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PREFACE

This Program Logic Manual (PLM) is a
detailed guide to the IBM System/360 Disk
Operating System Sort/Merge Program; it
supplements the program listing by provid-
ing descriptive text and flowcharts.

Effective use of this manual reguires an .

understanding of IBM System/360 operation
and of IBM System/360 Disk Operating System
service programs, assembler langvage, macro
instructions, and sort/merge program speci-
fications. Reference publications for this
information are:

» IBM System/360 Principles of Operation,
Form A22-6821.

» IBM System/360 Disk Operating System,
sort/Merge Program Specifications, Form
Cc24-3444,

. IBM System/360 Disk Operating System,
Data Management Concepts, Form
C24-3427.

L IBM System/360 Disk Operating System,
System Control and System Service Pro-
grams, Form C24-3428.

. IBM System/360 Disk Operating System,
Supervisor and Input/Output Macros,
Form C24-3429,

. IBM System/360 Disk Operating System,
System Generation and Maintenance, Form
Cc24-5033.

RESTRICTED DISTRIBUTION:

management.

First Edition, Auqust 1966

significant changes and additions to the
specifications contained in this publication will be
reported in subsequent revisions or Technical
Newsletters.

. IBM System/360 Disk and Tape Operating
Systems, Assembler Specifications, Form
C24-3414,

Titles and abstracts of other related
publications are listed in the IBM

- System/360 Bibliography, Form A22-6822.

This manual consists of eight major
sections. The first section is an intro-
duction to the five major components
(phases) of the sort/merge program. The
next five sections describe each major
component, starting with a general discus-
sion of the phase. Each major component is
further subdivided into logical elements
(routines). Finally, the function blocks
that make up each logical element are des-
cribed in detail. = The seventh section
includes the optional routines (data con-
version, etc.) that are available for all
the phases.

The last section of the manual consists
of additional reference material for use in
analyzing program details.

The flowcharts for all the major compo-
nents and for the optional routines are
located at the end of the manual. The
detailed flowcharts are identified by the
letters AA through ZZ. Numerals, such as
00 for the program level flowchart, iden-
tify the more general flowcharts.

This publication is intended primarily for use
by IBM personnel involved in program design and maintenance.
be made available to others without the approval of local IBM

It may not

Requests for copies of IBM publications should be made to your IBM
representative or to the IBM branch office serving your locality.

A form is provided at the back of this publication for readers®

comments.

If the form has been removed, comments may be addressed to

IBM Corporation, Programming Publications, Endicott, New York 13760.

© International Business Machines Corporation 1966
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The IBM System/360 Disk Operating System
Sort/Merge Program enables the user to sort
multiple files of random records, or merge
multiple files of sequenced records, into
one sequential file. This program is
designed to meet the sorting and merging
requirements of disk-oriented installations
with 16K to 512K bytes of main storage. It
is a generalized program that must be
incorporated into the resident version of
the Disk Operating System library. The
program is designed for operation in a
disk-resident operating system environment
under the supervision of a control program.

At execution time, control statements
(see Program Characteristics) will tailor
the generalized sort/merge program to the
user's specific application. The
sort/merge control statements are punched
into cards and inserted into the card
reader with the symbolic address SYSIPT.
All required user-prepared job-control
statements are read by the device (either a
card reader or a magnetic tape unit)
assigned to SYSRDR. The sort/merge program
will be retrieved in overlays from the
disk-resident core image library by the
control program.

Control-data information may be
contained in as many as 12 fields in each
record. The program assumes that input
records for a sort operation are in random
sequence. Records can be sorted or merged
into ascending or descending sequence, and
an individual seguence can be specified for
each control-data field. The output
sequence for a merge-only operation must be
the same as the input sequence.

The sort/merge program is divided into
five phases (see Chart 00):

Assignment Phase {(Phase 0)
Internal-Sort Phase {(Phase 1)
External-Sort Phase (Phase 2)
Final Merge Phase (Phase 3)
Merge-Only Phase (Phase 4)

If sorting is to be done, the assignment
phase and phases 1, 2, and 3 are executed.
If only merging is to be done, the
assignment and merge-only phases are
executed. (See Figures 1 and 2 for 1/0
flow diagrams.)

The sort/merge program:

. Translates mnemonic sort/merge

INTRODUCTION

control-card information that describes
the file parameters for each input and
output file. :

Sorts multiple input files.

Allows multivolume input and/or output
for tape and disk.

Provides for input from and output to
disk storage (IBM 2311 Disk Storage
Drive(s) only), or 7- or 9-track
magnetic tapes (see System Requirements
for possible combinations of 7- and
9-track tapes). Disk and tape input
and output can be distributed over
multiple drives.

Merges up to four tape and/or disk
input files.

Provides for writing on disk or tape an
output file that consists of the disk
addresses of the sorted records
(ADDROUT=A option) or disk addresses
plus control data of the sorted records
(ADDROUT=D option).

Provides for determining the number of
work area tracks required for a sort
operation (CALCAREA option).

Provides for specification of alternate
input tape drives and alternate output
tape drives for either a sort or a
merge operation.

Provides checkpoint, interrupt, and
restart procedures for sort operation.

Provides exits and storage areas for
user-written routines.

Prints out control-card information
(optional), record counts at the end of
phases 1, 3, and 4, and necessary
diagnostics.

Provides, for sorting, the option to
bypass unreadable data blocks when the
input file is being read from tape, or
indicates the need for operator
intervention when the input file is
being read from tape or disk.

Provides, for the merge-only operation,
the option to bypass unreadable data
blocks when the input files are being
read from tape or disk, or to indicate
the need for operator intervention.
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Program I/0 Flow for Sort



Assignment Phase

Load
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Figure 2.

Program I/0 Flow for Merge-Only

L Checks the sequence of the records
during the final output pass of a sort
(phase 3) or during a merge (phase 4).

. Permits the user to specify either
ascending or descending sequence for
each individual control-data field.

\ Input \ Input

/

Input

) Input ]

/

/

(Up to 4 Tape or Disk or Mixed Tape and Disk)

Processes standard System/360 volume

and file labels.

Provides exits for user processing of

non-standard labels (on tape) and user
labels (on tape or disk).

Introduction
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® Permits mixed labels for tape input to
a merge-only operation.

PROGRAM ORGANIZATION

ASSIGNMENT PHASE (PHASE 0)

The assignment phase:

1. Reads and stores data from the
sort/merge control statements.

2. Performs a diagnostic check for missing
sort/merge control statements and
duplicate or invalid field definers.

3. Prints out the sort/merge control
statements and parameters if the PRINT
option is specified.

4. Converts the parameters to binary
format.

5. Calculates and stores the constants
required by the following phases.

INTERNAL-SORT PHASE (PHASE 1)

Phase 1 performs the initial sequencing of
the input file(s). The records are read
into the main-storage input area and sorted
into sequences that are at least as long as
the number of records that can be sorted
internally at one time. These sequences
are written in either the first or the
second half of the disk-storage work area.
The output is interleaved to minimize the
time required to complete the sort.

