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INTRODUC TION

IBM 7070 Sort 90 is a generalized tape sorting program written for use on
an IBM 7070 Data Processing System equipped with IBM 729 II and/or IV
Magnetic Tape Units. Sort 90 is considered a '"generalized" sort program
because it is capable of modifying itself according to the specifications
detailed on control cards. It can thus perform a variety of sorting applica-
tions and will adapt itself to perform the specific job desired by the user.
Since in any one 7070 installation there may be a great number of tape
sorting applications, each one differing from the others, the ability to use
the 7070 Sort 90 program for each of these applications leads to obvious
economies in programming time and operator effort.

The purpose of the 7070 Sort 90 program is to cause the ordering of pre-
viously unordered records of a tape file. A companion program, 7070
Merge 91, can combine as many as eight sorted files into a single ordered
sequence. Many combined usages of the two programs will suggest
themselves. For example, Sort 90 might be used on a daily basis to

sort the records of a transaction file. At the end of the week, Merge 91
could be used to merge together the five daily sorted transaction files in
preparation for a file maintenance operation involving a master file and
the weekly transaction file.

Sort 90 is a large program and is composed of three phases: Phase I, which
performs a preliminary sequencing of records of the file to be sorted;

Phase II, which through repeated computer passes brings the records into
very nearly completely sorted order; and Phase III, which completes the
sorting process and writes a sorted output file.

Some of the features of 7070 Sort 90 are:

Large numbers of records may be sorted in one application of
Sort 90; the maximum possible number of records for a sort is
related to the number of tape units which are available to the
program.

Records expressed in any one of three different configurations

may be sorted. The configurations are those designated by the

7070 Input/Output Control System as Forms 1, 2, and 3, respectively.
Extremely wide latitudes are permitted as to record length and
blocking factor or block size. Output blocks may be different in

size from input blocks.

The control data for sorting may consist of as many as ten control
data fields, each located in any positions of the record. The
control data may include as many as 160 digits of information.

Any one of four different collating sequences may be specified by
the user for control over the order into which Sort 90 is to sort
records.



Complete advantage is taken of any ''natural" sequencing which
occurs in the sort input file. The Sort 90 running time will be
shorter when a partially ordered file is being sorted than when
input records are in random order.

A number of options are included in Sort 90 as to the accumulating
of record counts and/or hash totals, so as to yield additional con-
trols over record handling beyond the standard 7070 Input/Output
Control System block count.

Sort 90 will operate on an IBM 7070 with either 5, 000 or 10, 000
words of core storage. In either case, the exact amount of
storage to be used by the program is controllable by the user.
Sort 90 will benefit in speed from being allowed as much storage
as is available.

The Sort 90 program may be loaded from cards or from tape. The
control information it requires may be read through an IBM 7500
Card Reader, an IBM 7501 Console Card Reader, or a tape unit,
or may alternately be left in 7070 storage by a program preceding
Sort 90.

The magnetic tape units to be used in any application of Sort 90
are specified by, and are completely controllable by, the user.

Sort 90 will perform reading, checking, preparation, and writing
of header and trailer tape labels on all input tapes, work tapes,
and output tapes.

Sort 90 may be interrupted at the beginning of, or during any
pass, except Phase I, and later restarted from the beginning of
that pass.

It is recognized that for some applications the user may wish to alter some
features of the operation of Sort 90, or to add to the program other functions
not specifically a part of sorting, such as editing and summarizing of records.
Accordingly, an extensive framework is provided for the swift and convenient
addition to Sort 90 of modifications. A separate section of this manual is
devoted to a discussion of the specific modification possibilities.

This manual is to serve as a reference text on the 7070 Sort 90 program.
As such, it contains the complete documentation of the system replacing
the previously published Sort 90 information contained in the bulletins,
"IBM 7070 Sort 90 and Merge 91 Specifications, " form J28-6040, and
"IBM 7070 Sort 90 and Merge 91: Timing Estimates, Modifications, " form
J28-6069, and "IBM 7070 Sort 90: Operation," form J28-6096.

The information in this manual is for the most part self-explanatory.
However, portions of the text presume a knowledge of the IBM 7070 Input/
Output Control System (see bulletin, form J28-6033-1). Also, a knowledge
of the operating principles of magnetic tape applications is presupposed.

A glossary of tape terminology appears as an appendix to this manual.



Sort 90 will operate on both the IBM 7070 and IBM 7074. The use of the term
"7070" in this manual implies the combined 7070/7074 system unless other-
wise stated.

Program decks for 7070 Sort 90 are available in 7070 Condensed (five-
instruction-per card) Load Card form; requests for decks should be
addressed to:

7070 Program Librarian
IBM Corporation

590 Madison Avenue
New York 22, New York



PROGRAM DES CRIPTION

PHASE 1

From the standpoint of execution, each of the Sort 90 phases is an indepen-
dent program. Phase I is loaded and proceeds to execute itself, followed
by Phase II, then Phase III. Certain information is left in 7070 storage
between phases so that each phase can be properly initialized. The Sort
90 control cards prepared by the user are read and analyzed by Phase I.

Each phase contains an "assignment routine' which, based upon its interro-
gations of control card information and information passed on from previous
phases, makes all necessary modifications and adjustments to the main
portion of the phase, or "running program,' which actually carries on the
sorting procedure.

Phase I reads the records of the file to be sorted and writes them, in prepara-
tion for Phase II, as a series of long sorted sequences of records.

Phase I does not employ the serial, record-by-record processing technique
used by Phases II and III and typical of most data processing applications.
Instead, a group of records is read into 7070 storage; Phase I uses an
internal sorting procedure to form the records into a sorted sequence. Once
this has been accomplished, it writes the sequence of records. Overlap of
input/output and processing occurs; while one set of records is being
internally sorted, the previously sorted sequence of records is being
written, and the records which are to compose the next sequence are being
read. The number of records which can be formed into a sorted sequence is
therefore that number which can be grouped together in 7070 storage

while still overlapping input/output operations; it depends upon the length

of the records and the amount of 7070 storage available to Phase L.

The sorted sequence produced as output during Phase I normally includes
the records of several successive input tape blocks, and is written on tape
in the form of one or more tape blocks. The blocking factor or block size
used for Phase I output (and also Phase II input and output and Phase HI
input) is maximized according to 7070 storage availability in Phases I,

II, and III, without regard for the number of records composing a Phase I
output sequence; short length blocks are written freely by Phase L.

Phase I output tapes must be two, three, four, or five in number, according
to the order of merge desired in Phase II. A Phase I output sequence will
be written on the output tape used for the previous sequence if, by doing

so, a longer combined sequence is formed. Otherwise, output tapes will

be used in rotating order in an attempt to write approximately the same
number of sequences on each tape.

An important feature of the Phase I internal sorting procedure is that the
time required will be sharply reduced by the amount of '"natural’ sequencing
present among the input records. This fact, combined with the treatment
of output tapes described in the preceding paragraph, make the sorting of
an already or partially sorted file a rapid operation.



PHASE I

PHASE II1

EXAMPLE

Phase II, by means of repeated passes of two- , three- , four- , or five-
way merging operation, makes progressive reductions in the number of se-
quences or records present in the file being sorted, until the number of se-
quences is equal to or less than the order of merge, at which point Phase
III can take over. The total number of tape units it requires is equal to
twice the order of merge. The input tapes to the first Phase II pass are the
Phase I output tapes; the input tapes to further Phase II passes are the out-
put tapes of the previous pass. Thus, at any one moment, half of all the
tape units are used for reading, and the other half for writing.

During Phase II, the records of the first sorted sequences on the input
tapes are read, merged, and written as a long combined sequence on one of
the output tapes. Then, the records of the second sorted sequences on all
the input tapes are read, merged, and written as a long combined sequence
on another of the output tapes. The process continues until all input tapes
have been exhausted, at which point the pass is concluded, and all the tapes
rewound. Since the input tapes for the next pass are the output tapes of

the current pass, the next pass will merge the longer combined sequences
from the current pass into even longer combined sequences.

In order to know when the current sequence from each of the input tapes has
ended, Phase II compares the first record of each new input tape block with

the last record of the previously read tape block for each input tape; an
out-of-sequence condition means that the just-read block begins a new sequence.
To minimize the number of the once-per-block comparisons, and to optimize
the speed of tape reading and writing, the sort blocking factor or block

size determined by Phase I is made as large as possible.

Phase III performs the concluding merge pass, and writes the sort output
file. In doing this it uses the blocking factor or block size specified by the
user rather than that used during Phase II, and writes tape labels as
directed by the user. It does not use the input sequence break comparison
routine used in Phase II, since no input reels will contain sequence breaks;
however, it sequence checks each output record with the previous output
record to ensure that a truly sorted file is being produced.

Because the records are written by Phase III in sorted order, it is frequently
desired to supplement Phase III with special processing routines. Accordingly,
the number and range of modifications permitted in Phase III (see page 66)

are particularly large.

An example of the combined operation of the three Sort 90 phases is given
in Figure 1. The example assumes 12, 800 input records, a Phase I output
sorted sequence length of 50 records, and a four-way merge in Phases II
and III. Phase I produces 256 sequences of records. Each Phase II pass
reduces the number of sequences by a factor of 4 and increases the length
of each sequence by a factor of 4. After three Phase II passes, Phase III
can take over and complete the merging operation.
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Input
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The key elements in determining the number of Phase II passes which will
be required for a given Sort 90 application are: the number of records in
the input file, the length of a Phase I output sorted sequence, and the order
of merge used in Phases II and III. Expressed arithmetically, the number
of Phase II passes required is:

logy (g)l

N is the number of records in the input file,
G is the number of records in a Phase I output sorted sequence,
M is the order of merge employed.

where

If the result has a fractional part, it must be increased to the next highest
whole number, as a fractional part of a Phase II pass cannot be performed.

A function produced by varying one, two, or all of these factors is not
smooth, but has abrupt discontinuities. If in the example shown in Figure
1, Phase I produced sorted output sequences 199 records long, three
Phase II passes would still be required. On the other hand, a G of 200
would result in only two Phase II passes, and a G of 49 in four Phase II
passes.

If G remained at 50, an input file of 12, 801 records would require four
Phase II passes; but not until the input file contained 3200 records would
only two Phase II passes be required.

The longer the sorted sequence produced by Phase I, the longer the pro-
cessing time required per record. It is generally advisable, therefore,
to cause G to be less than its maximum possible value, as long as by
reducing it the number of Phase II passes required does not increase.
Ways of controlling the length of a Phase I sorted output sequence are
described under Phase I Area Allocation.

The user may wish to make some trial runs, or to spend some time over
the timing procedures, in order to determine the optional use of Sort 90
for a given sorting application.



TAPE ALLOCATION AND HANDLING

As previously mentioned, two sets of work tape units are required during
all the passes of Phase II of Sort 90. In any one pass, input records are
contained on one set of work tape units, and output records are written on
the other. At the beginning of the next Phase II pass, the roles of the two
sets of work tape units are reversed.

The two sets of work tape units will be called the "A-units' and the "B-units. "
When Phase II begins, its input (i.e., the output from Phase I) will be
contained on the B-units; hence, the output from the first pass of Phase II

will be written on the A-units.

The number of A-units and the number of B-units should be identical. The
combined total number of units required is equal to twice the order of
merge for a given application of Sort 90. The A-units and B-units will
normally be mounted on separate tape channels, unless only one is avail-
able. A picture of A-units and B-units for a two-way Phase II merging
operation is illustrated in Figure 2(a).

INPUT TAPE UNITS

At least one tape unit is required for reading the sort input file in Phase I.
If the input file is contained on more than one reel of tape, the use of two
or more tape units for Phase I input will be found convenient so that the
operator may "flip-flop" input reels in order to avoid interrupting Phase I
for reel-changing. Tape units used for mounting the sort input will be
called "I-units."

Reels of the input file must be mounted in rotation on the specified I-units,
which may be as many as five in number. Thus, if I-units were designated
as tape units 4, 0, and 8, on channel 2, reels of the input file should be
mounted as follows:

Unit 24 Unit 20 it 2
Reel 1 Reel 2 Reel 3
Reel 4 Reel 5 Reel 6
Reel 7 Reel 8 Etc.

