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Preface

This reference publication contains the specifications
and operating procedures for the Sort 6 generative
program and for sort object programs generated by
Sort 6.

Four sort object programs, Sorts 61, 62, 63, and 64
are available from mBm. The specifications for these
programs are presented under the heading, Sort Object
Program Specifications. :

The selection of the Sort 6 generative program or
any of the four sort object programs, will depend on
the needs of the individual users. The sort object pro-
gram decks generated by Sort 6 are available to users
who may not require the versatility of Sort 6 and
whose needs are satisfied by the supplied sort object
programs.
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Sort 6 is a generative program that produces a general-
ized sort object program to be used on an M 1401-
1311 or 1460-1311 Data Processing System. The object
program consists of an assignment phase that checks
control-card information, and six phases that sort the
records according to the control-data fields within the
records. Figure 1 shows Sort 6 and sort object program
operations.

The following components make up the Sort 6 pro-
ram:
1. The sort prephase: part 1 (sort) and part 2 (MOSHK)
2. Nine sets of library routines: LODER macro, SORT

macro, phase 0 (assignment phase), phase 1, phase 2,
phase 3, phase 4, phase 5, and phase 6.
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Figure 1. Sort 6 and Sort Object Program Operations

Sort 6 Specifications

Parameter cards, prepared by the user, supply the
Sort 6 program with the general characteristics of the
user’s sort applications. The result of the complete
Sort 6 generation is a sort object deck that contains an
assignment phase and phases 1-6.

Phase 0 is an assignment phase that initiates the exe-
cution of the object program. Phases 1-6 contain the
routines that accomplish the sort. The kind of output
desired determines the number of phases to be exe-
cuted. In control card 1, the user can request termina-
tion after phase 4, 5, or 6. For further information on
the kinds of output, see Output Available.

All sort object programs:

e Sort blocked or unblocked fixed-length records in
the move mode.

® Sort numeric or alphameric records in ascending or
descending collating sequence according to control
data. Each record can contain a maximum of ten
control-data fields.

® Can delete characters from sorted records

e Utilize the 18M 1401/1460 disk IOCS program

® Provide checkpoint and restart procedures

Other capabilities of the object program depend on
the parameters specified. An object program can in-
clude routines for:

® Card, tape and/or disk input

® Additions from cards with disk input

Disk and /or tape output

Deletion or selection of records according to class
Deletion according to control data

Hash totals and a sequence check

Linkage to user routines

Utilization of the direct-seek feature and/or console
printer (without a buffer feature).

At object time, the user’s control cards supply the
object program with the specific characteristics of the
sort application. This procedure permits the utilization
of the same object program for several sort applications
that differ in their specific characteristics.



Required Programs

In addition to the Sort 6 programs, the following pro-
grams are required for the generation of a sort object
program:

e 1401, 1440, 1460 Autocoder (on Disk), program num-
ber 1401-AU-008

® 1401, 1460 Input /Output Control System (on Disk),
Version 2, program number 1401-10-068.

Machine Requirements

The Sort 6 program can be used to generate a sort ob-
ject program on any system that satisfies the minimum
machine requirements for the 1401, 1440, 1460 Auto-
coder (on disk) program. The requirements are:

An M 1401 system with:
4,000 positions of core storage
High-Low-Equal Compare Feature
One 1M 1311 Disk Storage Drive
One M 1402 Card Read-Punch
One mBM 1403 Printer.

An 1BM 1440 system with:
4,000 positions of core storage
One 1M 1301 Disk Storage or
one M 1311 Disk Storage Drive
One 1M 1442 Card Reader
One 18BM 1443 Printer.

An 1BM 1460 system with:
8,000 positions of core storage
One 1M 1301 Disk Storage or
one M 1311 Disk*Storage Drive
One 1BM 1402 Card Read-Punch
One 1M 1403 Printer.

The following can be used if available:
BM 1404 Printer
mM 1444 Card Punch
18M 1447 Console without a buffer feature.

Related Information

The user should be familiar with the following SRL
publications:

Autocoder (on Disk) Language Specifications for
IBM 1401, 1440, and 1460, Form C24-3258

Autocoder (on Disk) Program Specifications and Op-
erating Procedures for IBM 1401, 1440, and 1460, Form
C24-3259

Input/Output Control System (on Disk) Specifica-
tions for IBM 1401 and 1460, Form C24-1489.

Sort 6 Generation

A Sort 6 generation is performed under control of the
1401, 1440, 1460 Autocoder system. Only one phase of
the sort object program can be generated per job. The
input for the generation job is a deck that contains
Autocoder control cards, parameter cards for the phase
to be generated, and any user routines that are to be
incorporated in the phase. All user routines must be
written in the Autocoder language.

The sort prephase, which is part of the Autocoder
system, checks the parameter cards and translates the
information into a format that is recognized by the
Autocoder macro generator. The macro generator se-
lects the appropriate library routines for the phase
being generated and modifies the routines according to
the parameters supplied by the user. Although the Sort
6 library routines are selected by the macro generator,
they cannot be used as subroutines in other Autocoder
programs because the sort prephase sets permanent
switches that are used by the sort library routines.

When the phase is being generated, user routines, if
included in the job deck, are assembled. Thus, the re-
sult of each generation job is an object program that
contains one sort phase and any user routines that are
to be executed during that phase of the sort job.

If the general characteristics of the users sort appli-
cation(s) change, only those phases affected by the
change need to be regenerated. For example, if the
user wants tape output but has an object program that
handles only disk output, he can regenerate phase 6 to
revise his object program.

Requirements for Generation
The requirements for Sort 6 generation are:

1. Sort prephase incorporated in the Autocoder system.

2. SORT macro, LODER macro, appropriate phase, and
1401, 1460 disk IOCS library routines in the same
Autocoder library.

3. A job deck for each phase that is to be generated.

Sort Prephase

The sort prephase must be incorporated in the pre-
processor portion of the 1401-1440-1460 Autocoder sys-
tem. The prephase is transferred from cards to the disk
unit (system file) by the Autocoder update job. Be-
cause a fixed area on the systeM file is reserved for the

6  Sort Progs. for 1401-1311 and 1460-1311 Specs and Op. Proc.



sort prephase, the update job need be performed only
once.

All the control and data cards required for the up-
date job are included in the Sort 6 program deck. The
first card in the prephase section of the deck is an
AUTOCODER RUN card; the last card is an exp card.

Library Routines

The sorT macro, the LODER macro, and the 1401, 1460
disk IOCS routines required for every phase genera-
tion must be in the same Autocoder library.

The sets of phase routine(s) associated with the
phase(s) to be generated must also be in the library.
For example, if the assignment phase is the only phase
to be generated, only the phase-0 routines are required
in addition to the sorT macro, LODER macro, and IOCS
routines.

The user should perform an Autocoder library
change job to transfer the necessary routines to the li-
brary. All necessary INser cards are included in the
Sort 6 program deck. A LIBRARY AsGN card is required
if the Autocoder library has been relocated. (See Sort 6
Operating Procedures for a discussion of the librarian-
control cards that are tequired for the job.)

Job Deck

A job deck is required for each phase generation. The
deck must contain Autocoder control cards and param-
eter cards, and may contain user routines that are writ-
ten in the Autocoder language.

Avtocoder Control Cards

The Autocoder cards that are required for the genera-
tion of each phase are: RUN, CTL, SORT, and END. A JOB
card may be inserted ahead of the crL card.

RUN Card
The ruN card is punched in the following manner:
Columns  Contents
6-14 AUTOCODER
16-18 RUN
21-24 THRU
26-31 OUTFUT

Note: AUTOCODER RUN THRU OUTRUT is the conventional as-
sembly that yields an cbject program deck in the condensed-
loader format.

JOB Card

A joB card, punched in the following manner, can be
included:

Columns  Contents

16-18 joB

21-72 Any identification
76-80 Any identification

CTL Card

Figure 2 shows the format of a crL card that is to be
used with Sort 6. The object machine size, specified in
column 21, must be the same for the generation of all
phases that make up the object program. For example,
if phase 1 is generated for a 4K machine, it cannot be
inserted in a 12K object deck.

SORT Card
The sort card is punched in the following manner:

Columns  Contents
16-19 SORT

This card causes the sort prephase to be read into core
storage from the systeM file.

END Card

The Enp card is punched in the following manner:
Columns  Contents
16-18 END

Parameter Cards

Parameter cards specify the general characteristics of
the sort application. All parameter cards are punched
in the following manner:

Columns  Contents
1-5 Blank
6-15 Name of the parameter card
16-20 Blank
21-80 Parameters. A comma must follow each

parameter but the last on a coding-sheet
line. Leave no columms blank between
column 21 and the last character of the
last parameter. The parameters can be in
any order.

Figure 3 is a summary of the parameter cards. The
cards that are designated as mandatory are required
for each phase generation.

If disk is the only kind of input specified, and addi-
tions, deletions by class, and/or selections are not
specified, the generator includes only the routines that
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Columns Indicates Punch (Meaning) | Assumptions if the Columns Are Left Blank
16-18 | Mnemonic operation code CTL
21 Object machine size 1 (4K) 4K
2 (8K)
3 (12K)
4 (16K)
22 Modify address feature 1 (Yes) No, if the object machine has 4K;
available Yes, if the object machine has 8, 12,
or 16K.
23 This column must be left blank]
24 Multiply-Divide feature 1 (yes) No
available
25 Object machine 2 E:jgf]); Processor machine
26 Punch device P (1402) P if the object machine is a 1401 or 1460
27 Read device P (1402) P if the object machine is a 1401 or 1440
28 Print device P (1403) P if the object machine is a 1401 or 1460
29 Disk device 1 (1311) 1311
30 Source Statement Diagnostics L ()(,:43 Yes
31 Label Table or Cross L (label table) Cross reference listing
Reference Listing N (neither)
32-36 | Read-in area 00001 00001
37-41 | Loader location
Assignment phase-03100
Phase 1-00334
Phase 2-02101 for 4K; 02250 for 8K, 12K or 16K
Phase 3-00100
Phase 4-00100
Phase 5-02001 for 4K; 02251 for 8K, 12K, or 16K
Phase 6-00100

Figure 2. CTL Card Format

are necessary for the user’s object program. In this
case, the object program will contain the disk-input
routines with full label checking.

If card input, tape input, the additions option, the
deletions by class option, or the selections option is
specified in the parameter cards, the object program
will contain all (card, tape, and disk) input routines,
full label-checking routines, the additions routines, and
the deletions by class and selections routine.

Therefore, even though the requirements of the sort
application change, none of the phases may have to be
regenerated. For example, if the current object pro-
gram has been generated to write the output on tape,
and the user desires to have the output written in disk
storage, only phase 6 may have to be regenerated. This
would be the case if the current phase 6 contained only
tape-output routines.

When the job deck for generation is prepared, only
those cards that specify parameters that affect the
phase to be generated are required. (Exception: The
mvpuTMEDIA and ouTPTMEDIA cards are always re-
quired; the TapE card is required if the mNPUTMEDIA
card specifies TapE.) If any non-required parameter
cards are included, they are bypassed.

INPUTMEDIA Card

This card specifies the kind(s) of input that the object
program is to accommodate. CARD, DI1SK, and TAPE are
the valid parameters. Although three kinds of input
can be specified, the object program can accommodate
only one of the following kind(s) of input per sort job:
cards or disk or tape or disk with card additions. The
proper input routines are selected at object time on the

8 Sort Progs. for 1401-1311 and 1460-1311 Specs and Op. Proc.



Name of
Parameter Card

Valid Operands

Specifies

Mandatory for
Generation of All
Phases

Phase Affected

INPUTMEDIA CARD, DISK, TAPE Kinds of input Yes Phase 1
TAPE UNLOADIN Tape rewind and unload option No Phase 1
UNLOADOUT Tape rewind and unload option No Phase 6
DUMP or SCAN Procedure for unreadable blocks Yes, if TAPE is specified in | Phase 1
or wrong length records (tape the INPUTMEDIA card.
input).
OUTPTMEDIA DISK, TAPE Kind(s) of output Yes Phase 6
PHASE 0,1,2,3,4,5,0r6 Phase to be generated Yes Phase specified
SY STEMSPEC DIRECT Direct seek feature - No Phases 1-6
Console printer without the buffer
CONPRINT feature . No Phases 0-6
SELECTDLET SELDELCLASS Deletion or selection by class No Phase 1
CONTROLDATA Deletions by control data No Phase 4
ADDITIONS CARD Card additions (disk input only) No Phase 1
CHECKS SEQHASH Hash totals and sequence check No Phase 2, 3, and 4
EXITS EXIT1, EXIT2, Linkage to phase 1 user routines No Phase 1
EXIT3, EXIT4
EXIT5, EXIT6 Linkage to phase 4 user routines Neo Phase 4
EXIT7, EXIT8 Linkage to phase 6 user roufines No Phase 6
USERAREA 1 Assembly of user routines in phase 1 No Phase 1
4 Assembly of user routines in phase 4 No - Phase-4-
6 Assembly of user routines in phase 6 No Phase 6
DSKLABLOUT ALL Checking of existing disk header No Phase 6
labels; generation and writing of
disk header labels for the output
area(s).
TAPLABLIN STANDARD or NONSTANDARD Kind of labels on the input tape No Phase 1
(Specify ALL or IDENT and A,
B, or C if STANDARD is specified.)
™ Presence of tape mark following the No Phase 1
header label.
ALL or INDENT Kind of label checking desired. No Phase 1
A, B, C Type of standard labels No Phase 1
TAPLABLOUT STANDARD or NO NSTANDARD Kind of labels to be generated No Phase 6
and written on the output tape
(Specify ALL and A,B, or C if
STANDARD is specified.)
ALL Checking of file retention period No Phase 6
in existing output tape header
labels
A B, C Type of standard labels to be No Phase 6

generated.

Figure 3. Parameter-Card Summary




basis of information punched in the object-program
control cards.

If the object program is to process card additions,
include the apprrions parameter card in the source
deck. (carp need not be specified in the INPUTMEDIA
card unless all the input is from cards.)

If TapE is specified in the inpuTMEDIA card, the TAPE
parameter card is also required.

The wpurMEDIA card must be included in the job
deck for each phase (0-6) generation.

TAPE Card

This card specifies that certain tape rewind options are
desired and also the procedure to be followed for un-
readable blocks or wrong-length records when input is
from tape. The valid parameters are:

UNLOADIN: Rewind and unload the input tape when
end-of-file is reached. This parameter should be
specified if input and output tapes are to be mounted
on the same drive.

uNLoapouT: Rewind and unload the output tape after
closing the tape.

DUMP OR SCAN: Specify pume if unreadable tape blocks
or wrong-length records are to be written on tape
unit 4. The dump tape will be rewound and un-
loaded at the end of phase 1.

Specify scan if unreadable tape blocks or wrong-
length records are to be corrected through the use of
the scan option. When this option is specified, the
program halts to give the operator an opportunity to
investigate the error.

If TapE is specified in the iINpuTMEDIA card, one of
these parameters must be specified.

OUTPTMEDIA Card

This card specifies the kind of output that the object
program is to accommodate. pisk and TAPE are the
valid parameters. The object program can accommo-
date only one kind per sort job and will contain the
output routine(s) associated with the parameter(s)
specified. The proper output routine is selected at ob-
ject time on the basis of information punched in the
object-program control cards.

The ourprMEDIA card must be included in the job
deck for each phase (0-6) generation.

PHASE Card

This card specifies the object program phase that is to
be generated. Only one parameter can be specified per

generation job. The phases of the program are num-
bered as follows:

0—Phase 0 (assignment phase)
1—Phase 1
2—Phase 2
3—Phase 3
4—Phase 4
5—Phase 5
6—Phase 6

SYSTEMSPEC Card

This card specifies the availability of the direct-seek
feature and/or console printer on the object system. If
the direct-seek feature is to be used, the parameter is
pirecr. If the console printer is to be used, the param-
eter is conpriNT. When the object deck contains the
CONPRINT routines, all messages will be printed by the
console printer.

Note. A console printer with a buffer feature cannot be used.

ADDITIONS Card

This card specifies the inclusion 6f a routine that can
handle card additions to disk input. The required pa-
rameter is CARD. At object time, the routine is selected
if control card 1 specifies additions.

CHECKS Card

This card specifies the inclusion of routines that accu-
mulate hash totals during phases 2, 3, and 4 and per-
form a sequence check during phase 4.

The required parameter is seQuast. If this parameter
card is used for the generation of phase 2, 3, or 4, it
must be used for the generation of all three.

The routines are selected at object time if the user
specifies hash totals and sequence check in control
card 1,

SELECTDLET Card

The valid parameters and associated routines are:

1. seLbELCLASS for deleting and selecting records from
the input file before the sorting process begins
(phase 1). At object time, records may be either de-
leted or selected. The choice is specified in control
card 1 for the object program.

The position in the records and the character con-
trolling the deletion or selection also are specified in
the control card.

10  Sort Progs. for 1401-1311 and 1460-1311 Specs and Op. Proc.



If the input is from cards or tape, all the records
will be written on the disk input area, but only those
specified will be sorted.

2. coNTROLDATA for deleting records on the basis of
control data after the records have been sorted
(phase 4). At object time, if deletions are specified in
control card 1, the user must insert, in the object
deck, cards containing the control data for the rec-

. ords to be deleted.

EXITS Card

This card specifies the particular exits that are to be
used during a sort job. The exits available are:

Phase Exit Available

Phase 1 EXIT 1 During the disk or tape input routine.

Phase 1 EXIT 2 Before card additions have been
processed

Phase 1 EXIT 3 During the deletions or selections rou-
tine.

Phase 1 ExiT 4 During the card input routine.

Phase 4 EXIT 5 After the records have been sorted and
before each record’s 10-character ad-
dress is written in disk storage. The
10-character address consists of a 6-
character disk address, a 2-character
block location factor, and a 2-character
adjustment factor.

Phase 4 EXIT 6 During the deletions routine.

Phase 6 Exit 7 During the disk or tape output routine.

Phase 6 EXIT 8 At the end of the sort job.

Any combination of ExiT parameters can be speci-
fied. Sort 6 generates a branch instruction for each exit
associated with the phase being generated. It also gen-
erates the label (ENTRYX) to be used for the return to
object program main line. No label is generated for
exit 8 because it occurs after the sort job has been
completed.

If the exits parameter card is included in the job
deck, a USERAREA card and the appropriate user rou-
tine(s) are also required. See User Programming.

USERAREA Card

This card specifies that a user routine is to be assem-
bled during the generation job. A USERAREA card is re-
quired whenever an exirs card is included in a phase
-1, phase -4, or phase -6 job deck. The relationship be-
tween the ExiTs parameters and the USERAREA param-
eters is:

EXITS USERAREA
Exrrl, Exrr2, Exitd and/or Exrrd 1
ex1t5 and/or EXIT6 4
Exrr7 and/or EXIT8 6

Punch the number of the phase (1, 4, 6) in which the
user routine is to be generated.

DSKLABLOUT Card

This card specifies that existing labels on the disk out-
put areas are to be checked, and that new standard
header labels are to be generated according to output
rRoLIN card information and written on the disk label
track for each output area.

If, during the checking of labels, an unexpired file is
found to be within the limits specified in an output
RDLIN card, the program halts and the user is given the
option of placing a new pack on the drive or of using
the pack currently on the drive.

The required parameter for the pskLaBLouT card is
ALL.

TAPLABLIN Card

If labels are present on the input tape, use the
TAPLABLIN card to supply the following information

about the labels:

1. The kind of labels: Specify sSTANDARD or NONSTAND-
ARD. If NONSTANDARD is specified, a branch to Exit0
is generated and a user-routine designed to process
or bypass the labels must be included in the phase-1
job deck.

2. The presence of a tape mark after the input header
labels: Specify ™.

3. The kind of standard-label checking desired: Spec-
ify ALL or IDENT. ALL or IDENT must be specified if
the labels are standard. If AL is specified, the file
serial number, reel sequence number, file name and
creation date of each input header label will be
checked against input area moLiN card information.
If meNT is specified, only the file name is checked.
See Object Program Specifications: RDLIN Cards.

4. The type of standard labels: Specify A for 120-char-
acter labels, B for 80-character labels, or C for 84-
character labels. A, B, or C must be specified if the
labels are standard.

TAPLABLOUT Card

If a label is to be written on the output tape, use the
TAPLABOUT card to supply the following information
about the labels:

1. The kind of label: Specify STANDARD or NONSTAND-
ArRD. If sTANDARD is specified, labels will be gener-
ated according to output roriN card information
and written on the output tape. See Object Program
Specifications: RDLIN Cards.
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If NoNsTANDARD is specified, a branch to Exit9 is
generated and a user routine designed to write the
output label must be included in the phase-6 job
deck.

Checking of existing labels: Specify aLL if a stand-
ard label is to be generated. The retention period
in the existing labels will be checked. If the reten-
tion period has not expired, a halt occurs.

If a nonstandard label is to be written, the object

programn does not check the retention period. The
user-routine (Ex1T9) should check the retention
period in any existing labels.
3. The type of standard labels: Specify A for 120-
character labels, B for 80-character labels, or C for
84-character labels. A, B, or C must be specified if
a standard label is to be generated.

If A is specified, a tape mark is written after the
label. If B or C is specified, no tape mark is written.

1o

User Programming

Exits are provided at various points in phases 1, 4, and
6 of the object program to permit the inclusion of user
routines,

To utilize exits 1-8:

1. Prepare an Exits parameter card that specifies the
exit(s) that are to be used and a UsERAREA parameter
card that specifies the phase(s) during which the
routine(s) are to be assembled.

2. Code the routine(s) in the disk Autocoder language
and punch the routine(s) into cards.

3. Include the Exits and USERAREA parameter cards
and the routine(s) in the job deck for the generation
of the phase in which the routine(s) will be used.

To utilize exits 0 and 9:

1. Code the nonstandard tape-label processing routine
in the Autocoder format and punch the routine into
cards.

10

Include the routine for processing input labels in
the job deck for phase-1 generation. Include the
routine for processing output labels in the source
deck for phase-6 generation.

During the generation job, Sort 6 develops linkage to
the user’s routine(s) and assembles the routine(s).

Writing the Routines

The following items must be taken into consideration
when writing user routines:

1. All labels must be unique. It is suggested that all
labels, except the label of the first instruction to be
executed, end in zz. The first instruction to be exe-

cuted must be labeled Exitx when x is the number
of the exit. Sort 6 develops linkage to the user rou-
tine by generating a branch to Exirx.

2. The last instruction must be a branch to ENTRYx

where x is the number of the exit. (Exception: see
Exit 8.)

3. The number of core locations available for user
routines depends on the phase in which the exit is
used, the combination of parameters specified for
gencration, the object-machine size, and the rou-
tines that are to be selected at object time. Figure 4
shows the number of positions available for user
programming in phases 1, 4, and 6.

4a. Routines for exits 0 and 9. The first statement must
be a LTORG statement with an asterisk in column 21.
No or: statement is required because Sort 6 de-
termines the origin. The Ex1T0 routine must imme-
diately follow the parameter cards in the phase-1
job deck; the exiT9 routine must immediately fol-
low the parameter cards in the phase-6 job deck.