Phase 1 sorts multiple input files
(these files may also be multivolume).
Exits from the program are provided to
allow processing and/or label-checking by
user-prepared routines. The checkpoint,
interrupt, and restart procedure is
provided at the end of the phase.

EXTERNAL SORT PHASES (PHASE 2 AND PHASE 3)

The external sort phases merge the ordered
sequences produced by the internal sort
phase. They perform a 2-way to 7-way merge
on the record sequences produced by the
internal sort phase.

Phase 2 repeatedly merges the sequences

from the 2311 disk-storage work area until
their number is equal to or less than the

12 IBM S/360 DOS Sort/Merge

program-determined order of merge. Phase 3
performs the last pass of the external
sort. If the number of sequences produced
by phase 1 is equal to or less than the
order of merge, phase 2 is bypassed and
only phase 3 is executed.

Both phases provide the checkpoint,
interrupt, and restart feature. Phase 2
uses the interleaved output technique;
phase 3 allows multivolume output files and
provides exits from the program to allow
user modifications by user-prepared
routines.

MERGE-ONLY PHASE (PHASE 4)

The merge-only phase is used to merge
existing presorted files into one
sequential file. A maximum of four input
files can be merged and these may be on
disk and/or tape in any combination. The
program allows for multiple-volume input
and output files. The program also allows
a single file to be reblocked and sequence-
checked. Exits from the program are
provided to allow for user modifications by
user-prepared routines.

PROGRAM GENERATION

The sort/merge program resides in the
relocatable library and consists of three
entities:

. Primary processor generation modules

. Intermediate processor generation
modules

. Relocatable object modules

These modules are designed to enable the
user to linkage-edit into the core image
library only those modules required to
formulate a generalized sort/merge program
tailored to the user's specific job
applications. At system generation time,
the user has the choice of linkage editing
any one of seven distinct sort/merge object
programs into the core image library.
After the specific object program has
become resident in the core image library,
the user can delete all the modules from
the relocatable library.

The programs that can be generated at
linkage-edit time are:

1. The entire sort/merge program.



2. A program that will (1) sort
fixed-length records, and (2) perform
the ADDROUT option for fixed- or
variable-length records.

3. A program that will (1) sort
variable-length records, and (2)
perform the ADDROUT option for fixed-
or variable-length records.

4. A program that will (1) sort fixed- or
variable-length records, and (2)
perform the ADDROUT option for fixed-
or variable-length records.

5. A program that will merge fixed- or
variable-length records.

6. A program that will (1) sort
fixed-length records, (2) merge fixed-
or variable-length records, and (3)
perform the ADDROUT option for fixed-
or variable-length records.

7. A program that will (1) sort
variable-length records, (2) merge
fixed- or variable-length records, and
(3) perform the ADDROUT option for
fixed- or variable-length records.

For further details about program
generation for sort/merge, see IBM
System/360 Disk Operating System System
Generation and Maintenance, Form C24-5033.

PROGRAM CHARACTERISTICS

INTERLEAVED OUTPUT

Interleaving is a technique for writing
sequences in the disk work area in a manner
that will minimize seek time during each
subsequent pass. It may be used in a
system with only one disk device but is
most efficient when used with two or more
disk devices. The disk work area is
formatted for interleaved output during
phase 1 and records are blocked for output
before being written in the work area,
except when there is only one sort block
per track.

The interleave factor (sometimes called
the gap factor) is equal to the order of

merge at the start of a pass and may be
reduced in the late stages of the pass.
Figure 3 is an example of interleaved
output when the order of merge is four.
The blocks that constitute the first
sequence are written at every fourth
address, starting with the first address.
The blocks that constitute the second
sequence are then written at every fourth
address, starting with the second address.
After the first four seguences have been
written, the allotted disk work area (in
this example, 4 x 3 = 12 blocks) will have
been filled and the pattern is then
repeated every four sequences. (For a more
detailed description of interleaving, see
the introduction to phase 2.)

JOB CONTROL STATEMENTS

Standard job-control cards are required to
define a sort or merge operation to the
job-control program. These cards are:

s  General--JOB, ASSGN, DATE, EXEC

» Input File(s)--VOL,DLAB or TPLAB,XTENT
) Work Area--VOL,DLAB, XTENT

) Output File--VOL,DLAB or TPLAB,XTENT

For a complete discussion of the
job-control cards and their formats, see
IBM System/360 Disk Operating System,
System Control and System Service Programs,
Form C24-3428, and IBM System/360 Disk
Operating System, Sort/Merqe Program
Specifications, Form C2u4-3444,

Note: For merge-only operations, the
program requires two consecutive
disk tracks to temporarily store
overlay DSORT401 and a portion of
DSORTH02 as they exchange residence
in main storage at various points in
the program. The user must define
this area as at least a 2-track work

areae.

The job-control statements are followed
by the sort/merge control statements.
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SORT/MERGE CONTROL STATEMENTS

Control statements are necessary to define
the user's specific sort or merge
operation. The user must describe the

14 IBM S/360 DOS Sort/Merge

Example: Number of Blocks in an Output Sequence =3
Order of Merge (M) =4
Blocks per Tracks Formatted by Phase 1 =5
Note: Numbers in circles indicate the order in which blocks are written.
-—————————————— Interleave Factor (4) ———————— - ————— -—=
Sequence 1 Sequence 1
q O
e @ Block 1 O O O Block 2
—————— —Interleave Factor ()= — — — — >t — — — — — — — — — —
Sequence 1
Track 1 N
o Q O O @ Block 3 O
—
_— e —— = -
- 00 00 [0
After All Sequences Have Been Written, Work Area is Shown Below
Track 0 ? Sequence | Sequence 2 Sequence 3 Sequence 4 Sequence 1
| Block 1 Block 1 Block 1 Block 1 Block 2
|
I ) .
| .
Track 1 i Sequence 2 Sequence 3 Sequence 4 Sequence 1 Sequence 2
: Block 2 Block 2 Block 2 Block 3 Block 3
|
|
Track 2 1/2 Work Sequence 3 Sequence 4 Sequence 5 e Sequence 6 0 Sequence 7
Area Block 3 Block 3 Block 1 Block 1 Block 1
I
l
! Sequence 8 Sequence 5 Sequence 6 Sequence 7 Sequence 8
Track 3 |
| Block 1 Block 2 Block 2 Block 2 Block 2
|
|
!
Track 4 | Sequence 5 @ Sequence 6 Sequence 7 @ Sequence 8
i Block 3 Block 3 Block 3 Block 3
| .
Track 5 1/2 Work
Area
I
|
L
'Figure 3. Interleaved Method of Output

files to be sorted or merged, the
control-data fields, the program options to
be used, and the modifications to be made
to the program. (See Figure 4, Summary of
Sort/Merge Control Statements.) This
information is punched into



STATEMENT STATUS OPERAND DEFINER, STATUS, AND VALUE FORMAT
DEFINER

SORT Required for FIELDS (R equired) = (P1,MI1,S1 ... P12,MI12,512)
sort runs FORMAT (Reguured) XX