It should be understood that when Phase I begins reading reel 2, the
operator should dismount from Unit 24, reel 1 and mount reel 4; when
Phase I goes on to reel 3, the operator should dismount from Unit 20,
reel 2 and mount reel 5; and so forth. Reel 1 must have been mounted
before Phase I begins its execution, but reels 2 and 3 may be mounted
while Phase I is reading reel 1. Exhausted input reels will be rewound -
unloaded.
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INPUT TAPE UNITS VS. WORK TAPE UNITS

It is not necessary that I-units be unique tape units used only for the reading
of the sort input file. I-units and B-units must be wholly separate, however,
since B-units are used for Phase I output. Three different relations are
possible between I-units and A-units; they are described below in order of
increasing operator convenience and increasing number of tape units.

The I-units and A-units may be identical as shown in Figure 2 (b). When
Phase I has read the last input reel to be mounted on a given I-unit, the
operator must mount a work tape in preparation for Phase II. When the

last input reel of the input file has been read, the operator must pause
between Phase I and Phase II to mount a work tape on the last tape unit used.

The I-units and A-units may be partially identical and partially separate
as shown in Figure 2 (c). When Phase I has read the last input reel to be
mounted on any shared tape unit, the operator must mount a work tape in
preparation for Phase II. However, input reel mounting can be planned
so that the last input reel is read from a separate I-unit, removing the
need for a reel-changing between Phase I and Phase II. Mounting of work
tapes on separate A-units in preparation for Phase II may be done at any
time during Phase I.

The I-units and A-units may be wholly separate, as shown in Figure 2 (d).
In this case, no work tapes need ever be mounted on I-units; mounting of
work tapes on A-units in preparation for Phase II may be done at any time
during the execution of Phase I.

OUTPUT TAPE UNITS

Either the A-units or the B-units will contain the sort output file written
by Phase III. If the number of Phase II passes is even, or if no Phase II
passes are preformed, A-units will be used for writing Phase III output;
if the number of Phase II passes is odd, B-units will be used for writing
Phase III output.

The low-order output tape unit, i.e., the last-punched in the relevant

field of Control Card 1 (see page 27) will be used during Phase III to hold

a checkpoint record. The remaining A- or B-units will be used for actual
writing of the output file. Thus, one tape unit is available for writing out-
put when performing a two-way merge; two, with a three-way merge; three,
with a four-way merge; and four, with a five-way merge.

Output tape units will be used in a rotating fashion similar to that described
for input tape units (see page 8). A completed output reel will be rewound-
unloaded, and typewriter messages will direct the operator to dismount the
reel.

EFFECTS OF NUMBER OF TAPE CHANNELS

A maximum of two tape channels may be used during the sort program. If
only one tape channel is available, I-units, A-units, and B-units must,
of course, all be mounted on that one channel; the relation between I-units

10



and A-units may be any one of the three described above, and reel-changing
considerations are not affected. Tape reading and tape writing will.be com-
pletely unoverlapped in all passes of Sort 90.

If two tape channels are available, the I-units and A-units should be on one
channel, and B-units on the other. I-units and B-units may not be on the
same channel. It is possible, however, for A-units and B-units to be on
one channel, and I-units on the other; in this case the advantage of over-
lapping tape reading and tape writing in Phases II and III is lost, and Sort
90 will come to a precautionary halt (Halt 1003, see page 40) should such
a configuration be elected.

The actual number of the channel to which any set of tape units is affixed

is irrelevant to the logic of Sort 90 and may be channel 1, or channel 2, at
the user's option.

MISCELLANEOUS TAPE UNITS
Dump Tape

If a spare tape unit is allocated for the purpose of ""dumping' unreadable
records, the tape unit used may be any tape unit on channel 1 or 2.

Program Tape

If the Sort 90 program is loaded from tape, the tape unit used may be any
tape unit on any tape channel.

11



INPUT FILE CONSIDERATIONS

RECORD TYPES

Input files to be sorted by Sort 90 may be composed of Forms 1, 2, or 3
records, these record forms having the meaning given to them in the

7070 Input/Output Control System. All records of any one input file must
be of the same record form. The information about the record which must
be supplied as control information to Sort 90 relates to data record length
(or maximum length) in words, and blocking factor or block size. In
addition, the user is asked to specify for Form 3 files the length, in words,
of the shortest record in the file. It is very important that this figure be
accurate; too large a figure will cause an error stop when a shorter record
is detected in Phase I, too small a figure will lead to inefficiencies in the
operation of Phase I.

Sort 90 is written to accept short-length blocks in the input file, regardless

of record form, and will correctly process the short-length blocks. Detection
of a segment mark in the input file will cause the program to come to a

halt (Halt 1126); if the Start key is depressed, the program will disregard

the segment mark and continue reading the file. Both long-length blocks

and short-character blocks will cause similar halts (Halts 1124 and 1127),
after which depression of the Start key will cause the record involved, or

as many words from it as are entered in 7070 storage, to be typed; the
program will then disregard the block and continue reading the file.

RECORD AND BLOCK SIZES

Because of the number of affecting factors, it is difficult to make a precise
determination of the maximum data record lengths, tape block sizes, and
blocking factors acceptable in a given application of Sort 90. The maximum
permissible Form 1 or Form 2 input blocking factor is the Phase I output
sequence length taken from either Table I or Table II in Appendix II. The
maximum permissible Form 1 or Form 2 output blocking factor is
approximately equal to

H-2000-150M-2ML
2L+2

where

H is the Phase III storage limit (as punched in columns 52-55 of
Control Card 1),

M is the order of merge being employed (2, 3, 4, or 5), and

L is the (maximum) number of words in a data record.

The maximum permissible Form 1 or Form 2 data record length, and the
maximum permissible Form 3 tape block size, are approximately equal to

J-2350-150M
2M+2

12



where

J is the Phase II storage limit (punched in columns 48 through 51
of Control Card 1) and
M is as defined above.

The figures resulting from these expressions may not exceed 999.

NUMBER OF RECORDS ALLOWABLE

The maximum number of records which may be sorted in any one application
of Sort 90 depends on a number of variables, the most important being the
order of merge. The maximum allowable number of records is that number
which, when written (1) at high density, (2) with zero suppression, and (3)
with the blocking factor used by the sort in Phase 1I, may be contained on a
number of reels of tape equal to one less than the order of merge being
employed. Thus,

A two-way sort may process one full reel.

A three-way sort may process two full reels.
A four-way sort may process three full reels.
A five-way sort may process four full reels.

Expressed in a formula, the maximum number of records which may be
sorted in one application of Sort 90 is:

15, 345,600 B (M-1)
BC+417

where

B is the sort blocking factor (for Form 1 and 2 records, this figure
is typed out by Phase I; for Form 3 records, the figure typed by
Phase I should be divided by the average data record length),

M is the order of merge being employed (2, 3, 4 or 5) and

C is the number of tape characters produced by writing a data
record (of average length) with zero-suppression.

In this formula, a reel of tape is assumed to contain 2300 feet of usable
tape.

An attempt to sort more than the maximum allowable number of records is
very dangerous; a situation may result in the late passes of Phase II such
that the sort program cannot possibly continue on to completion. The file
may be broken into sections, each section sorted independently, and the
resultant sorted sections merged together; the time expended on the initial
uncompleted sort is however completely lost. A complete explanation of
this '"non-ending" sort situation is given in Appendix III.

NUMBER OF REELS ALLOWABLE

A Sort 90 input file may be contained on a large number of physical tape
reels. Although the maximum permissible number of records should not
be exceeded, the reels containing the file need not each be completely full.

13



Detection of an EOF trailer label in the last reel of the sort input file will
signal to Sort 90 the termination of input. In addition, two columns of the
Sort 90 first control card are provided for punching the number of reels
composing the input file. A programmed halt will occur if this number of
reels has not been read when the EOF trailer label is detected, or if this
number of reels have been read and the EOF trailer not yet detected. In
both cases the operator may elect either to continue reading input reels or
to go to Phase II.

Use of the reel-counting feature is optional. When it is used, the maximum
number of reels which may compose the input file is 99. When it is not used,
with the trailer label EOF indication signaling the last input reel, the number
of reels which may compose the sort input file is unlimited. If tape labels
are not used in the sort input file, the reel-counting feature must be used
and is the sole determinant of the number of reels composing the sort input
file.

14



CONTROL DATA SPECIFICATIONS

The selection of the data upon which one record is to be compared with
another during the operation of Sort 90 is completely controllable by the
user of the program. Sort 90 Control Card 2 is punched with starting digit
positions and lengths of all desired control data fields, which collectively
make up the control data for a given application of Sort 90. The ranking of
the control data fields (major through minor) is accomplished by the order
in which their descriptions are punched in the control card.

CONTROL DATA FIELDS AND SEGMENTS

Up to ten control data fields will be accepted by Sort 90 for use in controlling
the order of records. Control data fields are described by their digit
positions in a record of the file being sorted, the record being pictured as

it lies in 7070 memory after having been read from tape or as laid out by

a 7070 Autocoder "DA'" entry. A control data field may begin in any digit

of the record and extend over any number of succeeding digits, bridging

7070 word boundaries as necessary. Figure 3 illustrates a possible pattern
of control data fields.

| Line Label Operatioo{ OPERAND
3 Sl6 18]i6 20j21 25 30 35 40
ov, { ., .. DA MY e
02 ICNTRLFLD1, | = 140,49, . v 0t 4 st
O3 ICNTRLFLD2, | ., ., 105,23 . . .\ iy,
04 CNTRLFLDS3, | ., , 103 ., , v vy v vy oy iy
OS ICNTRLFIDA. . | . 124,26, .\ o o o 40 00y
O ICNTRLFLDS5. | . . . . 128..39, v v 0y,
o7 ICNTRILFIDS. | o0 2 10,10,00020 0 0 0y v
Figure 3

If two or more control data fields occupy contiguous left-to-right positions
in the record and are in descending control importance (i. e., major control
field at the far left and minor control field at the far right), they should be
considered and specified to Sort 90 as a single control data field.

Sort 90 will not alter the control data of any record. That is, it will not
rearrange the control data of records being merged so as to "pack' control
data together. In setting up its compare routines, however, it breaks down
the control data field descriptions given in the control card into control

data segment descriptions. A control data segment is that portion of a con-
trol data field which lies within boundaries of a 7070 storage word. The
number of control data segments comprising a control data field is, therefore,
equal to the number of 7070 words over which the field extends. In Figure 3,
CNTRLFLD2 is made up of three control data segments, whereas CNTRLFLD4
is made up of a single control data segment.

The number of control data segments contained in the control data fields
specified for a given application of Sort 90 may not exceed sixteen in number.

15



The two restrictions that (1) there be no more than ten control data fields and
that (2) these control data fields be composed of not more than sixteen con-
trol data segments constitute the only restrictions upon control data for

Sort 90. It can be seen that the maximum permissible number of digits of
control data is 160, a figure which provides for many different configurations
of control data. The control data of the record described in Figure 3
consists of six fields, nine segments, and 47 digits.

The Phase I assignment routine will come to a programmed halt should any
of the control fields described on the control card fall outside of the indicated
record length. If two or more control fields overlap one another in the
record, messages to this effect will be typed, followed by a programmed
halt; the user may continue the program if the overlapping is desired.

It should be noted that sorting upon one set of control data destroys any

other sequencing in the file being sorted. If a file were ordered upon a

field and it were desired to put it into major or minor order upon a second
field, it would not be sufficient to sort on the second field. The control

data must consist of both fields, specifying the desired major-minor relation.
Furthermore, Sort 90 will not necessarily maintain the relative input order
of a group of records with identical control data; the records composing

such a group will be consecutive in the output file, but in whatever order
within the group the program finds it most convenient to place them. In these
two instances, the procedures followed by Sort 90 differ from the procedures
possible with most mechanical sorting devices.

OPTIMAL CONTROL DATA ARRANGEMENT

The exact configuration of control data fields, especially of the more major
ones, can influence the Sort 90 process time. The sort comparing networks
order two records by comparing their control data, one control segment

at a time, beginning with the most major segment and continuing until a
difference has been found, or through the most minor control data segment
if the records have equal control data. The number of separate comparisons
may be minimized if the number of control data segments is minimized,

and this in turn requires that each control data segment contain as many
digits as possible up to ten (a full word). This factor should be considered
when designing the format of records which will be sorted frequently. It

is more important for major control data fields than for minor control data
fields, because (except for files composed of many records with equal con-
trol data) the minor control data fields will seldom enter into comparison.

