3023
3039
3055
3071

3087
3103
3119
3135

3151
3167
3183
3199

3215
3231
3247
3263

3279
3295
3311
3327

3343
3359
3375
3391

3407
3423
3439
3455

3471
3487
3503
3519

3535
3551
3567
3583



EO
El
E2
E3

E4
E5
Eb
E7

ES8
E9
EA
EB

r
EC

ki al
Lo

EE
EF

FO
F1l

F3

Fu
F5
F6
F7

F8
F9

fnl
&£

FB

~
[

FD
FE
FF
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3841
3857
3873
3889

3905
3921
3937
3953

3969
3985
4001

4017

4033
4049
4065
4081
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Arnn

3842
3858
3874
3890

3906
3922
3938
3954

3970
3986

non o
R AVAVY A

4018

4034
4050
4066
3082

w

Araa

3843
3859
3875
3891

3907
3923
3939
3955

3971
3987

HY ST ]
A AV

4019

4035
4051
4067
4083

3972
3988
4004

4020

4036
4052
L0618
408y

wr

3845
3861
3877
3893

3909
3925
3941
3957

3973
3989
4005

4021

4037
4053
4069
4085

[«)}

3846
3862
3878
3894

3910
3926
3942
3958

3974
3990
4006
4022

4038
4054
un70
4086

3847
3863
3879
3895

3911
3927
3943
3959

3975
3991
4007
4023

4039
4055
4971
4087

3848
3864
3880
3896

3912
3928
3944
3960

3976
3992
4008
4024

4ouo
4056
4072
4088

3849
3865
3881
3897

3913
3929
3945
3961

3977
3993
4009
4025

Bou1
4057
4073
4089

3594
3610
3626

1 3642 3

3658
3674

3690 36

3706

3850
3866
3882
3898

3914
3930
3946
3962

3978
3994
4010
4026

40U 2
4058
Lo7L
4090

3851
3867
3883
3899

3915
3931
3947
3963

3979
3995
4011
4027

4043
4059
4075
4091

0

3596
3612
3628
3644

3660
3676
3692
3708

3852
3868
3884
3900

3916
3932
3948
3964

3980
3996
4012
4028

LouY
4060
4076
4092
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3597
3613

3629
3645

3661
3677
3693
3709

3725
3741
3757
3773

3789

anne

3805
3821
3837

3853
3869
3885
3901

3917
3933
3949
3965

3981
3997
4013
4029

4045
4061
4977
4093

3

3598
361
3630
3646

3662
3678

3694 3

3710

3726
3742
3756
3774

3730
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-
J0UD

3822
3838

3854
3870
3886
3902

3918
3934
3950
3966

3982
3998

4014

4030

4046
4062
4078
4094
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3855
3871
3887
3903

3919
3935
3951
3967

3983
3999
4015

4031

uou7
4063
4979
4095



DPS Assembler Language Program
The purpose of this sample program is to

give a short demonstration of the applica-
tion of the Assembler language.

Description of the Program

The program reads data cards from the 2501
Card Reader. Only the first 13 columns of
each card are read. Input-card format is
as follows:

- ittt 1
| Column|Contents i
 — T o
| 1 |2,B or C (card-type indication) |
i e i
T T

| 2 - 4 |a 3-digit, positive decimal |
| |number (Fieldl) |
e T I L 1
| 5~ 7 |a 3-digit, positive decimal ]
i |number (Field2) |
O 1
| 8 - 10ta 3-digit, positive decimal |
{ {number (Field3) |
e T L 1
|11 - 13|a 3-digit, positive decimal |
| |number (Fieldl) |
I e e 1

The program first checks the input cards
for correct format. If any one of the
columns does not contain a decimal digit,
the program halts and displays the number
and digit in error by executing an HPR
instruction. (Refer to the halt routines
in part 11 of Figure 19). Then the next
card is read in.

If the data is correct, the desired cal-
culations are carried out. The calcula-
tions vary depending on the type of card as
designated in column 1:

{Type[ Arith;;tic Operation- —_}
P | Fielal « Fielaz - Fieldd + Fielad |
[ 5| Ficlal - rielas + Fields s Fielas |
{"E"JII’EE;E&I'?EZAI&E'Z'EZ;ES’I'EE;IQE" i

As each calculation is performed, a line
of output is printed. The format of the
printed line is:

Appendix M. Sample Programs

prmmmmmmm e oo Fmmmmm oo i
| 11 - 19 | CARD TYPE |
| 21 |Type (A,B or 2) |
| 26 - 45 |Arithmetic Operation |
| 49 |Equal Sign |
| 52 - 60 |Result |
L Lo _ _——- ——1

Program Organization

The program consists of two separate con-
trol sections, PART1 and PART2. The first
section, PART1l (see parts 2 and 3 of Figuare
19), contains all the inputs/output (IOCS)
routines. These routines consist of the
instructions required to read the data
cards (READ) and to print the results
(PRINT). The IOCS routiness will not be
discussed in detail here. For further
information, refer to the SRL publication
IBM System/360 Model 20, Disk Programmning
System, Input/Output Control System, Form
GC24-9007.

The second section, PART2 (see part 6 of
Figure 19), contains a numnber of small rou-
tines that test the contents of the cards
and perform the desired calculations.

These routines, which make up the main pro-
gram, are quite similar to each other.
Compare, for example, the routines begin-
ning with the names TSTRICOL, ISTMICOL,
TSTLECOL and TRICOL, TMICOL, TLECOL (parts
7 and 8 of Figure 19). Although the source
code is different for each of these rou-
tines, the Assembler produces the same
object code. This is Jdemonstrated even
more clearly by the statements 0202, 0234
and 0264, which read as follows:

0202: OI 59(PRINTRG),X'FO'
0234: OI DPRINTAR+59,B'11110000'
0264: OI RESZ-L'RESZ-1,C'0'

Here, both operands are expressed 3dif-
ferently in each of the three source
instructions. However, their object code
is exactly ths same.

Linking PART1 and PART2

The two sections of the progran, PART1 and
PART2, are assembled separately. They are
brought together to form a single program
by means of the Linkage Editor Program.
Hence, the symbols which are common to both
sections must be defined by ENTRY instruc-
tions in the section in which they appear
as a name, and by EXTRN instructions in the
section in which they are referred to.
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If we take the name OPENF as an example,
we find that it is defined in the first
Assembly as

ENTRY OPENF

The address, as shown in the External
Symbol Dictionary, is hexadecimal 017C. 1In
the second Assembly, this name is defined
as

EXTRN OPENF

In this assembly, the Assembler uses the
value of hexadecimal 0000 for OPENF. The
Linkage Editor then inserts the actual
value. This is the address from the ESD of
the first assembly, plus the relocation
factor, which can be found in the Linkage
Editor listing output in column REL-FR
(part 17 of Figure 19). Thus, the actual
address inserted by the Linkage Editor is

X'017Cc* ESD
X'ODBE' relocation factor (REL-FR)
OPENF - X'OF3A'

In addition to the ENTRY and EXTRN
instructions, the Link register (LINKRG),
which is used for branching between the
main program (PART2) and the IOCS routines
(PART1), must be defined in both sections.
The same register must be specified in each
section (in our case, register 13).

Control Statements

The Job Control cards needed for the Lin-
kage Editor run are produced before PART1
of the program. This is done by means of
REPRO statements at assembly time. These
cards also include the PHASE card. The
letter S following the phase name causes
the program to be loaded immediately behind
the Monitor at the time of program execu-
tion. (Refer to the publication IBM
System/360 Model 20, Disk Programming Sys-
tem; Control and Service Programs, Form
GC24-9006.

Since the four cards that are produced
by the Assembler come before the STARI card
in the source deck, they are also in front
of the ESD (External Symbol Dictionary)
cards in the object deck produced by the
Assembler.

Addressing_in_the Main Program

In the main program (PART2) two base regis-
ters are used - BASERG1l and BASERG2 - in
order to show you the use of the USING and
DROP instructions.

From BEGIN (statement 0052) to TYPEA
(statement 0090) the Assembler uses regis-
ter 10 (BASERG1l) as a base register and
assumes the base address BASEAll. In the
routine TYPEA, register 10 is still used as

162

the base register, but its contents are
changed to thes base address BASEAl2.

For routins TYPEB, the Assembler has
both base registers at its disoosal, but
uses only one of them, BASERG2, because
this provides the smaller displacement.

[
o

Routine CEXPRA uses BASERGl again
because BASERG2 has been mnade unavailable
by means of a DROP instruction.

ng the DROP instruc

care that the register to be dropped is no
longer needed in that routine. Otherwise,

an addressability error will occur. If the
register that has been dropped is rejuired

again at a later point in the program, the

Assembler must be informed of this by means
of a further USING instruction.

tion, take

In routine CEXPRB exactly this has been
done; BASERG2 has been mnade available
again. Since this base register provides a
smaller displacement, it is used by the
Assembler until the end of the orogran,
with the exception of the instructions for
branching tack to the GETCARD routine
{(statements 308 - 310).

GETCARD was defined before the base
addresses BASEA12 and BASEA21. Therefore
its address is lower than that contained in
the two base registers at this point.
Hence, BASERG1 must be loaded with the
original base address BASEAll before a
branch to GETCARD takes place.

Loading and re-loading of the base
registers takes place when the program is
executed. Both base registers are 1oaded
initially in the routine headed LOAD BASE
REGISTERS with the addresses BASEAll and
BASEA21, respectively. The contents of
BASERG2 are not changed during the whole of
the program. On the other hand, BASERG1 is
loaded with the address BASEAL12 in the
TYPEA routine and re-loaded with its
original valus, BASEAll, in the BGETZARD
routine.

Addressing the Input_and Jutput Areas

To address the card and print areas, the
registers CARDRG and PRINTRG (general
registers 12 and 15), respectively, are
used.

The two areas can be utilized either by
displacement), as in the routine CZEXPRA, or
by implicit addressing, as in the routines
CEXPRB and CEXPRC. 1In the latter case the
areas are defined in a Dummy Control Sec-
tion. The Assembler is informed via a
USING instruction that register CARDRS is
used to address the first Dummy Control
Section (DCS1) and that register PRINTRS i$
nsed to address the second Dummy Control



Section (DCS2). This is done at the begin-
ning of the main program (statements 0056
and 0057). Of course, CARDRG and PRINTRG
must be loaded when the program is
executed.

Formatting the Instruction Listing

To make the program listings more readable,
related instructions have been grouped into
routines and subroutines and spaced out
accordingly by using SPACE, EJECT, and
TITLE cards. Compare the listing of the
source deck (Figure 20) with the assembly
listing (Figure 19) to see the effect of
the respective source statement.

For example, statements SP1 058 and SP2
087 in Figure 20 are not listed in Figure
19 but the appropriate spacing was per-
formed by the Assembler during execution.
Likewise, the TITLE statement of source
statement SP2 O45 in Figure 20 is not
listed in the assembly listing but the
effect of the execution of this formatting
statement is obvious.

Look at Figure 19 part 5; the last sta-
tement listed is SP2 O#44. The first state-
ment listed in Figure 19 part 6 is SP2 Oué.
The TITLE statement caused a skip to the
next page with the new heading printed on
top of that page. An EJECT statement
causes a skip to the next page without
changing the heading. Compare statements
SP2 075 - SP2 077 in Figure 20 with the
same statements in Figure 19.

Cross Reference List

The Cross Reference List contains useful
information such as: the lengths of
storage areas; the address of a particular
symbol; the numbers of those statements
which refer to the symbol in question. The
information contained in the table is
listed under headings as follows:

SYMBOL: Under this heading, the
Assembler lists, in alpha-
betical order, all symbols in
the program. '

LEN: In this column you can find the
appropriate length attribute of
the symbol.

VALUE: This column contains the hexa-
decimal value of each symbol.
DEF: This column shows the number of
the statement that defines the
particular symbol. You can
find this number under the
heading STMT of the instruction
listing

CROSS

REFERENCE: Under this heading, the

Assembler gives a list of the
statenent numbers, in which the
symbol in guestion is referred
to. You can find these numbers
under the heading STMT of the
instruction listing.