-FILES (Optional) =
SIZE (Required) = f_‘

MERGE Required for FIELDS (Required) = (P1,M1,81 . Fﬁ_Z,_f\iZ,_S_B)
merge runs FORMAT iRegulre =xx
FILES (Required) =m
RECORD Required TYPE (Required) =
LENGTH iRequured) =(L1,L2,L3) for FLR
) = (_]IL_I L_IBIE) for VLR
INPFIL Required INPUT (Required) = X for sort

(Xa, Xb, Xc, Xd) for merge-only
VOLUME (Optional)= (Na, Nb, Nc,...Ni)
BLKSIZE (Required) = (n, X)

OPEN (Optional) = n

CLOSE iOEhonal) =n

BYPASS (Optional)

OUTFIL Required BLKSIZE (Reguured
OUTPUT (R egulre
OPEN (Optional) = n
CLOSE (Optional) = g
NOTPMK (Optional)

MODS Required if PH1 = (Name, Address, E11, E12, E13)
user-written PH3 = (Name, Address, E31, E32)
subroutines PH4 = (Name, Address, E41, E42, E43, E44, E45)
will be added

OPTION Optional PRINT (Optional)

STORAGE (Optional) =

VERIFY (OEriona”

KEYLEN (Optional) = x

RESTART (Optional)

ADDROUT (Optional) = x

CALCAREA (Optional)

LABEL (Optional) = (O, )
(©,7a, b, Ic, Id)

END Required

Figure 4. Summary of Sort/Merge Control Statements

control-statement cards, and these cards given the option to correct the errors and
are inserted into the input stream at restart or to cancel the job.
SYSIPT.
: If certain optional entries are not

During the assignment phase, each made, the assignment phase will assume
control statement is checked for incorrect predetermined parameters.
entries and inconsistent combinations of
entries. If any errors are detected, the For a complete discussion of control

program prints a message that indicates the statements and control card format, see IBM
nature of each error. When all the control System/360 Disk Operating System,
statements have been checked, if no Sort/Merge Program Specifications, Form
abort-type errors were detected the user is C24-3444,
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RECORD FORMAT

The sort/merge program can process
fixed-length or variable-length records.
These records may be unblocked or blocked
in fixed- or variable-length blocks (see
Figures 5 and 6). The most efficient input
file record format is fixed-length records
in fixed-length blocks, and the least
efficient is variable-length records
unblocked.

Loglcal Record

The KEY field, on disk input files, is
used by the sort/merge program only with
fixed-length unblocked records. The KEY
field in all other formats is bypassed.

For a merge-only operation, the
sort/merge program will accept input from
mixed storage media (tape and disk).
However, any one file must reside
completely on disk or tape. There is no
restriction on how the input media can be
mixed.

Logical Record #

%
lCounf Area l Key Field l Record 1 Data

Count Area Record 2 Data

Unblocked Fixed - Length Records (Input/Output) Key Field may be omitted

Logical Record je—

G

Count Area Record 1 Data | Record 2 Data Count Area A Record 3 Data | Record 4 Data [ A

/ P

leed Length Records in Fixed -Length Blocks (Input/Oufput)
}&— Logical Record
7 % Z
G
Record 1 Record 2 Record 3 Record 4 Record 5 Record 6
Count Area Data Data Data Data l Count Area AP Data Data
i £

leed - Length Records in Variable - Length Blocks (Input )

le— Logical Record

-

Count Area

N
W

E % G
A7BL|RL| Record 1 Data A7 Count Area
P

%
G G
AJBL|RL| Record 2 Data A 7] Count Area
P P
7

Variable Length - - Unblocked Records (Input /Output )

le Logical Record #

Record 2
Data

i Record 1 :
RL Data RL

B

%
A 7 Count Area IBL
A

Record 4
Data

Record 3

Data RL

Count Area BL [RL

Variable Length - - Blocked Records (Input/Output )

BL (Block Lengths ) = The number of bytes between gaps separating count areas.

Figure 5.
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Disk Input/Output Blocking Formats



% % % V |
Logical Logical Logical Logical R Logical
Record 1 Record 2 Record 3 Record 4 G Record 5
7 7 Z 7
Unblocked Fixed - Length Records ( Input/ Output) ‘
%
Logical Logical Logical Logical Logical Logical Logical
Record 1 | Record 2 | Record 3 Record 4 | Record 5 | Record 6 G Record 7
7. A 7
Fixed - Length Records in Fixed - Length Blocks (Input / Output)
% %
Logical Logical Logical Logical Logical Logical Logical Logical
Record 1 | Record 2 | Record 3 Record 4 | Record 5 | Record 6 Record 8 | Record 9
2 A
Fixed - Length Records in Variable - Length Blocks ( Input )
te— Logical Record —-'
% % % %
BL |RL Record 1 Data BL |RL Record 2 Data BL [RL Record 3 Data
7. 7. 7 A
Unblocked Variable - Length Records (Input/Output )
te— Logical Record —
%
BL |RL{ Record 1 Data |RL Record 2 Data RL Record 3 Data Record 4 Data
%

Blocked Variable - Length Records (Input/Output)

BL (Block Length ) = The number of bytes between interrecord gaps.

Figure 6.

For a complete discussion of record
formats, see IBM System/360 Disk Operating
System, Data Management Concepts, Form
C24-3427 and IBM System/360 Disk Operating
System, Sort/Merge Program Specifications,
Form C24-3444,

CONTROL-DATA FIELDS

A control-data field is a group of adjacent
bytes within a data record. The program is
capable of sorting or merging records with
up to 12 control-data fields with a maximum
total length of 256 bytes.

Tape Input/Output Blocking Formats

The most significant field is the major
control field, and is always compared
first. All other fields are minor fields,
and are compared according to their
relative significance. A given minor
control field is compared only if the major
control fields are compared and found to be
equal.

The individual fields may be adjacent or
separated; if they contain only unsigned
binary data, they may overlap (see Figure
7). They may occur anywhere within a data
record except in the record-length field at
the beginning of each variable-length
record.
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Control Control Control Control
Field 3 Field 2 Field 1 Fleld 4 Data
(Minor) (Minor) (Major) (Minor)
Adjacent Control Fields
Control Control Control
Field 1 Field 2 Data Field 3 Data
(Major) (Minor) (Minor)
Non - Adjacent Control Fields
Control ! Control |
If‘_ Field 4 _T'— Field 5 —’}
| | |
Control Control Control I~ Data
Field 1 Field 2 Field 3 |
| | |
| 1 1
| |
| | |
|
| | |
| | [
| ] |
Overlapping Control Fields (Unsigned Binary Format)

Figure 7. Control Field Formats

A given control field must be located in
the same relative position in each record
of all files. 1If, for example, the first
two bytes of the records in a file are
designated as the major control field, the
program assumes that these two bytes are
the major control field in every record of
that file.

If a KEY is associated with each disk

input record (fixed-length unblocked
records only), the KEYLEN entry can be
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specified in the OPTION statement, and the
records can be sorted on the contents of
the KEY field.