The procedures for calculating Sort 90 running times (see page 76) require
that the user make an estimate of the number of control data segments,
beyond the first, which will be involved in the comparison of two "average"
records of the file being sorted. In the example given in Figure 3, if it
were thought that comparisons of two records would usually involve
CNTRLFLD4 and almost never CNTRLFLD5, then the number of control
data segments, beyond the first, involved in a typical comparison would be
five in number.
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COLLATING SEQUENCES

Sort 90 permits the specification of any one of four different collating
sequences to govern the procedure by which it orders records: ascending
and descending algebraic, and ascending and descending absolute. The
normal procedure for 7070 compare operations is the basis of all the
collating sequences. In an ascending algebraic collating sequence, a record
whose control is lower than that of a second record will precede the second
record in the sort output file; with a descending algebraic collating sequence,
just the reverse. In both cases, however, the signs of the words composing
the control data enter into the comparisons. For example, +0 is greater
than -0. The ascending and descending absolute collating sequences are
respectively identical, but the signs of the words composing the control
data are ignored.

Figure 4 illustrates six records after being sorted into an input file. The
example shows these six records as ordered according to the four different
collating sequences. It assumes that six one-word records have been
sorted, with the entire record consisting of control data as follows: % TAX
(double-digit @3600836187), -5555555555, +8888888888, DEDCT (double-
digit @6463646283), -1111111111, +4444444444. The first output record of
each collating sequence is shown at the top of each list.

Ascending Descending Ascending Descending
Algebraic Algebraic Absolute Absolute

% TAX +8888888888 -1111111111 +8888888888

DEDCT +4444444444 % TAX DEDCT
~-5555555555 -1111111111 +4444444444 -5555555555
-1111111111 -5555555555 -5555555555 +4444444444
+4444444444 DEDCT DEDCT % TAX
+8888888888 % TAX +8888888888 -1111111111

Figure 4

In this example, the control data is alphameric in some records and
numerical in others. Such a situation does not represent typical practice,
but may arise in some instances in which the sign of a control data field
is used as an indicator or switch rather than as a designator of the actual
sign of the control data.
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MISCELLANEOUS FEATURES AND PROVISIONS

RECORD COUNTS

Sort 90 will maintain in each pass of its operation a count of the records
processed in that pass. At the end of the pass the count will be compared
with that taken in the preceding pass. A discrepancy will cause a
programmed halt, at which time the operator may discontinue the sort,
re-execute the current pass, or disregard the discrepancy and continue
the sort.

The record count accumulated in Phase I may be checked against a record
count (if present) contained in the trailer tape label of each reel of the input
file. A discrepancy will cause a programmed halt, at which time the
operator may (1) disregard the discrepancy and continue Phase I, (2) cause
the records of the current reel to be dropped from the sort and continue
Phase I, or (3) cause the current reel to be reprocessed. Phase III will,

if desired, insert a count of the sort output records into the trailer tape
label of each output reel.

Record counts in Phases I and III are accumulated on a reel-by-reel basis,
to permit trailer tape label checking and preparing. The reel-by-reel
counts are totaled to permit the pass-by-pass record count checking. If

a record count is present in a trailer tape label, it is assumed to occupy
columns 11-20 of the label. When read into the machine, two words of
double-digit information, with the low-order character unsigned, are
produced.

The user need not consider the effects upon record counts of modifications
which cause the number of records being processed to vary from pass to
pass (deleting, inserting, and summarizing). Sort 90 will automatically
reconcile record counts when these modifications are present.

The record count procedure to be performed by Sort 90 is specified by the
user through control card punching (see page 29).

HASH TOTALS

An optional feature of Sort 90 is the accumulation of a "hash total, ' which
is a control total maintained upon a selectable field of each record of the
file being sorted, often a field other than an amount field, such as part
number.

The hash total, if elected, is taken in a fashion similar to the taking of
record counts (see Record Counts above). The checking features offered
are completely identical to those offered with record counts, with the
exception that a hash total pass-by-pass check is optional rather than
standard.

If a hash total is present in a trailer tape label, it is assumed to occupy

columns 21-30 of the label. When read into the machine, two words of
double-digit information, with the low-order character unsigned, are produced.
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A field upon which a hash total is to be taken must be contained within one
word of the data record. Its sign is assumed plus, although the actual
sign of the word containing the field may be plus, minus, or alpha. The
hash total itself is maintained as a ten-digit positive numerical field,
carries beyond the tenth digit being disregarded.

In each pass of the sort in which a hash total is taken, the basic process
time of the pass is increased by 0.21 seconds per 1,000 records. In such
passes, Sort 90 will operate in the ""sense' mode as regards field overflow;
it will operate in the '"halt" mode in passes in which a hash total is not
taken.

The hash total action to be performed by Sort 90 is specified through control
card punching (see page 29).

PHASE I AREA ALLOCATION

In its reading, processing, and writing of records, Phase I is capable of
using either a three-area or two-area system. The number of records
which Phase I will produce as a sorted sequence is that number which will
fit in one area. Under the three-area system, tape reading, tape writing
and processing are all overlapped. At any given instant records are being
read into one area, processed in the second area, and written from the
third. During the next cycle, records are read into the third area, pro-
cessed in the first, and written from the second area. Both tape reading
and tape writing are thus being performed concurrently with the processing
of records and with each other.

Under the two-area system, tape reading and writing overlap processing;
however, tape reading and writing are not overlapped. Records are first
written from, and then read into, one area while processing is being
performed in the second area. When the next cycle begins, the processed
records are written from the second area, which is then filled with new
records, while processing is being performed in the first area.

The two-area system is offered because the Phase I process time will
frequently exceed the sum of the tape-read and tape-write time. If so, the
overlapping of tape reading and tape writing obtained with a three-area
system will be valueless, whereas the two-area system will permit a Phase

I sorted sequence to contain approximately one and one-half times the number
of records possible with a three-area system.

Through control card punching (see page 30), Sort 90 may be directed
to use a three-area system, a two-area system, or itself compute and use
the better of the two systems.

The third option makes use of an extensive computation and selection
routine with the Phase I assignment routine. Successful operation requires
the knowledge of certain parameters which are not contained in the Sort 90
control cards. Modification I-2 (see page 56) should be consulted in this
regard before use of the ""compute'" option in Phase I.

If Control Card 1 indicates that I-units and B-units share a single tape
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channel, the area allocation option indicated by the user will be disregarded
and a two-area system selected automatically.

CHECKPOINT AND RESTART

Two different types of checkpointing procedure are used in Sort 90: a
specialized one in Phase I, and the IOCS procedure in Phases II and III.

In Phase I, segment marks are written on all output tapes whenever the
processing of a new input reel is about to begin. If after the processing of
an input reel, discrepancies of any kind occur, the operator may direct the
program to either reprocess the input reel or to drop all records of the input
reel from the sort. In the former the input reel is rewound, and the output
reels are repositioned with Tape Segment Backward Space commands. In
the latter Phase I proceeds on to the next reel of the input file, after
repositioning the output reels with Tape Segment Backward Space commands.
The segment marks thus left on the Phase I output reels will be ignored
when read by Phase II.

Interruption and restart in Phases II and III is accomplished by the writing
of the IOCS restart program and checkpoint records on the low-order (last-
punched in Control Card 1) tape units of both work tape channels. Phase I
writes the restart program on the low-order Channel B tape unit, and Phase
IT writes it on the low-order Channel A tape unit. At the beginning of each
Phase II pass and of Phase III, the restart program contained on the low-
order output tape is spaced over and a checkpoint record is written after it,
and normal Sort 90 processing commences. By virtue of this procedure,
any pass may be interrupted at any point, and the sort later restarted trom
the beginning of the pass during which it was interrupted. Details of the
checkpoint and restart procedure are given under Operation (see

page 24).

It is important to note that the checkpoints in Phases II and III permit the
user completely to discontinue the sort and to dismount the input and output
reels, whereas the restart procedure in Phase I will not. The earliest
point at which the Sort 90 program may be interrupted without having to be
restarted from the beginning is a few seconds after the start of the first
Phase II pass.

UNREADABLE RECORDS PROCEDURE

The unreadable records procedures offered by Sort 90 are identical to those
offered by the 7070 Input/Output Control System. Through control card
punching, the user may cause a programmed halt, typing of the block

involved followed by a programmed halt, dumping of the block involved on

a separate "dump'' tape, or continuous retry. If a '"dump" tape is furnished,
it will be assumed to have no header label, and will not be affected by the
checkpoint and restart provisions of Sort 90; therefore, there is the possibility
that if a pass during which a read error occurs is interrupted and later
restarted, the erroneous block will appear twice on the dump tape.

If an attempt is made to replace through console actions a word containing
invalid digits, and the word should be a control data field of a record,
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storing the incorrect contents will not be immediately discovered by Sort 90
and may result in a sequence break in Phase III. Improper correction of
other fields may result in other malfunctions of Sort 90. This option should
therefore be used with discretion.

SORTING TAPE FILES PREPARED BY

OTHER IBM DATA PROCESS ING SYSTEMS

In most cases, the generality of Sort 90 will permit its use in sorting tape
files prepared by IBM Data Processing Systems other than the 7070. These
include the 650, the 705 (all models) and 7080, the 704, 709, and 7090
(using the BCD mode), and the 1401.

The 1401 is capable of writing the mode change character (CB8421) on tape,
and can thus prepare files which the 7070 can read in alphamerical form
(including zero-suppression in numerical words). The other systems,
however, cannot normally write the mode change character, and must
prepare records which to the 7070 are completely alphabetic and a multiple
of five characters in length. Any 650 word is written as five or ten
characters, and the restriction is thus met for the 650. Also, records
prepared by the 705/7080 will be multiples of five characters in length

if they have been designed for 705/7080 internal high-speed transmission.
Since 704/709/7090 records must be a multiple of six BCD characters in
length, only those 704/709/7090 records which are thirty, sixty, ninety,
etc., 7070 characters in length may be processed by the 7070.

In all cases, the record and block structure of the input tape file must agree
with the 7070 Input/Output Control System specifications for record Forms
1, 2, or 3.

The collating sequence of the 7070 is identical to those of the 705/7080,
704/709/7090, and 1401, and applies also to alphabetic information in 650
records. The role of the sign in 650 numerical words, however, is lost
when the 650 word is read into the 7070 as two alphabetic words, and will
not sort 650 records into the same order as would a 650 sort if some of

the control data is numerical. The difficulty may be overcome in this case
by adding editing instructions to Phase I of Sort 90 (see Modification I-6)

to convert 650 numerical words to 7070 numerical form, and complementary
editing instructions to Phase III to reconvert the words to 7070 alphabetic
form so that an output record will be identical to the original input record.

The remaining area of possible difficulty is tape labels. If files prepared
by other computers to be sorted by the 7070 have tape labels, it is suggested
that the user consult the section Tape Labels and Modifications I-8 and

I11-4, as well as the 7070 Input/Output Control System specifications for
tape labels.

TAPE LABELS

Sort 90 includes full provisions for processing of tape labels of the standard
format used by the 7070 Input/Output Control System. Through control card
punching the input file, work tapes, and output file, respectively, are
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indicated as labeled or unlabeled. Control cards are furnished for entering
information to be used in performing input file tape label checking and in
establishing the contents of output file tape labels. Modification I-8, for

the input file, and Modification III-4, for the output file, should be con-
sulted if it is desired to alter the options for tape label processing which

are assumed by Sort 90. These options call for full checking of tape labels,
and assume that if output file tape labels are specified, the work tapes, some
of which will be used for writing the output file, are labeled.

If work tape labels are specified, new labels will be written by Sort 90 after
the existing labels have been checked to ensure that the work tapes are
available for writing. The contents of a work tape label will be:

Tape Serial Number: The Tape Serial Number from the existing
tape label.
File Serial Number: The Tape Serial Number from the existing

tape label on the low-order (last-punched)
Channel B tape unit.

Reel Sequence Number: The digits 0CU, where C is the channel
number and U the unit number of the tape unit
on which the work tape is mounted.

File Identification: SRT90WKT Pb
Creation Data: Today's date as stored in 7070 location 0109.
Retention Cycle: 000
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OPERATION

The operating procedure for Sort 90 is straightforward, involving primarily
loading the program, mounting tape reels promptly and on appropriate tape
units, and (when necessary) interrupting the program and later restarting
it. Operating instructions are given below for initiating Sort 90, for actions
to be performed during execution of the program, and for interrupting and
later restarting the program. A final section discusses the settings of con-
sole switches and dials.

The Sort 90 program deck is furnished in 7070 Condensed Load Card form,
and may be loaded from a card reader or a tape unit by the 7070 Condensed
Card Load Program (not furnished with the Sort 90 program deck). Other
loading procedures may be used as desired; consult Modifications I-2,
I-10, and II-2 as to entry points for loading procedures. Modification III-6
should be examined in connection with end-of-job procedures, especially

if SPOOL applications are to be performed concurrently with Sort 90.