4b. Routines for exits 1-4. These routines can be as-
sembled in any order. For example, the exit-4 rou-
tine could follow the exit-1 routine in the gener-
ation job deck. The first two statements of the first
routine to be assembled in the phase-1 generation
must be a LTORG statement with an asterisk in
column 21 and an oORG statement.

4c. Routines for exits 5 and 6. The procedure is the
same as that for routines for exits 1-4.

4d. Routines for exits 7 and 8. If routines for both
exits are to be assembled, the exit-7 routine must
precede the exit-8 routine. The first statement in
each of the routines must be a LTORG statement
with an asterisk in column 21. The second state-
ment in each routine must be an orc statement.

5. To determine the operand of the orc statement,
approximate the number of core positions required
for the routine(s) and subtract it from the highest
core position available (3999 for 4K, 7999 for 8K,
11999 for 12K, 15999 for 16K). Use the result as the
operand of the orc statement. See Figure 4 for the
number of positions available for user routines.

6. Do not use the mNcrp, carL, or any I0CS macro
instructions in any user routines.
Do not use LTORG and END statements within user
routines.

7. 1If the routine uses the index registers, the con-
tents of the affected positions must be saved. After
the user routine has been executed and before the
branch back to the object program main line, the
contents, including word marks, of the positions
affected must be restored. Any position in any of
these areas may contain a word m\ark.
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card specifies ALL

Factors that Affect the Object Number of
Phase and Exits Number of Positions Machine Positions Remarks
Available Size Available
Generation Time Obiject Time
Phase 1: EXITO TAPLABLIN 4K Sort 6 generates the ORG statement
card specifies 8K 200 for the routine.
NONSTANDARD 12K These 200 positions are not counted
16K in the number of positions available for
EXIT1, EXIT2, EXIT3, and EXIT4 routines.
Phase 1: EXITT [IMPUTMEDIA 4K 900 If more than one of the limiting factors
EXIT2, EXIT3, |card specifies 8K 3540 applies to the sort application, the
EXIT4 DISK only 12K 5200 smallest number is the maximum number
16K 8540 of positions available. Examples: Assume
that the object machine size is 8K.
INPUTMEDIA 4K 375 If the SELECTDLET SELDELCLASS
card specifies 8K 3010 parameter card is included in the job deck
TAPE or CARD 12K 5610 for the generation of phase 1 and the user
16K 8010 intends to delete records at object time,
2607 positions are available for user
SELECTDLECT programming .
card specifies If the SELECTDLET SELDELCLASS
SELDELCLASS parameter card is included in the job deck
and the user does not infend fo select records
ADDITIONS at object time, 3010 positions are available.
card specifies The inclusion of user routines reduces
CARD the number of input blocks that can be read
into core storage af one time. To determine
Control Card 1 4K 225 the number of core positions required for
will specify 8K 2840 one block:
tape input 12K 5440 N =100 x Number of sectors required
16K 7840 for the block.
The maximum number of blocks that
Control card 1 4K 100 can be read is reduced by one for every N
will specify 8K 2730 or part of N positions occupied by user
card input 12K 5330 routines.
16K 7730
Control card 1 4K 7
will specify 8K 2607
deletions by 12K 5207
class 16K 7607
Control card 1 4K 80
will specify 8K 2680
card additions 12K 5280
16K 7680
Phase 4: EXIT5, | CHECKS card 4K 100 The inclusion of user routines do not
EXIT6 specifies 3K 100 affect the efficiency of the sort.
SEQHASH 12K 300
16K 600
Control card 1 Subtract the total
will specify length of the controi
hash totals and data fields from the
a sequence appropriate number
check above .
4K 50
8K 200
12K 400
16K 700
Phase 6: EXITZ, 4K 100 The inclusion of user routines reduces
EXIT8 8K 1550 the number of sectors of data that can be
12K 3500 written at one time. The number of
16K 5200 sectors is reduced by 1 for each 100 or
part of 100 core positions occupied by
user routines.
Phase 6: EXITY | TAPLABLOUT 4K Sort 6 generates the ORG statement for
card specifies 8K 900 the routine.
NONSTANDARD 12K The positions available for EXIT? are
16K not counted in number of positions available
- for EXIT7 and EXIT8 routines.
TAPLABLOUT 4K
card specifies 8K 450
NO NSTANDARD 12K
and DSKLABLOUT 16K

Figure 4. Exits
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Use of Exits

For each exit, the following information is given:

Sort Job Characteristic: The object-time characteristic
that determines whether the user routine is to be
executed.

Availability: The point in the object program when the
exit is available.

Status: The sort operation performed immediately be-
fore or after the exit.

Symbolic Address: Represents either the address of
data that the user may want to modify or the address
of the core-storage positions that contain the ad-
dress of data. All of the symbolic addresses can be
found on the program listing,.

Use: A suggestion for a user routine.

Remarks: Any restrictions or other information that
pertains to the use of the exit.

See Figure 4 for the number of core-storage positions
available for the user routines. The user must adhere
to the rules given under Writing the Routines.

Phase-1 Exits

The exits that are available during phase 1 are exit 0,
exit 1, exit 2, exit 3, and exit 4. If the TAPLABLIN param-
eter card with NoNsTANDARD specified is used for gener-
ation, exit 0 is generated. If any of the other phase-1
exits are to be generated, the ExiTs and USERAREA pa-
rameter cards must be included in the phase-1 genera-
tion job deck.

Exit 0

Sort Job Characteristic: Tape input with nonstandard
labels.

Availability: Beginning of and during phase 1.

Status: Tape input files have not been opened.

Symbolic Address: PLRD2+-4 is a 1-position field that
contains a group-mark with a word-mark.

Use: This routine must open the input file and check
or bypass nonstandard tape labels. When end-of-file
or end-of-reel is reached, the routine must close the
tape, and, if a new tape is mounted, the routine must
open the new tape before branching back to the
phase-1 main line.

Remarks:

1. Any group marks with word marks that are set by

the user’s routine must be cleared before returning

to the object-program main line.

2. At object time, the routine is placed in the check-

point area of the disk-storage work area. Thus, it

does not occupy any core storage positions during
. phase-1 main line.

Exit 1

Sort Job Characteristic: Tape or disk input.

Availability: After each group of records has been read
into core storage. The group that is read into core
storage is not necessarily the same size as the user’s
input block because the sort program takes advan-
tage of all available core storage by reading in a
multiple of the user’s blocks. The number of posi-
tions available for the sort input area depends on
the specific characteristics of the sort application, the
core-storage capacity of the object machine, and the
size of the user routines. See Figure 4.

Status: No processing has been performed.

Symbolic Addresses: LFTEDG is a 3-position field that
contains the address of the position before the input
area,

TOPAR is a 3-position field that contains the address

of the position before the group mark which indi-
cates the end of the input area.

Use: Modify the records or perform calculations from
data in the records.

j«—— BIS x 100 >
l«—————— L x Bl »|
Record | Record | Record | Record Record Record | Record | Record
T— LETEDG
Figure 5. Input Area for Disk Input
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Remarks: The number of positions in the core-storage
input area is always a multiple of 100. The sort ob-
ject program reads as many of the user’s blocks as
possible into the input area.

If the input is from disk and the user’s input block
does not fill the last sector of the disk area required
by the input blocking factor, the number of unused
positions must be taken into consideration when
the starting address of the next block in the core-
storage input area is determined.

Figure 5 shows the record arrangement in core
storage when the input blocking factor is four and
the block length is not equal to a multiple of one-
hundred.

If the input is from tape, the records may be re-
blocked by the sort program before they are written
in the disk-storage input area. The group of user
blocks in the core-storage input area will not fill the
area if the length of the group of blocks is not a
multiple of 100. This fact should be taken into con-
sideration when the end of the group of blocks in the
input area is determined.

The user’s routine must contain the necessary pro-
gramming to check the first five positions of each
block for a IEOFDb to determine when the last record
has been processed.

Figure 6 shows the record arrangement in core
storage when the input blocking factor is four and
the length of the group of blocks is not equal to a
multiple of one-hundred.

Exit 2
Sort Job Characteristic: Card additions to disk input.

Availability: Immediately after the additions routine
has been initiated.

Status: No records have been processed.
Symbolic Addresses: Not applicable.
Use: Modify the additions routine.

Remarks: Note that this exit is available only once.

Exit 3

Sort Job Characteristics: Selections or deletions on the
basis of a controlling character.

Availability: Immediately before each record is
checked for the controlling character.

Status: The tag (control-data field, 6-character disk
address, 2-character block location factor) has been
formed and stored in a core-storage output area.

Symbolic Addresses: LFrEDG is a 3-position field that
contains the address of the low-order position of the
record about to be processed.

DEINST-3 is a 3-position field that contains the
address of the controlling character about to be
processed.

xcpMov-}-6 is a 3-position field that contains the
address of the low-order position of the control-data
field portion of the tag in the output area.

cwcu4--6 is a 3-position field that contains the ad-
dress of the low-order position of the whole tag.

Use: Insert the controlling character.

Remarks: All records will be written in the disk input
area. Only the tags of the selected or not deleted
records will be sorted.

Exit 4
Sort Job Characteristic: Card input (not additions).

Availability: After each group of card records has
been read. The number of records read depends on
the specific characteristics of the sort application, the
core-storage capacity of the object machine, and the
size of the user routines. See Figure 4.

Status: No processing has been performed.

Symbolic Addresses: BEGN is a 3-position field that con-
tains the address of the position before the group of
records in the input area.

AUXBI is a 2-position field that contains the num-
ber of records in the input area. A- and B-bits are

i LXBI !
Record | Record | Record | Record | Record | Record | Record | Record |Record| Record | Record | Record | Record $
LFTEDG TOPAR
Figure 6. Input Area for Tape Input
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present in the units position of the field. If, for ex-
ample, 25 records are present in the input area,
auxsl contains 2E. If 100 records are present, AUXBL
contains =P (? represents a plus zero).

Use: Modify the records or perform calculations from
data in the records.

Remarks: The user should establish a count of the rec-
ords he processes in each block and compare the
count with the contents of Auxsr to determine when
the end of the block has been reached.

Phase-4 Exits
Exits 5 and 6 are available during phase 4.

Exit 5

Sort Job Characteristics: Phase 4 (8-character address),
phase 5, or phase 6 output.

Auvailability: After the 8-character address (phase 4
output) or the 10-character address (phase 5 or 6
output) of each record is formed in the output area.

Status: Last merge pass that results in a sequenced
string of tags (8- or 10-character address) is being
performed.

Symbolic Addresses: ourcom--6 is a 3-position field
that contains the low-order address of the 8- or 10-
character address in the output area.

CNVBKT is a 3-position field that contains the low-
order address of the tag.

Use: Modify or delete the address.

Remarks: Both the 8-character address and the control
data are available. However, the exit is not available
if phase 4 control-data output is desired.

Exit 6
Sort Job Characteristic: Deletion by control data.

Availability: Before the control-data portion of each
tag is checked, and before the control data and ad-
dress are moved to the output area.

Status: Last merge pass that results in a sequenced
string of tags (control data, 8-character or 10-charac-
ter address) is being performed.

Symbolic Addresses: cNvBkT is a 3-position field that
contains the address of the low-order position of the
control-data portion of the tag.

Use: Modify the deletions routine or control data.

Phase-6 Exits

The exits that are available during phase 6 are exit 7,
exit 8, and exit 9. If the TaPLABLOUT parameter card
with NonsTaNDARD specified is used for generation,
exit 9 is generated. If any of the other phase-6 exits
are to be generated, the exits and USERAREA parameter
cards must be included in the phase-6 generation job
deck.

Exit 7
Sort Job Characteristic: Phase-6 output.

Availability: Immediately before one or more of the
user’s output blocks are written in the disk-storage
output area.

Status: Records are being read into core storage from
the disk-storage input area.

Symbolic Addresses: MmvE-+6 is a 3-position field that
contains the low-order address of the last record
moved to the output area.

FiGIT8 is a 3-position field that contains the address
of the position before the first record in the output
area.

ToUuT?, TOoPZ, and ToPl are the low-order addresses
of blocks to be written in the disk-storage output
area.

CKPT—3, CYLN2, CYLN, SWCH2, MDFY-+4, and NOTST
are test fields.

Use: Modify sorted records.

Remarks: Phase 6 writes one or more of the user’s
blocks during each disk-write operation. The num-
ber of blocks written depends on such factors as the
number of records in each of the user’s blocks and
the number of sectors required for each block.

The formats of the blocks written during the disk-
write operations are shown in Figure 7.

BOs is the number of output sectors required for
an output block. L is the length of an output record.
Bo is the output blocking factor. unusp represents
the difference between Bos x 100 and L x Bo. The
actual value of the constant unusp for a particular
sort application can be found in the field with the
symbolic label unusp.

Disk Output: The user routine for exit 7 should first
test the constant ckpt—3 for AB bits. This is the first
part of a 2-part test that is used to determine whether
the block to be written is the last block. If cker—3
has AB bits, the program is processing the last group
of records which, however, may not be the last block.
Determine whether cyn2 (4K object machine) or
cyin (8K, 12K, 16K object machine) is greater than,
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equal to, or less than the specified output blocking
factor.

If cYrN2 or cyLN is equal to or less than this factor,
the last output block will be written after the branch
to ENTRY7. The last output block is always in the
single block format and, if necessary, will be padded
with blanks. cyin2 and cvin are both three charac-
ters in length and contain AB bits over the units
position.

If it has been determined that the program is not
processing the last block, the user routine should
then determine the format of the output block. The
type of disk output format and whether or not the
program has finished processing the current block
can be determined by the following tests:

1. If either swcn2 or mMpry-+4 contains a word
mark, phase 6 has processed a single block, and the
write-disk operation will be performed after the
branch back to EnTRY7. Neither swca2 nor mpry-+4
will contain a word mark if the first output block is
to be written. However, the first block written is
always a single block.

2. If the 1-position constant NoTsT contains a word
mark, phase 6 is processing a large multiple block.
If mve-+6 is equal to Topl, the block will be written
after the branch back to enTrY7.

3. If the tests for a single block (swcu2 or mpry-+4
contain a word mark) and a large multiple block
(NotsT contains a word mark) fail, a short multiple
block is being processed by phase 6. In this case
compare MVE-6 to Topr2. If they are equal, a write-
disk operation will be performed after the branch
back to ENTRY7.

The type of disk output format should be deter-
mined each time the object program branches to

Single Block

BOS x 100

L x BO UNUSD
TOUT 2

Short Multiple Block

——BOS x 00—
L xBO UNUSD,_ L xBO UNUSD L xBO JUNUSD,

TOP2

Long Multiple Blocks

f——BOS x 100——
LxBO  UNUSD_LxBO UNUSD |, g0 UNUSD | , po UNUSD

TOP1

Figure 7. Output Formats

ex1T7 because the output format may change for
each write-disk operation.

Tape Output: The single block format is always used.
Thus Mve-}-6 always contains the address of Tout2.
If ckpr—3 contains AB bits, the last block is writ-

ten immediately after the branch to ENTRY7.

Exit 8

Sort Job Characteristic: Phase-6 output.

Availability: End of sort job.

Status: All records have been written on tape or disk.
Symbolic Addresses: Not applicable.

Use: Begin execution of another program.

Remarks: The routine cannot re-enter the sort object
program because the Sort 6 program does not gener-
ate the label ENTRYS.

Exit 9

Sort Job Characteristic: Tape output with nonstandard
labels.

Availability: Beginning of and during phase 6.
Status: Output files have not been opened.

Symbolic Address: cyLN is the address of a 1-position
test field; 99 is the actual address of a 1-position field
that contains a group-mark with word-mark.

Use: The routine must open the output file and check
or bypass any labels on the tape and may write labels
on the output tape. When end-of-file occurs or end-
of-reel is reached, the routine must close the tape,
and, if a new output tape is mounted, the routine
must open this tape before branching back to phase-
6 main line. ]

If the test field named cyLN contains a word mark,
an end-of-file condition exists; otherwise, an end-of-
reel condition exists.

Remarks:

1. Group marks with word marks that are set by the
user’s routine must be cleared before branching to
the object-program main line.

2. The routine that closes the tape should test the
field named cyL~ to determine whether an end-of-
reel or end-of-file condition exists. cyLN contains a
word mark if the end of file has been reached.

3. At object time, the routine is written in the check-
point area of the disk-storage work area. Thus, it
does not occupy any core-storage positions during
phase-6 main line.
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Sort 6 Operating Procedures

This section contains a description of the Sort 6 pro-
gram deck, a brief discussion of the Autocoder jobs
that pertain to Sort 6, and the operating procedures to
be followed when performing the job.

The user must be familiar with the following items
in the Autocoder Program Specifications and Opera-
ting Procedures: Processor Jobs, Library Jobs, and Pre-
paring a Stack of Jobs.

Program Deck Description

The Sort 6 deck contains a sort prephase, which must
be transferred to the System file, and nine sets of
Autocoder library routines.

Part 1 of the sort-prephase section is identified by
SORT in columns 76-79; part 2 is identified by MOSHK
in columns 76-80. The entire prephase section consists
of approximately 70 cards. Each card contains a se-
quence number in columns 72-75; the cards are num-
bered sequentially beginning with 0001.

The library-routine section consists of approximately
14,000 cards, which contain a sequence number in

columns 1-5, and identification in columns 76-80. The
names and identification of the routine-sets are:

Name Identification
SORT mMacro 62002
LODER Macro 621.02
Phase 0 (assignment phase) 62A02
Phase 1 62102
Phase 2 62202
Phase 3 62302
Phase 4 62402
Phase 5 62502
Phase 6 62602

Preparing the Update Job

An update job transfers the sort prephase to its fixed
location on the System file. In addition to the control
and data cards that are supplied in the program deck,
the card boot, sYSTEM AsGN, and HALT cards are re-
quired for the job. These cards are described in Fig-
ure 8.

Formats
Label Field Operation Field Operand Field
(Columns 6-15) {Columns 16-20) (Columns 21-72) Remarks
SYSTEM ASGN 1301 UNIT 0 n represents unit number and can
1311 UNITn be 0, 1, 2, 3, 4. The SYSTEM
ASGN card immediately follows the
card boot. The card boot, supplied
with the Autocoder system deck, is
required for all system operations.
LIBRARY ASGN 1301 UNIT n, START , END 0 represents the number of the unit and
1311 UNIT n, START nnnnnn, END nnnnnn| coanbe 0, 1, 2, 3, or 4. nnnnnn isa
disk address; it must be a multiple of 20.
AUTOCODER RUN
INITIALIZE OPTN
LIBRARY OPTN
END
HALT This must be the last card in a stack
of jobs.

Note: Leave blanks in the operand field as indicated above.

Figure 8. Control-Card Formats
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AUTOCODER
RUN

—— Sort Prephase

SYSTEM ASGN

Card Boot

Figure 9. Update Job

Figure 9 shows the arrangement of cards for an up-
date job. An AurocopEr RUN card is the first card in
the sort-prephase section of the program deck; an Exp
card is the last.

Preparing Library Jobs

The sorT macro, LopER macro, and 1401, 1460 disk
IOCS library routines must be in the same Autocoder
library for each generation job. The set(s) of library
routines for the phase(s) to be generated must also be
in the library.

Perform a library change run to transfer the appro-
priate routines to an Autocoder library. The model
statements that make up a library routine are stored
in the Autocoder library as follows: The model state-
ment is compressed.by eliminating high-order blanks,
The statements are stored as variable-length records
in 2-sector blocks. The library table requires twelve
sectors.

Figure 10 shows the names of the routines that
make up each set of sort routines and the approximate
number of statements in each set of routines.

Note: An exact number of statements is not given be-
cause the number may change when a new version or
modification level of Sort 6 is issued.

Methods of Preparing the Library

If disk storage is available, the most eflicient method
of preparing the library is to define a new library and
insert the required IOCS and sort routines.

If disk storage is at a minimum, delete routines from
an existing library and then insert the required I0CS
and sort routines. If the required IOCS routines are
currently in the library, they need not be deleted and
re-inserted.

NAME OF SET

ROUTINE
NAMES

APPROXIMATE NUMBER
OF STATEMENTS

Sort
Macro

SORT

560

Loder

Macro

LODER

90

Phase 0
(Assignment
Phase)

PHSAA
PHSAB
PHSAD
PHSAH

3260

Phase 1

PHSAS8
PHSA9
PHS BO
PHSBI
PHSIA
PHS1B
PHS1C
PHSID
PHSIE
PHSIF
PHS1G
PHSII
PHS1J
PHS1K
PHSIM
PHS1Z

2025

Phase 2

PHS2A
PHS2B
PHS2C
PHS2D

1240

Phase 3

PHS3A
PHS3B
PHS3C
PHS3D
PHS3E
PHS3F
PHS3G
PHS3H

Phase 4

PHS4A
PHS4B
PHS4C
PHS4D
PHS4E
PHS4F
PHS4G
PHS4H
PHS41
PHS4)
PHS54K
PHSAL
PHS4M
PHS4N
PHS40

1690

Phase 5

PHS5A
PHS58
PHS5C
PHS5D

2000

Phase 6

PHS6A
PHS6B
PHS6C
PHS6D
PHS6E
PHS6F
PHS6G
PHS6H

2450

Figure 10. Sort Library Routines
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( HALT
r END

Library routines in
in collating
sequence, each
preceded by an

INSER card
INSER

Library

[ LIBRARY OPTN Change

( AUTOCODER RUN

( INITIALIZE OPTN

( AUTOCODER RUN

New Library

The required IOCS and all sort routines will fit on a
single system pack. In addition to the carp Boor,
SYSTEM ASGN, and HALT cards, which are required for
every stack of Autocoder jobs, the following control
cards are required to build the new library and insert
the routines:

Library Build: AUTOCODER RUN

INITIALIZE OPTN
Library Change: AUTOCODER RUN
LIBRARY OPTN

INSER (an INSER card
precedes each library
routine in the program

( LIBRARY ASGN deck)
Library Build END
[ - SYSTEMASGN
/ The formats of the cards to build and change a li-
card Boot brary are shown in Figure 8. The arrangement of the
ard Beo input cards is shown in Figure 11.
Figure 11. Preparing a New Library Existing Library
The procedure for modifying an existing library de-
pends on the size and current contents of the library
and on the number of routines to be inserted. The user
HALT
7 4
z //
( END ¥
INSER cards in collating sequence, —% //
each INSER card followed by a /

library routine.

[ INsER
[ usrary oPTN

INSER and DELET

cards in collating

sequence, each
INSER card followed

AUTOCODER RUN (END
( END
DELET cards in DELET [ INSER or DELET
collating sequence. r LIBRARY OPTN / LIBRARY OPTN
AUTOCODER RUN AUTOCODER RUN

by a library routine .

N /
~ /

(LI BRARY ASGN

SYSTEM ASGN
Ve

Card Boot

Figure 12. Methods of Modifying an Existing Library

If the library is not located on

1311
{ ]301} UNIT 0, START 012900,

END 019980.
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can delete and insert routines during the same library-
change job or he can perform two library-change jobs:
one to delete routines and one to insert the required
IOCS and sort routines. The second method is more
practical. Because routines must be deleted and in-
serted in collating sequence, there is a possibility that
a sufficient number of routines will not be deleted be-
fore routines are inserted. This can cause the library
capacity to be exceeded. The arrangement of the cards
for both methods of modifying the library is shown
in Figure 12.