Control data may be in any one of the
following formats:

1. Binary (character).

2. Packed- or zoned-decimal.



3. Normalized floating point (in either
the short or long format).

4. Fixed-point.

The following limitations must be
observed when setting up the control fields
for a file:

1. A control field for a variable-length
record cannot include the record-length
field.

2. Each control field must begin and end
on a byte boundary.

3. Each control field must be at least one
byte long.

4. Each control field may be a maximum of:

. 256 bytes when using binary
(character) data.

. 16 bytes (including the sign) when
using decimal data.

» 4 bytes when using normalized
floating—-point data (short format).

. 8 bytes when using normalized
floating-point data (long format).

. 256 bytes {(including the sign) when
using fixed-point data.

5. The total of the control-field lengths
must not exceed the input record length
(the minimum record length minus four
when processing variable-length
records), unless overlapping control
fields are used.

6. When using either zoned-decimal data or
packed-decimal data, the signed fields
must be either all ASCII or all EBCDIC;
they must not contain a combination of
both.

Files may be sorted or merged in either
ascending or descending sequence. The
sequence of each control-data field is
independent of the other control-data
fields. For example, a user may specify
as cending sequence for the major control
fields, and descending sequence for all the
minor control fields.

The control-data fields are defined for
the program by means of user-prepared
control statements. These statements
specify the type of operation (sort or
merge) , the sequence (ascending or
descending), and the size and location of
each control-data field.

For further details about data formats,
see IBM System/360 Disk Operating System,
Sort/Merge Program Specifications, Form
c24-3u44y.,

DATA CONVERSION

The sort/merge program includes
data-conversion and -reconversion routines.
Data in the format of floating point, fixed
point, packed decimal, or zoned is
converted, before processing, to binary so
that it can be compared. The data is
reconverted to its original form before the
output file is written.

USER MODIFICATION

Phases 1, 3, and 4 of the sort/merge
program provide for the addition of
user-written routines. Linkage between the
program and these routines is provided by
branch-and-1ink instructions (BAL) called
exits. These exits are:
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Phase Exit Use
1 11 Check nonstandard

input labels (tape
only) or user input
labels (tape or disk).

12 Translate or modify
input records.

13 Process incorrectly
read records (tape
only).

Bypass incorrectly
read records (tape
only).

31 Create and write
nonstandard output
labels (tape only).
Create user output
labels (tape or disk).
After last user label

32 Alter or delete
records, translate
data, summarize
records, shorten or
lengthen records.
Insert records.
After last insertion

41 sSimilar to exit 11,
but includes mixed
labels

42 Convert data.

43 Same use as exit 32.

44 Same use as exit 31

45 similar to exit 13,
but includes tape and
disk

Return
Branch

B

W w

w w W w w w

0(18)

0(1w)

0(14)

4(1y4)

o(1y)

o(1w)
41w
01w

4(14)
0(18)

0(1w)

0(1y)

o(1w)
or
4(14)

0(14)
or

4{14)
0(14)

or
4(18)

For a detailed description of user exits

and user routine formats, see IBM
System/360 Disk Operating System,

Sort/Merge Program Specifications, Form

C24~-3444,

CHECKPOINT, INTERRUPT, AND RESTART

The checkpoint,
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interrupt, and restart
feature permits the user to interrupt the
sorting process, and conveniently restart

it, at the end of phase 1 and during phases
2 and 3. 1If a job is interrupted during
the assignment phase or phase 1, the job
must be restarted from the beginning. The
feature will not function in a merge-only
operation.

The sort program automatically writes a
checkpoint record on disk during the
assignment phase and updates it at the end
of phase 1 and at the beginning of each
pass in phases 2 and 3. The checkpoint
record is composed of information required
to restore the program to the beginning of
the interrupted pass (the end of phase 1 is
considered to be the start of phase 2).

Execution of a restart restores the
contents of the section of main storage
recorded at the time of checkpoint, and
processing is continued from the beginning
of the interrupted merge pass.

CHECKING FEATURES

Two sorts/merge checking features are
included in the program: A record-count
feature and a sequence-check feature.

The record-count printout is automatic.
A count of the records processed will be
printed on SYSLOG at the end of phases 1,
3, and 4. In phases 3 and 4, the count
will not include user insertions or
deletions.

A sequence check occurs automatically
during phases 3 and 4. If a seguence error
is detected, the system prints a message
and awaits the operator's instruction to
continue processing or to cancel the job.

LABEL PROCESSING

The sort/merge program processes IBM
System/360 standard header and trailer
labels as part of its input/output
processing. Standard file labels are
mandatory for disk input/output files;
non-standard or no labels are permitted
only with tape files.

Programmed exits are provided to read
and check nonstandard tape-input headers
and trailers, and to compile and write
non-standard tape-output headers and
trailers. If the user specifies
nonstandard tape input labels, but does not
specify the accompanying exits, the program
will search for the tape mark that
separates the labels and the data, thus
bypassing the nonstandard labels.



Unlabeled tape files can be processed by
the program. The first record read from an
unlabeled input volume can be either a tape
mark or a data record. If it is not a tape
mark, the program will backspace the tape
to the beginning of the first record.

A tape mark can be written before the
first data record, and one will be written
after the last data record on each output
volume with nonstandard labels or no
labels.

For a complete discussion of label
processing, see IBM System/360 Disk
Operating System, Data Management Concepts,
Form C24-3427, and IBM System/360 Disk
Operating System, Supervisor and I/0
Macros, Form C24-3429,

SYMBOLIC UNIT ASSIGNMENTS

Assignment of input/output devices to
specific channels, if a 2-channel system is
used, is left to the discretion of the
user. The sort/merge program does not
require a particular device on a particular
channel. The program-required disk work
area can be composed of a maximum of six
individual extents. The total number of
tracks required for a work area (the sum of
the extents) must not be greater than the
total number of usable tracks on six disk
packs.

Input to a sort or a merge-only
operation can be read from multiple disk
drives, and output can be written on
multiple disk drives. The input and output
areas are flexible; multiple extents can be
specified for each input file and for the
output file. These I/0 areas can be
arranged around the program-required work
area, which must be on-line at all times
during execution. Regardless of the
arrangement used, the program maximum of
eight drives must not be exceeded.  The
user is free to assign any symbolic unit
name to the disk drives used for sorting or
merging, providing the limitations
established by the disk-resident control
program are observed.

When the system includes tape drives,
primary and alternate tape drives can be
specified to eliminate the time required to
rewind and unload a tape reel and mount a
new reel either when reading a multivolume
input file or when writing a multivolume
output file. For example, if an input file
is contained on two volumes, the second
volume can be made ready on the alternate
drive while reading from the primary drive.
This facility exists for both sort and
merge-only operations.

The program assumes, if tape input is
specified, that the initial reel of the
first input file to be sorted or merged
will be read from the tape unit with the
symbolic address SYS002, and that the
alternate input unit will be assigned as
the alternate unit for SYS002. In the same
manner, the program assumes that the
initial volume of the second input file,
for either a sort or merge-only run, will
be read from the unit assigned to SYS003;
the alternate unit will be assigned as the
alternate for SYS003. If tape output is
specified, the program assumes the output
file will be written on the unit with the
symbolic address SYS001. The alternate
unit, if any, is assigned as the alternate
for SYS001.