INITIATION OF SORT 90

1. Ready (at least) the first reel of the sort input file on the first tape unit
of those allocated to the input file.

2. Ready work tapes on (at least) all tape units allocated as Channel B
tape units.

3. Ensure that the Sort 90 Control Cards appropriate to this application
have been furnished and that they are correctly positioned in whatever
input unit (see Control Card Reading) is to be used for reading them.

4. Ready the Sort 90 program in the input device to be used for loading it,
and initiate the loading.

ACTIONS DURING SORT 90

Under normal operation of Sort 90, actions to be performed during its
execution concern the handling of input, work, and output tape reels:

1. During Phase I, mount successive reels of the input file on the tape units
allocated to the input file, always attempting to have the next reel of
the input file ready for processing before it is called upon by Phase I.

2. Also during Phase I, mount work tapes on Channel A work tape units
which are not also input tape units. When the processing of the last
input reel mounted on an input tape unit which is also a Channel A tape
unit is complete, ready a work tape on the unit.

3. During Phase III, remove and visually label successive reels of the
output file after their processing is complete, unless the output file
is to be used as input by the program which follows Sort 90.

4. During all phases of Sort 90, if desired and convenient, prepare con-
trol cards, card decks, and tape units and files to be used by the pro-
gram which will follow Sort 90, so that the set-up time after Sort 90
concludes will be as short as possible. Be careful, however, in
rotating the address selection dials on tape units not used by Sort 90,
lest they be moved even momentarily through positions used by sort
tapes and thus interfere with the correct operation of Sort 90.
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INTERRUPTION AND RESTART

At the beginning of each Phase II pass, and at the beginning of Phase III, a
message will be typed of the form

CHPT +CUxxxxxNNN

The message indicates that a checkpoint record is about to be written; CU
is the channel and unit number of the tape unit upon which the checkpoint
record will be written, and NNN is a serial number identifying this par-
ticular checkpoint record. An interruption and later restart always
involves the last-typed of these CHPT messages.

WHEN TO INTERRUPT

Sort 90 may not be interrupted until the first CHPT message has been typed
at the beginning of Phase II. Subject to this restriction, it may be
interrupted at any of the programmed halts which may occur during the
execution of Phases II and III, or may be interrupted merely by depressing
the Stop key on the 7070 console. In either case, if SPOOL programs are
being executed concurrently with Sort 90, the appropriate procedure for
continuing their execution should then be followed.

The user should not interrupt Sort 90 during and for several seconds after

the typing of a CHPT message. A checkpoint record is being written during
this period, and interference with its writing will make restarting impossible.
It is also inadvisable, although permissible, to interrupt Sort 90 when the

end of a tape pass is imminent, or when some or all of the work tapes are
rewinding. A new checkpoint record will soon be written, and Sort 90
processing after the restart has been performed will be much more efficient
if that checkpoint record, rather than the previously written one, is
employed.

ACTIONS AFTER INTERRUPTING

After interrupting Sort 90, all work tapes should be rewound manually. No
further action is required if the restart is to be effected immediately; but
if the restart is to be delayed for a period of time these additional steps
should be performed:

1. Remove and save the console typewriter log.
2. Remove and visually label with the address of the tape unit from which
each was removed the following tape reels:
a. The work tape on the tape unit designated by the last-typed
CHPT message.
b. All work tapes on the other tape channel: i.e., all work tapes
on Channel A, if the tape unit designated by the last-typed
CHPT message is on Channel B; or all work tapes on Channel
B, if the latter tape unit is on Channel A.

RESTART PROCEDURE

If the restart is to be effected immediately after interruption, perform only
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step 4 below. Otherwise perform these actions:

1. Mount on the tape units from which they were removed all work tapes
removed after interruption of the sort.

2. Mount work tapes on all other work tape units.

3. If the interruption was made during Phase III, go to step 4. If it was
made during Phase II, ensure that the Sort 90 program is correctly
positioned in the input device being used to load it. The Sort 90 program
may be positioned immediately before either Phase I, Phase II, or
Phase III; it will itself locate and load Phase III when Phase II is com-
pleted after the restart.

4. TFollow the 7070 Input/Output Control System restart procedure. The
Restart Initiator routine used in this procedure may be assembled in
any 7070 locations below location 0325 or above location 4200. A
description of the 7070 Input/Output Control System restart procedure
is not given here; however, the key steps are as follows:

a. Load the Restart Initiator.

b. At Halt 0050, store into 7070 location 0050 the numerical word
from the last-typed CHPT message, and then depress the Start key.

c. At the message RESTORE CONSOLE... and associated halt, ensure
that console dials are correctly positioned and relevant input/output
units are ready, and then depress the Start key. If the load program
was altered in order to load the Restart Initiator, restore it to its
previous condition.

NOTES AND CAUTIONS

The following points should be noted in connection with interruption and
restart of Sort 90:

1. The manual rewinding of work tapes mentioned in Actions after
Interrupting is not necessary for a successful restart, but will save
a considerable amount of time after the restart has been performed
and should be observed as a desirable operating practice.

2. If an interruption is made in Phase III, and tape labels are specified
for the sort output file, the header tape labels on all tape reels upon
which output has been written up to the point of interruption will con-
tain today's date as Creation Date, and the number punched in Control
Card 4 as Retention Cycle. If these reels are later used for the
writing of some output file (by Sort 90, after restart or by any
other program) it is likely that the Input/Output Control System will
consider them unavailable for output purposes. So that this action
may be correctly ignored by the operator, it is recommended that
these tape reels be visually labeled as being available for output
purposes at the time of interruption of Sort 90.

CONSOLE SWITCHES AND DIALS

During operation of Sort 90, switches and dials on the 7070 Console should
normally be set as follows:

Status Key - RUN
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Unit Record Priority Dials - OFF and N, except as other settings
are required for SPOOL operation.

Alteration Switches
Switch 1 - This switch should be set ON or OFF as appropriate

after Sort 90 programmed halts.

Switch 2 - Irrelevant; not used by Sort 90.
Switch 3 - Irrelevant; not used by Sort 90.
Switch 4 - OFF

Accumulator Overflow Switches - OFF, unless required ON by
modifications to Sort 90.

Exponent Overflow Switch - OFF, unless required ON by
modifications to Sort 90.



CONTROL CARD PREPARATION

Control information must be provided to Sort 90 so that the program may
initialize itself for the specific application desired. This information is
supplied to the program by means of from two to four control cards. A
minimum of two control cards is required for all sort operations. In
addition, an Input File Label Control Card and/or an Output File Label
Control Card (Control Cards 3 and 4 respectively) must be furnished if
the reels making up the sort input and/or output files contain or are to
receive labels.

CONTROL CARD READING

Sort 90 control card information is read into 7070 storage by Phase I of the
program. The control cards may be read through a 7500 Card Reader
mounted to any synchronizer, through a 7501 Console Card Reader or from
a tape unit. As furnished, Sort 90 expects the control cards to be read
through a 7500 Card Reader connected to synchronizer 1. To alter the
read-in device, consult Modification I-1, discussed on page 55. The con-
trol card information may also be placed in storage prior to the beginning
of the program. If so, consult Modification I-1 for altering Sort 90 so as
not to read in the control cards.

CONTROL CARD CHECKING

It is important that care be taken in specifying the control card information
correctly. Phase I will check the control card information extensively for
consistency and reasonability, but it cannot check for absolute accuracy.
Thus Phase I would come to an error stop if the control information
indicated that five-word records had control data in the sixth word,

or if record length were described as zero. However, Phase I could not
detect a discrepancy between an indicated blocking factor of five and an
actual blocking factor of six.

CONTROL CARD LISTING

Each control card must be punched in the standard load-card format; i.e.,
unused columns must be filled with zeros and columns 10, 20, 30, 40, 50,
60, 70, and 80 must contain a 12 punch. If a 7500 Card Reader is used for
reading the control cards, the cards should also contain a 12 punch in
whatever column is used to indicate a load card.

Control Card 1

Columns Contents

1 Input Channel. Number of tape channel to be used for reading
the input file.

2-6 Input Tape Units. Numbers of the tape units on the Input
Channel to be used for mounting the reels making up the
input file. The tape unit numbers should be punched con-
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Columns

9-13

14

15-19

20

21

22-24

25-27

28

Contents

secutively beginning with column 2; unused columns should

be filled with zeros. Note that tape unit 0 may not be punched
last; for example, if tape units 0, 1, and 2 are to be used,
punch 01200, 02100, or 10200, but not 12000.

Input Tape Unit Type. Punch a one-digit code indicating the
type of input tape units (columns 1-6) and the density with
which the input file is written:

1-1729 11, low

2 - 729 11, high

3-729 1V, low

4 - 729 1V, high

Channel A. Number of the tape channel to which one set of
work tape units is to be attached. This number should be
the same as that punched in column 1.

Channel A Tape Units. Numbers of the tape units on Channel
A to be used for mounting work tapes. Punched in the same
manner as columns 2-6.

Channel B. Number of the tape channel to which a second set
of work tapes is to be attached. Unless only one tape channel
is available, this number should differ from that punched in
columns 1 and 8.

Channel B Tape Units. Numbers of the tape units on Channel
B to be used for mounting work tapes. Punched in the same
manner as columns 2-6.

Output Tape Unit Type. Punch a one-digit code indicating
the type of work tape units (columns 8-13 and 14-19) and the
density to be used in writing the sorted output file:

1-1729 1I, low

2 - 729 II, high

3-1729 IV, low

4 - 729 IV, high

Record Form. Form of the input data records, i.e., 1, 2, or
3.

Input Record Length. For record Form 1, punch the number
of 7070 words composing an input data record. For record
Form 2, punch the maximum number of words composing a
record. For record Form 3, punch the minimum number of
words composing a record.

Input Blocking. For record Forms 1 and 2, punchthe input
blocking factor. For record Form 3, punch the maximum
number of 7070 words composing an input tape block.




Columns Contents

28-30 Output Blocking. For record Forms 1 and 2, punch the output
blocking factor. For record Form 3, punch the maximum number
of 7070 words composing an output tape block.

31 Zero Suppression Indicator. Punch the digit 0 if the output
file is to be written without zero suppression, and the digit
1 if it is to be written with zero suppression.

32-33 Input Reel Count. If the input tape reels are labeled, an
additional check may be obtained by punching these columns
with the number of reels making up the input file; if the
additional check is not desired, punch zeros. If the input
reels are not labeled, the number of reels making up
the input file must be punched.

34 Record Count Indicator. Punch a one-digit code indicating
the record count actions to be performed in addition to the
pass-to-pass check:

0 - No further action

1 - Check the record count in the input file
trailer labels

2 - Insert the record count in the output file
trailer labels.

3 - (1) and (2)
35 Hash Total Indicator. Punch a one-digit code indicating the
hash total actions to be performed:
0 - None
1 - Check the hash total in the input trailer
labels

2 - Make a pass-to-pass hash total check
3 - Insert the hash total in the output file trailer

labels
4 - (1) and (2)
5 - (1) and (3)
6 - (2) and (3)

7 - (1), (2), and (3)

36-40 Hash Total Field. If column 35 contains a zero, punch five
zeros. If column 35 contains a non-zero digit, punch the
position within the record of the field upon which the hash
total is to be accumulated: columns 36-38 contain the word
number, assuming that the first word of the record is
numbered 000, and columns 39-40 contain field control.

41-42 Unreadable Record Indicator. Punch a two-digit code
indicating the action to be taken upon detection of an unread-
able tape block:

00 - Halt to allow manual correction
10-29 - Write the block on the tape reel
mounted on this channel and tape unit
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Columns Contents

50 - Type the block, then halt to allow manual
correction
60 - Continuous retry under operator control
43 Phase I Area Indicator. Punch a one-digit code indicating the

area allocation procedure to be used by Phase I:
1 - Phase I will decide
2 - Two-area system
3 - Three-area system

44-47 Phase I Storage Limit. Four-digit address of the highest
7070 storage location usable by Phase I.

48-51 Phase IT Storage Limit. Four-digit address of the highest
7070 storage location usable by Phase II.

52-55 Phase III Storage Limit. Four-digit address of the highest
7070 storage location usable by Phase III.

56-60 Form 3 Length Field. For record Forms 1 and 2, punch
five zeros. For record Form 3, punch the position within
the record of the field which contains the record word count:
columns 56-58 contain the word number, assuming that the
first word of the record is numbered 000, and columns 59-60
contain field control.

