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The IBN System/360 Operating System sort/ 
merge program is a generalized program that 
can sort and merge blocked and unblocked 
fixed-length or variable-length records 
based on control information supplied by 
the user. The formats and uses of the 
various sort/merge control statements are 
described in the publication OS Sort/Merge. 

This version of the program is designed 
to: 

• Sort a data set using one of the fol
lowing devices for intermediate 
storage: 

IBM 3400 Series Magnetic Tape 
IBM 2400 Series Magnetic Tape 
IBrvi 2311 Disk Storage 
IBM 2301 Drum Storage 
IBM 2314 Direct Access Storage Facility 

• Merge up to 16 previously sorted data 
sets. 

Relationship to the Operating System 

The sort/merge program is a processing [:ro
gram of the operating system and, as such, 
it communicates through macro instructions 
and interruptions with the following parts 
of the operating system control program: 

• Job management routines that analyze 
job control statements and print 
messages. 

• Task management routines that allocate 
main storage to various segments of the 
program and analyze conditions that 
have caused an interruption in the 
program. 

• Data management routines that read data 
from and write data onto input/output 
devices. 

The initial sorting and final merging 
I/O operations are performed by the data 
management QSAM routines. The EXCP macro 
instruction is used for intermediate 
storage I/O operations. 

Section 1 : Introduction 

Structure of the Sort/Merge Program 

The sort/merge program consists of five 
phases as shown in Chart 00. (Charts 00-04 
are at the end of section 1.) 

• A definition phase, which reads and 
interprets sort/merge control state
ments and determines the sequence dis
tribution technique to be used. 

• An optimization phase, which optimizes 
the usage of channels and I/O devices. 

• A sort phase, which arranges input 
records into ordered sequences and 
places the sequences onto intermediate 
storage devices. 

• An intermediate merge phase, which 
rr,erges the sequences produced by the 
sort phase into a lesser number of 
sequences and places them onto interme
diate storage devices. 

• A final merge phase, which, for a sort, 
combines the sequences produced by the 
intermediate merge phase into one 
sequence or, for a merge, combines the 
input data sets into one sequence. 

DEFINITION PHASE 

This phase is obtained from the link 
library (SYS1.LINKLIB) and selects the user 
routines, if any, to be link edited. It 
reads and interprets sort/merge control 
statements and selects one of five sequence 
distribution techniques to be used by the 
sort phase: 

1. Balanced Direct Access, which is used 
when the intermediate storage device 
is a 2314 with six or fewer work 
areas, a 2301, or a 2311. 

2. Crisscross Direct Access, which is 
used when a 2314 with more than six1 

work areas is the intermediate storage 
device. 

3. Balanced Tape, which is always used 
whenever an estimated or exact input 
data set size is not given by the user 

1Crisscross can be used on a 2314 when 
exactly six work areas are provided by the 
user if the user "forces" the technique, 
see "Forcing a Technique" in Section 2. 
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4. 

and if at least four tape intern,ediate 
storage data sets are provided by the 
user. 

polyphase Tape, which is always used 
whenever only three intermediate tape 
storage data sets are provided by the 
user. 

main storage. The addresses of the control 
statements and user routines are passed to 
the sort/merge program by means of a para
meter list. In addition to the addresses, 
this pararrieter list nlay contain SOllIe 
optional information. The format of the 
pararr,eter list is illustrated in Figure 1. 

5. Oscillating Tape, which n,ay be used 
whenever the user supplies an exact or 
estimated data set size, provides more 
than three intermediate storage data 
sets, and does not specify the tape 
drive containing SORTIN as an interme~ 
diate storage device. 

The byte count defines the length (in 
bytes excluding itself) of the parameter 
list. It may be set to one of the follow
ing hexadecimal values, depending upon the 
number of optional entries included in the 
parameter list: 

For sorting applications initiated by an 
EXEC statement, and for merging applica
tions, the sort/merge control statements 
are provided in the SYSIN library. If 
user-modification routines are included, 
they are provided in the SYSIN data set 
and/or partitioned data sets. Any user 
routines appearing in SYSIN are copied onto 
a partitioned data set (SORTMODS). 

X'0018' if none of the optional entries 
is included. 

X'OOlC' if ~ of the optional entries 
is included. 

X'0020' if two of the optional entries 
are included. 

X'0024' if three of the optional entries 
are included. 

X'0028' if four of the optional entries 
are included. 

For sorting applications initiated by an 
ATTACH, LINK, or XCTL macro instruction, 
the sort/merge control statements, user
modification routines and EXEC statement 
PARM field options, if any, are provided in 

X'002C' if all five of the optional 
entries are included. 

All other values for this field are 
invalid. 

<-----------------------------4 bytes-----------------------------> 
r--------------------------------T--------------------------------, 
I Unused I Byte Count I 
~--------------------------------~--------------------------------i 
I Starting address of SORT statement 1 I 
~-----------------------------------------------------------------i 
I Ending address of SORT statement 1 I 
~-----------------------------------------------------------------i 
I Starting address of RECORD statement1 I 
~------------------------------------~----------------------------i 
I Ending address of RECORD statement1 I 
~-----------------------------------------------------------------i 
I Address of routine for exit E15 or zeros 1 I 
~-----------------------------------------------------------------~ 
I Address of routine for exit E35 or zeros 1 I 
~-----------------------------------------------------------------~ 
I Four alphameric characters 1 , not BALN, OSCL, POLY, CRCX, or DIAGI 
I (to replace characters ·SORT" in ddnames) I 
~----------------T------------------------------------------------~ 
I X'OO' I Optional main storage value 1 I 
~----------------~------------------------------------------------~ 
I The characters DIAG I 
I (for diagnostic messages) I 
~----------------T---------------T--------------------------------~ 
I X'FF' I Unused I Message printing I 
I I I control characters 1 I 
~----------------~---------------~--------------------------------i 
I Sequence distribution technique selection characters 1 I 
I (BALN, OSCL, POLY, or CRCX) I 
~----------------------------------------------------------------~ 
11 Refer to the publication IBM System/360 Operating System: Sort/I 
I Merge for a discussion of this field. I L _________________________________________________________________ J 

Figure 1. Sort Parameter List 

8 

These entries are 
optional and, if 
included, may appear 
in any order. 



The inclusion in the parameter list of 
an entry containing the characters DIAG 
causes the sort/merge program to print di
agnostic messages, control statements, and 
a module map. Such an entry should be 
included only if a problem is encountered 
while trying to execute the sort/merge pro
gram. This entry must not be included in a 
normal sort environment because it will 
impair sort performance. 

Figure 2 is an example of the use of the 
LINK macro instruction to initiate a sort
ing application. This figure also shows 
the format of the associated parameter list 
and illustrates the method by which the 
address of the parameter list is made 
available to the sort/merge program. 

Register 1 

~ ---... 
Address of Vr Unused I X'OOlS' 

SO Parameter Starting Address of SO RT Statement 

List Ending Address of SORT Statement 

High-Order Starting Address of RECORD Statement 

Byte Must i=nding Address of RECORD Statement 

Contain a Add,of Routine for Exit E 15 (zeros if not used) 

X'SO' Add_of Routine for Exit E35 (zeros if not used) 

MACRO Exam~le: 

LINK EP=SORT,PARAM=(LIST) 
• • • DS OF 
DC H'O' 

LIST DC X'OO18' 
DC A (STRTSORT) 
DC A(ENDSORT) 
DC A (STARTREC) 
DC A (ENDREC) 
DC A(E15) 
DC A (E 35) 

Figure 2. Sort Initiation via LINK Macro 

The linkage editor will be called during 
the definition phase if the user has 
included modification routines which 
require link editing. (The user codes 
either a MODS statement with no fourth 
parameter or with S as a fourth parameter.) 
Refer to Chart 04 at the end of this 
section. 

The linkage editor is obtained fron, the 
link library (SYS1.LINKLIB); it edits and 
combines the user routines and the asso
ciated phase modules. 

Input to the linkage editor is a sequen
tial data set (SYSLIN) containing INCLUDE 
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statements which point to members in one of 
the following two locations: 

• SORTMODS, which contains user
modification routines copied from 
SYSIN. 

• User-specified data sets, which contain 
user-modification routines. 

In addition to the above-mentioned data 
sets, the linkage editor uses SYSUT1 as a 
work device. When user routines request 
link editing, the output from the linkage 
editor is placed on SYSLMOD. The diagnos
tic output is placed on SYSPRINT, unless 
the sort/merge cataloged procedures, SORT 
or SORTD, are used, in which case no diag
nostic output is produced. 

The following names are given to the 
phases on SYSLMOD: 

Sort Phase 

Intermediate 
Merge Phase 

Final Merge 
Phase 

Sll,PH1 (For sorting 
applications 
only) 

S21,PH2 (For sorting 
applications 
only) 

S31,PH3 (For sorting 
and merging 
applications) 

OPTIMIZATION PHASE 

The optimization phase is obtained from the 
link library (SYS1.LINKLIB) and optimizes 
the usage of the channel configuration of 
intermediate input/output devices. 

SORT PHASE 

The sort phase is obtained from the SORTLIB 
library. If any user routines are included 
in the program, they are obtained either 
from the SYSLMOD library created by the 
linkage editor or from the user-prepared 
library. This phase arranges the input 
records into ordered sequences according to 
the information in the user-specified con
trol fields. It then writes these 
sequences onto intermediate storage devices 
(SORTWK01, ••• ,SORTWK32) according to a pre
determined sequence distribution procedure. 
Refer to Section 2 for a discussion of the 
"Sorting Technique" and "Sequence Distribu
tion Techniques" implemented in the sort/ 
merge program. The movement of records in 
the sort phase is described in Section 2 
under "Record Movement in the Sort/Merge 
Program." 

Section 1: Introduction 9 



INTERMEDIATE MERGE PHASE 

This phase is obtained from the SORTLIB 
library. If any user routines are to be 
used in this phase of the program, they are 
obtained either from t'he SYSLMOD library 
created by the linkage editor or from the 
user-prepared library. This phase combines 
(merges) the short sequences produced by 
the sort phase into a lesser number of 
longer sequences. These longer sequences 
are again written onto intermediate storage 
devices (SORTWK01, ••• ,SORTWK32) according 
to a predetermined sequence distribution 
procedure. This phase is executed as many 
times as necessary until the number of 
sequences is less than or equal to the 
merge order. The sequence-combination 
method and the sequence-distribution proce
dures are described in Section 2 under 
"Merging Technique" and "sequence Distribu
tion Techniques," respectively. The move
ment of records in the intermediate merge 
phase is described in Section 2 under 
"Record Movement in the Sort/Merge 
Program." 

In both the oscillating sort and criss
cross sort, two of the five possible 
sequence distribution techniques, the sort 
and intermediate merge phases are kept in 
storage at the same time and control alter
nates between the two as directed by an 
algorithm. (Refer to the discussions of 
the oscillating and Crisscross Techniques 
in Section 2.) 

FINAL MERGE PHASE 

The final merge phase is obtained from the 
SORTLIB library. Any user routines to be 
used in the phase are obtained either from 
the SYSLMOD library created by the linkage 
editor or from the user-prepared library. 
For a sorting application, this phase com
bines the remaining sequences on the inter
mediate storage devices (SORTWK01, ••• , 
SORTWK32) and produces a single sequence. 
For a merging application, this phase com
bines the sequences from the input devices 
(SORTIN01, ••• ,SORTIN16) and produces a 
single sequence. This sequence is then 
written on the output device (SORTOUT). 

The method used to combine the sequences 
is described in Section 2 under "Merging 
Technique." The movement of records in the 
final merge phase is described in section ~ 
under "Record Movement in the Sort/Merge 
Program. " 

10 

INITIATING THE SORT/MERGE PROGRAM 

A sorting operation is initiated by either 
of two methods: 

• An EXEC statement ln the input stream. 
(See Chart 01.) 

• An ATTACH, LINK, or XCTL macro instruc
tion in another program. (See Chart 
02.) 

A merging operation is initiated by an 
EXEC statement in the input stream. (See 
Chart 03.) 

COMBINING SORT/MERGE PROGRAM MODULES 

The modules required for a specific sort or 
merge must be combined at program execution 
time. Figure 3 shows how the sort/merge 
program modules and user routines are 
combined. 

During generation of the operating sys
tem, sort/merge program modules are copied 
from SYS1.SM023 and placed in the sort 
library, SYS1.S0RTLIB. The modules needed 
for the definition phase and optimization 
phase are link edited into the link 
library, SYS1.LINKLIB. The modules for the 
sort, intermediate merge, and final merge 
phases are placed in the sort library. 

When the sort/merge program is to be 
executed, the definition phase modules are 
obtained from SYS1.LINKLIB. Sort/merge 
control statements are obtained either from 
SYSIN or from main storage. 

If the linkage editor is required, it is 
obtained from SYS1.LINKLIB as are the opti
mization phase modules. Modules for the 
sort phase are obtained from SYS1. SORTLIB. 
Modules for the intermediate merge phase 
and final merge phase come from SYS1. 
SORTLIB. User routines are picked up from 
SYSLMOD if they were link edited during the 
current sort/merge execution, or from a 
user library if they were link edited pre
viously and did not require further link 
editing. 
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Chart 00. Structure of Sort/Merge Program 
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Chart 01. Sorting Applications Initiated by EXEC 
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Chart 02. sorting Applications Initiated by ATTACH, LINK, or XCTL 
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Chart 03. Merging Applications 
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chart 04. Sorting Applications Using Linkage Editor 
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Section 2: Sort/Merge Program Theory of Operation 

This section describes the sorting and 
merging techniques used by the sort/merge 
program. The section also describes the 
format and movement of records from the 
time they are read in from the input device 
until they are placed on the output device. 

Sorting Technique 

The sort/merge program uses the 
"replacement-selection technique" to sort 
records. This technique: 

1. Reads a block of records fron, the 
input data set to an input buffer. 

2. Moves one of the records from the 
input buffer into the record storage 
area (RSA). Variable-length spanned 
records (VRE) are moved from the input 
buffer to a work area, which is large 
enough to contain the largest record 
in the input data set. There the seg
ments of the spanned record are 
gathered before the record is moved to 
the RSA. 

3. Determines which record in the RSA 
should be placed next in an ordered 
sequence. 

4. Moves that record to an output buffer. 
5. Replaces the moved record with the 

next record from the input buffer. 
6. Repeats from 2 until the input buffer 

is empty, and then repeats from 1 
until the input data set end-of-file. 

If the new record should follow the 
selected output record in the current 
sequence, the new record forms a part of 
the group of records from which the next 
output record is selected. If the new 
record should precede the selected output 
record, the new record is retained in RSA 
for the next sequence. The sorting process 
continues for the current sequence until 
there are no more replacement records that 
fit in the current sequence. The last 
block of records in the current sequence is 
then written, a new sequence is started, 
and the procedure is repeated until the 
entire input data set has been processed. 

The RSA has space for one more record 
than the number of records that can be 
sorted at one time. After a record is 
selected for output, it remains in the RSA 
and a new record is read into the extra 
space. After the new record and the output 
record have been compared to determine 
whether the new record fits in the current 

sequence, the output record is moved to an 
output buffer and the space it occupied in 
the RSA is made available for another new 
record. 

The RSA is primed with a group of rec
ords from the input buffer. Sort/merge 
then selects the first output record from 
the contents of the RSA. In Figure 4, 
sort/merge selects record 5 as the first 
output record. Before placing record 5 in 
the output buffer, however, sort/merge 
brings the first record from the input 
buffer, record 75 into the RSA and compares 
it with the selected output record. Record 
5 becomes the first output record. Record 
6 is selected as the second output record. 
Record 91 is brought in from the input 
buffer and is compared with record 6. 
Record 6 becomes the second output record 
and record 91 takes the place of record 6 
in the RSA. Record 11 is then selected for 
output and is compared with record 3 which 
has just been brought in from the input 
buffer. Record 3 has arrived too late for 
this sequence; record 11 becomes the third 
output record and record 3 is flagged to 
indicate that it must wait for the next 
sequence. Record 3 takes the place of 
record 11 in the RSA. This process con
tinues until none of the records in the RSA 
fit in the current sequence. Sort/merge 
then concludes that sequence and begins a 
new one. 

The replacement-selection technique puts 
records in sequence as they come into the 
RSA and keeps track of RSA addresses by 
forming a "tree structure." The tree 
structure may be defined as an area of main 
storage divided into "nodes," each contain
ing information about the comparison of 
either two or four records in the RSA, 
depending on the network used. The nodes 
are grouped into "levels,· each represent
ing one of a series of record comparisons. 
(Refer to Appendix D for a description of 
how nodes are constructed.) 

In either an oscillating or crisscross 
sort, on every Mth sequence, the sort phase 
proceeds as if an EOF had occurred, and the 
tree is flushed. (M is the merge order and 
is equal to N-1, where N is the number of 
intermediate work units.) Then control is 
passed to the intermediate merge phase. 
When merging is complete, the sort process 
is reinitialized; i.e., RSA is filled again 
and production of sequences continues for 
another M sequences or until an actual EOF 
has occurred. 
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Input Data Set SORTIN 

3 8 21 7 18 17 89 1 19 72 12 

Record from buffer RSA (already primed) 
6 

tasee7:~ H 
in curren:es:~~e~:ef~ts ~ 5~First record selected for 
i.e., collates higher output 
than record se lected 
for output 

Output Buffer 

5 

Next record from buffer 

9 ~ "~~.a ~6~Second record selected 
1~ 70 for output 

25 
11 
74 

Record 91 fits in 
this sequence 

Output Buffer 

6 5 

Next record from buffer 

\3~;~ compare 25 
11 ~ Third record selected 
74 for output 

This record does not fit into 
the current sequence. It 
replaces record 11 and is 
flagged. It wi II not be 
examined again until the 
next output sequence is 
begun. 

Output Buffer 

11 6 15 I 
Figure 4. Replacement-selection Technique 

18 

Next record from buffer 
91 
70 

8~ compare ~25~Fourth record selected for output 
~ 3* 

Record 8 does not fit 74 
in the current sequence 

Output Buffer 

Nex t record from buffer 
91 

~ comn,,,,' ~70~Fifth record selected for output 
21~ 8* 

3* 
Record 21 does not fit 74 

Next record from buffer 
91 
21* 

7~ _______ 8* 

Output Buffer 

~3* 
74+-Sixth record selected for output 

Record 7 does not fi t 

Output Buffer 

Nex t record from buffer 
18 ~ compare ........... 91~Seventh record selected for output 
~ 21* 

8* 

Record 18 does not fit 3* 

End current sequence -
begin new sequence 

7* 

18 
21 

8 
3 
7 

Output Buffer 



VARIABLE-LENGTH RECORDS 

Records are brought into the RSA one at a 
time. Associated with each pair of records 
is the address of a first-level node. The 
records in each pair are compared to deter
mine which record in the pair should appear 
first in an ordered record sequence (i.e., 
which record collates lower for ascending 
sequences or which collates higher for 
descending sequences). The record chosen 
from each pair is called the "winner" reco
rd; that not chosen is called the "loser" 
record. 

After the comparisons are made at the 
first-level nodes, the addresses of the 
loser records are recorded in the nodes. 
The winner records are then compared at the 
second-level nodes referred to by the next 
level addresses in the first-level nodes. 
(See Figure 5.) 

The comparisons at the second-level 
nodes produce loser records whose addresses 
are kept in the nodes, and winner records 
that are compared at the third-level nodes. 
The process continues until there is a 
single winner record selected from the com
parison at the last-level node. The 
selected record is the first record to be 
written in an ordered sequence. 

After a record is selected for output, a 
new record is brought into the empty space 
in the RSA. The new record is associated 
with the same first-level node as the rec
ord just selected for output. 

Conceptual Layout of Tree Structure for Variable - Length Record~ 

Each line 
to the Left 
of the First 
level Nodes 
Represents 
A Record in 
the Record 
Storage Area 

Fi rst Second Th ird Fourth 
Level level level Level 

)1 NODE 8 " 

Winner 
fL-----' Record 

Main Storage Layout of Tree Structure for Variable - length Records 

Fourth 
Level 

Third 
Level 

Second 
Level 

Node Construction (3 Words) for Variable- Length Records 

First 
Level 

Figure 5. Tree Structure for Variable
Length Records With RSA of 17 
Records (16+1) 

The new record is compared to the output 
record. If the new record precedes the 
selected output record in the current 
sequence, it is retained for the next 
sequence. The new record's address is 
flagged and remains in the tree. After the 
new record and the output record are COll'-

pared, the output record is moved to an 
output buffer. The space in the RSA occu
pied by the output record is now considered 
empty. 

The new record, whether flagged or not, 
is then compared to the loser record 
referred to by the record address in the 
relevant first-level node. This comparison 
produces a loser record and a winner rec
ord. Flagged records always lose. The 
address of the loser record is kept in the 
node. The winner record is compared to the 
loser record whose address is in the 
second-level node referred to by the first
level node. This comparison produces a 
loser record and a winner record. Succes
sive node comparisons continue until a 
winner record is selected for output. 
Another record is moved into the RSA and 
the above process is repeated until the 
entire input data set has been processed. 

The node structure is established at 
assignment time and the format code indi
cates that it is empty. After the last 
record is introduced, the remaining records 
are flushed out. 

FIXED-LENGTH RECORDS 

The tree structure for 64 fixed-length 
records (RSA=6S) is shown in Figure 6. 

The sorting technique used for fixed
length records is similar to that used for 
variable-length records except for the fol
lowing differences: 

1. The address of each first-level node 
is associated with four records in the 
RSA. 

2. At each level, the new record is 
ordered with three loser records at 
that level. 

3. Each node contains information about 
the comparison of four records. 
Hence, records are ordered in groups 
of four. 

4. After each grouping, there are three 
loser records and one winner record; 
each node has space for three loser 
record addresses. 

5. The format code in a node indicates 
the status of the node's three loser 
records. 
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Conceptual Layout of Tree Structure for Fixed-Length Records 

Each Line 
to the Left 
of the First 
Level Nodes 
Represents 
A Record in 
the Record 
Storage Area 

Main Storage Layout of Tree Structrure for Fixed - Length Records 

Third 
Level 

Second 
level 

y 

First 
Level 

loser records are ordered depending 
upon ascending or descending sequence. 

Winner 
Record 

Figure 6. Tree Structure for Fixed-Length 
Records With RSA of 6S Records 
(64+1) 

Sequence Distribution Techniques 

The sort/merge program can use five dif
ferent techniques for sequence distribu
tion. Each technique differs in the way in 
which sequences are distributed onto the 
intermediate storage devices and in the 
order in which the number of intermediate 
merge passes are reduced. The five techni
ques are: 

1. Balanced direct access technique. 
2. Crisscross direct access technique. 
3. Balanced tape technique. 
4. Polyphase tape tecnnique. 
S. Oscillating tape technique. 

The balanced direct access technique is 
used if the intermediate work areas are on 
2301 drum storage or 2311 disk storage. If 
the intermediate work areas are on a 2314 
direct access storage facility, either the 
balanced or crisscross direct access tech
nique is used depending on the number of 
work areas available as follows: 

20 

1. If less than six work areas are pro
vided by the user, the balanced tech
nique is used. 

2. If more than six work areas are pro
vided, the crisscross technique is 
used. 

3. If exactly six work areas are pro
vided, the balanced technique is used 
unless the user forces the crisscross 
technique. 

If the inter~ediate storage medium is 
tape, either the balanced, polyphase, or 
oscillating tape technique is used. The 
program evaluates the sort parameters spe
cified by the user to determine which of 
the three possible tape techniques it will 
use. The program needs an exact or closely 
estimated input data set size (SORT state
ment SIZE operand) to select the most effi
cient tape technique. If the user does not 
specify a file size, sort/merge chooses the 
polyphase technique if only three interme
diate storage tapes are available, or the 
balanced technique if four or more tapes 
are available. 

Sort/merge evaluates the following sort 
parameters to determine which tape tech
nique to use: 

1. Input data set size -- exact, esti
mated, or omitted. 

2. N -- the number of intermediate 
storage tapes available to the sort. 

3. Tape densities. 

4. Amount of main storage available to 
the sort. 

5. Channel configuration (multiplex, 1 
selector, 2 selectors, read-while
write tape control unit, or tape 
switch). 

6. User input/output blocking factors. 

Maximum input for a tape sort varies 
with technique. The formulas for tape 
technique capacities are as follows, where 
N is the number of intermediate storage 
tapes: 

oscillating tape technique maximum 
input is N-2 reels of tape at sort 
blocking. 1 4SNS17. 

1The publication IBM System/360 Operating 
System: Sort/Merge Timing Estimates con
tains sort blocking factors for various 
combinations of record lengths and main 
storage values. 



Balanced tape technique -- maximum input 
is (N/2)-1 reels of tape at sort block
ing. 45N532. 

Polyphase tape technique -- maximum 
input is 1 reel of tape at sort block
ing. 3:5N:517 • 

If only three intermediate storage tapes 
are available, sort/ffierge always chooses 
the polyphase technique. If the input unit 
is also specified as an intermediate 
storage unit, the oscillating technique 
cannot be used. The balanced and polyphase 
techniques require the input unit as a work 
unit only after the entire input file has 
been processed, whereas the oscillating 
technique requires the input unit as a work 
unit after N-1 input strings have been 
processed. 

If the number of inteTImediate storage 
tapes available to the sort exceeds 17, the 
polyphase and oscillating techniques are 
evaluated using 17 units as maximum. The 
balanced technique is evaluated with up to 
32 available units. The polyphase and 
oscillating techniques, with their higher 
merge orders, may allow a more efficient 
sort despite the reduction in the number of 
intermediate storage units used. This will 
also expand the capacity of the specified 
sort. 

FORCING TECHNIQUES 

The user can force a particular technique 
to be used for a sorting application. 

However, since the sort/merge program 
attempts to select the most efficient tech
nique, the user should be aware that forc
ing a technique can seriously impair sort/ 
merge performance. 

Table 1 shows the requirements of the 
five techniques. If the user forces a 
technique, but does not provide sufficient 
main storage or interrr,ediate storage, sort/ 
merge will select another technique rather 
than terminate the sorting application. 

The method used to override the sort/ 
merge program and force a particular tech
nique is governed by the manner in which 
the sort is initiated. If the sort is 
initiated by an EXEC statement, overriding 
is effected by including one of the follow
ing parameters in the PARM field of that 
statement: 

BALN 

OSCL 

POLY 
CRCX 

for the balanced tape or 
balanced direct access teChnique 
for the oscillating tape 
technique 
for the polyphase tape technique 
for the crisscross direct access 
technique 

If the sort is initiated by an ATTACH, 
LINK, or XCTL macro instruction, overriding 
is effected by including one of the above 
parameters as an optional entry in the sort 
parameter list. (Refer to Figure 1.) 
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Table 1. Sequence Distribution Technique Requirements 
r-----------T------------r---------T--------------T--------------T----------------------, 
I Technique I Minimum I Maximum I Minimmu I Maximum I comments I 
I I Main Storage I Input I Intermediate I Intermediate I I 
I IFor Sort/ I I Storage Areas IStorage Areas I I 
I I Merge I I Required I Permi tted I I 
~-----------+------------+---------+--------------+--------------+----------------------~ 
I Balanced 112,000 bytesl15 reels 12 (x+1), wherel32 tape units IAlways used if more I 
I Tape I I Ix is the num- I Ithan three inter- I 
IBALN I I Iber of input I Imediate storage tapes I 
I I I I volumes I lare available and I 
I I I I I linput data set size isl 
I I I I I Inot specified or I 
I I I I I I estimated. I 
~-----------+------------+---------+--------------+--------------+----------------------~ 
I Polyphase 112,000 bytesl1 reel 13 reels 117 tape units IAlways used if only I 
I Tape I I I I Ithree intermediate I 
I POLY I I I I I storage tapes are I 
I I I I I I available. I 
~-----------+------------+---------+--------------+--------------+----------------------~ 
IOscillatingl21,000 bytesl15 reels Ix+2 or 4, 117 tape units IInput data set size I 
I Tape I I Iwhichever is I Imust be given or I 
IOSCL I I I greater, where I I closely estirr,ated. The I 
I I I Ix is the num- I Itape drive containing I 
I I I Iber of input I ISORTIN, cannot be as- I 
I I I I volumes I I signed as an interme- I 
I I I I I Idiate storage unit. I 
~-----------+------------+---------+--------------+--------------+----------------------~ 
I Balanced 113,000 bytesl 13 areas 16 areas IThe only technique I 
I Direct I I I I lavailable for the 23011 
IAccess I I I I land 2311. Always used I 
IBALN I INo fixed I I Ion 2314 when less than I 
I I Imaximurr,- I I I six work areas are I 
I I I depends on I I available. Used on I 
I I I available I I 12314 when six areas I 
I I Imain I I lare available unless I 
I I I storage I I I CRCX is forced. I 
~-----------+------------~and ~--------------+--------------+----------------------~ 
ICrisscross 124,000 by tesl available I 6 areas 117 areas IAlways used on 2314 I 
IDirect I I inter- I I Iwhen more than six I 
IAccess I I mediate I I Iwork areas are avail- I 
ICRCX I I storage I I I able. Used on 2314 I 
I I I I I Iwhen six areas are I 
I I I I I I available but must be I 
I I I I I Iforced. Not used on I 
I I I I I 12301 or 2311. I L ___________ ~ ___________ ~ _________ ~ ______________ ~ ______________ ~ ______________________ J 

INTERMEDIATE STORAGE REQUIREMENTS FOR 
DIRECT ACCESS 

2311, 2301, and 2314 with Balanced 
Technique 

Total number of tracks S (N) +2N 
k(N-1) 

where 

N 

S 

22 

is the number of intermediate storage 
areas 3~N~6 

is the number of records in the input 
data set, exact or approximate. 

k 
is B/L 

B 

L 

is 3400 for the 2311 
18000 for the 2301 
7000 for the 2314 

is the length in bytes of the 
records in the input data set; 
maximum length for variable 
length records. 
only the integer portion of k is 
used. If the formula yields k=O, 
use k=1. 



2314 with Crisscross Technique 

Total number of tracks = 1.25S 
k 

where 

S 

k 

is the number of records in the input 
data set, exact or approximate. 

is B/L 

B 

L 
is 7000 

is the length in bytes of the 
records in the input data set; 
maximum length for variable 
length records. 
Only the integer portion of k is 
used. If the formula yields k=O, 
use k=1. 

BALANCED DIRECT ACCESS TECHNIQUE 

The sort phase distributes sequences onto 
all but the largest area set aside for 
intermediate storage. The order (ascending 
or descending) of the control fields of all 
the sequences is the same as the order 
desired for output. 

Each area has a directory in which the 
locations of individual sequences are main
tained. The directory for each area 
resides in that area and is pointed to by a 
parameter in the phase-to-phase information 
area (PPI). For example, if an intermedi
ate storage area contains 50 tracks, sort/ 
merge begins writing sequences on the first 
track and places the directory on the last 
track. One track is always used for the 
directory and more tracks may be required 
depending on the number of sequences placed 
in the work area. An additional track 
immediately preceding the directory area is 
reserved for EOF processing. 

The intermediate merge phase combines 
sequences from one of the filled areas into 
longer sequences and places these sequences 
onto the empty area. When the filled area 
has been completely exhausted, it is consi
dered empty and can then receive sequences 
from some other area. The merging process 
continues until the total number of 
sequences in all the areas is less than or 
equal to the maximum possible merge order. 
At that time, the final merge phase combi
nes the remaining sequences into a single 
sequence and places it onto the output 
device. 

Figure 7 shows an example of the 
balanced direct access technique. Area A 
is the same size or smaller than area B, 

which is the same size or smaller than area 
C. Due to the amount of main storage 
available for this example, 5 is the maxi
mum merge order that could be chosen. 
Merge orders of 4-4-3 are selected as most 
efficient for this example. The sort phase 
distributes 22 sequences onto area A and 16 
sequences onto area B. The intermediate 
merge phase n'erges the 16 sequences from B 
into 4 longer sequences and places them on 
C. Since C is equal to or larger than B, 
all the sequences from B fit on C. 