Below are three examples to explain the
use of the Cross Reference List.

Example 1. Let us assume you wish to find
out from which points in the progran a
branch is made to the entry point BGETCARD
(statement 0308). To find this symbol,
look down the column SYMBOL in the Cross
Reference List until you £ind BGETCARD.
The column DEF confirms that the symbol was
defined in statement 0308. Now look unier
CROSS REFERENCE. There you find that the
symbol was used in statements 0290 and
0295.

Column LEN in the Cross Reference List
contains the number 4 for the symbol
BGETCARD. The Assembler has assigned B3ET-
CARD a length attribute of 4 because the
machine instruction at statement 0308 takes
up four bytes of main storage.

The value X'02E6' for BGETCARD under
VALUE is the relative storage address of
the first byte of the machine instruction
at statement 0308.

Example 2. Suppose you want to know which
register is meant by BASERG2 (refer to
statement 0206) and where it is loaded.

You look for BASERG2 in the coluann
SYMBOL of the Cross Reference List and find
in the column VALUE hexadecimal 000B. This
means that the symbol BASERG2 stands for
register 11.

The symbol is Jdefined in statement 0026,
as you can find in column DEF. Under
CROSS-REFERENCE you can find that the sym-
bol is used in statements 0055, 0120, 0174
and 0206.

If you look up these statements you will
find that register 11 is loaded by the
machine instruction at statement 0055.

_____ Statement 0263 uses symbol RESZ
as its first operand and RESP as its second

operand. Both operands use an implied
length. What lengths are inserted by the
Assembler?

Now look for RESZ under SYMBOL in the
Cross Reference List. The colunn LEN gives
a length attribute of 9 since the area
defined by RESZ is nine bytes long. W#e can
check this by looking at the statement in
which RESZ is defined, i.e., statement
0375.

Similarly, we find that the symbol RESP
has a length attribute of 5.
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/7 LOG

// JOB ASSEMB

/7 DATE 70020

// ASSGN SYSIPT,X'100',RY 2501
// ASSGN SYSQOPT, X'300°,D2 1442
/7 ASSGN S5YS00G,X°803°,Dd

// VOL SYS000, WORK1

// DLAB 'SYSTEM/360 MOD 20 DPS 1202020°,pP [
0001, 67150, 67150

// XTENT 1,000,0153000.0199009."202020",8Y3000

7/ EXEC

MOD 20 DPS ASSEMBLER VERSION 03 MOD-LEVEL 02

EXTERNAL SYMBOL DICTIONARY

SYMBOL TYPE ID ADDR LENGTH LD ID

PART1 SD 01 0000 01F8

OPENF LD 01i7C 01
READ LD 0186 01
PRINT LD 018E 01
CLOSEF LD 0196 01
CARDAR LD 01AF 01
PRINTAR LD 01BC 01
EOCF ER 02

Figure 19. DPS Sample Program, Part 1 of 17
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SLE 01720770 PASE 001

LOCATN OBJECT CODE ADD1 ADD2 STMT SOURCE STATEMENT OPS ASSEMB 03702
0001 AOPTN NOSYM SP1 001
0002 * SP1 002
0003 #+# K42 XSS F RS SXERREEE AR R AR RRE SRS R R AR RERSREEAR RS SR 0SS bsb b0t b 4%% SP] 003
0004 +* PREPARE CONTROL CARDS FOR LINKAGE EDITOR RUN SP1 004
0005 #3455+ 5 e 61434 FSFEFFFEESEF LRSI FRFRRAFS IS RERKE KRR KRR RRR AR SRR Sk 44 4%% SP]1 005
0006 * SP1 006
0007 REPRO SP1 007
/7 JOB LNKEDT sP1 008
0008 REPRO SP1 009
// ASSGN SYSOPT,UA OUTPUT ONLY IN RELOCATABLE AREA SP1 010
0009 REPRO SP1 011
// EXEC SP1 012
0010 REPRO SP1 013
PHASE SAMPLE,S,0 START JUST BEHIND THE MOWJITOR SP1 014
SLE ASSEMBLER SAMPLE, PART 1, IOCS 01720770 PAGE 002
LOCATN OBJECT CODE ADD1 ADD2 STMT SOURCE STATEMENT DPS ASSEMB 03/02

0012 *#$* ¥ 24 E XXX R FXFEFRFXEERRRREBEFRXARES LR R R R XXX EERENFEREEo Rk b kb LT %2% SP]1 016

0000 0013 PART1 START 0 FIRST PART OF THE SAMPLE SP1 017
001U *addddd kst I R4S FEEREFRRFRRRERFFEFFAHRARER SRR KRR SR AR RESRRER £ 4 2%% SP] 018

0016 ** 3+ k¥ F R kXXX FERRIFFEEFXERERF SRR R EEE RS R bR b e kh kb kb ErEr KAtk kt® SP1 020

0017 * DEFINE ENTRIES AND EXTERNAL SYMBOLS SP1 021
0018 #+ 2kt kd ke k ke ke AR b hbbbb kb dbbhbbbbbbbrrbobbsdbrbtbbberbbbeberertsrtss 5Pl 022
0019 * SP1 023
017C 0020 ENTRY OPENF OPEN ROUTINE spl 024
0186 0021 ENTRY READ READ ROUTINE SP1 025
018E 0022 ENTRY PRINT PRINT ROUTINE SP1 026
0196 0023 ENTRY CLOSEF CLOSE ROUTINE SP1 027
01AF 0024 ENTRY CARDAR AREA WHERE CARD IS STORLD SP1 028
01BC 0025 ENTRY PRINTAR PRINT AREA SP1 029
0026 * sP1 030
0027 EXTRN EOCF END OF CARD FILE SP1 031

0029 $ X F 4 XXX AFXRRRREREE 2R R EXRESEFERRRE ISR RAR LR X RSk b kbbb X bk ek xc: SP] 033

0030 +* SYMBOLIC REGISTER DEFINITIONS SP1 03¢
0031 **atkddbdtdddfheedtbr bbbttt rbbhhtbstsesbtbbtarbtbbrrertebrsresbtkests SP1 035
0032 * SP1 036
000D 0033 LINKRG EQU 13 LINK~REGISTER SP1 037

0035 k% ¥ X4k F kXX REREFFFRRARE b RR SRR bhE ke s Rk rr bk s ek bk sk ek ke ss: SP]1 039

0036 * DLFINE THE FILES SP1 040
0037 *FFkkbdd kR E#FFERARRRRRRRRRRRRRRIRFRRRFEFRERRR RS RRRRRRER R e e kb ess SP] 041
0038 #* SP1 042
0039 PRINT NOGEN DON'T PRINT GENERATED STATEMENTS SP1 043
0040 * SP1 Ouy
0041 READER DTFSR TYPEFLE=INPUT,BLKSIZE=13,DEVICE=READO1, EOFADDR=EJCF, CsP1 04S
0042 IOAREA1=INAREA, OVERLAP=NO, WORKA=YES SP1 046
0092 * sP1 047
0093 PRINTER DTFSR T'YPEFLE=OUTPUT,WORKA=YES,DEVICE=PRINTER,BLKSIZE=60 SP1 048
0132 * SP1 049
0133 DTFEN SP1 050

0281 ## %2 4kd s EX X E XA ERRFRR R LR FEF RN EEREREE R TR A XSRS bR e REr ek ®® SP] 052

0282 * OPEN THE FILES SP1 053
0283 #4443tk 244t bRtk Rk RRAARk RS RERERREERRF LR bR AR R RhRR KA R kb bR R R E 24 2Ex SP] 054
0284 * SP1 055
0285 OPENF OPEN READER, PRINTER OPEN READER AND PRINTER SP1 056

0184 07FD 0291 BR LINKRS RETURN SP1 057 0u8

0293 ** ¥k xskk bk bbb bR rRbhhk bbbt b hr bbb rb bbbt bt rdsb kbbbt ki rkerastss*x Sp1 059

0294 * READ A CARD SPL 060

0295 *# %%kttt d kR b d xRk b RF KRR h AR RS R R RN AR FRRERERR XA KA RF R KRR RER SP1 061

0296 * SP1 062

0297 READ GET  READER,CARDAR READ A CARD AND MOVE IT TO CZARDAR SP1 063
018C O7FD 0302 BR LINKRG RETURN SP1 064 049

Figure 19. DPS Sample Program, Part 2 of 17
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SLE ASSEMBLER SAMPLE, PART 1, IOCS 01/20/70 PAGE 003

LOCATN OBJECT CODE ADD1 ADD2 STMT SOURCE STATEMENT DPS ASSEMB 03/02
G300 *RiesnessROnssnsss st sttt it s st tb st s ettt bsostbrnbasdentessstnsss SP1 066
0305 * PRINT A LINE SP1 067
0306 ** 2552 EEF SRR RA B RS ASREF RS SIS LSS0t ER Rttt st sbssss SPl 068
0307 » SP1 069
. 0308 PRINT PUT PRINTER, PRINTAR PRINT A LINE SP1 070
8185 O7FD 0313 BR LINKRG RETURN spi 071 050

0315 #AEFRASPEABEAEERRRRSRERRRRRRRERESRRRRRH AR SAERSRERA SRR tantnsttnss SPL 073

0316 »* CLOSE THE FILES AND GO BACK I'0 MONITOR (END QJF JOB) SP1 074
0317 #5324 0 5 FRF RN E SRR RSS2 RS bbb bbbt ddonsb bt stn bt ss i skssss SPL 075
03i8 * SP1 076
0319 CLOSEF CLOSE READER,PRINTER CLOSE READER AND PRINTER sP1 077
-0325 * sp1 078
0326 PRINT GEN PRINT GENERATED STATEMEWTS SP1 079
0327 * sp1 080
0328 EOJ ' GIVE CONTROL BACK TO MONITOR sP1 081
019E 47F0 00C2 00c2 0329+ BC 15,194(0,0) EDJ 012 053

0331 B R RFES R RS R RN AR R R RS AR R R AR R RS b bk kR kb d kA sk e AR e R o R Nk b kkk SP] (083

0332 * AREAS SP1 084
0333 #5555k s s b e dis A RAEERRRREFANERREEANRNKR SR b dd bbb ds b b s sss e sose s SP1 085
0334 * 3P1 086
01A2 0335 INAREA Ds- 13c INPUT AREA FOR IOCS SP1 087
01AF 0336 CARDAR DS  CL13 CARD IS. STORED HERE AFTER GuT SP1 088
01BC 0337 PRINTAR DS  CL60 PRINT AREA SP1 089
0339 END SP1 091 .055
"NO STATEMENT FLAGGED
Figure 19. DPS Sample Program, Part 3 of 17
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RELOCATION DICTIONARY

POS.ID REL.ID FLGS ADDR

01 01 04 0000
01 01 04 0002
01 02 04 0004
01 01 04 0008
01 01 o4 0010
01 01 04 0034
01 01 04 0046
01 01 04 0068
01 01 04 00aC
01 01 04 o0oca
01 01 04 0O0CE
01 01 04 00D2
01 01 04 00D6
01 01 04 O00E2
01 01 04 0136
01 01 04 015A
01 01 04 o016C
01 01 04 0170
01 01 04 O017E
01 01 04 01B2
01 01 04 O17E
01 01 04 0182
01 01 04 0188
01 01 04 018A
01 01 04 0190
01 01 04 0192
01 01 04 0198
01 01 04 019c
END OF JOB

// JOB ASSEMB

// EXEC

SECOND ASSEMBLY

MOD 20 DPS ASSEMBLER VERSION 03 MOD-LEVEL 02

EXTERNAL SYMBOL DICTIONARY

SYMBOL TYPE ID ADDR LENGTH LD ID

PART2
OPENF
READ
PRINT
CLOSEF
CARDAR
PRINTAR
EOCF

Figure

SD
ER
ER
ER
ER
ER
ER
LD

19.