For a sort operation, the tape units
with the symbolic addresses. SYS002 through
SYS010 are assumed to contain the initial
volumes of input files 1 through 9,
respectively. For example, if two tape
files are to be sorted, the initial or only
volumes must reside on SYS002 and SYS003,
which can be assigned to the same tape
drive or to different drives.

For a merge-only operation, the tape
units with the symbolic addresses SYS002
through SYS005 are assumed to contain input
files 1 through 4, respectively. For
example, if three tape files are to be
merged, the initial or only volumes must be
mounted on SYS002, SYS003, and SYS004,
which must be assigned to different drives
(initial volumes of all files must be
on-line).

Figure 8 illustrates one example of an
input/output scheme for a sort or
merge-only operation. In this example, two
files can be sorted or merged with a
minimum of operator intervention by
utilizing alternate drives. The system
illustrated uses six tape units, a central
processing unit, and one or more disk
drives. The diagram is explained as
follows:

1. Two input files, FILEA and FILEB, are
to be sorted or merged.

2. Each file consists of two volumes.

3. The initial volumes of FILEA and FILEB
are mounted, as required, on SYS002 and
SYS003, assigned respectively to tape
units A and C.

4. The alternates assigned to SYS002 and
SYS003 (via ASSGN statements) are tape
units B and D, respectively.

5. SY¥S001, the symbolic unit address for

FILEO, is assigned to tape unit E with
an alternate unit F.
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6. The output file consists of three
volumes. The first is to be written on
unit E, the second on unit F, and the
third on unit E.

Unit A Unit B Unit C

Work File(s)
CPU SYSnnn
- (Sort Only)*

* (For merge=-only,
only two
adjacent tracks
are required.)

Unit E

Unit F

Figure 8. Tape Input/Output Scheme for

Sort or Merge-Only Operation

SYSTEM REQUIREMENTS

The System/360 used to run the sort/merge
program must have at least:

. 16K (16, 384) bytes of main storage.
. Standard instruction set.

. One IBM 2311 Disk Storage Drive
attached to either one multiplexor
channel or one selector channel.
(System residence may require the user
to have an additional disk storage
drive for sorting.)
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C . One IBM 1403 or 1443 Printer; or one

IBM 1052 Printer-Keyboard

. One IBM 1442, 2520, or 2540 Card Read
Punch, IBM 2501 Card Reader, or IBM
2400-Series Magnetic Tape Unit (7- or
9-track) assigned to SYSIPT and SYSRDR.

» One IBM 2400-Series Magnetic Tape Unit,
if tape input/output is desired.

The sort/merge program will also operate
with:

) A maximum of 512K (524,288) bytes of
main storage.

» A maximum of eight IBM 2311 Disk
Storage Drives (including the system
residence drive), two to six of which
can be used for intermediate storage.

. One to ten IBM 2400-Series Magnetic
Tape Units (7- or 9-track) for
input/output to a sort operation. Any
number of alternate tape units can be
supported.

. One to five IBM 2400-Series Magnetic
Tape Units (7- or 9-track) for
input/output to a merge operation. Any
number of alternate tape units can be
supported.

The possible combinations of 7-track and
9-track tapes for the sort operation are:

Input Output
7 7 or 9
9 7 or 9

The possible combinations of 7-track and
9-track tapes for the merge-only operation
are:

Input Output
7 and/oxr 9 7 or 9



The assignment phase reads, from SYSIPT,
the sort/merge control cards prepared by
the user. The control card statements
contain file description and necessary
parameters to perform a specific sort/merge
operation.

The sort/merge control cards need not be
loaded into the reader in any specific
sequence except that the END control card
must follow the control deck. The control
information is rearranged in main storage,
in accordance with the control statement
sequence code, so that the SORT (or MERGE)
statement is processed before any of the
other control statements.

As the statements are processed, tables
are built and areas are defined for use in
succeeding phases. The constants that are
calculated for a sort/merge run .include:

. M - order of merge
. G - size of internal sort sequence
. B - sort blocking factor

Internal diagnostics check the format of
the control statements and the values
within the tables are cross-checked.

Values are assumed for certain optional and
required parameters that may have been
omitted from the control statements; for
example:

. in the SORT statement, an ascending
order is assumed for a missing sequence
parameter (Sn). The assumed value is
flagged as an error, but the assumption
allows processing to continue to the
end of the phase.

ASSIGNMENT PHASE (PHASE 0) - 01

. when processing fixed-length records,
the field definer (LENGTH) in the
RECORD control card need only contain
an entry for L1 and not for L2 and L3.
This is a valid condition and does not
indicate an error.

. If FILES (an optional parameter) is
omitted, its value is assumed to be 1.
Thus, if FILES is omitted, the volume,
input, and label entries must be
compatible with FILES = 1 to avoid
subsequent errors.

The user can request that the actual
control cards as well as a detailed
description of the given parameters be
printed on SYSLST. To accomplish this
optional program feature, the user must
specify the PRINT option.

Messages are printed defining the error
conditions detected by the assignment
phase. If SYSLOG is a 1052, the user
operator has the option to either cancel
the job or to retry after correcting the
control card errors. If SYSLOG is not a
1052, the job is automatically canceled.

When a RESTART run is to be made
(RESTART runs are not available for
merge-only operations), phase 2 is fetched
at this time. Otherwise, constants for
either a sort or a merge are written in the
2311 disk checkpoint area (last four tracks
of the given FILEW area), and either phase
1 (for a sort) or phase 4 (for a merge) is
fetched.

Figure 9 is a layout of main storage for

the assignment phase, showing each overlay
and its respective routines.
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Overlay
Q
1 Supervisor Read and Compress S el S o <§t w
Control Cards o | 212l Z g Slu|S|ald]«|a
S 8 8 Ulaoa |w|<| <] | <
v - w wm wm o -
2 CCSORT Patch - Some as Overloy |
|
3 SRTSCN, MRGSCN, Patch -Samle as Overlay 1
and RCDSCN Area ~ | 4 -
' INFSCN, OTFSCN, OPTSCN, Sa Overlay 1
4 MODSCN, and ENDSCN ' mp as Sverioy
|
5 Calculate Calculate p |e——Same as Overlay 1——————m
Work Area Phase Sizes
l——— —_—
é Calculate LMAX and BMAX P Same as Overlay 1
l———— [
7 Post-Edit Control Cards P Same as Overlay 1
«————S —
8 Calculate Constants P ame as Overlay 1
9 Timing Routine p [e——Same as Overlay 1 ———————mm
Checkpoint, Restart, or
‘10 PR'NT End of Assignment p [®——Same as Overlay | ——————
Y Option Phase Routines

Note: Not drawn to scale.

ABORT  INITWTR

. ) OPERROR DTF [Read Control Cards
ERROR Print Messages
RDRTN  CPMOD

P - Patch Area
Figure 9. Assignment Phase Main-Storage Layout
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READ AND COMPRESS CONTROL CARDS - AA

This routine (overlay 1) is the first
overlay of the assignment phase; it is used
to read control cards into storage, check
their validity, and prepare any error
messages that may be required. Phase
tables and other areas used throughout the
assignment phase are contained in this
overlay.