Output of 
Sort Phase 

Output of 
Int. Merge 
Phase -
Pass One 

Output of 
Int. Merge 
Phase -
Pass Two 

Output of 
Final Merge 
Phase 

*Di ree: tory 

Area B 
16 Sequences 

Area B Area C 
6 Sequences 4 Sequences 

jr'~~' 

Area A Area B 
2 Sequences 1 Sequence 

I'-I ____ I.--___ ---'--JI 1 • 

J 
Output Device 

1 Sequence 

Figure 7. Example of Balanced Direct 
Access Sequence Distribution 
Technique 

B is now considered empty and can 
receive sequences from A. The 22 sequences 
on A are merged into 6 longer sequences and 
placed on B. A is now empty. Since the 
total number of sequences (10) on Band C 
is greater than the maximum possible merge 
order (5), another intermediate merge phase 
pass is required. The 6 sequences from B 
are merged into 2 sequences and placed on 
A. Since B contains sequences originally 
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from A, the sequences fit on A. B is now 
empty. The 4 sequences from C are merged 
into one long sequence, which is placed on 
B. The total number of sequences on A and 
B is now less than the maximum possible 
merge order, so the final merge phase com
bines the remaining 3 sequences into a 
single sequence and places it onto the out
put device. 

CRISSCROSS DIRECT ACCESS TECHNIQUE 

The merge order for the crisscross tech
nique is one less than the number of inter
mediate storage areas available to sort/ 
merge. Control alternates between the sort 
phase, which produces and distributes 
sequences, and the intermediate merge 
phase, which combines the sequences into 
longer sequences. The crisscross technique 
merges the shorter sequences first and 
delays handling the longer sequences until 
absolutely necessary. This action mini
mizes the amount of data handled during 
each intermediate merge phase pass and 
results in more efficient operation. 
Another advantage of the crisscross tech
nique is its ability to sort large input 
data sets. Crisscross is used only on the 
2314 and only when six or more intermediate 
storage areas are available. 

The crisscross sort begins by distribut
ing, via the sort phase, a sequence onto 
all but one of the intermediate storage 
areas. ~hen the intermediate merge phase 
combines the sequences into a longer 
sequence and places it on the empty area. 
The sort phase then creates and distributes 
sequences onto all but one of the areas (a 
different area this time) and the interme
diate merge phase combines them and places 
the resulting sequences onto the area that 
did not receive a sequence. This continues 
until all but one of the areas contain a 
longer sequence formed from the original 
sequences created by the sort phase. This 
point in crisscross is termed the first 
base level. If the number of intermediate 
storage areas is referred to as N, base 
levels are attained whenever all but one of 
the areas contains (N-1) K sequences, where 
K is an integer greater than zero. For 
example, if the number of intermediate 
storage areas is six, the first base level 

24 

occurs when all but one of the areas con
tains a sequence made up of five original 
sequences. The second base level occurs 
when all but one of the areas contains a 
single sequence formed from 25 original 
sequences. Whenever a base level occurs, 
one of the areas is empty. 

Note: Each of the N-1 sequences that 
exists at the time a base level is attained 
is referred to as a base sequence. 

After the first base level is attained, 
the crisscross sort distributes a sequence 
onto each of N-1 work areas and merges 
these sequences into a single sequence, 
which is placed onto the Nth work area. It 
does this i~-2 times, varying the work areas 
onto which the N-1 sequences are distri
buted. At this point, N-2 additional 
sequences, each formed from N-1 original 
sequences, have been made. The crisscross 
sort then merges the N-2 additional 
sequences with one of the base sequences to 
form a sequence that is made up of {N-1)2 
original sequences. It does this entire 
process N-1 times to yield the second base 
level. ~'he sequences at the second base 
level are each formed from (N-l) 2 original 
sequences. continuing in this manner, the 
crisscross sort develops successive base 
levels whose base sequences are formed from 
{N-1)3, {N-1)Q, ••• original sequences, 
until the end-of-file is reached. At this 
point, the crisscross sort carries out suc
cessive N-1 way merges to reduce the numDer 
of remaining sequences to N-1 or fewer. 
Control is then passed to the final merge 
phase to complete the sorting application. 

Note: As the crisscross sort proceeds to 
higher base levels {e.g., from base level 
(N-1)2 to base level (N-1)3), successive 
merges, without an intervening distribution 
of sequences, may occur after each group of 
N-2 cycles (i.e., after N-1 sequences have 
been distributed and then merged into one 
longer sequence a total of N-2 times). 

Figure 8 illustrates the crisscross sort 
technique using 125 sequences and six work 
areas named A, B, C, D, E, and F. 

The method of selecting the work areas 
into which the N-1 sequences are distri
buted is described in the comments column 
of Figure 8. 



r------------T--------------------------------T------------------------T------------------------------, 
IDistribution) work Areas and) I ) 
)Cycle Number I sequence Arrangement ) OFeration Performed I Comments (if anyl I 
~------------+--------------------------------+------------------------+------------------------------~ 
I IB B f. Q ~ !': I I This cycle distributes se- I 
I 1 111 12 1 3 14 1 5 )Distribute N-1 sequenceslquences onto each of ~-1 work I 
I I I I areas. I 
I ~--------------------------------+------------------------+------------------------------~ 
I I 5 I Merge to c'lth area I I 
~------------+--------------------------------+------------------------+------------------------------~ 
I I 5 I I Each of the next ~,-2 cycles 
I 2 112 1 3 14 1 5 1 1 1Distribute 1<-1 sequencesldistributes: (althe first of 
I ~--------------------------------+------------------------~the N-1 sequences onto the 
I I 5 5 I Merge to Nth area I work area that did not receive 
~------------+--------------------------------+------------------------~a sequence during the previous 
I I 5 '; I Icycle; (blthe second of the 
I 3 11 3 14 1 5 11 1 2 1Distribute N-1 SequenceslN-1 sequences onto the work 
I r--------------------------------+------------------------~area that received the first 
I I 5 5 5 IMerge to ~th area Isequence during the frevious 
~------------+--------------------------------+------------------------~c~cle; (cl the third of the 
I I 5 5 5 I I N-1 sequences onto the work 
I 4 114 1 5 11 12 1 3 1Distribute N-1 sequenceslarea that received the second 
I ~--------------------------------+------------------------~ sequence cluring the f;revious 
I I 5 5 5 5 Imerge to Nth area Icycle; etc. 
~------------+--------------------------------+------------------------~ 
I I 5 j 5 5 I I 
I 5 11 5 11 12 1 3 1 4 1Distribute N-1 sequences I I 
I ~--------------------------------+------------------------+------------------------------~ 
I I 5 5 5 5 5 IMerge to Nth area IFirst base level attained. I 
I I I I (Processing to this point is I 
I I I lidentical to the oscillating I 
I I I I tape sort, but, from here on, I 
I I I I deviation occurs.) I 
~------------+--------------------------------+------------------------+------------------------------~ 
I 5 5 5 5 5 This cycle distributes: (al 
I 6 12 11 1 5 14 1 3 Distribute N-1 sequences the first of the N-1 sequences 
I onto the work area that did 
I 
I 
I 
I 

not receive a sequence during 
the previous cycle; (b) the 
second of the N-1 sequences 
onto the work area that 

I received the last sequence 
I during the previous cycle; (c) 
I the third of the N-1 sequences 
I onto the work area that 
I received the next-to-the-last 
I sequence during the previous 
I cycle; etc. Thus, this cycle 
I changes the direction of the 
I I distri·bution. 
I ~--------------------------------+------------------------+------------------------------~ 
I I 5 5 5 5 51 I I 
I I 5 Il'ierge to Nth area I I 
~------------+--------------------------------+------------------------+------------------------------~ 
I I 5 5 5 5 5 I I Each of the next N-3 cycles 
I 7 I 5 IDistribute N-1 sequencesldistributes the N-1 sequences 
I 11 3 12 11 15 141 lin the manner described for 
I ~--------------------------------+------------------------~cycles 2 through 5 above. 
I I 5 5 5 5 51 I 
I I 5 5 IMerge to Nth area I 
~------------+--------------------------------+------------------------~ 
I I 5 5 5 5 51 I 
I 8 I 5 5 I Distr ibute N-1 sequences I 
I 114 13 12 11 1 5 1 I 
I ~--------------------------------+------------------------~ 
I I 5 5 5 5 51 I 
I I 5 5 5 IMerge to Nth area I 
~------------+--------------------------------+---------------~-----~-~~ 
I I 5 5 5 5 51 I 
I 9 I 5 5 5 IDistribute N-1 sequences I 
I 11 5 14 13 12 11 I I 
I ~--------------------------------+------------------------~ 
I I j 5 5 5 51 I 
I I 5 5 5 5 I Merge to Nth area I 
I ~--------------------------------+------------------------+------------------------------~ 
I 125 5 5 5 5 IMerge to produce a se- I I 
I I Iquence wade up of (N-1) 21 I 
I I loriginal sequences I I l ____________ ~ ________________________________ L_ _______________________ L ______________________________ J 

Figure 8. Example of Crisscross Direct Access Distribution Technique (Part 1 of 3) 

Section 2: Sort/Merge Program Theory of Operation 25 



r------------T--------------------------------T------------------------T------------------------------, 
I Distribution I Work Areas and I I I 
ICycle Number I sequence Arrangement I operation Performed I comments (if any) I 
~------------+--------------------------------+------------------------+------------------------------~ 
I 125 5 5 5 5 I IThis cycle distributes the N-11 
I 10 113 12 11 15 1 4 1Distribute N-1 sequenceslsequences in the same manner I 
I I I I as they were distributed N-3 I 
I I I I cycles prior to it I 
I I I I (in cycle 7). I 
I ~--------------------------------+------------------------~ I 
I 125 5 5 5 5 I I I 
I I 5 IMerge to Nth area I I 
~------------+--------------------------------+------------------------+------------------------------~ 
I 125 5 5 5 5 I I Each of the next N-3 cycles 
I 11 I 5 IDistribute N-l sequencesldistributes the N-1 sequences 
I 114 1 3 12 11 151 lin the manner described for 
I I I Icycles 2 through 5 above. 
I ~--------------------------------+------------------------~ 
I 125 5 5 5 5 I I 
I I 5 5 IMerge to Nth area I 
~------------+--------------------------------+------------------------~ 
I 125 5 5 5 5 I I 
I 12 I 5 5 IDistribute N-l sequences I 
I 11 5 14 1 3 12 11 I I 
I ~--------------------------------+------------------------~ 
I 125 5 5 5 5 I I 
I I 5 5 ':> IMerge to Nth area I 
t------------t--------------------------------t------------------------~ 
I 125 5 5 5 5 I I 
I 13 I 5 5 5 I Distribute N-1 sequences I 
I I 15 1" 1 3 12 PI I 
I ~--------------------------------t------------------------~ 
I 125 5 5 5 5 I I 
I I 5 5 5 5 I Merge to Nth area I 
I ~--------------------------------t------------------------+------------------------------~ 
I 125 25 5 5 5 IMerge to produce second I I 
I I I sequence made up of I I 
I I I (N-1) 2 original se- I I 
I I Iquences I I 
~------------t--------------------------------t------------------------+------------------------------i 
I 12:> 25 5 5 5 I IThis cycle distributes the N-11 
I 14 114 1 3 12 11 1 5 1Distribute N-1 sequenceslsequences in the same manner I 
1 ~--------------------------------t------------------------~as they were distributed N-3 I 
I 125 25 5 5 j I Icycles prior to it (in I 
I I 5 IMerge to Nth area I cycle 11). I 
~------------t--------------------------------+_-----------------------+------------------------------~ 
1 125 25 5 5 5 1 I Each of the next i~-3 cycles 
I 15 I 5 IDistribute N-l sequencesldistributes the N-l sequences 
I 115 14 1 3 12 11 I lin the manner described for 
I ~--------------------------------t------------------------~cycles 2 through 5 above. 
I 125 25 5 5 :, 1 I 
I I 5 5 IMerge to Nth area I 
~------------+--------------------------------t------------------------~ 
1 12:) 25 5 5 S I I 
I 16 I 5 5 IDistribute N-l sequences I 
I I 1 5 1" 1 3 12 111 I 
I t--------------------------------t------------------------~ 
I 125 25 5 5 5 I I 
I 15 5 5 IMerge to Nth area I 
~------------t--------------------------------+_-----------------------~ 
1 125 25 5 5 5 1 I 
I 17 15 5 5 I Distribute N-1 sequences 1 
I IP 1 5 14 1 3 121 I 
I ~--------------------------------t------------------------~ 
I 125 25 5 5 5 I I 
I I 5 5 5 5 I Merge to Nth area I 
I ~--------------------------------t------------------------~ 
I 125 25 25 5 5 IMerge to produce third I 
I I I sequence made up of I 
1 I I (N-l)2 original se- I 
I I Iquences I 1 
~------------+--------------------------------+------------------------+------------------------------~ 
I 125 25 2':> 5 5 I IThis cycle distributes the H-11 
I 18 11 5 14 1 3 12 11 IDistribute N-l sequenceslsequences in the same manner I 
I t--------------------------------+_-----------------------~as they were distributed N-3 I 
I 125 25 25 5 5 I Icycles prior to it (in I 
I I ':> I Merge to "tn area 1 cycle 15). I L ____________ ~ ________________________________ ~ ________________________ ~ ______________________________ J 

Figure 8. Example of Crisscross Direct Access Distribution Technique (Part 2 of 3) 
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r------------T--------------------------------T------------------------T------------------------------, 
I Distribution I Work Areas and I I I 
I Cycle ,'lumber I sequence Arrangen,ent I Operation Ferforned I Con~n,ents (if any) I 
~------------+--------------------------------+------------------------+------------------------------i 
I 125 25 25 5 5 I IE,ach of the next l~-3 cycles I 
I 19 I ':J I Distribute N-1 sequences I distributes the :1-1 sequences I 
I I 1 5 1" 1 3 1'" 111 lin the same manner as des- I 
I t--------------------------------+------------------------icribed for cycles 2 through I 
I 125 25 25 5 5 I 15 above. I 
I 15 5 IMerge to Nth area I I 
t------------+--------------------------------t------------------------i I 
I 125 25 25 5 ':: I I I 
I 20 IS ':J I Distribute N-l sequences I I 
I 11" 1 5 1" 1 3 121 I I 
I t--------------------------------+------------------------i I 
I 125 25 25 5 ':> I I I 
I 15 5 5 I~lerge to Nth area I I 
t------------t--------------------------------t---~--------------------i I 
I 125 25 25 5 5 I I I 
I 21 15 5 5 I Distribute N-l sequences I I 
I 112 11 1 5 1" PI I I 
I ~--------------------------------t----------~-------------i I 
I 125 25 25 5 5 I I I 
I I':> 5 5 5 I ~erge to Nth area I I 
I t--------------------------------t------------------------+------------------------------i 
I 125 25 25 25 5 IMerge to produce fourth I I 
I I I sequence made up of I I 
I I I (N-l)'" original se- I I 
I I Iquences I 1 
t------------+--------------------------------t------------------------t------------------------------i 
I 125 25 25 25 5 I IThis cycle distributes the N-11 
I 22 I 1 5 1" 1 3 1'" l11Distribute N-l sequences I sequences in the same manner 1 
I ~--------------------------------t----------L-------------i as they were d istr ibuted ,>1-3 I 
I 125 25 25 25 5 I I cycles prior to it (in I 
I I 5 I Merge to Nth area I cycle 19). I 
t------------t--------------------------------t------------------------+------------------------------i 
I 125 25 25 25 5 I lEach of the next N-3 cycles I 
I 23 15 IDistribute N-l sequencesldistributes the N-l sequences I 
I 111 1 5 1" 1 3 1"'1 lin the same Danner as des- I 
1 ~--------------------------------t------------------------icribed for cycles 2 through 1 
I 125 25 25 25 5 I 15 above. I 
I 15 5 IMerge to Nth area I I 
t------------+--------------------------------t------------------------i 1 
I 125 25 25 25 5 I I 
I 24 15 5 IDistribute N-l sequences I 
1 112 11 1 5 1" 131 I 
I ~--------------------------------t------------------------i 
I 125 25 25 25 5 I I 
I 15 5 5 IMerge to LRh area I 
~------------+--------------------------------+------------------------i 
I 12':> 25 25 25 5 I I 
I 25 15 5 5 I Distribute N-l sequences I 
I 113 12 11 1 5 1"1 I 
I ~--------------------------------t------------------------i 
I 125 25 25 25 5 I I 
I 15 5 5 5 IMerge to Nth area I 
I t--------------------------------t------------------------t------------------------------i 
I 125 25 25 25 25 IMerge to produce fifth I I 
I I I sequence made up of I Second base level attained I 
I I I (N-l) 2 original se- I I 
I I Iquences I I 
t------------L--------------------------------L------------------------L------------------------------i 
11Indicates the first work area to receive a sequence during the distribution cycle. 1 
l"'Indicates the second word area to receive a sequence during the distribution cycle. I 
13 Indicates the third work area to receive a sequence during the distribution cycle. I 
l"Indicates the fourth work area to receive a sequence during the distribution cycle. I 
15 Indicates the fifth work area to receive a sequence during the distribution cycle. I L _____________________________________________________________________________________________________ J 

Figure 8. Example of Crisscross Direct Access Distribution Technique (Part 3 of 3) 
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BALANCED TAPE TECHNIQUE 

The sort phase distributes sequences onto 
half of the tapes used for intermediate 
storage. (If there is an odd number of 
tapes, the number that receives sequences 
is one more than the number that do not.) 
The sequences are placed onto successive 
tapes. That is, all tapes receive one 
sequence each before any receives a second 
sequence, and so on. All sequences pro
duced by the sort phase are in the sanle 
order (i.e., ascending or descending), and 
the order is opposite to that desired for 
output. 

Since the sort/merge program writes for
ward onto tape and reads backward from 
tape, successive passes of the intermediate 
merge phase reverse the order of all 
sequences. 

The intermediate merge phase n.erges one 
sequence from each tape that received 
sequences in the sort phase. A single 
sequence from each of the input tapes is 
combined to form a single output sequence. 
The output sequences are written succes
sively onto those intermediate storage 
tapes that were left empty in the sort 
phase. This is repeated until all input 
sequences have been processed. When all 
sequences from the input tapes are merged 
onto the output tapes, the tapes used for 
input and output are alternated. The IT:erg
ing process continues until the number of 
sequences is less than or equal to the 
merge order. At that time, the final merge 
phase merges the remaining sequences into a 
single sequence on the output device. 

For fixed- or variable-length records, 
at the end of the sort phase and at the end 
of each pass of the intermediate merge 
phase, sort/merge checks to determine if 
two or less passes remain. If two interme
diate passes remain, the program tests to 
see if the final sequences will be in the 
desired order. If the sequences will not 
be in the desired order, the output of the 
next pass is blocked in reverse order. At 
the end of that pass, the tapes are rewound 
and then read forward during the next pass 
with normal deblocking. 

For fixed-length records, if at the end 
of the sort phase the number of sequences 
is less than or equal to the merge order 
and these sequences are found to be in 
reverse order, the work tapes are rewound. 
The final merge phase is then performed by 
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~~~~~~k!~gt~:ef~~~~r~~ ~~~~U~:ed~:~~e~f the .'~ 
sequences, thus eliminating the copy pass. ~ 
However, for variable-length records it is 
~ot feasible to deblock the buffers in 
reverse. Therefore, a copy pass is 
required. 

Figure 9 shows an example of the 
balanced tape technique. The output is to 
be in ascending order. The sort/merge pro
gram estimates an even number of intermedi
ate merge passes. Therefore, the sort pro
duces sequences in descending order (i.e., 
opposite to the output order). 

The sort phase distributes successive 
sequences onto tapes A, B, and C. A 
receives the first, fourth, seventh, tenth, 
and thirteenth sequences; B the second, 
fifth, eighth, eleventh, and fourteenth; 
and C the third, sixth, ninth, and twelfth. 

Tapes A, B, and C are input for the 
first intermediate merge phase pass; tapes 
D, E, and F are output. The intermediate 
merge phase merges one sequence from each 
input tape onto successive output tapes. 
Because the sort/merge program reads back
wards from tape, the sequences are merged 
and distributed as follows: sequences 12, 
13, and 14 are merged into one sequence and 
placed onto D; sequences 9, 10, and 11 are 
merged and placed onto E; sequences 6, 7, 
and 8 are merged and placed onto Fi 
sequences 3, 4, and 5 are merged and placed 
onto Di and sequences 1 and 2 are merged 
and placed onto E. 'Ihe sequences are now 
in ascending order. 

since the total number of sequences on 
D, E, and F (five) is greater than the 
merge order (three), another intermediate 
merge phase pass is required. 

The input and output tape5 are switched 
and the merging process continues. 
Sequences 1 through 8 are merged into one 
sequence and placed onto A. Sequences 9 
through 14 are merged and placed onto B. 
The resulting sequences are in descending 
order. 

When the total number of sequences is 
less than the merge order, the final merge 
is executed. The final merge phase com
bines the remaining two sequences into one 
sequence and places it onto the output 
device. The resulting sequence is in 
ascending order, the order desired for the 
output. 



Balanced Tape Technique 

Sort 
Phase 

Intermediate 
Merge Phase 
(Pass Two) 

Sequence 1 
4 
7 

10 
13 

Sequence 2 
5 
8 

11 
14 

Sequence 3 
6 
9 

12 

Sequence 1,2,3,4,5,6,7,8 
\ 

Both Sequences are in 
Descending Order 

Sequence 9,10,11,12,13,14 

No Sequences 

o 

Final 
Merge 
Phase 

Sequence 12, 13, 14 
Sequence 3, 4, 5 

Sequence 9, 10, 11 
Sequence 1, 2 

Sequence 6, 7, 8 

Sequence 1,2,3,4,5, .•• , 
13, 14 
Records are in Ascending Order 

Figure 9. Example of Balanced Tape Sequence Distribution Technique 

POLYPHASE TAPE TECHNIQUE 

The sort phase distributes sequences onto 
all but one of the tapes used for interrr,e
diate storage. The order of the sequences 
on each tape alternates between ascending 
and descending. The sequences are distri
buted on the tapes in such an order that, 
when processed during the intermediate 
merge phase, the sequences on the tapes are 
depleted in a predetermined sequence. 

The order of the first sequence on the 
first tape that receives a sequence is the 
same as the order desired for the output. 
The order of the first sequence on the 
other tapes is the opposite of the order 
desired for the output. 

The intermediate merge phase combines 
sequences into longer sequences and places 
them onto the empty tape, until all the 
sequences on one tape are exhausted. That 
tape is now considered empty and can 
receive sequences from the other tapes, 
including the tape which was previously 
being used as output. The merging process 
continues until one sequence is left on 
each tape except one. 

In the polyphase technique, the 
sequences are produced as directed by the 
sort algorithm. If a copy pass is 
required, it is used only for the last 
unordered sequences rather than the whole 
file. 

The final merge phase combines the 
remaining sequences into a single sequence 
and places it onto the output device. 
Since the sort/merge program writes forward 
onto tape and reads backward from tape, 
each time sequences are merged their order 
is reversed. The input to the final merge 
phase is such that a sequence in the 
desired order is produced. 

Example of Seguence Distribution in 
Polyphase Tape Technigue 

For clarification, the following text 
describes a simplified method for the 
sequence distribution algorithm used in the 
polyphase technique. In the example below, 
four tapes are available for intermediate 
storage. Each of the resulting sets of 
numbers represents a distribution of 
sequences by the sort phase. 
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since there are four tapes, three of the 
tapes (W, X, and Y) can receive sequences 
from the sort phase. 

Initially, an N-by-N identity matrix is 
formed for the N tapes receiving sequences 
from the sort phase. Shown below is the 
3-by-3 identity matrix formed for the three 
tapes W, X, and Y. 

100 
010 
o 0 1 

The N numbers in the column for each 
tape are added together to find the first 
sequence-distribution set. The resulting 
set of numbers forn;s part of the colun;n for 
each tape. Shown below is the addition 
resul ting in the set of nurr,bers 1, 1, 1. 

1 0 0 
010 
o 0 1 
111 

The L-esults of the addition are now con
sidered part of the matrix. The last N 
numbers in the column for each tape are 
added together to find the second set of 
sequence distribution. Shown below is the 
addition resulting in the set of numbers 1, 
2, 2. 

1 0 0 
010 
o 0 1 
111 
1 2 2 

The third set of sequence distribution 
is obtained in similar manner, as shown 
below. 

1 0 0 
010 
o 0 1 
1 1 1 
122 
2 3 4 

Additional sets of sequence distribution 
are obtained in the same manner. Shown 
below are the first eight sets of sequence 
distribution obtained from the original 
3-by-3 identity matrix. 

1 1 1 * 
1 2 2 
2 3 4 
4 6 7 
7 11 13 * 

13 20 24 
24 37 44 
44 68 81 
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'fhe sets that contain only odd numbers 
(*) are not used. The remaining sets are 
shown below. 

1 2 2 
2 3 4 
4 6 7 

13 20 24 
24 37 44 
44 68 81 

These sets each have one odd numher. 
The odd number in each set is associated 
with the first tape (Y) to receive a 
sequence by rotating the nUll,bers in SOIne 

sets. The resulting sets are shown below. 

W X Y 
2 2 1 
4 2 3 
4 6 7 

20 24 13 
44 24 37 
44 68 81 

Each of these sets of sequence-level 
nurrbers represents a distribution of 
sequences that, when used as input to the 
intermediate meLge phase, will result in an 
efficient merging process. For instance, 
if the sort phase produced nine output 
sequences, it would place four on W, two on 
X, and three on Y. If the number of output 
sequences is not equal to the sum of the 
nurrbers in any set, the tapes are assigned 
dun;my sequences by using counters until the 
total of actual and dUITUI,y sequences distri
buted equals the sum of the numbers in a 
set. The intermediate merge phase then 
considers each dummy sequence as if it were 
an actual sequence in setting up a pass. 
When a durrmy sequence is encountered during 
a merge pass, it is dropped if it is to be 
merged with an actual sequence. However, 
if all the sequences to be merged are dum
mies, a dummy sequence is carried to the 
next level. 

Figure 10 illustrates the use of the 
polyphase technique. Tapes W, X, Y, and Z 
are used as intermediate storage devices. 
In this figure, the sort phase distributes 
14 sequences onto W, X, and Y according to 
the set of sequence level nUllibers computed 
above. Since the total number of sequences 
(14) is not equal to the total of the num
bers in any set, dummy sequences are 
assigned to X and Y until the total number 
of actual and dummy sequences equals the 
total of the next larger number (17) in the 
set 4, 6, 7. The A indicates an ascending 
sequence, D indicates a descending 
sequence, and d indicates a dummy sequence. 



r---------------------------------------------------------------------------------------, 
I Polyphase Technique I 
~-------------------------------------------T-------------------------------------------~ 
I I I 
I W X Y Z I W X Y Z I 
I A(3) A(2) D(1) I A(2) DU) A(9) I 
I 0(5) D(4) A(6) I D(4) A(6) D(7,14) I 
I A(7) A(ll) D(S) I D(S) A(~,13,12) I 
I D(9) D(13) A(10) I n<3,11,10) I 
I d D(2) I I 
I d A(14) I .wte: Dummy sequences dropped. I 
I d I I 
I Figure lOa. Sequences Produced by Sort I Figure lOb. Sequences Ivierged onto 2. by I 
I Phase I Intermediate Merge Phase I 
~-------------------------------------------+-------------------------------------------~ 
I I I 
I W XY Z IW X Y Z I 
I A(4,S,3,11,10) D(l) A(9) I A(4,S,3,11,10) A(2,6,5,13,12 A(9) I 
I 0(2,6,5,13,12) 0(7,14) I 1,7,14) I 
I I I 
IFigure 10c. sequences t',erged Onto W by I Figure 10d. Sequences l'Jerged Onto X by I 
I Intermediate Merge Phase I Intermediate Merge Phase I 
~-------------------------------------------i---------__________________________________ ~ 
I I 
I SORTOUT I 
I D(4,S,3,11,10,2,6,5,13,12,1,7,14,9) I 
I I 
IFigure 10e. Sequences Merged Onto SORTOUT by Final Merge Phase I 
~---------------------------------------------------------------------------------------~ 
INote: E.ach term (e.g., A(3), D(3,11,10), A(4,8,13,11,10» in Figure 10 represents a I 
Isingle sequence. Each number within parentheses in Figur~ lOa represents an original I 
Isequence (Le., a sequence produced by the sort phase) and indicates the order in which I 
Ithat sequence was produced and distributed by the sort phase. (The numbers in Figure I 
110a do not represent records or control field values.) Two or more numbers within the I 
Iparentheses of a term indicate that the terrr represents a sec;uence that was formed by al 
Imerge operation; in this case, the nurrbers in parentheses identify the original I 
Isequences (excluding dununy sequences) that were combined via one or more merge opera- I 
Itions to form the sequence represented by the term. I L _______________________________________________________________________________________ J 

Figure 10. Example of Polyphase Tape Sequence Distribution Technique 

Descending order is desired for the 
final output. Therefore, the first work 
unit (y) receives its initial sequence in 
descending order, and W and X receive their 
initial sequences in ascending order. 

The last sequences from W, X, and Yare 
combined into one sequence of the opposite 
order which becomes the first sequence on Z 
(D9, d, and d from W, X, and Y, respective
ly, go as A(9) to Z). This is repeated 
until W becomes empty and available to 
receive sequences as shown in Figure lOb. 

The intermediate merge phase combines 
the sequences as shown in Figures lOb, 10c, 
and lOd until W, X, and Z each have one 
sequence, and Y has no sequences. 

The final merge phase merges the remain
ing three sequences from W, X, and Z and 
combines them onto SORTOUT (the output 
tape) in descending order. (See Figure 
10e. ) 

Tables Used to Compute Sequence-Level 
Numbers 

The actual implementation of the polyphase 
technique is accorr,plished by using three 
tables in the PPI area (IErtRCA). (~efer to 
Section 5.) Module IERRCA is the phase-to
phase information (PPI) area that resides 
in storage throughout the sort program. 
This area serves as temporary storage and 
is used to co~nunicate information among 
the various segments of the program. The 
three tables, with displacement in decimal 
form, are: 

PPITPTBL+34 
PPITPTBL+l02 
PPITPTBL+6S 

The functions of these tables vary from 
phase to phase. Following is a description 
of their functions for each phase. 
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Sort Phase (~odule I~RRGJ) 

Table 

PPITPTBL+34 

PPITPTBL+I02 

PPITPTBL+68 

Purpose 

Contains sequence counters 
for each physical unit. 
Each counter is incremented 
by one each time a sequence 
has been written on that 
physical unit. 

Contains the total nurrber 
of sequences required on 
each physical unit at the 
next higher level. These 
numbers are used to deter
mine whether or not a unit 
should be used as the out
b,ut device for the next 
sequence bl comparing these 
numbers against the 
sequence counters in table 
PPITl''TBL+34. 

contains the number of 
sequences for each logical 
unit. The next sequence 
level is calculated in this 
table after each level has 
been reached, moved to 
PPI'TPTBL+102, and then 
rotated to place the odd 
numbered sequence count on 
the desired unit. 

Intermeciate Merge Phase (Module IERHOS) 

Table 

PPITP'rBL+34 

PPITPTBL+102 

PPITPTBL+68 
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Purpose 

contains the sequence coun
ters for each physical unit 
frorc the sort phase. Each 
counter is decremented by 
one each time a sequence is 
rr,erged from the unit and 
incremented by one each 
time a sequence is merged 
onto the unit. 

Contains the counters that 
maintain proper order for 
using the sequence-level 
nurr.bers. 

Contains numbers (that have 
been computed in table 
PPITPTBL+I02 during the 
sort phase) that represent 
the difference between 
table PPITPTBL+34 and table 
PPITPTBL+I02. These num
bers are used to determine 
whether or not a given tape 
should be used as an input 
device for this intermedi
ate merge operation. 

final Merge Phase 

Purpose Table 
PPI'IPTBL+34 This table is used to 

determine the input units 
for the final merge phase. 

Tables PPI'TPTBL+I02 and PPI'TP'IHL+68 are not 
used in this phase. 

Exarrple of 'Table use: The use of these 
tal::;les for corr,puting the sequence-level 
numbers is best illustrated in an exarrple 
of a four-tafE, 3-way merge. 

Logical Tapes A Ii c D 
Original Seguence-
Level i~umbers 1 1 1 

The number associated with the rightmost 
work unit (C) is added to each of the other 
(N-2) numbers to form the new sequence
level numbers. First the rightmost number 
is saved, anc then the following takes 
place: 

rightmost + B replaces C 
rightmost + A replaces B, and finally 
rightmost replaces A 

Lcgical Tapes 

Resultant 
Seguence-Level 
Numbers 

A 

1 

B c 

2 2 

The resultant sequence-level nuuibers are 
then rearranged so that the odd number of 
sequences is always associated with the 
same physical unit. 