Preparing Generation Jobs

Use the following as a guide when preparing the job
deck for a phase generation:

=

AUTOCODER RUN THRU OUTPUT card
. yoB card (optional)

. crL card

2
3
4. sorr card
5. Parameter cards
6

. Exit-0 or exit-9 routine, if required. The first card
must contain LTORG* in columns 16-21.

7. Other user routines, if required.

a. Phase-1 routines (exits 1-4) and phase-4 routines
(exits 5 and 6) can be in any order. The first card
must contain LTORG* in columns 16-21. The sec-
ond card must contain orc in columns 16-18 and
an actual address starting in column 21.

b. Phase-6 routines (exits 7 and 8) must be in as-
cending numerical order. The first card in each
routine must contain LTORG* in columns 16-21.
The second card in each routine must contain
ORG in columns 16-18 and an actual address start-
ing in column 21.

8. END card.

The card boot and sysTEM ASGN cards must be the first
cards in the stack; a HALT card must be the last. The
LIBRARY-ASGN card must follow the systEM aseN card
if the library is not on

{}g(]ﬁ} unir 0, starT 012900, END 019980,

Sec Figure 8. The formats of the cards for the genera-
tion-job decks are given under Requirements for Gen-
eration. Figures 13 and 14 show sample job decks for
the generation of phases 1 and 6, respectively. Figure
15 shows a stack of generation jobs.

Performing Jobs

To prepare the stack, arrange the input cards in this
order:

1. Card boot
2. SYSTEM ASGN card

3. Any required asoN cards and job deck(s). The job
decks can be in any order.

4. HALT card.

To perform a stack run when the Autocoder system
resides on 1311:

1. Place the system pack on the disk drive referred to
in the system aseN control card, and ready the
drive.

2. Ready all required machines (disk units, reader,
punch, printer).
3. Ready the console:

a. Set the I/0 check-stop switch off.

b. Set the check-stop switch and disk-write switch
on.

c. Set the mode switch to run.
d. Press CHECK RESET and START RESET.
4. Load the program.

a. 1M 1402 Card Read-Punch: Press r.oabp.

b. 1BMm 1442 Card Reader: Press sTarT on the reader,
and PROGRAM LOAD on the console.

5. When the system attempts to read the last card:
a, 1M 1402 Card Read-Punch: Press sTART.

( END

__EXIT 1 -EXIT 4
Routines

] EXIT O - Routine

( LTORG*
L Parameter Cards
( SORT
( cTL
( JOB

AUTOCODER RUN
THRU OUTPUT

Figure 13. Sample Job Deck for Phase-1 Generation
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( ORG ---

[ END

/

( LTORG*

/

( ORG---

l LTORG*

/

EXIT 8 Routine

( LTORG*

/[

( Parameter Cards

AUTOCODER RUN
THRU OUTPUT

Figure 14. Sample Job Deck for Phase-8 Generation

AUTOCODER RUN
THRU OUTPUT

EXIT 7 Routine

EXIT 9 Routine

Job Deck - Phase 6

/
/

/

( END

/

( AUTOCODER RUN Z

THRU OUTPUT

( LIBRARY ASGN
f SYSTEM ASGN

Card Boot

"/

Figure 15. Stack of Generation Jobs

Job Deck = Phase 0

Required if the library is

not on {l30]
1311
END 019980.

}UNIT 0, START 012900,
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b. 1M 1442 Card Reader: Press starT on the card
reader.
To perform a stack run when the Autocoder system
resides on 1301:
Follow steps 2-5 of the instruction for a system that
resides on 1311.

Results of a Generation Job
The results of each generation job are:
1. crL card diagnostics, if the card is invalid.

2. Source statement diagnostics, if specified in the crL
card.

3. Label table or a cross-reference listing if specified
in the crL card.

4. Program listing.

5. An object deck in the condensed loader format (ob-

ject program statements preceded by a 7-card

loader: two clear cards, a bootstrap card and four
load cards).

These are the results of an AUTOCODER RUN THRU OUT-

PUT.

Prephase Listing Comments

During the sort-prephase routine, the parameter cards
are analyzed. If no errors are detected, the parameter
information is converted into an acceptable macro-
generator input format. The generation of the phase
then proceeds automatfically.

If an error is detected, the contents of the invalid
parameter card are printed. A comment that defines
the error is printed at the right of the card image.

After all invalid parameters have been printed, the
program halts, The user must correct the card(s) and
restart the generation job.

The error comments that can appear on the listing
are as follows:

*LABEL. ERROR*

This comment is printed if the card contains a mis-
spelled label.

*LABEL. ALREADY ENCOUNTERED*

This comment is printed if two cards contain the same
label.

*OPERAND ERROR*

This comment is printed if the card contains a mis-

spelled operand. The sort prephase checks only the

number of positions required for each specified param-

eter. Assume for example, that the TAPE parameter

card specifies uNLOADIN, scaN. The prephase checks

eight positions for uNLoapIN and four for scan.

**THE PARAMETER CARD LABELLED XXXXXXXXXX
HAS BEEN OMITTED, RESTART***

This comment is printed at the end of the listing if a

required parameter card has been omitted. The label

of the missing card appears in the message.

**THE PARAMETER CARD LABELLED XXXXXXXXXX

IS IN ERROR, RESTART***
This comment is printed if the tape parameter cards
contain incorrect specifications.

Halts and Messages

Refer to the Autocoder Program Specifications and
Operating Procedures for a list of the halts and mes-
sages that can occur during a stack run.



Sort Object Program Specifications

Sort object programs are generalized programs that
have been generated by the Sort 6 program. Four sort
object programs: Sorts 61, 62, 63, and 64 are available
from 1BM.

All sort object programs can sort blocked or un-
blocked fixed-length records in ascending or descend-
ing standard 1401, 1460 collating sequence. Records
are sorted on the basis of control-data fields within the
records. As output, the user can obtain sorted ad-
dresses, sorted control data, or sorted records.

Other capabilities of sort object programs depend
on the parameters used for the Sort 6 generation. An
object program becomes a specialized sort program by

means of control and moLiN cards, which supply the
program with the specific characteristics of the sort
application.

IBM-Supplied Sort Object Programs

Sort 61, 62, 63, and 64 are object programs that have
been generated by the Sort 6 program. Sorts 61 and 62
use the normal-seek operation to read and write disk
records; Sorts 63 and 64 use the direct-seek operation.

The parameters used to generate Sorts 61, 62, 63, and
64 and the size of the systems on which they are to be
used are:

Name of Machine
Program Size Parameters
( INPUTMEDIA DISK,CARD,TAPE
OUTPTMEDIA DISK,TAPE
SELECTDLET SELDELCLASS,CONTROLDATA
Sort 61 4K ADDITIONS CARD
< CHECKS SEQHASH
Sort 62 8K
DSKLABLOUT ALL
TAPE UNLOADIN,UNLOADOUT,SCAN
TAPLABLIN STANDARD,ALL,B
\TAPLABLOUT STANDARD,ALL,B
Sort 63 4K Same as Sorts 61 and 62
Sort 64 8K {SYSTEMSPEC DIRECT

Users of IBM-supplied sort object programs should
refer to the Sort 6 Specifications: Parameter Cards sec-
tion of this publication for a discussion of the routines
specified by the parameters.

Note: The 1BM-supplied programs do not provide linkage to
user-routine or routines that use the console printer.

User-Generated Sort Object Programs

The routines incorporated in user-generated programs
depend on the parameters supplied at generation time.
The advantages of a user-generated program are: user-
routines can be included, and a console printer without
a buffer feature can be used.

Also, the sort time can be reduced if:

1. The weurMmepls and ourprMebia cards specified
pIsx only.

2. The sYSTEMSPEC DIRECT, if applicable, was the only
optional parameter card used for generation of the
sort program.

When the ivpuTMEDIA card specifies TAPE, all optional
phase-1 routines are included in the object program.
User routines also increase sort time.

Machine Requirements

The 1401 system on which the object program is to
be run must have at least:

® 4,000 positions of core storage.
® One mM 1311 Disk Storage Drive, Model 4.

® An 18M 1403 Printer, Model 1, or an 18M 1404 Printer, or a
Console Printer.

® An 1M 1402 Card Read-Punch.
® High-Low-Equal Compare special feature.
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The 1460 system on which the object program is to
be run must have at least:

® 8,000 positions of core storage.

® One 18M 1311 Disk Storage Drive, Model 1.

® An BM 1403 Printer, Model 2, or a Console Printer.
® An 1M 1402 Card Read-Punch.

If the object machine is equipped with the Direct
Seek special feature, the user can specify that this
feature be used. If the system on which the object pro-
gram is to be run has a buffered console printer, this
printer cannot be used.

Related Information

The user should be familiar with the SRL publication,
Input/Output Control System (on Disk) Specifications
for IBM 1401 and 1460, Form C24-1489, because the
1401, 1460 disk IOCS routines control the input to and
output from sort object programs.

The collating sequence used by the sort object pro-
gram is given in the System Operation Reference Man-
ual for IBM 1401 and 1460, Form A24-3067.

Record Requirements
Allowable Record Configurations

All sort object programs accommodate fixed-length
records, blocked or unblocked, in the single sector
move mode. Input records can be from cards (un-
blocked only ), disk, or tape. The minimum number of
records must be at least the number of records in a
block, plus one. If the records are unblocked, there
must be at least two records.

Record Length

The minimum record length for records to be sorted is:

1. Five characters for disk input and output.

2. Ten characters for blocked tape input and output.

3. Thirteen characters for unblocked tape input and
output.

4. Five characters for card input.

The maximum record length depends on the core-
storage capacity of the object machine:

Core Record

Capacity Length
4K 400 characters
8K 1,200 characters
12K 2,000 characters
16K 3,000 characters

The record length must be the same for all records to
be sorted because the object program can accommo-
date only fixed-length records.

Blocking

Each block of tape or disk records must contain the
same number of records. Blocking does not apply to
card records.

Block lengths have the same limitations as record
lengths. To determine the maximum blocking factor,
divide the maximum block length by the record length
and round the result low. The maximum allowable
blocking factor is 100.

If the storage media is disk, the optimum blocking
factor is the number of records that fills or most nearly
fills the least number of sectors.

Example: Assume that the record length is 80 char-
acters. If the blocking factor is three, three sectors
can be processed as a unit. The three sectors con-
tain 240 data characters and 60 unused positions. If
the blocking factor is five, four sectors can be proc-
essed as a unit. The four sectors contain 400 data
characters. Therefore, the optimum blocking factor
is five.

If the storage media is tape, the optimum blocking
factor is the maximum blocking factor. The start-stop
time in the tape units is reduced when large blocks are
processed.

Using the optimum blocking factor reduces the time
required for execution of phase 1 because the object
program reads all records during this phase and forms
the tags (control data, 6-character disk address, 2-char-
acter block location factor), which are to be sorted dur-
ing phases 2, 3, and 4.

The number of blocks that are read into core storage
during phase 1 depends on the amount of core storage
available for the input area. The capacity of the object
machine and the positions required by user routines
are determining factors.

Card Input and Additions

The following discussion applies to input and additions
cards.

A single card can contain only one record. A record
can consist of as many cards as necessary.

No card can contain ENpep in columns 6-19.

If the user wants the object program to check the
records, he must not punch any data characters in col-
urnns 1-10 (70-character format). If no checking is to
be performed, control data and/or record data can be
punched in columns 1-80 (80-character format).
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The format of records to be checked is:

Columns Contents
1-8 Identification number. This number must be unique
for each record.
9-10 Sequence number (01-43). The cards that make up
a record must be numbered consecutively.
11-80 Data

The object program examines the identification and
sequence numbers to ensure that the correct record is
read in the proper sequence. If a record contains an
incorrect number of cards, an incorrect identification
number, or is out of sequence, an error message is
printed and a halt occurs. The error-message indicates
the identification and sequence number of the erro-
neous card.

Restrictions

Records to be sorted must not contain:
1. A group mark in any position.

2. A record mark in any position except the last. If the
last position is part of a control data field, it cannot
contain a record mark.

3. A tape mark in the first position if tape input or out-
put is specified in control card 1.

Labeling

Disk input/output files can be either labeled or un-
labeled. Tape files can contain either standard or non-
standard labels.

The object program uses RoLIN card information and
1401, 1460 disk IOCS routines to process disk labels
and standard tape labels.

If disk files are unlabeled the user must supply roLIN
cards that specify the drive number and limits of the
files.

Tape input records with type A (120-character) la-
bels must contain a tape mark after each header label.
Input records with type B (80-character) labels or type
C (84-character) labels must not contain tape marks
after the labels unless the user has specified T™ in the
TAPLABLIN parameter card. If tape files contain non-
standard labels, the user must supply routines, at gen-
eration time, to process or bypass the labels.

For information regarding label formats, refer to the
1401, 1460 Disk IOCS Specifications publication. Also,
see Figure 26: Schematics of Standard Disk and Tape
Header Labels. For a discussion of label processing,
see Object Program Routines: Labeling.

Note: If the input file is contained in more than one disk
area, only the last area can contain a 1EO¥b trailer label. When
the program encounters a 1eorb trailer label, it stops reading
the defined input area(s).

Control-Data Fields

The object program sorts on as many as ten control
data fields. These fields control the sequencing of rec-
ords and can be located anywhere in the record as long
as they do not overlap. The maximum total length of
this control data is 189 characters.

The location of each control-data field must be speci-
fied in control card 2. If more than one control data
field is used, the user must specify which field is to be
compared first, which second, and so forth. The con-
trol-data fields should be referred to in the order of
their significance with the most significant one desig-
nated as control field 1, etc.

Processing time is dependent upon the size and num-
ber of the control fields. Therefore, whenever possible
and to the user’s advantage, these two factors should
be limited to save time.

Object Program Features

This section describes the capabilities of optional rou-
tines associated with sort object progtams. Some of the
optional routines are incorporated in every object pro-
gram, others are incorporated only if the parameters
used for generation requested their inclusion. With the
exception of user routines, the optional routines are se-
lected at object time only if requested in control card 1.
If a user routine is associated with an optional routine,
it is selected only if the optional routine is requested;
otherwise, it is always selected. See Sort 6 Specifica-
tions: User Programming.

Input/Output Routines

The object program can contain card, tape, and/or disk
input routines and tape and/or disk output routines.
The kinds of routines to be included must have been
specified in the INPUTMEDIA and OUTPTMEDIA parameter
cards. See Object Program Description for a synopsis
of the input/output routines.

Card Additions

If the input is from disk, card records can be added to
the file. The apprrions card with carp specified must
have been used for generation. The routine is selected
at object time if the user requests it in control card 1.

Labeling

Disk labels and standard tape labels are processed by
1401, 1460 disk IOCS routines. For the contents of
these labels, refer to the 1401, 1460 disk IOCS publica-
tion. Also, see Figure 26 and 27: Schematics of Stand-
ard Disk and Tape Header and Trailer Labels. At ob-
ject time the user must supply roLN cards that contain
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label information and file limits. Several tracks in the
sort work area are reserved for label processing.

Disk Labels

If the labels on disk files are to be checked, the user
must specify the kind of checking in control card 1.
Labels on the work area and work cylinder will be
checked initially as output areas. However, on a restart
run, these areas will be checked as input areas. If out-
put disk files are to be labeled, the pskLABLOUT param-
eter card must have been used at generation time.

The IOCS routines process disk labels in the follow-
ing manner:

1. For disk input:

a. Compares all fields in the header labels with the
contents of the input roLin card(s) if full check-
ing is specified (control card 1), or

b. Compares the file name in the header label with
the file name in the input BoLIN card if partial
checking is specified (control card 1).

2. For disk output:

a. Checks existing labels on the output file to ensure
that the limits specified in the roLN card(s) for
the new output file(s) are such that no unexpired
file(s) will be destroyed.

b. Generates a header label according to rRoLIN and
date-card information and writes the label on the
first available sector of the label track in the first
output area; repeats this procedure for each addi-
tional output area.

c. Writes a 1EORD trailer label as the first and only
record in the last output block in each output
area, except the last; writes a 1IEOFD trailer label
after the last record in the last output area. The
length of the trailer label is the same as the
length of the records in the file. The 1IEORbD or
1EOFb is located in the first five positions of the
trailer label. The user should not expect the bal-
anceof the record containing 1EORb or 1IEOFb
to be cleared.

Tape Labels

If input tape labels are to be processed, the TAPLABLIN
parameter card must have been used at generation

Note: Unlabeled input and output disk files can be proc-
essed. roLIN cards that specify the drive number and file limits
must be inserted in the object deck.

time. If labels are to be written on the output tape, the
TAPLABLOUT parameter card must have been used.

If nonstandard labels (input and/or output) are to
be used, routines to process or bypass the labels must
have been assembled at generation time. See Sort 6
Specifications: EXITO and EXIT9.

The 1401, 1460 disk IOCS routines can process three
types of standard tape labels:

1. Type A—120-character label
2. Type B— 80-character label
3. Type C— 84-character label

The standard labels are processed in the following
manner:

1. For input tape labels:

a. Compares the file serial number, reel sequence
number, file name, and creation date in the
header labels with the corresponding fields in
the input area rRoLIN cards if ALL was specified in
the TaPLABLIN card, or

b. Compares the file name in the header labels with
the file names specified in the input area RpLIN
cards if mENT was specified.

2. For output tape labels:

a. Checks existing labels on the output file to deter-
mine whether the retention period has expired.

b. Generates an output header label according to
roLIN and date card information and writes the
label on the output tape.

c. Writes a tape mark, 1IEORD trailer label and a
tape mark after the last record on all output tapes
except on the last reel when a tape mark, a
1EOFD trailer label, and a tape mark are written.

If the number of tape output records is not a multi-
ple of the user’s specified output block size, the pro-
gram pads the last block of records. For example, the
user might specify an output blocking factor (8o) of
five records. If the last block of output contains only
two actual records, the program pads the last block
with three dummy records composed of all nines (if
ascending sequence has been specified) or all blanks
(if descending sequence has been specified).

The format of the trailer label will be the same as
that of the header label.

Selection or Deletion Before Sorting

Records can be either selected or deleted before the
sorting process begins. A record is selected or deleted
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if a specified character is present in a specified position.
Control card 1 supplies the object program with the
choice (either selection or deletion), the character, and
the position. The seLEcTpLET parameter card with
SELDELCLASS specified must have been used at genera-
tion time.

Deletions by Control Data

Records can be deleted, in phase 4, on the basis of
their control data. This deletion routine is in the object
program if the seLEcTDLET card with CONTROLDATA
specified was used at generation time. The routine is
selected at object time if deletions are specified in
control card 1. Records to be deleted can contain a
maximum of 80 control-data characters. The user must
punch the control data of the records to be deleted
into cards. The control data must begin in column 1
and be punched in the order that is specified in control
card 2. Columns 6-10 of these cards cannot contain
ENDCD.

At object time, the deletion cards must be inserted in
the phase-4 section of the object deck. See Sort Object
Program Operating Procedures.

Checking

The object program always accumulates a record count
during phases 1, 2, 4, 5, and 6. At the end of phases 2,
4, and 5, the count is compared with the count accumu-
lated at the end of the previous phase. If the compare
is unequal, the program halts.

If the caEcks card with seQuAsH specified was used
for generation, a hash total can be accumulated during
phases 2, 3, and 4 and a sequence check can be per-
formed in phase 4.

The program adds the contents of certain positions
in the control fields in each record to accumulate a
hash total. The totals are compared to ensure that no
characters have been lost and that the same number of
records has been processed in each phase. The se-
quence check is performed to ensure that the records
are in collating sequence.

The sEQHASH routine is selected at object time if the

" user specifies it in control card 1.

User Programming

Routines to process non-standard labels are incorpo-
rated in the object program if TAPLABLIN and/or
TAPLABLOUT parameter cards that specified NoNsTAND-
ARD were used at generation time. Other user routines
are incorporated if the Exrrs and USERAREA parameter
cards were used.

Record Marks

All sort object programs include a routine that can
write a record mark after each output record. If record
marks are requested in control card 1, the record length
must be one position less than the maximum record
length. If the output is to be written on disk, the user
must be sure that the number of sectors allotted for
each output block (Bos) can contain the original rec-
ords plus the record marks. Assume, for example, that
a user specified 100-character records, a blocking factor
of five, and five sectors for each block. If he requested
record marks, the allotted area would be exceeded.

Deletion of Characters from Records

All sort object programs have the ability to delete a
specified number of characters from the low-order end
of each record before it is written out as an output rec-
ord. This deletion is performed during phase 6. The
maximum number of characters that can be deleted
from disk output records is 2,996 if record marks are re-
quested; otherwise, the maximum number is 2,295. The
record length, after the characters have been deleted,
must not be less than the minimum record length re-
quired by the program.

The routine is selected if control card 1 specifies the
number of characters to be deleted.

Checkpoint and Restart

The checkpoint routine, incorporated in every sort ob-
ject program, writes checkpoint records at the end of
phases 1, 2, and 4; after all phase-3 merge passes; and
at various points during phases 5 and 6.

If it is necessary to stop processing because of an
error or a lack of machine time, processing can be re-
sumed at a point close to the point where the process-
ing stopped.

Object-Program Description

This section describes the functions of the phases that
make up the sort object program.

Assignment Phase

The assignment phase reads and analyzes the two con-
trol cards and checks them for logical errors. If a logi-
cal error is detected, a message indicating the nature of
the error is printed. For example, messages occur if:

1. The sum of the lengths of the individual control-
data fields does not equal the total specified in con-
trol card 2.
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2. The control-data fields specified in control card 2
overlap.

The assignment phase reads disk roLIN cards and
performs disk label checking on the areas specified by
the roLIN cards. It also computes and stores constants
used in subsequent phases of the program.

Phase 1

The process that takes place during phase 1 depends
on the input medium.

Input from Cards

During phase 1, data records are read from cards into
core storage and blocked, assigned 6-character disk ad-
dresses, and written in disk storage. An 8-character
address (a 6-character disk address and a 2-character
block location factor) is formed for each record. All the
control-data fields are then extracted from each record
in the order of their significance. (The order is specified
in control card 2.) From the control-data fields-and the
8-character address, a tag is formed for each record.

Input from Disk Storage

During phase 1, data records previously stored in disk
storage (in at least one, but not more than four input
areas) are read into core storage. The functions of ex-
tracting the control data, adding to it the 8-character
address, and forming the tags operate in the same man-
ner as explained under Input from Cards.

Input from Tape

For tape input to the program, the data records are
read into core storage, reblocked, and assigned disk ad-
dresses. The functions of extracting the control data,
adding to it the 8-character address, and forming the
tags operate in the same manner as explained under
Input from Cards.

Deletions or Selections and Additions

During phase 1, deletion or selection by class and addi-
tions can also be performed. Deletions by class permits
the user to bypass records that have one particular
character in a specific location in the record. With this
feature, for example, all blank records can be bypassed.

Sorting by selection allows the user to sort only one
class of records. This permits the user to select all those
records that do have the particular character in a spe-
cific location in the record.

All the input records are written on the disk input
area. The tags (control data and 8-character address)
are selected or deleted. Phase 6 seeks and writes only
those records whose tags were sorted.

By using the additions feature, it is possible to incor-
porate (into the sort operation) records that are not
part of the main source of input. Only when the main
source of input is disk storage can additional input
from cards be processed.