01
02
03
04
05
06
07

0000 0318

02EE 01

DPS Sample Projram, Part 4 of 17
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SLE 01720770 PASE 001

LOCATN OBJECT CODE ADDl ADD2 STMT SOURCE STATEMENT OP5 ASSEWMB 03702
0001 AOPTN CROSSREF,ENTRY sp2 001
SLE ASSEMBLER SAMPLE, PART 2, DEFINITIONS 01/20/70 PAGE 002
LOCATN OBJECT CODE ADD1 ADD2 STMT SOURCE STATEMENT DPS ASSEMB 03/02

0003 #+dkhrsrthsbbbrhsbhbhbbrbebbibtbsbradhtsbbbhbirbhraierbetiesnrsbrtsssss SP2 003

0000 0004 PART2 START 0 SECOND PART JOF SAMPLE SP2 004
0005 *e skt rbhhbbhhdhh b RreR AR e hRARRRbbrberhhhbdsbr ke bbb brbekrsbssssdesr SP2 005

0007 *kkrxdkrrddr bk kb x bR kbR e bk b bR kb x X R bbb bk E e b bk br bt et b rtr ki ks drssx SP2 007

0008 * DEFINE ENTRIES AND EXTERNAL SYMBOLS sp2 008
0009 **xdatkrkrhrkbbbhbsbbhbbdhhb kbbb rhs kbbb bbb bbbt abhd bbb sk ssrss SpP2 009
0010 = se2 010
0011 EXTRN OPENF OPEN ROUTINE sp2 011
0012 EXTRN READ READ ROUTINE SP2 012
0013 EXTRN PRINT PRINT ROUTINE SP2 013
0014 EXTRN CLOSEF CLOSE ROUTINE SP2 014
0015 EXTRN CARDAR AREA AHERE CARD IS STORED sP2 015
0016 EXTRN PRINTAR PRINT AREA SP2 016
0017 * sP2 017
02EE 0018 ENTRY EOCF END OF CARD FILE sP2 018

0020 **dksdhhrrbrbbhbkbkdehihbbbhbberbbxa b brhbrrkbrbbbrb bbbk e st stk kssx 5P2 020

0021 * SYMBOLIC REGISTER DEFINITIONS SP2 021

0022 ** 4k A dR Rtk o R AR PR AR AR RFERERFRFEERF PR EEREEREHRE SRR S0 R G S0 L2044 SP2 022

0023 * spP2 023
0008 0024 REGS EQU 8 REG. 8 SP2 024
000A 0025 BASERG1 EQU 10 BASE-REGISTER 1 SP2 025
000B 0026 BASERG2 EQU 11 BASE-REGISTER 2 SP2 026
000D 0027 LINKRG EQU 13 LINK-REGISTER SP2 027
000E 0028 BRANCHRG EQU 14 BRANCH~REGISTER sp2 028
000C 0029 CARDRG EQU 12 REGISTER FOR CARD AREA SP2 029
000F 0030 PRINTRG EQU 15 REGISTER FCR PRINT AREA sP2 030

0032 *AEt R e kR R b bt SRR F S Sk RN SRR RS E R RS SRR TNt AR b RRRRbR T ik kst kb ness SP2 032

0033 » EQUATE SYMBOLS SP2 033
O034 24503230 FIFRALFHIIFHFFFIITIRARRORIRPR AR EF e RBGb bbbk kkkk® P2 O30
0035 ¢ Sp2 035
0008 0036 EQUAL EQU 8 CONDITION EDUAL SP2 036
000B 0037 NOTLOW EQU i1 CONDITION EQUAL AND HIGH SP2 037
0038 * SP2 038
ooci 0039 TA EQU C*'aA* TYPE A sP2 039
00c2 0040 TB EQU c's* TYPE B SP2 040
0o0c3 ooul TC EQU cr'e’ TYPE C SP2 041
00F0 0042 CHARO EQU ce'o* CHARACTER 0 SP2 042
00F9 0043 CHAR? EQU cree CHARACTER S P2 043
0040 0044 BLANK EQU c* CHARACTER 'BLANK' SP2 Quy

Figure 19. DPS Sample Program, Part 5 of 17
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SLE ASSEMBLER SAMPLE, PART 2, MAIN PROGRAM 01/20/70
LOCATN OBJECT CODE ADD1 ADD2 STMT SOURCE STATEMENT DPS ASSEMB
Q0LE FEEFX XL FRXXEEXSEXEFRERELELERRRLESLERRRER SRS LSRR NSRS 0SS SES0 R REE SP2
0047 * MAIN PROGRAM sp2
Q0US *+* 222224 X B XA R X ERREER RS R R R R SRR R E S SR E S LA REIE SRR 2RSSR e S SP2
0089 * sp2
0050 * LOAD BASE REGISTER SP2
0051 * sp2
0000 ODAO 0052 BEGIN  'BASR BASERS1,0 LOAD BASE-REGISTER 1 AND sP2
0002 0053 USING *,BASERGL INFORM ASSEMBLER sp2
0002 0054 BASEA1l EQU ¢ BASE-ADDRESS 1,1 sp2
0002 48BO A108 010a 0055 LH BASERG2,=Y(BASEA21) LOAD BASE-REGISTER 2 sp2
0000 0056 USING DCARDAR, CARDRG FOR IMPLICIT ADDRESSING sp2
0000 0057 USING DPRINTAR,PRINTRG FOR IMPLICIT ADDRESSING sP2
0059 * OPEN CARD AND PRINTER FILE SP2
0060 * SP2
0006 G48EO A10A 010c 0061 LH BRANCHRG, =Y (OPENF) LOAD REG. WITH BRANCH ADDRESS sp2
000A ODDE 0062 BASR LINKRG, BRANCHRG OPEN READER AND PRINTER AND RETURN  SP2
000C 47F0 A2AE 0280 0063 B PRNTLINE PRINT A BLANK LINE sp2
0065 * READ A CARD SP2
0066 * SP2
0010 48EO A10C 010E 0067 GETCARD LH BRANCHRG,=Y(READ)  LOAD REG. WITH BRANCH ADDRESS sP2
0014 ODDE 0068 BASR LINKRG, BRANCHRG BRANCH TO READ ROUTINE AND RETURN sp2
0070 * BLANK PRINTAREA AND RESET PACKED RESULT FIELD sp2
0071 * sp2
0016 48F0 A10E 0110 0072 Ld PRINTRG,=Y (PRINTAR) LOAD ADDRESS OF PRINT AREA sP2
001A 9240 F000 0000 0073 MVI  O(PRINTRG),C' ° BLANK IN FIRST BYTE OF PRINT AREA sp2
001E D23a FO01 F0O0 0001 0000 0074 MVC 1 (L'DPRINTAR-1,PRINTRG),0(PRINTRG) BLANK THE REST SP2
0024 F840 A306 A118 0308 011A 0075 ZAP  RESP,=P'0' INITIALIZE RESULT FIELD SP2

Figure 19. DPS Sample Program, Part 6 of 17

PAGE 003

03702

ous
047
ous
049
050
051
052
053
054
055
056
057

059
060
061
062
063

065
066
067
068

070
071
072
073
074
075

Appendix M. Samnple Programs

009

009

009
009
009

009
009

009
009
009
009
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SLE

ASSEMBLER SAMPLE,

PART 2, MAIN PROGRAM

LOCATN OBJECT CODE ADD1 ADD2 STMT

002
002E
0032
0038
003A
CO3E
0042
o0ué

00uA
0ou4c
oouc

oouc
0050
0054
0058
005¢C

0060
0064
0068
006C
0070
0074

0078
007C
0080
0084
0088
008C

0090
0094
0098
009C
0oa0

48C0
95C1
4780
95Cc2
4780
95C3
4780
47F0

ODAO

4880
95F9
4720
95F0
4740

95F9
4720
95F0
47B0
9540
4770

95F9
4720
95F0
47B0
9540
4770

4980
4780
4AB0
4AC0o
47F0

Al110
€000
AQu8
CcO00
AOA2Z
Cc000
AOAA
A2BS8

AOCS8
Cc003
A28E
Cc003
AZBE

c002
A282
c002
AQ2C
€002
2282

coo1
A276
C001
AOLY
c001
A276

AOCA
AODO
AOCB
AQCC
AQOL

Figure 19.

170

0112
0000
00uA
0060
00AL
0000
00AC
02Ba

0114
0003
02DA
0003
02Da

0002
02CE
0002
0078
0002
02CE

0001
02c2
0001
0090
0001
02Cc2

0116
011cC
0114
0118
0050

0077
0078
0079
0080
0081
GoB2
0083
0084
0085
0086

0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
aoao

0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
0111
0112
0113
0114
0115
0116
0117
0118

SOURCE STATEMENT

* TEST TYPE OF CARD

*
LA CARDRG, =Y (CARDAR)
CLI 0 (CARDRS) ,TA
BC 8,TYPEA
CLi U{CARDRS) , I'B
BC EQUAL, TYPEB
CLI O {CARDRG), TC
BE TYPEC
BC 15, HALT0001
# TEST FOR DEC. NUMBERS IN THE
*
TYPEA BASR BASERG1,0
USING *,BASERG1
BASEAl2 EQU  *
*
LH 8,=H"'1"*
TSTRICOL CLI 3 (CARDRG) , 249
BH HALTO0O03N
CLI 3 (CARDRG) , 240
BL HALTOO3N
*
TSTMICOL CLI 2(CARDRG),C'9"
BH HALTOO2N
CLI 2(CARDRG) ,C*0"*
BNL  TSTLECOL
CLI 2 (CARDRG) .C* *
BNE HALTOO2N
*
TSTLECOL CLI 1 (CARDRG) ,X*F9*
BH HALTOOLN
CLI 1(CARDRG) ,X*F0*
BNL TSTIFIN
CLI 1(CARDRG),X"40"
BNE HALTOO1N
*
TSTIFIN CH 8,=H"4"
BNL  CEXPRA
AH 8,=H"'1"
AH CARDRG,=H"3"'
B TSTRICOL

DPS Sample Program, Part 7 of 17

01/20/70

DP3 ASSEMB

INITIALIZE REGISTER
TEST IF TYPE A

YES

iF IYPE B

YES

IF TYPE C

YES
GO TO HALT ROUTINES

CARD ENTRIES

CHANGE CONTENIS OF BASE-REGISTER 1
AND INFORM THE ASSEMBLER
BASE-ADDRESS 1,2

INITIALIZE COUNTER
COMPARE RIGHT COL WITH 9
INVALID IF HIGH

COMPARE WITH O

INVALID IF LOW

COMPARE MIDDLE COL WITH 9
INVALID IF HIGH

COMPARE WITH O

O. K. IF NOT LOW

IF BLANK

NO, INVALID

COMPARE LEFT COL. WITH 9
INVALID IF HIGH

COMPARE WITH 0

O. K. IF NOT LOW

IF BLANK

NO, INVALID

ALL ENTRIES CHECKED

YES, COMPUTE EXPRESSION TYPE A
INCREMENT COUNTER BY 1

NEXT ENTRY

Loop

SP2
sp2
SP2
SP2
sp2
5Pz
sp2
sp2
sp2
sP2

sp2
sp2
sp2
sp2
sp2
sp2
spP2
sp2
sp2
SP2
Sp2

a2
SPe

SP2
sP2
SP2
SP2
SP2
SP2
SP2
SP2
sp2
SP2
SP2
spP2
SP2
SP2
SpP2
sp2
Sp2
sp2
SP2

PAGE 004
03702

077

078

079 009
080 009
081 009
082 010
083 010
084 010
085 010
086 010

088
089
090 010
091
092
093
094 010
095 030
096 010
097 010
098 010

noa
vcz

100 010
101 010
102 010
103 010
104 011
105 011
106

107 o011
108 11
109 0ii
110 o011
111 011
112 011
113

114 011
115 011
116 011
117 011
118 011



SLE

ASSEMBLER SAMPLE,

PART 2, MAIN PROGRAM

LOCATN OBJECT CODE ADD1 ADD2 STMT

00BU
00AY
00A8

00AC
00BO

00B4

00BY
00B8
00BC
00co
0ocs

00cs
00ccC
00D0
00D4
00D8
00DC

00EO
00E4
O00E8
00EC
00F0
00Fu

00F8
00FC
00FE
0102
0106

010A
010A
010C
010E
0110
0112
0114
0116
0118
011a

4DDO
47F0

4DDO
47F0

4880
95F9
4720
95F0
4740

95F9
4720
95F0
47B0
9540
4770

95F9
4720
95F0
47B0
9540
4770

49380
07BD
4A80
4aCo
47F0

00B4
0000
0000
0000
0000
0001
0004
0003
oc

B0O0O
BODA

B0OOO
B14C

B240
c003
B226
c003
B226

c002
B21A
Cc002
BO2C
c002
B21A

c001
B20E
c001
BO4Y
€001
B20E

B244y
B240

B242
BOO4

Figure 19.