Logical Tapes 
(PPITPTBL+68) 

Physical Tapes 

A 
1 

X 
2 

B 
2 

y 

2 

C 
2 

Z 
1 

If the above computations are done again 
on the old resultant sequence-level numbers 
(1, 2, 2), the resultant sequence-level 
numbers are: 

Logical Tapes 

Resultant 
Sequence-Level 
Numbers 

A 

2 

B c 

3 4 

The resultant sequence-level numbers are 
then rearranged so that the odd number of 
sequences is always associated with the 
same physical unit. 

Lcgical Tapes A B C 
(PPI'TPTBL+68 ) 2 3 4 

Physical Tapes X Y Z 
4 2 3 

;) 



The sequence-level numbers require 
updating when a working counter set in IEH
RaJ equals zero. The value of this counter 
is obtained from a multiplication of the 
largest of the old sequence numbers in 
PPITPTBL+l02 times the merge order minus 
one. The result of this multiplication is 
the number of sequences to be written 
before the sequence-level nunbers are 
updated again. The counter is decremE:nted 
by one each time a sequence is pI"oduced. 

Example of 3-Way Merge 

Old sequence-Level 
Numbers Before 1 2 2 
Update 

sequence-Level 
Numbers After 2 3 4 
Update 

Number of Sequences 
to Be Written Is 2(2) = 4 

This summation is done twice when the 
sequence-level numbers are all odd. To 
determine whether the numbers are all odd, 
a counter is initially set to the merge 
order plus one. This counter is decre
mented by one each time a sequence level is 
reached. When this counter equals zero, 
all sequence-level numbers are odd. The 
action at this time is to: 

• Reset the counter to the merge order 
+1. 

• Update the sequence-level numbers 
again. 

• Decrement the counter by one. 

• continue sorting. 

OSCILLATING TAPE TECHNIQUE 

The oscillating tape technique requires 
fewer passes over the data than do poly
phase or balanced tape techniques discussed 
above. For optimum efficiency, this tech
nique uses tape switching or read-while
write capabilities, when available. 

The oscillating tape technique begins 
with the sort phase developing sequences of 
records on all but one of the intermediate 
work tapes. After the sort has created one 
sequence on each of the N-1 tapes, the sort 
goes to the merging operations immediately. 
Thus, the oscillating technique integrates 
the sort phase with the intermediate merge 
phase. 

Section 2: 

The N-1 sequences are read backwards and 
merged onto the available Nth tape. The 
N-1 tapes are then at load point, and con
trol is passed to the internal sort. The 
next sequence is written onto tape N. The 
next N-2 sequences are written onto the 
next N-2 talJes. Control is again trans
ferred to the n;erging portion of the pro
gram, and these N-1 sequences are merged 
onto the remaining available merge tape. 

This process is continued until each of 
N-1 tal,es has had H-1 sequences rrerged onto 
it; i.e., the oscillating sort has created 
N-1 sequences from (N-1)2 sequences. At 
this point, the N-1 sequences are merged 
onto the available tape. The process 
repeats until another tape contains a 
sequence forn;ed from (l~-1)2 sequences. 

When each of N-1 tapes contains a 
sequence formed from (~-1)2 original 
sequences, these sequences are again merged 
onto the available tape which now contains 
a sequence formed frorr, (N-l) 3 original 
sequences. This iterative process con
tinues until all the input records have 
gone through the sort. A partial merging 
pass rray be required, followed by a final 
merge operation onto the output tape. Par
tial merges are performed as necessary to 
reduce the nurr~er of remaining sequences to 
N-1 or fewer. figure 11 illustrates the 
technique using 27 sequences with four work 
tapes. 

The selection of the work tapes onto 
which the N-1 sequences are distributed 
during each distribution cycle is deter
mined ty the following method: 

1. The first cycle distributes a sequence 
onto each of N-1 work tapes. An 
example of this is distribution cycle 
number 1 in Figure 11. 

2. Each subsequent cycle distributes: 
(a) the first of the N-1 sequences 
onto the work tape that did not 
receive a sequence during the previous 
cycle; (b) the second of the N-1 
sequences onto the work tape that 
received the first sequence during the 
previous cycle; (c) the third of the 
N-1 sequences onto the work tape that 
received the second sequence during 
the previous cycle. For example, see 
distribution cycles 2 through 9 in 
Figure 11. 

Thus, in this method, sequences are dis
tributed onto the work areas in groups of 
N-1 or three per distribution cycle in the 
order: ABC, DAB, CDA, BCD, ABC, DAB, CDA, 
BCD, ABC. 
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r------------T--------------------T-----------------------------------------------------, 
I Distribution I Work Tapes and I I 
ICycle Number I Sequence Arrangement I Operation Performed I 
~------------+--------------------+-----------------------------------------------------~ 
I I ABC Q I I 
I 1 I 11 12 1 3 IDistribute N-l sequences I 
I ~--------------------+--------------------.---------------------------------~ 
I I 3 I Merge to Nth tape I 
~------------+--------------------+-----------------------------------------------------~ 
I I 3 I I 
I 2 I 12 1 3 11 IDistribute N-l sequences I 
I ~--------------------+-----------------------------------------------------~ 
I I 3 3 IMerge to Nth tape I 
~------------+--------------------+-----------------------------------------------------~ 
I I 3 3 I I 
I 3 I 1 3 11 12 IDistribute N-l sequences I 
I ~--------------------+-----------------------------------------------------~ 
I I 3 3 3 I Merge to Nth tape I 
I ~--------------------+-----------------------------------------------------~ 
I I 9 IMerge to produce a sequence made up of (N-l)2 origin-I 
I I lal sequences I 
~------------+--------------------+-----------------------------------------------------~ 
I I 9 I I 
I 4 I 11 12 1 3 IDistribute N-l sequences I 
I ~--------------------+-----------------------------------------------------~ 
I I 9 I I 
I I 3 I Merge to Nth tape I 
~------------+--------------------+-----------------------------------------------------~ 
I I 9 I I 
I 5 I 3 IDistribute N-l sequences I 
I I 11 12 1 3 I I 
I ~--------------------+-----------------------------------------------------~ 
I I 9 3 I I 
I I 3 IMerge to Nth tape I 
~------------+--------------------+-----------------------------------------------------~ 
I I 9 3 I I 
I 6 I 3 IDistribute N-l sequences I 
I I 12 13 11 I I 
I ~--------------------+-----------------------------------------------------~ 
I I 9 3 3 I I 
I I 3 IMerge to Nth tape I 
I ~--------------------+-----------------------------------------------------~ 
I I 9 9 IMerge to produce second sequence made up of (N-l)2 I 
I I loriginal sequences I 
~------------+--------------------+-----------------------------------------------------~ 
I I 9 9 I I 
I 7 I 1 3 11 12 IDistribute N-l sequences I 
I ~--------------------+-----------------------------------------------------~ 
I I 9 9 I I 
I I 3 I Merge to Nth tape I L-___________ ~ ____________________ ~ _____________________________________________________ J 

Figure 11. Example of Oscillating Tape Sequence Distribution Technique (Part 1 of 2) 
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r------------T--------------------,-----------------------------------------------------, 
IDistributionl work Tapes and I I 
ICycle Number I Sequence Arrangement I Operation Performed I 
~------------+--------------------+-----------------------------------------------------~ 
I I 9 9 I I 
I 8 I 3 IDistribute N-l sequences I 
I I 11 12 1 3 I I 
I ~--------------------+-----------------------------------------------------~ 
I I 9 9 I I 
I I 3 3 I Merge to i~th tape I 
r------------+--------------------+-----------------------------------------------------~ 
I I 9 9 I I 
I 9 I 3 3 IDistribute N-l sequences I 
I I 11 12 1 3 I I 
I ~--------------------+-----------------------------------------------------~ 
I I 9 9 3 I I 
I I 3 3 I Merge to Nth tape I 
I ~--------------------+-----------------------------------------------------~ 
I I 9 9 9 IMerge to produce third sequence made up of (N-l)2 I 
I I loriginal sequences I 
I r--------------------+-----------------------------------------------------~ 
I I 27 IMerge to produce a sequence made up of (N-l)3 origin-I 
I I lal sequences I 
~------------i--------------------i-------------------__________________________________ ~ 
11 Indicates the first work tape to receive a sequence during the distribution cycle. I 
12 Indicates the second work tape to receive a sequence during the distribution cycle. I 
13 Indicates the third work tape to receive a sequence during the distribution cycle. I l _______________________________________________________________________________________ J 

Figure 11. Exarrple of Oscillating Tape Sequence Distribution Technique (Part 2 of 2) 
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Merging Technique 

The sort/merge program uses a binary- com
pare network as the rrerge technique to 
merge the input to (1) successive passes of 
the intermediate merge phase for sorting 
applications and (2) the final merge ~hase 
for both sorting and merging applications. 

In performing the merge operations, an 
input record is inserted in proper sequence 
within an already ordered sequence. The 
insertion of the input record forces out 
the next output record. (See Figure 12.) 
In the interrLediate and final merge f,hases, 
fixed-length and variable-length unspanned 
records are moved directly from the input 
buffers to the output buffers. Records 
which are VRE records for output are 
handled somewhat differently in the final 
merge phase. These records pass through a 
work area before being moved to the output 
buffers by the data management PUT routine 
in move n,ode. In either case, only the 
record addresses are manipulated in forming 
sequences. 

New Record - - - - @] 
Ordered Sequence - -- -1'1-8 '12-2'12-7'13-8'14-0'14-5'15--'11 

Obtain next record for ascending sequence and 
produce new ordered sequence 

(i) Compare 25 to 38 

Records Under Consideration 

@ Compare 25 to 22 ~ 

® 

~ 
'-,-' 
Records Under 
Consideration 

Compare 25 to 27 

~ [illEJ 27 
'-r-' ~ 

Records Not Under Record Under 
Consideration Consideration 

Output Record @.l 

Records Not Under 
Consideration 

1381401451511 
'-y-----" 
Records Not Under 
Consideration 

Next Input Record o (From Same Data Set as Output Record) 

Figure 12. Merging Technique Using Binary
Compare Network 

The first step is to compare the new 
record to the middle record in the ordered 
sequence to determine if the new record 
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collates higher or lower. If it collates 
higher, all lower records are eliminated 
from consideration. If it collates lower, 
all the higher records are eliminated. 

The new record is then con:pared to the 
middle record of the remaining records 
under consideration to determine in which 
half of these records the new record 
belongs. The process continues until there 
is one record remaining. The new record 
belongs on either one side or the other of 
this record, depending upon how the new 
record collates. The records on one side 
of the newly inserted record are shifted 
one position and the new lowest record is 
then moved to the output buffer. 

INTERMEDIATE MERGE PHASE 

The following is a discussion of intermedi
ate merge phase processing for the balanced 
tape technique. 

Initially, one block of records from 
each data set to be merged is brought into 
main storage. The relative collating order 
of the first record from each sequence is 
determined, and an ordered table of their 
addresses is set up. The lowest of these 
determines the first record to be written. 
After a record is selected for output, 
another record is taken from the same block 
that contained the output record. The new 
record's sequencing relative to the other 
records is determined using the binary
compare network. 

The process continues until an end-of
sequence is reached. The merge order is 
then reduced by one and the merging process 
continues. when the end of all the sequen
ces is reached, the rr:erge of the input se
quences is complete. The output data set 
now contains a complete sequence and an 
end-of-sequence indicator is written. 

The merge network is reset to its origi
nal value for the merge order, the process 
is initialized again by placing the first 
block of records from each new input 
sequence into main storage, and the merging 
process continues. 

Output sequences are produced in this 
manner until an input end-of-file is 
reached from one of the input data sets. 
At this point the merge order is again 
reset to its original value minus the num
ber of input data sets that have reached 
end-of-file. 

When all input data sets reach end-of
file, an entire pass of the intermediate 
merge phase is completed, and the merge 
order is reset to its original value for 
the next pass. 



FINAL ~lERGE PHASE; 

The operation of the binary-compare network 
in the final merge phase is identical to 
the intermediate merge phase, except that 
there is only one sequence on each input 
data set. 

Record Movement in the Sort/Merge 
Program 

The sort/merge program contains several 
logical points at which records are moved 
from one location to another. Figure 13 
illustrates the movement of records from 
the time they are read from the input 
device until they are written out on the 
output device. 

MODULES USED FOR RECORD MOVEMENT 

The sort/merge program uses the input/ 
output modules (read, write, block, and 
deblock) to control the flow of records. 
The input/output modules also control the 
operational overlap of channel processing 
with CPU operations, thus providing effi
cient utilization of system resources. In 
performing these functions, the input/ 
output modules communicate with the data 

Input Device 

Input Buffer Area 

Work Area (VRE) 

Record Storage Area 

Output Buffer Area 

Record Movement 
I n Sort Phase 

Input Buffer Area 

Output Buffer Area 

Record Movement 
In Intermediate 
Merge Phase 

management area of the control program, 
with the input/output devices used for 
inter~ediate storage, and with other sort/ 
merge TIlodule::;. 

For the initial input to the sort/n.erge 
program and for the final output, the 
input/output modules use the data manage
ment Queued Sequential Access Method (~SAlvj) 

routines, using the G£T and PUT macro 
instructions. Locate mode is used for 
fixed or variable unspanned records. For 
spanned variable records, an extra work 
area is required and move mode is used. 
This permits device independence between 
the sort/merge program and the user's data 
sets. All other input/output activity 
within the sort/merge program uses the 
Execute Channel Program (EXCP) rracro 
instruction. The read and write modules 
used in this connection are device depen
dent, since each module is oriented to a 
particular type of intermediate storage 
device. 

The particular read, write, block, and 
deblock modules used in any given applica
tion depend on the intermediate storage 
device, the forn. of the records (fixed or 
variable) being processed, the type of app
lication (sorting or merging), and the pre
sence of user modifications. 

Input Buffer Area 

Work Area (VRE) 

Output Buffer Area 

Record Movement 
In Final Merge 
Phase 

Input Device 

Input Buffer Area 

Work Areas (VRE) 

Output Buffer Area 

Record Mavement 
In Merge Only 

Figure 13. Movement of Records in the Sort/Merge Program 
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In general, the assignment program 
modules perform initialization functions, 
such as setting up areas, setting counters, 
and modifying instructions to adapt the 
running programs to a particular applica
tion. The input/output functions begin by 
establishing buffer areas and opening the 
data sets. This is done before the actual 
running program for each phase. 

In the discussion that follows, consid
eration is given only to the running pro
gram modules, those modules that perform 
the actual sorting and merging. The input 
to the sort phase of a sorting application 
and the input to a merging application rely 
on the data management QSAM routines to 
fill the input buffers and to deblock rec
ords. The intermediate merge phase and 
final merge phase for a sorting application 
use the EXCP macro instruction to place 
records from the input data sets into buf
fers and to prime (initially fill) the 
merging network areas. Deblocking of rec
ords in the intermediate merge and the 
final merge for a sorting application is 
done by the sort/merge program. 

In the sort phase, the deblock modules 
move records from the input buffers to the 
RSA. variable spanned records are treated 
differently. The deblock modules move them 
from the input buffers to a work area and 
then into the RSA. The records remain in 
the RSA during the processing performed by 
the sorting modules. To identify the rec
ords being sorted, the deblock modules pro
vide the RSA addresses of the records to 
the sorting modules. 

In the intermediate merge phase and the 
final merge phase, the records are 
sequenced while they remain in the input 
buffer area. Part of the buffer-filling 
function of these two phases is to assign 
an increment (value) to each input data set 
and to the first record taken from each 
data set. This increment is used to iden
tify the data set from which to select new 
records. This is the same data set that 
provided the current output record. 

The deblock modules used in these phases 
provide the merging modules with the buffer 
addresses of the records. The increments 
are placed in the high-order byte of the 
record addresses and serve as keys for 
identification of the records. 

The block/deblock modules keep count of 
the records in the input data sets as they 
are brought into the sort/merge program. 
At the end of a phase, a comparison is made 
between the record count in the phase-to
phase information area and the current 
value as recorded by the block/deblock 
module being used. The effects of user 
modifications that insert or delete records 
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are not included in the comparison. If the 
comparison is unequal, the message IER047A 
is printed and the sorting operations 
terminate. 

In the intermediate merge and in the 
final merge, deblock modules determine when 
the input buffers are empty. When a buffer 
is empty, a deblock module gives control to 
a read module to refill the buffer. 

After the input areas have been filled, 
the modules that control the ordering of 
records begin to produce record sequences. 
As each output record is determined, the 
ordering module gives the record address to 
a blocking module which moves the output 
record to an output buffer. In the final 
merge phase, VRE records pass through a 
work area before being moved to the output 
buffer. The block modules also give the 
address of each current winner record to 
the deblock module so that another record 
from the same input area can be passed to 
the ordering routine for sequencing. 

When an output block of records is com
pleted and ready to be written on the out
put data set, the block modules transfer 
control to the write modules in both the 
sort phase and the intermediate merge 
phase. 

For applications using tape for interme
diate storage, the ordered records are 
placed in the output buffers in such a 
manner that the first record is located at 
the numerically highest main storage loca
tions in the buffer. The second record is 
then placed on the low-address side of the 
first record. Continuing in this manner, 
the output buffers are constructed in a 
high-to-Iow direction. Thus, when the 
write modules place the records on the 
intermediate storage device, these records 
appear in a backward arrangement. This 
technique of putting the records in ascend
ing and descending orders is implemented to 
process records in a proper manner for 
reading backwards. 

When the records are read backward, they 
appear in reverse order. For each subse
quent pass through the intermediate merge 
phase of the sort/merge program, the order
ing of the output sequences is always oppo
site to the ordering of the previous pass. 
This read-backwards procedure eliminates 
the need for rewinding the tape. 

For direct access applications the rec
ords are placed in order from low to high 
main storage locations. 

In the final merge and for a n;erging 
application, the actual blocking of records 
is done by data management according to the 
format specified on the SORTOUT dd state-



ment. The block routine moves the record 
to an output buffer specified by the QSAM 
PUT macro instruction (locate mode) if 
fixed or variable unspanned records are 
used. If variable spanned records are 
used, they are moved to a work area by the 
block routine and from the work area into 
an output buffer by the QSAM PUT macro 
instruction (nove mode). 

RECORD MOVEMEl~T TECHNIQUES 

The various record-movement techniques, the 
conditions determining their selection, and 
the RSA structure for fixed- and variable
length records are discussed in the follow
ing sections. 

Fixed-Length Records 

There are two types of fixed-length record 
moves: the in-line move and the mUltifle 
move. 

The in-line move consists of a single 
move instruction appropriate to the record 
length for the particular application and 
is used whenever: 

• Record length is 256 bytes or less; and 
• No user modifications are present. 

The multiple move consists of a set of 
instructions (called the move list) and is 
used to move each complete record. The 
move list moves records in increments of 
256 bytes. If the record length is not a 
mUltiple of 256 bytes, the final move 

instruction moves that portion of the rec
ord remaining after the last 256-byte move. 
The mUltiple move is used whenever: 

• Record length is greater than 256 
bytes; or 

• User modifications to the records are 
present. 

FIXED-LENGTH RECORDS IN THE SORT PHASE: 
When fixed-length records are Vlaced in the 
RSA for the sort phase, they are placed in 
sections called bins. Each bin has the 
same size: this size is calculated by the 
definition phase. The calculated bin size 
is placed in the phase-to-phase information 
area, which also contains the starting 
address of the HSA. 

For fixed-length records, a bin in the 
RSA has the format shown in Figure 14. 

To determine the locations of records in 
the RSA, a deblock assignment module 
assigns a value K to the starting address 
of the first record in the ~SA. <See 
Figure 14.) 

K = RSA start address + Bin size - Record 
Length 

In this equation, the record length is 
rounded off to the next full word if it is 
not already in multiples of a full word. K 
represents the initial address that is 
given to the sorting module by the running 
deblock module. 

r---------------------------------------------------------------------------------------, 
y , 

r-----------------T-----------------T-----------------------------------, 
I I I I 
I tree I extract I record area I 
I address I data I I 
I I I I L _________________ ~ _________________ ~ ___________________________________ J 

<----4 bytes----> <--0-256 bytes--> 

<--------------------------------BIN SIZE-------------------------------> 

~---------------------------------------------------------------------------------------~ 
ITree address is a value associated with the record's location in the sort network tree I 
I structure. (Refer to Sorting Techniques.) The tree address occupies four bytes and I 
Ibegins on a full-word boundary. I 
IExtract data is from zero bytes to 256 bytes in length. When the extract module is not I 
I used, it is zero bytes. When the extract module is used, it is from 4 to 256 bytes andl 
Icontains the extracted control fields of the record. I 
I~ represents the starting address of the first record in the RSA. I 
IThe complete fixed-length record occupies the remainder of the bin. The record itself I 
Imust begin on a full-word boundary. I L _______________________________________________________________________________________ J 

Figure 14. Fixed-Length Record Format in the Record Storage Area 
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The RSA may not be in contiguous loca
tions. Hence, when incrementing by bin 
size to get the address of the next record, 
a check for the end of the current RSA seg
ment must be made. If the end is reached, 
the starting address of the next RSA seg
ment becomes the address of the next 
record. 

FIXED-LENGTH RECORDS IN THE MERGE PHASES: 
In the intermediate Iflerge, the final merge, 
and the merge only operation, the move list 
is used to transfer records directly from 
input buffer to the output buffer. 

To allow for any changes in record 
length due to user n:odifications in a pre
ceding phase, the move list is generated in 
each phase by an assignment program. 

Variable-Length Records 

The sort phase has a separate move module 
to move variable-length records. This move 
module moves variable unspanned records from 
an input buffer to an RSA bin or from a bin 
to an output buffer. The module moves vari
able spanned records from an input buffer to 
a work area and then to an RSA bin, or from 
a bin to an output buffer. 

In the two merge phases and the merge 
only phase, variable-length unspanned rec
ords are moved from the input buffer to the 
output buffer by the appropriate block/ 
deblock n:odule via a multiple move routine. 

For spanned records, the same move routine 
is used in the intermediate merge phase, ,~ 
but in the final merge phase, the records ~ 
are moved into a work area and the data 
management routine PUT in move mode is used 
to move them to the output buffer. In the 
merge only operation, the records are 
placed in the work area by the ("SAl'I, GET 
macro instruction in move mode and moved 
from there into a second work area. The 
PUT macro instruction in move mode moves 
them from the second work area to the out-
put buffer. 

VARIABLE-LENGTH RECORDS IN THE SORT PHASE: 
Variable-length records occupy bins in the 
RSA in a manner similar to that used for 
fixed-length records. The definition phase 
calculates a bin size for variable-length 
records so that the available main storage 
is most efficiently used. The bin size and 
the starting address of the rtSA are placed 
in the phase-to-phase information area. A 
bin may contain all or part of one record. 

For variable-length records, the initial 
bin for each record in the RSA has the for
mat shown in Figure 15. 

When a variable-length record requires 
more than one bin, the extra bins, called 
continuation bins, have the format shown in 
Figure 16. 

The location of each continuation bin 
for a record is given in the chain address 
portion of the previous bin that contains 

r---------------------------------------------------------------------------------------, 
K 

J 
r-----------------T-----------------T-----------------T-----------------, 
I I I I I 
I tree I extract I record area I chain I 
I address I data I I address I 
I I I I I L _________________ ~ _________________ ~ _________________ ~ _________________ J 

<-----4 bytes----> <--0-256 bytes--> <----4 bytes----> 

<--------------------------------BIN SIZE-------------------------------> 

Tree address is a value associated with the record's location in the sort network tree 
structure. (Refer to Sorting Techniques.) The tree address occupies four bytes and 
begins on a full-word boundary. 
Extract data is from zero bytes to 256 bytes in length. When the extract module is not 
used, it is zero bytes. When the extract module is used, it is from 4 to 256 bytes and 
contains the extracted control fields of the record. 
K represents the initial address of the first record in the RSA. 

IRecord area contains as much of the record as will fit in the bin after the other three I 
lareas have been accounted for; it must begin on a full-word boundary. 
IChain address, which must begin on a full-word boundary, indicates where more of the I 
Irecord is located if the current bin does not contain the end of the record; otherwise I 
Ithis address is meaningless. I L _______________________________________________________________________________________ J 

Figure 15. First Bin Format for Variable-Length Record in Record Storage Area 
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part of the same record. Each bin is 
always filled before a continuation bin is 
used. In the final bin, the record area 
mayor may not be corr.pletely used. (See 
Figure 16.) The chain address in a bin for 
a variable-length record must begin on a 
full-word boundary; also, all continuation 
bins must begin on a full-word boundary. 

If a variable-length record extends into 
two or more bins, the bin size must be 
large enough so that all control data 
fields (extracted or not) appear in the 
first bin. This is because the compare 
networks and routines are able to address 
only the first bin. 

The RSA address of the beginning of the 
first record, K, (see Figure lS) is found 
from the equation: 

K = RSA start address + (Bin size - 4) -
(Length of the first bin record area) 

The address constant indicating the 
beginning of each continuation bin for a 
record is found by adding BIN SIZE to the 

record storage area address of the preced
ing bin. This location is placed in the 
chain address area of the preceding bin. 
For example, if the RSA starts at location 
12500, the extract occupies 12 bytes, the 
BIN SIZE is 64 bytes, and the first 
variable-length record is 150 bytes long, 
then the record will occupy parts of three 
bins as shown in Figure 17. 

At the start of processing, a phase 
assignment progrant chains together all bim; 
in the RSA, taking into consideration that 
RSA may not be in one contiguous piece. 

If the variable-length record illus
trated in Figure 17 was not the first rec
ord in the input data set but was placed 
into the record storage area some tinle 
after the initial filling of the record 
storage area, it might occupy three noncon
tiguous 64-byte bins as shown in Figure 18. 
(All bins are the same size, i.e., 64 
bytes. ) 

When a record is written out from the 
bins in the RSA, the address of the next 

r---------------------------------------------------------------------------------------, 
I I 
I r-----------------------------------T-----------------T-----------------, I 
I I I I I I 
I I record area I a portion I chain I I 
I I I may be unused I address I I 
I I I I I I I L ___________________________________ i _________________ i _________________ J I 

I <----4 bytes----> I 
I I 
I <--------------------------------BIN SIZE-------------------------------> I 
I I 
IRecord area, which must begin on a full-word boundary, contains as much of the record I 
las will fit in the bin after the chain address area has been accounted for. Note that I 
la portion of the record area storage allotment nay be unused if the end of the record I 
loccurs before the beginning of the chain address. I 
IChain address, which must begin on a full-word boundary, indicates where more of the I 
Irecord is located if this bin does not contain the End of the record; otherwise this I 
laddress is meaningless. I L _______________________________________________________________________________________ J 

Figure 16. Continuation Bin Format for Variable-Length Record in Record Storage Area 

RSA 
Starting 
Address 
(12500 ) 

Tree 

12504 

Address 

12516 

Extract 
Data 
(12 Bytes) 

12560 

Record Area Chain 1 
(44 Bytes) Address 

(4 Bytes) 

12564 

Re 
Ar 

c 
e 

(60 
, 

12624 12628 12674 12688 12692 

ord Chain 2 
Record Area Unused 

Chain 3 
a Address 

(46 Bytes) (14 Bytes) 
Address 

~ytes} (4 Bytes) (4 Bytes) 

.... 1------------- Bin 1 -----------.~~4---- Bin 2 --_.~ ~4-------- Bin 3 

Figure 17 .. 

Chain address 1 is 12564, the starting address of bin 2 
Chain address 2 is 12628 the starting address of bin 3 
Chain address 3 is not used because bin 3 is the last in the series. 

Example of a Variable-Length Record in Contiguous Bins in Record Storage Area 
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available bin, which has been saved in the 
PPI area, is placed in the last location of 
the bins just made free. The beginning 
address of the first bin is placed in loca
tion PPIBDSVA, which is also a part of the 
PPI. This address is maintained by the 
deblock and block modules used in the par
ticular application. The bin addresses are 
given to the deblock module by the block 
module being used via PPI. New records are 
assigned bin locations from the available 
list. If a new record requires more bins 
than are available, the move is not com
pleted until enough bins are made available 
by the block routine. 

As a deblock module assigns bins to new 
records, it uses the chaining address to 
tie together bins that may be scattered 
throughout the RSA. The address of the 
first bin of each record is given to the 
sorting module. 

The sort phase move module for variable
length records requires the: 

• Address of the first bin of the record. 

• Bin size used in the sort/merge 
application. 

• Buffer address (for unspanned records). 

• Work area address (for spanned records). 

• Size of the record. 

13332 13336 13348 

• Movement of the record, i.e., whether 
the records are to be moved from the 
input area to the RSA (deblocking) or 
from the RSA to the output buffer area 
(blocking). Note that for VRE records, 
record movement is as follows: from the 
work area to the RSA (deblocking) and 
from the RSA to the output buffer area 
(blocking). 

• Indication by the deblock module whether 
or not this is a continuation of the 
previously incomplete move. 

VARIABLE-LENGTH RECORDS IN THE MERGE 
PHASES: The buffer-to-buffer move in the 
final merge phase or merge only phase 
requires the location of the input buffer 
from which the record is to be moved and 
the location of the output buffer into 
which the record is to be moved. These 
moves are not in a separate module; they 
are coded in-line in the particular block/ 
deblock module used. In the final merge 
phase, variable spanned records are moved 
from the input buffer to a work area and 
then to an output buffer. The locations of 
the buffers and the work area are required. 

In a merge only phase, variable spanned 
records are moved from an input buffer to 
an input work area (one for each input data 
set) to an output work area (one only), and 
then to the output buffer. The locations 
of the buffers and the work areas are 
required. 

13392 13396 
r---------T----------------T----------------------------------------------T---------, 
I I I I 12692 I 
I tree I extract I record area I chain I 
I address I data I (44 bytes) I address I 
1(4 bytes) I <12 bytes) I 1(4 bytes) I L _________ ~ _______________ ~ ______________________________________________ ~ _________ J 

<---------------------------------------Bin 1---------------------------------------> 

12692 12752 12756 
r-------------------------------------------------------------------------T---------, 
I I 12948 I 
I record area I chain I 
I (60 bytes) I address I 
I I (4 bytes) I L _________________________________________________________________________ ~ _________ J 

<----------------------------------------Bin 2---------------------------------------> 

12948 12994 13008 13012 
r--------------------------------------------------------T----------------T---------, 
I I lend of I 
I record area I unused I chain I 
I (46 bytes) I <14 bytes) I address I 
I I I (4 bytes) I L ________________________________________________________ ~ ________________ ~ _________ J 

<---------------------------------------Bin 3---------------------------------------> 

Figure 18. Variable-Length Record Not in Contiguous Bins of Record Storage Area 
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This section describes the functions and 
structure of the sort system interface and 
each of the five phases that make up the 
sort/merge program. For a sorting applica
tion, all five phases are used, unless the 
intermediate merge phase can be bypassed, 
as explained under "Overall Flow of the 
Sort/Merge Program" in Section 1, and as 
shown in Chart 10. (Charts 10-73 are at 
the end of Section 3.) For merging appli
cations, only the definition, optimization, 
and final merge phases are used. 

At system generation time, four load 
modules are produced: two (IERRCOOO, alias 
SORT, and IERil.CB) for the sort systen, 
interface and one each (IERRCM and IERRCZ) 
for the definition and the optimization 
phases. 

For every sorting application, the 
object modules required for the sort, 
intermediate merge, and final merge phases 
are selected during the execution of that 
phase. 

Provisions are contained in the sort, 
intermediate merge, and final merge phases 
for inclusion of user routines at program
modification exits. For the phase having 
the exit, the linkage editor includes the 
user routines in the load module. When 
proper specifications are provided on the 
MODS control statements, link editing does 
not occur. (See Appendix A for the various 
modification exits.) The data areas used 
by the assignment program are functionally 
related to all assignment program object 
modules and, therefore, reside in main 
storage during execution of the assignment 
program. 

Sort System Interface 

The two load modules (IERRCOOO and IERRCB) 
in the sort system interface perform the 
following functions: 

The IERRCOOO module requests execution of 
the definition phase, linkage editor when 
required, and IERRCB. 

The IERRCB module: 

1. Requests execution of the optimization 
phase. 

2. Loads IERRCV and branches to it. 
3. Returns control to the control program 

upon termination of the sort/merge 
program. 

Section 3: Program Organization 

Definition Phase 

The definition phase consists of a control 
module (IERRCM) and a set of sequentially 
executed modules. (See Chart 20.) 