Phase 2

During phase 2, an internal sort is performed on the
number of tags that fit into a work area in core storage.

Phase 3

During phase 3, a series of merge passes is performed
on the sequenced tags developed in phase 2.

Phase 4

During phase 4, the last merge pass of the sort is per-
formed. At this time, the sequenced strings of tags
created during the previous phases are merged into
one string, and the control data is dropped from the
tags.

The input to phase 5 is one string of 10-character
addresses. These 10-character addresses are made up
of 8-character addresses (a 6-character disk address
and a 2-character block location factor) and a 2-charac-
ter adjustment factor that indicates the location of the
8-character address in a block of input that will be
read into core storage in phase 5.

If specified, deletions by control data can also be
performed during phase 4. This is accomplished by
reading pre-sorted cards containing control data into
core storage. These cards designate which records of
the file being sorted are to be deleted. The control data
in these cards can be a maximum of 80 characters in
length.

The user has the option of ending the program at the
end of phase 4. If this option is specified, one of the fol-
lowing types of output can be specified:

1. Sorted 8-character addresses (a 6-character disk ad-
dress and a 2-character block location factor).

2. Sorted control-data field(s).

Phase-4 output will be located in the work area and a
message giving the starting address of the output will
be printed. The characteristics of the sort job deter-
mine the starting address. However, the user can re-
quest that the output be relocated so that it will start
at the beginning of the work area.
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Phase 5

The input to phase 5 is one string of 10-character ad-
dresses. The addresses are in sequence according to
their control data. Assume, for example, that the first
10-character address is 0090390501. The 01 indicates
that the first record to be written in phase 8 is the sixth
record in a block of records that has the disk address
009039. The second 10-character address would end in
02, the third in 03, and so on.

Phase 5 sorts C addresses under control of the 6-
character disk addresses. The value of C, which is cal-
culated by the sort object program, is printed at the
end of the assignment phase.

By sorting according to the 6-character addresses,
the sort object program is able to group the addresses
of record blocks that are located on the same cylinder.
This minimizes seek time in phase 6.

The blocks of C addresses are written in the disk-
storage work area. If phase-5 output is specified, a
message stating the starting address of the output is
printed.

Phase 6

The input to phase 6 consists of blocks of C 10-charac-
ter addresses that have been sorted on the basis of the
6-character portion of the address. (C is the phase-5
blocking factor; the value of C is printed in an assign-
ment phase message.)

The method used for seeking and writing sorted rec-
ords depends on the specific characteristics of the sort
job. If the work cylinder is used, phase 6 sets up a table
area in core storage and proceeds as follows:

1. Reads 10-character addresses from the disk work
area into a core-storage work area.

2. Secks and reads records from the disk input area
into a core-storage input area.

3. Checks the block location factor in the address and
moves the records to a hold portion of the core-
storage work area.

4. Repeats steps 1 through 3 until the hold area is
filled, and then:

a. Each record is written on the work cylinder, and

b. An entry is made in the table to indicate the loca-
tion of each record on the work cylinder. The en-
tries are arranged according to the 2-character
adjustment factors, which indicate the relative
positions of the records in phase-5 input block.

5. Repeats steps 2-4 until the blocks within the phase-5
block have been read into core storage and proc-
essed.

6. Uses the table to seek and read records (in collating
sequence) from the work cylinder into core storage.

7. Writes the records in the disk output area or on
tape.

8. Repeats steps 1-7 until all sort records have been
written on disk or tape.

Under certain conditions, such as no tape output and
no phase-6 exits have been generated, the object pro-
gram may not use the work cylinder. The object pro-
gram procedure is the same as steps 1-3 when the work
cylinder is used, except that the selected records are
not moved to a hold area. Instead, they are moved to
their appropriate positions in the core-storage output
area. For example, if the first record selected had a
2-character adjustment factor of 08, the record would
be moved to the sixth record position in the core-stor-
age output area. When the output area, which can hold
C records, is filled, the records are written in the disk
output area. The procedure is repeated until all rec-
ords are written on disk.

Output Available

The user must specify, in control card 1, the kind of
output desired. The kinds of output available are:

1. Sorted 8-character addresses (phase-4 halt)
2. Sorted control data (phase-4 halt)

3. Sorted 10-character addresses (phase-5 halt)
4. Sorted records (phase-6 halt)

Phase-4 Output

Either 8-character addresses or control data can be ob-
tained when the program halts at the end of phase 4.
The output will be written in the work area, and a mes-
sage giving the starting address of the output will be
printed.

Note: The output may not start at the beginning of the work
area unless the user punches a 1 in column 54 of control card 1.

The 8-character addresses consist of 6-character disk
addresses, each followed by a 2-character block indi-
cator. The block indicator is the location of the record
within the block addressed by the 6-character address.
The 8-character addresses are written out in one con-
tinuous sequence. Each block of 200 characters con-
tains 25 addresses.

The size of control data output blocks depends on
the size of the object machine:

Block Size

200-character
600-character

Object Machine Size

4K (SEQHASH specified)
4K (SEQHASH not specified)

8K 1,000-character
12K 1,800-character
16K 3,000-character
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The control data from as many records as possible

will be blocked and written in the disk-storage work

area. The remaining positions of each block will be

blank. A 1EOFD trailer label will be written at the end
of the output file.

The maximum number of records in a phase-4 out-
put block is 399. If the object machine size is 16K and
the total length of the control data fields is five, six, or
seven characters, the number of records in a block will
be limited by the maximum blocking factor (399) rather
than by the maximum block size (3,000). Because this
results in some unused disk area, the user may desire to
reduce the machine size specified in control card 1 to
make more efficient use of disk storage.

Phase-5 Output

A halt at the end of phase 5 results in blocks of C rec-
ords, which consist of 10-character addresses that have
been sorted according to the 6-character disk address.
C is an internal sort blocking factor; the value of C is
printed in an assignment phase message. The last two
characters in the 10-character address indicate the rela-
tive position of the disk address and the block location
factor within a phase-5 input block. If, for example, a
10-character address was 0190390508, the record indi-
cated would be the sixth record in the block of records
at address 019039. The 08 in the address 0190390508
indicates that the 8-character address is the eighth ad-
dress in a phase-5 input block. The 2-position field that
indicates the relative position of the disk address and
the block location factor can range from 01-499,

Numbers greater than 99 are coded by placing bits .

over the tens and units positions of the indicator, Num-
bers from 100 to 199 contain an A-bit over the tens po-
sition, numbers from 200 to 299 contain a B-bit over the
tens position, numbers from 300 to 399 contain an A-bit
and a B-bit over the tens position, and numbers from
400 to 499 contain an A-bit over the units position.
Thus, if the position indicator of a particular record is
D9, it is record number 349 in the specified block of
input to phase 5.

If the total number of 10-character addresses is not a
multiple of the phase-5 input blocking factor, a 1IEOFb
trailer label follows the last address in the last block.

Phase-6 Qutput

Phase-6 output is written on tape or in the disk output
arca defined by the user’s roLiv cards. The records are
blocked as specified in control card 1. A record mark
may be added to each record if the user selected the
option in control card 1. Characters may have been de-
leted from the low-order position of each record if the
user requested the deletion.

Requirements for Execution

The user supplies the sort object program with the fol-
lowing information:

1. Limits of the disk areas to be used (RpLIN cards)

2. Label information, if desired (rpLIN cards and a
date card)

3. Specific characteristics of the sort application (two
control cards).

File Area Definition

To eliminate the possibility of disk-storage capacity
problems or disk-storage location problems arising dur-
ing execution of the sort object program, the user must
know the size and location of certain required storage
areas. These areas must then be reserved on disk for
specific functions of the sort program.

The program always requires a defined work area,
and a defined input area. If card records are to be
added to disk records, at least two input areas must be
defined (one for the card records to be added and one
for the disk records). If the input medium is 1311 disk
storage, the records may be stored in as many as four
non-adjacent areas. The user defines these four input
areas by specifying their high and low limits in rRoLIN
cards (see Input RDLIN Cards: INP1, INP2, INP3,
and INP4).

If phase-6 output is desired, a work cylinder must be
defined.

The location of each area required by the program
is specified in roLiN cards. Use the formulas discussed
in this section to calculate the length of each area.
After the length of each area has been calculated, de-
cide the location of the areas and prepare roLIN cards
that specify the sector addresses of the areas. The rRoLIN
cards must be inserted in the object deck. See RDLIN
Cards and Preparing the Object Deck.

There are no limitations governing the relative posi-
tions of the defined areas. However, the input area(s)
must not overlap each other or any other area(s); the
work area and the output area may overlap (see Over-
lapping Work and Output Areas). Restrictions that re-
late to the addresses specified in rRoLIN cards are listed
under RDLIN Cards.

The user should read the section Optimum Place-
ment of Disk-Storage Areas before selecting the disk
area that will contain the input area. If a given sort
program is to be used repeatedly, the same roLIN cards
can be used for each execution of the program. How-
ever, recalculations must be performed each time the
characteristics (file size, record length, disk availabil-
ity, etc.) of the program change, provided the change
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is such that it will cause areas specified in the roLIN
cards to be incorrect.

A number of conditions have been taken into con-
sideration in the compilation of the formulas given in
this section. For example, the input blocking factor and
block size may differ from the output blocking factor
and block size. The formulas are designed to permit
variables of this kind. The results obtained will provide
the user with maximum utilization of storage as well as
maximum efficiency of record movement.

In the following discussions, the variable informa-
tion to be substituted into the formulas is equated with
the symbol that represents it. The bracketsl lmean
rounded to the next lowest integer; the brackets[ ]
mean rounded to the next highest integer.

The variable values inserted by the user must be
exact, otherwise the results will be inaccurate. Charts
of constants that the user must insert in the formulas
for the calculation of certain areas are given in the
following section.

Input Area

If the input is to be from cards or tape (these cannot be
mixed) a disk input area must be defined. The limits of
the area must be specified in an input area rRoLIN card.

Card and tape input records (or card additions to
disk input) must be converted to disk records before
they can be processed by the program. The records are
read from tape or cards into core storage. Phase 1
forms the required 8-character disk address portion of
the tags and adds the control-data information from
the records while they are in core storage. The records
are then written in the disk input area, and the tags
are written in the work area.

If the input is to be from disk, the user must know
the location of his file, and must use rorIN cards to
specify the drive number and limits.

The size of the area required for card or tape input
can be calculated with the following formula:

Basic-Input-Area Equation
N+1

[

NS = Size of the input area in sectors.
N = Number of input records.
L = Input record length.

V = Number of sectors that can be written out
by phase 1 at one time.

NS = XV

where

The value of NS must be calculated for each card or
tape file size used.

Note: See Card Additions.

Before this basic-input-area equation can be solved,
the user must calculate the value to be substituted for
V. Card input causes V to have a specific value; tape
input causes it to have a different value.

Because the core-storage capacity of the machine
being used to run the program has a limitation (4K, 8K,
12K, or 16K), there is naturally a limitation on the
amount of space available for processing records. This
limitation is determined by such factors as machine
size and program size. As a result, the maximum value
of V (Vmax) must be taken into consideration when the
actual value of V is calculated. Use the following for-
mula to determine Vmax:

Vinax — MS—Bmax~UA1—PSl—23J
ax — 100

where
MS = Core-storage capacity of the object machine.

Bmax = Maximum sort block size:
400 for a 4K machine.

800 for an 8K machine.

1,400 for a 12K machine.

1,900 for a 16K machine.

UA1 = Number of core-storage positions required for the
phase-1 user area (see User Programming).

PS1 = Phase-1 program size. This depends on certain fac-
tors specified in control card 1. See Figure 16 for
approximate values of PS1. The values given should
be used for planning purposes only. The actual
PS1 values can be found in the next-to-last card
generated by phase-1 as follows

Columns

11-13  If tape input and deletions or selection by
class are not specified.

15-17  If card input and deletions or selection by
class are not specified.

19-21  If the additions option is specified.

23-25  If card or tape input and deletion or selec-

tion by class are specified.

The values found in these columns are in actual ma-
chine language.

By subtracting Bmax, UA1, PS1, and 23 (number of
positions required for programming incidentals) from
MS, the number of core positions available for the
phase-1 output is determined. When this number is di-
vided by 100 (number of characters in a sector), and
rounded low, the result (Vmax) is the number of sec-
tors that can be written out by phase 1 at one time.

Figure 18. Values of PS1
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Card Input

If all the input records are to be read in from punched
cards, a calculable value (Vcard) must be obtained so
it can be substituted for V in the basic-input-area equa-
tion. Vmax, the result of the formula just discussed,
must be used as a basis for determining the value of
Veard.

If the value of Vmax is greater than the length of a
single input record (L)), substitute the record length for
V in the basic-input-area equation and calculate the
input area. Calculation of the value of Vcard is unnec-
essary because the input-record length prevents phase
1 from exceeding its maximum blocking factor.

However, if the input-record length is equal to or
greater than the value of Vmax (L = Vmax), the value
of Vcard must be determined with the following for-
mula:

_ | (1)
Veard = I-IOO

To solve this equation, substitute successive values for
n (starting with 1) to find the highest value of n that
still results in the condition, Veard is equal to or less
than Vmax (Veard = Vmax). For example, assume that
the value of Vmax is 3 sectors, and the input-record
length (L) is 100 characters. Substituting 1 for n, multi-
plying it by 100, and dividing by 100 results in Vcard
= 1. Vcard is less than Vmax (3); so 2 should be tried
as a value for n. Substituting 2 for n, multiplying it by
100, and dividing by 100 results in Vcard == 2. Vcard is
still less than Vmax (3); so 3 should be tried as a value
for n. Substituting 3 for n, multiplying it by 100, and
dividing by 100 and rounding high results in Vcard =
3. Vcard (3) is now equal to Vmax (3); therefore, any
value greater than 3 will not satisfy all the conditions
of the formula.

After the value of Vcard (the number of sectors of
output produced by phase 1 at one time) has been de-
termined, substitute it for V in the basic-input-area
equation, and calculate the size of the input area.

Tape Input

If the input records are to be read from magnetic tape,
a calculable value (Vtape) must be obtained so that it
can be substituted for V in the basic-input-area equa-
tion. The solution of two equations, one of which uses
the previously determined value of Vmax, must be per-
formed before the value of Vtape is ultimately deter-
mined. The first equation is formulated as follows:

. (Vmax) (100)
NCNT= L ®) O

where

NCNT = Maximum number of input tape blocks that can
be contained in core storage at one time.

BI = Input blocking factor.

Multiplying the number of sectors required for
phase-1 output (Vmax) by 100 (the number of core po-
sitions in a sector) results in the number of core posi-
tions required for phase-1 output. Multiplying the
input blocking factor (BI} by the input-record length
(L) results in the number of core positions per block of
input. Dividing the number of core positions required
for phase-1 output by the number of core positions per
block of input and rounding low results in the number
of input tape blocks that can be contained in core stor-
age at one time (NCNT).

The value of NCNT must be substituted in one of
the following formulas to determine the value of
Vtape:

1. The first formula can be used only if the maximum
number of input tape blocks in core storage at one
time (NCNT) multiplied by the input blocking fac-
tor (BI) results in a value that is equal to or less than
100 [(NCNT)(BI) = 100]. This means that the max-
imum number of input records in core storage at
one time will be 100 or less. Under these conditions,
the formula used for finding the value of Vtape is:

__ [(NCNT) (BI) (L)]
Vtape = 100

Multiplying the number of input tape blocks in
core storage at one time (NCNT) by the input block-
ing factor (BI) results in the maximum number of
input records in core storage at one time. This maxi-
mum multiplied by the record length (L) results in
the number of core-storage positions required by
phase-1 input at one time. Dividing the number of
core-storage positions by 100 (number of positions
in a sector) and rounding high results in the number
of sectors required by phase-1 input at one time if
the input medium is magnetic tape (Vtape) and
(NCNT) (BI) = 100.

Substitute the value of Vtape for V in the basic-
input-area equation, and calculate the length of the
input area.

o

. The second formula for finding the value of Vtape
can be used only if multiplying the maximum num-
ber of input tape blocks in core storage at one time
(NCNT) by the input blocking factor (BI) results in
a value that is greater than 100 [(NCNT) (BI) >
100]. This means that the number of input records
in core storage at one time will be greater than 100.
When this condition exists, the formula used for
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finding the value of Vtape is:

Viape — [_(Tligo (L)]

where
TBI = (n) (BI)

To solve this equation, substitute successive values
for n (starting with 1) to find the highest value of n (the
number of the user’s input blocks that will be read into
core storage at one time) that still results in the condi-
tion TBI is less than 100 (TBI = 100). For example, as-
sume that the input blocking factor (BI) is 12. Multi-
plying the values 1 through 7 by 12 will result in the
condition TBI == 100, but the highest value that can be
substituted for n, while satisfying the condition TBI =
100, is 8. TBI, in this case, has a substitute value of 96.

Multiplying the input blocking factor (BI) by the
number of records per block (n), and controlling the
result with 100 (which means that the maximum input
blocking factor for this program is 100 records), results
in the actual number of records per input block (TBI).
Multiplying TBI by the record length (L) results in the
number of storage positions (or characters) in each ac-
tual input block. Dividing positions per input block by
100 (positions per sector) and rounding high results in
the number of sectors required at one time for output
from phase 1 if the input medium is magnetic tape
(Vtape) and (NCNT)(BI) > 100.

Substitute the value of Vtape for V in the basic-
input-area equation, and calculate the size of the input
area.

Solving the Basic-Input-Area Equation

After finding the number of sectors of records that can
be produced by phase 1 at one time (V), calculate the
size of the input area required for the tape or card
input records. The basic-input-area equation is:

rN—i—l
NS= {[100V|]| XV
5%

Multiplying V (number of sectors) by 100 (positions
per sector) results in the number of positions in the en-
tire area. Dividing the number of positions in the entire
area by the record length (L) and rounding low results
in the maximum number of records in the phase-1 out-
put area at one time. Dividing the number of tape or
card input records increased by one (N 41 ailows
room for a trailer label) by the number of records in
the phase-1 output area at one time and rounding high
results in the total number of blocks of output that will

be produced by phase 1. Multiplying the total number
of blocks of phase-1 output by the number of sectors in
each output block (V) results in the total number of
sectors (NS) required to store all the input records that
are to be read into core storage from tape or cards.

Card Additions

If the sort object program is to sort disk input records,
the user does not have to calculate an input area for the
records. He specifies the disk area containing the rec-
ords as his input area (see RDLIN Cards: INP1, INP2,
INP3, INP4). However, if the user is going to make
card additions to his disk records, he must calculate an
input area for the card additions. Use the following
formula for calculating the input area for card-addition
records;

Additions Input Equation.

R ES!
NS = [—BI

X BIS
where
NS = Size of the card-additions input area in sectors.
N = Number of records to be added to the file.
BI = Number of records per input block.
BIS = Number of sectors per input block.

The values of BI and BIS substituted into this equa-
tion must be the same as BI and BIS for the disk file to
which the card records will be added. If, for example,
the disk input file is blocked with ten records per block
(BI) and a block occupies two sectors (BIS), the card-
addition records will also be blocked ten records per
block and two sectors per block. (The card-addition
records must, of course, be the same length and in the
same format as the disk records.) The BI and BIS for
the input file will have been specified in control card 1
(see Control Cards).

Dividing the number of records to be added (in-
creased by one record) by the number of records per
input block (BI) and rounding high results in the num-
ber of blocks required for the card additions. Multiply-
ing the number of required blocks by the number of
sectors per block results in the number of sectors re-
quired for the card-additions input area (NS). This
area must be defined in an input area roLIN card.

Work Area

The work area is the disk area in which the actual sort-
ing takes place. Although it can be calculated with a
single formula, it entails more than just one storage
area. It actually consists of three adjacent, contiguous
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Work Section Work Section Phase
Routine

Section

Figure 17. Schematic of the Work Area

sections (areas of disk): two work sections. and a sec-
tion for storing the routines of various phases of the
program (see Figure 17). Each of the two work sections
must be large enough to contain all of the tags (8-char-
acter addresses and the attached control data) that are
used to represent the input records during the sorting
operation (see Object Program Description). Because
control data will determine the sequence of the output
records, each tag must contain the control-data infor-
mation. Provision for control-data fields is part of the
formula.

After all the tags (one for each record) have been
written in the first section of the work area, the se-
quencing process, actually a sort and several merges,
takes place (see Object Program Description for a com-
plete discussion of the sequencing process). During the
process of putting the tags in sequence, the program
moves blocks of tags back and forth between the two
work sections. At various points in the program, one or
the other of the work sections will be filled with tags.

The third section in the work area is used to expedite
execution of the program. As each phase of the pro-
gram is needed, certain routines containing instructions
for that phase are transferred from core storage to the
third section in thé work area. This reduces the amount
of core storage required at any one time by the pro-
gram.

The formula for calculating the length of the work
area is:

N
W=2H || A |
CW |

+P

where
W = Work area in sectors.
N = Number of input records.

CW = Total length of all the control-data fields in

a single record, plus 8. (For example, if each
input record contains five control-data fields
of four characters each, the total length of
the control-data fields is 20.
A constant of 8 must be added to 20 to in-
clude the 8-character tag, giving CW a value
of 28). The specified value of CW must al-
ways be 10 or greater. If the calculated CW
< 10, set CW = 10.

A, H, and P = See Figure 18.

Dividing CW (control word) into A (the maximum
number of characters written on disk by a phase) and
rounding the result low results in the maximum num-
ber of control words that can be written in each block
of a work section in the work area. Dividing N (the
number of input records) by the result of the first divi-
sion and rounding high results in the minimum number
of blocks required to contain the control words for the
entire input file. Multiplying 2 times H (the minimum
number of sectors required by a phase to write a full
block of data) times the number of blocks required to
contain all the control words results in two times the
number of sectors (the two work sections in the work
area) required to store all the control words for the
input file. The total sector requirement increased by P
(the maximum number of sectors required to store cer-
tain routines for the individual phases of the program)
results in the number of sectors required for the work
area (W). The user must set aside a disk area by defin-
ing it in a RoLIN card.

The work area must be one continuous area, and it
must be contained within one disk pack. If a label
track is required, the work area cannot exceed 19,900
sectors; if a label track is not required, the work area
cannot exceed 20,000 sectors.

Note: On rare occasions and under limited conditions, the
result obtained from the work-area formula will be insufficient.
If, for example, the output blocking factor for phase 4 (value of
C) causes phase 4 to require more room in the work area than
phases 1, 2, or 3 required, the original work-area calculation
formula will produce an insufficient work area. When, for any
reason, the work-area formula produces an insufficient work-
area size, the following message will be printed out in the as-
signment phase messages. **NOTE** MFS HAS BEEN DECREASED
BY xxxxxx RECORDS. If this message appears, a new work-area
size must be calculated with the following formula:

-+ 5] « ] o

C is the number of 10-character addresses in a phase-5 input
block; the value of C is always given in an assignment-phase
message.

where

N = Number of input records.
P = See Figure 18.

After the calculation has been completed, define the new work
area in a RoLIN card and insert it in place of the invalid one that
was originally used for work-area definition. The assignment
phase must be rerun.