00B4
018E

00BY4
0200

02F4
0003
02DA
0003
02DA

0002
02CE
0002
00EOQ
0002
02CE

0001
02c2
0001
00F8
0001
02C2

02F8
02F4

02F6
00B8

0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155

0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0168

SOURCE STATEMENT

USING BASEA21,BASERG2
TYPEE  BAS  LINKRRG,TESTENTR
B CEXPRB
*
*
TYPEC  BAS  LINKRRG, TESTENIR
B CEXPRC
*
*
BASEA21 EQU #
*
TESTENTR LH  REGS,H1
TRICOL CLI  ENTRY+2,CHARY
BH  HALTOO03N
CLI  ENTRY+2,CHARO
BL  HALTOO3N
*
TMICOL CLI  ENTRY+1,CHAR9
BH  HALTOO2N
CLI  ENTRY+1,CHARO
BNL  TLECOL
CLI  ENTRY+1,BLANK
BNE  HALTOO2N
*
TLECOL CLI  ENTRY,CHARY
BH  HALTOOLN
CLI  ENTRY,CHARO
BNL  TIFIN
CLI  ENTRY,BLANK
BNE  HALTOOIN
*
TIFIN CH  REGS,H4
BCR  NOTLOW, LINKRG
AH  REGS,H1
AH  CARDRG,H3
B TRICOL
. LITERAL POOL
*
LTORG
#  Y(BASEA21)
#  Y(OPENF)
#  Y(READ)
# Y(PRINTAR)
#  Y(CARDAR)
8 H'1
# H'4°
4 H'3
& pro*

DPS sample Program, Part 8 of 17

01720770 PASE 005

DPS ASSEMB

SP2
BRANCH TO SUBROUTINE AND RErJRN sp2
BRANCH TO SUBROUTINE sP2
SP2
spP2
BRANCH TO SUBROUTINE AND RETURN SP2
BRANCH TO SUBROUTINE SP2
sp2
sp2
BASE-ADDRESS 2,1 SP2
Sk2
INITIALIZE REGISTER SP2
COMPARE RIGHT COL WITH 9 SP2
HIGH sP2
WITH O SP2
LOW SP2
SP2
COMPARE MIDDLE COL WAITH 9 sp2
HIGH SP2
WITH 0 SP2
0. K. SP2
IF BLANK sp2
NO sP2
sP2
COMPARE LEFT COL WITH 9 sp2
HIGH sP2
WITH 0 sP2
0. K. sp2
IF BLANK Sp2
NO spP2
sp2
ALL ENTRIES CHECKED SP2
YES SpP2
INCREMENT COUNTER BY 1 3
NEXT ENTRY SP2
LOOP SP2
se2
SP2
sP2

Appendix M.

03702 .

120
121
122
123

124

125
126
127
128
129
130
131
132
133
134
135
136
137

138

139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155

i57
158
159

Sample Programs

011
012

012
012

012
012
012
012
012

012
012
012
012
012
012

013
013
013
013
013
013

013
013
013
013
013

013
013
“013
013
013
013
013
014
014

171



SLE

LOCATN OBJECT CODE ADD1

011cC
0120

0124
012a

012E
0134

013A
013F
0144
014n

0150
0154
015A

n1en
Ciov

0166
016A
0170
0176

017C
0180
€186
018a

00BY

018E
0192

0196
019¢C

01a0
01A6

01aC
01B0
01B6
01BC

01c2
01Cé
oicc
01D2

ASSEMBLER SAMPLE,

48C0

nonn
SSFU

D208
92C1

D202
F212

924E
D202
F212
Fa21

9260
D202
F212

©wB921
FB21

925C
D202
F212

-FCUl

927E
F384
96FC
47F0

48co
48Fo

D208
92Cc2

D202
F212

9260
D202
F212
FB11

925C
D202
F212
FC41

A2RB2
A2BY

FQOB
FO1l4

F019
A2BF

FO1D
FO1F
az2c1
A2BE

F023
F025
A2C1

-
AZBE

F029
FO02B
a2C1
A2BC

F030
F033
FO3B
A224

B24A
B24C

FQOA
FO1u

F019
B257

FOiD
FO1F
B259
B257

F023
F025
B259
B254

Figure 19.

A2C3

coo01 -
c001

coou
coou
A2C1

c007
c007

A~a
aell

cooa
cooa
A2C1

A2BC

B25B

c001
c001

cQou
coou
B259

co007
c007
B259

DPS

PART

ADD2

02FE
03060

0003
0014

039F

0019
030B

0001
0001

001D
001F
030D
030a

0004
0004
030D

0023
0025
030D

nana
viva

0007
0007

a30
030D

0029
002B
030D
0308

000A
000a
030D

0030
0033
¢03B-
0270

0308

02FE
0300

000A
0014

030F

0019
030B

0001
0001

031D
001F
030D
030B

0004
0004
030D

0023
0025
030D
0308

0007
0007
030D

Sample

2, MAIN PROGRAM

01/20/70 PAGE

STMT SOURCE STATEMENT JPS ASSEMB
0170 +* COMPUTE EXPRESSIONS, TYPE A ... ENTRY1l 4 ENTRY2 - ENTRY3 ¢ ENTRY4 SP2
0171 = TYPE B ... ENTRY1 - ENTRY2 * ENTRY3 ¢ ENIRY4 SP2
0172 * TYPE C ... ENTRY1l * ENTRY2 + ENTRY3 - ENTRYY4 SP2
0173 * SP2
0174 DROP BASERG2 SP2
0175 #* SP2
0176 CEXPRA LH CARDRG, YCARDAR INITIALIZE REGISIER sp2
0177 LH PRINTRG, YPRINTAR INITIALIZE RESISTER SP2
0178 * sp2
o179 MVC 10(9, PRINTRG) , MESS MESSAGE TO PRINT AREA sSP2
0180 MVI 20(PRINTRG) ,TA TYPE TO PRINIAREA sp2
0181 * Sp2
0182 MVC 25(3,PRINTRG) ,1 (CARDRS) NUMBER 1 T'O PRINT AREA SpP2
0183 PACK RESP+3(2),1(3,CARDRG) PACK NUMBER 1 (nN1) SP2
0184 = sp2
0185 MVI 29 (PRINTRG) ,C"'+* SIGN TO PRINT AREA SP2
0186 MVC 31(3,PRINTRG) , 4 (CARDRG) NUMBER 2 TO PRINT -AREA sp2
0187 PACK PFLD, 4(3,CARDRG) PACK NUMBER 2 (nN2) sp2
0188 AP RESP+2(3) ,PFLD N1 + N2 SP2
0189 * SP2
0190 MVI 35(PRINTRS),C'-' SIGN TO PRINI AREA SP2
0191 MvVC 37(3, PRINTRG), 7{(CARDRG) NUMBER 3 TO PRINT AREA SP2
0192 PACK PFLD,7(3,CARDRG) PACK NUMBER 3 (N3) Sp2
0153 5P RESP+2(3} ,PFLD W1 + N2 - N3 Sp2
019y * SP2
0195 MVI 41 (PRINTRG) ,C*** SIGN TD PRINT AREA sp2
0196 MvC 43(3,PRINTRG) ,10(CARDRS) NUMBER 4 TO PRINT AREA se2
0197 PACK PFLD,10(3,CARDRG) PACK NUMBER U4 (N4) sSp2
0198 MP RESP,PFLD N1 ¢+ N2 - N3 * a4 Sp2
0199 * Sp2
0200 MVI 48 (PRINTRG),C"'=" EQUAL SIGN TO PRINT AREA SP2
0201 UNPK 51(9,PRINTRG),RESP RESULT TO PRINTI AREA sp2
0202 o1 5% {PRINTRG) ,X*FO°* CHANGE SIGN IN ZONE TJO F SP2
0203 B EDIT sp2
0204 * SP2
0205 * SP2
0206 USING BASEA21,BASERG2 sP2
0207 * Sp2
0208 CEXPRB LH CARDRG, YCARDAR INITIALIZE REGISTER Sp2
0209 LH PRINTRG, YPRINTAR INITIALIZE REGISTER SpP2
0210 * SP2
0211 MVC DPRINTAR+10 (L*MESS) ,MESS MESSAGE TO PRINT AREA sp2
0212 MVI DPRINTAR+20,TB TYPE TO PRINT AREA sp2
0213 * SP2
Q214 MyYC DPRINTAR425 (L' NUMB1), NUMB1 AUMBER 1 TC PRINT AREA sp2
0215 PACK RESP+L'RESP-LNUMBP(LNUMBP) ,NUMB1 PACK NUMBER 1 (N1) sp2
0216 * sp2
0217 MVI DPRINTAR+29,.C°-° '*-' IO PRINT AREA Sp2
0218 MyVC DPRINTAR+31 (L*NUMB2),NUMB2 NUMBER 2 TO PRINI &REA s5p2
0219 PACK PFLD, NUMB2 PACK NUMBER 2 (n2) SP2
0220 Sp RESP+L'RESP-LDIF(LDIF),PFLD N1l - N2 SP2
0221 * SP2
0222 MVI DPRINTAR+35,C%¢" ‘#*' TO PRINT AREA spP2
0223 MvC DPRINTAR+37 (L° NUMB3) ,NUMB3 NUMBER 3 ID PRINT AREA spP2
0224 PACK PFLD, NUMB3 PACK NUMBER 3 (u3) SP2
0225 MP RESP, PFLD N1 - N2 # N3 SP2
Program, Part 9 of 17

006

03/02
161
162
163
164
165
166
167 014
168 01y
169
170 014
171 014
172
173 o014
174 o1
175
176 018
177 014
178 014
179 014
180
181 015
182 015
183 015
184 015
185
186 015
187 015
188 015
189 015
190
191 015
192 015
193 016
194 016
195
196
197
198
199 016
200 016
201
202 016
203 016
204
205 016
206 016
207
268 016
208 016
210 016
211 017
212
213 017
214" 017
215 017
216 017



SLE

ASSEMBLER SAMPLE,

LOCATN OBJECT CODE ADD1

01D8
01DC
01E2
01ES8

924E
D202
F212
FA4l

01EE
01F2
01F8
01FC

927E
risy
96F0
§7F0

48C0
48F0

0200
0208

0208
020E

D208
D200

0214
021a

D202
F212

0220
0224
022a
0230

925C
D202
F212
FC41

0236
0232
0240
0246

924E
D202
F212
Fau4l

o24cC
0250
0256
025¢C

9260
D202
F212
FB41

0262
0266
026C

927E
F384
36 F0

0270
0274
0278
027C
0280
0284
0288
028C
0290
0294

4880
48Fo
95F0
4770
4980
47B0
9240
4AFO
4a80
47F0

0298
029C

4BFO
9101

F029
FO2B
B259
B258

F030
F033
FO3B
B1BC

B24A
B24C

FOOA
FO14

FO019
B257

F01D
FO1F
B259
B254

F023
F025
B259
B254

F029
F02B
B259
B254

F030
F033
FO3B

B240
B24E
F000
B1EUG
B250
B1FC
F000
B240
B240
B1CH4

B240
B258

Figure 19.