The rr,odules in this phase: 

1. Read and interpret control statements. 

2. Obtain information from the operating 
system's control blocks and tables 
(TIOT, DCB, JFCB, and DSCB). 

3. Determine bin size for the record 
storage area. 

4. Calculate the blocking factor (B) for 
intermediate storage devices and the 
number of records (G) that can be 
sorted at one time for sorting 
applications. 

5. Determine if there is enough storage 
available for a merging application. 

6. Produce lists of user routines to be 
link edited as specified on the MODS 
statement. 

Optimization Phase 

The optimization phase performs the calcu
lations needed to optimize the execution of 
the sort/merge program for a given 
application. 

This phase consists of a control module 
(IERRCZ) and a set of sequentially executed 
modules. (See Chart 30.) Where one of 
several modules is used, this phase deter
mines which module to use, based on data in 
the phase-to-phase information area. 

The modules in this phase: 

1. Expand the phase-to-phase information 
area. 

2. Obtain information from the operating 
system's control blocks and tables for 
a sorting application. 

3. Store information about intermediate 
storage devices in the phase-to-phase 
information area for a sorting 
application. 
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4. Generate the extract module, if 
required. (The extract module is used 
to optimize record comparisons in the 
sort, intermediate merge, and final 
merge phases.) The extract module is 
required when modification exit E61 is 
used or if the control fields in the 
data records contain anything other 
than binary data on byte boundaries 
and/or character data. 

5. Generate the equals module (similar in 
function to the extract module), if 
records contain more than one control 
data field and the extract Ir,odule is 
not generated. 

6. Optimize the usage of channel confi
guration in order to provide the maxi
mUIr, overlap of input/output 
operations. 

Sort Phase 

The sort phase (Charts 40 through 44) per
forms the initial ordering of the input 
records. This is a one-pass phase (that 
is, each record is processed only once) 
that arranges the records of the input data 
set into ordered sequences. The sequences 
are written on the intermediate storage 
devices according to a predetermined dis
tribution procedure. 

The sort phase contains a load module, 
assignment modules, and running modules. 
Initial entry to the sort is to the phase 
control module IERRCV. This module 
requests the execution of the appropriate 
sort phase routines as directed by IERRC6, 
and the load routine IERRC9 loads these 
modules into main storage with the phase
to-phase information area. Each of the 
assignment routines is brought in and 
executed by the load routine one at a time. 
After all the assignment routines have been 
executed, the load routine deletes the last 
assignment routine and branches to the 
first running program which is already 
loaded. The first running program deletes 
IERRC9 and actual processing of records is 
begun. 

SELECTING MODULES FOR THE SORT PHASE 

Module IERRC6 checks PPISW1 in the phase
to-phase information area to determine: 

1. The type of device to be used for 
intermediate storage. 

2. The sequence distribution technique 
chosen by the definition phase. 
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3. The presence of user modification rou- . '.,~ 
tines for exits E15, E16, and E25. ~ 

4. Whether or not the input or output 
will contain spanned records. 

IERRC6 sets bits in WSWITCH to indicate 
its findings. It then ORs WSWITCH into 
each entry in TBLPH1RN, a table of phase 1 
running module masks. A result of all ones 
indicates that the module is needed for the 
sort/merge execution. IERHC6 stores the 
last three characters of each necessary 
running module in the phase-to-phase infor
mation area and sets up a load list of user 
modification routines for phase 1. 

Assignment modules are selected in the 
same manner using TBLPH1AS, a table of 
assignment module masks, and a load list of 
the necessary assignment modules is 
created. 

Referring to the load list and the 
phase-to-phase information area module 
list, IERRC9 loads the modules. 

when messages are to be printed in the 
sort phase, the conditions are detected by 
the assignment and running modules and the 
actual printing is done by the control 
module IERRCV. If the sort is terminated 
for any reason, control is given to the 
phase control module which, in turn, 
returns control to the sort system inter
face module IERRCB. 

The assignment modules initialize the 
sort phase. Their functions include: 

1. Setting up the sorting tree structure, 
data control blocks, and input/output 
blocks. 

2. O~ening the data sets. 

3. Modifying the running-program modules 
to adapt them for a specific 
application. 

The actual processing of the records is 
performed by the running-program modules. 
These modules bring records into main 
storage, sort them into ordered sequences, 
and then write these sequences onto inter
mediate storage devices. 

The main functions of the running pro
grams in the sort phase are as follows: 

1. Initiate input operations. 

2. Deblock records and pass them to the 
ordering network. 

3. Sequence the records using the 
replacement-selection technique. 
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4. Block the records when received from 

the ordering network. 

5. Initiate output operations. 

6. Close the files on detecting EOE. 

7. Check record totals. 

The sort phase after performing the initial 
processing of the records passes control to 
IERRCV which initiates the loading of the 
intermediate merge phase. 

The input of records is controlled by 
the control program's data management rou
tines, and the output is controlled by the 
sort/merge program. (Refer to "Record 
Movement in the Sort/Merge Program.") The 
sorting method used to order the records 
into sequences is a version of the 
replacement-selection technique. (Refer to 
"Sorting Technique.") 

A set of decision tables (Charts 42 
through 44) shows the sort phase modules 
used for a given application. 

Intermediate Merge Phase 

The intermediate merge phase (Charts 50 
through 53) combines the short sequences 
produced by the sort into a lesser nurrber 
of longer sequences. Each pass is capable 
of merging up to 16 previously sorted reco
rd sequences. This phase makes as many 
passes as necessary until the number of 
record sequences resulting from a given 
pass is equal to or less than the merge 
order. 

The intermediate merge phase contains a 
load module, assignment modules, and run
ning modules. Initial entry to the inter
mediate merge phase is to the phase control 
module IERRCV. This routine requests the 
execution of the appropriate routines as 
directed by IERRC7, and the load routine 
IERRC9 loads these modules into main 
storage with the phase-to-phase information 
area. Each of the assignment routines is 
brought in and executed h¥ the load routine 
one at a time. After all the assignment 
routines have been executed, the load rou
tine deletes the last assignment routine 
and branches to the first running program. 
At this time IERRC9 is deleted and actual 
processing of records is begun. 

SELECTING MODULES FOR THE INTERMEDIATE 
MERGE PHASE 

Module IERRC7 checks PPISW1 in the phase
to-phase information area to determine the 
characteristics of the sorting application 

and sets bits in WSW ITCH to reflect the 
characteristics. It then OHs WSWITCH into 
each entry in TBLPH2RN, a table of phase 2 
running module Irasks. A particular module 
is needed for sort/merge execution if the 
OR operation results in all ones. IERrtC7 
stores the last three characters of the 
module name of each required module in the 
phase-to-phase information area and pre
pares a load list of user modification rou
tines to be used in phase 2. 

Using TBLPH2AS, a table of phase 2 assi
gnment module masks, IERRC7 selects the 
required assignment modules and places 
their names in a load list. IERRC7 
branches to module IERRC9, which refers to 
the load list and the phase-to-phase infor
mation area module list, to load the 
modules. 

When it is necessary for messages to be 
printed in the intermediate merge phase, 
such requests are passed from the running 
and the assignment modules to IERRCV which 
controls the actual printing. When this 
phase is terminated for any reason, control 
is given to the phase control module which, 
in turn, returns control to the sort system 
interface module IERRCB. 

The assignment modules initialize the 
intermediate merge phase. Their functions 
include: 

1. Setting up the buffer areas for the 
If1erge modules. 

2. Generating data control blocks and 
input/output blocks. 

3. Opening all the intermediate storage 
data sets. 

4. Modifying the running-program modules 
to adapt them for a given application. 

The actual processing of records is per
formed by the running-program modules. 
These modules bring records into main 
storage, Irerge the existing record 
sequences into longer sequences, and write 
the resulting sequences on the indicated 
intermediate storage devices. 

The main functions of running prograrr.s 
in the intermediate merge phase are as 
follows: 

1. Initiate input operations. 

2. .Deblock records and pass them to the 
merge network. 

3. Sequence the records using the binary
insertion technique. 
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4. Block the records when received from 
the merge network. 

5. Initiate output operations. 

6. Close files on detecting EOF. 

7. Check record totals. 

S. Determine if another intermediate 
merge pass is required. 

After reducing the number of sequences to 
less than or equal to the specified merge 
order, the intermediate merge phase passes 
control to IERRCV, which loads the final 
merge phase. 

The input and output of records is con
trolled by the sort/merge program. (Refer 
to "Record Movement in the Sort/Merge Pro
gram.") The sequence distribution methods 
used to form the output record sequences 
are the balanced direct access technique, 
the crisscross direct access technique, the 
balanced tape technique, the polyphase tape 
technique, and the oscillating tape tech
nique. (Refer to "Sequence Distribution 
Techniques. ") 

A set of decision tables (Charts 52 and 
53) indicates the intermediate merge phase 
modules used for a given application. 

When the oscillating tape or crisscross 
direct access sequence distribution techni
ques are used, control alternates between 
the sort phase which produces and distri
butes sequences and the intermediate merge 
phase which combines the sequences into 
longer sequences. See Charts 60 and 61. 

Final Merge Phase 

The final merge is a one-pass phase (Charts 
70 through 73) and produces a single 
ordered record sequence, thus completing 
the sorting/merging process. In a sorting 
application, this phase follows the inter
mediate merge phase. In a merging applica
tion, this phase is executed immediately 
after the optimization phase. 

The final merge phase contains a load 
module, assignment modules, and running 
modules. Initial entry to the final merge 
phase is to the phase control module 
IERRCV. This module requests the execution 
of appropriate routines for the final merge 
phase as directed by IERRCS, and the load 
routine IERRC9 loads these modules into 
main storage with the phase-to-phase infor
mation area. Each of the assignment rou
tines is brought in and executed by the 
load routine one at a time. After all the 
assignment routines have been executed, the 
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load routine deletes the last assignment 
routine and branches to the first running .'~ 
program which is already loaded. The first ~ 
running program deletes IERRC9 and starts 
the processing of records. 

SELECTING MODULES FOR THE FINAL MERGE PHASE 

Module IERRC8 determines the characteris
tics of the sorting or merging application 
by checking PPISW1 in the phase-to-phase 
information area and sets the corresponding 
bits in WSWITCH. IERRC8 ORs WSWITCH into 
each entry in TBLPH3RN, a table of phase 3 
running module n,asks. When the OR opera
tion yields all ones, the module is 
required for sort/merge execution. IERRC8 
stores the last three characters of each 
needed module in the phase-to-phase infor
mation area and prepares a load list of 
user modification routines for phase 3. 

The phase 3 assignment module masks are 
in table TBLPH3AS. IERRC8 selects the 
required assignment modules and places 
their names in a load list. Referring to 
the load list and the phase-to-phase infor
mation area, module IERRC9 loads the 
required modules. 

If messages are to be printed in the j~ .. 
final merge phase, requests are made by the 
running and assignment modules and the 
actual printing is done by the control 
module. If this phase is terminated for 
any condition, control is returned to the 
phase control module, which, in turn, 
returns control to the sort system inter-
face module IERRCB. 

The assignment modules initialize the 
final merge phase. Their functions 
include: 

1. Setting up the buffer areas for the 
merge modules. 

2. Generating DCBs and lOBs. 

3. Opening the input data sets for a 
sorting application. 

4. Opening the input data sets for a 
merging application. 

5. Modifying the running-program modules 
to adapt them to a given application. 

The actual processing of records is per
formed by the running-program modules. 
These modules open the output data sets, 
read the sequences into main storage, merge ~'. 
then, into one final sequence, and then 
write the combined sequence on the indi-
cated output device. 



The main functions of running modules in 
the final merge phase are as follows: 

1. Determine if this is a final merge or 
merge only operation. 

2. Initiate input operations. 

3. Open the output data set. 

4. Deblock records and pass them to the 
merge network. 

5. Sequence records using binary
insertion technique. 

6. Block records when received from the 
merge network. 

7. Close files on detecting the EOF. 

8. Check record totals. 

After the final merge phase has produced a 
single ordered record sequence, control is 
returned to IER~CV to terminate the job. 

For a merging application, record input 
and output operations are perforllled by the 
control program's data management routines. 
For the final merge of a sorting applica
tion, the sort/merge program handles the 
record input operation, and data management 
is used to handle the record output opera
tion, as in a merging case. (Refer to 
"Record Movement in the Sort/Merge Pro
gram.") The record sequences appearing on 
the final merge phase input devices are 
combined into one final sequence in a 
single merge pass. 

A set of decision tables (Charts 72 and 
73) indicates the final merge phase modules 
used for a given application. 
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Sort/Merge Program Flowcharts and Tables 

This series of flowcharts describes the 
overall organization of each individual 
phase and the flow of control from one 
module to another wodule. Modules are 
represented by subroutine blocks in these 
flowcharts. The nawes used to identify 
these blocks are the same as the module 
names used in the program listing. ·Where a 
number appears in a block, it indicates a 
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reference to another flowchart in the 
section. 

Each module name consists of six charac
ters; the first three are always IER. For 
the reader's convenience, the module names 
in the flowcharts are mentioned by their 
last three characters only. 



chart 10. overall Control of Flow in the Sort/Merge Program 
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Chart 20. Overall Organization Definition Phase 
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* RCH • *RCI'l * 
*_. -. -.-.-.- *- .-* • -.-*-. _. _.-._*-* 

INTl!,RPHIT .----- • BRANCH AND • 
MODS LINK TO • 

STATEMENT. * MODULE RCN * 
* .... ** ........ *.** *** ••••• ** ••••• *. 
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j 
·*·*.K2***.*.*.*. 
*RCN • 
• -._.-*-.-._*-*-. 
• CALCULATE ... 
• BIN SIZE 
• POH RECORDS ... 
• * •• ***.*.** ••• *. 

t * ..... 
* * • B4 * 
* * ** •• 

V 
···*J3*··***··· 

• SORT SYSTEM • 
INTE~FACE • 

(ReO) 
.... * •• * •••••• *. 

THE VEFINITIuN PrlAS.!:. USES MODULE. HCQ FOR INTHA
PHASE DATA REFERENCES. 

MODUL£. RCI"l (BLOCK Bl) REFi:.RS TO AMI, WtiICH IS 
CRBATt<U WtH N THE. OPERATING SYSTEM IS LENF.kATLL. 

AMl--SPECIFIES STORAGE Sl Z£ FOR SGRTiH1:RGL :PR(!
Gl{At-: Al'-JD PRCvIDES OPTION '1'0 PRINT MES~AliES. 

MODULE RCC (BLOCK C1) USES MESSAGE MODULE ReF, 
IF NECESSARY. 

MODUL:S RCE (BLOCK El) USES MESSAGl:. r<:ON]LE ReF, 
IF NECLSSARY. 

t-lODUL!:- RCG (BLOCK Gl) USES l>'IESSAGE i"iO[;ULl< RCi,,!, 
IF NeCeSSARY . 

l>'iODULE RCH (BLOCK Jl) USES MESSAGE MODULL RCX, 
IF NECESSARY. 

~£g~~s K~r~' R2~L~~to~~) 63~C2 R~~LO~~B H21NDR~gp 
(BLOC}; G4) USE I>1ESSAGE MODULI:. Reu, IF NECESSA
ARY • 

MODULE Res (tiLOCK D4) USES MODULE Rei< FOR SUB
f(OUTINES AND DATA. 

THE DEFINITION PHASE USES THE CONDENSLD PEAS£'
TO-Phil.SF INFORMATION AREA FOR INTER-PHASE. DATA 
REFERENCE. THIS AREA IS hE-SERVED BY SORT SYti'Il 
INTERFACI:. t-':ODULF RCQ. THE CONDENSED P.tlASE-TV
PHASI:. INFORMATION ARE:A IS EXPANDED INTO THI 
PHASE-TO-PHASE INFOHMATION ARLA, MODULE RCA, 
BY 'THE OPTH',IZATIOtli PHASE (CHART 30). 



C.hart 30. Overall Organization Optimization Phase 

!;JOTE:::,-

1. ThL OPTIt.-.IZATIOtl PhAS!-. 
USES l'HE f'HASl -TO-PHASE 
INFOR!-JATION rlHE}\ F(W 
r~TER-r'HAS[ DP.TA REFER
ENCE,. 

2. r-:t.JDULL ReI TRANSF.l:.RS Ii~
FeRMAT ION FHOh THE cm~
DENSED PHASF-TO-PrlASE. IN
FORrv:AlI0N P.REA INfO ThL 
PIiASE-TO-PliAS£ INFOR
IV'ATION ARl:A, t-JODULl. RCA. 
THE CONDENSED PHASi.
TO-Pt'lASt; INF()Rf.'.J,TIO~ 
PIKE)\. IS PrSi>l:v,FD BY 
SGP1 SYSTEl"j IT'Ti:J,,-

~ittf:L'~~~U ,t~E H~~F l~ND 
NITIO!'-l PHASE. (CHART 
20) • 

3. Tt;r .. CPTlhl ZATIOi"j PHAS.c: 
USES r'JISSAGLS f'/JODULE 
Reo, IF Nl:.Cl:,SSARY. 

****A2********· 
... SORT SYSTEM .. 

INTERFACE 
.. (ReO) .. 
..***** •••• * ••• 

v **···B2··· .. ······ *HCZ .. 
*-*-*-*-*-*-*-*-* 
*dkANCH AND LINK. 
.. TO MODULE .. 
,. Ret ................. 

j 
··*·*C2****···*·* ·Rel ... 
*-*-*-*-*-*-*-*-* * 1: XPA,:ilI!- PHASE.- • 
* TO-PHASE * * INFO ARl.A .. 
***************** 

D2 .. 1 . 
•• I'fJRGl: 

• * *. . . 
* B4 * . . 
**** 

! 
**.**H4******.··· 
·RC~ * *-.- *-*-* _.-. -*-* 
*SKANCtl AND LINK. 
* TO r-'10DULl:. * 
* Aol '" 
**********.*.**** 

I 
* * * •• C 4 * * * .... *. * * * 
·A01 * 
*-. - *- *-* -* -* -*-* * SET UP * * DIHl:.CT ACU: SS * * TABLE. * 
*** •• ***.******.* 

*** * . . 
.. B5 • , . .* .. 
1 

** •• ·B')*.·*·**·*. 
·RCZ • 
.-._*-*_.-*-*-*-* * BRANCH AND LI NK. 
• TO "',ODULfo * * Ao2 * *.****.* ••••• * ••• 

j 
*···*c5******·*** *A02 .. ._*-.-. -.-*-*- *_. 
• SET uP • 

TAPlc 
TABLE • 

*** •• ************ 

. * .. SORT 
OR 

MERCE 
.*------------------------------------------) 

* . . .. 
* ..• j w", 

. 

*****1:.2********** 
*~cz * * -* -*-*- * - ._*-*-* 
*H~ANCH AND LINK. 
* 10 z.,<ODULE * 
* RCU * *.*** •• * ••• ** •••• 

j 
*****F2********** *RC4 * 
*-*-*-*-*-*-*-*-* 
'" GET INFC FKOM .. 
*SYSTL~ CONTROL * 
:~~~~~~,*J~~~~~*: 

1 
.' . 

G2 *. 
. * *. ... *. TAPE * * *.DIRICT ACCE,SS.*---->* B~ ... 

•. OR TAPF .• •• 
*.* **** *. . * C"'CC ,m" 

*.* * *H2 * **** * ** ** ·.RCZ • 
*-*-.-*-*-*-*-*-* * oj-{A~Cti AND LINK* * TO Jv'uDULE • 
* RCJ 
**.***** •• ******* 

j 
* * *". .J 2" * * ...... * * * *RCJ * 
*-*-*-*-*-*-*-*-* * CHECK • 
• DIl'cCT ACCESS * 
* CAPACITY * ••• **.* ... * •• * ••• * 

1 
* .. * * 

* 
'" B'~ * • * ... *. 

<------------------------
.' . 

E,4 *. . * •. 
tnn!-l .• EQJAL~~, *. r x rc 
---*.*.E~I~~~~~ .*.*-----------------. - .. 

* ..• j }., LS 

•• **. F4 * *. * * * *. * * *xcz • 
*-._*-*-*-*-*-*-* *:aH.At'.C.I:1 ANL LINl\. 
• '1'0 MO(lllL1: '* 

AOt * 
**************.** 

j 
*****.:.:;4**·******· 
*AOL '* 
*-* - *- * -*_. -* -*-* * Gf::-.IE;.kATf.. • * E QUAi..S RUNIU NC • 
• tviOGULE • •••••• ** •••••• *.* 

v 
*···*E5*··***··** ·RCZ • 
*-*-._._*-*-*-*-* 
.BRANCH AND LINK. 
* TG !":ODULL • 
* AOM 
*.**.* •• **** •• *** 

j 
····*G')*········· *AOM * • -*-,.. -* -*- * -'*- .-* 
.. GENERATE:. • 
*EXTRACT RUNNING. * MODULE • 
* ••• ***.* •• * ••• *. 

---------->j J <------------------------

····*rill·*········ 
*RCZ * 
*-*-*-*-*-* -* -*-* 
• R.lTURN TG 

S()8T S YSTl:.h 
* INTERFACl 
****.*** •• *:t-.**** 

v 
··**0'4*·*·***** ,.. SOHT SYSTE (.) • INTEF<F'ACl:. * (RCB) .. 
•• **** •• **** ••• 
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Chart 40. Overall Organization of Sort Phase for Balanced Direct Access, Polyphase Tape, 
and Balanced Tape Techniques 

****:81********* · . * P HAS F CON'! i{0L '* 
,. (ReV) '* 
*************** 

V 
*·*·*el*-*·******* 
*RC6 .. 
*-*-*-*-*-*-*-*-* 

DEFINL SG~~T .. 
'PrlASE · ............ *** .......... " .. '" 

j 
*****01*·******** 
*RC9 .. 
*--*-*-*-*-*-*--* 
.. LOAD Iv'ODULES '* 
.. FOR SORT 
.. PHASE 

. . 

. . 
,. D2 • . . 

***. 

! .' . 
u2 • 

. * £<lOR E •• NO 

~OTE.s-

1. 1-1 NU~JBcR IN THE. UPPE.k HIC,HT-HAND CORNeR Of A 
l-'ROCr-SSING BLOCK t<EF2kS '1'0 'ruE. FLOWCHART ON. LECISION 
TABLE SHOwING WHICH MODULI:. IS USED FOR Thl OPERATIG,,_ 

2. THE :;;OHT PHASl USeS TLF PJiAf;J:..-TO-PhA~~J INFUi-<:f.1ATHJN 
AREA, f'o\O[,ULf, RCA, FOR DATA riLF EKLNCl: .• 

1. THE SORT PHASL USE 5 NESSAGE f-':ODULE Hf,IA f IF NE,Cl.S:-,AKY. 

4~ TilE SORT NODJLE (BLOCK F3) USES ThE. F~:i..iALS f-lODULl:, It 
HAVE MORL THAN ONE CONTHUL DAT.'; FIELD AND EXTi~ACT I;; 

5. THE SORT ~ODULE (BLOCK F3) USES THl- I X1!<ACT !',lJOUU (;..Jr..:',! .i:XIT l:J;l) 
IF USER MODIFICATIONS TO RECORLci ARE NADE BBI-'ORI::: ~~C.I<':'lNG, 
OR IF RFCORDS CCl,JTAIN OTHER TIIAN-

(1) LOGICAL [JhTA O!'1 EYTL BOUNDA:nL~:;, OR 
(2) Cl:lPRAC1ER DATA 

7. F-CV IS GIVEN CONTROL BY RCB. kCV l\t:..ff'.':> CC.'JTRUL Ut\T 1 L TtlI' 
TASK IS COMPLLT:SD. IT 'i'hE-N RETURNS TO HCJ1 ,-:dIC}-! 
GIVES CONTROL TO THF !'-IEXT TAS}\. 

*. INPUT •• ----------------- Po. OSErt EXI'lS-- £15 
L16 
F17 

(t..i! OCI\ F2) 
(.LJU~CK F2) 

IS CALl_,LL BY 
*. RECOROS • * . . 

*** ....... * .. ** .. ***** * 

1<------------------------1 II 

FfJl 

v 
* * *,. * .. Fl* * >t * * * * * * *. 

D£BLOC.K 43 
*-+--*-.-*-*-*-* .. 

CET 

" RFCOFD 
************* 

1 
.' . Fl • *****1<2********** *****F3******"*** .. *. *VEBLGCK 43* *SORT 42* 

.• FNG OF 
*. INPUT DATA 

*. NO *-*-*-*-*-*--*-*-* *-*-*-*-*-*-*-*-* 
.*-------->* GIVE NE~ *--------)* LLT~R~INE * 

* SET '" * IN2117 R~_CORU * * iJINNfR .. 
*. ." 

[YES 

*****G1********** 
*RGA * 
*-*-*-*-*-*-*-*-* 

CLOSE * 
INPUT * * CATA SET(S) * 

***** •• *.******** 

j 
*****i-l1**.**** 
* SORT 42* 
• -*-*-*-*-*-* * 

1--* MCJLI.FY T'<'EF. * * .RE/,',OVn LM,T * * RECOtzD~; * 
************** 

***,. . . 
* (,4 * . . 
* * * * 

52 

*TO f-.;[[)LAC[j"U~T * * Rl!CORV * **** 
***************** *******.********* * * 

I * G~ * . . 
**.-* 

.~. 1 
G3 * ******G4*********** .* IS WRITE 42 

. * WINNER *. YI S *-*-*-*-*-*-*-*-* * It-< HEW • *--------> CIlJTPUT 
*. SE\.>l1I tlC} • * CURR~'~'JT 

*. * :-~b\..:ul: lk'l 
* .• * ************* 

I NO 1 
. *. . *. 

H3 *. tiL! * *****I:i~********** 
.* IS .* *RCV * 

YE:~ • * OUTPUT *. .* ALL Y:E-:S *-*-*-*-*-*-*-*-* 
-----------------*. BLeCK * •. h:FC0Hr,~ .*- ------>*ccNTkOL CLOSING* 

*'* FUll *,"::~ORT6L *.* :F:~§Ll~tLgFP'i~fRG: 
*. . * 

v ['0 
* *****J2** ** ** **. *... • * ***J 3 * •• ** *** ** 

WRITE 42 *FLOCK 43* 
**-*-*-*-*-*-*-** *-*-*-*-*-*-*-*-* 

l-'LACE BLC,Ch -------->. PLACE WINNt:R * 
ON OUTPUT * re,ECORD I~ • 

UNIT * OUTPUT ilL0Ch * 
*.*********** ***************** 

1 
**** . . 

: LI2 : 

• * ** 

*. . * 

['0 
*****J4********** 
*S~~ DIST 42* 
*-*-*-*-*-*-.-*_. 

["LTLkr--IL~l .. 
NL<,-'l' OIJ'I'l- LT 

* UNIT 
***************** 

1 
* * * * * , * G/ ... . . 

***************** 

j 
·***J5********* * 

NEXT l'tiAc:JE . . 
*************** 



Chart 41. 

*·**82***·*···· .. SCR1 .. 
.. PHASE CONTROL .. 
.. (ReV) .. 

*********.***** 

V ·····C2*········· ·Reg ... 
*-* -* - ... -* -*-+-+-+ 
.. LOAD RUNNING .. 
.. PROGS AND APG .. . . ....................... * ... 

j 
·····02·····*···· ·APG .. 
*- .. - *- .. -* -*-*-*-* 

PHASE .. 
... LAYOUT 
... CALCULATIONS • ... .................... . 

j 
............ i:.2""" "' .......... .. 
·Re9 .. 
*-*-*-*-* -*- *-*-* 
*DFLETI: i\r)G hND .. 
... LOAD ~EXT ... 
*AGSIGNME,JT RTN .. ................. 

j 
·····F2·········· "SORT ASSIGN L! 2* 
+-*-*-*-*-*-*-*-* 

HI: PLACEMENT .. 
NETWORK .. 

ASSIGNM:E.NT ................. 
t 

SEE 
NOTE 

......... *G2 ............ •• .. .. 
*t.,OVc, ASSlC~N G4* 

*- *-*-*-* -*-* -*-* 
... G:l:,NERATOR 
.. (FIXED) OR .. 
.ASSIGN VAR.REC .. •••••••••• ** ••••• 

! 
SE~ 

NOTE S 

...... *1-\.2"" ...... "' ............. 
*13LK ASGN 43* 
*-*-*-*-*- *-* -*-.-
.. SET tJP 
* FOR 

l<UNNING * 
... **** ... *********** 

! 
SEE 

~OTr: 

* * * * *J2 * * * *** * *** 
*SEQ GIST 42* 
*-* -*-* -* -*-* -*-* * l'lODIFY * 

t<UNNING * 
* .t'-';OCULES * 
********** ........ . 

! 
-=:E:S 

NOTE 

··*+*1~2********** 
*UCB, lOB 44* 
*-*-*-*-*-*-*-*-* 

Sort Phase Assignment for Balanced Direct Access, Polyphase Tape, and Balanced 
Tape Techniques 

1I01'l:.::)-

1. jJ, NUr-,FlLR IN THE UPPER RiGHT-HANu CORNIR DF A 
l'rzOCl'[;SING BLOCK REFbt<S TO TriE i'LOWCd/,RT OR rn:CLJIC~ 
Tl,P,LE SHO,HNG ~HICrJ fv;CD~LE IS US·l:.D FOP Tdi.'. CF'bkATION. 

2. t>~O::>ULr.: AMA 13 AN AREA S..:..T ASIDE. 
TFiIS AREA IS ESTABL·I:3tiEO BEFORE 

1. THl:.. 0CB GENE:<ATION r-:ODULLS (BLOCK £<..2) i)::';.r THr_ l--'ARld'JtTl-~ AREA, 
APi, TO CONTAIN THE A[JORt·SSE.S GF Gl:NE:.j~p."-'H) [jeLlS 
AND DCB OPTIONS. 

L!. ThE OPEN IIIJODULE {BLOC}" G 5) A~D THL WRITE, r-·ODUI.£ (BLuCK G3) 
HEFF:R TO THi; PARAMF_Tcr, AREA, APl. 

S. AN INCOMPLF.'ll:: LlNE 31:;TW.l:.EN r-·OLUt:..E BLOChS INDICATES THAT 
EACH TItv'l:. AN ASSIGNMENT PROGRAi'i IS LOADED AND EXECUTED, 
CONTROL R£TUt<!NS TO iv10LULl:. Rc9. 