~ Overlapping Worrk -and -Output- Areuas

The work area can overlap the end of the output area
or the end of the last output area if the sorted .output
records are to be written in non-contiguous sections.
(For example, the output area may extend from one
pack to another.) To calculate the number of work-
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POSITIONS OF A H P
CORE STORAGE
4,000 399 4 118
8,000 799 8 125
12,000 1399 14 141
16,000 1899 19 1 51

Figure 18. Conditional Constant Values of A, H, and P

area sectors that can overlap the output area, subtract
the constant P (see Figure 18) from the size of the work
area. What occurs, in effect, is that the portion of the
output area that is not overlapped is available for stor-
age of the output records while the sorted tags are still
in the last part of the work area. The size difference
between the work area, which contains a compara-
tively limited amount of data, and the output area,
which must be large enough to contain the entire out-
put file, is such that the output records being written
will never extend into the area containing the sorted
tags.

Note: The low-limit address of the overlapping output area
must be no greater than the low-limit address of the work area.
The high-limit address of the output area must not be greater
than the high-limit of the work area.

The program will subtract P from the available sec-
tors contained within the limits defined by the last
output roLIN card if the work area overlaps the end
of the output area. This allowance (P) should be made
when the limits of the output area are being deter-
mined.

Output Area

The user of the sort object program should know the
number of disk sectors required to store his sorted out-
put file, particularly if he intends to make the most
efficient use of his storage area. After the output block-
ing factor, the number of sectors per output block, and
the total number of records to be sorted have been de-
termined, the output sector requirement can be cal-
culated with the following formulas. The output area
need not be a single block of storage; the records can
be written in intermittent areas of storage. However,
the intermittent areas of storage must never require
less than the minimum number of sectors that can be
specified in a single output rRoLIN card (see the follow-
ing formula). If the program is to halt after phase 4
or 5, or if tape output is desired, no output area need
be calculated.

Assume, for example, that a sorted alphabetical file
is to be written on disk. The user may want to leave 50
blank sectors between each area of output records.
He can specify a low-limit sector address, for each
area, that is 50 sectors higher than the high-limit sector
address of the preceding area of data. As many output
RDLIN cards as are required may be used. If the user
inserts more output RbLIN cards than the output file
requires, the unnecessary cards are ignored by the pro-
gram. If the user fails to calculate the output area, or
if he makes an incorrect calculation, and the output
area defined in the roLIN cards is too small, the pro-
gram halts and requests additional roLIN cards.

The formula for calculating the number of sectors
required for the output area is:

Equation 1
N+ 1"
B0 X BOS

where
N = Total number of records to be sorted.

BO = Output blocking factor, which is the number of
records per output block.

BOS = Number of sectors per output block.

Note: If multiple-output RpLIN cards will be used, add an
additional BOS for each roLIN except the last. The additional
block is required for the record that will contain the 1IEORb
trailer label.

Dividing N (the number of records) by BO (the
number of records per output block) and rounding
high, results in the number of required output blocks.
Multiplying the output block requirement by BOS (the
number of sectors per output block), results in the
number of sectors required for output.

If the user has specified deletions, the number of
input records (N) will undoubtedly be greater than the
number of output records. The program will auto-
matically stop attempting to write output records
when it reaches the last actual record, and it will then
write an end-of-file trailer label in the next record area.

Assume, for example, that the input file requires
20,000 sectors of disk storage, that half of the input
records will be deleted before the sort begins, and that
the records are to be written in a disk-storage output
area. Under these conditions, the last 10,000 sectors of
output area will not be used when the output records
are written in the output area (if the input blocking
factor and input-record length are the same as the out-
put blocking factor and output-record length). How-
ever, the user should make certain the stipulated out-
put area is sufficient to contain all the input records, if
no records are deleted.
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If the output file is to be written out on tape, only
those records that have been sorted will be transferred
to the tape.

Note: The user is responsible for saving the deleted records
(see User Programming), regardless of whether the output rec-
ords are to be written out on tape or disk. The deleted records
still exist in the initial input area. ’

The formula for calculating the minimum number of
sectors defined by a single output rRoLIN card is:

Equation 2
20,000 BOS )
(l_Lo' X BO.I + BOS

where
LO = Length of records in the final output

Dividing 20,000 by LO (the output-record length—
this may differ from the input-record length if the user
has utilized the program features that permit deletion
of characters from the low-order end of input records
or the addition of record marks) and rounding low re-
sults in an approximation of the maximum number of
output records that can be processed at one time dur-
ing phase 6. Dividing BOS (the number of sectors per
output block) by BO (the number of records per out-
put block) and rounding high results in the number of
sectors per output record. Multiplying the maximum
number of output records by the number of sectors per
output record results in the minimum number of sec-
tors required for the output file (or the minimum num-
ber of sectors that can be specified in a single disk-
output RoLIN card). The output area must be large
enough to handle the maximum number of records
phase 6 can write out at one time.

Equation 1 and equation 2 both result in a figure
that can be called “the minimum number of sectors
required for the output file.” It is not likely that these
two figures will be equal, or that the result of equation
2 will be greater than the result of equation 1. How-
ever, if the result of equation 2 is the larger it should
be used and the output records should be stored in one
output area that is defined by one disk output RoLIN
card. In this case, the entire output area will not be
used, although it has been specified in- a roLIN card,
because the end-of-file trailer label will stop the writ-
ing process after the last output record has been
written.

Multipack Qutput

The object program will accommodate multipack out-
put. roLiN card information must refer to the output
pack on-line.

If the user has more than one drive on-line, output
can be placed on several packs using one drive. The
areas required on-line during phases 5 and 6 are the
input area(s), work area, and work cylinder. These
areas cannot be defined on a drive from which packs
are to be removed during the processing of phases 5
and 6.

The user must mount a new disk pack on the drive
when the capacity of the specified area has been
reached.

Maximum File Size

Because the sort object program can process records
on a system with a minimum of one and a maximum of
five 1311 disk drives, the maximum file size (maximum
number of records) varies according to the number of
disk storage drives on-line. The maximum file size for
any system configuration can be calculated with the
following formula:

Basic Maximum File Size Equation

MFS =

(2x106x D) — 100 P — 2x 10*
ZFT

MFS = Maximum file size.

2 X 10° = Number of characters that can be stored on an
mmMm 1311.

D = Number of drives available to the sort program.
= See Figure 18.

2 X 10* = Number of characters on the work cylinder.
Do not use this factor unless phase-6 output is
desired.

Z = Sce Finding the Value of Z.
T = See Finding the Value of T.

By determining the number of disk-storage positions
available for the sort (2 x 106 x D) and subtracting the
number of positions reserved for the sort program, and
the work cylinder if phase-6 output is desired, the
number of positions available for the sorting process is
calculated. The number of positions available for sort-
ing is then divided by the sum of either the number
of characters required for each individual output rec-
ord or the number of characters required for process-
ing each tag (one of these two values will be substi-
tuted for Z) and added to the number of characters
required for each input record in the disk input area
(this value will be T). The result of this division is the
maximum number of records (MFS) that can be sorted
under the given system specifications and record
specifications.

The assumption made in the formula for calculating
the maximum file size is that 2 maximum overlap will
exist between the work area and the output area (see
Overlapping Work and Output Areas).
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The approximated value of MFS can be used for
calculating the work area, the output area, and the
input area. The user simply substitutes MFS for N in
the formulas used to calculate these three areas. The
result of substituting MFS for N is a maximum work
area, a maximum output area, and a maximum input
area. Use of MFS instead of N means, of course, that
the user must calculate Veard, Vtape, NCNT, and TBI
before he can calculate MFS. Therefore, the size of the
input, output, and work areas will be calculated after
the MFS equation has been solved.

Finding the Valve of Z

Z = The greater of 'r%%‘] or

[ 20011

s

If the program is to be terminated after phase 4 or
phase 5, or if the phase-6 output is to be written on

tape, BOL will always equal 0, because the output

BO
area will not be required.

BO = Output blocking factor. {The number of records
per output block.}

BOL = Output block length. (The number of characters
in the output block. This is equivalent to the num-
ber of sectors required for an output block multi-
piied by 100.)

H = See Figure 18.
A = See Figure 18.

CW = Length of the control word. (The sum of the
length of the control-data fields added to the §-
character disk address.)

Before the basic-maximume-file-size equation can be
solved, the value of Z must be determined. To deter-
mine the value of Z, divide the output block length
(BOL) by the output blocking factor (BO) and round
the result high. The result of this division is the num-
ber of characters required for each individual output
record.

Next, divide the maximum number of characters
written on disk by a phase (A—Figure 18) by the value
of CW (see the discussion of CW in the section Work
Area) and round low. The result of this division is the
maximum number of tags that can be written on disk
or tape by a phase at one time. Multiply the minimum
number of sectors required to write a block of tags
during a phase (H-Figure 18) by 200 (the number of
characters required to write a sector in the work area
—each sector requires 100 characters, but the work
area has two sections, each of which must be capable
of containing a tag for each input record). The result
of this multiplication is the total number of characters
required in the combined sections of the work area.

Dividing the number of characters required by a single
phase for the two work-area sections by the num-
ber of tags written on disk by a phase at one time and
rounding high results in the number of characters re-
quired to process each tag.

This value (characters per tag) is then compared to
the number of positions required for each individual
output record, and the greater of the two values can be
substituted for Z in the basic-maximum-file-size equa-
tion. If the output area will not be required (program
terminates at the end of phase 4 or phase 5, or tape
output has been specified), the number of characters
required to process each tag will always be substituted
for Z, because the output area will be equal to zero.

Finding the Vaive of T

Equation a.

T= 'I%H for disk input and/or additions

Equation b.

T= ’VMI—FEI—Q'—] for card input

Equation c.

T = Poov tape | for tape input if NCNT x
— |7 TBT | BI>100

Equation d.

T— 100V tape—l
NCNT x BI

for tape input if NCNT
x BI = 100

where

BIL = Input-block length. (The number of characters
in an input block. This equals the number of
sectors per input block multiplied by 100. For
example, if three 80-character records are con-
tained in three sectors, BIL = 300.)

BI = Input blocking factor. (The number of records
per input block.)

TBI = The value substituted for TBI in the formula
used to find the value of Vtape when (NCNT)
(BI)>>100, (See Input Area: Tape Input).

n = The value substituted for n in the formula used
basic-input area equation (see Input Area: Card
Input).

Veard = The value that was determined with the card
input formula and was substituted for V in the
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basic-input-area equation (see Input Area: Card
Input).

Vtape = The value that was determined with the tape
input formula was substituted for V in the
basic-input-area equation (see Input Area: Tape
Input).

NCNT = Maximum number of input tape blocks that can
be contained in core storage at one time. The
value of NCNT was determined with a formula
and was used to find the value of Vtape (see
Input Area: Tape Input).

In equation a, determine the value of T by dividing
the input block length by the number of records per
input block and rounding high. The value of T, in this
case, is the number of characters per input record.

In equation b, multiply Vcard (number of sectors of
output produced by phase 1 at one time) by 100 (num-
ber of characters per sector) to find the number of
characters of output produced by phase 1 at one time.
Divide the result of this multiplication by the value of
n (number of records of a given length in a sector) that
was substituted in the formula used to calculate Vcard,
and round the result high. The value of T, if the user
has card input, is the number of characters per record
produced by phase 1 at one time.

In equation ¢, multiply Vtape (number of sectors of
output produced by phase 1 at one time) by 100 (num-
ber of characters per sector) to find the number of
characters of output produced by phase 1 at one time.
Divide the result of this multiplication by the value
that was substituted for TBI (TBI is the number of
blocks of a given size that can be contained in core
storage) and round high. The value of T, under the
condition NCNT x BI > 100, is the number of charac-
ters per record produced by phase 1 at one time.

In equation d, multiply Vtape (number of sectors of
output produced by phase 1 at one time) by 100 (num-
ber of characters per sector) to find the number of
characters produced by phase 1 at one time. Next, mul-
tiply NCNT (the number of user blocks of a given size
that can be contained in core storage) by BI, the input
blocking factor) to find the number of records that can
be contained in core storage at one time. Divide the
number of characters produced by phase 1 at one time
by the number of records in a sector and round high.
The value of T, under the condition NCNT x BI == 100,
is the number of characters required for each record.

After the MFS has been computed, the input, output,
and work areas should be computed individually to
make certain the program specifications governing
placement of required areas are not violated. For ex-
ample, the work area must be confined to a single disk
pack.

Optimum Placement Disk-Storage Areas

The minimum sorting time for a given machine con-
figuration is attained when the input/output areas,
work area, and work cylinder are placed in a particu-
lar manner in disk storage.

The optimum placement of the areas depends on:

1. Whether the object program is to be run through
phase 4, or through phase 6,

2. The number of disk storage drives on-line, and

3. Whether the direct-seek feature or normal-seek op-
eration is to be used.

If the system has one drive on-line, and if the nor-
mal-seek operation or the direct-seek feature is to be
used, and if the object program is to be run to the end
of phase 4, then the work area should precede and be
adjacent to the input area in disk storage (Figure 19).
The work area should be placed as close as possible to
the home position.

I Work Area 4[

Figure 19. One Drive On-Line, Terminating in Phase 4

Input Area J

If the system has two or more disk drives on-line,
and if the normal-scek operation or the direct-seek
feature is to be used, and if the object program is to
be run to the end of phase 4, then the input area and
the work area should be placed on different drives
(Figure 20).

(S

! Input Area l

[ Work Area I ,

Figure 20. Two or More Drives On-Line, Terminating in

Phase 4

1f the system has one drive on-line, and if the nor-
mal-seek operation is to be used, aod if the object
program is to be run to the end of phase 6, then the
work cylinder should be placed first, the input area
second, and the output and work areas last (Figure 21).
If the direct-seek feature is to be used, the work cylin-
der and input area should be interchanged.

t
fe&——— Output Area —€ P
Work Input work |
Cylinder Area ‘ *= Area 1 ‘
Figure 21. One Drive On-Line, Terminating in Phase 6



Input Output Input

Area Area Area

Work Work Work
Cylinder Area Cylinder

Figure 22. Two Drives On-Line, Terminating in Phase 6 ‘m‘:’:
Output

. . . . Area

If the system has two disk drives on-line, and if the

normal-seek operation or the direct-seek feature is to
be used, and if the object program is to be run to the
end of phase 6, then the input area should be placed
first and the output area second on one of the drives.
On the other drive, the work cylinder should be placed
first and the work area second (Figure 22). If, however,
the input and output areas cannot be placed on one
drive, the remainder of the output area should be
placed on the second drive. In this case, the work cylin-
der should be placed first and the output and work
areas last (Figure 23).

Input Output
Area Area
l«—— Output Area ——————je— P
Work Work }
Cylinder Area i

Figure 23. Two Drives On-Line, Terminating in Phase 6

If the system has three disk drives on-line, and if
the normal-seek operation is to be used, and if the
object program is to be run to the end of phase 6, then
the input area should be on one drive and the output
area, on another. The work cylinder should be placed
first and the work area, second on the remaining drive
(Figure 24). If the direct-seek feature is to be used,
interchange the locations of the work area and work
cylinder.

Input
Area

Output
Area

Work Work
Cylinder Area

Figure 24. Three Drives On-Line, Terminating in Phase 6.

If the system has four or five drives on-line, and if
the normal-seek operation or the direct-seek feature is
to be used, and if the object program is to be run to
the end of phase 6, then the four areas should be
placed on different drives (Figure 25). If the input area
extends beyond the limit of one or two drives, the

Figure 25. Four or Five Drives On-Line, Terminating in

Phase 6

user, when planning the placement of the additional
areas, should assume that he has one or two fewer
drives respectively.

RDLIN Cards

RDLIN (read label information) cards supply the sort
object program with label and disk-area information.
Input roLIN cards are required for every object-pro-
gram execution. Output roLIN cards are required for
phase-6 disk output (sorted records) and for phase-6
tape output with labels.

input RDLIN Cards

Input &pLIN cards have the following functions:

1. To define the work area

2. To define the input area(s)

3. To define the work cylinder

4. To supply label information (tape and/or disk).

Disk RDLIN Cards

Input roLiN cards that define disk areas are inserted
in the assignment-phase portion of the object deck.
They can be in any order, but:

1. The last card must contain an L in column 5.

2. If card additions are to be sorted, the last input area
RDLIN card must contain an A in column 5. There-
fore, when additions are specified, the last input
area RDLIN card cannot be the last card.

If unlabeled disk areas are to be used, the roLiN card
must contain identification, drive number, roLIN and
limits.

Note: There is a difference between input rRoLIN cards and
input-area RoLIN cards. The former refers to all the disk roLIN
cards that are inserted in the assignment-phase portion of the
object deck; the latter refers to those roLIN cards that define
input areas (INP1, INP2, INP3, INP4).

40  Sort Progs. for 1401-1311 and 1460-1311 Specs and Op. Proc.



Restrictions on Limits
The restrictions are:

1. Any area defined by a rorLiN card must be one con-
tinuous area and be contained within one disk pack.

2. The address ranges on the disk packs that contain
the input areas, work area, and work cylinder must
not be the same. For example, if the input area is on
a pack with an address range of 000000-019999, the
work area and work cylinder cannot be a different
pack with the same address range.

Format
The format of an input disk roLiN card is:

Columns Identification

1-4 INPX = input area. x is the number (1-4) of the
area.
WKAR = work area.
wcyL = work cylinder.

5 Last card: Punch an L in the last input RDLIN
card. This card can be an INPX, WKAR, or
WCYL RDLIN card.

Additions: An A in the last input area RDLIN
card specifies the disk area that is reserved
for card additions to disk files. An INPX RDLIN
card that contains an A in column 5 cannot
be the last input rRoLIN card.

6-10 Blank.

11 Drive number: If the limits specified in columns
55-66 are within the range 000000-019999,
punch the number of the drive on which the
pack is to be mounted.

12 Drive number: If the limits specified in columns
55-66 are within the range 020000-039999,
punch the number of the drive on which the
pack is to be mounted.

13 Drive number: If the limits specified in columns
55-66 are within the range of 040000-059999,
punch the number of the drive on which the
pack is to be mounted.

14 Drive number: If the limits specified in columns
55-66 are within the range 060000-079999,
punch the number of the drive on which the
pack is to be mounted.

15 Drive number: If the limits specified in columns
55-66 are within the range 080000-099999,

punch the number of the drive on which the.

pack is to be mounted.

Note: The disk-drive control numbers are 0,
2, 4, 6, and 8.

16-20
21-24
25-29
30-39

RDLIN
File retention period.
Creation date.

File identification.

Columns Identification

40-44 File serial number.

45-49 Pack serial number.

50 Blank.

51-54 File sequence number,

55-60 Low limit.

61-66 High limit. (Note that Sort 6 requires that the
high limit of the RDLIN card be the address
of the last sector of the last block.)

67-80 Blank.

If the user desires to use the work area as an output
area, he must specify the normal retention period.
However, if the user wishes to utilize the label-check
feature and does not want to retain the information on
either the work cylinder or work area, he should
specify the retention period of 0. This will protect these
areas for a minimum of only one day.

Figure 26 shows the format of a standard disk header
label.

Work Area RDLIN Card. This card is always required.
It must contain WkAR in columns 1-4. The upper
limit must be Oxxx99. If the sort object program is
to be run on a 4K machine, the lower limit must be
a multiple of 4.

Input Area RDLIN Cards. At least one input area
roLIN card is required. A maximum of four input

areas can be defined. Only the last area can contain
a 1EOFD trailer label.

The identification (columns 1-4) for input area
RDLIN cards are:

ID Meaning

INP1 Specifies the first or only input area. If the input
medium is tape or cards, the area defined must
be large enough to contain the entire area (only

one input area can be used with either medium),

INP2 Specifies the second input area.
INP3 Specifies the third input arca.
INP4 Specifies the fourth input area.

Work Cylinder RDLIN Card. This card is required if
phase-6 output (sorted records) is desired. It must
contain wcyL in columns 1-4 and define the limits of
one actual cylinder (200 sectors).

Tape RDLIN Cards

If a tape input file contains standard labels that are to
be checked, tape rRoLiN cards are required. Nonstand-
ard labels must be processed by user routines.

The tape roLiN cards are inserted in the phase-1
portion of the object deck.
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Formats

1. Use the following format if type A (120-character)

3. Use the following format if type C (84-character)

labels were specified at generation time:

labels were specified at generation time: Columns Indicate
Columns Indicate 16-20 RDLIN
16-20 21 Blank
) RDLIN 22-26 File serial number
21-24 Retention period 27 Blank
25-29 Creation date 28-31 Reel sequence number
30-39 File identification 32 Blank
40-44 File serial number 33-34 Creation date: year
35 Blank
45-48 Reel ]
ecl sequence number 36-38 Creation date: day
. 39-41 Blank
2. Use the following format if type B (80-character) 49-44 Retention period
labels were specified at generation time: 45 Blank
Columns Indicate 46-50 Label information
51-68 File identification
16-20 RDLIN
21.95 File serial number Figure 26 shows the format of standard tape header
26 Minus sign (11-punch) iage;s. (Figure 27 shows format of standard tape trailer
27-29 Reel sequence number abels.)
30 Blank Output RDLIN Cards
31-40 File identification h . .
41.45 Creation date Output roLIN cards have the following functions:
48 Minus sign (11-punch) 1. To define the output area if phase-6 output (sorted
47-49 Retention period records) is to be written on disk.
50 Blank 2. To supply label information (tape or disk)
pta Tape Trailer Label (Type A) 1;.‘:;
® ©]
T Lobel (Reserved Fields) Block (Reserved Blank o‘l T
M Identifier Count Fields) Inf:':l::;:ion L
HEonLL
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Figure 27. Schematics of Standard Tape Trailer Labels
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Disk RDLIN Cards

Any number of disk roLIN cards can be inserted in the
phase-6 portion of the object deck. The cards can be in
any order. The format of a disk rorLIN card is:

Columns  Indicate

1 Last card. Punch an L in the last output mRpbLIN
card.

2-5 Overlap. Punch stort in the last output rprLIN card
if the area it defines is to overlap the first part of
the work area.

6-80 Same as input RDLIN cards.

If the output and work areas are to overlap, the start-
ing address of the output area must be less than or
equal to the starting address of the work area. The high
limit of the output area must not be greater than the
high limit of the work area. Only the end of the out-
put area can overlap the work area. See File Area
Definition: Overlapping Work and Output Areas.

Each disk area, defined by a roriN card, must be
contained within one disk pack.

If the object deck does not contain tape output rou-
tines and/or phase-6 user routines, two identical sets
of roLIN cards are required. One of these sets will be
utilized by the sort program; the other will be ignored.
The last card in each set must contain L or LsToT de-
pending on what was punched in the last card of the
first set.

Sorts 61, 62, 63, and 64 do not require the two
identical sets.

Tape RDLIN Cards

If standard tape labels are to be generated and written
on the output tape, tape BRoLIN cards are required. The
formats are the same as those described under Input
RDLIN Cards. Use the format for the type of label
specified in the tarLaBLOUT card at generation time.

Date Card

If the user has specified checking of standard input or
output tape or disk labels, a date card must be inserted
in the assignment-phase portion of the object deck.
The program uses the date-card information to check
the retention period of existing labels and to write the
creation date on output labels. The format of the date
card is:

Columns  Indicate

1-3 Core-storage address at which the high-order char-
acter of the date will be loaded. Punch 082.

4-5 Number of characters to be loaded from this card.
Punch 05.