cooa
cooa
B259

B254

B25B
Cc000

Cco01
Cco001

coou
coou
B259

co007
c007
B259

cooa
cooa
B259

B254

DPS Sampls Projgram, Part

0029
002B
030D
0308

0030
0033
003B
0270

02FE

.0300

000A
0014

0019
030B

001D
001F
030D
0308

0023
0025
030D
0308

0029
002B
030D
0308

0030
0033
003B

02F4
0302
0000
0298
0304
02BO
0000
02F4
O2F4
0278

02F4
030C

PART
ADD2

000A
000A
030D

0308

030F
0000

0001
0001

0004
0004
030D

0007
0007
030D

000A
000a
030D

0308

2, MAIN PROGRAM

STMT

0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0281
0242
0243
0244
0245
0246
0247
02u8
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264

0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280

SOURCE STATEMENT

*
*

CEXPRC

*

LH
LH

MVI
MvC
PAC
AP

MVI
UNP
01
B

Mvc

MVC

MV,

MVC

PACK

I

MVC
PACK

MP

MVI
MVC
PACK

AP

MVI
MvC
PACK

SP

MVI

UN
o1

PK

DPRINTAR+41,C'+'
DPRINTAR+43 (L' NUMB4) , NUMBY

K PFLD,NUMBY
RESP,PFLD

DPRINTAR+48,C*="*
K DPRINTAR+51 (L'RESP#2-1),RESP
DPRINTAR+59,B'11110000°

EDIT

CARDRG, YCARDAR
PRINTRG, YPRINTAR

DMESS,MESS
PTYPE, TYPE

PNUMB1, NUMB1
RESPRI,NUMB1

SIGN1,C***
PNUMB2, NOMB2
PFLD, NUMB2
RESP, PFLD

SIGN2,C"+*
PNUMB3, NUMB3
PFLD, NUMB3
RESP,PFLD

SIGN3,C'-'
PNUMBY4, NUMBY4
PFLD, NUMBY
RESP, PFLD

EQSIGN,C'="*
RESZ,RESP
RESZ+L°RESZ-1,C°0°

* EDIT RESULT

*
EDIT

TSTIFO

*
TSTSIGN

LH
LH
CLI
BNE
CH
BNL
MVI
AH
AH
B

SH
™

REGS8, H1
PRINTRG, YRESZ
0(PRINTRG),C*0"
TSTSIGN

REG8, YLRESZ
PRNTLINE

0 (PRINTRG),C"®
PRINTRG,H1
REGS, H1

TSTIFO

PRINTRG,H1

RESP+L'RESP-1,B*00000001"*

10 of 17

01720770 PASE 007

DPS ASSEMB

'+' TO PRINT ARLA
NUMBER 4 TO PRINT AREA
PACK NUMBER 4 (n4)

N1 - N2 # N3 + Nt

*=' TO PRINI AREA

RESULT TO PR AREA

CHANGE SIGN IN ZONE IO F

INITIALIZE REGISTER
INITIALIZE REGISTER

MESSAGE AND
TYPE TO PRINT AREA

N1l

N2
N1 * N2

N3
N1l * N2 + N3

RL

N1 % N2 + N3 - N4

RESULT TO PRINT AREA
CHANGE SIGN TO F

INITIALIZE REGISTER

LOAD ADDRESS OJF RESULT FIELD ZONED
TEST IF 0
NO

ALL BYTES
YES

MOVE BLANK
NEXT BYTE
INCREMENT COUNTER BY 1
LOOP

CHECKED

ONE STEP BACK
TEST SIGN

Appendix M.

SP2
SP2
sSp2
SP2
sp2
sp2
sp2
SP2
SP2
SP2
sP2
SP2
SP2
sp2
SP2
sp2
SP2
sp2
SP2
sp2
sp2
sp2
SP2
SpP2
sp2
SP2
sp2
Sp2
Sp2
sp2
SPz
SP2
SP2
SP2
sp2
sp2
SP2
SP2
sP2

SP2
SP2
SP2
SP2
SP2
sp2
SP2
sp2
SP2
sp2
SP2
Sp2
Sp2
SP2
SP2

03702

217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

257
258
259
260
261
262
263
264
265
266
267
268
269
270
271

Sample Programs

017
017
017
017

017
017
018
018

018
018

018
o1s

018
018

018
018
018
019

019
019
019
019

019
019
019
019

019
020
020

020
020
020
020
020
020
020
020
020
020

020
020

173



SLE

LOCATN OBJECT CODE

B1F8
F000
B1FC
F000

02A0
02A4
02A8
02AC

4710
924E
47F0
9260

48E0 B2u46
0DDE

47F0

02B0
02B4

02B6 B232

0001
B232

02BA
02BE

9900
47F0

B230
B231
B22E

02c2
02C6
02ca

4080
9610
47F0

B230

naae
D1

B22E

02CE

nn
0202

02D6

4080

0z o0
02V

47F0

B230
B231
0000
B252

4080
9630
2900
48A0

02DA
02DE
02E2
02E6
0002
02EA

47F0 AOOE

02EE B248

02F2

48EO
07FE

Figure 19.

174

ASSEMBLER SAMPLE,

ADD1

022cC
0000
02B0
0000

02FA
02Eé6

0001
02E6

02EY4
02ES
02E2

02E4

UcED

02E2
02E4
02ES
0000
0306

0010

02FC

DPS Sample Program,

PART 2,
ADD2 STMT

o281
0282
0283
0284

0286
0287
0288
0283
0290

0292
0293
0294
0295
0296
0297
0298
0299
0300
0301
6302
0303
0304
0305
0306
0307
0308
0309
0310

0312
0313
0314
0315

MAIN PROGRAM

ary.
MINUS

O(PRINTRG) ,C'+*
PRNTLINE
O(PRINTRG),C'-"

BRANCHRG, YPRINT
LINKRG, BRANCHRG

SOURCE STATEMENT

BC

PLUS MVI
B

MINUS MVI

* PRINT A LINE

-

PRNTLINE LH
BASR
B

BGETCARD

1,0
BGETCARD

8,HPRI+2
HPRI+3,X*10*
HPRI

REGS, HPRI+2
HPRI+3,X°20°
HPRI

REGS8, HPRI+2
HPRI+3,X°*30'

¢,0

BASERG1, YBASEAll
BASEA11,BASERG1

* HALT ROUTINES

*

HALT0001 HPR
B

*

HALTOOIN STH
o1
B

*

HALTO02N STH
o1
B

*

HALTOO03N STH
oI

HPRI HPR

BGETCARD LH
USING
B

GETCARD

* END OF CARD FILE

*

MOVE PLUS SIGN

MOVE MINUS SIGN

LOAD BRANCH-REGISTER
PRINT A LINE AND RETURWN

INVALID CARD TYPE
NEXT CARD

STORE ENTRY NUMBER (N
COLUMN NUMBER (COL.

*OR*

ENTRY MUMBER (¥ =
NUMBER OF COL

ENTRY WUMBER (N =
coL 3

WILL BE UPDATED BY HALT ROUTINES
LOAD BASE REGISTER 1 WITH ORIG VALUE

NEXT CARD

1,

1,

EOCF LH BRANCHRG, YCLOSEF LOAD ADDRESS OF CLOSE ROUTINE
BR BRANCHRG CLOSE THE FILES

Part 11 of 17

2,

2,

01/20/70 PASE 008

DPS ASSEMB

SP2
SP2
sp2
SP2

gp2

S22

SpP2

sP2

Sp2

sp2

Sp2

1, 2, 3 OR 4 SP2
1) spP2

SP2
sp2
SP2
SP2
SP2
Sp2
SP2
SP2
sp2
SP2
spP2
SP2

3 0R W)

3 OR &)

sP2
SpP2
FREE SP2
FORMAT SP2

03702

2717
278
279
280

221

<82

283
284
285
286
287
288
289
290

291

292
293
294
295
296
297
298
299
300
301

303
304
305
306

021
021
021
021

021
021

n91
Vi

021
021

021
021
021

021
021
022

022
022
022
022

022

022
022



SLE ASSEMBLER SAMPLE, PART 2, DATA DEFINITIONS

LOCATN OBJECT C

02F4 0001
02F6 0003
02F8 0004

02FA 0000
02FC 0000
02FE 0000
0300 0000
0302 0033
0304 0009
0306 0002

0308 000000000C
030D 000C

0308

0308 000000
030B 000C
0002

0002

030F
030F C3C1D9C440

Figure 19.

ODE ADD1 ADD2 STMT

0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339
0340
E3E8D7 03641
0342

SOURCE STATEMENT

* DATA DEFINITIONS

*

H1

H3

Ha

*

YPRINT
YCLOSEF
YCARDAR
YPRINTAR
YRESZ
YLRESZ
YBASEAl1ll
*

RESP

PFLD
*

RESPRI
LNUMBP

LDIF
*

MESS
*

B¥g 8% BBRBRRR® RRR

RS 28
cQc

DPS Sample Projram, Part

H'1*
H'3*
H'g*

Y (PRINT)
Y(CLOSEF)

Y (CARDAR)
Y(PRINTAR)
Y(PRINTAR+R1)
Y(L*RESZ)
Y(BASEA1l)

PL5'0*
PL2%0°
RESP
X*000000*
PL2'0*
L'PFLD
LNUMBP

C'CARD TYPE'

12 of 17

01/20/70 PASE 009

DPS ASSEMB

SP2

sP2

SP2

SP2

©P2

SpP2

ADDRESS OF PRINT ROUTINE SP2
ADDRESS OF CLOSE ROUTINE SP2
ADDRESS OF CARDAREA SP2
ADDRESS OF PRINTAREA SP2
ADDRESS OF RESULT FIELD ZONED SP2
LENGTH OF RESZ sp2
BASE ADDRESS 1 1 SP2
sP2

RESULT PACKED SP2
PACK FIELD SP2
SP2

SET LOC. COUNTER BACK IO RESP sP2
FIRST PART OF RESP sp2
RIGHT PART OF RESP SP2
LENGTH OF PACKED NUMBER SP2
LENGTH OF DIFFERENCE SP2
SP2

« TO PREVENT OVERLOADING OF PFLD spP2
sp2

SP2

03/02

308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333

Appendix M. Sample Programs

022
022
022

022
022
022
024
024
024
024

024
024
026
026

027

175



SLE ASSEMBLER SAMPLE, PART 2, DUMMY COwWTROL SECTIONS 01/20/70 PASE 010

LOCATN OBJECT CODE ADD1 ADD2 STMT SOURCE STATEMENT DPS ASSEMB 03/02
0000 0344 DCsSi DSECT , DUMMY CARDAREA sp2 335
0345 * SP2 336
0000 0346 DS 0CL13 SP2 337
0000 0347 DS c SP2 338
0001 0348 DS CL3 SP2 339
$o04 03435 W DS CL3 5P2 340
0007 0350 NUMB3 DS CL3 SPZ 341
000A 0351 NUMBU Ds CL3 SP2 342
0001 0352 ENTRY EQU  NUMB1 SP2 343
000D 0353 CAEND EQU * SP2 344
0000 0355 DCs2 DSECT , DUMMY PRINTAREA SP2 346
0356 * SP2 347
0000 0357 DPRINTAR DS 0CcL60 SP2 3us8
000A 0358 ORG DPRINTAR+10 SP2 349
000A 0359 DMESS DC C'CARD TYPE® SP2 350
0014 0360 ORG  DPRINTAR+20 sp2 351
0014 0361 PTYPE DS C sp2 352
0019 0362 ORG DPRINTAR+25 spP2 353
0019 0363 PNUMB1 DS cL3 SP2 354
001D 0364 SIGN1 EQU *+1 SP2 355
GO1F G365 OURG #43 SP2 356
001F 0366 PNUMB2 Ds CcL3 sp2 257
0023 0367 SIGN2 EQU *+1 Sp2 358
0025 0368 ORG *+3 SP2 359
0025 0369 PNUMB3 Ds CL3 SP2 360
0029 0370 SIGN3 EQU *+1 SP2 361
0028 0371 ORG 43 SP2 362
002B 0372 PNUMB4 DS CL3 SP2 363
0030 0373 EQSIGN  EQU 42 SP2 364
0033 0374 ORG  *#5 SP2 365
0033 0375 RESZ DS CL9 SP2 366
001C 0376 PAEND EQU * SP2 367
0000 0378 END  BEGIN SP2 369 028

NO STATEMENT FLAGGED

RELOCATION DICTIONARY

POS.ID REL.ID FLGS ADDR

01 01 04 010A
01 02 04 010C
01 03 04 O010E
01 07 o4 0110
01 06 o4 0112
01 ou 04  O2FA
01 05 04 O02FC
01 06 04 O2FE
01 07 04 0300
01 07 ou 0302
01 01 04 0306

Figure 19. DPS Sample Projram, Part 13 of 17
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3

SYMBOL

BASEA11l
BASEA12
BASEA21
BASERG1
BASERG2
BEGIN
BGETCARD
BLANK
BRANCHRG
CAEND
CARDAR
CARDRG

R N R

CEXPRA
CEXPRB
‘CEXPRC
CHARO
CHARY
CLOSEF
DCARDAR
DCs1
DCS2
DMESS
DPRINTAR

-
CVRPFPWHRREE&EF

-

EDIT
ENTRY
EOCF
EQSIGN
EQUAL
GETCARD
HALTO0001
HALTOO1N
HALTOO02N
HALTO03N
HPRI

H1

H3

HY

LDIF
LINKRG
LNUMBP
MESS
MINUS
NOTLOW
NUMB1
NUMB2
NUMB3
NUMBY
OPENF
PAEND
PART2

RREREBWWWWRE EFORFERENNNNEFEEFEEFRR WS

Figure 109.