6. MODULE APC (BLOCK GS) BRANCHES AND LINKS TO MODULE CHK, WHICH 
ISSUES CHECKPOINT MACRO INSTRUCTIONS, IF REQUESTED. 

7. USER EXITS -- Ell l'R01'" MCDULE APC (BLOCh D2) 
£'18 hl.Of'I~ ["CS, lOB GEN.i:.i:i.AT0R (BLOCK K2) 
£19 FRO!vi DeB, ICB GENt'~ATOR (BLOCK K2) 

**** *G1* "'** * *** ** * * '" '" *(;~** **"'**"'** * *** *G5** * * '" ** '" *'" 
*~KITl:, A2SJGt~ 42* *DRLK A:-~(,~ 43. *!\PC * 
*-*- * -*- *-*- *-*-* *-*-* - * -+ -+ -* -* - * * -* - * -*-*- *- *-*-* 

-x:;.t.i...,* SET UP FOR *----> 01:,£* SET !JP Fe? +----> :.:iLL* Ol'l:.N 
NOTl.* RUNNING PROG * 11101'£ 5* J<lJNnl~Jl; l\,GTl. '~* [lATA 
S * SET 10:..; I,INKG * * PRCtJr<:At, * * SF'I'S * 

***************** ******+*+***+++** **+************** 

t 
::;E;E 

NOTE ') 

*+***li5*******·** * .'-\[jj'j * 
*-*-*-*-*-*-*-*-* 

SKli) 
r<:I::COKD 

* uf'TION * 
***************** 

j 
*****JS*******+*+ 
*RC9 + 
*-*-+-*-*-*-*-*-'" * Eh<hNCtl TO * * FIRST RUNNING * * t':ODllLE.: * 
*** ... ************* 

v 
****i>S****"'**** * L';Or(T hIA~:.t. * * SET UP *--- * hU~HHNl:i * DATA S:r T INFO * 

* FOR I/O * 
***************** 

LODULE.: ,. 
.*.********"'*+* 

Section 3: Program Organization 53 



chart 42. Sort Phase Decision Tables 

SGRTING 
r------T---------T---------T------------T---------------T--------------T----------------, 
I I For tech- I I I I I I 
I I niques I I I I I I 
I I other I I I I I I 
I I than I I I ISingle controllMultiple con~roll 
IUse I Polyphase I Polyphase I Fixed-lengthIVariable-lengthlfiel ds or Ifields. Equals I 
I I 'Tape I Tape I Hecords I Records I extracts used I used I 
r------+---------+---------+------------+---------------+--------------+----------------i 
I Module I I I I I I I 
I AOA I I I I I I I 
I ROA I X I I X I I I X I 
~------+---------+---------+------------+---------------+--------------+----------------i 
I AOB I I I I I I I 
I ROB I X I I X I I X I I 
r------+---------+---------+------------+---------------+--------------+----------------i 
I AOC I I I I I I I 
I ROC I X I I I X I I X I 
~------+---------+---------+------------+---------------+--------------+----------------i 
I AOD I I I I I I I 
I ROD I X I I I X I X I I 
r------+---------+---------+------------+---------------+--------------+----------------i 
I AOE I I I I I I I 
I ROE I I X I X I I I X I 
~------+---------+---------+------------+---------------+--------------+----------------i 
I AOF I I I I I I I 
I ROF I I X I X I I X I I 
~------+---------+---------+------------+---------------+--------------+----------------~ 
I AOG I I I I I I I 
I ROG I I X I I X I I X I 

r-~~:--r---------r----:----i------------i-------:-------1------:-------1----------------1 ,~ 
L ______ ~ _________ ~ _________ ~ ____________ ~ _______________ ~ ______________ ~ ________________ J 

SEQUENCE DISTRIBUTION WRITING 
r------T--------------T-----~-----T--------, r------T----T---------T--------, 
I Use I Balanced IPolY-IOscil-ICriss- I I Use I IBalanced Icriss- I 
I ~----T----T----~phasellatinglcross I I I ~----T----~cross I 
I ITapelDisklDrumlTape ITape I (2314) I I ITape IDisklDrurn I (2314) I 
~------+----+----+----+-----+------+--------~ ~------+----+----+----+--------~ 
I Module I I I I I I I I~odulel I I I I 
IAOI I I I I I I I IAPA I I I I I 
IROI I X I I I I I I IHPA I X I I I I 
~------+----+----+----+-----+------+--------~ ~------+----+----+----+--------i 
IAOJ I I I I I I I IAPB I I I I I 
IROJ I I I I X I I I IRPB I I X I I I 
~------+----+----+----+-----+------+--------i ~------+----+----+----+--------~ 
IAOK I I I I I I I IAPN I I I I I 
IROK I I X I I I I I IRPN I I I X I I 
r------+----+----+----+-----+------+--------i ~------+----+----+----+--------i 
IAOO I I I I I I I 18PA I I I I I 
IROO I I I X I I I I 19PA I I I I X I 
~------+----+----+----+-----+------+--------~ 

L ______ ~ ____ ~ ____ ~ ____ ~ ________ J 

IAON I I I I I I I 
IRON I I I I I X I I 
~------+----+----+----+-----+------+--------~ 
180N I I I I I I I 
190N I I I I I I X I L ______ ~ ____ ~ ____ ~ ____ ~ _____ ~ _____ ~ ________ J 
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Chart 43. Sort Phase Decision Tables 

DEBLOCK - BALANCED TAPE, BALANCED DIRECT ACCESS, OR POLYPHASE TAPE TECHNIQUE 

r------T------------T---------T------------T-------------T--------T-----T-------, 
I I IVariable-IFixed-lengthIFixed-length I I I I 
I Use IFixed-lengthl length lIn-line movelMultiple rr,ovelVariableluser INO User I 
I I Records I Records I <256 I >256 I Move IExitslExits I 
I I I 1 I I I I I 
I I I I I I I I I 
~------+------------+---------+------------+-------------+--------+-----+-------~ 
I Module I I I I I I I I 
IADB I I I I I I I I 
I RDB I X I I X I I I I X I 
~------+------------+---------+------------+-------------+--------+-----+-------~ 
IADC I I I I I I I I 
IRDC I X I I I X I I I X I 
~------+------------+---------+------------+-------------+--------+-----+-------~ 
I ADD I I I I I I E15 I I 
I ROD I X I I I X I I E16 I I 
~------+------------+---------+------------+-------------+--------+-----+-------~ 
lADE I I I I I I E15 I I 
I ROE I I X I I I X I E16 I I 
~------+------------+---------+------------+-------------+--------+-----+-------~ 
IADG I I I I I I I I 
IROG I I X I I I X I I X I 
L ______ ~ ____________ ~ _________ ~ ____________ ~ _____________ ~--------~-----~-------~ 

BLOCK - BALANCED TAPE, BALANCED DIRECT ACCESS, OR POLYPHASE TAPE TECHNIQUE 

r------T------------T---------T------------T-------------T--------T-----T-------, 
IABB I I I I I I I I 
I RBB I X I II X I I I I X I 
~-----+------------+---------t------------+-------------+--------+-----+-------~ 
I ABC I I I I I I I I 
IRBC I X I I I X I I I X I 
~-----+------------+---------t------------+-------------+--------+-----+-------~ 
I ABE I I I I I I I I 
I RBE I I X I I I X I I X I L-_____ ~ ____________ L_ ________ ~ ____________ L _____________ L ________ ~ _____ L _______ J 
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Chart 44. Sort Phase Decision Tables 

DEBLOCK - OSCILLA~ING OR CRISSCROSS TECHNIQUE 

r------T------------T---------T------------T-------------T--------T-----T-------, 
I I IVariable-IFixed-lengthIFixed-length I I I I 
I Use I Fixed-length I length lIn-line movelMultiple IlIovelVariablelUser INO userl 
I I ~ecords I Records I < 256 I <256 I I>Jove I Exi ts I Exi ts I 
I I I I I I I I I 
I I I I I I I I I 
~------+------------+---------t------------+-------------+--------+-----+-------~ 
I Module I I I I I I I I 
IADP I I I I f I I I 
IRDP I X I I X I I I I X I 
~------+------------+---------t------------+-------------+--------+-----+-------~ 
IADQ I I I I I I I I 
IRDQ I X I I I X I I I X I 
~------+------------+---------t------------+-------------+--------+-----+-------~ 
IADR I I I I I I E15 I I 
IRDR I X I I I I I ]:0;16 I I 
~------+------------+---------t------------+-------------+--------+-----+-------~ 
lADS I I I I I I E15 I I 
I RDS I I X I I I X I E16 I I 
~------+------------+---------t------------~·-------------+--------+-----+-------~ 
IADT I I I I I I I I 
I ROT I I X I I I X I I X I L ______ ~ ____________ ~ _________ L ____________ L _____________ ~ ________ ~ _____ L _______ J 

BLOCK - OSCILLATING OR CRISSCROSS TECHNIQUE 

,-----T------------T---------T------------T-------------T--------T-----T-------, 
I ABA I I I I I I I I 
IRBA I I X I I I X I I X I 
~------+------------+---------+------------+-------------+--------+-----+-------~ 
IABY I I I I I I I I 
IRBY I X I I X I I I I X I 
~------+------------+---------+------------+-------------+--------+-----+-------~ 
IABZ I I I I I I I I 
IRBZ I X I I I X I I I X I L ______ ~ ____________ L _________ ~ ____________ L _____________ ~ ________ i _____ i _______ J 

MOVE GENERATE DCB, lOB 
r------T------------T---~-----1 

I useIFixed-lengthlvarlable-
I I Records I length I 
I I I Records ~ 

r------T----T--------T-----------T--------, 
I I I Balanced I ICriss- I 
I usel I Disk/ loscillatingicross I 
I ITapelDrurn ITape I (2314) I 

I I I I ~------+----+--------+-----------+--------~ 
~------+------------+---------t IModulel I I I I 
I Module I I I IAGA I X I I I I 
IABF I I I 
IRBF I I X I 

~------+----+--------+-----------+--------~ 
IAGI I I X I I I 

~------+------------+---------t ~------+----+--------+-----------+--------~ 
lABS I X I I IAGN I I I X I I L _____ i ____________ i _________ i 

~------+----+--------+-----------+--------~ 
19GN I I I I X I L ______ i ____ i ________ i ___________ i ________ J 
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Chart 50. 

***"'Ll*.*.·*·** · . .. PJiASE CCl'\':!: i<.OL :t-

• ("CV) .. ............... 

V ·····el····**·**· *RC7 .. 
*-*-*-+-*-*-*-*-* 
.. iHFINI' ,T.l:..RGE 
.. l-'hA::;E · •••• t* ••••• ,. ••••• 

j 
·····Jl······**·· ·HC9 * 
.. - - *-*_.- *- *-*---* * LOAD tv,0[1lJLES • 
* FOR INT Mi..KGE * 
* PHASE * 
***************** 

:'::':->1 · . ** * * 

Overall Organization of Intermediate ~erge Phase for Balanced Direct Access, 
Polyphase Tape, and Balanced Tape Techniques 

**** · . :+ C2 .. · . • * ** 
J 
.' . c2 • 

• IS l~ltJU'I' ,',0 

NOTES-

1. A NUl'lBER IN THE UPPER RIGHT-HAN,,) CORNER OF A PROCE.SSING 
BLOCK REFERS TO THE F'LO~lCiJAf(T O~ DECI.;3ION TABLE SHOfJING WIiICH 
/\OOl'Lr, IS O::;J-,D FOR TIlF (-,PEHATIGN 0 

2. 'llJE IN'T£R~EDIA1'l:. MI: KGt, PHASE USES THE. f'dASE-TO-PHASE 
1 NFORMAT ION AREA. to';ODULE RCA, FOrt DATA REFc;kr_~NCE. 

1. T.-jE INTEi<MFDIAT£ MEt<Gt PhASE USES MESSAGE l-'JODULE 
RMB. If NECESSAHY. 

4. 

" . 

6. 

1. 

~~5U~~R1~ ~g~~L¥Hl~Lg~~S Cg~T~g~ 5R~A U~·jrL6f11sE~~~~~NT 
l-'ER RE,COHD AND IF FXTRACT f.-JODULE IS NOT u[;ED. 

THE Iv1£HGE MODULE, (BLC,CKS Gl i-d.::r, E3) USES THE I::XTHACT 
r~JCDllLE (WITH i::XIT 1:.61) IF- US}:,R ~<10DIFICATIONS )\RE, MAGE 
OR IF HECORDS CONTAIN OTHER 'l'HAN-

(1) LOGICAL DATA ON BYTE B0l1NVA1<I1S, OR 
(2) CHARACTER DATA. 

'lHE BALANCED DIRECT ACCESS SEQUE::NCE LISTRIBUTION MODULE 
(BLOCK G5) USI:.S BOTH THE READ I":ODULE Al\;D THE WRITE 
t-:ODULE AS SUBROUTINES. 

USER EXITS -- E25 F.ROl<J BLOCK MODULE (BLOCK G2) 
E27 F~-{OtJ: l~jODULE RPF. WclICH IS 

CALLED BY MODULE RCV (BLOCK E3) 
:::61 F,.OF l"E,RG£ Hi'JULE (SLuCK E3) 

EUF}.t.R .-----------------
... E "'1PTY · . . 

* YES 

1 .' . 
D2 *. 

• AT 
~,'f\jD .. . OF INPUT 

*.~EVUFNCE*.* 

*. . * 

('0 

8. 

v 
*****D3********** 
*OEBLOCK S:U 
*-*-*-*-*-.-*-*-* 

-->'" NEX'l INPUT 
• R.l:;COr<D TO • 
• r<lF,RGE NETJORK * 
******.******.*.* 

j 

THE SEQ DIS'), MODULE (BLOCK G5) BRANCHES AT CERTAIN INTEHVALS 
TO MODULE CHK, WHICH ISSUES CHECKPOINT MACRO INSTRUCTIONS, 
IF REQUESTED. 

* * * * **L1 * **** **** ** *** ** *E2 ** * ***.** ** *****~.3··******** 
*MtRGE S2* 
*-*-*-*-*-*-*-*-* 

i<i:'AD 53 
*-*-*-*-*-*-*-*-* 

FILL INPUT 
dUFF'ER'::; 

************* 

1 
*****Fl****·*·*·· *HDL .. 
*_ '" _,"_1 __ *_*_*_*_* 

bulLl: INPUT ,.. 
,.. MOFF1:J~ .. 
.. ADl'r~J-,SS '1'IIBLE ,.. 
***********.* •• *. 

j 

*.t ILL 1'.HPTY BUF-* 
f';:'R FROM INPUT * L'i'TA SET • 

****.******** 

* DJ:T1<,Htv'INE 
~INNE"R 

* RECORD * 
***************** 

1 . 
*.***F2******* 1-'3 *. ******;:"4*****.***** 
• • *- ,,~ * ~RI~i S) 
* ~EDUCE. . lND OF .0 Y~3 *-*-*-*-*-*-*-*-*-

-->* ;v\ERG1:. *-------->*. OUTPUT • *--~~----> LA.::;T BLOCh * ORD~;h *.SE(,.,UL:~C[ .* eN OUf?UT 
* *- [:~::VIU' 

********-.**** 

1 . 
****"'(;1********.* •••• tG2 •••••••••• (, J . . . ,;4 * . *-***-*G5********** 

*-SEQ DIST 52* * i'JEItGt: 'j2* *BI.C'C}' 52* 
*-*-*-*-*-*-*-*-* *-*-*-*-*-*-*-*-* NO • 

* IS 
OUTPUT 

BLeCK 
FULL 

.. .. 4" SE(,UE~CE ?LL *-------->* PLACE /,1LRGE *<--------*. 
.INITIAL r·!ECORDS* ,.. wlNl>J£R IN ,.. to , 
.. (ONr:/2!) r F2 K) :+ .. OUTPlJT JLOC.h ,. :+ .. 

*. . * ***** •••• *....... .-+-***.***.* •••• ** 

1 .... *. · . .. c2 .. · . 
i YE3 

** *- ** *-H3**** ** ***** 
JRITE 53 

*--*-*-*--*-*-*-*--* 
OUTHJT BLOCK 

ON OIlTPUT 
D£v J CE 

*******-**-.*** 

• ALL * . . · RE,CCi-?LrS 
PkOCL:;SEO 

*-0 NO *-*-*-*-*-*-*-*-* 
.*-------->* DETLRMIN:C * 

* * nEXT OUTPUT . 
• Y!':~ 

1 
• * * **:f!, *-* *-** **** * 
*-kCV *
*-*-*-*-*-*--*-*-* 
*COr-.;Ti\GL CLOSIl\l;* 
• OF rILES AND * 
*FkFEING OF STPC;* 
***************** 

V 
*-**",J4********* · . hEXT P,iASE. 

OR PASS 
*-**********-**** 

Section 3: 

* LISle!: 
*-**-***********-*** 

j 
*****-H5***·*** * uE.TFRMINI: * * jJ:E.RGI-, ORDER * 

FuR NEX~ * 
SUB-PAS:--l 

******-******** 

1 
*** * . . 

* El * . . 
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Chart 51. Intermediate Merge Phase Assignment for Balanced Direct Access, Polyphase 
Tape, and Balanced Tape Techniques 

····B2·····_··· .. INT. MERGE .. 
.. PHASE CONTROL .. 
• (ReV) .. ............... 

j 
·····e2·········· *RC9 .. 
*-*-*-*-*-*-*-*-* 
.. LOAD RUNNING • 
.. PROGRAMS AND 
• APH .. •....••....•.••.. 

j 
·····02·········· ·APR .. 
*-*-*-*-*-*-*-*-* 
• PHASE • 
• LAYOUT .. 
• CALCULATIONS ................• 

j 
·····E2.··· •• ·•·· *RC9 • 
*-*-*-*-*-*-*-*-* 
.DELETE APH A~D • 
.. LOAD NEXT • 
-ASSIGNMENT PROG • ................. 

j 
·····F2·········· -SEQ DIST 52-
*-*-*-*-*-*-*-*-* 
• i"'lODIFY • 
• RUNNING • 
.. t<jODULES ................. 

~ 
SEE 

NOTE 

. -. G2 •• . " ... 
NO .* *. 

---*0 NEED 0* 
*0 ABR .* .. .. .. ." j YES 

.····H2.········· *ABR • 
*-*-*-*-*-*-*-*-* .. FIXl!.D aEcORD • 
• t-,OVE LIST 
• G~NERATOR • ................. 

~ 
SEE 

-----------~NOTE 

58 

••••• J2 •••••••••• 
*BLK/DEBLK 52* .-.-.-.-.-.-.-*-. 
• SET UP FOR • 
• BLOCK/DEBLOCK • 
• RUNNING PROG • •••••• * •••••••••• 

! 
SEE 

NOTE 

.•••. K2····.····· ·ADL • . -.-._._.-.-.-.-. 
• SET UP .---
• DEBLOCK 
• BUFFER TABLE. • ....•..•...••.•.. 

NOTES-

1. A NUMBER IN THL UPPER RIGHT-HAND CORNER OF A 
PROCESSING BLOCK REFERS TO THE DECISION TABLE SHOWING 
WHICH MODULE WILL BE USED FOR THE OPERATIO~. 

2. MODULE AMB IS AN AREA SET ASIDE FOR INTERMEDIATE 
MERGE PHASE MESSAGES. THIS ARLA IS ESTABLISHED BE-
FORE EXECUTION OF MODULE APH. 

3. THE DCB GENERATION t-"JODULES (BLOCK F3) uSE THE; PARA
~~~~RA~~E~CBA6~Tr6~s~ONTAIN ADDRESSES OF GENERATW 

4. 

5. 

6. 

7. 

THE OPEN MODULE (BLOCK GSl a TtiE WRITE MODULE (BLOCK 
~~~AM~~~R T~liE~::~p~?DULE ( LOCK HS l REFER TO THE 

AN INCOMPLETE LINE BETWEEN MODULE BLOCKS INDICATES 
THAT EACH TIME AN ASSIGNMENT PROGRAM IS LOADED AND 
EXECUTED, CONTROL RETURZ<S TO MODULE, RC9 • 

IF CHEcKPOINTS ARE REQUESTED, MODULE APJ (BLOCK G5) 
WILL BRANCH TO MODULE CHK, WHICH ISSUES CHECKPOINT 
MACRO INSTRUCTIONS. 

USER EXITS -- E21 Fl<OM MODULE APH (BLOCK 02) 
E28 1~~~c~C~~) lOB GENLRATOR 

E29 1~~~cRC~~lIOB GENERATOR 

••••• F3.......... • •••• F4.......... • •••• F5 •••••••••• 
.DCE, lOB 53. .wRITE ASSIGN 53. .MhRGE ASSIGN 52* 
.-*-*_._*_.-._._. .-*-.-.-.-.-.-._. .-.-*-.-._*-.-.-. > SEl:.. SET UP DATA .----> SEE. SE.T UP FOR .----> SEE.. NETWOR.K • 

NOTE. SET INFO • NOTE 5+ RUNNING • NOTE 5.INITIALIZATION • 
5 • FOR I/O. .. PROGRAM.. • ...•.....•....... ................. . ............... . 

~ 
SEE 

NOTE 5 

·····G5·········· ·APJ • .-.-.-.-.-.-.-.-. 
• OPEN • 

DATA • 
• SETS • . ....•.••...••... 

t 
SEE 

NOTE 

···**HS···**···** 
.READ ASSIGN 53. .-*_.-*-.-*-*-.-. 
.GENERATE' CHANL • 
• PROG. MODIFY • 
.KUNNING PROGRAM. . .••. * ...•..•.... 

j 
·····Js·········· • Rc9 • ._.-*-._*-*-*-.-* 
.DELETE R£AD AS-* 
.SIGN. BR TO 1ST. 
• RUNNING MOD • . ............... . 

j 
····KS········· • MErtGE PHAS.t. • 

• ORDERING .. 
• l.-,ODULE .. •••••• * •••••••• 



Chart 52. Intermediate Merge Phase Decision Tables 

MERGING SEQUENCE DISTRIBUTION 
,-----T--------T--------T-----T------, r------T--------------T-----T------T--------, 
I I Single I I I I I I I I I I 
I Use I control/IMultiplel I I I Usel Ealanced IPolY-IOscil-ICriss- I 
I IExtractslcontrol I I I I ~----T----T----~phasellatinglcross I 
I IUsed I (Equals)18-wayI16-waYI I ITapelDisklDrumlTape ITape I (2314) I 
~------+--------t--------t-----t------~ ~------+----t----+----+-----t------+--------~ 
I Module I I I I I I Mdule I I I I I I I 
IAOP I I I I I IAOR I I I I I I I 
IROP I I X I I X I IHOR I X I I I I I I 
~------t--------t--------+-----+------~ ~------+----t----t----+-----t------+--------~ 
IAOQ I I I I I lAOS I I I I I I 1 
IROQ I X I I I X I IROS I I I I X I I I 
~------t--------t--------t-----+------~ ~------t----t----t----t-----t------t--------~ 
IAOU I I I I I IAOT I I I I I I I 
IROU I I X I X I I IROT I I X I I I I I 
~------+--------t--------t-----+------~ ~------t----t----+----+-----t------+--------~ 
IAOV I I I I I IA03 I I I I I I I 
IROV I X I I X I I IR03 I I I X I I I I L ______ ~ ________ ~ ________ ~ _____ ~ ______ J 

~------+----t----t----t-----t------t--------~ 
IAON I I I I I I I 
IRON I I I I 1 X I 1 
~------t----t----t----+-----t------+--------~ 
180N I I I I I I I 
190 N I I I I I I X I L ______ ~ ____ ~ ____ ~ ____ ~ _____ ~ _____ ~ ________ J 

BLOCK/DEBLOCK - BALANCED TAPE, BALANCED DIRECT ACCESS OR POLYPHASE TAPE TECHNIQUE 
r------T------------T---------------T------------T-------------T--------T---------T-----' 
I I I IFixed-LengthIFixed-Length I IUser INo I 
I UseIFixed-LengthIVariable-LengthIIn-Line movelMultiple movelVariablelExits Iuser I 
I I Records I Records I <256 I >256 I Move I IndicatedlExits I 
~------+------------+---------------+------------+-------------+--------t---------t-----~ 
I Module I I I I I I I I 
IABG I I I I I I I I 
I REG I X I I X I I I I X I 
~------+------------t---------------+------------+-------------t--------t---------t-----~ 
IABH I I I I I I I 1 
IRBH I X I I I X I I I X I 
~------t------------+---------------+------------+-------------t--------t---------t-----~ 
IABI I I I 1 I I I I 
IRBI I I X I I I X I I X I 
~------+------------t---------------+------------t-------------+--------t---------+-----~ 
IABJ I I I 1 I I I I 
IRBJ I X I I I X I 1 E25 I I 
I-------+------------t---------------+------------+-------------+--------t---------+-----~ 
IABK I I I I I I I 1 
IREK I 1 X I I I X I E25 I 1 L ______ ~ ____________ ~ _______________ ~ ____________ ~ _____________ ~ ________ ~ _________ ~ _____ J 

BLOCK/DEBLOCK - OSCILLATING OR CRISSCROSS 'IECHNIQUE 
,-----T------------T---------------T------------T-------------T--------T---------T-----' 
IABT I I 1 I 1 1 I 1 
1 RBT I X I 1 X 1 I 1 I X 1 
~------+------------+---------------+------------+-------------t--------t---------+-----~ 
I ABU I 1 1 I I 1 I 1 
I RBU 1 XII 1 XII I X 1 
~------+------------+---------------+------------t-------------+--------t---------+-----~ 
IABV 1 I I I 1 1 1 1 
IRBV 1 1 XII I X 1 I X 1 
~------+------------+---------------t------------t-------------+--------t---------+-----~ 
IABW I 1 1 I I I I 1 
IRBW 1 XII I X I I E25 I I 
~------t------------t---------------+------------t-------------t--------t---------t-----~ 
IABX I I I I I 1 I 1 
IRBX I I X I I I X 1 E25 I 1 L ______ ~ ____________ ~ _______________ ~ ____________ ~ _____________ ~ ________ ~ ________ ~ _____ J 
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Chart 53. Intermediate Merge Phase Decision Tables 

READ WRITE 
r------T-----T---------T----T------T--------, r------T----T---------T--------, 
I UselBack-IBalanced IFor-IOscil-ICriss- I I Use I I Balanced I Criss- I 
I Iward ~----T----1wardllatinglcross I I I ~----T----~ cross I 
I ITape IDisklDrumlTapelTape I (2314) I I ITapelDisklDruml (2314) I 
~------+-----f----+----+----+------+--------~ t------+----+----+----+--------1 
I Module I I I I I I I I Module I I I I I 
IAGB I I I I I I I IAPD I I I I I 
I RGB I X I I I I X I I IRPD I X I I I I 
~------+-----f----+----+----f------+--------1 ~------+----f----f----+--------1 
IAGL I I I I I I I IAPE I I I I I 
IRGL I I I I X I I I IRPE I I X I I I 
~------+-----f----f----f----f------+--------1 t------f----f----f----t--------1 
IAGe I I I I I I I IAPO I I I I I 
IRGC I I X I I I I I IRPO I I I X I I 
~------+-----f----+----+----+------+--------1 t------+----f----+----t--------~ 
I AGO I I I I I I I 18PA I I I I I 
IRGO I I I X I I I I 19PA I I I I X I 
~------+-----f----+----f----+------+--------1 

L ______ ~ ____ ~ ____ L-___ L ________ J 

18GB I I I I I I I 
19GB I I I I I I X I L ______ ~ _____ ~ ____ ~ ____ ~ ____ ~ ______ ~ ________ J 

GE~ERATE DCB, lOB 
r------T----T---------T-----------T--------------, 
I usel IBalanced IOscillatinglCrisscross I 
I ITapelDisk/DrumlTape I (2314) I 
~------+----f---------f-----------+--------------~ 
I Module I I I I I 
IAGG I X I I I I 
~------f----f---------f-----------+--------------~ 
IAGJ I I X I I I 
~------f----f---------+-----------+--------------1 
IAGN I I I X I I 
~------+----f---------f-----------+--------------1 
19GN I I I I X I L ______ ~ ____ i-________ ~ ___________ ~ ______________ J 
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Chart 60. Overall Organization of Sort/Merge Phases for Oscillating Tape and Crisscross 
Direct Access Techniques 

****Al** *.***** 
,. PtlASE CON'I'ROL ,. 
,. (ReV) ,., 

* 
*************** 

j 
*****81********** 
*RC6/RC7 ,. 
*-*-*-*-*-*-*-*-* 
,. DEFINE SORT 

AND MERGE 
,. PHASES ,. ,. ........ ,.,. ** **,.,.,.,.,. .. 

j 
*****Cl********** 
*RC9 ,. 
*-*-*-*-*-*-*-*-* 
,. LOAD ~ODULES 
.. FOR SORT AND 
,. MERGE PHASES ,. ,. **,.,. ***,.,. **,. .. ,. .. ,. 

:*::*:->1 . . 
**** v 

**.* ·*D1"· "' .......... *** 
J.EBLOCK 44 

,. -*-*-*-*-*-* 
GET 

A 
RECORD •••••••••• *** 

j 
····*El*****···** *SOrtT 42* 
*-*-*-*-*-*-*-*-* 
,. ~ECCRD TO ,. 
* RSA . 
••• ** •••••• ,.. •• *** 

1 . .. 
Fl *. o· ... 

NO ." RSA ,.. 

[
--.. FILLED .* ,.,. ." ,.,. .. 

v •• ." 

· . :*::*: 1* Y1S 

····*Gl****·*···· tSORT 42* 
,. -*-* -*-*-*-*-*-* 

DETERMINE 
wINNER 

* •• **** ••••••••••• 

j 
*·***Hl***···**** *BLOCK 44* 
*-* -* -* -*-*-*-*-* * WINNER RECORD • 
* TO OUTPUT * 

BUF'FER * 
* •••• **.* •••• *.** 

1 .. . 
J1 •. 

. * •. 
NO . * •. !--*. BUFFE.R FULL •• 

*. .• •. . * •.. * 
• .... • t. YES 

• 01 * · . *. * * 
* * * B2 * • * 

NO'IES-

**** · . • B2 • · . **.* 

1 
··****B2********·*· 

WRITE 42 
*-*-*-*-*-*-*-*-* 

PLACE aLOCK 
ON OUTPUT 

UNIT 
****.*.**.*** 

1 ... 
c2 *. . .. 

:-';0 • * END •• 

r-- •. OF SEQuENCE .* 
• . . * 

*. . * 
v *. . * 

* • 
* 01 * . . i YES 

**** 

** * * *02 * *. * * * * *. * 
*Sf,Q OI8T 42" 
*-*_.-*-* -*-. -*-* * DE.TERMINE 

NEXT OUTPUT 
UNIT * 

•• *.***.*.***.*** 

1 ... 
u • 

. * M *. .* SEQUENCES *. YES 
•. DISTRI3UTED '*---j *. . * •. . * •. .• v 

1* NO : .:; * : 
• * 

.' . 
1-'2 -+ 

.* M-l -+. 
.'" SF.QU~IKES *. NO 

*. DISTRIBUTED '*---1 •• . * 
*. . * * 0 • * v 

.\ YES : *::*: 
* • 

v 
***·*G2**.**.*.** · . .. PREPARE • 
* TO FLUSH TREE • · . · . ***.*.***.*.***** 

1 
**** · . * D1 * · . .**. 

NO 

NO 

1. A NUt-JBER IN THE UPFLR RIGHT-HAND CORNER OF 
A PROCESSING BLOCK REFERS TO THE DECISION TABLE 
WHICH IS USED FOR ThE OPERATION. 

2. USE~ EXITS -- E15 OROM DEBLOCK MODULE (BLOCK 01) 
E16 F.r<OM DEBLOCi< MODULI:, (BLOCK 01) 
£17 F~OM EITHeR MODULE ~PM OR 8PM, 

rlllICH IS CALLED BY rJlODULI:; Rev (BLOCK GS) 
F. 2 5 FROi'i RLOC¥ ,'10DULE (dLOCK G 3) 

3. IN AN OSCILLATING SORT, IF CHECKPOINT HAS BEEN SPECIFIED, 
THE SEQ OIST MODULE (BLOCK F4) WILL BRANCH TO MODULE CHK 
AT CERTAIN INTERVALS. CHK ISSUES CHECKPOINT MACRO 
INSTRUCTIONS. 

*.*. · . 
• C3 * · . • *** 

1 
ot * • * * *c 3 * *. * * * * •• * * 

READ 53 
*_*_ot_._*_*_*_*_* 

FILL <--
EMFTY 

HUFFER (S) 
*****.*** •• ** 

j 
*****D3*·******** 
*DEBLOCK 52* 
* - *- *-* -*-*-* -*-* 

>* G£'r * 
• A 
* kECORD 
***************.* 

1 .' . E3 • 
. * *. . • *. YE S 

*.BUtFIk E~PTY ,*---. . . . *. . * 
ro 

****·F3******·*** 
*MERGE 52* 
*-*-*-*-*-*-*-*-. * CFTERMINE * * wINNER * RECCRD '" 
*********.*.***** 

j 
****·G3******.*ot* * BLOCK S20t 
*-.-*-*-.-*-*-*-* 

WINNEH TO 
OUTPUT 
BUFFER 

*****.**ot*ot*.**** 

1 . 
i-l3 *. 

0* *. 
. * * 0 -*. BUFFE~ FULL .* . . 

* 0 •• i YES 

***ot**J3··*ot**.**** 
WRITE 53 

*- *- *- * -*-* - * -*-* 
OUTPUT BLOCK * ON OUTPUT 

DEVICE 
************ot 

1 ... 
K3 • 

. * * 0 • * eNIJ OF *. YES -*. OU'I'PUT .*-----
* 0 ~EQUENCE •• * 

•. . * 
* 

·····P4********** 
*SE~ DI5T 52* 
*-*-*-*-*-*-*-*-. 

-->* D!-..TERMINE * 
I'll:..XT OUTPUT * 

* UNIT * 
****ot************ 

1 ... 
G4 .0 *****GS** •• ****** 

.* * *Rev * 
ot *. YES *-*-*-*-*-*-*-*-* 

*. £ND OF FILE . *-------->*CONTROL CLOSING* 
*. . * * OF FILES AND * 

*. . * *FREEING OF STRG* 

'"j":O ........ j*** •• **** 

;14 
.* * ****tlS •• *.***** . * A:'irJTliER *. YES * TO FINAL * *. fl'Jlc.RGE '*---1 * Ml:.RGE *.POSSIBLE .* PHASE * 
*. • * *************** 

* 0 • * 

1* ~G : *:: * : 
* • 

*****J4********* • * • * REINITIALIZL 
• Fort SOf(TING 

Of' RECORDS 
* ***************** 

1 
***. . . 