6 Word separator (0-5-8 punch).

7-11 Today’s date: year (xx) and day (xxx).

Control Cards

The control cards contain the information for a specific
application of the generated object program. Two
control cards must be prepared by the user for each file
that is to- be sorted. Punch the control cards as follows:

Control Card 1

Column Indicates

1 Input media.
1. Punch a C if input is from cards.
2. Punch a D if input is from disk storage.

3. Punch a 2 if input is from tape. The input tape
must be mounted on tape unit 2.

2 Output media.

1. Punch a D if the output is to be written in disk
storage.

2. Punch a 3 if the output is to be written on tape.
The output tape must be mounted on tape
unit 3.

3-5 Input blocking factor (B:). Punch the number of
records (001-100) in each input block. The input
blocking factor for unblocked records is 001.

6-8 Output blocking factor (B,). Punch the number of
records (001-100) that are to be written in each out-
put block. The output blocking factor for unblocked
records is 001. If the object program run is to halt
at the end of phase 4 or phase 5, these columns
must be left blank.

9-10 Number of sectors (01-30) in each disk storage
input block (BIS).

This entry must be made when input is from disk
storage. Otherwise is must be blank.

11-12 Number of sectors (01-30) in each disk storage
output block (BOS).

This entry must be made when the output is to be
written in disk storage. If the object program run
is to halt at the end of phase 4 or phase 5, these
columns must be left blank.

13-16 Input record length (0005-3000).

17 Core storage capacity of the 1401 or 1460.

1. Punch a 1 if the 1401 has 4,000 positions of
core storage.

2. Punch a 2 if the 1401 has 8,000 positions of
core storage.

3. Punch a 3 if the 1401 has 12,000 positions of

core storage.

4. Punch a 4 if the 1401 has 16,000 positions of
core storage.

18 Desired sequence of the output file.
1. Punch a 0 for ascending sequence.
2. Punch a 1 for descending sequence.

19 Deletions by class ‘in phase 1.
1. Punch a 0 if there are to be no deletions.

2. Punch a 1 if records of a certain class are to be
deleted during phase 1. Columns 21-25 of this
control card must be punched in this case.
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Column
20

21

22-25

26

27

28-31

32

33-34

36

37

Indicates

Selections by class in phase 1.
1. Punch a 0 if there is to be no selection.

2. Punch a 1 if only records of a certain class are
to be selected from the file and sorted during
phase 1. Columns 21-25 of this control card
must be punched in this case.

Character controlling the deletion or selection of
records in phase 1. This column must be punched
if column 19 or column 20 contains a I unless the
controlling character is a blank.

Position in each record that controls the deletion
or selection of records during phase 1. Punch the
position of the record in which the character
punched in column 21 can be found. These col-
umns must be punched if column 19 or column 20
contains a 1.

Card additions to the file.

1. Punch a 0 if additions to the file are not to be
made.

2. Punch a 1 if additions are to be made to the file.

Deletion, in phase 4, of records on the basis of
control data.

1. Punch a 0 if there are no deletions to be made.

2. Punch a 1 if records are to be deleted during
phase 4 on the basis of control data. In this case,
cards containing the deletion control data must
be properly inserted in the object program deck.
(Refer to Deletions by Control Data.)

Number of characters to be deleted from the low-
order position of each output record (0000-2995).

1. Punch 0000 if no characters are to be deleted.

2. Punch the number of characters (0001-2995) that
are to be deleted from each record.

Note: Number of characters deleted can be 2996
if a I is punched in column 36.

Type of card input or additions.
1. Punch a 0 if no card input or additions.

2. Punch a 1 if the input or additions consist of
70-character card records.

3. Punch a 2 if the input or additions consist of
80-character card records.

Number of tape reels in the input file (00-99).

1. Punch 00 if tape input is not specified.

2. Punch the number of reels in the input file
(01-99) when input is from tape.

Sequence check and hash total.

1. Punch a 0 if hash totals are not to be accumu-
lated in phases 2, 3, and 4, and the file is not
to be sequence-checked during phase 4.

2. Punch a I if the hash totals are to be accumu-
lated and the sequence-check is to be performed.
Record marks in the output file.

1. Punch a 0 if a record mark is not to follow each
output record.

2. Punch a 1 if a record mark is to follow each
output record. The output record length is in-
creased by 1 in this case.

Restart run.

1. Punch a 0 if this is not a restart run.

2. Punch a 1 if this is a restart run.

Column

38-42

43-47

48-52

53

54

55-66
67

68

69

70

Indicates

Starting address of the user written program, if
present, in phase 1. These columns must be left
blank if a user routine is not required in phase 1.

Starting address of the user written program, if
present, in phase 4. These columns must be left
blank if a user routine is not required in phase 4.

Starting address of the user written program, if
present, in phase 6. These columns must be left
blank if a user routine is not required in phase 6.

Output desired.

1. Punch a 0 for sorted records (phase-6 halt).

2. Punch a 3 for sorted 8-character addresses
(phase-4 halt).

3. Punch a 4 for the control data from each rec-
ord (phase-4 halt).

4, Punch a 5 for sorted 10-character -addresses
(phase-5 halt).

Location of phase-4 output.

1. Punch a I if the output is to be relocated so
that the starting address of the output is to be
the starting address of the work area.

2. Punch a 0 if the output is not to be relocated.

Note: In either case, a halt occurs and a message
giving the starting address of the output is printed.

3. Leave blank if phase-4 output is not desired.
Leave blank.

Input disk labels.
1. Punch a 0 if there are no input disk labels.

2. Punch a I if only the file name is to be checked
on standard disk labels on the input file, and
labels are written for work area and work
cylinder.

3. Punch a 2 if full label checking is to be per-
formed on each standard disk label on the input
file, and labels are written for work area and
work cylinder.

Note: A disk rRoLIN card containing the label infor-
mation must be properly inserted in the object deck
if this column contains a 1 or a 2.

Output disk labels.

1. Punch a 0 if no labels are to be written on the
output disk pack.

2. Punch a I if the labels already in the label
track are to be checked and then a new header
label written for each section of the output file.
A disk moLIN card containing the label informa-
tion must be properly inserted in the object deck
in this case.

Input tape labels
1. Punch a 0 if the input tapes contain no labels.

2. Punch a 1 if the input tapes contain labels. The
desired checking has been specified in the
TAPLABLIN parameter card. A tape RoLIN card
must be properly inserted in the object deck if
standard label checking is to be performed.

Output tape labels.

1. Punch a 0 if labels are not to be generated and
written on the output tape.

2. Punch a I if labels are to be written on the out-
put tapes. The desired type of label has been
specified in the TapLABLOUT card. When a 1 is
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Column

71-78
79

80

Indicates

punched in this column and standard labels are
specified, the retention period in the header label
that is already written on the output tape is
automatically checked to make sure that the data
on the tape can be destroyed. A tape rpLIN
card must be properly inserted in the object
deck in this case.

Leave blank.

Control card number.
Punch a 1 in this column.

Leave blank.

Control Card 2

Control card 2 specifies the location and size of each
control data field. This card is required in all cases.

Column
1-2

3-5

6-9

10-12
13-16

17-19

Indicates

The total number of control data fields in each
input record (01-10).

The total number of characters in all control data
fields (001-189).

The location, within each record, of the high-order
position of control data field 1. If control data field
1 is in positions 1-10 of each record, these columns
are punched 0001.

The number of characters in control data field 1.
The location, within each record, of the high-order
position of control data field 2.

The number of characters in control data field 2.

Column
20-23

24-26
27-30

31-33
34-37

38-40
41-44

45-47
48-51

52-54
55-58

59-61
62-65

66-68
69-72

73-75
76-78
79
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Indicates

The location, within each record, of the high-order
position of control data field 3.

The number of characters in control data field 3.

The location, within each record, of the high-order
position of control data field 4.

The number of characters in control data field 4.

The location, within each record, of the high-order
position of control data field 5.

The number of characters in control data field 5.

The location, within each record, of the high-order
position of control data field 6.

The number of characters in control data field 6.

The location, within each record, of ‘the high-order
position of control data field 7.

The number of characters in control data field 7.

The location, within each record, of the high-order
position of control data field 8.

The number of characters in control data field 8.

The location, within each record, of the high-order
position of conirol data field 9.

The number of characters in control data field 9.

The location, within each record, of the high-order
position of control data field 10.

The number of characters in control data field 10.
Leave blank.

Control card number.
Punch a 2 in this column.

Leave blank.



This section describes the program decks for Sort 61,
62, 63, and 64; the preparation of the object deck; and
the machine operator procedures for running the sort
object program.

Description of IBM-Supplied Object Decks

The core-storage capacity of the object system and the
presence or absence of the direct-seek feature deter-
mines which 1BM-supplied sort should be used:

Program Machine Direct
Name ID Size Seek
Sort 61 614x1 4K No
Sort 62 628x1 8K, 12K, 16K No
Sort 63 63Dx1 4K Yes
Sort 64 64Hx1 8K, 12K, 16K Yes

Each object deck contains the seven sort program
phases (0-6). Each card contains a sequence number
in columns 73-75 and identification in columns 76-80.
The cards in each phase deck are numbered sequen-
tially. The value of x identifies the phase of the object
program and can be 0, 1, 2, 3, 4, 5, or 6. The parameters
used in the generation of the sort object decks are
given in Sort Object Program Specifications.

Preparing the Object Deck

The user must consult his program listing when pre-
paring the object deck. Comments on the listing indi-
cate insertion points for control cards, RoLiN cards, card
input, card additions, and deletion cards.

Before the sort operation can be performed, the ob-
ject program decks for the various phases must be com-
bined into one deck (Figure 28). The procedure for
combining the decks is:

1. Remove the first two cards from each phase object
deck except the assignment-phase deck. These are
the clear storage cards.

2. Remove the next to last card from both the phase-1
and phase-6 object program decks. Insert these
cards irnmediately following the disk rorLin cards in
the assignment-phase object deck. If phase 6 is not
to become part of the object program deck, the next
to last card of the phase-8 object deck does not
have to be inserted into the assignment-phase deck.
If a Sort 61, 62, 63, or 64 object deck is being used,
skip step 2.

Sort Object-Program Operating Procedures

3. Place the complete assignment-phase object deck
first. Follow this deck with the phase object decks
in ascending sequence according to phase number.
If phase-5 output is desired, the phase-6 deck is not
required. If phase-4 output is desired, neither the
phase-5 nor phase-6 decks are required. The result-
ing deck is the complete object program deck.

Assignment Phase

If a date card is required, place it immediately after
the 6-card loader. The date card is required if standard
tape or disk output labels are to be processed.

Place the control cards immediately ahead of the
card that is preceded by the following comments on
the listing;:

##*CONTROL CARDS AND RDLIN CARDS GO***
*#*BEFORE THIS OVERLAY FIRST CARD***

Control card 1 must precede control card 2.

Place input moLIN cards that define disk areas im-
mediately after control card 2. The last input area may
contain an EOF, and the input area associated with it
must be the last defined input area in the sequence
indicated in column 4 of the roLiN card. The last card
must contain an 1. in column 5.

Phase 1

If any of the following comments are applicable to the
sort job, place the specified card(s) immediately ahead
of the card that is preceded by the comment on the
listing:

*TAPE RDLIN CARD PRECEDES THIS CARD*

*CARD INPUT BEFORE THIS CARD*
*ADDITIONS BEFORE THIS CARD*

Phase 4

If records are to be deleted on the basis of their con-
trol data, place the cards containing the control data
immediately ahead of the card that is preceded by the
following comment on the listing:

*DELETIONS BEFORE THIS CARD*

There must be one deletion card for each unique con-
trol-data field. All the records that contain the same
control data will be deleted by the single deletion card.
The cards must be in the collating sequence specified
in control card 1.
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Second Set of Disk RDLIN Cards
First Set of Disk RDLIN Cards

Card Input

Tape RDLIN Card

[ Assignment Phase

/

Card Additions

7=Card Loader

| «—~~————ew—— Date Card

Tape RDLIN Card

Deletions Cards

- Phase 6 Load Card
Phase 1 Load Card
Disk RDLIN Cards

( Control Card 2

Control Card 1

Figure 28. Approximate Insertion Points for User-Prepared Cards

Phase 6

The moriN cards that define the disk output area(s)
must be placed immediately ahead of the card that is
preceded by the first appearance of the following com-
ment on the program listing.

**DISK RDLIN CARDS PRECEDE THIS CARD**

An additional set of disk moLiN cards is required if
the sort object deck does not have at least one of the
following characteristics:

1. Phase-6 user routines.

2. Tape output routines (TAPE was not specified in the
ouTpTMEDIA parameter card when the sort object
program was generated).

The additional set of disk rpLiN cards must be iden-
tical to the first set. Insert the identical set immediately
ahead of the card that is preceded by the second ap-
pearance of the following comment on the program
listing:

**DISK RDLIN CARDS PRECEDE THIS CARD**
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The identical set is not required when Sort 61, 62, 63,
or 64 is used because tape output routines are in-
cluded in the object deck.

The sequence of the roLiN cards determines the se-
quence of the use of the output areas. The last card
must contain an L in column 1. If the second set is re-
quired, the last card of the set also must contain an L
in column 1.

The roLN card that is to be used to generate stand-
ard output tape labels must be placed immediately
ahead of the card that is preceded by the following
comment on the program listing:

#***TAPE RDLIN CARD PRECEDES THIS CARD***

Executing the Object Program
To execute the sort object program:

1. Insert forms on the printer or console printer and
install an appropriately punched carriage tape.

Sort Progs. for 1401-1311 and 1460-1311 Specs and Op. Proc.



2. Mount any tape(s) required on the unit(s) specified
in control card 1.

3. Mount the required disk pack(s) on the proper
drive(s). The work area and all input areas must be
on-line. The work cylinder must be on-line if phase
6 is to be executed.

4. Turn sense switch A on.
5. Turn the I/O check stop switch on.

6. Place the prepared object deck in the read hopper
of the 1402.

7. Press CHECK RESET, START RESET, and LOAD.

8. When the system attempts to read the last card,
Press START.

If a card-read error occurs while loading the pro-
gram with the I/0 check stop switch on, the procedure
is:

1. Remove the cards from the hopper.
2. Press NPRO to run out the non-processed cards.

3. Place the last three cards (two non-processed cards
and the card in error) and the remainder of the deck
in the hopper.

4, Press START.

Checkpoini, Interrupt, and Restart

Conditions sometimes necessitate interrupting the sort
object program run before the sorting job being per-
formed is complete. To allow for this, a feature that
permits the user to stop processing at any point during
the sort run and later to resume processing is incor-
porated into the program.

Processing can be interrupted and restarted because
the program periodically writes a checkpoint-infor-
mation area during the running of the program. The
checkpoint information area is written at the comple-
tion of phases 1, 2, 3 and 4; after every phase-3 merge
pass; and periodically during phases 5 and 6. The
checkpoint information area contains the necessary
data to allow the program to perform a restart after an
interruption has occurred.

If phase-4 output is specified, the program cannot
be interrupted and restarted after the last phase-4
object card has been read.

If the output is to be written on disk, the program
cannot be restarted if interrupted from the time that
the first card of the last phase-5 program overlay is
read until the first time halt number 11 occurs (B-
address register 655). This condition results when the
program is to halt upon the completion of phase 6.

If the output is to be written on tape, the program
cannot be restarted if interrupted from the time that
the first card of the last phase-5 program overlay is
read until some records have been written on the out-
put tape. With multireel output, do not interrupt be-
tween reels. Wait until some records have been writ-
ten on the next tape.

The checkpoint information is written on the last five
tracks of the disk-storage work area. The user must
make sure that the checkpoint information, work area,
and input areas are not destroyed between the time of
interrupt and the subsequent restart. If the informa-
tion is destroyed, the sort must be rerun from the be-
ginning. The disk utility program (1401-UT-053) can-
not be used to copy or print the last five tracks of the
work area, because the area is written in both the move
and load modes.

Press the stop key to interrupt the program at any
point. When the program is restarted, processing will
begin from the point at which the last checkpoint in-
formation area was written prior to the interrupt. There
is no restart in phase 1. When restarting in phase 2, 3,
4, or 5, simply remount the disk packs being used at
the time of the interrupt, punch a I in column 37 of
control card 1; then reload the complete object pro-
gram deck including control cards, and roLIN cards.

Each disk pack must be remounted on a 1311 disk-
storage drive with the same number as the one from
which it was removed. If the program was interrupted
in phase 6, the restart procedure varies depending
upon whether all roLiN cards had been read or not be-
fore the interrupt occurred.

If the interrupt occurs after one or more RoLIN cards
have been read, the roriN cards that were read must
be removed from the deck before processing is re-
started. One exception to the rule is that the last rRoLin
card containing 1sToT in columns 1-5 or only L in col-
umn 1 must always be present when restarting in
phase 6. To restart the sort after the required rRpLIN
cards have been removed, follow the restart procedure
described for the other phases.

If phase 6 is interrupted and the preceding case does
not apply, restart the sort as described for the other
phases.

If the user specifies disk-input label checking, the
work cylinder and work area are checked initially as
output areas. However, on a restart run, these areas
are checked as input areas.

If the user specifies disk-output label checking and
restarts in phase 6, halt number 13 (B-address register
777) may occur. This halt occurs when the retention
period on the output area that was being processed at
the time of interrupt is checked.
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Input/Output Error Routines

The tape and disk input/output operations performed
during the running of the object program are per-
formed by the 1401, 1460 disk IOCS routines. Refer to
the IOCS Specifications publication for a description
of these routines.

When the input is from tape and a block of records
is found to be unreadable, the procedure followed is
that which was specified in the TaPe parameter card
at generation time. If pump was specified, the unread-
able blocks are written on the tape mounted on tape
unit 4. If scan was specified, unreadable record blocks
cause a program halt so that the operator can investi-
gate the error.

Halts and/or Messages

The following messages are printed during an object
program run primarily to inform the machine operator
of the current status of the program.

Assignment-Phase Messages

1. The information punched into each control card
that is inserted into the object deck is printed
exactly as it is punched into the card.

2. BCW-XXX BCWS-XXX LCF-XXX MFS-XXXXXX
BI-XXX BO-XXX BIS-XXX BOS-XXX L-XXXX
This message shows various calculated and speci-
fied parameters of the sort run.

BI = input blocking factor.
BO = output blocking factor.

BIS == number of sectors required for each input
block.

BOS = number of sectors required for each output
block.

L =record length.

BCW = number of tags that will be blocked to-
gether during phase 1. This value equals:

[

L = rounded low
CW = control word length

A= 399 for a 1401 with 4,000 positions of core
storage

A = 799 for a 1401 or 1460 with 8,000 positions of
core storage

A = 1399 for a 1401 or 1460 with 12,000 positions
of core storage

A = 1899 for a 1401 or 1460 with 16,000 positions
of core storage

where

BCWS = number of sectors required to contain
one block of tags formed during phase 1. This value

equals: %
LCF = total number of characters in all control
data fields.

MFS = maximum file size.

C = the number of addresses in a phase-4 output
block.

3. **NOTE** MFS$ HAS BEEN DECREASED BY XXXXXX
RECORDS

This message appears only if the factor C has en-
tered into the calculation of the work-area size. If
the decreased MFS is not large enough to accom-
modate the file, the alternate work-area formula
must be used to recalculate the work-area size.

4. END OF ASSIGNMENT PHASE

Phase-1 Messages
1. SORT 6 PHASE ONE

2. RECORDS PROCESSED — XXXXXX
END OF PHASE

This message prints upon the completion of phase 1.
XXXXXX is the number of records that were processed
during the phase.

Phase-2 Message

XXXXXX RECORDS PROCESSED — PHASE 2
END OF INTERNAL SORT

This message prints upon the completion of phase 2.
XXXXXX is the number of records that were processed
during the phase.

Phase-3 Message
END OF PHASE 3

This message prints upon the completion of phase 3.

Phase-4 Messages
1. SORT 6 PHASE FOUR

2. XXXXXX — RECORDS PROCESSED

END OF PHASE FOUR
This message prints upon the completion of phase 4.
XXXXXX is the number of records that were processed
during the phase.

Phase-5 Message

XXXXXX ADDRESSES PROCESSED —PHASE 5
END OF ADDRESS ADJUSTMENT
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This message prints upon the completion of phase 5.
XXXXXX is the number of addresses that were proc-
essed during the phase.

Phase-6 Message

The only messages printed during phase 6 are accom-
panied by a halt.

Halts and Associated Messages

Figures 29, 30, 31, 32, 33, 34, and 35 are listings, by
phase, of the halts and associated messages that can
occur during the running of the object program. The
information given for each halt consists of:

1. The contents of the B-address register, the I-address
register, or the A-register when the halt occurs.
The B-address register should be referred to first.
If the tens and units positions are blank (except
7bb), the A-register identifies the halt. If a tape
operation causes a halt, the tape seLect light that is
on identifies the tape unit concerned.

2. The message associated with the halt and/or the
reason for the halt.

3. The procedure to be followed when the halt occurs.
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B~ADDRESS
NUMBER A-REGISTER | REGISTER MESSAGE AND/OR REASON PROCEDURE

1. 1 xxbb A message is not associated with this halt. Press the start key to retry the disk operation.
Reason: A disk error other than those defined
elsewhere in this list has occurred.

2. 2 xxbb A message is not associated with this halt, Visually check the disk pack and label specifications.
Reason: The lower and upper limits in a standard Press the start key, the start reset key, and then
header label for a disk input file, do not check. the start key to process the file with this condition.

Mount a new pack, if required, and press the
start key twice to recheck all header labels. The
new pack must have the address range already
specified by the RDLIN card.

3. 3 xxbb A message is not associated with this halt. Press the start key, the start reset key, and then the
Reason: The disk light indicates the reason for this start key to recheck all header labels on this pack

c21 alt. for this logical file.
Disk light ON. Access inoperable condition on a
disk header label read or write operation.
Disk light OFF. Disk header label does not contain
T THDRb in the first five positions.

4, 4 xxbb A message is not associated with this halt. Press the start key to recheck all header labels on
Reason: Parity, wrong-length~record, or unequal- this pack for this logical file,
address-compare error detected while reading or
writing a disk header label.

5. 5 xxbb A message is not associated with this halt, Visually check the disk pack and label specifications.
Reason: No header label found for the specified Mount a new pack, if required, and press the start

C41 disk input file. key to recheck all header labels. The new pack must
have the address range already specified by the
RDLIN card.
6. 6 xxbb A message is not associated with this halt. Remove the cards from the hopper, run the cards out,
Reason: A RDLIN information is missing for a place the proper cards (including correct RDLIN
C42 disk file. card) in the hopper, and press the start key, the
start reset key, and the start key to read the RDLIN
card,

7. 7bb A message is not associated with this halt. Use the non-process run-out key on the 1402 to
Reason: A card error has occurred while remove the cards from the reader. Remove the last
reading the control cards or the assignment three cards from the normal read stacker and place
phase RDLIN cards. these cards in front of the card deck that was removed

from the read hopper before the non-process run-out
key was pressed. Place the deck in the read hopper;
and press the start key to continue processing.

8. 001 A message is not associated with this halt. Use the non~process run-out key on the 1402 to
Reason: An error occurred while the program was remove the cards from the reader. Remove the last
aftempting to read a RDLIN card. three cards from the normal read stacker and place

these cards in front of the card deck that was

removed from the read hopper before the non-process
run-out key was pressed. Place the deck in the read
hopper; and press the start key to continue processing.