VALUE DEF

0002
oouc
00BY
000A
000B
0000
02E6
0040
000E
000D
0000
000C

011cC
018E
0200
00F0
00F9
0000
0000
0000
0000
000A
0000

0270
0001
02EE
0030
0008
0010
02BA
02c2
02CE
02DA
Q2E2
02F4
02F6
02F8
0002
000D
0002
030F
02AC
000B
0001
0004
0007
000A
0000
003C
0000

DPS

0054
0092
0129
0025
0026
0052
0308
0ouy
0028
0353
0015
0029

0176
0208
0238
0042
0043
0014
0346
0344
0355

0359,

0357

0268
0352
0314
0373
0036
0067
0294
0297
0301
0305
0307
0319
0320
0321
0338
0027
0337
0341
0284
0037
0348
0349
0350
0351
0011
0376
0004

Sample Projram, Part 14

CROSS-REFERENCE

0309

0055
0052
0055
0378
0290
0141
0061

0079
0056
0154
0115
0122
0126
0134
0132
032t
0056

0241
0057
0358
0203
0132
0018
0262
0083
0310
0086
0108
0101
0096
0297
0131
0154
0151
0220
0062
0215
0179
0281
0152
0214
0218
0223
0228
0061

0329

0120
0053
0120

0295
0148
0062

0325
0079
0176

0139
0137

0074
0360
0235
0134

0112
0105
0098
0298
0153

0220
0068
0215

-0211

0214
0218
0223
0228

0206
0090
0174

0067

0080
0182

0146
0144

0211
0362

0137

0145
0138
0133
0299
0268

0121
0338
0211

0215
0219
0224
0229

CROSS-REFERENCE LIST

0091
0206

0068

0082
0183

0212

0139

0149
0142
0135
0301
0275

0125

0241

0244
0248
0253
0258

0308

0288

008y
0186

0214

0141

0302
0276

0152

0245
0249
0254
0259

0309

0289

0095
0187

0217

o1us

0303
0279

0289

0352

of 17

0314 0315

0097 0100 0102 0104 0107
0191 0192 0196 0197 0208

0218 0222 0223 0227 0228

0146 0148

0305 0306

Appendix M.

0109 0111 0117
0238

0232 0233 0234

Sample Programs
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PFLD

PLUS
PNUMB1
PNUMB2
PNUMB3
PNUMBY4
PRINT
PRINTAR
PRINTRG

PRNTLINE
PTYPE
READ
REGS8
RESP

RESPRI
RESZ
SIGN1
SIGN2
SIGN3

TA

TB

Ic
TESTENTR
TIFIN
TLECOL
TMICOL
TRICOL
TSTIFIN
TSTIFO
TSTLECOL
TSTMICOL
TSTRICOL
TSTSIGN
rYPE
TYPEA
TYPEB
TYPEC
Y3ASEALlL
YCARDAR
YCLOSEF
YLRESZ
YPRINT
YPRINTAR
YRESZ

Figure

[y
-
>

oW W W W s N

NP

NNNNNNNEENR E R S E CE E S EEEmRE PR RON

19.

DPS

0282
0363
0366
0369
0372
0013
0016
0030

0288
0361
0012
0024
0331

0336
0375
0364
03€7
0370
0039
0040

nnna
UO%1

0131
0151
0144
0137
0132
0114
0270
0107
0100
0095
0279
0347
0090
0121
0125
0329
0325
0324
0328
0323
0326
0327

Sample Program,

CROSS~REFERENCE

0326
0072

. 0200

0273

0151
0183
0255

0264

0180
0212

0125

0208

192

0259

0327
0073
0201
0283

0153
0188
0260

0264

0238

CROSS-REFERENCE LIST

0193
0260

0074
0202

0268
0193
0263

0328

0197

0127

0074
6205

0272
0198
0280

0198

0177
0239

0276
0201
0280

Part 15 of 17

0219

0179
0269

0301
0215
0334

0220

0180
0270

0305
0215

0182
0274

0220

0185
0275

0220

0186
0279

0225

0190
0282

0239

0249

0191
0284

0233

0195

0233



END OF JOB

// PAUSE INSERT ASSEMB OUTPUT DECKS OF BOTH ASSEMBLIES FOR LNKEDT RON

B4O

// JOB LNKEDT

// ASSGN
// EXEC

SYSOPT, UA

MOD 20 DPS LINKAGE EDITOR

PHASE

ENTRY

PHASE SAMPLE,3,X°*0D4A‘',, 0000

Figure

INPUT

SAMPLE,S,0

TXT LOADP X*0000°
ACTICN DUP

XFR X*017cC*
ACTION NODUP

TXT LOADP X'017C*

END

TXT LOADP X*0000°
END X*0000*
OUTPUT

TXT LOADP X*0D4A°
ACTION DUP

XFR X" OEC6*
ACTION NODUP

TXT LOADP X'OEC6°
END X*OF42*

OUTPUT ONLY IN RELOCATABLE AREA

VERS 03701

START JUST BEHIND THE MONITOR

19.. DPS Sample Program, Part 16 of 17

SP1 014
PDRUSH7T
SLE 047
PDRUS50
SLE 055

SLE 028
SLE 029

SLE0001
SLE0027
SLE0028
SLE1001

SLE1024

Appendix M.

Sample Programs
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01/20/70 PHASE

1 RE HICORE XFR-ADD ESD TYPE LABEL LOADED REL-FR
SAMPLE OD4A 1259 0Fy2
CSECT PART1 oDuA 0D4A
ENTRY OPENF OEC6
ENTRY READ GEDO
ENTRY PRINT OED8
ENTRY CLOSEF QEEQ
ENTRY CARDAR OEF9
ENIRY PRINTAR OF06
CSETT PARTZ OFd2 OFu42
ENIRY EOCF 1230
NUMBER OF UNDEFINED RLD REFERENCE - 000
NUMBER OF TXT OR REP CARDS OUTSINE PHASE LIMITS- 000

END OF JOB
/77 JoB CMAINT
/7 EXEC R

CORE IMAGE

MAINTENANCE RUN

DPS CMAINT PROGRAM VERSION 06 MOD-LEVEL
// CATAL

PHASE SAMPLE SUBPHASE 0 LOADPOINT OD4A
PHASE SAMPLE SUBPHASE 1 LOADPCINT OECé
/7 ERD

00

ENTRYPOINT OEC6 REPLACED AN OLD ONE
ENTRYPOINT OF42 REPLACED AN OLD ONE

SYSTEM D

FIRST SECTOR LAST S ALLOC LAST S OCC SECF ALLOC SECT OCC SECT AVAIL 01720770

CORE IMAGE D 004 4 0 005 1 9 005 1 6 00080 00077 00003
CORE IMAGE L 005 2 0 060 1 9 059 7 7 05500 05458 00042

END CF JOPB
/7 JOB SAMPLE ASSEMBLER SAMPLE
/7 EXEC

CARD TYPE A 1+ 2 - 3 4 = ]

CARD TYPE B 1- 2 3+ 4y = +1

CARD TYPE C 1 2+ 3 - 4 = +1

CARD TYPE A 5 + 6 - 7 * 8 = +32

CARD TYPE B 5 - 6 * 7 + 8 = +1

CARD TYPE C 5 * 6 + 7 - 8 = +29

CARD TYPE A 45 + 71 - 28 % 39 = +3432

CARD.TYPE B 45 - 71+ 28 + 39 = -689

CARD TYPE C 45 &+ 71 + 28 - 39 = +3184

CARD TYPE A 248 + 935 - 627 * 310 = +172360

CARD TYPE B 2u8 - 935 * 627 + 310 = -430439

CARD TYPE C 2u8 * 935 + 627 - 310 = +232197

END OF JOB

Figure 19. DPS Sample Program,
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144
144
/77
/77
24
/7
4
4

124
7/

.

SEFERSAFEE TR R AR F R AR R AR R EF I SRR SRS KRR SR LSS E XSRS bR S bRk SRkt St

*

FE R kAR R AR R R R E R SRR AR R E R AR EF S E S FH SRS R R R LR R Sk b r R b bkt

*

REPRO
// JOB LNKEDT
REPRO
// ASSGN SYSOPT,UA OUTPUT ONLY IN RELOCATABLE AREA
REPRO
// EXEC
REPRO
PHASE SAMPLE, S, 0 START JUST BEHIND THE MONITOR
SLE TITLE 'ASSEMBLER SAMPLE, PART 1, IOCS*

FREF SR FRERFFEE AT EEEF AR R KRR RS R E R AR R I E S F SRR RS RS KK X ER R R K &S

LOG

JOB ASSEMB

DATE 70020

ASSGN SYSIPT,X*100°,R4 2501
ASSGN SYSOPT,X®300°,P2 1482

ASSGN SYS000,X*803',D4
VOL SYS000, WORK1

DLAB 'SYSTEM/360 MOD 20 DPS 1202020°,P
0001,67150,67150

XTENT 1,000,0153000,0199009,°202020°*,5YS000

EXEC

AOPTN NOSYM

PREPARE CONTROL CARDS FOR LINKAGE EDITOR RUN

PART1 START 0 FIRST PART OF T'HE SAMPLE

EREE AR RFEFFRE AR AP EREF IR FF AR R R LR E RS RS F KRR R R F R AR AR LRSS bk Skt

FREEFEFFERRFFEFEFERR R R R AR AR RS R F A SRR SRR h ek kb kR kS kRS kbR b & F

*

FESERRRRFEFR TSR LR ER R R IR R PR R TSRS E R RS R R E bR e SRR bR bbb S0k b S

*

FEERERFRFRAARAERF R AR ISR A BR R R A F SRR E AR R TR RS R AR SR R F SRS S ke R ek bk kS

*

EXEFFEEEF R R AT R AR F R AR R R R R R A F R R R R R R LSRR R e S

*

SPACE 2

DEFINE ENTRIES AND EXTERNAL SYMBOLS

ENTRY OPENF OPEN ROUTINE

ENTRY READ READ ROUTINE

ENTRY PRINT PRINT ROUTINE

ENTRY CLOSEF CLOSE ROUTINE

ENTRY CARDAR AREA WHERE CARD IS STORED
ENTRY PRINTAR PRINT AREA

EXTRN EOCF END OF CARD FILE

SPACE 2

SYMBOLIC REGISTER DEFINITIONS

LINKRG EQU 13 LINK-REGISTER

FRREPEFFFRFAAR R E AR FRFF R RE R R E A SRR R SR F R R R Rk bk e bk kR

*

SEEKERFIFFERRERFRFEAFARFERR X R A BE AR R A FE IR RS SR SR AR R A kTR F ARk kS A Sk &k

*

*

READER

*

PRINTER DTFSR TYPEFLE=0OUTPUT,WORKA=YES,DEVICE=PRINTER, BLKSIZE=60
*

FEERFEF R EFE R SRR AR R R R R R AR AR E R R RS SR IR AR R RS E SRRk &

*

EEFREFERRF TR R R TR R AR F R SRR R AR R R H RO Rk R AR R b kb b bk RSk &k &

*

OPENF OPEN READER,PRINTER OPEN READER AND PRINTER

BR LINKRG RETURN

SPACE 2
LA R L L e P Ty
* READ A CARD .
LR R L s g L L T T T T
*
READ GET READER, CARDAR READ A CARD AND MOVE IT I'D CARDAR