Control cards are read one at a time
into a read-in area and checked for:

. User run code

] Blank in first column

. Blank control card

. valid statement definers

. Duplicate definers

] Definer in correct card position

* Valid continuation cards

. PRINT, CALCAREA, and ADDROUT options

. END card after reading 25 control
cards.

Valid control cards (including their
continuation cards, if any) are processed
to include a code at the beginning of the
card image (to denote SORT, INPFIL, etc.),
and compressed to eliminate blank columns.
A slash (/) is placed at the end of the
card image which is then moved to a save
area for further processing in subsequent
overlays.

The OPTION card is checked for PRINT,
CALCAREA, and ADDROUT in this routine and
the selected bit is set in the phase table.

Control cards are processed until either
an END card or the twenty-fifth control
card has been read. In the former case,
overlay 2 is fetched; in the latter case,
if an END card has not been read, an error
message is printed.

Other error messages are prepared,
depending on the type of error (if any),
but are not printed at this time.

This overlay includes some small
subroutines that will remain in main
storage and will be used by subsequent
overlays:

. Read 1052 replies

. Write

. Print error messages
. Print control card contents
. Abort

The print and abort subroutines are
initialized for the printing devices and
for operator response depending on the
available system features and 1/0
assignments.

DSORT, AA-Bl

The three base registers to be used in this
overlay are initialized.

The end of address of the supervisor
area is calculated and stored. A series of
tests is then made to determine if SYSLOG
is a printer and, if so, if it is
designated for the same device as is
SYSIST. Switches and indicators are set,
depending on the result:

. SYSLOG is not a printer - turn on bit
#7 in SYSLGBIT to indicate SYSLOG is an
IBM 1052 Printer-Keyboard

. SYSLOG is a printer (1403 or 1443) but
is not equal to SYSLST - activate
branch at SW140343 to use the printer
as SYSLOG and activate branch at ABORT
to bypass operator response routine.

. SYSLOG is the same printer as SYSLST -
turn on bit #6 in SYSLGBIT to indicate
SYSLOG = SYSLST, activate branch at
OPERRSW to print only on SYSLST, and
activate branch at ABORT to bypass
operator response routine.

Other information is then retrieved from
the communications region and, if
necessary, the current date is converted to
MMDDYY format.

The starting and ending address of the
message save area (CCSAVE and CCSAVE + 735)
and the starting address of the card image

save area (SAVIMAG) are stored in CCSADD,
CCEND, and CIMAGSV, respectively.

BEGIN1, AA-C1

Three registers are initialized for use
during the scanning of control cards:
. R7 - Index for control card area

. R3 - Marker for read-in area address
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° R4 - Pointer to end of scan area

A test is then made to determine if 25
control cards have been read. If such is
the case at this point, an error condition
exists because no END card has been read; a
branch is made to ERR4. If the card count
is less than 25, a branch-and-link is then
made to RDRTN to read a control card into
location READIN. The routine then
continues to RUNCODSW.

ERR4, AA-CY

Information for the error message at
location EO4 is obtained, and a
branch-and-link is made to OPERROR to print
the message. A branch is then made to
LOAD1.

RUNCODSW, AA-G1

This location is initially a no-op and it
remains so until a run code is given by the
user (this code is found in columns 73-80
of the sort/merge statements and is used by
this phase as an identifier). The code is
stored at RUNCOD and this no-op is made an
unconditional branch to COUNTCDS. Until
such time, the routine tests each card for
a run code before continuing to COUNTCDS.

At COUNTCDS, the control card counter
(CDCOUNT) is increased by one and the
routine continues to READB to test for a
blank in the first column. If the first
column is blank (as it should be), the
routine continues to TSTBLKCD; if not
blank, a branch is made to ERRl.

ERR1, AA-J1

The control card number is converted to
decimal and inserted in the error message
at EOl1. The message is then moved to the
message save area (CCSAVE) if space
permits; if not, the message is not moved
and a branch is made back to BEGIN1+4 for
the next card. If the message is moved to
CCSAVE, a branch is made to BEGIN1+4 except
when the card just read is an END card, in
which case the branch is to LOADI.
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TSTBLKCD, AA-J2

As long as blank columns are detected (from
column 2 on), the routine continues testing
each succeeding column for a blank. If the
end of the card is reached, indicating a
blank card, a branch is made to ERR6. As
soon as a column that is not blank is
detected, the card image is moved into the
save area (from READIN to CIMAGSV) and the
routine continues to SW.

ERR6, AA-K2

A bit is set in indicator EO06BKT so that
message 7D061 will be printed at the end of
overlay 4. A branch is then made to
BEGIN1+4.

SW, AA-B2

This location is initially a no-op and is
made a branch to COL16 only when a
continuation card is to be processed, as
determined during the scan of the preceding
card. When SW is a no-op, a branch is made
to CKPARA.

COL16, AA-C2

If the scan register has not reached column
16, the columns preceding column 16 are
tested for blanks. If a non-blank column
is detected before reaching column 16, the
card is in error; the branch at SW1l is
activated (to permit this card to be
processed) and a branch is made to ERRS.

When the scan has reached column 16 and
the column is blank, the card is in error
and a branch is made to ERR5. If column 16
is not blank, the card is valid and a
branch is made to UPMOVE to process it.

ERRS5, AA-E2

The control card number is converted to
decimal and inserted in the error message
at E05. The message is then moved to the
message save area (CCSAVE) if space
permits. (If the save area is full, the
message is not moved and the routine
continues.) The branches at SWl and BSLASH
are made no-op's (because it is not yet
known if the next card is a continuation
card) and the routine continues to SW1.



SW1l, AA-F2

This branch is activated when the
information on a continuation card begins
before column 16. In these cases, the
branch is made to UPMOVE to try to process
the card. Otherwise, this location is a
no-op and a branch is made to BEGIN1+4 to
read the next card.

CKPARA, AA-A3

The statement definer code is determined by
testing for each definer (SORT, MERGE,

1. Iocation DUPBK is tested for a
duplication of the definer (it may have
appeared on a previous card). If such
is the case, a branch is made to ERR64.

2. If the definer is not a duplicate, the
appropriate symbol is placed in DUPBK
(for future testing of duplicate
definers) and the definer length is
placed in location SUBTRC.

3. The address of the instruction for
inserting the appropriate definer code
is placed in register R9; a branch is
then made to INITST.

The labels and constants used for the

etc.) and when one is found: various definers are:
DUPBK Length in Address in Code to be

Definer Symbol Byte SUBTRC Register R9 Inserted
SORT S 0 5 INITCS 1
MERGE M 1 6 INITCM 2
RECORD R 2 7 INITCR 3
INPFIL I 3 7 INITCI 4
OUTFIL o} 4 7 INITCO 5

MODS E 5 5 INITCE 6
OPTION (o] 6 7 INITCP 7

END D 7 4 INITCD 8

If none of the listed definers are
found, a test is made to determine if 25
cards have been read and if so, a branch is
made to ERRY4; if not, the branch is to
ERR3.