61 Input File Label Indicator. Punch a one-digit code describing
the labels of the tape reels making up the input file:
0 ~ No labels

1 - Low density
2 - High density

If a1 or 2is punched, an Input File Label Control Card
(Control Card 3) must be furnished.

62 Work Tape Label Indicator. Punch a one-digit code describing
the labels on work tapes:
0 - No labels
1 - Low density
2 - High density

63 Output File Label Indicator. Punch a one-digit code describing
the labels of and for the tape reels to be used for containing
the sorted output file:

0 - No labels
1 - Low density
2 - High density

If a 1 or 2 is punched, an Output File Label Control Card
(Control Card 4) must be furnished.
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Columns

64

65

66-69

70-73

74-75

76-80

Columns

1-6

7-12

13-18

31

Contents

SPOOL Indicator. Punch the digit 0 if SPOOL programs will

not operate concurrently with Sort 90, and the digit 1 if they
will or may. If a 1 is punched, electronic switches 29 and
30 must be in the OFF condition during any portion of the
sort program in which SPOOL programs are not in operation.

Input Checkpoint Indicator. If checkpoints are contained on
any of the reels making up the input file, punch 1. Otherwise,
punch 0.

Phase I Edit Indicators. If Form 1 or Form 2 records are
being sorted and Phase I editing modifies the record type
and/or record length, punch in column 66 the record form
and in columns 67-69 the record length (or maximum record
length) in 7070 words of a Phase I output record. Otherwise,
punch four zeros.

Phase III Edit Indicators. If Form 1 or Form 2 records are
being sorted and Phase III editing modifies the record type and/
or record length, punch in column 70 the record form and in
columns 71-73 the record length (or maximum record length)
in 7070 words of a Phase IIl output record. Otherwise,
punch four zeros.

Unused by Sort 90 and may be punched as desired. Each
column must be filled.

Zeros.
Control Card 2
Contents

Control Data Field 1 Position. Position in the record of the
first (major) control data field. This is punched in the form
WWWDLL, where WWW is the number of the word within
which the control data field begins, assuming that the first
word of the record is numbered 000; D is the starting digit
within WWW of the control data field, counting the digits
from left to right 0 to 9; and LL is the total number of digits
contained in the control data field.

Nine succeeding six-column fields are used to describe
further control data field positions. These must be punched
consecutively from left to right. Unused fields must be
filled with zeros.

Control Data Field 2 Position.

Control Data Field 3 Position.




Columns
19-24
25-30
31-36
37-42
43-48
49-54
55-60

61-63

64

65

66-67

68-75

76-80

Contents

Control Data Field 4 Position.

Control Data Field 5 Position.

Control Data Field 6 Position.

Control Data Field 7 Position.

Control Data Field 8 Position.

Control Data Field 9 Position.

Control Data Field 10 Position.

Total Control Data Digits. Punch the total number of digits
of control data for the sort, i.e., the sum of the LLs in
columns 1-60.

Collating Sequence. Punch a one-digit code specifying the
collating sequence to be used by the sort:

0 - Algebraic, ascending

1 - Algebraic, descending

2 - Absolute, ascending

3 - Absolute, descending

Summarizing Equals Control. If summarizing in Phase II
and/or Phase III and not all control data fields are being
considered in determining that two records are identical, punch
the number of control data fields (1-9) which are to be
considered. If summarizing is not to be performed or if

all control fields are to be considered in determining that

two records are identical, punch a zero.

Phase II Summarizing Pass Control. If summarizing in
Phase II, punch the number of Phase II passes in which
summarizing is to be performed in every Phase II pass,
punch 99. Note that these columns must be non-zero if
summarizing is to be performed in any Phase II pass.

Unused by Sort 90 and may be punched as desired. Each
column must be filled.

Zeros.

Control Card 3 (Input File Label Control Card)

Control Card 3 must be furnished if column 61 of Control Card 1 is non-
zero. It may be punched with parameters which will be inserted by Sort

90 in the label information entry for the sort input file, and which IOCS

will then use to check the labels of the reels of the input file. No parameter
will be stored, however, if columns used for it (see below) are punched with

Zeros.
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Columns Contents

1-7 Unused by Sort 90 and may be punched as desired. Each
column must be filled.

8-10 Reel Sequence Number of the first reel of the input file.

11-15 Creation Date of the input file.

16-20 File Serial of the input file.

21-40 File Identification of the input file. Punched in double-digit
form.

41-75 Unused by Sort 90 and may be punched as desired. Each

column must be filled.
76-80 Zeros.

Control Card 4 (Output File Label Control Card)

Control Card 4 must be furnished if column 63 of Control Card 1 is non-
zero. It may be punched with parameters which will be inserted by Sort
90 in the label information entry for the sort output file, and which IOCS
will then insert in the label to be written on reels of the output file. No
parameter will be stored, however, if the columns used for it (see below)
are punched with zeros.

Columns Contents

1-7 Unused by Sort 90 and may be punched as desired. Each
column must be filled.

8-10 Retention Cycle for the output file.

11-30 File Identification for the output file. Punched in double-digit
form.

31-74 Comments for the output file label. Punched in double-digit

form. If this field is non-zero, its 22 characters will be
stored in the 22 high-order positions of the comments field.

75 Unused by Sort 90 and may be punched as desired. The column
must be filled.

76-80 Zeros.
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MESSAGES

PHASE 1

Messages that may be typed out in any run of Sort 90 are listed below
approximately in the order in which they might appear. The text of the
message is shown in block letters; an explanation follows directly below.

Messages are either procedural, indicating the progress of the program;
cautionary, pointing out non-standard procedures; or statistical, furnishing
information (counts, etc.) about the file being sorted.

Messages typed by the Input/Output Control System are not included in this
listing.

7070 SORT 90
Identifies the Sort 90 program.
NOTE ONE CHAN X

Control card punching indicates that Channel A and Channel B tape units
will be attached to the same channel, the number of which is typed in the
message. A two-area system of reading, writing and processing will be
used in Phase I.

NOTE # INPUT REELS LESS THAN # INPUT DRIVES

The number punched in the Input Reel Count field of Control Card 1 is less
than the number of tape units specified for reading the reels of the Phase I
input file. While this situation is permissible, an error may have been
made in control card punching. If so, depress STOP, correct Control
Card 1 and reload Phase I.

3 AREA

Phase I will use a three-area system of reading, writing and processing.
2 AREA G

Phase I will use a two-area system of reading, writing and processing,
because the amount of storage available is insufficient to permit the use
of a three-area system.

2 AREA T

Phase I will use a two-area system of reading, writing and processing,

because its processing time will exceed the sum of the input and output
tape times.
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PHASE 11

BZZZ7ZZGXXXX

If Form 1 or 2 records are being sorted, the number of records composing
a Phase I sorted output sequence will be XXXX, and the sort blocking
factor will be ZZZZ. If Form 3 records are being sorted, the number of
records composing a Phase I sorted output sequence will be that number
which can fit in XXXX 7070 words, and the maximum sort block size will
be ZZZZ words.

The Phase I main program is about to begin. The Phase I assignment
program has found no errors in control card punching.

REEL XX DROPPED
The XXth input reel has been dropped from the sort.
REEL XX LAST REEL

The XXth input reel is the last input reel processed by Phase I.

IN XXX XXXXXXX
DELET FXXXXXXXXXX
DUMP FXXXXXXXXXX
ouT XXX XXXXXXX

One, two, three or all of these messages may appear at the end of Phase I.
The IN message shows the number of input data records successfully read
by Phase I. The DELET message, if typed, shows the number of records
deleted. The DUMP message, if typed, shows the number of input file
tape blocks written on an unreadable records tape. The OUT message
shows the number of records written by Phase I; it will be typed only if
records have been deleted.

REPLACE XX

Tape unit XX, from which the last reel of the input file was read, will be
used as a work tape unit in Phase II. Dismount the last input reel and
mount a work tape on unit XX, unless the input reel is to be destroyed by

Phase II. Halt 2111 will occur at the beginning of Phase II to ensure
enough time for changing the reel.

PHASE 2 PASSXX REQZZ

The XXth Phase 2 pass is about to begin and ZZ Phase II passes (including
the XXth pass) remain to be performed.

CHPT +CUxxxxxNNN

Checkpoint record NNN is about to be written on the tape mounted on tape
channel and unit CU.
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PHASE 11

IN FXXXXXXXXXX

SUMM XXX XXXXXXX
DELET HFXXXX XXXXXX
DUMP +xxxxxxxxxX, NO RECONCILIATION
ouT FXXXXXXXXXX

These messages may or may not appear at the end of a Phase II pass. The
IN and OUT messages show the number of records read and the number
written, respectively, during the pass; these two messages will be typed
only if at least one of the other three is typed. The SUMM and DELET
messages, if typed, show the number of records summarized and deleted,
respectively, during the pass. The DUMP message, if typed, shows the
number of input tape blocks written on the unreadable records tape during
the pass; it also indicates that the pass-to-pass record count check and
pass-to-pass hash total check (if elected) have been suspended during the
pass.

PHASE 3
Phase III is about to begin.
CHPT +CUxxxxxNNN

Checkpoint record NNN is about to be written on the tape mounted on tape
channel and unit CU.

IN FXXXXXXXXXX
INSRT FXXXXXXXXXX
SUMM FXXXXXXXXXX
DELET FXXXXXXXXXX
DUMP +xxxxxxxxxx, NO RECONCILIATION
ouT £P'0.6.0.0.0.6.0.6.04

7070 SORT 90 ENDS

The last message identifies the conclusion of Sort 90 and precedes Halt
3333. The IN message shows the number of records read by Phase IH; it

is typed only if at least one of the four messages directly below is typed.
The INSRT, SUMM and DELET messages, if typed, show the number of
records inserted, summarized and deleted, respectively, during Phase III.
The DUMP message shows the number of input tape blocks written on the
unreadable-records tape during Phase III; it also indicates that the pass-
to-pass record count check and pass-to-pass hash total check (if elected)
have been suspended during Phase III. The OUT message shows the number
of records written by Phase III; it is always typed.

OUTPUT REEL XX TPZZ
The writing of the XXth reel of the output file, which is mounted on tape
unit ZZ, has been completed. Sort 90 will now either continue writing

records of the output file on another available tape unit, or come to Halt
3115, or conclude.
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PROGRAMMED HALTS

PHASE 1

All Sort 90 programmed halts are Halt and Proceed (HP) instructions. The
halts listed below are tabulated against digits 6-9 of the program register
typeout. Thus the typeout

2649 -0000001101
refers to Halt 1101.

For most halts, the sixth digit is 1, 2 or 3, indicating the Sort 90 phase
during which the halt occurs. An exception is Halt 7070, which is common
to all three phases and indicates a previous typing error.

The letter C or U, or neither, may appear to the right of the halt number in
the listing. C means that the halt is conditional, i.e., options are provided
for continuing Sort 90; U means that the halt is unconditional, i.e., Sort 90
may not be continued; no letter means that the halt is merely procedural.
The text of the message, which may be typed before a halt, appears in block
letters to the right of the halt number, immediately above the explanation

of the halt.

Programmed halts executed by the Input/Output Control System are not
included in this listing.

1000 C CONTROL CARD #X READ ERROR

A validity error was detected while Control Card #X (1, 2,
3, or 4) was being read. If using a card reader, correct the
card in error, replace it and the cards behind it (if any) and
press START. If the control cards are being read from
tape, press START to reread the control card image.

CONTROL CARD #X EOF

An end-of-file signal occurred while Control Card #X was
being read. Same action as above.

TAPE CONTROL CARD #X FSW CODE #Y

A condition other than Correct Length Record, Error or End
of File was detected while reading Control Card #X from tape.
#Y will be the condition code digit of the final status word.
Press START to reread the control card image.

1001 U CONTROL CARD ERROR OF TYPE #XX
From its analysis of control card punching, the Phase I assign-

ment routine has discovered a situation which makes it
impossible for the sort to continue. The type of error is
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01

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

indicated by the code number XX in the list below. In all
cases, the reason for the halt is obvious. To resume the
sort, the control card in error must be repunched correctly
and both Phase I and the control cards reloaded.

Two or more of the tape units to be used for Phase I input have
the same number.

Two or more of the Channel A tape units have the same number.
Two or more of the Channel B tape units have the same number.

Less than two tape units are indicated for Channel A and/or
Channel B.

Although Channel A and Channel B differ, Channel B and the
Input Channel are the same.