BR LINKRG RETURN

SPACE 2

LR R L L R I Ry I T P T S Y FRTTT L T ]

*

LR R R R L Y Py TS ey

SPACE 2

DEFINE THE FILES

PRINT NOGEN DON'T PRINT GENERATED STATEMENTS

IOAREA1=INAREA, OVERLAP=NO, WORKA=YES

DTFEN
SPACE 2

OPEN THE FILES

PRINT A LINE

Figure 20. Source Deck Listing, Part 1 of 7

DTFSR TYPEFLE=INPUT,BLKSIZE=13,DEVICE=READO1, EOFADDR=EJCF,

SP1
SP1
SP1
SP1
SP1
SP1
SP1
SP1
SP1
spP1
SP1
SP1
SP1
SP1
SP1
SP1
SP1
SP1
SP1
SP1
SP1
SP1
SP1
SP1
sP1
SP1
SP1
SP1
SP1
SP1
SPl
SPl
SP1
SP1
SpPl
sP1
SP1
SP1
SP1l
SP1
SP1
sP1
SP1
SP1

cspPl

SP1
SPl
SP1
SP1
SP1
sPl
SP1
SP1
SP1
SP1
SP1
SPl
SP1
SP1
SP1
SP1
SP1
sp1
SP1
SP1
SP1
SP1
sp1

001
002
003
008
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
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-

PRINT pUT PRINTER, PRINTAR PRINT A LINE
BR LINKRG RETURN
SPACE 2

AR A2 22 R e i e R I I I R e T Ry )

* CLOSE THE FILES AND GO BACK TO MONITOR (END OF JOB)
Ly T Yy T P Y Y Y P T T T I T ]
.
CLOSEF CLOSE READER,PRINTER CLOSE READER AND PRINTER
*
PRINT GEN PRINT GENERATED STATEMENTS
*
EGJ . GIVE CONTROL BACK TO MONITOR
SPACE 2
L T I e L e T Y Y T T T T oy
* AREAS
LI Ly L Ty Py T T T Ty S TP T Ty
. :
INAREA Ds 13c INPUT AREA FOR IOCS
CARDAR Ds CL13 CARD IS STORED HERE AFTER GET
PRINTAR DS CL60 PRINT AREA
SPACE 2
END
/%
// JOB ASSEMB SECOND ASSEMBLY
// EXEC
AOPTN CROSSREF, ENTRY
SLE TITLE *ASSEMBLER SAMPLE, PART 2, DEFINIT'IONS®
B T T T T T TP Y Y2y
PART2 START 0 SECOND PART OF SAMPLE
L T T T T T Y
SPACE 2

LRI i e R e R e e e e L i L)
* DEFINE ENTRIES AND EXTERNAL SYMBOLS

FEEFREER R RR R EREF R RN AR R R A SRR RS R RS RS XA EEH R H SRS S 4R KR X S k2SS SSRGS
*
EXTRN OPENF OPEN ROUTINE
EXTRN READ READ ROUTINE
EXTRN PRINT PRINT ROUTINE
EXTRN CLOSEF CLOSE ROUTINE
EXTRN CARDAR AREA WHERE CARD IS STORED
EXTRN PRINTAR PRINT AREA
*
ENTRY EOCF END OF CARD FILE
SPACE 2

LTI R L LTI L R L e L L L e e e e e L T L T Y oY
. SYMBOLIC REGISTER DEFINITIONS

FRERRARRRRARERBRE AR RN R AR A PR SRR R PR AR AR AR RSO RO R RN GO R AR SR AR A& &
.
REGS EQU 8 REG. 8
BASERG1 EQU 10 BASE~-REGISTER 1
BASERG2 EQU 11 BASE-REGISTER 2
LINKRG EQU 13 LINK-REGISTER
BRANCHRG EQU 14 BRANCH-REGISTER
CARDRG  EQU 12 REGISTER FOR CARD AREA
PRINTRG EQU 15 REGISTER FOR PRINT AREA
SPACE 2

SRR SRR RSN RSB R A SRR AR SRR NSRS E R R RS SR E N SRR RS2 P RSS2 L 20D

* EQUATE SYMBOLS
SRR RERARSAERRAE R AR RRRE AR R AR R RS AR AR AR R R SR E R RS LR AR SRR AR R AR RSN 0 424

*

EQUAL EQU 8 CONDITION EQUAL .
NOTLOW EQU 11, CONDITION EQUAL AND HIGH
*

TA EQU c'al TYPE A

TB EQU C*'B* TYPE B

IC EQU c'c’ TYPE C

CHARO EQU cro* CHARACTER 0

CHAR9 EQU c*9* CHARACTER 9

BLANK EQU c' CHARACTER °BLANK®

TITLE °®ASSEMBLER SAMPLE, PART 2, MAIN PROGRAM'
LRI R S e e L A R E L T ST L LA A R AR Rl f 1

. MAIN PROGRAM

R e r Ry Ry R L e R R L L
°
hd LOAD BASE REGISTER
-
BEGIN BASR BASERG1,0 LOAD BASE-REGISTER 1 AND
USING *,BASERG1 INFORM ASSEMBLER

Figure 20. Source Deck Listing, Part 2 of 7
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BASEAll EQU *

LH BASERG2,=Y(BASEA21)
USING DCARDAR,CARDRG
USING DPRINTAR, PRINTRG
SPACE 2

* OPEN CARD AND PRINTER FILE

LH  BRANCHRG, =Y (OPENF)
BASR LINKRG,BRANCHRG
B PRNTLINE
SPACE 2

* READ A CARD

*

GETCARD LH  BRANCHRG, =Y (READ)
BASR LINKRG, BRANCHRG
SPACE 2

LH PRINTRG, =Y (PRINTAR)

MVI 0(PRINIRG),C* °*
MVC

ZAP RESP,=P'0*
EJECT

* TEST TYPE OF CARD

LH CARDRG, =Y (CARDAR)
CLI 0 (CARDRG) ,TA
BC 8, TYPEA
CLI 0 (CARDRG) ,TB
BC EQUAL, TYPEB
CLI 0 (CARDRG) , TC
BE TYPEC
BC 15, BALT0001
SPACE 2
* TEST FOR DEC.
*

BASR BASERG1,0
USING #*,BASERG1
EQU *

TYPEA

BASEA12
*
LH 8,=H'1"
TSTRICOL CLI 3 (CARDRG), 249
BH HALTOO3N
CLI 3 (CARDRG) . 240
BL HALTOO3N
*
TSTMICOL CLI 2 (CARDRG) ,C*9*
BH HALTOO2N

CLI 2(CARDRG) ,C*0*
BNL TSTLECOL
CLI 2(CARDRG) ,C* *
BNE HALTOO2N

*

TSTLECOL CLI 1(CARDRG) ,X*F9"*

BH HALTOO1N

CLI 1 (CARDRG) ,X*F0*
BNL TSTIFIN
CLI 1 (CARDRG) ,X*40°*
BNE HALTOO1N

*

TSTIFIN CH 8,=H'4"
BNL CEXPRA

AH 8,=H'1"
AH CARDRG, =H'3*

B TSTRICOL
EJECT
USING BASEA21,BASERG2

TYPEB BAS LINKRG, TESTENIR
B CEXPRB

*

*

TYPEC BAS  LINKRG, TESTENTR
B CEXPRC

*

.

BASEA21 EQU *

*

TESTENTR LH REGS, H1

TRICOL CLI  ENTRY+2,CHAR9Y

Figure 20.