* 01 * . . 
** •• 
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Chart 61. 

····Bl··.······ • SORT/MERGE • 
.. PhASE CONTROL • 
.. (ReV) .. 
••••••••••••••• 

j 
·····el·········· ·Re9 .. 
*-*-*-*-*-*-*-*-* 
.. LOAD RUNNING .. 
.. PROGS AND .. 
.. APL .. ................. 

j 
**··*01·········· tAPL .. 
*-*-*-*-*-*-*-*-* .. LAYOUT .. 
.. CALCULATIONS .. 
• • ................. 

! 
SEE 

NOTE 

.··.·E1·········· • SORT ASGN 42* 
*-*-*-*-*-*-*-*-* 
.. REPLACEM.ENT .. 
.. NETWORK .. 
.. ASSIGNMENT .. ................. 

! 
S~E 

NOTE 

·····Fl·········· • MOVE ASGN 44* 
*-*-*-*-*-*-*-*-* 
.. GENE·RATOR .. 
• (FIXED) OR • 
*ASSGN VAR. REC .. ••••••••••••••••• 

! 
SEE 

NOTE 

·····Gl·········· tSLK ASGN 44* 
*-*-*-*-*-*-*-*-* .. SET UP .. 
.. FOR .. 
.. RUNNING .. ................. 

! 
SEE 

NOTE 

·····Jl·········· *BLK/DBLK 52* 
*-*-*-*-*-*-*-*-* .. SET UP FOR .. 
.. BLOCK/DEBLOCK • 
• RUNNING PROG • ................. 

t 
SEE 

NOTE 2 

... ··Kl·········· ·ADL • . _._.-.-.-.-.-.-. 

Sort/Merge Phase Assignment for Oscillating Tape and Crisscross Direct Access 
Techniques 

NOTES-

1. A NUMBER IN THE UPPER RIGHT-HAND CORNER OF A 
PROCESSING BLOCK REFERS TO THE DECISION TABLE S~O,HNG 
WHICH MODULE IS USED FOR THE OPERATION. 

2. AN INCOMPLETE LINE BETWEEN MODULE aLOCKS "NDICATES THAT 
LI\CH TIME AN ASSIGNMENT PROGRAM IS LCAUJ=:D AND i.XECUTED, 
CONTROL RETURNS TO MODULE RC9 • 