A Channel A tape unit is the same as a Channel B tape unit.

A tape unit to be used for reading the input file is the same
as a Channel B tape unit.

The tape unit to be used for dumping unreadable records is
the same as an input file tape unit or a work tape unit.

More than 160 digits of control data information have been
specified.

The number punched in the Summarizing Equals Control
column is greater than the total number of control data fields
specified.

One or more of the control data fields falls beyond the indicated
minimum length record.

The total number of digits in the specified control data fields
does not agree with the number punched in the Total Control
Data Digits columns.

The specified control data fields include more than 16 control
data segments.

The fifth and sixth positions (LL) of one or more otherwise
valid control data field descriptions are punched with zeros,
indicating a control data field(s) of no length.

The number punched in the Output Tape Unit Type column is
other than 1, 2, 3, or 4.

The number punched in the Record Form column is other than
1, 2 or 3.



39

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

The number punched in the Record Count Indicator column is
greater than 3.

The number punched in the Hash Total Indicator column is
either a zero, although there is at least one non-zero punch
in the Hash Total Field columns, or greater than 7.

The number punched in the record type column of the Phase I
Edit Indicators field is greater than 2, or indicates an unper-
mitted mode of record form alteration.

The number punched in the record type column of the Phase
III Edit Indicators field is greater than 2, or indicates an
unpermitted mode of record form alteration.

The number punched in the Collating Sequence column is
greater than 3.

The record-type column of the Phase I or Phase III Edit
Indicators field contains a valid non-zero punch, but the Phase
I length field or Phase III length field, respectively, contain
zeros, indicating that Phase I or Phase III editing will create
records of no length.

The number punched in the Input Channel, Channel A or Channel

B columns is other than 1 or 2.

The number punched in the Checkpoint Indicator column is
neither 0 nor 1.

The Hash Total Field is located beyond the last word of any
or all applicable record length descriptions.

The Form 3 Length Field is located beyond the last word of
the indicated shortest Form 3 record.

The number punched in the Phase I Area Indicator column is
either zero or greater than 3.

The Input Record Length field is punched with zeros.
A control data field description is punched with six zeros,
although a control data field description to the right is non-

zero.

The number punched in the Zero Suppression Indicator
column is greater than 1.

The number punched in the Input Tape Type column is either
zero or greater than 4.

The Input Blocking field is punched with zeros.



1002 C

1003 C

40

33

34

35

36

37

38

39

40

41

42

The Output Blocking field is punched with zeros.

The number punched in the Unreadable Record Indicator field
is other than 00, 10-29, 50 or 60.

Input tapes are indicated as unlabeled, but a hash total and/or
a record count option asks Phase I to check fields in input
tape trailer labels.

Input tapes are indicated as unlabeled, and the Input Reel
Count columns are punched with zeros.

Output tapes are indicated as unlabeled, but a hash total and/
or a record count option asks Phase III to insert fields in
output tape trailer labels.

The number punched in the Input File Label Indicator column
is greater than 2; or a low density input file with high density
labels is specified.

The number punched in the Output File Label Indicator column
is greater than 2; or a low density output file with high density
labels is specified.

The number punched in the Work Tape Label Indicator column
is greater than 2.

This code applies to Form 3 records only. The indicated
minimum input record size is greater than the indicated
maximum input block size.

The number punched in the SPOOL Indicator column is
neither 0 nor 1.

UNEQ NUMBER A, B TPS

The number of tape units indicated for Channel A is unequal to
the number indicated for Channel B. If desired, repunch
Control Card 1 and reload Phase 1. If the control card is not
corrected and the Start key is depressed, the order of merge
to be used in Phases II and III will be adjusted to the lower of
the two numbers; the excess tape unit(s) on the channel containing
the greater number will not be used.

INPUT CHAN X NOT WORK CHAN

Channel A and Channel B tape units are specified as using the
same channel, but the input file is to use a different channel.

If only one tape channel is available, this is a control card
punching error; correct Control Card 1 and reload Phase L.

If two tape channels are available, the sort will continue if

the Start key is depressed; however, the indicated configuration
will not permit overlapping of tape reading and writing in
Phases II and III.
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1005 C

1006 C

1010 C

1011 C

1012 U
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NOTE HASH FIELD WORD 000 DIG 0

The Hash Total Indicator column is punched with a valid hash
total option, but the Hash Total Field columns are punched with
zeros. If it is intended that hash totals be taken on the first
digit of the first word of each record, press START. If not,
correct Control Card 1 and reload Phase I.

CONTROL FLD OVERLAP
XX, XX

One or more pairs of control data fields are overlapped in a
record. The first line will be typed once. The second line
will be typed as many times as there are overlapping pairs
of control data fields, where XX, XX will be the numbers of
the overlapping fields. If punched improperly, correct
Control Card 2 and reload Phase 1. If the overlaps are
desired, press START.

LENGTH FIELD QUESTIONABLE

The Form 3 Length Field contains enough digit positions to
identify a record longer than the indicated longest input or
output tape block. If improperly punched, correct Control
Card 1 and reload Phase 1. If the Form 3 Length Field
contains high-order zeros, and if it is known that no single
record will exceed in length either of the indicated maximum
block sizes, press START.

An indicator word in 7070 storage suggests that Sort 90 has
been previously interrupted and restarted and that Phase III
should now be loaded into storage. If this is the case, set
Alteration Switch 1 OFF and press START. Halt 1011 will
follow immediately. If, however, Sort 90 is being started
from the beginning, set Alteration Switch 1 ON and press
START. Note that the halt will often occur if Sort 90 is being
started from the beginning after having been previously dis-
continued in Phase II.

Sort 90 will continue to load itself until Phase I has been
loaded and can execute itself. At this point it is necessary to
know if the Sort 90 control cards and the sort program are
being read through the same input device. If so, set Alteration
Switch 1 ON and press START; the control cards will be by-
passed. If not, set Alteration Switch 1 OFF and press START.

A card read as a Sort 90 control card does not contain zeros
in columns 76-80. It is likely that an insufficient number of
control cards were furnished and that a Phase II program
card has been read. Correct the situation and reload Phase I.



1051 U

1052 C

1053 U

1054 C

1101 C
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NOT ENOUGH STORAGE AVAILABLE PHASE X

Insufficient storage is available for the indicated phase.
Check the Storage Limit address for the phase and, also, the
record length and input and output blocking descriptions.

3AREA G OF XXX

Insufficient storage is available for Phase I to use a three-area
system of reading, writing and processing. For record Forms
1 and 2, XXX will be 000, indicating that no input tape blocks
can be read. For record Form 3, XXX will be the maximum
number of words which Phase I can permit in an input tape
block, the number being smaller than the maximum tape block
size punched in Control Card 1. If the Start key is depressed,
the program will attempt to use a two-area system of reading,
writing and processing.

2AREA G OF XXX

Insufficient storage is available for Phase I to use a two-area
system of reading, writing and processing. For record Forms
1 and 2, XXX will be 000, indicating that no tape blocks can

be read. For record Form 3, XXX will be the maximum
number of words which Phase I can permit in an input tape
block, the number being smaller than the maximum tape block
size punched in Control Card 1. Check the Storage Limit
address for Phase I and, also, the record length and input and
output blocking descriptions.

MAX BLOCK XXXX

This halt pertains only to Form 3 records. The number of
words in the computed sort tape block, XXXX, is less than

the indicated maximum number of words composing an input
and/or output tape block. If Control Card 1 punching is correct
and it is known that no single data record will exceed in length
the computed sort block size, press START.

RCORD CNT DISCREPNCY HXXXXXXXXXX tXXXXXXXXXX
HASH TOTL DISCREPNCY +XXXXXXXXXX +XXXXXXXXXX

Either or both of the above messages may be typed before the
halt. Each indicates a discrepancy between a value found in
the trailer label of the current input reel and a value computed
by Phase I. The first numerical word will be the label value,
and the second will be the computed value. There may also
by typed by itself or with one or both of these messages an
IOCS message noting a discrepancy between the block count
accumulated in Phase I and that contained in the trailer label
of the current input reel. To ignore the discrepancies and
continue Phase I processing, set Alteration Switch 1 ON and
press START. To attempt remedial action, set Alteration



1102 C

1103 U

1104 C

1106 U

1107 C

1108 C

1109 U
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Switch 1 OFF and press START; Halt 1102 will follow
immediately.

Two remedial actions are possible: To drop all records of the
current input reel from the sort, set Alteration Switch 1 OFF
and press START. To reprocess the current input reel, set
Alteration Switch 1 ON and press START.

In performing a Segment Mark Backspace per Count operation,
the load point was reached before the desired segment mark
was detected. This situation is beyond the control of Sort 90.
Discontinue and restart the sort from the beginning.

LABEL EOR, COUNT 00
LABEL EOF, COUNT XX

Either the trailer label of the current input reel or the Input
Reel Count, but not both, indicates that the current reel is the
last input reel. The first message will be typed if the Input
Reel Count, but not the trailer label, indicates that the
current input reel is the last. The second message will be
typed if the trailer label, but not the Input Reel Count, in-
dicates that the reel is the last; XX will be the number of
input reels still to be read according to the Input Reel Count.
In either case, set Alteration Switch 1 OFF and press START
to enter the Phase I end-of-job routine, accepting the current
reel as the last; or set Alteration Switch 1 ON and press START,
to continue processing reels of the input file.

In performing a Segment Mark Backspace per Count operation,
a tape mark was reached before the desired segment mark was
detected. This situation is beyond the control of Sort 90.
Discontinue and restart the sort from the beginning.

The current Phase I input reel has now been completely pro-
cessed and Halt 1110 or 1114 has previously occurred. To
terminate Phase I at this point so that the current input reel

will be considered the last input reel, whether or not it is,

set Alteration Switch 1 OFF and press START. To continue
Phase I, permitting the program to determine whether or not

the reel is the last, set Alteration Switch 1 ON and press START.

A validity error has occurred during a Write Segment Mark
operation. To perform a Tape Skip and rewrite the segment
mark, press START.

RECORD TOO SMALL

The length field of a Form 3 record indicates that the record
is shorter than the minimum length punched in the Input Record
Length field of Control Card 1. If the Start key is depressed,
the offending record will be typed. The sort cannot continue.
Correct Control Card 1 and restart the sort from the beginning.
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All but one of the Phase I output tapes have been completely
filled with records. The total number of records being sorted
has therefore just reached or exceeds the maximum permissible
number. To drop the records of the current input reel from

the sort and enter the Phase I end-of-job routine, set Alteration
Switch 1 OFF and press START. If it is known that few input
records remain, that one or more of the Phase I output tapes

is short, or that heavy summarizing will be performed in an
early Phase II pass, Phase I may be continued by setting
Alteration Switch 1 ON and depressing the Start key.

All of the Phase I output tapes have been completely filled.

To drop the records of the current input reel from the sort and
enter the Phase I end-of-job routine, press START. Providing
Halt 1110 or Halt 1114 has not occurred previously, the sort
will go to a successful completion. If either Halt 1110 or

Halt 1114 has occurred previously, the number of records
dangerously exceeds the allowable maximum. The sort will
most likely not succeed unless one or more of the Phase I
output tapes is short, or unless heavy summarizing will be
performed in an early Phase II pass.

Although more than the maximum allowable number of records
have been written on the Phase I output tapes, if Phase Iis
terminated at this point the sort will proceed to a successful
completion. To terminate Phase I, set Alteration Switch 1
OFF and press START; the records of the current input reel
will be dropped from the sort and Phase II will begin. If
instead it is desired to continue processing input records, set
Alteration Switch 1 ON and press START.

A Long Length Record has been detected in the sort input file.
This probably means incorrect control card preparation. If
the Start key is depressed, as much of the record as was
entered into 7070 storage will be typed, the record will be
discarded and Phase I will continue.

A segment mark has been detected in the sort input file. If
the Start key is depressed, the segment mark will be ignored
and Phase I will continue.

A Short Character Length Record has been detected in the sort
input file. This probably means that the wrong input file has
been mounted. If the Start key is depressed, the record in-
volved will be typed and discarded and Phase I will continue.

An error signal was detected while typing the message which
immediately precedes the Halt 7070 Program Register typeout.
To repeat the typing, set Alteration Switch 1 ON and press
START. To ignore the error, set Alteration Switch 1 OFF
and press START. Since most messages are followed by a
programmed halt, be prepared for another (and different)

halt.
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SEQUENCES HXXXXXXXXXX +TXXXXXXXXXX

The first numerical word will be the number of sorted sequences
produced by the previous Phase II pass (or by Phase I if the
Phase II pass just concluded is the first); the second numerical
word will be the number of sorted sequences produced by the
Phase II pass just concluded. The second number is not less
than the first, implying that the Phase II pass just concluded

did not further the sorting process. To continue with the next
Phase II pass, press START. This action is not recommended,
however, because the next Phase II pass is not likely to succeed
in reducing the number of sequences.