9. 002 A message is not associated with this halt. Correct the condition and reload the program deck.
Reason: The program has read a card that was not a
RDLIN card when a RDLIN card should have been
read. This condition results if the RDLIN cards
were not properly inserted into the object deck, the
identification in columns 1-5 of the RDLIN card was
incorrectly punched, or an L has not been punched
in column 5 of the last RDLIN card.

10, 003 A message is not associated with this halt. Correct the RDLIN cards and reload the program deck .
Reason: The disk storage input areas have been
incorrectly specified in the RDLIN cards.

1. 004 A message is not associated with this halt, Correct the RDLIN cards so that the additions area is
Reason: The first disk storage input area has been the last specified disk storage input area and then
specified as an additions area. reload the program deck.

12, 005 A message is not associated with this halt, Correct the RDLIN cards so that the additions area is
Reason: A disk storage input area, other than the the last specified disk storage input area and then
first or last, has been specified as an additions area. | reload the program deck.

Figure 29. Assignment Phase, Halts and Messages (Part 1 of 5)
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NUMBER

B-ADDRESS
REGISTER

MESSAGE AND/OR REASON

PROCEDURE

13.

006

A message is not associated with this halt,

Reason: Control card 1 either has not been inserted
in the program deck or it has been incorrectly
inserted.

Correctly insert the controf card and reload the
program deck .

007

A message Is not associated with this halt.

Reason: Control card 2 either has not been inserted
in the program deck or it has been incorrectly
inserted.

Correctly insert the control card and reload the
program deck .

008

A message is not.associated with this halt.
Reason: A required RDLIN card (INP1, or WKAR,
or WCYL) either has not been inserted in the
program deck or it has been incorrectly inserted.

Correctly insert the RDLIN card(s) and reload the
program deck.

010

WORK AREA IS INCORRECTLY DEFINED

Reason: The disk storage work area either has not
been specified or it has not been properly specified
in the WKAR RDLIN card.

Correct the RDLIN card, properly insert it in the
program deck, and reload the deck.

CONTROL CARD #1 HAS INVALID CHARACTERS
PUNCHED ON IT - CORRECT AND RELOAD
PROGRAM

Reason: A character, other than an allowable one
has been punched in control card 1. Bl, BO,

BIS and/or BOS have been incorrectly specified.

Correct the control card and reload the program
deck.

012

There are two possible messages that can be

associated with this halt,

1. WRONG INPUT MEDIA SPECIFIED
Reason: A blank character has been punched
column 1 of control card 1.

2. WRONG OUTPUT MEDIA SPECIFIED
Reason: A blank character has been punched
in column 2 of control card 1.

Correct the control card and reload the program
deck.

013

There are two possible messages that can be

associated with this halt.

1. INPUT TAPE UNIT INVALIDLY SPECIFIED
Reason: A character other than C, D, or
7 has been punched in column 1 of control
card 1 when tape input is specified.

2. OUTPUT TAPE UNIT INVALIDLY SPECIFIED
Reason: A character other than D or 3 has
been punched in column 2 of control card 1
when tape output is specified.

Correct the control card and reload the program
deck.

20.

014

CONTROL CARD # (1) (2) HAS INVALID
CHARACTERS PUNCHED ON IT - CORRECT AND
RELOAD THE PROGRAM

Reason: An alphabetic character has been
specified where a numeric character should have
specified in the indicated control card.

Correct the control card and reload the program

21,

015

THE NO. OF CONTROL FIELDS IN INVALIDLY
PUNCHED ON CC #2, CORRECT IT AND RELOAD
THE PROGRAM

Reason: The characters specified in columns 1-2

of control card 2 are incorrect.

Correct the control card and reload the program
deck.

22,

016

CONTROL CARD #1 IS INVALIDLY PUNCHED
Reason: A character, other than an allowable
one, has been punched in control card 1.

Correct the control card and reload the program
deck.

23.

017

INPUT AREA 1S NOT A MULTIPLE OF BIS
Reason: The limits of the disk storage input area
when inpuf is from disk storage must specify an
area containing a number of sectors that is a
multiple of the number of sectors required for an
input block, or a 1EOF or alECR ftrailer record
must follow the lost disk input record.

Correct the control card and reload the program
deck if no 1EOF or 1EOR trailer record exists.
Otherwise press the start key to continue.

Figure 29.
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24,

018

NO. OF INPUT TAPES ARE INCORRECTLY
SPECIFIED

Reason: Either columns 33-34 of control card 1 are
blank or they contain an invalid character and
input is from tape.

Correct the control card and reload the program
deck.

25,

019

THE BLOCK SIZE OR USER AREA IS TOO BIG
Reason: An input block cannot be processed in the
available core storage positions. This condition
results if the combined phase 1 user area and the
input block size exceeds the area available.

Correct the control card-and/or condition and
reload the program deck.

26.

020

BOTH DELETIONS AND SELECTIONS ARE
SPECIFIED

Reason: Both deletions and selections by class
during phase 1 are specified

Correct the control card and reload the program deck.

27,

021

CARD TYPE 70 OR 80 IS NOT SPECIFIED

Reason: Card input or additions has been specified
and column 32 of control card 1 does not contain a
Tor2,

Correct the control card and reload the program deck .

28,

023

ADDITIONS CANNOT BE HAD WITH CARD, TAPE
INPUT

Reason: Card additions cannot be specified when
input is from tape or cards.

Correct the control card and reload the program deck.

29.

024

SEQUENCE INCORRECTLY SPECIFIED

PUNCH A 1 OR 0 IN COLUMN 18 AND RELOAD
PROGRAM

Reason: Column 18 of control card 1 is either blank
or contains other thana O or 1,

Correct the control card and reload the program deck.

30,

025

DELETIONS OR SELECTIONS ARE SPECIFIED
WITHOUT A RELATIVE POS. OF CTL CHARACTER
SPECIFIED

Reason: Columns 22-25 of control card 1 are blank
and deletions or selections by class during phase 1
has been specified.

Correct the control card and reload the program deck.

31,

026

ADDRESS OF A CONTROL FIELD IS SPECIFIED
LARGER THAN L

Reason: The location of a control data field
specified in control card 2 extends beyond the
specified length of an input record.

Correct the control card and reload the program deck.

32.

027

NO INPUT AREA SPECIFIED FOR ADDITIONS
Reason: Additions to the file during phase 1 is
“specified, but only one input-area RDLIN card
is in the deck.

Insert the required RDLIN card in the object deck
and reload the program deck.

33.

028

SPECIFIED L LESS THAN MIN RECORD LENGTH
Reason: The input record length specified in
columns 13~16 of control card 1 is less than 5 for
disk or card input, 10 for blocked tape input, or 13
for unblocked tape input.

Correct the control card and reload the program deck.

029

USER AREA PH, 4 IS TOO LARGE
Reason: The specified phase 4 user area exceeds

allowable area.

Correct the control card and reload the program deck.

35.

030

CONTROL FIELD GREATER THAN 80 FOR
DELETIONS IN PHASE 4

Reason: Deletions by control data during phase 4
is specified and the specified total number of char-
acters in all control data fields exceeds 80.

Correct the control card and reload the program deck .

Figure 29. Assignment Phase, Halts and Messages (Part 3 of 5)
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PROCEDURE

36.

031

AREA X OVERLAPS WITH AREA X

Reason: The disk storage areas specified in the
nput RDLIN cards overlap. The message refers to
the areas as follows:

AREA 1, Disk storage area in INP1 card.

AREA 2, Disk storage area in INP2 card.

AREA 3, Disk storage area in INP3 card.

AREA 4, Disk storage area in INP4 card,

AREA 5, Disk storage area in WKAR card.

AREA 6, Disk storage area in WCYL card.

Correct the RDLIN cards and reload the program
deck.

37.

032

CONTROL FIELDS ARE OVERLAPPING
Reason: Two or more of the control data fields
specified in control card 2 overlap.

Correct the control card and reload the program
deck.

38,

033

L EXCEEDS LMAX =~ XXXX

Reason: The input record length specified in
columns 13-16 of control card 1 exceeds the
maximum allowable record length.

Correct the control card and reload the program
deck.

39.

034

There are two possible messages that can be

associated with this halt.

1. BIL EXCEEDS LMAX = XXXX
Reason: The specified 100 BIS for disk input
results in a value that exceeds the maximum
allowable block length.

2. BOL EXCEEDS LMAX = XXXX
Reason: The specified 100 BOS for disk output
results in a value that exceeds the maximum
allowable block length .

Correct the control card and reload the program
deck.

40.

035

CONTROL FIELD EXCEEDS MAX ~ 189

Reason: The specified total number of characters
in all control data fields (columns 3=5, control
card 2) exceeds 189 which is the maximum
allowable .

Correct the control card and reload the program
deck.

41,

037

There are two possible messages that can be
associated with this halt,
1. L EXCEEDS INPUT BLOCK
Reason: The specified record length exceeds
the value BIS (100).
2. L EXCEEDS OUTPUT BLOCK
Reason: The specified record length exceeds

value BOS (100),

Correct the control card and reload the program
deck.

42,

038

(81) (BO) IS TOO LARGE
Reason: Either the specified input blocking factor,
or the specified output blocking factor exceeds 100.

Correct the control card and reload the program
deck.

43,

039

There are two possible messages that can be

associated with this halt,

1. INPUT BLOCK IS GREATER THAN BIS X 100
Reason: The specified input blocking factor
multiplied by the specified input record length
results in a value that exceeds the value
obtained when the specified number of sectors
per input bleck is multiplied by 100.

2. OUTPUT BLOCK IS GREATER THAN BOX X
100
Reason: The specified output blocking factor
multiplied by the specified output record length
results in a value that exceeds the value
obtained when the specified number of sectors
per output block is multiplied by 100.

Correct the control card and reload the program
deck.

Figure 29.

Assignment Phase, Halts and Messages (Part 4 of 5)

55



B-ADDRESS
NUMBER REGISTER MESSAGE AND/OR REASON PROCEDURE

44, 040 Two possible messages can be associated with this Correct the control card and reload the program
halt, deck.
1. USER AREA OF PHASE 6 IS TOO LARGE, OR

MIN. STORAGE REQ. IS EXCEEDED

Reason: An output block cannot be processed

in the available core storage positions. The

combination of the user area and the output

block length exceeds the area available. The

user must either reduce the size of the phase 6

user area or reduce the size of the output block.
2. USER AREA OF PHASE 6 IS TOO LARGE, OR

BO IS TOO LARGE

Reason: An output block cannot be processed

in the available core storage positions. The

combination of the user area and the output

block length exceeds the area available. The

user must either reduce the size of the phase 6

user area or reduce the size of the output block.

45. 041 RESTART IN PROGRESS, PRESS START IF DESIRED If the program is being restarted after an interrupt,
Reason: Either a 1 has been punched in column 37 press the start key to continue processing. Other-
of control card 1 or an incorrect character has been | wise, correct the control card and reload the
punched. program deck.

46. 042 MACHINE SIZE NOT SPECIFIED, PRESS START If the program is being run on a 1401 with 4,000
FOR 4K positions of core storage, press the start key to
Reason: Column 17 of control card 1 has a charac- continue processing. Otherwise correct control
ter other than 1, 2, 3, or 4, card 2 and reload the program deck.

47, 043 SPECIFIED AND COMPUTED TOTAL LENGTH OF If the individually specified control data field
CONTROL FIELDS ARE NOT EQUAL, PRESS lengths are acceptable, press the start key to
START TO CONTINUE continue processing. Otherwise, correct control
Reason: The specified total number of characters in | card 2 and reload the program deck.
all control data fields (columns 35 of control card
2) is not equal to the sum of the individually
specified control data field lengths.

48, 044 There are two possible messages that can be Correct the condition and reload the program deck .
associated with this halt.

1. BI X LIS GREATER THAN L MAX
Reason: The specified input record length
multiplied by the input blocking factor results
in a value that exceeds the maximum allowable
block length.

2. BO X L IS GREATER THAN L MAX
Reason: The specified output record length
multiplied by the output blocking factor results
in a valve that exceeds the maximum allowable
block length,

49. 222 A message is not associated with this halt. Press the start key twice to try ten more times, (The
Reason: Seven unequal-address-compare detections | A-address register contains the high~order address
during a disk operation. of the disk-control field,)

50. 333 A message is not associated with this halt. Press the start key twice to try ten more times. (The
Reason: Seven parity~error~detections during a disk | A-address register contains the high-order address
operation. of the disk-control field.

51. 444 A message is not associated with this halt. Determine the disk drive number, by examining the
Reason: Access-inoperable error detected during a storage position specified by the A~address register.
disk operation. Alter-in a different number, if required. Press the

start key to retry with the same or altered drive
number .

52, 555 A message is not associated with this halt. Press the start key twice to try ten more times, (The
Reason: Seven wrong-length-record detections A=address register contains the high-order address of
during a disk operation, the disk-control field.)

53. 777 A message is not associated with this halt. Mount a different disk pack and press the start key
Reason: The portion of a pack specified for a twice to recheck all header labels, Press the start
random disk output file contains active records. key, the start reset key, and then the start key to
This applies to labeled files only and is detected use the original pack without altering. This
by the dates in the header label. automaticaily deletes the data in the file identifica-

tion field of the header label.

54. 888 A message is not associated with this halt. Press the start key, the start reset key, and then the
Reason: The pack serial number of a labeled disk start key to write the disk header label with this
output file does not check. condition, Press the start key twice to recheck all

header labels.

Figure 29. Assignment Phase, Halts and Messages (Part 5 of 5)
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B-ADDRESS
INUMBER A-REGISTER REGISTER MESSAGE AND/OR REASON PROCEDURE
1 +0 xxbl A message is not associated with this halt. Set the tape-select switch to D, turn off the
Reason: First halt (parity error) when SCAN | check stop switch on the auxiliary console,
CBAS82 is specified. (The error stop switch on the and press the start key to reread the error
tape adapter unit must be off.) block for scanning. (Second hglt at symbolic
label BOCSCN+1 in the program listing.)
2 1 xxbb A message is not associated with this halt. Press the start key twice to retry the disk
Reason: A disk error other than those defined | operation.
elsewhere in this list has occurred.
3 H xxbl A message is not associated with this halt. Press the start key to read the header label
Reason: A parity error was detected while again.
CBAS84 reading the tape header label .
4 $ xxbb A message is not associated with this halt. Press the start key twice to recheck the header
Reason: A tape input header label does not label. Press the start key, the start reset key
CB821 check with the user's specifications. and then the start key to process the reel of
data without rechecking the header label.
5 / xxbb A message is not associated with this halt. Press the start key to reread the trailer label.
Reason: A parity error was detected while
CAl reading a tape trailer label.
6 @ xxbb A message is not associated with this halt. Press the start key to backspace, erase, and
Reason: A parity error was detected while write the record again.
C84 writing on the dump tape.
7 xxbb A message is not associated with this halt. Remove the cards from the hopper, run the cards
Reason: A RDLIN information card is missing | out, place the proper cards (including correct
BA821 for a tape file. RDLIN card) in the card reader, and press the
start key, the start reset key, and the start key
to re-read the RDLIN card.
8 * xxbb A message is not associated with this halt. Press the start key to ignore the condition and
Reason: The tape input trailer label does not | continue processing.
B84 check with the totals accumulated by 1OCS,
9 X xxbb A message is not associated with this halt. Mount the next reel of data for this file and
Reason: End-of-reel has been reached on an | press the start key.
CA42) input reel other than the last in a multi-reel
‘ file and label processing has been specified.
10 103 A message is not associated with this halt. Follow the procedure given for halt number 15.
Reason: A card read error has occurred during
the reading of a RDLIN card in phase 1.
1 104 A message is not associated with this halt. Mount the next reel of the input file and press
Reason: End-of-reel has been reached on an | the start key to continue processing.
input reel other than the last in a multi-reel
file and label processing has not been
specified.
12 141 A message is not associated with this halt. Disk input: Recalculate the size of the work
Reason: The maximum file size has been area, change the limits in the RDLIN card,
exceeded. and reload the program deck .

Card or tape input: Recalculate the size
of the input and work areas, change the limits
in the RDLIN cards, and reload the program
deck.

Figure 30, Phase 1 Halts and Messages (Part 1 of 2}
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13 151 A message is not associated with this halt, Change the input area limits in the RDLIN card
Reason: and reload the program deck.

Disk input: The specified disk storage
input area does not contain a number of
sectors that is a multiple of the number of
sectors required for an input block (BIS) or
a 1EOF or a 1EOR trailer record does not
follow the last disk input record.

Card or tape input: The specified disk
storage input area has been exceeded.

14 161 CARD IN ERROR XXXXXXXXX If the input is in the 70 column card format,
Reason: If 70 column format card input is use the non-process run-out key to remove the
specified, this halt indicates that a sequence | cards from the reader. Remove the last three
error has been detected in columns ? and 10 cards from the normal read stacker, correct
of an input card, or the identification in the card in error, and place the cards, in the
columns 1-8 does not check with the previous | correct order, in front of the deck that was
card read of the record. The card con- removed from the read hopper before the non-
taining the sequence error is the last card in | process run-out key was pressed. Place the
the stacker when the halt occurs. The deck in the read hopper and press the start key
sequence number must range from 01-43. to continue processing .

If 80 column card input is being read, If the input is in the 80 column card format)
this halt indicates that the total number of use the non-process run-out key to remove the
cards read was not a multiple of the cards per| cards from the reader. Remove the last card
record. In this case the card identification from the normal read stacker, place the addi-
is not printed. tional number of input cards required in front

of this card and place these cards in front of
the deck. Place the deck in the read hopper
and press the start key to continue processing.

15 171 A message is not associated with this halt, Use the non-process run-out key on the 1402
Reason: A card read error has occurred when | to remove the cards from the reader. Remove
input is from cards. the last three cards from the normal read stacker

and place these cards in front of the card deck
that was removed from the read hopper before

the non-process run-out key was used. Place

the deck in the read hopper and then press the
start key to continue processing .

16 181 CARD IN ERROR XXXXXXXXXX Follow the procedure given for halt number 14.
Reason: 1f 70 column card additions are being
made to the file, this halt indicates that a
sequence error has been detected in columns
9 and 10 of an addition card, or the identifi-
cation in columns 1-8 does not check with
the previous card of the record read. The
card containing the sequence error is the last
card in the stacker when the halt occurs. The
sequence number must range from 01-43.

If 80 column card additions are being
made to the file, this halt indicates that the
total number of cards read was not a multiple
of the cards per record. In this case the card
identification is not printed.

17 191 A message is not associated with this halt. Follow the procedure given for halt number 15.
Reason: Additions have been specified and a
card read error has occurred.

18 222 A message is not associated with this halt. Press the start key twice to try ten more times.
Reason: Seven unequal-address-compare (The A-address register contains the high-order
detections during a disk operation. address of the disk-control field.)

19 333 A message is not associated with this halt. Press the start key twice to try ten more times.
Reason: Seven parity-error detections during | (The A-address register contains the high-order
a disk operation. address of the disk~control field.)

Figure 30. Phase 1 Halts and Messages (Part 2 of 2)
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1 1 xxbb A message is not associated with this halt. Press the start key twice to retry the disk operation.
Reason: A disk error other than those defined
elsewhere in this list has occurred.

2 201 PHASE 1 RECORD COUNT XXXXXX Either press the start key to accept the phase 2 record
PRESS START TO ACCEPT PH2 RECORD COUNT OR count and continue processing, or reload the program
RESTART PROGRAM deck.

Reason: The number of records processed in phase 2
does not equal the number processed in phase 1.

3 222 A message is not associated with this halt. Press the start key twice to try ten more times. (The
Reason: Seven unequal-address-compare detections A-address register contains the high-order address of
during a disk operation. the disk-control field.)

4 333 A message is not associated with this halt. Press the start key twice to try ten more times. (The
Reason: Seven parity-error detections during a disk A-address register contains the high-order address of
operation . the disk-control field.)

5 444 A message is not associated with this halt, Determine the disk drive number, by examining the
Reason: Access-inoperable error detected during a storage position specified by the A-address register.
disk operation. Alter-in a different number, if required. Press the

start key to retry with the same or altered drive
number.

6 555 A message is not associated with this halt. Press the start key twice to try ten more times. (The
Reason: Seven wrong-length-record detections during | A-address register contains the high-order address of
a disk operation. the disk-control field.)

Figure 31. Phase 2 Halts and Messages

HALT IDENTIFIED BY |-ADDRESS REGISTER

3134-8,12,16K| Reason: The hash total accumulated in phase 3 does

not equal the hash total accumulated in phase 2.

I-ADDRESS
NUMBER REGISTER MESSAGE AND/OR REASON PROCEDURE
1. 881-4K A message is not associated with this halt, Either press the start key to accept the phase 3 hash

total and continue processing, or reload the program
deck.

HALTS INDENTIFIED BY B-ADDRESS REGISTER OR A-REGISTER

B-ADDRESS
NUMBER | A-REGISTER REGISTER MESSAGE AND/OR REASON PROCEDURE

1 1 xxbb A message is not associated with this halt, Press the start key twice to retry the disk operation.
Reason: A disk error other than those defined
elsewhere in this |ist has occurred.

2 222 A message is not associated with this halt, Press the start key twice to try ten more times. (The
Reason: Seven unequal-address-compare detections A-address register contains the high-order address of
during a disk operation. the disk-control field.)

3 333 A message is not associated with this halt. Press the start key twice fo try ten more times. (The
Reason: Seven parity-error detections during a disk A-address register contains the high-order address of
operation. the disk-control field.)

4 444 A message is not associated with this halt, Determine the disk drive number, by examining the
Reason: Access-inoperable error detected during a storage position specified by the A-address register.
disk operation. Alter-in a different number, if required. Press the

start key to retry with the same or altered drive
number .
5 555 A message is not associated with this halt, Press the start key twice to fry ten more times. (The

Reason: Seven wrong-length-record detections
during a disk operation.

A-address register contains the high-order address of
the disk-control field.)

Figure 32. Phase 3 Halts and Messages
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B-ADDRESS

Reason: Seven wrong-length-record detections during
a disk operation.

NUMBER A-REGISTER REGISTER MESSAGE AND/OR REASON PROCEDURE

1. 1 xxbb A message is not associated with this halt. Press the start key twice to retry the disk operation.
Reason: A disk error other than those defined
elsewhere in this list has occured.

2. 7bb A message is not associated with this halt. Use the non-process run=out key on the 1402 to
Reason: Deletions by control data have been specified | remove the cards from the reader. Remove the last
and a card read error has occured, three cards from the normal read stacker and place

these cards in front of the card deck that was removed
from the read hopper before the non-process run-out
key was pressed. Place the deck in the read hopper;
and press the start key to continue processing.

3. 222 A message is not associated with this halt. Press the start key twice to try ten more times. (The
Reason: Seven unequal-address-compare detections A-address register contains the high-order address of
during a disk operation, the disk~control field.)

4, 333 A message is not associated with this halt. Press the start key twice to try ten more times. (The
Reason: Seven parity~error detections during a disk A=-address register contains the high-order address of
operation. the disk=control field.)