3. MODULE APC (BLOCK Gij) BRANCHES TO MODULE CHK, WHICH ISSUES 
CHECKPOINT MACRO INSTRUCTIONS, IF REQUESTED. 

4. USER EXITS Ell FRON MODULE APt (BLOCK 01) 
E1B FROM DCB, IOB G£NEkATOR (BLUCR u2) 
~~~ ~~g~ ~~g6Llo~p£E~§t~t~RDI~LOCK D2) 
E28 FROM DCB, lOB G~NERAT0R (BLOCK D2) 
E29 FROfvi DCB, lOB GENEHATOR (BLOCK D2) 

•.•.• 02.......... . •... 03.......... . •..• 04 ••.••....• 
:~i~,:~~. _._._:~: :~~:1:.~~~~_._:~: :~;~~~.~~~~_._~~: 

->SEE. SET UP DATA .---> SEL. SET UP FOR .---> SeE. ;~E.TWORK • 
NOTE. SET INFO • NOTE 2. RUNNING • NOTE 2.INl'rlALIZATION • 
2 • FOR I/O. • PROGRAM.. • ................. ................. . ..•............. 

! 
SE.i::; 

NOTE 

·····E4·········· .HEPD ASGN 53 • .-.-.-.-.-.-.-.-. 
.G.t;NERATE CHANL • 
• FROG. fviODIFY • 
• RUN. PROG • . ............... . 

! 
ShE' 

NOTE 

·····F4·········. .ObLK ASGN 44 . .-.-.-.-.-.-.-.-. 
• SET UP FOH • 

tWNNING • 
• PROGRAM • . ............... . 

! 
SEE 

NOT;; 

·····G4·········· ·APe • .-.-.-.-.-.-.-.-. OPEN • 
• DATA • 
• SETS .. . .....•.•.••.•.•. 

! 
SEE 

NOTE 

·····K4.·· ••• ·· •• ·ADM • . -.-.-.-.-.-.-.-. 
• SKIP • 
• RECORD • 
• OPTION • ................. 

j 
·····J4·········· ·RC9 • .-.-.-.-.-.-.-.-. 
• BRANCH TO • 
• FIRST RUNNING • 
• MODULE • • •••••••••• *** ••• 

j 
····K4········· 

• TO • 
SET UP .--- • iWNNING 

• DEBLOCK 
• BUFFER TABLE ................. 
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Chart 10. Overall Organization of Final Merge Phase 

····B1····· .... · . • PHASE CONTROL • 
• (ReV) • ............... 

I 
• ····el·········· tRCS • 
*-*-*-*-*-*-*-*-* 
• DEFINE; FINAL • 
• MERGE PHASE • · . ..... ........... . 

1 ·····01·········· -Re9 • 
*--*-*-*-*-*-*--* 
• LOAD foIODU LES • 
• FOR FINAL 
• MERGE PHASE • ................. 

1 ·····E1······ .... -MERGE 72-
*-*-*-*-*-*-*-*-* 
: SEi~~~~5 ~~g~T : 
• EACH BUFFER • ................. 

.... · . • Gl .-> · . 
·····Gl········ .. "'BLOCK 72* 
*-*-*-*-*-*-+-*-* 
• PLACE MERGE 
• wINNER IN 
• OUTPUT BLOCK • ................. 

1 
······Hl······.·.·. 

PUT 
A 

RECORD ............. 
1 .... · . • C2 • • • .... 

Nons-

1. A NUMBER IN THF UPPER RIGHT-HAND CORNER OF 
h PROCESSING BLOCK BEFERS TO THE DLCls10N T~BLE 
SHOWING WilICH MODUlE IS USED FOrl TH=: OPJ;RATION. 

2. Tf:lE FINAL MERGE PHAS.E USES THE PHASE-TO-PHASE 
INFORMA'l'ION AREA, hODULE RCA, FOR DATA REFERENCES. 

3. 

4. 

THE ME'i(GI PrlASE USE S MESSAGE MCDULF 
RMC. IF NECESSARY. 

5. .... THE MERGE MODULE (BLOCKS E1 AND £3) UShS THE EXTRACT MODULE 
(WITH EXIT E61) IF U,JI R t-;ODIFICATIO~S ARE MADE • · . • C2 • · . .... 

~ . ' . C2 t • ". ." M~RG "t SORT *0 
---to OR .-

t" PlERGE ". ." " . ." .. 1 SORT 

.' . 

6. 

7. 

OR IF RECORD3 CONTAIN OThER THAN-
(1) LOGICAL DATA ON BYTE. BOUhIDAkIl:.S, OR 
(2) CHARAC'tER ;)ATA 

FOR MERGING .L\PPLICATIONS, THE DEBLOCK MODULE (BLOCK 03) 
ISSUES A 'GET' TO FEFILL BUFFEk AREAS • 

02 ." ••••• 03 •••••••••• 
". *" .DEBLOCK 72* 

.t IS to NO *-*-*-*-.-.-.-.-. 
•• INPUT BUFFER •• -------->. NEXT INPUT • 

• • EMPTY • • • R~CORD TO • • . 0 • • MERGE NET"'ORK • 

"j';" ········1········ 

. ..... E2........... . .... E3 ......... . 
READ 12 .MERGE 72. .-.-.-.-.-.-.-.-. .-.-.-.-.-.-.-.-. 

REFILL BUFFER • DETERMINE • 
• FROM INPUT • • wINNER • 

DATA SET • RECOHD • .•.•.•....... . •.•.....••••...• 
---------->1 1 

o. 0 0.0 

F2 •• F3 .0 ..... F4 •••••••••• ·····.FS ••• ···· •••• o. .. 0..0 .SLOCK 72. o. END Or' •• NO •• LAST .0 YES .-.-.-._._.-.-.-. • PUT A 

!<ECORD 
.0 INPUT DATA 0.----- .0 RE.CORD FROM 0.-------->. PLACE LAST .--------> .0 SET •• .0 MERGE o. . RECORD IN • . . . . . . o. . OUTPUT BLOCK • .. .. .0 o. . ............... . . ..... 1' ..... 

1. YES .!.:O . . 
.•• • G1 • 

G2 .oO • • 
.··oO •••• 

NO •• .0 
---.. MERGE o. 

•• ONLY o. .. .. .. .. i YES 

t 
..... H2·········· ·RGF • .-.-.-.-.-._._._. 
• CLOSE INPUT • 
• OATA SET • · . .•.••.•.......... 

---------->1 
.···.J2···.·.· · . • REDUCE • 
• MERGE • 
• ORDER • · . ...•.......... 

1 .... · . • G1 • · . .... 

.' . G5 •• 
o .DIRECT .0 

TAPE SORT, MI:;RGE •• ACCESS •• 

1
-----------------··. :~~~tL T~~E •••• 

• .MEKGE.· .. . . 
·DIHI,CT lACCESS 

SOz{T 

.•.•. H4.......... • .••• hS .•••.•••.. 

.RPG • .RPG • .-.-.-.-.-._.-.-. .-.-.-.-._._.-.-. 
• CLOSE. • CLOSE OUTPUT • 
• OUTPUT,. • AND INPUT • 
• DATA SET. • DATA SETS • •.•••............ . ...•...••...•... 

\< ________________________ J 

.····J4··.···.·.· ·RCV • .-.-+_._.-.-.-.-. 
• FREE STORAGE. • 
.BR~NCH TO SYS- • 
• TEM INTERFACE • . •..•............ 

I 
····K4·.······· • SORT SYSTEM • 

• INTERFAC~ • 
• (RCB) • •.............. 
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Chart 71. Final Merge Phase Assignment 

****A2********· 
'" FINAL i'JEHGE '" * ?HASF. CONTROL * 
>I< (ReV) >I< 

************ *** 

j 
*****32********** 
*RC9 * 
*-*-*-*-*-*-*-*-* 
>I< LOAD RU~IJNING * 
,. PROGHAi'lS ]\ND 
,. API 
***************** 

j 
····*e2·········· tAP! .. 
*-*-*-*-*-*-*-*-* * PHASE *' LAYOUT 
,. CALCULATIONS 

***************** 

j 
*****D2********** 
*~C9 '" 
*-*-*-*-*-*-*-*-* 
*DELi:~;rE API A,JD '" 
'" LOAD NEXT A~-;- '" 
>I< STGNMENT PROG >I< 

**.*.*+********** 

I 
*****E2****.***** 
*ME~GE ASSIGN 72* 
*-*-*-+-*-*-*-*-* 
'" NETWORK '" 
·INITIALIZATION '" . . 
***************** 

! 
SIt: 

NOTE: S 

·****?2********** 
"'DeL', lOR 73* 
*-* -, *- *-*-*-* -*-* 
'" SET UP DATA * 

S1::l' INFO 
* FOR I/O 

***************** 
! 

SEE 
NOTE 5 

. '. 
G2 *. . '" ... 

NO .* *. 
--_to NEED .* 

:t. ABQ .* . .' ,.. .,. 

rES 

.. * * * * h2 * * * * * • * * * * 
*ABQ * 
*-*-*-*_.-*-*-*-* 
*- FIXtD RECORD * * MOVE LIST ** GENERATION 
***************** 

! SEE 
NOTE 

*****J2********** 
*JLOCK ASSIGN 72* 
*-*-*-*-*-*-*-*-* 

-->* SET UP *---
RUNNING * 
PHOGRAM * 

***************** 

64 

NOTE3-

1. A !:-JUt-;BER IN TdE UPPER RIGHT-HAND CUr<NH< OF .n. PHOCESSING 
bLuCK REFERS '10 711£ DE.CISION TA8LF. ,ShOv.'ING WHICrl ~O[;ULE: 
-";ILL BF. USED FOR TrlE GPt..RATION. 

2. THE l-jODUIE AMC IS AN A1<£rI S.t,T ASIDE FOR FINAL M~RGl.: PHASE., 
j<ESSJI.GFS. TrlIS AREA IS l:STABLI.SHED BEFOl<.E. i:XECUTION OF l-'!ODULE API. 

J. THE DCB GENERATION fotODULES (BLOCK F2) U:jES THE PARAI"jETER AR£A, 
AP3, TO CONTAIN ADDRESSLS OF ['ellS AND DCB OPTIONS. 

4. T!1E. OPF.,N MODULE (BLOC}; F4) Aim 'I'HE :KEAIJ l";ODt.:Lf (BLOCK G4) 
RE.FER TO THE PARAMETER AREA, AP3. 

5. AN INCOMPLETE LINL BE,TVJEfN iVlODULE BLOCKS INDICATES 
THAT .t:AC~ TIM!: AN ASSIGNt-JE.NT l-jGDULE IS LOADED AND EX£CU'l'ED, 
cO~TkOL ~ETURNS TO MOGUL}. RC9. 

6. MODULE AGII (BLOCK F4) BRANCHES TO MODULE CHK, WHICH ISSUES 
CHECKPOINT MACRO INSTRUCTIONS, IF REQUESTED. 

7. USER EXITS 

... 
F3 •• 

• SOdT * 

FROt<; t-10DULE API (nUJeh C2) 
FROtJI DCB, lOB C;U"_L'<A.TOR (BLOCK F2) 
FHOi"; DCB, lOB GlkrJ":A'lOR (BLOCK F2) 

* * *. * F4 * * * * * *. * * * 
*AGH * . * OR *. SORT *-*-*-*-*-*-*-*-* 

>1-. jJjFi<GE .*-------->* OPEN *-
*. mHY *- * DATA .. 

*. . * 
ib~r~E 

Sl:E 
NOTE S 

SETS * 
***************** 

t 
SEE 

!WTE: ') 

*****G3********** *****G4********** 
*DBLK I~SGN 72* *READ ASGN 72 *-
*-*-*--*-*-*-*-*-* *-*-*-*-*-*-*-*-* 
* PRIME *SE~<-----* FILL * 
* ME~GE *NOTE 5 * INPUT 
* NET~ORK * * BUFFERS * 
* * * * * * * * .** * ** •• * *. * * * ** .***** * .. * * 

j 
*****H3********·* 
* Ret:! * 
*-*-*-*-*-*-*-*-* 
*GELETE DEBLOCK • 
* AND BRANCH * 
* '1'0 rlPG * 
***************** 

j 
* * * * *J 3 * .... * * .. * * .. * 
*RPG * 
*-*-*-*-.- .. - * - *- * 
*DELETE heg AND * 
* OPEN OUTF UT * 
.. DATA SET * 
***************** 



Chart 72. Final Merge phase Decision Tables 

MERGING READING 
r------T--------T-------~-----T------, r------T--------T---------T-------T--------, 
I I Single I Multiple I I I I I I Balanced I I Criss- I 
I IControl IControl I I I I IBackward~----T----~Forwardlcross I 
I Use I~xtractsl (Equals) I 8-wayI16-wayl I Use ITape IDisklDrumlTape I (2314) I 
~------+--------+--------+-----+------~ ~------+--------+----+----+-------+--------~ 
I Module I I I I I I Module I I I I I I 
IAOP I I I I I IAGD I I I I I I 
IROP I I X I I X I IRGD I X I I I I I 
~------+--------+--------+-----+------~ ~------+--------+----+----+-------+--------~ 
IAOQ I I I I I IAGM I I I I I I 
I ROQ I X I I I X I IRGM I I I I X I I 
~------+--------+--------+-----+------~ ~------+--------+----+----+-------+--------~ 
IAOU I I I I I I AGE I I I I I I 
I ROU I I X I X I I IRGE I I X I I I I 
~------+--------+--------+-----+------~ ~------+--------+----+----+-------+--------~ 
IAOV I I I I I IAGP I I I I I I 
I ROV I X I I X I I IRGP I I I X I I I L ______ ~ ________ i ________ i _____ i ______ J 

~------+--------+----+----+-------+--------~ 
18GC I I I I I I 
19GC I I I I I X I L ______ i ________ ~ ____ i ____ i _______ ~ ________ J 

DEBLOCK 
r------T-------T-----------------T-----T-----T--------T-----T-------T-----T-----T-------, 
I I I Variable-length I I I I I I I I I 
I IFixed- I Records I Fixed IFixedl I I I I I I 
I Ilength ~--------~-------~Move IMove IVariableluser INa userl I I Forward I 
I Use IRecords lUnspannedlSpanned l<256 1>256 IMove I Exits I Exits ISort IMergelTape I 
~------+-------+---------+-------+-----+-----+--------+-----+-------+-----+-----+-------~ 
I Module I I I I I I I I I I I I 
IADH I I I I I I I I X I X I I I 
IRDH I X I I I I I II I I I I 
~------+-------+---------+-------+-----+-----+--------+-----+-------+-----+-----+-------~ 
IADI I I I I I I I I I I I I 
IRDI I I X I X I I I I I X I X I I I 
~------+-------+---------+-------+-----+-----+--------+-----+-------+-----+-----+-------~ 
IADJ I I I I I I I I I I I I 
IRDJ I X I X I I I I I I X I I X I I 
~------+-------+---------+-------+-----+-----+--------+-----+-------+-----+-----+-------~ 
IADX I I I I I I I I I I I I 
I RDX I X I I I I I I I X I X I I X I 
~------+-------+---------+-------+-----+-----+--------+-----+-------+-----+-----+-------~ 
18DJ I I I I I I I I I I I I 
19DJ I I I X I I I I I X I I X I I L ______ ~ _______ i_ ________ i _______ ~ _____ i _____ i ________ i _____ i _______ i _____ i_ ____ ~ _______ J 

BLOCK 
r------T-------T---------,-------T-----T-----T--------T-----T-------, 
IABL I I I I I I I I I 
I RBL I X I I I X I I I I I 
~------+-------+---------+-------+-----+-----+--------+-----+-------~ 
IABM I I I I I I I I I 
IRBM I X I I I I X I I E351 I 
~------+-------+---------+-------+-----+-----+--------+-----+------~ 
IABN I I I I I I I I I 
IRBN I I X I I I I X I I X I 
~------+-------+---------+-------+-----+-----+--------+-----+-------~ 
I ABO I I I I I I I I I 
I RBO I I X I I I I X I E351 I 
~------+-------+---------+-------+-----+-----+--------+-----+-------~ 
IABP I I I I I I I I I 
I RBP I X I I I I X I I I X I 
~------+-------+---------+-------+-----+-----+--------+-----+-------~ 
18BN I I I I I I I I I 
19BN I I I X I I I X I I X I 
~------+~------+---------+-------+-----t-----+--------t-----t-------~ 
18BO I I I I I I I I I 
19BO I I I X I I I X I E351 I L _____ ~ _______ i_ _______ _i _______ ~ _____ i_ ____ i ________ i _____ i _______ J 
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Chart 73. Final Merge Phase Decision Tables 

GENERATE DCB, IOB 
r------T----T------T----T-----' 
I usel IDirectl I I 
I ITapelAccesslsortlMergel 
~------+----+------+----+-----~ 
I Module I I I I I 
IAGK I I X I X I I 
~------+----+------+----+-----~ 
I APF I X I X I I X I 
~------+----+------+----+-----~ 
I APK I X I I X I I L ______ ~ ____ ~ ______ ~ ____ ~ _____ J 

66 

OPEN DATA SETS 

r------T-----T-----T----T-----' 
I usel I I I I 
I I Chkpt I Build I Sort I f.lerge I 
~------+-----t-----t----+-----~ 
I Module I I I I I 
IAGH I X I I X I I 
~------+-----t-----t----+-----~ 
IAGF I I X I I X I L ______ ~ _____ ~ _____ ~ ____ ~ _____ J 



<... 

Section 4: Module Directory 

This section contains an alphabetic list of modules in the sort/merge program. 

Each sort/merge module name consists of six characters, the first three of which are 
always IER. For easy reference, the module names are listed by their last three charac
ters only. 

r---------T------------T--------------------------------------------------------------__ , 
I CSECT I Ph~se in I I 
I Name I Wh1ch Used I Purpose for Which Used I 
~---------+------------+----------------------------------------------------------------~ 

8BN Fin.Merge Block variable-length spanned records 
8BO Fin. Merge Block variable-length spanned records with modifications 
8CI Def. Contains tables and constants for module RCI 
8CM Def. Process PARM field and sort parameter list, initialize module 

CPI, open SYSOUT if requested 
8DJ Fin.Merge Deblock variable-length spanned records for a merge operation 

8GB 
8GC 
80N 
8PA 

8PM 
9BN 
9BO 

9DJ 

9GB 
9GC 
9GN 
90N 
9PA 

ABA 

Int.Merge 
Fin.Merge 
C-C Sort 
Sort and 
Int.Merge 
C-C Sort 
Fin.Merge 
Fin.Merge 

Fin.Merge 

Int.Merge 
Fin.Merge 
C-C Sort 
C-C Sort 
Sort and 
Int.Merge 
Osc. and 
C-C Sort 

Read for crisscross technique 
Read for crisscross technique 
Crisscross technique algorithm 
Write for crisscross technique 

End of phase housekeeping for crisscross 
Assignment block variable-length spanned 
Assignment block variable-length spanned 

I modification 

technique 
records 
records with 

IAssignment deblock variable-length spanned records for 
I operation 
I 
IRead assignment for crisscross technique 
IRead assignment for crisscross technique 
IGenerates DCBs, lOBs, ECBs, and alternate CCW pointers 
IAssignment crisscross algorithm 
IWrite assignment for crisscross technique 
I 
Assignment routine sort block variable-length records 

ABB Sort Block fixed-length records with in-line move 
ABC Sort Block fixed-length records with link to multiple move 
ABE Sort Block variable-length records with move 
ABF Sort Move module for variable-length records 
ABG Int.Merge Block or deblock fixed-length records with in-line move 

a merge 

ABH Int.Merge Block or deblock fixed-length records with link to multiple move I 
ABI Int. Merge Block/deblock variable-length records - multiple move I 
ABJ Int.Merge Block or deblock fixed-length records with modification I 
ABK Int. Merge Block/deblock variable-length records I 
ABL Fin.Merge Block fixed-length records with in-line move I 

I ABM Fin.Merge Block fixed-length records with modifications I L _________ ~ ____________ ~ ________________________________________________________________ J 

(Part 1 of 6) 
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r---------T------------T----------------------------------------------------------------, 
I CSECT I Phase in I I 
I Name I Which Used I Purpose for Which Used I 
~--------t------------+----------------------------------------------------------------~ 

ABN Fin.Merge Block variable-length records I 
ABO Fin.Merge Block variable-length records with modifications I 
ABP Fin.Merge Block fixed-length records with link to multiple move I 
ABQ Fin.Merge Move generator for fixed-length records I 
ABR Int.Merge Move generator for fixed-length records I 
ABS Sort Move generator for fixed-length records I 
ABT Osc. and Assignment routine for merge block/deblock fixed-length I 

C-C Merge records<256 bytes 
ABU Osc. and Assignment routine for merge block/deblock fixed-length 

C-C Merge records>256 bytes 
ABV Osc. and Assignment routine for merge block/deblock variable-length 

C-C Merge records 
ABW Osc. and Assignment routine for merge block/deblock fixed-length records 

C-C Merge with user exits 
ABX Osc. and Assignment routine for merge block/deblock variable-length 

C-C Merge records with user exits 
ABY Osc. and Assignment routine sort block fixed-length records<256 bytes 

C-C Sort 
ABZ Osc. and Assignment routine sort block fixed-length records>256 bytes 

ADB 
ADC 
ADD 
ADE 
ADG 
ADH 
ADI 
ADJ 
ADL 
ADM 
ADP 

ADQ 

ADR 

ADS 

ADT 

ADX 

AGA 
AGB 
AGC 
AGD 
AGE 
AGF 
AGG 
AGH 
AGI 
AGJ 
AGK 
AGL 
AGM 

C-C Sort 
Sort 
Sort 
Sort 
Sort 
Sort 
Fin.Merge 
Fin.Merge 
Fin.Merge 
Int. Merge 
Sort 
Osc. and 
C-C Sort 
Osc. and 
C-C Sort 
Osc. and 
C-C Sort 

Deblock fixed-length records with in-line move 
Deblock fixed-length records with link to multiple move 
Deblock fixed-length records with user exits 
Deblock variable-length records with user exits 
Deblock variable-length records 
Deblock fixed-length records for a sort 
Deblock variable-length records for a sort 
Deblock for a merge 
Assignment phase builds tables of input buffer address 
Skip record option 
Assign sort deblock fixed-length records<256 bytes 

Assign sort deblock fixed-length records>256 bytes 

Assign sort deblock fixed-length records with user exits 

Osc. and IAssign sort deblock variable-length records with user exits 
C-C Sort I 
Osc. and IAssign sort deblock variable-length records without user exits 
C-C Sort I 
Fin. Merge-IDeblock assignment for read-forward, fixed-length tape sort 
Sorting I 

appl. 
Sort Generate DCBs, lOBs, and DCB addresses; tape only 
Int.Merge Read tape assignment 
Int.Merge Read disk assignment 
Fin.Merge Read tape assignment 
Fin.Merge Read disk assignment 
Fin.Merge Open files 
Int.Merge Generate DCBs, lOBs, and DCB addresses; tape only 
Fin.Merge Open files and initiate checkpoint operations 
Sort Generate DCBs, lOBs, and DCB addresses; disk only 
Int.Merge Generate DCBs, lOBs, and DCB addresses; disk only 
Fin.Merge Generate DCBs, lOBs, and DCB addresses; disk only 
Int. Merge Read forward assignment - tape sort 
Fin. Merge-IRead forward assignment - tape sort 
Sorting I 
appl. I 

AGN Osc. Sort IGenerate DCBs and lOBs 
AGO Int. Merge IRead assignment for drum 
AGP Fin. Merge IRead assignment for drum 
AMA Sort IContain all messages for the sort phase assignment modules _________ i ____________ ~ _______________________________________________________________ _ 
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r---------T------------T----------------------------------------------------------------, 
I CSECT I Phase in I I 
I Name I Which Used I Purpose for Which Used I 
~---------+------------+----------------------------------------------------------------1 

AMB Int.Merge IContain all messages for the merge phase assignment modules I 
,AMC Fin.Merge Icontain all messages for the final merge and merge-only phases I 

AMl 

AOA 
AOB 
AOC 
AOD 
AOE 
AOF 
AOG 
AOH 
AOI 
AOJ 
AOK 
AOL 
AOM 
AON 
AOO 
AOP 

AOQ 

AOR 
AOS 
AOT 
AOU 

AOV 

AOW 

AOX 

AOY 

AOZ 

AOl 
A02 
A03 
APA 
APB 
APC 
APD 
APE 
APF 
APG 
APH 
API 

APJ 
APK 
APL 

De£. 

Sort 
Sort 
Sort 
Sort 
sort 
Sort 
Sort 
sort 
Sort 
Sort 

Sort 

lassignment modules I 
ISpecify core storage for the sort/merge program and also provide I 
loption for printing messages I 
IReplace sort control for fixed-length records I 
IReplace sort control for fixed-length records I 
IReplace sort control for variable-length records I 
IReplace sort control for variable-length records I 
IReplace sort control for fixed-length records in polyphase I 
Replace sort control for fixed-length records in polyphase I 
Replace sort control for variable-length records in polyphase I 
Replace sort control for variable-length records in polyphase I 
Balanced tape sort algorithm I 
Polyphase sort algorithm I 
Balanced disk sort algorithm I 
Equals routine I 
Extract routine I 
Assignment oscillating algorithm I 
Assignment druIfI-sort algorithm I 

Sort 
opt. 
Opt. 
Osc. 
Sort 
Int. & Fin. 16-way merge network with multiple control fields I 
Merge I 
Int. & Fin. 16-way merge network with single control fields I 
Merge 
Int. Merge 
Int.Merge 
Int.Merge 
Int. & Fin. 
Merge 

Balanced tape If1erge algorithm 
Polyphase tape merge algorithm 
Balanced disk merge algorithIf 
a-way merge network with multiple control fields 

Int. & Fin. a-way merge network with single control fields 
Merge 
Osc. and Assignment - oscillating initialization routine, multiple 

control 
fields fixed-length records 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I C-C Sort 

Osc. and 
C-C Sort 
Osc. and 

Assignment - oscillating initialization 
fields fixed-length records 

routine, single control I 

Assignment - oscillating initialization routine, multiple 
C-C Sort 

I 
I 
I 

Osc. and 
C-C Sort 
Opt. 
Opt. 

control fields variable-length records 
Assignment - oscillating initialization 
fields variable-length records 

routine, single control I 

Optimize disk/drum unit assignment 
optimize tape unit assignment 

Int. Merge Drum merge algorithm 
Sort Write tape assignment 
Sort Write disk assignment 
Sort Open files and initiate checkpoint operations 
Int.Merge Write tape assignment 
Int.Merge Write disk assignment 
Fin.Merge Generate DCBs and DCB 
Sort Calculate storage for 
Int.Merge Calculate storage for 
Fin.Merge & Calculate storage for 

addresses 
I/O buffers, RSA, and generated 
I/O buffers and generated cores 
I/O buffers and generated cores 

Open files and initiate checkpoint operations 
Generate DCBs, lOBs, and DCE addresses; tape only 

cores 

Merge-only 
Int.Merge 
Fin.Merge 
Osc. and 
C-C Sort 

Calculate storage for I/O buffers, RSA, and generated cores 

APN Sort Drum write assignment routine 
APO Int. Merge Drum write assignment routine 
APl Sort Specify area for DCB list for open 
AP2 Int.Merge Specify area for DCB list for open 
AP3 Fin.Merge Specify area for DeB list for open _________ ~ ____________ ~ ________________________________________________________________ J 

(Part 3 of 6) 
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r---------T------------T----------------------------------------------------------------, ;J ... 
I CSECT I Phase in I I 
I Name I Which Used I Purpose for Which Used I 
t---------+------------+----------------------------------------------------------------~ 

BGA Opt. Calculate Band G values for tape 
BGB Opt. Calculate Band G values for crisscross application 
CHK All phases Checkpoint routine 
DM4 All phases Hexadecimal and decimal conversion routine 
EX1 Sort Resolve user-exits entries link edited for sort phase 
EX2 Int. Merge Resolve user-exits entries link edited for Int. merge phase 
EX3 Fin. Merge Resolve user-exits entries link edited for Fin. merge phase 
RBA Osc. and Block variable-length record 

C-C Sort 
Sort Block fixed-length records with in-line move RBB 

RBC 
RBE 
RBF 
RBG 
RBH 
RBI 
RBJ 
RBK 
RBL 
RBM 
RBN 
RBO 
RBP 
RBT 

Sort 
Sort 

Block fixed-length records with link to multiple move 
Block variable-length records with move 

Sort 
Int.Merge 
Int.Merge 
Int.Merge 
Int.Merge 
Int.Merge 
Fin.Merge 
Fin.Merge 
Fin.Merge 
Fin.Merge 
Fin.Merge 
Osc. and 
C-C Merge 
Osc. and 
C-C Merge 
Osc. and 
C-C Merge 
~c. a~ 
C-C Merge 
~c. a~ 
C-C Merge 
Osc. and 
C-C Sort 
Osc. and 
C-C Sort 
All but 

Move module for variable-length records 
Block or deblock fixed-length' records with in-line move 
Block or deblock fixed-length records with link to multiple move 
Block or deblock variable-length records with move 
Block or deblock fixed-length records with modifications 
Block or deblock variable-length records with modifications 
Block fixed-length records with in-line move 
Block fixed-length records with modifications 
Block variable-length records 
Block variable-length records with modifications 
Block fixed-length records with link to mUltiple move 
Merge block/deblock fixed-length record<256 bytes 

RBU IMerge block/deblock fixed-length record>256 bytes 
I 

RBV IMerge block/deblock variable-length record 
I 

RBW Merge block/deblock fixed-length record with user exits 

RBX Merge block/deblock variable-length record with user exits 

RBY Sort block fixed-length record<256 bytes 

RBZ Sort block fixed-length record>256 bytes 

RCA Specify phase-to-phase information area 
Def. 

RCB All but Sort system interface for the sort/merge program 
Def. 

RCC Def. Read control cards 
RCD Def. Scan control cards 
RCE Def. Interpret sort or merge cards 
RCF Def. contains error messages for sort/merge cards 
RCG Def. Interpret record cards 
RCH Def. Interpret modification cards 
RCI Def. Search for control systerr 
RCJ opt. Check direct access capacity 
RCK Def. Calculate Band G for disk and drum 
RCL Def. Calculate Band G for merge-only applications 
RCM Def. Sort system interface for definition 
RCN Def. Allocate bin sizes and chose technique for 2314 sort 
RCO Def. Sort system interface for use with the linkage editor 
RCP Def. Specify user exits to be link edited 
RCQ Def. Specify input area for control statements 
RCR Def. specify Band G constants using tape 
RCS Def. Specify Band G codes using tape 
RCT Sort, Int. Frees storage between phases 

Merge, & 

---------~-~~~~~=:~=-~----------------------------------------------------(~~;~-~-~f-~~ ~ 
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r---------T-----------~----------------------------------------------------------------, 
I CSECT I Phase in I I 
I Name I Which Used I Purpose for Which Used I 
~--------+------------+----------------------------------------------------------------~ 

RCU Def. & Opt. I contains error messages for definition and optimization phases 
RCV Sort, Int. Isort system interface for processing records 

RCW 
RCX 
RCY 
RCZ 
RCl 
RC2 
RC3 
RC4 
RC6 
RC7 
RCB 
RC9 

RDB 
RDC 
RDD 
RDE 
RDG 
RDH 
RDI 
RDJ 
RDL 
RDP 

RDQ 

RDR 

RDS 

RDT 

RDX 
RGA 
RGB 
RGC 
RGD 
RGE 
RGF 
RGL 
RGM 
RGO 
RGP 
RMA 
RMB 
RMC 
ROA 
ROB 
ROC 
ROD 
ROE 

ROF 

ROG 

Merge, & I 
Fin. Merge I 
Def. Icontains messages for record card interpretation 
Def. Modifications card error messages 
Def. Read control card error messages 
Opt. Sort system interface used after linkage editor 
opt. Expand phase-to-phase information area 
Def. Extract calculations 
Def. Contains messages required for scan routine 
opt. Control system search after linkage editor 
Sort Sort phase definition 
Int. merge Intermediate ~erge definition 
Fin. merge Final merge or merge-only definition 
sort, Int. Load routine for phases 
Merge, & 
Fin. Merge 
Sort 
Sort 
Sort 
Sort 
Sort 
Fin.Merge 
Fin.Merge 
Fin.Merge 
Int.Merge 
Osc. and 
C-C Sort 
Osc. and 
C-C Sort 
Osc. and 
C-C Sort 
Osc. and 
C-C Sort 
Osc. and 
C-C Sort 
Fin. Merge 
Sort 
Int.Merge 
Int.Merge 
Fin.Merge 
Fin.Merge 
Fin.Merge 
Int. Merge 
Fin. Merge 
Int. Merge 
Fin. Merge 
sort 
Int.Merge 
Fin.Merge 
Sort 
Sort 
SOrt 
Sort 
Sort 

Sort 

Sort 

Deblock fixed-length records with in-line move 
Deblock fixed-length records with link to multiple move 
Deblock fixed-length records containing user exits 
Deblock variable-length records containing user exits 
Deblock variable-length records 
Deblock fixed-length records for a sort 
Deblock variable-length records for a sort 
Deblock for a merge operation 
Set up deblock area 
Sort deblock fixed-length record<256 bytes 

Sort deblock fixed-length record>256 bytes 

Sort deblock fixed-length record with user exits 

Sort deblock variable-length record with user exits 

Sort deblock variable length record without user exits 

Deblock for read-forward, fixed-length records in tape sort 
Indicate an input end-of-file - sort phase 
Read tape - intermediate merge phase 
Read disk intermediate merge phase 
Read tape final merge phase 
Read disk final merge phase 
Indicate an input end-of-file - merge-only application 
Read tape forward 
Read tape forward 
Read drum 
Read drum 
Contains all messages for sort phase 
Contains all messages for merge phase 
Contains all messages for final merge and merge only phases 
Fixed-length replacement with multiple control fields 
Fixed-length replacement with single control fields 

IVariable-length replacement with multiple control fields 
IVariable-length replacement with single control fields 
IUsing polyphase technique for fixed-length records with multiple I 
Icontrol fields I 
IUsing polyphase technique for fixed-length records with single I 
Icontrol fields I 
IUsing polyphase technique for variable-length records with mul- I 
Itiple control fields I _________ i ____________ i ________________________________________________________________ J 
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r---------T------------T----------------------------------------------------------------, 
I CSECT I Phase in I I 
I Name I Which Used I Purpose for Which Used I 
~---------+------------+----------------------------------------------------------------~ 

ROH Sort Using polyphase technique for variable-length records with I 

ROI 
ROJ 
ROK 
RON 
ROO 
ROP 

ROQ 

ROR 
ROS 
ROT 
ROU 

ROV 

ROW 

ROX 

ROY 

ROZ 

R03 
RPA 
RPB 
RPC 
RPD 
RPE 
RPF 

RPG 

Sort 
Sort 
Sort 
Osc. Sort 
Sort 
Int. & Fin. 

single control fields I 
Balanced tape sort algorithm I 
Polyphase sort algorithm 
Balanced disk sort algorithm 
Oscillating sort algorithm; initiates checkpoint operations 
Drum-sort algorithm 
16-way merge network 

Merge with multiple control fields 
Int. & Fin. 16-way merge network 
Merge 
Int.Merge 
Int.Merge 
Int.Merge 
Int. & Fin. 

with single control fields 
Ealanced tape merge algorithm 
Polyphase tape merge algorithm; initiates checkpoint operations 
Balanced disk merge algorithw; initiates checkpoint operations 
8-way merge network 

Merge with multiple control fields 
Int. & Fin. 8-way merge network 
Merge 
Osc. and 
C-C Sort 
Osc. and 
C-C Sort 
Osc. and 
C-C Sort 
Osc. and 
C-C Sort 

with single control fields 
Fixed-length records with multiple control fields 

Fixed-length records with single control fields 

Variable-length records with multiple control fields 

Variable-length records with single control fields 

Int. Merge Drum-merge algorithm 
Sort 
Sort 
Sort 
Int.Merge 
Int.Merge 
Int.Merge 

Fin.Merge 

Write tape - sort phase 
Write disk - sort disk 
Indicate an end of housekeeping 
write tape - intermediate merge 
write disk - intermediate merge 
Indicate an end of housekeeping 
merge phase 

procedures 
phase 
phase 
procedures 

in the sort phase 

in the intermediate 

Indicate an end of housekeeping procedures and open output in 
the final merge phase 

RPM Osc. Sort End of phase housekeeping for oscillating sort 
RPN Sort Write drum 

I RPO Int. Merge Write drum L _________ i ____________ ~ _______________________________________________________________ _ 
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Overlay Structure 

Page of GY28-6597-4 

Revised Januarr 31, 1973 

By TNL GN33-8164 

Section 5: Detailed Layouts 

This topic illustrates the overlay structure of the five phases of the sort/merge pro
gram. In the mUltiprogramming environments the same modules are used but may not be 
placed in contiguous locations. 

RCM 

AM1 

RCU 

BCM RCa 

RCN 

RCC RCD RCI 

RCY RC3 RCP BCI BGB RCL 

RCR 
RCE RCG RCK 

RCF RCW 
RCH 
RCX 

RCS 

BGA 

Overlay Structure -- Definition Phase 
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By TNL GN33-8164 

RCl 

RC4 

RCJ 

Overlay Structure -- Optimization Phase 
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RCA 

RCZ 

RCU 

AOl 

AOL 

A02 
AOM 



AOA, ABF or 
AOB, ABS or 
AOC, 
AOD, 

APG AOE, 
AOF, 
AOG, 
or AOH 

RCA 

RCV 

RC9 

CHK (if requested) 

ROA, ROB, ROC, ROD, ROE, ROF, ROG, or ROH 

RBB, RBC, or RBE 

RBF 

R8B,RDC, RDD, RDE, or RDG 

RGA 

RPA or RPB or RPN 

RPC 

ROI, ROJ, or ROK or ROO 

RMA 

User Exits 

API 

AMA 

AOI, AGA APA ADS, 
AOJ, or or ADC, 
or AGI APB ADD, 
AOK or ADE or 
or AOO APN ADG 

Overlay Structure -- Sort Phase (Not applicable to Oscillating and Crisscross Sorts) 

Section 5: Detailed Layouts 75 



RCA 

RCV 

RC9 

CHK (if requested) 

ROA, ROB, ROC, or ROD 

ROW, ROX, ROY, ROZ 

RBF 

RBA, RBZ, or RBY 

SON or RON 

RBT, RBU, RBV, RBW, or RBX 

RDL 

RGA 

SPA or RPA 

ROP, ROQ, ROU, or ROV 

8GB or RGB 

RDP, RDQ, RDR, RDS, Or RDT 

SPM or RPM (Called in ot end of phase) 

RMA, RMB 

User Exits 

API 

AMA,AMB 

APL AOA, AOW, ABF, ABA, AON ABT or ADL AGN APA AOP, AGB ADP or APC A DM 
AOB, AOX, ABR, or ABR, or 90N ABU, 9GN 9PA AOQ, 9GB ADQ, 
AOC, AOY, or ABS ABY ABV, AOU, ADR, 
or AOD AOZ ABW, orAOV ADS, or 

_L or ABX ADT 

-- -- --
-- --

_L -- _L 

-'--

-'- -'--

-'- --

ria Ove y Structure -- Oscillating and Crisscross Sorts -
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AOR, 
APH AOS 

or 
AOT 
or 

A03 

ASR 
ABG, 
ASH, 
ABI, 
ASJ, 
or 

ASK 

ADL 

RCA 

RCV 

RC9 

CHK (if requested) 

ROP, ROQ, ROU, or ROV 

RBG, RBH, RBI, RBJ, or RBK 

RDL 

RGB or RGC or RGL or RGO 

RPD or RP E or RPO 

ROR, ROS, or ROT or R03 

RPF 

RMS 

User Exits 

AP2 

AMB 

AGJ 
or 

AGG 

APD or 
APE 
or 

APO 

AOP, 
AOQ, 
AOU, 
or 
AOV 

APJ AGe or 
AGC 
or 

AGL 
or 

AGO 

Overlay Structure -- Intermediate Merge Phase (Nat applicable to Oscillating and Crisscross Sorts) 
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API AOP, ABO 
AOO, 
AOU, 
or AOV 

_L. 

-

-

., 

AGK, APF, or APK 
-'-

Overloy Structure -- Final Merge Phase 

78 

RCA .-

RCV 

+-

RC9 

'---

CHK (if requested) 
-I-

ROP, ROO, ROU, or ROV 

I-

RBL,RBM,RBN,RBO,RBP,BBN, or 8BO 
I-

RDH,RDI,RDJ,RDX, or BDJ 

RGD,RGE,RGF,RGM,RGP, or BGC 

~ 

RPG 
~ 

RMC 
~ 

User Exits 
I-

AP3 
I---

AMC 

1 ABL, AGF or 
ABM, AGH 
ABN, 
ABO, 
ABP, 
9BN -
or 9BO 

-"-

AGD,AGE,AG 

9DJ, 
ADH,ADI, 
or ADJ, or ADX 

M,AGP, or 9GC 



Storage Layouts 

This topic illustrates the main storage layout of the sort, intermediate merge, and 
final merge phases of the sort/merge program. The labels in these figures represent the 
pointers located in the PPI area. If user routines are included and a listing of the 
module map produced by linkage editor is desired, the following DD statement must be 
included in the job step used to execute the sort: 

//SORT.SYSPRINT DD SYSOUT=A 

This will override the //SYSPRINT DD DUMMY statenent in the SORT cataloged procedure, 
and a module map from the linkage editor will be written on the data set SYSPRINT. 

A module map may also be obtained, under any conditions, through use of the DIAG 
parameter discussed in Appendix c. 

Note that the storage layouts illustrated below may not apply when the program is 
operating in a multiprogramming environment. 

SORT PHASE STORAGE LA YOUT GENERATED STORAGE LAYOUTS 

Using Tape Using Direct Access For Techniques Other For Oscillating and 

Than Oscillating and Crisscross Sorts 
IERRCB- f-----:J Crisscross Sorts 

Sort System Interface 

A(IERRCA)- f-J 
PPISPGNI - BLOCK COUNT TABLE 

PPI 
PPISBLCT 

IERRCB-~ READ CCWs 
Sort System Interface 

A(lERRCY) f--J 
Running Programs 

A(lERRCA)_ f---J EXTRACTED 
PPI CONTROL 

A(lERRCY)_ f--J 
8 Byte Identity FIELDS 

Running Programs PPILAB04-f--J }I 
PPISPGN1- WRITE CCW, 

WRITE CCWs OUTPUT BUFFER 1 I/o CONTROL PPILAB04_ f-J }I 
PPISTDCB~ BLOCK TABLES PPISTDCB- DCB ADDRESS TABLE 

OUTPUT BUFFER 1 
8 Byte Identity I/O 

PPlLAB05 - f--J PPILAB05-f--J I/o 
CONTROL 

BLOCKS 
OUTPUT BUFFER 2 OUTPUT BUFFER 2 CONTROL 

BLOCKS DEBLOCK BUFFER 
PPILAB06_ f----J PPILAB06-~ Byte Control Buffer 

PPIBDSYA+l-
TABLE 

8 Byte Control Buffer 

{ { 
PPIUNTCT- UNIT COUNTERS 

PPILAB03 INPUT BUFFER 1 PPlLAB03 INPUT BUFFER 1 SEQUENCE DISTRI-
PPIBDSVA+4- MOYE LIST BUTION TABLE 

INPUT BUFFER 2 INPUT BUFFER 2 PPIBDSYA+4- MOYE LISTS 

[Wo'k A,,,,, (YRE)] [Wo,k A,.o (YRE)] 
+8 

-------- -------
TREE 

Record Record TREE 
Storage Storage 

A,eo A,oo 
(RSA) (RSA) PPIGETSZ-

GETMAIN SIZE 
TABLE 

INPUT BUFFER GETMAIN ADDRESS 
PPILAB02- TABLE 

PPIGETMN- TABLE 

PPISPGN1-~ PPISPGN1-~ 

PPlLAB08 - RSA TABLE PPILAB08- RSA TABLE 

Generated Generated MERGE INPUT 
Storage Storage 

GETMAIN SIZE 
PPIGETSZ- TABLE PPILAB1O- BUFFER TABLE 

GETMAIN ADDRESS SORT INPUT PPIGETMN- TABLE PPILAB02- BUFFER TABLE 
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INTERmOIATf I~ ERG E PHASE STORAGE LAYOUTS GfNERATEO STORAGl LAYOUTS 

Using Tope Using Direct Access 
Fa! Techniques Other For Oscillating and 
Than Osci Iloting and Crisscross Sorts 
Crisscross Sorts 

IERRCB .I~ PPISPGNI _ BLOCK COUNT TABLE 
i Sort System Interface PPISBLCT 

IERRCB-_ W A(lERRCA)-P 
PPI READ CCW. 

Sort System Interface 
A(IERRCA)_ W A(IERRCV) _p EXTRACTED 

CONTROL PPI Running Programs 
FIELDS 

A(IERRCV)-~ ~ 
Running Programs 8 Byte Identity 

WRITE CCWs 
PPILAB04-P }~ 

PPISPGNI_ BLOCK COUNT TABLE 
PPlLAB04 _ W }J OUTPUT BUFFER I 

PPISBLCT PPISTDCB- DCB ADDRESS TABLE 

OUTPUT BUFFER I READ CCW. 
8 Byte Identity VA 

CONTROL PPILAB05-W PPILAB05-P BLOCKS 
OUTPUT BUFFER 2 OUTPUT BUFFER 2 EXTRACTED 

CONTROL 
PPIBDSVA--!l- DEBLOCK BUFFER TABLE 

PPILAB03 { { 
FIELDS 

INPUT BUFFER I PPI LAB03 INPUT BUFFER 1 PPIUNTCT_ UNIT COUNTERS 

WRITE CCW. SEQUENCE DISTRI-
INPUT BUFFER 2 BUTION TABLE 

PPISTDCB-
VA CONTROL 

_h BLOCK TABLES 
PPIBDSVA+4- MOVE LISTS 

+8 

INPUT BUFFER n 
INPUT BUFFER n VA 

CONTROL 
BLOCKS TREE 

PPIBDSVA+l-
DEBLOCK BUFFER GETMAIN SIZE 

TABLE PPIGETSZ- TABLE 

~ PPIBDSVA+8- MOVE LIST PPIGETMN- GETMAIN ADDRESS 
PPISPGN1- PPISPGN1-P TABLE 

PPlLAB02 -
INPUT BUFFER 

TABLE PPILAB08- RSA TABLE 

Generated Generated 
MERGE INPUT Storage Storage PPIGETSZ-

GETMAIN SIZE 
TABLE PPILAB10- BUFFER TAB LE 

PPIGETMN-
GETMAIN ADDRESS 

PPILAB02-
SORT INPUT 

TABLE BUFFER TABLE 

80 



FINAL MERGE PHASE 
STORAGE LAYOUT 

Using Tape/Direct Access 

IERRCB_~ 

Sort System Interface 

A(lERRCA) __ ---.-J 

PPI 

A(lERRCV)--~ 

Runni n9 Programs 

PPILAB06--~ 

8 Byte Control Buffer 

PPILAB04--~ } 

1--r_O_U_T_P_UT_B_U_F F_E_R_l_---l PP I LA B07 

PPILAB05--~ 

OUTPUT BUFFER 2 

PPILAB03 { INPUT BUFFER 1 

INPUT BUFFER n 

[WORK AREA (VRE~ 
----------

PPISPGN1-~ 

Genrated 
Storage 

PPISPGN1_ 
PPIBDSVA+l 

PPISBLCT-

PPIBDSVA+8-

PPISTDCB_ 

PPILAB02-

PPIGETSZ--

PPIGETMN_ 

GENERATED STORAGE 
LAYOUT 

For All Techniques 

DEBLOCK 
BUFFER 
TABLE 

BLOCK 
COUNT 
TABLE 

READ CCWs 

MOVE LIST 

I/O CONTROL 

BLOCK TABLES 

I/o 
CONTROL 
BLOCKS 

EXTRACTED 
CONTROL 
FIE LDS 

I NPUT BUFFER 
TABLE 

GETMAIN SIZE 
TABLE 

GETMAIN ADDRESS 
TABLE 
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IERRCB ___ 

A(lERRCA1-

A(lERRCV1-

PPlLAB06 ---'---

PPILAB04-

PPILAB05-

PPlLAB03 

{ (Includes 8 
Bytes for 
QSAM 

MERGE ONLY 
STORAGE LAYOUT 

Using Tape/Direct Access 

LJ 
Sort System Interface 

W 
PPI 

W 
Runn ing Programs 

W 
8 Byte Control Buffer 

W 
OUTPUT BUFFER 1 

~ 
OUTPUT BUFFER 2 

INPUT BUFFER 1 

Control Buffer 1 h 

INPUT BUFFER n 

[Input Work Area 1 (VRE1] 
f--------~-

• • 
f----~-----

~nput Work Area n (VRE1] 
f--'- ------:-

[Output Work Area (VRE1] 
f--------"--

PPISPGN1-~ 

Generated 
Storage 
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PPISPGNI 
PPIBDSVA+l -
PPISBLCT-

} P"LABOJ 

PPI BDSVA+8_ 

PPISTDCB-

PPILAB02_ 

PPIGETSZ-

PPIGETMN-

GENERATED STORAGE 
LAYOUT 

DEBLOCK 
BUFFER 
TABLE 

BLOCK 
COUNT 
TABLE 

MOVE LIST 

DCB ADDRESS TABLES 

I/O 
CONTROL 
BLOCKS 

EXTRACTED 
CONTROL 

FIELDS 

INPUT BUFFER 
TABLE 

GETMAIN SIZE 
TABLE 

GETMAIN ADDRESS 
TABLE 
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<... 

Phase-to-Phase Information (PPI) Area 

This topic contains a storage map of the phase-to-phase information (PPI) area. PPI is 
a communication area for all modules of the sort/merge program. It is created during 
the definition phase and resides in main storage throughout the execution of a sort. 
PPI is not executable and has the name IERRCA. An explanation of each field within PPI 
is contained in the program listing of module IERRCA. 