PHASE 2 PASSXX REQZZ

The number of Phase II passes, ZZ, that are still required at
the beginning of pass XX is not less than the number required
at the beginning of the previous pass. However, the previous
pass succeeded in reducing the number of sorted sequences,
indicating that some progress in the sort is being made. To
continue with pass XX, press START. This action is recom-
mended.

Modifications made in accordance with Modification II-4

indicate that summarizing is to be performed during the next
Phase II pass; however, the Summarizing Pass Control column
of Control Card 2 was punched with zeros and, therefore, the
special comparison routine required in Phase II for summarizing
has not been generated. Correct Control Card 2 and restart

the sort from the beginning or press START to continue Phase

II without summarizing. ‘

An indicator word in 7070 storage suggests that Sort 90 has

been previously interrupted and restarted and Phase IIT should
now be loaded into storage. (Halts 1010 and 1011 may have

just occurred.) If so, set Alteration Switch 1 OFF and press
START. If, however, it is known that Phase II is to be executed
at this time, set Alteration Switch 1 ON and press START.

Form 3 records are being sorted; however, the first instruction
of the area used in Phase II for Form 3 assignment routine
programming is not as expected. The cards containing such
programming have probably been removed from the Phase II
section of the Sort 90 program deck. Put the missing cards

in the deck and restart the sort from the beginning.

An indicator word in 7070 storage suggests an improper
action in loading Phase II. The contents of storage may have
been disturbed between Phases I and II (for example, by
improperly prefacing Phase II by a zero storage routine) or
an incorrect checkpoint record may have been read into
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storage. The offending condition should be removed and the
sort restarted from the beginning. Depressing the Start key
will cause the condition to be ignored and Phase II to continue;
the sort may not continue correctly, however, if sections of
storage other than the indicator word location have been altered.

In concluding the processing of an input tape reel, the IOCS
end-of-reel exit has been used. Because all sort work tapes
contain end-of-file trailer labels, this halt should never occur.
It suggests either faulty tape handling or improper modification
of IOCS routines. If the halt occurs, restart the sort from the
beginning.

All of the output tapes for the current Phase II pass have been
filled. Either one or more of the tape reels now being used
for output are too short, or the number of records being sorted
exceeds the maximum permissible number. If the number of
records being sorted is too great, restart the sort from the
beginning with a smaller number of input records.

All but one of the output tapes for the current Phase II pass
have been filled. Either one or more of the output reels is
too short, or the number of records being sorted exceeds the
maximum permissible number. To continue the current pass,
press START. If the remaining output tape cannot contain the
remaining input records, Halt 2103 will later occur. Under
certain conditions the pass may be concluded properly, but
results in Halt 2000 or 2001 at the beginning of the next Phase
II pass.

In performing a Segment Mark Forwardspace per Count operation,
a tape mark was reached before the desired segment mark was
detected. This situation is beyond the control of Sort 90.
Discontinue and restart the sort from the beginning.

A validity error has occurred during a Write Segment Mark
operation. To perform a Tape Skip and rewrite the segment
mark, press START.

This halt will occur at the beginning of Phase II to provide
time for replacing the last reel of the input file by a work tape.
When the tape unit described in the message REPLACE XX
(see page 35) has been mounted with a work tape, or if the

last input reel is to be destroyed by Phase II, press START.

IN FXXXXXXXXXX

SUMM  +XXXXXXXXXX

DELET +XXXXXXXXXX

OouT FXXXXXXX XXX

RCRD CNT DISCREPNCY

HASH TOTL DISCREPNCY +XXXXXXXXXX +XXXXXXXXXX

The pass-to-pass record count and/or pass-to-pass hash total
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check (if elected) are off in the current Phase II pass. The IN
message shows the number of records written by the previous
pass (or by Phase I if the current Phase II pass is the first).
The SUMM and DELET messages, if typed, show the number of
records summarized and deleted, respectively, during the
current pass. The OUT message shows the number of records
written by the current pass. The first numerical word in the
HASH TOTL DISCREPNCY message gives the hash total for
records written by the previous Phase II pass (or by Phase I

if the current pass is the first); the second numerical word gives
the sum of the hash totals of records written, deleted and
summarized during the current pass. If record processing
routines have been added to Phase I and/or Phase II, this

halt generally indicates incorrect coding of the routines. To
ignore the discrepancy and enter the next Phase II pass, press
START. This action is not recommended.

An error signal was detected while typing the message which
immediately precedes the Halt 7070 Program Register typeout.
To repeat the typing set Alteration Switch 1 ON and press START.
To ignore the error, set Alteration Switch 1 OFF and press
START. Since most messages are followed by a programmed
halt, be prepared for another (and different) halt.

Form 3 records are being sorted; however, the first instruction
of the area used in Phase III for Form 3 assignment routine
programming is not as expected. The cards containing such
programming have probably been removed from the Phase III
section of the Sort 90 program deck. Put the missing cards in
the deck and restart the sort from the beginning.

An indicator word in 7070 storage suggests an improper action
in loading Phase III. It may be that the contents of storage
have been disturbed between Phases II and III (for example,

by improperly prefacing Phase III with a zero storage program);
or that an incorrect checkpoint record has been read into
storage. The offending condition should be removed and

the sort restarted from the beginning. Depressing the Start
key will cause the condition to be ignored and Phase III to
continue; the sort may not continue correctly, however, if
sections of storage other than the indicator word location have
been altered.

In concluding the processing of an input reel, the IOCS end-of-
reel exit has been used. Because all sort work tapes contain
end-of-file trailer labels, this halt should never occur. It
suggests either improper modification of IOCS routines or
faulty tape handling. If the halt occurs, restart the sort from
the beginning.
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In performing a Segment Mark Forwardspace per Count operation,
a tape mark was reached before the desired segment mark was
detected. This situation is beyond the control of Sort 90. Dis-
continue and restart the sort from the beginning.

SEQUENCE BREAK

A sequence break has been detected between the current sort
output record and the preceding sort output record. This may
result from improper Phase III modifications which insert
records into the sort output file (See Modification III-2, page 66),
or from manual correction of an input record at some point in
the sort in which the control data was involved. To type the
current sort output record and the preceding output record, set
Alteration Switch 1 ON and press START; Halt 3110 will occur
after the typing is complete. To ignore the sequence break, set
Alteration Switch 1 OFF and press START; this will cause the
current output record to be included in the sort output file and
the next sequence-check comparison to be made between the
current record and the next output record. This action will
result in an out-of-sequence condition in the sort output file;

in recognition, the message SEQUENCE BREAK TO OUTPUT
will be typed.

This halt allows for optional treatment of the sequence break
condition discovered at Halt 3109. To drop the current output
record from the sort output file, set Alteration Switch 1 ON
and press START. This will cause the next sequence-check
comparison to be made between the preceding output record
and the next output record; also, the message DROP will be
typed. To ignore the sequence break, set Alteration Switch 1
OFF and press START. This will cause the current output
record to be included in the sort output file and the next
sequence-check comparison to be made between the current
record and the next output record. This action will result in
out-of-sequence condition in the sort output file; in recognition,
the message SEQUENCE BREAK TO OUTPUT will be typed.

Note that the condition responsible for the sequence break
should be investigated and corrected, even though the two
options are provided.

This halt will occur at the beginning of Phase III, if no Phase
II passes have been required, to provide time for replacing the
last reel of the input file by a work tape. When the tape unit
described in the message REPLACE XX (see page 35) has been
mounted with a work tape, or if the last input reel is to be
destroyed by Phase III, START.

Full reels of output records have been written on all tape units
available for the sort output file, as indicated by previous
OUTPUT REEL XX TPZZ messages. These same tape units
will be used for further reels of the output file. Remove the
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completed reels of the output file and mount work tapes on these
tape units, and then press START.

IN RP.0.0.0:0.0.6.0.0.04

INSRT FXXXXXXXXXX

SUMM FEXXXXXXXKXX

DELET +XXXXXXXXXX

OUT FXXXXXXXXXX

RCORD CNT DISCREPNCY

HASH TOTL DISCREPNCY +XXXXXXXXXX +XXXXXXXXXX

The pass-to-pass record count and/or the pass-to-pass hash
total check (if elected) are off. The IN message shows the
number of records written by the last Phase II pass (or by
Phase I if Phase II was not required). The INSRT, SUMM and
DELET messages, if typed, show the number of records
inserted, summarized and deleted, respectively, during Phase
II. The OUT message shows the number of records written
by Phase III. The first numerical word in the HASH TOTL
DISCREPNCY message gives hash total for records written

by the last Phase II pass (or by Phase I if Phase II was not
required); the second numerical word gives the sum of the
hash totals of records written, deleted and summarized during
Phase III. If record processing routines have been added to
any phase of Sort 90, this halt generally indicates incorrect
coding of the routines. To ignore the discrepancy and enter
the Phase III end-of-job routine, press START. This action

is not recommended.

7070 SORT 90 ENDS

If the Start key is depressed, the program will enter an IOCS
end-of-job '"busy loop' to permit the continued execution of
SPOOL programs.

An error signal was detected while typing the message which
immediately precedes the Halt 7070 Program Register typeout.
To repeat the typing, set Alteration Switch 1 ON and press
START. To ignore the error, set Alteration Switch 1 OFF
and press START. Since most messages are followed by a
programmed halt, be prepared for another (and different)

halt.



MODIFICATIONS

The Sort 90 program offers a convenient opportunity for performing actions
upon the file of records being sorted; these actions may lead directly out of
the sorting process, such as summarizing, or may simply take advantage
of the several tape passes which the file undergoes during the sort. This
section of the Sort 90 manual consists of two parts: First, a general
description of the procedure to be used in modifying the program; and
second, a series of detailed instructions for effecting several common
modifications. In making these modifications, a detailed knowledge of the
Sort 90 program is not required.

In detailing suggested modifications, symbolic labels are used when referring
to instructions and constants within Sort 90. Accompanying the Sort 90
program deck is a listing of 7070 addresses corresponding to each of the
symbolic labels, together with a description of the storage areas available

for modifications and the numbers of available index words and electronic
switches. It is suggested that modifications be coded in 7070 Autocoder
language, using statements such as EQU, ORIGIN CNTRL, XRESERVE CNTRL,
and SRESERVE CNTRL to cause the assembled modification to fall into the
desired storage areas and make correct reference to locations within Sort

90.

In performing the first few runs of Sort 90 after it has been modified, it

is recommended that full use be made of the pass-to-pass hash total checking
features available in Sort 90. Hash total checks are particularly important
if the modifications deal with processing the records of the file being sorted,
as they often detect mishandling of the records.

PATCHING

The suggested technique for modifying Sort 90 is the use of "patches, ' or
condensed load cards which contain the instructions required to effect the
modification and which are inserted immediately before the execute card
of the Sort 90 phase which they are to modify. Thus the loading sequence
consists of the Sort 90 phase, followed by new and altered instructions,
followed by the execute card which initiates execution of the program.

It is also possible to alter the contents of Sort 90 condensed load cards
directly, but this technique is to be frowned upon as it does not leave intact
a record of what instructions originally composed the program.

TYPES OF MODIFICATIONS

One type of modification alters the program logic of Sort 90, usually through
the insertion of revised or new program steps. An instruction in the Sort
90 program, called an "exit" instruction, is overlaid through "'patching"
with a Branch instruction to a modification routine, The last-executed
instruction of the modification routine is a Branch to a "return" instruction
within Sort 90. In some cases the modification routine will conditionally
branch to one of several possible return instructions. In a few cases, no
new routines are needed, and an exit instruction will be overlaid with a



Branch directly to a return instruction, thus bypassing a part of the Sort 90
program, or realigning the order in which sections of it are executed.

Another type of modification simply alters a constant or table entry within
Sort 90. Modification I-4 details a number of possible modifications of this

type.