5. 444 A message is not associated with this halt. Determine the disk drive number, by examining the
Reason: Access~inoperable error detected during a storage position specified by the A-address register,
disk operation. Alter=in a different number, if required. Press the

start key to retry with the same or altered drive
number .

6. 454 RECORDS PROCESSER XXXXXX STARTING ADDRESS
OF OUTPUT XXXXXX END OF SORT *6*

Reason: If either phase 4 address output or phase 4
control dafa output is specified, this halt and
associated message occur at the end of the sort,

7. 464 RECORD COUNT ERROR ~ PRESS START TO ACCEPT | Either press the start key to accept the phase 4 record
Reason: The number of records processed during count and continue processing, or reload the program
phase 4 does not equal the number processed in deck.
phase 2,

8. 474 HASH TOTAL ERROR ~ PRESS START TO ACCEPT Either press the start key to accept the phase 4 hash
Reason: The hash total accumulated in phase 4 does total and continue processing, or reload the program
not equal the hash total accumulated in phase 3. deck.

9. 484 A message is not associated with this halt. Either press the start key to accept the record out of
Reason: A record has been found to be out of sequence and continue processing, or reload the
sequence . program deck and resort the file.

10. 555 A message is not associated with this halt. Press the start key twice to try ten more times. (The

A-address register contains the high-order address of
the disk-control field.)

Figure 33. Phase 4 Halts and Messages
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B-ADDRESS

Reason: Seven wrong-length-record detections
during a disk operation.

NUMBER A-REGISTER | REGISTER MESSAGE AND/OR REASON PROCEDURE

1 1 xxbb A message is not associated with this halt. Press the start key twice to retry the disk operation.
Reason: A disk error other than those defined
elsewhere in this list has occurred.

2 222 A message is not associated with this halt. Press the start key twice to fry ten more times. (The
Reason: Seven unequal-address-compare detections A-address register contains the high-order address of
during a disk operation. the disk-conirol field.)

3 333 A message is not associated with this halt. Press the start key twice to try ten more times. (The
Reason: Seven parity~error detections during a disk A-address register contains the high-order address of
operation . the disk-control field.)

4 444 A message is not associated with this halt. Determine the disk drive number, by examing the
Reason: Access-inoperable error detected during a storage position specified by the A-address register.
disk operation. Alter~in a different number, if required. Press the

start key to retry with the same or altered drive
number .

5 501 XXXXXX ADDRESS PROCESSED - PHASE 4 ~ Either press the start key to accept the phase 5 record
PRESS START FOR PH5 COUNT OR RESTART count and continue processing, or reload the program
Reason: The number of records processed in phase 5 deck.
does not equal the number processed in phase 4.

6 502 PHASE 5 OUTPUT STARTS AT SECTOR XXXXXX
Reason: If the user has specified in column 53 of
control card 1 that a halt is to occur at the end of
phase 5, this halt and associated message occur at
the end of the phase. XXXXXX is the address of
the first sector of the phase 5 output.

7 555 A message is not associated with this halt. Press the start key twice to try ten more times. (The

A-address register contains the high-order address of
the disk-control field.)

Figure 34. Phase 5 Halts and Messages
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B-ADDRESS
NUMBER A-REGISTER | REGISTER MESSAGE AND/OR REASON PROCEDURE

1 1 xxbb A message is not associated with this halt. Press the start key twice to retry the disk operation.
Reason: A disk error other than those defined
elsewhere in this list has occurred.

2 3 xxbb A message is not associated with this halt. Press the start key, the start reset key, and then the
Reason: The disk light indicates the reason for this start key to recheck all header labels on this pack

c21 alt. for this logical file.
Disk light ON. Access inoperable conditon on a
disk header label read or write operation.
Disk light OFF. Disk header labe! does not contain
THDRb in the first five positions,

3 4 xxbb A message is not associated with this halt. Press the start key to recheck all header labels on
Reason: Parity, wrong-lengh-record, or unequal this pack for this logical file.
address-compare error detected while reading or
writing a disk header label.

4 5 xxbb A message is not associated with this halt. Visually check the disk pack and label specification.
Reason: No header label found for the specified Mount a new pack, if required, and press the start

C41. disk input file. key to recheck all header labels. The new pack
must have the address range already specified by the
RDLIN card.
5 -4 xxbb A message is not associated with this halt. Press the start key to re-read the header label.
CBA84 Reason: Parity error detected while reading tape
header label .

6 -0 xxbb A message is not associated with this halt. Press the start key twice to check the retention

Reason: Expiration date for this tape has not been period again. Press the start key, the start reset key
B82 reached. and then the start key to use this reel anyway.

7 L xxbb A message is not associated with this halt. Press the start key to write the header label again.

Reason: Parity error detected while writing tape
B21 header label .

8 X xxbb A message is not associated with this halt. Mount the next reel of data for this file and press

Reason: End-of-reel conditon on the output tape the start key .
CA421 and label processing has been specified.

9 , xxbb A message is not associated with this halt. Press the start key to write the trailer label again.

Reason: Parity error detected while writing tape
CA821 trailer label.

10 % xxbb A message is not associated with this halt. Press the start key to attempt 30 more times to write

Reason: Thirty parity~error detections while this block correctly .
As4 aftempting to write a block of data.

n 222 A message is not associated with this halt, Press the start key twice to try ten more times. (The
Reason: Seven unequal-address—compare detections A-address register contains the high-order address of
during a disk operation. the disk-control fie ld.)

12 333 A message is not associated with this halt. Press the start key twice to try ten more times. (The
Reason: Seven parity-error detections during a disk A-address register contains the high-order address of
operation. the disk control field.)

13 444 A message is not associated with this halt. Determine the disk drive number, by examing the
Reason: Access-inoperable error detected-during storage position specified by the A-address register.
a disk operation, Alter-in a different number, if required. Press the

start key to retry with the same or altered drive number.

14 555 A message is not associated with this halt. Press the start key twice to try ten more times. (The
Reason: Seven wrong-length-record detections A-address register contains the high-order address of
during a disk operation. the disk-control field.)

Figure 35. Phase 8 Halts and Messages (Part 1 of 2)
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NUMBER REGISTER MESSAGE AND/OR REASON PROCEDURE

15. 611 A message is not associated with this halt, Use the non-process run-out key on the 1402 to
Reason: The tape output RDLIN card does not have remove the cards from the reader. Remove the last
RDLIN punched in columns 16-20, three cards from the normal read stacker, correct the

RDLIN card, and place these cards in front of the card
deck that was removed from the read hopper before the
non-process run-out key was pressed. Place the deck
in the read hopper, and then press the start key to
continue processing .

16. 622 A message is not associated with this halt, Follow the procedure given for halt number 15.
Reason: A card read error has occurred while the
program was reading a disk output RDLIN card.

17. 633 A message is not associated with this halt. Use the non-process run-out key on the 1402 to
Reason: The remaining sectors in the last disk storage | remove the cards from the reader. Remove the last
area (defined in the RDLIN card containing LSTOT in | three cards from the normal read stacker and place
columns 1-5) cannot contain the remainder of the these cards along with another RDLIN card containing
output file. the limits of a new disk storage output area in front of

the card deck that was removed from the read hopper
before the non-process run-out key was pressed.
Place the deck in the read hopper, and then press the
start key to continue processing.

8. 644 A message is not associated with this halt, Mount another reel of tape on tape unit 3 and press
Reason: End-of-reel has been reached on the output | the start key to continue processing .
tape and label processing is not specified.

19. 655 A message is not associated with this halt. Press the start key to continue processing if the correct
Reason: This halt normally occurs before a disk output disk pack is mounted on the output disk storage
output RDLIN card is read. This permits the user to | drive. Otherwise, mount the correct disk pack on
make certain that the correct disk pack is mounted the output drive and press the start key to continue
on the output disk storage drive. However, if core processing. If the last RDLIN card has been processed,
storage location 20 contains an N when the halt insert an additional RDLIN card with an L punched in
occurs, the output RDLIN card has already been column 1 and press the start key to continue processing .
read. The RDLIN card information is in the card
read area in core storage. If the user desires to alter
the RDLIN constants, he can do so by manual console
operation.

20. 677 A message is not associated with this halt Press the start key to retry the read operation 100 times.
Reason: A tape-read error was detected 100 times
when repositioning the tape during a phase 6 restart,

21. 699 Two possible messages can be associated with this
halt.

1. RECORDS PROCESSED XXXXXX LAST OUTPUT
SECTOR XXXXXX END OF SORT *6*
Reason: This message is printed at the
completion of the sort run when disk storage
output is specified. The message gives the
number of records processed during phase 6 and
the address of the last output record.

2. RECORDS PROCESSED XXXXXX END OF SORT
*6*
Reason: This message is printed at the
completion of the sort run when tape output is
specified. The message gives the number of
records processed during phase 6.

22. 777 A message is not associated with this halt. Mount a different disk pack and press the start key
Reason: The portion of a pack specified for a random | twice to recheck all header labels. Press the start
disk output file contains active records. This applies | key, the start reset key, and then The 5""'*‘[(5)' to
to labeled files only and is detected by the dates in | use the original pack without altering. This
the header label . automatically deletes the data in the file

identification field of the header label.

23. 888 A message is not associated with this halt. Press the start key, the start reset key, and then the
Reason: The pack serial number in a labeled disk start key to write the disk header label with this
output file does not check. condition. Press the start key twice to recheck all

header labels.
Figure 35. Phase 6 Halts and Messages (Part 2 of 2)

63



Appendix

This section illustrates the preparation for execution of
the Sort 63 program which has been generated for use
on a 4K 1401 system that has the Direct Seek feature.

Assume that:

Maximum File Size

Calculate the maximum file size (MFS) and round low
to the nearest thousand to determine the number of
records to be sorted. Use the result to calculate the
sector requirements for the input, work, and output

1. Two disk drives (0 and 2) are available. areas. Before solving the MFS equation, the values of
2. The input is from tape (high-density). Vmax, NCNT, Vtape, Z, and T must be calculated.
3. The input tape contains standard Type B (80-char- v _ | MS — Bmax — UAl —PS1 — 23
max = 100
acter) labels.
4. The format of each record is as shown in Figure 36. MS = 4000 (object machine size)
CDF indicates the control-data field. Bmax = 400 (maximum sort block size for 4K)
5. The number of records to be processed equals the UAl = O (phase 1 user area)
maximum file size (MFS) rounded low to the near- PS1 = 3171 (phase-1 program size determined from
est thousand. columns 23-25 of the next to last card in the
hase-1 program deck. See the Sort 63 pro-
6. Records are to be selected on the basis of a con- Ig’,am ]istil;g.gColumns 23-25 contain the phase-
trolling character (transaction code). 1 program size when card or tape input and
. . deletion or selection by class are specified in
7. Phase-6 output is desired. control card 1).
8. The work area is to overlap the output area (Fig- 4000 — 400 — 3171 — 23J
Vmax =
ure 37). 100
9. The records are in an ascending sequence. = L4_0_0_Ql%(_)_3_5%_|
10. The records are 80-character records. _ 406J
11. The blocking input factor is five. 100
= 4 sectors (maximum number of sectors that can
be written by phase 1 during one disk-write
operation)
. . V 100
Disk Storage Requirements NCNT = l_ 8‘;}’){ I _l
The sector requirements for the input, work, and out- BL = 5 (input blocking factor)
put areas must be calculated using the formulas dis- —an g
L = 80 ut record length)
cussed under File Area Definition. The calculations for (inp
the sample Sort 63 application are shown in the fol- NCNT = ‘_45 12%) J
lowing subsections. A summary of the sector require- ) .

d the disk add d to def h . = 1 tape block (maximum number of input record
ments and the ls. address used to define the area is blocks that can be contained in core storage
also shown (see Figure 38). at one time)

«—————— Control Data Field ———»| Character
controlling
selection
Date Date | State Division Unit | Coverage | Claim | Policy Estimated Amount | Trans- Agent
of Paid Code Code Code | Type No. No. Amount Paid action Code
Claim Code :F
5—}—5 2—}—1—} 23 7——7——8 f—8—f—1—+f—4
80

Figure 36. Record Format
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Input Ovutput
Area Area
|€&—— Output Area e——-—"‘- P>
Work __Work N
Cylinder — Area

Figure 37. Two Drives On-Line, Terminating in Phase 6

(NCNT) (BI) =

Vtape =

(NCNT) (BI)

100; therefore, the formula for Vtape is:

l_(NCNT) (BI) (L)_—I

(1) (5) (80)
100
4 sectors (number of sectors that will be writ-
ten by phase and during one disk-write opera-
tion)

= 100; therefore, the formula for T is:

|-100 Vtape -]
NCNT X BI

T
- |'(100) (4)‘|
NONG)
_ [400
5
= 80 characters (number of characters required
for each input record)
Z = the greater of F—B-OL [2OOH_!
I_CWJ
7z _ BOL'|
BOL = 400 (number of character per output block)
BO = 5 (output blocking factor)
400
z = 3
= 80 characters (number of characters required
for each output record)
7 - [2001{1
CW_I
Area Sectors Required Disk Addresses
Input 19,204 000000~-019203
Work Area 8,118 030620-038799
Work Cylinder 200 020000-020199
Output 19,208 019204~-019999
020200-038799

Figure 38. Sector Requirements and Disk Addresses

CwW

399 (see Figure 18)
4 (see Figure 18)
16 characters (number of characters in each

tag: 8 control-data characters plus the 8-char-
acter disk address)

4
|—800

34 characters (number of characters required
to process each tag)

80 > 34 therefore, Z = 80

MFS

2 % 10°
D
Q=2x10*

MFS

Input Area
Using 24,000 as the number of records to be sorted

_ ]_(2 X 10°

_ |_4 X _10°

il

X D) — Q
Z+T

— 100PJ

Number of characters per disk pack
2 (mumber of disk drives available)

Number of characters required for the work
cylinder

118 (see Figure 18)
80 (number of characters per output record)
80 (number of characters per input record)

L(z X 10° X 2) — 2 X 10* — 11800
80 F 80

— 318 X IO’J

160
3968200 |
160

24,801 records

b

calculate the number of sectors required for the disk

input area:

NS

NS

Il

N+1
100V
g

24,000 (number of records)

4 (value of Vtape)

80 (input record length)
24,001 X 4
(100) (4)J

80
[24,;)01] % 4
43801 X 4

19,204 sectors
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Work Area

To calculate the number of sectors required for the
work area:

W  =2H [ 3 -’+ P
o]
H = 4 (see Figure 18)
N = 24,000 (number of records to be sorted)
A = 399 (see Figure 18)
CwW = 16 (number of characters in each tag)
P = 118 (see Figure 18)
W o=@ @ [zgé)o“ + 118
16
=g (22009 4 18

8,118 sectors

Output Area
To calculate the number of sectors required for the
disk output area:

NS = the greater .of Equation 1 or Equation 2

Note: If more than one rpoLIN card is to be used to define
the output area, add BOS for each mRoLin card except the
last to allow for a 1EOR trailer label.

Equation 1
_ [N+ 1'|
NS = |—T X BOS
N = 24,000 (number of records to be sorted)
BO = 5 (output blocking factor)
BOS = 4 (number of sectors per output block)
_ [ 24,001
= 4,801 X 4
= 19,204 sectors (number of sectors required for
the output area)
Equation 2
— {120,000 Bos]
NS _(——116— X [BO >+BOS
LO = 80 (output record length)
BOS = 4 (number of sectors per output block)
BO = 5 (output blocking factor)

o (2] = [1])

= 254 sectors (minimum number of sectors that
can be defined by an output disk moLN card)

19,204 > 254, therefore, NS = 19,204 sectors

One BOS must be added to NS because two RDLIN
cards define the output area (see Figure 40). The addi-
tional BOS is required for the 1EORD trailer label
which will be written in the first record location in the
additional block. Therefore, the total number of sectors
required for the output area is 19,208.

Disk Addresses

Figure 37 shows the optimum placement of the re-
quired disk areas when two drives are on-line and the
input and output areas cannot be placed on one pack.
Figure 38 shows the addresses that define the limits of
the disk areas. Note that:

1. The high limit of the work area is of the form
Oxxx99.

2. The low limit of the work area is a multiple of 4. If
the object machine has only 4,000 positions of core
storage, the low limit must be a multiple of 4.

3. The work cylinder is exactly 200 sectors. (It must be
a single cylinder, not extended from one cylinder to
the next.)

4. BOS (4) is added to the result of output-area equa-
tion 1 to allow for the IEORD trailer label.

Input RDLIN Cards

Assume that the two disk packs to be used contain an
expired multi-pack file. The coding for the input area,
work area and work cylinder roLiN cards is shown in
Figure 39.

Assume that full label checking is to be performed
on the standard 80-character input-tape header label.
The specifications for the input tape roLiN card are:

Punch Columns  Indicate
1-15 Blank
RDLIN 16-20
13762 21-25 File serial number
- 26 Minus sign (11-punch)
001 27-29 Reel sequence number
30 Blank
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Punch Columns  Indicate Output RDLIN Cards
QUARTERLY 31-40 File identification Th . .
- e output area is to be placed on two drives. There-
6_4274 :(13-45 S;;tos?giazfl(ifsi}rgber 80, 1964) fore, two output RoLIN cards are required. The speci-
030 4749 Retention period fications for the cards are shown in Figure 41.
50-80 Blank

Figure 40 shows the coding for the input-tape rRoLIN

card.

®

INTERNATIONAL BUSINESS MACHINES CORPORATION

80-COLUMN CARD PUNCH LAYOUT

NAME PROJECT NO. PROJECT 1D. Iﬁaz‘cr NAME CARD PUNCH PRINT VERIFY
Yes No Yes No
I o] -] ] ]
1!2%3!455?6:7 8 9;|OH |2(13>H|l57611718192 21:22{ 23] 24| 25{ 26| 27} 28] 29 30] 31 393334!3536373Q39404] 42{°43] 44] 45 46| 47| 48] 49| 50] 51| 52(53| 54|55 5657 | 58 59, 60{ 61] 62 63 64) 65 66 67
fwea, T el LT Rz ‘ 01010(0|010]012|1912|03
Kae 1] plLlIw i 0306210|031€7172
WiciyiLL L2 RIDILITM 1 0121010101010 120]1 |99
L] | IR
R EEE f i j f
Figure 39. Input Disk RDLIN Cards
IBM INTERNATIONAL BUSINESS MACHINES CORPORATION
g 80-COLUMN CARD PUNCH LAYOUT
NAME PROJECT NO. PROJECT 1D. PROJECT NAME CARD PUNCH PRINT VERIFY
Yes No Yes No
I ] ] () ]
1‘ 2i3 : 4]: 51! 61781910 11!12‘ 13:14115.16{ 17 18] 19| 204 21[22 2324 25|26 27 28] 24 301 31} 32 33{ 34 35‘;36 37:38{ 39| 40| 41 42| 43] 44| 45, “Ii’ 48] 49| 50 5||52 53154155 56|57 581 59| 60§61 62| 63| 64| 65 66| 67
T -
HEEN ! RIDL LW 317162- 01011 lalv|aARTERILY| |4/42714]-|03l ‘
BEEN | ! L _
Ll i ! ‘ L
BEEE | ! ! . Lo
[ | i ; N [ !
Figure 40. Input Tape RDLIN Card
IBM INTERNATIONAL BUSINESS MACHINES CORPORATION
o 80-COLUMN CARD PUNCH LAYOUT
NAME PROJECT NO. PROJECT 1D. PROJECT NAME CARD PUNCH PRINT VERIFY
Yes No Yes No
I (o] = O o]
1 E 2:3 4§ 5! 6|78 9hoin IZZIS;H 15;16{ 17118, 191 208 2122 23| 24) 25 26%27‘ 291 29 39f 3|!32} 33;34;35{36}37!38 39| 40} 41 41{43 44[45 46|47l 48] 49| 50] 51} 52153 545556157 |58} 59 60| 61| 62| 63, 64| 65 67
H — 1 H 1 i LI |
! | 0 RERT ERERREREERE RERER 012|720 \0l1171717)9
LST}aT 2{ | RDLT” :‘r Pl } . : i : : i l | 0‘.20.700037 7!?7 ‘
T B i i ' ; Cy : : L P L | |
; ! RERN EEREE ! BEERR i NERE L
o T — | T | i T
Figure 41. Output Disk RDLIN Cards
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Control Cards

The control card specifications for the sample Sort 63
application are as follows:

Control Card 1

Punch Columns
2 1
b 2
005 3-5
005 6-8
9-10

04 11-12
6080 13-16
1 17
1] 18
4] 19
i 20

21
0049 22-25
[\ 26
(4] 27
0000 28-31
(1] 32
01 33-34
1 35
(1) 36
68

Indicate

Input media

Output media

Input blocking factor (BI)
Output blocking factor (BO)

Number of sectors per input block
(BIS)

Number of sectors per output
block (BOS)

Input record length (L)
Machine size (MS)

Ascending Sequence
Deletions by class in phase 1
Selections by class in phase 1

Character controlling selection or
deletion

Position of controlling character in
record

Card additions
Deletion by control data in phase 4

Number of low-order characters to
be deleted from each record

Type of card input or additions

Number of tape reels in the input
file

Sequence check and hash total
Record marks in the output file

Punch

S = O O

Columns
37
38-42

43-47

48-52

53
54
55-66
67
68
69
70
71-78
79
80

Control Card 2

Punch
01

008

0011
008

Sort Progs. for 1401-1311 and 1460-1311 Specs and Op. Proc.

Columns
1-2

3-5

6-9
10-12
13-75

76-78
79
80

Indicate
Restart run

Starting address of phase-1 user
area

Starting address of phase-4 user
area

Starting address of phase-8 user
area

Output desired

Location of phase-4 output.
Blank

Input disk labels

Output disk labels

Input tape labels

Output tape labels

Blank

Control card number
Blank

Indicate

Total number of control-data fields
per record.

Total number of control-data char-
acters per record

Control-data field 1 location
Control-data field 1 length

Blank because only one control-
data field is to be used.

Blank
Control card number
Blank



Glossary

To clarify the meaning of terms and abbreviations used
in this publication, the following definitions are given.
Standard terms are defined in Glossary for Information
Processing, Form C20-8089.

Autocoder Control Cards. Cards that specify opera-
tions to be performed by the Autocoder system.

Autocoder System. A set of disk-resident programs that
can assemble and/or execute user programs. The
Autocoder system also maintains and uses the Auto-
coder library.

BI. Input blocking factor.

BIS. Number of sectors required for an input block.
Block. A group of records handled as one unit.
Blocking. Combining two or more records into a block.
Blocking Factor. Number of records per block.

BO. Output blocking factor.

BOS. Number of sectors required for an output block.

Control Data. Those characters in each record that de-
termines the position of the records or its address
in the sorted output.

Generation Job. Those operations relating to the gen-
eration of a generalized sort object program.

Job. A series of operations performed by a machine-
language program.

Parameter Cards. Cards that supply the generative sort
program (Sort 6) with the general characteristics of
the sort application.

Phase. A section of a machine-language program.

RDLIN (read label information) cards. Cards that sup-
ply the sort object program with label information
and/or limits of disk files.

Sort Control Cards. Cards that supply the sort object
program with the specific characteristics of the sort
application.

Sort Job. Those operations relating to the sorting of
card, disk, or tape files.

Stack. A set of one or more jobs that are to be per-
formed during the same machine run.
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