BASE-ADDRESS 1,1

LOAD BASE-REGISTER 2
FOR IMPLICIT ADDRESSING
FOR IMPLICIT ADDRESSING

LOAD REG. WITH BRANCH ADDRESS
OPEN READER AND PRINTER AND RETURN
PRINT A BLANK LINE

LOAD REG. WITH BRANCH ADDRESS
BRANCH TO READ ROUTINE AND RETURN

BLANK PRINTAREA AND RESET PACKED RESULT FIELD

LOAD ADDRESS OF PRINT AREA
BLANK IN FIRST BYTE OF PRINT AREA

1(L*DPRINTAR-1, PRINTRG) , 0 (PRINTRG) BLANK I'HE REST

INITIALIZE RESULT FIELD

INITIALIZE REGISTER
TEST IF TYPE A

YES

IF TYPE B

G0 TO HALT ROUTINES

NUMBERS IN THE CARD ENTRIES

CHANGE CONTENTS OF BASE-REGISTER 1
AND INFORM THE ASSEMBLER
BASE-ADDRESS 1,2

INITIALIZE COUNTER*
COMPARE RIGHT CTOL WITH 9
INVALID IF HIGH

COMPARE WITH 0

INVALID IF LOW

MIDDLE COL WITH 9
INVALID IF HIGH

COMPARE WITH O

0. K. IF NOT LOW

IF BLANK

NO, INVALID

COMPARE

COMPARE LEFT COL. WITH 9
INVALID IF HIGH

COMPARE WITH 0

O. K. IF NOT LOW

IF BLANK

NO, INVALID

ALL ENTRIES CHECKED

YES, COMPUTE EXPRESSION TYPE A
INCREMENT COUNTER BY 1

NEXT ENTRY

LOOP

BRANCH TO SUBROUTINE AND RETURN
BRANCH TO SUBROUTINE

BRANCH TO SUBROUTINE AND RETURN
BRANCH TO SUBROUTINE
BASE-ADDRESS 2,1

INITIALIZE REGISTER
COMPARE RIGHT COL WITH 9
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BH HALTOO3N HIGH
CLI  ENTRY+2,CHARO WITH 0
BL HALTO03N LOW
*
TMICOL CLI  ENTRY+1,CHAR9 COMPARE MIDDLE COL WITH 9
BH HALTOO2N HIGH
CLI  ENTRY+1,CHARO WITH 0
BNL  TLECOL 0. K.
CLI  ENTRY+1,BLANK IF BLANK
BNE  HALTOO02N NO
*
TLECOL CLI  ENTRY,CHAR9 COMPARE LEFT COL WITH 9
BH HALTOO01N HIGH
CLI  ENTRY,CHARO WITH 0
BNL TIFIN 0. K.
CLI  ENTRY,BLANK IF BLANK
BNE  HALTOOLN )
*
TIFIN CH REGB, Hi ALL ENTRIES CHECKED
BCR  NOTLOW, LINKRG YES
AH REGS, H1 INCREMENT COUNTER BY 1
AH CARDRG, H3 NEXT ENTRY
B TRICOL LOOP
SPACE 2
* LITERAL POOL
*
LTORG
EJECT
*» : E TYPE A ... ENTRY1 + ENTRV2 - ENTRYI + ZNTR
. TYPE B ... ENTRY1 - ENTRY2 & ENTRY3 + ENTR
* TYPE C ... ENTRY1 # ENTRY2 + ENTRY3 - ENIR
*
DROP BASERG2
*
CEXPRA  LH CARDRG, YCARDAR INITIALIZE REGISTER
LH PRINTRG, YPRINTAR INITIALIZE REGISTER
*
MVC 10 (9, PRINTRG) , MESS MESSAGE TO PRINT AREA
MVT  20(PRINTRG),TA TYPE TO PRINTAREA
*
MVC  25(3, PRINTRG), 1 (CARDRG) NUMBER 1 TO PRINT AREA
PACK RESP+3(2),1(3,CARDRG) PACK NUMBER 1 (N1)
*
MVI 29 (PRINTRG) ,C*+* SIGN T'O PRINI AREA
MVC  31(3, PRINTRG), 4 (CARDRG) NUMBER 2 TO PRINT AREA
PACK PFLD, 4 (3, CARDRG) PACK SUMBER 2 (N2)
ap RESP+2(3), PFLD N1 + N2
*
MVI  35(PRINTRG),C*-" SIGN TO PRINT AREA
MVC  37(3,PRINTRG),7 (CARDRG) NUMBER 3 TO PRINT AREA
PACK PFLD, 7(3, CARDRG) PACK NUMBER 3 (N3)
sp RESP+2(3), PFLD N1 + N2 - N3
*
MVI  41(PRINTRG),C*'s* SIGN IO PRINT AREA
MVC  43(3, PRINTRG),10:{CARDRG) NUMBER 4 TO PRINT AREA
PACK PFLD, 10 (3, CARDRG) PACK NUMBER 4 (N4)
MP RESP, PFLD N1 + N2 - N3 * Nu
*
MVI  48(PRINTRG),C'=’ EQUAL SIGN IO PRINT AREA
UNPK 51 (9, PRINTRG) , RESP RESULT TO PRINT AREA
o1 59{PRINTRG) ,X'FO" CHANGE SIGN IN ZONE TO F
B EDIT
*
*
USING BASEA21,BASERG2
*
CEXPRB  LH CARDRG, YCARDAR INITIALIZE RESISTER
L PRINTRG, YPRINTAR INITIALIZE REGISTER
*®
MVC  DPRINTAR410 (L°MESS), MESS MESSAGE FO PRINT AREA
MVI  DPRINTAR+20,TB TYPE TO PRINT AREA
*
MVC  DPRINTAR+25(L*NUMB1), NUMB1 NUMBER 1 TO PRINT AREA
PACK RESP+L‘'RESP-LNUMBP(LNUMBP) , NUMB1 PACK NUMBER 1 (N1)
&
MVI  DPRINTAR+29,C°-* *-* rO PRINT AREA
MVC  DPRINTAR+31(L®'NUMB2) ,NUNB2 NUMBER 2 TO PRINT AREA
PACK PFLD, NUMB2 PACK NUMBER 2 (N2)
sP RESP+L'RESP-LDIF(LDIF),PFLD N1 - N2

Figure 20.
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MVI DPRINTAR+35,C*' #* *+" TO PRINI AREA
MVC DPRINTAR+37(L® NUMB3) , NUMB3 NUMBER 3 TO PRINT AREA
PACK PFLD,NUMB3 PACK NUMBER 3 (N3)
MP RESP, PFLD N1 - N2 * N3
[ ]
MVI DPRINTAR+41,C*+" ‘4" TO PRINT AREA
MVC DPRINTAR+43 (L' NUMBG) , NUMBY NUMBER & TO PRINI' AREA
PACK PFLD, NUMB4 PACK NUMBER. 4 (N4)
AP RESP, PFLD Nl - N2 &« N3 + N4
*
MVI DPRINTAR+48,C"'=" *=' IO PRINT AREA
UNPK DPRINTAR+51(L*RESP*2-1),RESP RESULT TO PR AREA
oI DPRINTAR+59,B°11110000° CHANGE SIGN IN ZONE IO F
B EDIT .
&
*
CEXPRC LH CARDRG, YCARDAR INITIALIZE REGISTER
LH PRINTRG, YPRINTAR INITIALIZE REGISTER
*
MVC DMESS, MESS MESSAGE AND
MVC PTYPE, TYPE TYPE TO PRINT AREA
*
MVC PNUMB1, NUMB1
PACK RESPRI,NUMB1 N1
. .
MVI SIGN1,C'**
MVC PNUMB2, NUMB2
PACK PFLD, NUMB2 N2
MP - RESP,PFLD N1 # N2
*
MVI SIGN2,C'+’
MVC PNUMB3, NUMB3
PACK PFLD,NUMB3 N3

apP RESP, PFLD

MVI
Mvc

SIGN3,C'~"
PNUMBU4 , NUMBY

PACK PFLD, NUMBY4
SP RESP, PFLD

MVI

EQSIGN,C*="

UNPK RESZ, RESP
oI RESZ+L'RES2-1,C'0°

SPACE 2
* EDIT RESULT
*
EDIT LH REG8, H1 INITIALIZE REGISTER
LH PRINTRG, YRESZ LOAD ADDRESS OF RESULT FIELD ZONED
TSTIFO CLI  0(PRINTRG),C'0* TEST IF 0
BNE TSTSIGN NO
CH REGS, YLRESZ ALL BYTES CHECKED
BNL  PRNTLINE YES
MVI  O{PRINTRG),C* MOVE BLANK
AH PRINTRG, H1 NEXT BYTE
aH REGS,H1 INCREMENT COUNTER BY 1
B TSTIFO LOOP
*
TSTSIGN SH PRINTRG, H1 ONE STEP BACK
™ RESP+L'RESP-1,B*00000001* TEST SIGN
BO MINUS
PLUS MVI 0 (PRINTRG) ,C*+* MOVE PLUS SIGN
B PRNTLINE
MINUS MVI O (PRINTRG),C'-* MOVE MINUS SIGN
SPACE 2
. PRINT A LINE
*
PRNTLINE LH BRANCHRG, YPRINT LOAD BRANCH-REGISTER
BASR LINKRG, BRANCHRG PRINT A LINE AND RETURN
B BGETCARD READ NEXT CARD
SPACE 2
. HALT ROUTINES
*
HALT0001 HPR 1,0 INVALID CARD I'YPE
B BGETCARD NEXT CARD
L]
HALTOOIN STH  8,HPRI+2 STORE ENTRY NUMBER (N = 1, 2, 3 OR 4
oI HPRI+3,X'10" *OR' COLUMN NUMBER (COL. 1)
B HPRI
Figure 20. Source Deck Listing, Part 5 of 7
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HALTO02N STH REGS8, HPRI+2
oI HPRI+3,X'20*
B HPRI
*
HALTO03N STH REG8, HPRI+2
o1 HPRI+3,X'30"
HPRI HPR 0,0
BGETCARD LH BASERG1, YBASEAll
USING BASEAll, BASERG1
B GETCARD
SPACE 2
* END OF CARD FILE

*

£OCF LH BRANCHRG,YCLOSEF LOAD ADDRESS OF CLOSE ROUTINE

BR BRANCHRG CLOSE THE FILES

TITLE *ASSEMBLER SAMPLE,

* DATA DEFINITIONS

*+

H1 pc  H'1'
a3 pc  H'3'
HU DC H' 4
*
YPRINT DC  Y(PRINT)
YCLOSEF DC ¥ (CLOSEF)
YCARDAR DC  Y(CARDAR)
YPRINTAR DC Y (PRINTAR)
YRESZ BC Y{PRINTAR+51)
YLRESZ DC Y{L*RES2Z)
YBASEA1l DC Y (BASEA11)
*
RESP DC PL5'0°
PFLD DC PL2'0"
*
ORG RESP
DC  X*000000*
RESPRI DC  PL2°0°
LNUMBP EQU L*PFLD
LDIF EQU LNUMBP
*
. ORG
MESS DC C*CARD TYPE'
*
TITLE *ASSEMBLER SAMPLE,
DCs1 DSECT ,
*
DCARDAR DS  0CL13
TYPE DS c
dUMB1 DS CL3
NUMB2 DS CL3
NUMB3 ps CL3
NUMBUY DS CcL3
ENTRY EQU NUMB1
CAEND EQU *
SPACE 2
DCS2 DSECT ,
*
DPRINTAR DS 0CL60
ORG  DPRINTAR+10
DMESS DC C*CARD TYPE'
ORG DPRINTAR 2O
PTYPE DS c
CRG OPRINTAR®2S
PNUMB1 DS  CL3
SIGN1 EQU  *+1
ORG *+3
PNUMB2 DS CL3
SIGN2 EQU *4]
ORG  *43
PNUMB3 DS cL3
SIGH3 EQU 41
ORG *+3
PNUMB4 DS  CL3
EQSIGN EQU *+2
ORG  #+5
RESZ DS  CL9
PAEND  EQU
SPACE 2
EdD  BEGIN
Figure 20. Source D=ck Listing,

ENTRY NUMBER (N = 1, 2, 3 OR &)
NUMBER OF COL

ENTRY NUMBER (N = 1, 2, 3 OR' &)
COoL 3

WILL BE UPDATED BY HALT ROUTINES

BASE REGISTER 1 NITH ORIG VALUE

“ARD

FREE
FORMAT

PART 2, DArA DEFINITIONS®

ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
LENGTH

OF PRINT ROUTINE
OF CLOSE ROULINE
OF CARDAREA

QF

BASE ADDRESS 1

RESULT PACKED
PACK FIELD

SET LOC. COUNI'ER BACK I'QO RESP
FIRST PART OF RESP

RISHT PART OF RESP

LENGTH OF PACKED NUMBER
LENGTH OF DIFFERENCE

« TO PREVENI OVERLOADING OF PFLD

PART 2,
DUMMY CARDAREA

DUMMY CONTROL SECTIONS'

DUMMY PRINTAREA
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/* SP2 370
// PAUSE INSERT ASSEMB OUTPUT DECKS OF BOTH ASSEMBLIES FOR LNKEDI' RON

7/ JOB CMAINT CORE IMAGE MAINTENANCE RUN
// EXEC R

7/ CATAL

/7 END

// JOB SAMPLE ASSEMBLER SAMPLE
/7 EXEC

A1 2 3 4

B 1 2 3 4

21 2 3 &4

a5 6 171 8

B 5 6 71 8

c 5 6 7 8

A 45 71 28 39

A248935627310
B248935627310
C248935627310
/%

Figure 20. Source Deck Listing, Part 7 of 7
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TPS Assembler Language Program

You may use the source deck from the DPS

sample program in a tape-oriented system.
However, to run the program under TPS you
must make the following changes:

cazligre

e replace the job control statements

¢ replace the AQOPTN CROSSREF, ENTRY state-
ment (SP2 001) by an AOCPTN ENTRY
statement.

The TPS job control statements with
which you must replace the corresponding
DPS job control statements are listed
below.

r
|]Job control cards for first assembly

{77 LCG

{/7 JOB ASSEMB

|7/ BASSGN SYS000,X*780°'T2

|// ASSGN SYS001,X°781'T2

|/7 BASSGN SYs002,X*'782',T2
|77 nSSGN SYSOPT,X'300'P2

|77 DATE. 70020

|7/ EXEC

J]Job control cards for second assembly are|
]identical to those for DPS

|7/ JOB LNKEDT
|// ASSGN SYSOPT,X'782',T2
|77/ EXEC

- — - - ——

I.

|7/ JOB CMAINT

1// BASSGN SYSIPT,X'782',T2
|7/ FILES SYSIPT,REW

i// BSSGN SYSOPT,X*'781°,T2
|77 EXEC

{/7/ CATAL

|7/ END

@188

Now you must perform a new IPL with the
system tape created in the CMAINT run
above. IPL is followed by

r

{7/ LOG |

|77/ JOB SAMPLE |
|
|

|pbata cards ]
L e e 1

You can study the general and detailed
organization of the program in the descrip-
tion of the DPS sample program. The only
differences which occur are in the Job Con-
trol, Linkage Editor and CMAINT programs,
of which you can find a description in the
SRL publication IBM_Systen/360 Model 20,
Tape Programming System, Control and Ser-
vice Programs, Form GC24-9000.

For information on the Tape IOCS refer
to the publication IBM_System/360 Model 20,
Tape Programming System, Input/dutput Con-
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