ERR64, AA-C3

The duplicate statement definer is moved
into the error message at E64. The message
is then moved to the message save area
(ccsap) if space permits, and a branch is
made back to BEGIN1l+4 for the next card.
(If the save area is full, the message is
not moved.)

INITST, AA-AS

A test is made to determine if the
statement definer is in the correct
position on the card (between columns 2 and
15). If not, a return switch (ERR3A) is
set and branch is made to ERR3; upon
return, the ERR3A switch is turned off and
a branch is made to the address in register
R9 (see list at end of text under CKPARA).

When the definer position is valid, a
branch is made directly to the address in
register R9. At these locations, the
definer code that was found is placed in
the byte immediately to the left of the
control card image in the save area
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{CCAREA) and then, depending on the
definer, one of three branches is made:

] OPTION definer - to OPTSC1
® END definer - to LOAD1

° All others - to UPMOVE

ERR3, AA-B5

The invalid statement definer is moved into
the error message at E03. The message is
then moved to the message save area
(CCsaD), if space permits, and the routine
continues to ERR3A. (If the save area is
full, the message is not moved.)

ERR3A, AA-C5

This location is a return switch that is
turned on (unconditional branch) when ERR3
is to be entered from INITST. If such is
the case, a branch is made from this point
back to that portion of the routine (see
first paragraph under INITST).

When ERR3 is entered from CKPARA, this
switch is off (no-op) and a branch is made
to BEGIN1+4 for the next card except when
the card just read is an END card, in which
case the branch is to LOADI1.

OPTSC1, AA-F3

The switch at location OPTSCS is turned on
(unconditional branch to OPTSC2) and the
address of the first byte of the current
control card is stored. A branch is then
made to UPMOVE.

UPMOVE, AA-G3

The continuation-card switches at SW and
SW1 are turned off (made no-ops) and,
depending on the results of several tests,
the appropriate course of action is taken:

. Continuation column blank but column 71
not blank - Branch to BYTEl, where the
end-of-scan position is incremented by
one to determine the slash (/) position
that denotes the end of the card image.
The slash is then moved so that it is
immediately to the right of the
high-order byte of the card image. The
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slash position is saved and the
compressed card (including the slash)
is moved to the control card area
(CCARERA) .

. Continuation column blank and column 71
blank - Scan from column 71 back,
decrementing the end-of-scan position
each time, until the first valid byte
is found. Then, branch to BYTEl1l and
process as described in the preceding
paragraph.

. Continuation column not blank and
column 71 not blank - Turn on switch SW
and branch to BYTE, where the slash (/)
position is saved and the compressed
card (including the slash) is moved to
the control card area (CCAREA).

. Continuation column not blank but
column 71 blank - Turn on switch SW and
test if current card is valid; if not,
branch to ERR5. If card is wvalid, scan
from column 71 back, decrementing the
end-of-scan position each time, until
the first valid byte is found. Then,
branch to BYTE and process as described
in the preceding paragraph.

At this point, the current card, if
valid, has been compressed so that no
blanks will be included when the card image
is moved, except for the blank between the
statement definer and the first field
definer.

If the next card is to be a continuation
card, the switch at BSLASH is a no-op and
the routine initializes so that the
information from the next card will be
moved to CCAREA as a continuation of that
from the present card. A branch is then
made to BEGIN1+4 to read in the next card.

When it has been determined that the
next card is not a continuation card, the
scan area is updated and the routine
continues to OPTSCS.

OPTSCS, AA-J3

This location is a no-op for all cards
except the "OPTION" card and, in all such
cases, a branch is made back to BEGIN1+4 to
read in the next card. However, when the
current card is the "OPTION" card, this
location would have been made an
unconditional branch (see OPTSC1) and the
routine now branches to OPTSC2.



OPTSC2, AA-K3

The switch at OPTSCS is turned off and
tests are made for the PRINT, CALCAREA, and
ADDROUT options. The corresponding bit in
table TAGTYPE is set for each option
specified, and a branch is made back to
BEGIN1+4 to read in the next card.

LOAD1, AA-ES

The control card image area (CIMAGSV) is
closed by inserting a hexadecimal "EF" at
the end of the last card image in the area.
The current message save area address
(ccsapD) is then checked to determine if it
is at the upper limit (CCEND). If CCSADD
is less than CCEND, a hexadecimal "FF" is
inserted at the end of the last message in
the area; if CCSADD is equal to or greater
than CCEND, the FF indicator is not
required. A branch is then made to FETCH.

FETCH, AA-F5

This location contains an expansion of the
FETCH macro; it is used to fetch the next
required overlay as determined at different
points throughout the assignment phase
overlays 1 through 9. The number of the
overlay to be fetched (2 through 10) is
inserted in the operand for the macro
before branching to this location.

At the end of overlay 1, therefore,
overlay 2 (Chart AB) is fetched for
execution.

CCERR, AA-GY4

This location is entered from overlays 2,
3, and 4 of the assignment phase and is
used to print the entire compressed
contents of a particular control card only
when the first error in that card is
detected. This is done so that if the
error indication was caused by a keypunch
error, it may be corrected by the operator
before canceling the job. Subsequent
errors in the same card will cause only an
error message to be printed, but not the
entire card.

The term "card"” in the preceding
paragraph means a logical card, which
includes continuation cards, if any, for a
statement. Provision is made for printing
longer logical cards B0 bytes at a time.

After the contents of a particular card
are printed, a branch is made to OPERROR to
print the first error message. Subsequent
entries for the same card branch directly
to OPERROR.

OPERROR, AA-J4

This location is entered from ERR4 and
ABORT in this overlay and from several
points in other overlays (either directly
or through CCERR). The entries are made
via a branch-and-link with link register
RA.

If SYSLOG and SYSIST are assigned to the
same printer, a branch is made back to the
address in link register RA where a
branch-and-1link to ERROR will be found;
messages will thus be printed on SYSIST
only. However, if SYSLOG is not the same
printer as SYSLST, a branch is made to
PRT1403 and the messages are printed on
both SYSLOG and SYSIST.

If SYSLOG is an IBM 1052
Printer-Keyboard, the message is typed out
and a branch is made back to the address in
link register RA where a branch-and-link to
ERROR will be found. The messages are then
printed on the SYSLST printer.

In all cases, after the messages are
printed the program returns to the address
in the 1link register RA to continue
processing.

ABORT, AA-H5

This location was initialized at the start
of overlay 1 to permit operator response
for RETRY or CANCEL only if SYSLOG is a
1052 and if SYSIPT and SYSRDR are not
tapes.

ABORT is entered from overlay 4 (Chart
AE) when there is an error of a type that
will not permit the assignment phase to
continue processing beyond that point. If
operator response is permitted, the message
at location E90 is printed via a
branch-and-1link to OPERROR. The operator
may then cancel the job or correct the
error and retry. In the former case, a
CANCEL macro is issued; in the latter, the
program returns to the start of overlay 1
after the job cards and sort cards have
been placed in SYSRDR and SYSIPT,
respectively.

If a retry is not permitted because of

the restrictions mentioned, the message at
E%92 is printed and the job is canceled.