The sort/merge program uses general purpose register 13 as the base register for PPI. 
Reference to any field within PPI can be made by adding the appropriate displacement to 
the contents of register 13. The displacement for each field within PPI appears in 
hexadecimal and decimal form to the left of the storage map. Byte counts within paren
theses are in decimal form. 

Displ. 

Hex. Dec .... -o(f------------------- 8 BYTES 

o 0 

PPISVARE 

48 72 
PPIWKARE (256 bytes) 
PPIPDWA (64 bytes) PP1P1ASZ 
PPIP1GC (4 bytes) 

50 80 
PPISKPRD PPIATPI E 

58 88 
PPII PBLK PPIBUFI 

60 96 
PPIEXTSZ PPIFFF 

68 104 

70 112 
PPIPBUFF ReselVed for Future Use 

78 120 
PPINUMCF PPIPCFOI PPIMCFOI PPIFCFOI 

80 128 
PPIPCF02 PPIMCF02 PPIFCF02 I PPI PCF03 

PPIPCF03 PPIMCF03 PPIFCF03 PPIPCF04 PPIMCF04 

88 136 
(cont) 

PPIMCF04 
(cont) 

PPIFCF04 PPIPCF05 PPIMCF05 PPIFCF05 PPIPSVA 
(64 bytes) 

90 144 

98 152 
PPIPCF06 PPIMCF06 PPIFCF06 I PPIPCF07 

PPIPCF07 
(cont) PPIMCF07 PPIFCF07 PPIPCF08 PPIMCF08 
PPIDSKED 

AO 160 
(136 bts.) 

PPIMCF08 PPIFCF08 PPIPCF09 PPIMCF09 PPIFCF09 

A8 168 

BO 176 

(cont) 

PPIPCF10 PPIMCF10 PPIFCFlO I PPIPCFll 

PPIPCF11 PPIMCFll PPIFCFll PPIPCF12 PPIMCF12 

B8 184 
(cont) 

PPIMCF12 PPIFCF12 

CO 192 
(cont) 

C8 200 
(END OF "PPIPSVA" ALLOCATION) 
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C8 200 
PPILABOl 

F8 24 8 r PPITPPT 

PPlTPTB L (136 bytes) 

118 28 0 

120 28 8 
PPIDIRAD (END OF "PPIDSKED" ALLOCATION) 

PPIST AR (136 bytes), PPIODOM (64 bytes) 

(END OF "PPIWKARE" ALLOCATION) 

(END OF "PPIODOM" ALLOCATION) 

180 384 
(END OF "PPlTPTBL" ALLOCATION) 

(END OF "PPISTAR" ALLOCATION) 
lA8 424 

PPIENDAR (136 bytes) 

-

(END OF" PPIENDAR" ALLOCATION) 
230 560 
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230 560 

~ 238 568 

240 576 

PPISW1 +1 +2 +3 +4 +5 +6 +7 

PPIMODEX PPI LI NK 

PPICOUNT PPIDELCT 
248 584 

PPIINSCT PPIRCDCT 
250 592 

PPISEQCT 
PPIFILSZ 

260 608 

268 616 
PPIBINSZ PPINMAX 

270 624 

278 632 

PPIRMAX PPISRTG 

PPISRTBL I PPIOPBLK PPIBUF23 I Reserved 

PPIOPFMP 
280 640 

288 648 

290 656 

PPIDEPHO 

PPIRCDLl I PPIRCDL2 PPIRCDL3 I PPIRCDL4 

PPIRCDL5 PPIMRGMX PPIMRGAL PPIMRGOP 
298 664 

2AO 672 

2A8 680 

2BO 688 

PPIDDOLl PPIAXERT 

PPIUSER PPI LEXFD 1 PPI LEXFF 

PPINDSKA I PPIBPTRK PPI LAB03 

2B8 696 
PPILAB07 PPIDOUO (4 bytes), PPI LAB09 

PPIP2GC PPIP3GC 
2CO 704 

PPIP3ASZ PPIATP3E 
2C8 712 

2DO 720 
PPITAVLC PPITREND 

PPISPGN1 PPlLAB02 
2D8 728 

PPI LAB04 PPI LAB05 
2EO 736 

~ 
2E8 744 

PPILAB06 PPIDOOBA (4 bytes), PPILAB08 

PPIBDSVA 

2F8 760 

300 768 
PPISTDCB PPISBLCT 

308 776 
PPISTIOB PPIUNTCT 

PPILAB10 PPIGETMN 
310 784 

PPIGETSZ PPISORCE 
318 792 

320 800 
PPISORCE (cont) PPIS LIB 

PPIRCV PPIADSSC 
328 808 

330 816 
PPIALG 

338 824 
PPIDEB 

340 832 
PPINET 

348 840 
PPIBLK 

350 848 
PPIWRT 

358 856 
PPIVMV 

360 864 
PPIRD 

368 872 PPIDEB2 

PPINETM 
370 880 

378 888 
PPIBLK2 

380 896 
PPIINT 

PPICONV 
388 904 

PPIEOF 
390 912 

398 920 
PPIRMA 

3AO 928 
PPIRMB, PPIRMC (8 bytes) 

3A8 936 
PPIAMA 
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3A8 

3BO 

936 

944 

3B8 952 

3CO 960 

3C8 968 

3DO 976 

3D8 98 4 

3EO 992 

3E8 100 0 

3FO 100 8 

3F8 101 6 

400 102 4 

408 103 2 

410 104 0 

418 104 8 

420 10 56 

86 

VER. N 

PPIAMB, PPIAMC (8 bytes) 

PPIOPEN 

PPIXll 

PPIX21, PPIX31 (8 bytes) 

PPIX15 

PPIX25, PPIX35 (8 bytes) 

PPIX17 

PPIX27, PPIX37 (8 bytes) 

PPIX18 

PPIX28, PPIX38 (8 bytes) 

PPIX19 

PPIX29, PPIX39 (8 bytes) 

PPIX61 

PPIX16 

PPIADDCF I PPIDDSRT ("SORT") 

Not used I PPICHKAD 



(.. 
Displacement 
Hex. Dec. Field Name Bytes Field DescriQtion 

0 0 PPISVARE 72 Register save area 

48 72 PPIWKA.L{E 256 Starting address of sort work area 
PPIPDWA 64 Merge network prime area 
PPIP1GC 4 Size of sort phase generated core 

4C 76 PPIP1ASZ 4 Phase 1 assignment size 

50 80 PPISKPRD 4 Skip record count 

54 84 PPIATP1E 4 Address of ATTACHors phase 1 exit 

58 88 PPIIPBLK 4 Input blocking 

5C 92 PPIBUFl 4 Number of buffers -- phase 1 

60 96 PPIEXTSZ 4 Size of extract routine 

64 100 PPIFFF 4 Displacement of F field 

68 104 PPIPBUFF 4 Displacement of packing buffer 

6C 108 reserved 4 

70 112 PPINUMCF 2 Number of control fields 

72 114 PPIPCFOl 3 Control field 1 position 

75 117 PPIMCF02 2 Control field 1 length 

77 119 PPIFCFOl 1 Control field 1 format and sequence 

78 120 PPIPCF02 3 Control field 2 position 

7B 123 PPIMCF02 2 Control field 2 length 

1D 125 PPIFCF02 1 Control field 2 format and sequence 

7E 126 PPIPCF03 3 Control field 3 position 

81 129 PPIMCF03 2 Control field 3 length 

83 131 PPIFCF03 1 Control field 3 format and sequence 

84 132 PPIPCF04 3 Control field 4 position 

87 135 PPIPMCF04 2 Control field 4 length 

88 136 PPIPSVA 64 Merge network prime save area 

89 137 PPIFCF04 1 Control field 4 format and sequence 

8A 138 PPIPCF05 3 Control field 5 position 

80 141 PPIMCF05 2 Control field 5 length 

8F 143 PPIFCF05 1 Control field 5 format and sequence 

90 144 PPIPCF06 3 Control field 6 position 

93 141 PPIMCF06 2 Control field 6 length 

95 149 PPIFCF06 1 Control field 6 format and sequence 

96 150 PPIFCF01 3 Control field 7 position 
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Displacement 
Hex. Dec. 

98 152 

99 153 

9B 155 

9C 156 

9F 159 

A1 161 

A2 162 

A5 165 

A7 167 

A8 168 

AB 171 

AD 173 

AE 174 

B1 177 

B3 179 

B4 180 

B7 183 

B9 185 

C8 200 

F4 244 

F8 248 

88 

Field Name Bytes 

PPIDSKED 136 

PPIMCF07 2 

PPIFCF07 1 

PPIPCF08 3 

PPIMCF08 2 

PPIFCF08 1 

PPIPCF09 3 

PPIMCF09 2 

PPIFCF09 1 

PPIPCF10 3 

PPIMCF10 2 

PPIFCF10 1 

PPIPCF11 3 

PPIMCFll 2 

PPIFCFll 1 

PPIPCF12 3 

PPIMCF12 2 

PPIFCF12 1 

PPILAB01 64 

PPITPPT 4 

PPITPTBL 136 

Field Description 

Used for up to 17 disk addresses. During general 
assignment, the address format is ABC 
A 1 byte channel address 
B = 1 byte unit address 
C = 2 bytes, number of tracks 
During running program, the address format is 
M BB CC HH R 

Control field 7 length 

Control field 7 format and sequence 

Control field 8 position 

Control field 8 length 

Control field 8 format and sequence 

Control field 9 position 

Control field 9 length 

Control field 9 format and sequence 

Control field 10 position 

Control field 10 length 

Control field 10 format and sequence 

Control field 11 position 

Control field 11 length 

Control field 11 format and sequence 

Control field 12 position 

Control field 12 length 

Control field 12 format and sequence 

Utility storage position, used for read/write 
directory 

Tape table pointer -- high order byte is channel of 
SORTIN 

Tape table -- two byte entry for each unit of the 
form 

r--------------------T--------------------, 
I X1X2X3X~0000 I DCB Increment I L ____________________ ~ ____________________ J 

X1 - I/O bit 
1 = input 
o = output 

X2 - Open bit 
1 = open routine should open unit 

X3 Full reel bit (oscl only> 
1 = unit contains full reel 
o = unit does not contain full reel 

X~ - collating sequence bit (oscl only> set at EOF or 
RMAX time only 
1 descending 
o = ascending 



L 
Displacement 
Hex. Dec. Field Name Bytes 

118 280 PPIDIRAO 8 

120 288 PPIODOM 64 

120 288 PPISTAR 136 

lA8 424 PPIENDAR 136 

230 560 PPISWl 8 

Field Description 

Disk directory address 

Odometer table for oscl sort, one word for each of 16 
levels 
Byte 0 = number of sequences at this level 
Bytes 1-3 = Address of next tape table entry to be 

used as output for this level 

Direct access starting addresses, one entry for each 
of 3-17 extents 

Direct access ending addresses reset from PPIDSKED 
for 2301-2311 
Phase 3 starting disk addresses for 2314 read priming 

switch -- 64 bits 
Bit 0 fixed -- used by read/write rtns 
Bit 1 variable -- used by read/write rtns 

If on, the following bits mean: 
Bit 2 single control field 
Bit 3 multiple control field 
Bit 4 balanced 
Bit 5 polyphase 
Bit 6 oscillating 
Bit 7 1 to 8 
Bit 8 1 to 16 
Bit 9 tape 
Bit 10 disk 
Bit 11 no data chaining 
Bit 12 data chaining input 
Bit 13 data chaining output 
Bit 14 MODS 
Bit 15 no MODS 
Bit 16 records .LT. 256 
Bit 17 records .GT. 256 
Bit 18 skip option 
Bit 19 phase 1 
Bit 20 phase 2 
Bit 21 phase 3 
Bit 22 merge only 
Bit 23 checkpoint 
Bit 24 equals 
Bit 25 extract 
Bit 26 user's output sequence 

= 1 - descending 
= 0 - ascending 

Bit 27 phase 1 collating order or 
merge input order 
= 1 descending 
= 0 ascending 

Bit 28 disk merge table collating order 
= 1 descending 
= 0 ascending 

Bit 29 attached, linked, or executed 
Bit 30 filesize estimated 

= 1 - estimated 
= 0 - not specified 

Bit 31 merge only - assignment or 
running program EOF 
= 1 - running program EOF 
= 0 - assignment EOF 
oscillating QSAM has detected EOF 

1 QSAM EOF 
= 0 QSAM has not detected EOF 
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Displacement 
Hex. Dec. 

238 568 

23C 512 

90 

Field Name Bytes 

PPIMODEX 4 

PPILINK 4 

Field Description 

Bit 32 E type control fields present 
Bit 33 SORT card present 
Bit 34 MERGE card present 
Bit 35 RECORD card present 
Bit 36 MODS card present 
Bit 37 execute entire system search 
Bit 38 doubleword alignment for buffers 
Bit 39 single word alignment for buffers 
Bit 40 read error flag 
Bit 41 write error flag 
Bit 42 even/odd switch for baln 
Bits 43-44 

00 = 1 mpx 
01 = 1 mpx and 1 sel, or 1 sel 
10 = 1 mpx and N sel, or N sel 

Bit 45 input unit used as work unit 
Bit 46 switch or TAU 
Bit 47 N channel environment 
Bit 48 deblock backward 
Bit 49 read forward 
Bit 50 close with rewind 
Bit 51 block forward 
Bit 52 read forward later 
Bit 53 drum 
Bit 54 2314 using crcx 
Bit 55 diagnostic 

= 1 - diagnostics 
= 0 - no diagnostics 

Bit 56 user EOF (oscl only) 
Bit 57 RMAX reached (oscl only) 
Bit 58 user insert in process (oscl only) 
Bit 59 track tape 

= 0-9 track 
= 1-7 track 

Bit 60 merge pass to follow -- 2314 
Bit 61 2311s using 2314 technique (never on) 
Bit 62 value count of 256 for FIELDS parameter or 

= 1 - baln on 2314 
= 0 - not baln on 2314 

Bit 63 accept/skip option activated 

Modification exits activated 

Bit 
-0-

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Meaning 
Ell 
E1S 
E16 
E17 
E18 
E21 
E2S 
E27 
E28 
E31 
E35 

MOD exit link edit information 

Bit 
11 
12 
13 
14 
15 
16 
17-21 
22 
23 
24-31 

Meaning 
E37 
E38 
E61 
E19 
E29 
E39 
not used 
VRE on input 
VRE on output 
not used 

Bits 0-16 represent exits in the order specified in 
PPIMODEX field 
1 exit rtn was link edited via sort 
o = exit rtn not link edited via sort 



Displacement 
Hex. Dec. 

240 576 

244 580 

248 584 

24C 588 

250 592 

25C 604 

260 608 

264 612 

268 616 

26C 620 

270 624 

272 626 

274 628 

276 630 

278 632 

280 640 

288 648 

28A 650 

28C 652 

28E 654 

290 656 

Field Name Bytes 

PPICOUNT 4 

PPIDELCT 4 

PPIINSCT 4 

PPIRCDCT 4 

PPISEQCT 12 

PPIFILSZ 4 

PPIBINSZ 4 

PPINMAX 4 

PPIRMAX 4 

PPISRTG 4 

PPISRTBL 2 

PPIOPBLR 2 

PPIBUF23 2 

reserved 2 

PPIOPFMP 8 

PPIDEPHO 8 

PPIRCDL1 2 

PPIRCDL2 2 

PPIRCDL3 2 

PPIRCDL4 2 

PPIRCDL5 2 

Field Description 

Bit 
17 

Meaning if = 1 

18 
19 
20 

Ell link edited separately 
E21 link edited separately 
E31 link edited separately 
link editing was done 

21 not used 
22 
23-31 

link edit error 
not used 

Record counter 
Phase 1 - oscl count of records deblocked from input 

data set 
Phase 2 - count of records written out on work units 
Phase 3 - count of records placed on SORTOUT 

Deleted records count 

Inserted records count 

Record counter -- total records, including inserts, 
entering a phase 

Sequence counters 

File size from SIZE parameter on SORT or MERGE con
trol card 

Bin size 

Nmax 

For fixed-length records, number of records at sort 
blocking that can be contained in a full reel 
For variable-length records, number of bytes at sort 
blocking that can be contained in a full reel 

G number records in RSA 

B sort blocking 

Output blocking 

Number of buffers -- phases 2 and 3 

Output unit for phase 3 

Output unit address 

Fixed -- input record length 
Variable -- maxirrum input record length 

Fixed -- sort record length 
Variable -- maximum sort record length 

Fixed -- output record length 
Variable -- maximum output record length 

Fixed -- not used 
Variable -- minimum sort record length 

Fixed -- not used 
Variable -- modal record length 
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Displacement 
Hex. Dec. 

292 658 

294 660 

296 662 

298 664 

29C 668 

2AO 672 

2A4 676 

2A6 678 

2A8 680 

2AA 682 

2AC 684 

2BO 688 

2B4 692 

2B4 692 

2B8 696 

2BC 700 

2CO 704 

2C4 708 

2C8 712 

2CC 716 

2DO 720 

2D4 724 

2D8 728 

2DC 732 

2EO 736 

92 

Field Name Bytes 

PPIMRGM.X 2 

PPIMRGAL 2 

PPIMRGOP 2 

PPIDDOLl 4 

PPIAXERT 4 

PPIUSER 4 

PPILEXFD 2 

PPILEXFF 2 

PPINDSKA 2 

PPIBPTRK 2 

PPILAB03 4 

PPILAB07 4 

PPIDOUO 4 

PPILAB09 4 

PPIP2GC 4 

PPIP3GC 4 

PPIP3ASZ 4 

PPIATP3E 4 

PPITAVLC 4 

PPITREND 4 

PPISPGNl 4 

PPILAB02 4 

PPILAB04 4 

PPILAB05 4 

PPILAB06 4 

Field Description 

Maximum merge order 

Alternate merge order 
Poly = 1 
Oscl 1 
Baln alternate merge order 
Disk maximum merge order saved 

Optimum merge order 
Poly none 
Baln none 
Oscl none 
Disk optimum rr.erge order 

Merge network's rr.ajor control field 

Address of equals or extract module 

User communication area 

Length of extracted fields 

Length of extracted fields full 

Number of disk areas 

Blocks/track for direct access 

Input buffer size; first byte -- number of input 
buffers 

Output buffer size; first byte -- number of output 
buffers 

User option for sequence check 

Byte 0 - number of phase 2 output buffers 
Byte 1 - number of phase 3 output buffers 
Bytes 2-3 - Phase 3 output buffer size 

Size of merge phase generated core 

Size of final merge phase generated core 

Message index 

Address of ATTACHor's phase 3 exit 

Sort phase available core 

Ending address of tree 

Address of next available byte in generated core 

Address of input buffer table 
Oscl -- address of sort phase input buffer table 

Address of output buffer 1 

Address of output buffer 2 

Address of control buffer 
Phase 1 input buffer pool 
Phase 3 merge-only -- output buffer pool 



Displacement 
Hex. Dec. 

2E4 740 

2E8 744 

2F8 760 

2FC 764 

300 768 

304 772 

308 776 

30C 780 

310 784 

314 788 

31C 796 

320 800 

324 804 

Field Name Bytes 

PPIDOOBA 4 

PPIBDSVA 16 

PPISTDCB 4 

PPISBLCT 4 

PPISTIOB 4 

PPIUNTCT 4 

PPILAB10 4 

PPIGETMN 4 

PPIGETSZ 4 

PPISORCE 8 

PPISLIB 4 

PPIRCV 4 

PPIADSSC 4 

Module interface list, 
Format of each entry is: 

328 808 PPIALG 8 

330 816 PPIDEB 8 

338 824 PPINET 8 

340 832 PPIBLK 8 

348 840 PPIWRT 8 

350 848 PPIVMV 8 

358 856 PPIRD 8 

360 864 PPIDEB2 8 

368 872 PPINETM 8 

370 880 PPIBLK2 8 

378 888 PPIINT 8 

Field Description 

Byte 0 - Number of entries in RSA table 
Bytes 1-3 - Address of RSA table 

Block/deblock save area 
Byte 0 - Total number of work units 
Bytes 1-3 - Address of input buffer table for phases 

2 and 3 
Bytes 4-7 - Fixed -- address of move list phase 1 

Variable -- address of next available 
bin 
Bytes 8-11 - Fixed -- Address of mOve list phases 2 

and 3 
Variable -- Number of available bins 

Bytes 12-15 - Variable -- entry to mOve routine 
phase 1 

starting address of DeB table 

Address of block count table 

Starting address of lOB table 

Oscl only address of unit count table 

Oscl only 
phase 

address of input buffer table for merge 

Address of GETMAIN table of addresses 

Address of GET MAIN table of sizes 

ddnarne of user mod library 
DCB addresses of SYSLMOD user library 

DCB addresses of sort library 

Sort system control for running program 

4 bytes 4 bytes 
r--------------------T--------------------, 
13 character symbolic 1 absolute 1 
1 names I address I L ____________________ ~ ____________________ J 

Algorithm phases 1 and 2 

Deblock phases 1 and 3 

Network phases 1 and 3 

Block phases 1 and 3 

Write phases 1 and 2 

Variable mOve -- sort phase 

Read phases 2 and 3 

Deblock phase 2 prime routine 

Merge network phase 2 

Block/deblcok phase 2 

Initialize sort and tree, oscl 
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Displacement 
Hex. Dec. 

380 

388 

390 

398 

398 

3AO 

3A8 

3A8 

3BO 

3B8 

3CO 

3CO 

3C8 

300 

300 

308 

3EO 

3EO 

3E8 

3FO 

3FO 

3F8 

400 

400 

408 

410 

418 

41C 

420 

421 

424 

428 

42A 

94 

896 

904 

912 

920 

920 

928 

936 

936 

944 

952 

960 

960 

968 

976 

976 

984 

992 

992 

1000 

1008 

1008 

1016 

1024 

1024 

1032 

1040 

1048 

1052 

1056 

1057 

1060 

1064 

1068 

Field Name Bytes 

PPICONV 

PPIEOF 

PPIRMA 

PPIRMC 

PPIRMB 

PPIAMA 

PPIAMC 

PPIAMB 

PPIOPEN 

PPIXll 

PPIX31 

PPIX2l 

PPIX15 

PPIX35 

PPIX25 

PPIX17 

PPIX37 

PPIX27 

PPIXl8 

PPIX38 

PPIX28 

PPIXl9 

PPIX39 

PPIX29 

PPIX61 

PPIX16 

PPIADDCF 

PPIDOSRT 

PPICHKAD 

PPIDCBIN 

PPIDCBOU 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

4 

4 

1 

4 

2 

2 

Field Description 

convert hex to characters for message 

EODAD for QSAM phase 1 and merge only 

Messages for phase 1 running program 

Messages for phase 3 running program 

Messages for phase 2 running program 

Messages for phase 1 assignment prog 

Messages for phase 3 assignment prog 

Messages for phase 2 running prog 

Open list for phases 1, 2, and 3 

Exits for 
user initialization 
functions 

Exits for 
logical record 
modification 

Exits for closing 
data sets at 
end of phase 

Exits for 
read 
errors 

Exits for 
write 
errors 

Exit for extract 

Exit for Nmax 

Address of control field info for more than 12 con
trol fields 

Four letter identification from EXEC statement PARM 
field - - used when sort is linked to or attached 

PPI version number 

Not used 

Checkpoint module address 

Size of SORTIN DCB 

Size of SORTOUT DCB 



Appendix A: 

This appendix li~ts the sort/merge modules 
that have provisions for exits to a user's 
modification routine. For a description of 
the modification exits, see the publication 
OS Sort/Merge. 

User program-modification exits in the 
sort phase are as follows: 

Exit Module(s) 
Ell lERAPG, lERAPL 
E15 IERRDD, lERRDE, lERRDR, lERRDS 
E16 lERRDD, lERRDE, lERRDR, lERRDS 
E17 lERRPC, lERRPM, IER8PM 
E18 lERAGA, lERAGl, lERAGN, IER9GN 
E19 IERAGA, lERAGl, lERAGN, lER9GN 
E61 lERROB, IERROD, lERROF, lERROH 

User Program-Modification Exits 

User program-modification exits in the 
intermediate merge phase are as follows: 

Exit Module(s) 
E21 lERAPH, lEkAPL 
E25 lERRBJ, lERRBK, IERRBW, IERRBX 
E27 lERRPF, lERRPM, lER8PM 
E28 lERAGG, lERAGJ, lERAGN, IER9GN 
E29 lEHAGG, lERAGJ, lERAGN, lER9GN 
E61 IERROQ, lERROV 

User program-modification exits in the 
final merge phase are as follows: 

Exit Module(s) 
E31 lERAPl 
E35 lERRBM, lERRBO, lER8BO 
E37 lERRPG 
E38 lERAGK, lERAPF, lERAPK 
E39 lERAGK, lERAPF, lERAPK 
E61 lERROQ, lERROV 
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Appendix B: Register Usage 

The general registers used by the sort/ 
merge program for linkage and communication 
of parameters follow operating system 
conventions. 

General register 1 is used to pass the 
address of a parameter list to the called 
routine. 

General register 13 contains the address of 
an area set aside by the sort/merge pro-

96 

gram, in which a user routine may save the 
contents of registers. 

General register 14 contains the address of 
the sort/merge program return point. 

General register 15 contains the address of 
the user routine. It is also used by the 
user routine as a return code register to 
communicate information to the sort/merge 
program. 



Appendix C: Messages Produced by the Sort/Merge Program 

This appendix lists the messages produced by the various modules of the sort/merge 
program. 

r-------------------------------------------T-------------------------------------------, 
I Message I Module Causing Message Execution I 
~-------------------------------------------+-------------------------------------------~ 

IER001A COL 1 OR 1-15 NOT BLANK RCC 

IER002A EXCESS CARDS RCC 

IE~003A NO CONTIN CARD RCC 

IER004A IN~ALID OP DELIMITER RCC 

IER005A STMT DEFINER ERR RCC 

IER006A OP DEFINER ERR RCC 

IER007A SYNTAX ERR-xxx RCD 

IER008A FLD OR VALUE GT 8 CHAR-xxx RCD 

IER009I EXCESS INFO ON CARD-xxx RCD 

IER010A NO S/M CARD RCE 

IEROllA TOO MANY S/M KEYWORDS RCE 

IER012A NO FLD DEFINER RCE 

IER013A INVALID S/M KEYWORD RCE 

IER014A DUPLICATE S/M KEYWORD RCE 

IER015A TOO MANY PARAMETERS RCE 

IER016A INVALID VALUES IN FLD RCE 

IER017A ERR IN DISP/LENGTH VALUE RCE 

IER018A CTL FLD ERR RCE 

IER019A SIZE/SKIPREC ERR RCE 

IER020A INVALID REC KEYWORD RCG 

IER021A NO TYPE DEFINER RCG 

IER022A RCD FORMAT NOT F/V RCG 

IER023A NO LENGTH DEFINER RCG 

IER024A ERR IN LENGTH VALUE RCG 

IER025A RCD SIZE GT MAX RCG 

IER026A Ll NOT GIVEN RCG 

IER027A CF BEYOND RCD RCG, RCI ___________________________________________ ~ ___________________________________________ J 

(Part 1 of 3) 
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r-------------------------------------------T-------------------------------------------, 
I Message I Module Causing Message Execution I 
~-------------------------------------------+-------------------------------------------~ 

IER028A TOO MANY EXITS RCH, RCD 

IER029A IMPROPER EXIT 

IER030A MULTIPLY DEFINED EXIT 

IER031A INVALID MODS OP CHAR 

IER032A EXIT E61 REQUIRED 

IER033A CF SEQUENCE INDIC E REQUIRED 

IER034A PARAM ERR FOR MODS 

IER035A DUPLICATE MOD RTN IN PHASE 

IER036I B xxxxxx 

IER037I G xxx xxx 

IER038I NfoiiAX = xxxxxx 

IER039A INSUFFICIENT CORE 

IER040A INSUFFICIENT WORK UNITS 

IER041A N GT NMAX 

IER042A UNITS ASGN ERROR 

IER043A DATA SET ATTRIBUTES NOT SPECIFIED 

IER0441 EXIT Exx INVALID OPTION 

IER0451 END SORT PH 

IER046A SORT CAPACITY EXCEEDED 

IER047A RCD CNT OFF, IN xxxxxx, 
OUT xxxxxx 

IER0481 NMAX EXCEEDED 

IER0491 SKIP MERGE PH 

IER0501 END MERGE PH 

IER051A UNENDING MERGE 

IER0521 EOJ 

IER053A OUT OF SEQ 

IER054I RCD IN xxxxxx, OUT xxxxxx 

IER055I INSERT xxxxxx, DELETE xxxxxx 

IER056A SORTIN/SORTOUT NOT DEFINED 

IER057A SORTIN NOT SORTWKOl 

RCH 

RCB 

RCH 

RCH 

RCH 

RCH 

RCH 

RCK-BGA-BGB 

RCK-BGA-BGB 

RCJ-BGA 

RCP, RCK, RCL, RCS, RCI, BGB 

RCI, RCJ 

RCJ 

RCI 

RCI 

AGA, AGG, APK, APF, AGI, AGJ, AGK, AGN, 
9GN 

RPC 

AOK, ROK, ROR, ROS, ROI, RON, 80N, RPE 

RPC, RPF, RPG, RPM, 8PM, RON, 80N 

ROD, RDE, RDR, RDS 

RPC 

RPF, RPM, 8PM 

ROR 

RPG 

ROP, ROQ, ROU, ROV 

RPG 

RPG 

RCI 

RCI L-____________ ~ _____________________________ ~ __________________________________________ _ 

(Part 2 of 3) 

98 

J 



L 

r-------------------------------------------T-------------------------------------------, 
I Message I Module Causing Message Execution I 
~-------------------------------------------+-------------------------------------------~ 

IER058A SORTOUT A WORK UNIT RCI 

IER059A RCD LNG INVALID FOR DEVICE 

IER060A DSCB NOT DEFINED 

IER061A I/O ERR xxx 

IER062A LE ERR 

IER063A OPEN ERR xxxxxx 

RCI 

RC4 

AGO, AGE, AGM, AGP, RGB, RGC, RGD, RGE, 
RGL, RGM, RGO, RGP, RPA, RPB, RPD, RPE, 
RPO, RPN, 8GB, 9GC, 8GC, 8PA 

RCO 

RCM,RCZ 
I 

IER064A DELETE ERR RCV I 
I 

IER065A PROBABLE DECK STRUCTURE ERROR RCB I 
I 

IER066A APPROX REC CNT xxxxxx AOK, ROK, ROR, ROS, ROI, RON, 80N, RPE I 
I 

IER0671 INVALID EXEC OR ATTACH PARAMETER 8CM I 
I 

IER068A OUT OF SEQ SORTINxx ROP, ROQ, ROU, ROV I ___________________________________________ ~ ___________________________________________ J 

(Part 3 of 3) 

In addition to the above messages, the sort/merge program provides the facility to 
print diagnostic messages, control statements, and a module map. Use this option only if 
a problem is encountered while trying to execute the sort/merge program. This option is 
designed to print addresses of areas which are critical to program execution and enables 
qualified IBM representatives to pinpoint possible system and/or machine problems. Do 
not include this option in a normal sort environment; it impairs sort performance. 

To print diagnostic messages, control statements, and a module map, the following spe
cifications must be provided in the execute card: 

//STEPl EXEC PROC=~SORT t,PARM='DIAG' 
I SORTD \ 

I If the DIAG message is used critical messages will give a system 
completion code of OCI. If SYSABEND or SYSUDUMP DD cards are included 
in the job stream a storage dump will be written on this data set. 
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The following diagnostic messages result from using DIAG: 

r-------------------------------------------T-------------------------------------------, 
I Diagnostic Message I Module causing Message Execution I 
~-------------------------------------------+-------------------------------------------~ 

IER9001 GENERATED CORE END ADDR xxxx APG, APL I 
I 

IER9011 INPUT BFR TBL ADDR xxxx APG, APL I 
I 

IER9021 OUTPUT BFR ADDR xxxx, xxxx APA, APB, APN, 9PA I 
I 

IER9031 RSA TBL ADDR xxxx APG, APL 

IER9041 TREE ADR FROM xxxx to xxxx AOA, AOB, AOC, AOD, AOE, AOF, AOG, AOH 

IER9051 MOVE RTN ADDR xxxx ABF, ABS 

IER9061 DCB TBL ADDR xxxx AGA, AGI, AGN, 9GN 

IER901l O/P CCW ADDR xxxx APA, APB, APN, 9PA 

IER9081 OUTPUT lOB ADDR xxxx APA, APB, APN, 9PA 

IER9091 OPEN LIST ADDR xxx x APA, APB, APN, 9PA 

IER920l GENERATED CORE END ADDR xxxx APH 

IER9211 INPUT BUF TBL ADDR xxxx APH, APL 

lER9221 OUTPUT BFR ADDR xxxx, xxxx APD, APE, APO 

IER9231 MOVE RTN ADDR xxxx ABR 

IER9241 DCB TBL ADDR xxxx AGG, AGJ, AGP 

IER9251 O/P CCW ADDR xxxx APD, APE, APO 

IER9261 lOB TBL ADDR xxxx APD, APE, APO 

IER927I I/P CCW ADDR xxxx AGB, AGC, AGL, AGO, 9GB 

IER940l GENERATED CORE END ADDR xxxx API 

IER9411 INPUT BFR TBL ADDR xxxx API 

IER942l OUTPUT BFR ADDR xxxx, xxxx ABL, ABM, ABN, ABO, ABP, 9BO, 9BN 

IER9431 MOVE RTN ADDR xxxx ABQ 

IER9441 DCB TBL ADDR xxxx APF, APK, AGK 

IER945l I/P CCW ADDR xxxx AGD, AGE, AGM, AGP, 9GC 

IER9611 TECHNIQUE xxxx BGA, RCK, BGB 

IER9621 NO/SIZE OF BFRS, PH x, x, xxxx BGA, RCK, BGB 

IER9631 MAX. SYSGEN CORE xxxx BGA, RCK, BGB 

IER9641 CALC. CORE PH1=xxxx BGA, RCK, BGB 
I 

IER9651 MERGE ORDER=xxxx BGA, RCK, BGB I 
I 

IER988l IERyyy LOC. AT XXXX1 RC6, RC1, RCa, RC9 I 
~-------------------------------------------~------------------------------------------~ 
11This message will appear frequently and is designed to provide the starting addresses I 
I of the sort/merge program modules. I L _______________________________________________________________________________________ J 
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This appendix describes the structure of a 
node and the various format codes as they 
appear in the second word of that node. 

For fixed-length records, the node con
sists of five words. The first word con
tains the address of the next-level node to 
which records associated with the current
level node are compared. In other words, 
the first-level node points to the second
level node, which points to the third-level 
node, etc. 

The second word contains the format 
code. This code is a number that is used 
as a displacement value to index a branch 
table in the ordering module. The entries 
in the branch table reflect the sequence 
(old or new) to which each record at a node 
belongs. This knowledge precludes needless 
compares and facilitates the updating of a 
node after the position of a new record is 
determined. 

The last three words refer to the actual 
addresses of the three records in the RSA. 
A binary compare is made to determine which 
word in the node is to receive which RSA 
address. If the user specifies ascending 
sequence, the address of the record having 
the smallest control field is placed into 
the first word, the address of the record 
having the largest control field is placed 
into the third word, and the address of the 
record having the control field that 
collates in the middle is placed into the 
second word. For descending sequences, the 
address of the record having the largest 
control field is placed into the first 
word, the address of the record having the 
smallest control field is placed into the 
third word, and the address of the record 
having the control field that collates in 
the middle is placed into the second word. 

For variable-length records, the node 
consists of only three words. The first 
two words contain the next-level node 
address and format code and are functional
ly similar to the fixed-length record node 
described above. 

Because of the complexity of address 
structuring in the variable-length record 
format, only one record is referred to in 
the RSA. Hence, only one word is required 
in the node for this purpose. Functional
ly, however, the word is similar to that in 
the fixed-length record node. 

Appendix D: Format Codes 

FORMAT CODES FOR FIXED-LENGTH RECORDS 

The format codes for fixed-length records 
are interpreted as follows: 

Format Code Meaning 

o No record addresses in node. 

16 An event has occurred: flush
ing completed, winner 
obtained, or new string 
started. This is a program 
node, as opposed to a tree 
node. 

32 One address in the node. 
Record is for new sequence. 

48 One address in the node. 
Record is for same sequence. 

64 Two addresses in the node. 

80 

96 

112 

128 

144 

160 

Both records for new sequence. 

Two addresses in the node. 
One record for new sequence, 
and one record for same 
sequence. 

Two addresses in the node. 
Both records for same 
sequence. 

Three addresses in the node. 
All records for new sequence. 

Three addresses in the node. 
Two records for new sequence, 
and one record for same 
sequence. 

Three addresses in the node. 
Two records for same sequence, 
and one record for new 
sequence. 

Three addresses in the node. 
All records for same sequence. 

FORMAT CODES FOR VARIABLE-LENGTH RECORDS 

For variable-length records, a slight 
difference occurs in the format codes 
because only one record address is entered 
in each node. The various codes and their 
roeanings are as follows: 
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Format Code Meaning 

o No record address in the node. 

16 

32 

48 

64 

80 

An event has occurred: flush
ing completed, winner 
obtained, or new string 
started. This is a program 
node, as opposed to a tree 
node. 

Describes the status of the 
node. (See program listing 
for details.) 

Record address in the node is 
for a new sequence. 

Describes the status of the 
node. (See program listing 
for details.) 

Record address in the node is 
for the same sequence. 

CONDITION CODES FOR FIXED- AND 
VARIABLE-LENGTH RECORDS 

The format code determines the point of 
entry into the instruction sequence. When 
the instruction sequence is entered, one of 
four condition codes exists. These condi
tion codes dictate the final disposition of 
the record and are as follows: 

Condition 

Flush 

Fill 

Same 

New 

Interpretation 

Force records from the tree. 

Continue filling the tree. 

Record is of same sequence as 
previous records. 

Record begins a new sequence. 

Examples: Fixed-Length Records 

The examples below will aid in interpreting 
the listings for fixed-length records. The 
character to the left of the slash repre
sents the record entering the node, and the 
three characters to the right of the slash 
represent the records already in the node. 
Hence, in the program listing, when the 
comments contain a statement "This case 
handles an x/xxx situation," it can be 
resolved as follows: 
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Condition 

S/SSS 

N/SSS 

-/SSS 

N/SSN 

-/NNN 

-/SS-

N/S--

Interpretation 

New record is of same sequence 
as three previous records. 

New record begins new 
sequence; previous three rec
ords of same sequence. 

Records in tree are of the 
same sequence, and the program 
is in flush mode. 

Two sequential records, one 
new sequence in node. New 
sequence record entering. 

Flush mode; all records of new 
sequence to be flushed. 

Flush mode; two records of 
same seqeunce to be flushed. 

One record in the node is of 
the same sequence; new record 
begins a new sequence. 

Examples: Variable-Length Records 

For variable-length records, the listings 
may be interpreted as explained below. The 
two characters to the left of the slash 
represent the record entering the node and 
the two characters to the right of the 
slash represent the record already in the 
node. 

Condition 

Sl/Sl 

T1/S1 

T2/S1 

S2/S2 

T2/S2 

T2/T1 

Interpretation 

New record is of same sequence 
as previous record. 

Record in node is of the same 
sequence as others in tree. 
Set status of node to reflect 
this condition. 

Record in node is of the same 
sequence. New record will 
change sequence. Set status 
of node to reflect change. 

Record in node is of new 
sequence. New record is also 
for new sequence. 

Record in node is for new 
sequence. Set node status to 
temporary new sequence record. 

Set node status at temporary 
before next record is 
introduced. 



Appendix E: Checkpoint/Restart Facility 

To eliminate the need for completely re
executing a sorting application after an 
I/O error, a machine check, an intentional 
operator interruption, or a similar event, 
the sort/merge program makes use of the 
operating System checkpoint/Restart facili
ty. The user directs the sort/merge ~ro
gram to use this facility by (1) including 
the checkpoint parameter (CKPT) on the SORT 
control statement and (2) providing a 
SORTCKPT DD statement to define the check
point data set. (Refer to the publication 
IBM System/360 operating System; 
Sort/Merge. ) 

When directed in this manner, the sort/ 
merge program issues checkpoint macro 
instructions (CHKPT) at the start of the 
sort phase, during the intermediate merge 
phase (for all techniques except criss
cross), and at the start of the final merge 
phase. The checkpoint macro instructions 
cause checkpoint records to be written on 
the checkpoint data set. These records 
contain information needed to restart 
processing. 

The sort/merge program can be restarted 
from the checkpoint taken at the start of 
the sort phase or from the last checkpoint 
written. 

The interface between the sort/merge 
program and the checkpoint restart facility 
is module IERCHK, which issues checkpoint 
macro instructions. The sort/merge program 
modules that interface with the checkpoint 
restart facility through module IERCHK are: 

• IERAPC -- Start of the sort phase (all 
techniques) • 

• IERAPJ -- start of the intermediate 
merge phase (all techniques 
except crisscross and oscil
lating). Start of each 
intermediate merge phase pass 
(balanced direct access 
technique) • 

• IERRON -- During the intermediate merge 
phase (oscillating 
technique) • 

• IERROS -- During the intermediate merge 
phase (polyphase technique). 

• IERROT -- During the intermediate merge 
phase (balanced disk 
technique) . 

• IERAGH -- Start of the final merge 
phase (all techniques). 
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Appendix F: Program Listing Standards and Conventions 

To facilitate the identification of 
modules, work areas, tables, and other 
aspects of the sort/merge program listing, 
symbolic names are assigned to assembler 
language statements according to a definite 
pattern. 

MODU LE NM'lES 

The format of all module naroes is IER~MM, 
where: 

• IER is the identification for sort/ 
merge modules. 

• T, in general, is either an RA" for an 
Assignment or an "R" for a Running type 
module; however, for some assigrunent 
modules associated with the crisscross 
technique, T is "g", and for some run
ning modules associated with the criss
cross technique, T is "8." 

• MM is the unique portion of the module 
name. 

Note: Modules EX1, EX2, and EX3 do not 
follow the rules of naroe format and are 
used only if user-modification routines are 
link edited. Module DM4 also does not fol
low these rules and is used only if the 
option to print diagnostic messages is spe
cified. Module BGA is always included for 
tape Band G calcUlations, and module BGB 
is always used for crisscross direct access 
Band G calculations. Module CHK issues 
checkpoint macro instructions when check
pOint is requested. 

MODULE CLASSIFICATIONS 

Four classifications of modules appear in 
the program listings as follows: 

A 

B 
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The operation of the module does not 
depend upon a particular internal 
representation of the external 
character set. 

The operation of the module does not 
depend upon a particular internal 
representation of the external 
character set except that the decimal 
numbers are coded. The numbers are 
coded so that the low-order four bits, 
when considered as binary integer, 
identify the value of the digit. 

C 

o 

The operation of the module depends 
upon an internal representation of the 
external character set equivalent to 
the one used at assembly time. 

The operation of the module depends 
upon a classification of the external 
character set by means of a table. 
This table is constructed for the 
EBCDIC character set. The table is 
arranged so that the redefinition of 
character constants by reassembly will 
result in a correct table for new 
definitions, if the external bit 
remains unchanged. 

INSTRUCTION NAMES 

The format of all internal type instruction 
narr·es is MMNNNiWO or MMMNNNNO where: 

• MM or MMM represents the last two or 
three characters of the module name. 

• NNNNN or NNNN is a unique designation 
assigned by the programmer and may be 
from one to five characters. 

• 0 is an "X" if the label is externally 
used; otherwise it can be used as 
another N. 

CONSTANT NAMES 

The naroes of constants start with a K. The 
rest of the name is meaningful with rela
tionship to some characteristic of the con
stant (e.g., KONEH might be used as the 
name of a halfword one). 

WORK AREA NAMES 

The names of work areas have the same for
mat as that of constants except that the 
first character of the work area is a w. 

TABLE NAMES 

The names of tables have the same format as 
that of constants except that the first 
character of the table name is a T. 



PHASE-TO-PHASE INFORMATION AREA NAMES 

All references to locations within the PPI 
area (IERkCA) will have the format PPI 
nnnnn, where nnnnn is the unique designa
tion that has been specified in the sort/ 
merge program. 

USE OF ROUTINES IN MORE THAN ONE MODULE 

Some routines are used in more than one 
module. To permit these routines to be 
inserted in several modules without making 
any changes, the format of all internal 

type instruction names in these routines is 
SMNNNNNO, where: 

• S is an "Sn. 

• M is a unique alphameric character 
designated for the routine. 

• NNNNN is a unique designation assigned 
by the programmer and may be anywhere 
from one to five characters. 

• 0 is an "Xn if the label is externally 
used; otherwise it is used as another 
N. 
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