Assignment Phase 29



A ~ 7

CCAREA|0|1|s|o!RiT|xl i I l/l |4|llN|P|F|IlLIXIXlX‘/lOlB[R|E|Cb
/

Length

;
mm@@h@llHd 141 |

-

;T

CCSAVE|S|O|R‘T XIX

~
[# Jefefofs fofx x| ]t [n]e e e [x|x]x|/].

AA - 2-byte address of the, compressed control card in CCSAVE,

B - total number of bytes (excluding code) in compressed control card.

C - code indicating type of card.

1 - SORT 5 - OUTFIL

2 - MERGE 6 - MODS

3 - RECORD 7 - OPTION
- INPFIL 8 - END

Figure 10. Sort Compressed Control Cards

SORT_ COMPRESSED CONTROL CARDS - AB

This routine (overlay 2) initializes TBLADD
and CCSAVE so that each logical control
card can be found and scanned by its
respective overlay for errors and
extraction of information. The order in
which the codes are placed in the table
(TBLADD) and in the area (CCSAVE)

is: 1-SORT, 2-MERGE, 3-RECORD, u4-INPFIL,
5-OUTFIL, 6-MODS, 7-OPTION, 8-END. Refer
to Figure 10.

DSORTO002, AB-Bl

The base register is initialized and the
stacked message from overlay 1 is printed.
The routine then continues to CCSO0.

CCs0, AB-D2

CCAREA is scanned until a 1 code is
reached, then a 2 code, and so on. When a
valid code is read in its proper order and
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there is no error, control is passed to
MOVECC. Control cards are checked for
invalid codes and missing mandatory codes.
Overlay 3 is fetched when the END card code
is reached.

MOVECC, AB-D3

If a code is found, the respective area in
the table at location TBLADD is updated
with the code and length of the logical
card. The card is moved to the area
labeled CCSAVE, and its starting address is
placed in TBLADD. The code search register
is incremented to search for the next
sequential respective code in CCAREA.
control is returned to the CCSO routine at
label CCS2, until all cards have been
scanned.



SCAN SORT, MERGE, AND RECORD CONTROL CARDS
- _AC

This routine (overlay 3) scans the
compressed control cards for the statement
definer of each card. As the statement
definer is read, the appropriate overlay
for that card is determined. The statement
definers and their overlays are:

. SORT, MERGE, and RECORD -- overlay 3

. INPFIL, OUTFIL, MODS, OPTION, and END
-- overlay 4

If it is determined that a SORT or MERGE
card is present, overlay 3 continues and
scans the control card for values and
errors. The values are placed in the phase
tables starting at the label FORMAT.
Insertions are made for missing parameters
(either required or optional) and errors
are explained by messages. When the card
has been completely scanned, control is
returned to the initial scan routine of
overlay 1, which determines the next
overlay to be fetched.

When the appropriate overlay has been
fetched, the next control card is scanned.
Overlays 3 and 4 do _not overlay the initial
scan routine of overlay 1.

After all control cards have been
scanned, no errors detected, and the table
built, overlay 5 is fetched.

DSORT003, AC-B2

Registers are initialized to scan the
CCSAVE area for a control card and to call
in the corresponding overlay. The routine
then continues at SRTSCN.

SRTSCN, AC-C2

The address of the first sorted control
card is retrieved from TBLADD and stored in
MSGADD. A test is made to determine if the
card designates a sort or a merge. If a
merge, a branch is made to MRGSCN; if a
sort, the sort indicator (S-character) is
set in MANDBK, and the index register is
initialized with the control field length
minus one (CF1LNG). A test is made to
determine that the proper format for the
control card has been used. If an error is
detected, a branch is made to ERR1 to
execute the corresponding error routine.

If no error is detected, the routine
continues at SRT1 to scan the control card.

SRT1, AC-B3

Scanning of the control card is continued
one byte at a time until a complete
statement, SORT or MERGE, has been scanned
(a slash followed by a hex 61 indicates end
of a statement). A comparison is made
between the field definer and the
dictionary of field definers located at
CKFIDS. When a valid definer is found, the
program branches to the respective routine,
which extracts the values for that definer
and places them in the phase table. The
routines are:

. FLD - field definer

. FILRTN - order of merge for merge-only;
or number of files for sort

. FMAT - format definer

FILSZE - size definer

If a valid field definer is not found,
the program branches to ERR2 to print the
appropriate error message.

FLD: The FIELD definer is bypassed, and a
check is made for the left delimiter. The
values for each control field are
extracted, converted to useable form, and
placed in the phase table. For example, if
there is only one control field, the code
placed in the phase table is 0080 if
ascending, or O0OEO if descending sequence.
However, if there is more than one control
field, the code for ascending sequence in
the first field is 0000, and 0080 in the
last field, if it is designated ascending.
For descending sequence, the first field is
0060, and the last field, if descending, is
00E0. Further checks are made for the
position and the length of a field. A
missing sequence value is assumed to be
ascending and an error message is printed
to indicate that the sequence value was not
given.

A maximum of 12 control fields can be
specified with this format. The total
length of all control fields must not
exceed 256 bytes.

FILRTN: The number of user-given files is
extracted from the control card and
converted to binary. The binary number is
stored at FILES and, in addition, is used
as the order-of-merge for a merge-only run.
If FILES is left out of the control card,
the program assumes the number of files to
be 1 for either a sort or a merge.

Note: Errors may be encountered later in
the phase and messages will be
printed if FILES is not given and
assumed to be 1. For example:
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FILES GIVEN EQUAL TO 1, AND INPUT
EQUALS T,D,T

If a sort, no errors would be detected
because the input could then be only disk
or tape, but not a combination of the two.

FMAT: The field definer is bypassed, the
type of format is determined, and the
appropriate bit is set ON in the phase
table at FORMAT.  The user's original code
is saved for use with the PRINT option at
FMATBK, if specified. The format codes
are:

. FL - floating point
® BI - binary

. FI - fixed point

» PD - packed decimal
. ZD - zoned decimal

FILSZE: The field definer is bypassed and
the user-given file size is stored in the
phase table at FILESZ. Size is required
for a sort, but not used for a merge. The
sort operates at greater efficiency even if
the size entry is only an estimate;
however, the estimated size entry must be
equal to or greater than the actual file
size. Otherwise, the work area calculated
would be incorrect and an error message
will be printed.

When the end of the control card is
reached, control is returned to this
routine at SCAN.

SCAN, AC-C4

If the card is a MERGE or RECORD control
card, a branch is made to MRGSCN or RCDSCN,
respectively, in this overlay. For control
cards other than SORT, MERGE or RECORD,
overlay 4 is fetched.

1f, for example, an OUTFIL card is
detected in CCSAVE, the overlay number
(byte 19) is checked to assure that the
required overlay is in main storage.
Because both INPFIL and OUTFIL use the same
overlay, overlay 4 will be in main storage
when the OUTFIL card is detected.

MRGSCN, AC-D2

Registers are loaded with the MERGE control
card location in CF1LNG and TBLADD, and the
card code is tested. If there is a MERGE
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card in TBLADD, the merge indicator
(M-character) is placed in MANDBK+1l and a
branch is made to SRT1. If there is not a
MERGE card, the branc