PLACEMENT OF MODIFICATIONS

Each Sort 90 phase consists of two sections: a main program, or 'running
program, " which always remains in 7070 storage and actually effects the
sorting of records; and an assignment routine which is executed prior to
entering the main program and which modifies and adjusts the main program
for the desired Sort 90 application. The assignment routine is destroyed by
the generation of RDWs and the read-in of records after it has relinquished
control to the main program. Phase I loads in two sections: the first section
consists of the main program, other than IOCS subroutines, and most of

the assignment routine; and the second section consists of the IOCS subroutines
and the remaining portion of the assignment routine. (The I0CS OPEN
subroutine is located, in Phase I, in the second portion of the assignment
routine; in Phase II, in the main program; and in Phase III, in the assign-
ment routine. )

Storage allocation for each Sort 90 Phase is as follows:

Lower Storage Upper Storage
i

! Main Program [ Assignment Routine I Not Loaded |

The point marked ""Upper Storage" is controllable by the user for each phase
by means of addresses punched in Control Card 1. Modifications to the
assignment routine should be placed in the area marked '"Not Loaded"; these
will be destroyed when the main program is entered. Modifications to the
main program may not occupy this area, and must be positioned above the
point marked ""Upper Storage.' In other words, main program modifications
should be "crowded" into the uppermost usable section of 7070 storage, and
the address of the location immediately below the first modification instruction
should be entered on Control Card 1 for the affected phase. If both assign-
ment routine and main program modifications were used in a Sort 90 Phase,
area allocation after loading would look as follows:

Upper
Lower Storage Storage |
[ Main Program I Assignment I Assignment l Not Loaded [ Main Program L

Routine Routine
Modifications

The phase would use for RDW generation and record read-in the area from
the end of the main program up to, but not including, the first word of the
main program modifications.

The modifications detailed on the following pages are labeled '"Main Program
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or ""Assignment Routine, " according to which section of the phase they will
affect. Phase I assignment routine modifications are labeled "Part 1" or
"Part 2." Modifications are serialized by a I, II, or III, to indicate the phase,
and a numerical sequence number within each phase.

SETTINGS OF INTERNAL LATCHES

The assignment routine of each phase of Sort 90 executes a Halt Mode Sign
Change (HMSC) instruction, thus causing the computer to stop if a sign
change should occur; none should occur in correct operation of Sort 90. If

a modification is coded which requires the sensing of sign change, it is
recommended that a Sense Mode Sign Change (SMSC) instruction be given at
the beginning of the modification, and that a HMSC instruction be given before
returning to Sort 90.

The assignment routine of each phase of Sort 90 executes a Halt Mode Field
Overflow (HMFV) instruction if hash totals are not to be taken during that
phase, or a Sense Mode Field Overflow (SMFV) instructions if hash totals
are to be taken during that phase. The accumulation of a hash total is the
only action of Sort 90 which, in correct operation of the program, might
cause a field overflow to occur. The following table identifies the field
overflow mode for each Sort 90 phase, depending upon the hash total option
punched in column 35 of Control Card 1:

Option Phase 1 Phase II Phase I

0 Halt Halt Halt

1 Sense Halt Halt

2 Sense Sense Sense
3 Halt Halt Sense
4 Sense Sense Sense
5 Sense Halt Sense
6 Sense Sense Sense
7 Sense Sense Sense

If a modification is coded which requires the sensing of field overflow during
a phase which uses the halt mode, it is recommended that a SMFV instruction
be given at the beginning of the modification and that a HMFV instruction be
given before returning to Sort 90.

CHECKPOINT AND RESTART

EDITING

When adding modification routines to the Phase II or Phase III main program,
the user should cause the storage area(s) which they occupy to be written
with the checkpoint records written during these phases to permit later
interruption and restart. Modifications II-6 and III-7 should be consulted in
this regard.

Sort 90 offers considerable flexibility for addition by the user of routines
to edit the records of the file being sorted. Editing routines may be added
to Phase I (see Modification 1-6) or to Phase III (see Modification III-2), or
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to both phases. Following are the changes in record form and length which
editing routines may cause in either phase:

If the input The output form And the input data
form is may be record may be
1 lor2 Lengthened or shortened.
2 lor2 Lengthened or shortened.
3 3 Shortened, but not lengthened.

Sort 90 will itself take into account any changes made in record length or
form through editing. If a record is to be shortened in length, the terminal
words of the storage area into which it is read will not be written. If a
record is to be lengthened, the area into which the record is read will be
followed by unused storage words to permit additional words to be stored
and later written with the record.

If Form 2 records are altered in length, the record mark word signalling
the end of each record must be repositioned by the editing routine to indicate
properly the new length of the record. If Form 3 records are shortened,

the contents of the length field of each record must be altered to contain the
count of the number of words remaining in the record; the position of the
length field itself may not be altered.

SUMMARIZING

By ""'summarizing" is meant the accumulation of data fields of several records
with identical control data and deletion of all but the one record which con-
tains the accumulated data fields of itself and the other records. An example
is the summarizing of a file of purchase orders from several departments of
a company so as to yield a file of records showing total quantity and price of
a given item (the item number being the control data for sorting) to be
purchased by all departments collectively. The goal of summarizing is to
reduce sharply the number of records of a file while retaining all pertinent
information in the file.

Sort 90 offers exit instructions in Phase II and Phase III for branching to
added routines for accumulation of data fields of records with identical
control data. Whenever the sort executes one of these exit instructions,
two records with identical control data are on hand, and the data fields of
the second may be added to those of the first. When return is made to the
sort, it will delete the second record and test for equality of control data
between the next record of the file and the first, or "base' record.

Only by summarizing in Phase III can the user ensure that every "set" of
records with identical control data will be reduced to a single record. The
comparison routine which tests for identity of control data between two
records in Phase III is an integral part of Phase III, and is also used to
sequence-check the records written in the sort output file.

Summarizing in Phase II may cause the number of records undergoing further

Phase II passes and Phase III to be reduced enough to lower the total running
time of the sort significantly. The comparison routine which tests for identity
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of control data between records in Phase II is, however, a special routine
which is present in Phase II only when the user elects to summarize in one

or more Phase II passes; an additional comparison cycle is required for

each record on Phase II passes during which summarizing is to be performed.

Procedures for summarizing in Phases II and III are detailed in Modifications
I1-4 and III-2, respectively.

Control Card 2 allows the user to elect two features which may facilitate his
job of summarizing. Columns 66-67 may be punched with a number which
will cause Phase II to enter the summarizing mode (i.e., to perform the
added comparison routine necessitated by summarizing) when that number
of Phase II passes remains to be executed. Thus if this field were punched
02, summarizing could be performed on the last and next-to-last passes of
Phase II. If a number equal to or larger than the number of Phase II passes
required is punched, summarizing may be performed on each Phase II pass.
In addition, Modification II-5 details procedures which may be followed to
gain pass-by-pass control over establishment of the summarizing mode.
Regardless of all other considerations, columns 66-67 of Control Card 2
must contain a non-zero number if summarizing is to be performed in any
Phase II pass.

The second feature is that column 65 of Control Card 2 may be punched with
a number representing a number of control data fields to which Sort 90 will
limit itself in determining whether two records have identical control data.
(The records will of course be sorted on the full number of control data fields;
the punch in column 65 merely controls the use of exit instructions for
summarizing.) Thus, if records were to be sorted upon three control data
fields but the minor control data field differed among records which were to
be summarized, the digit 2 should be punched. Punching 0 in this column is
equivalent to punching the full number of control data fields — all control
data fields will be considered in identifying records with equal control data.
Punching a number greater than the number of control data fields will cause
an error halt to occur.

The summarizing routine added to Phase III, or to Phases II and III, need
consist only of the instructions which perform the accumulation of data fields
of the summarizable records. Deletion of summarized records and recon-
ciliation of record counts and (if any) hash totals are handled by Sort 90 and
need not be considered by the user.
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PHASE I - MODIFICATIONS

SORT 90 MODIFICATION I-1 Assignment Routine
(Part 1)
Purpose:

To control the unit record synchronizer, or tape channel and unit, from
which the Sort 90 control cards are to be read; or to provide for their having
been left in 7070 storage by a preceding program.

Description:

1.
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To read the control cards from a unit record device other than a
7500 Card Reader on Synchronizer 1, overlay location ACCUNITRD
with the instruction

UR S, O0+ATEMP

where S is a synchronizer number in the range 1 - 3, or 4 if the 7501
Console Card Reader is to be used.

Control cards may be read from a tape unit. If so, it is assumed that
the tape containing the control card data is positioned with the read/
write head directly before the control card data. Each control card
should be one tape record consisting of a mode change character
followed by eight numerical words. The density of the tape may be
either low or high but the tape unit is assumed already to be set to
whichever density is proper.

To cause control card reading from tape, overlay location ACCDUMMY
with the instruction

B ACCTAPERTN
and overlay location ACCTAPERD with the instruction
PTR CU, O0+ATEMP
where CU is the channel and unit (10-29) of the tape unit to be read.

If the control card data is left in memory before the loading of Phase
I, overlay location ACCDUMMY with the instruction

B AASSIGN
The control card data should be left in memory as thirty-two numerical

words, the first in location ACNTRLCARD and the last in
ACNTRLCARD+31.



SORT 90 MODIFICATION I-2 Assignment Routine
(Part 1)

Purpose:

Exits for miscellaneous routines at the beginning and ending of Part 1 of the
Phase I assignment routine.

Label of Exit
Instruction Place and Use

AASSIGN This exit instruction immediately follows the routine which
reads the Sort 90 control cards, and may be used for any
general assignment routine type of modification. Return
should be made to instruction AASSIGN+1.

ASSIGNLINK This exit instruction occurs at the completion of Part 1
of the Phase I assignment routine. It branches to a routine
which clears storage to zero from the end of Part 1 of
Phase I to the Phase I Storage Limit (columns 44-47 of
Control Card 1). The instruction at ASSIGNLINK+1 is the
last instruction of Part 1 of Phase I, and is a Branch to
location 0000 to initiate the loading of Part 2. Exit
ASSIGNLINK may be used for any general assignment routine
type of modification; return should be made to AZERFIRST.
If a loading system is used which does not leave a "pivot"
to itself in location 0000, ASSIGNLINK+1 should be used
to exit to the loading procedure, instructions for which
must be located either above the Phase I Storage Limit
or in an area of storage below Sort 90.

Note: If after interrupting Phase II and later restarting,
Phase I discovers that it has been reloaded, Phase III
being desired, Sort 90 will branch directly to
ASSIGNLINK+1.

The user should note that at either of the above two exits none of the Input/
Output Control System routines have been loaded, and that any attempt to
execute IOCS macro-instructions will result in disaster. Part 1 of Phase
I assumes itself to be operating with the priority mask set completely to
the "disallow" state, and apart from reading control cards performs no
input/output actions.

SORT 90 MODIFICATION I-3 Assignment Routine
. (Part 2)
Purpose:

Exits for miscellaneous routines at the end of Part 2 of the Phase I assign-
ment routine.
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Label of Exit ‘
Instruction Placement and Use

AADDASSIGN This is the last instruction of the Phase I assignment
routine, and may be used to enter any general housekeeping
modification. Return should be made to AGENERATE,
following which the generation of RDWs and read-in of
records will destroy Part 2 of the Phase I assignment
routine. Since the IOCS OPEN subroutine is also destroyed,
OPENIing of additional tape files in Phase I would be
accomplished through this exit.

SORT 90 MODIFICATION I-4 Assignment Routine
(Part 1)

Purpose:

Improvement of the accuracy of the Phase I area allocation computation and
selection routine.

Description:

When the Sort 90 Control Card 1 punching indicates that the sort itself is to
decide upon using a two-area or three-area read/write system in Phase I,
the computation and selection routine is strongly influenced by the values of
six 10-digit numerical constants in the Phase I assignment routine. If the
computation and selection routine is to be used, and if the standard values
do not agree with the actual circumstances of the Sort 90 application, the
user should modify these constants.

The symbolic label, meaning, contents, and format of each of the six
constants are listed below. The caret sign beneath a constant indicates

an implied decimal point; the user should be very careful when altering one
of the constants to preserve its decimal-point alignment.

Symbolic Label Meaning Format

CACDS Number of control data segments, +00000000G0
beyond the first, which are involved
in a comparison between any two
typical records of the file being
sorted. Assumed zero.

TAP Execution time (in milliseconds per +0000000000
record) of added Phase I programming
(such as editing) which processes
input records. Assumed zero.

ASL Average number of data records +0000000025
contained in a natural sequence in
the Phase I input file. Assumed two
and one-half records; might be much
larger if the input file is already
partially ordered.
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Symbolic Label Meaning Format

AWLI Average number of tape characters +00000000';\5
constituting one 7070 word of a
Phase I input record. Assumed
seven and one-half.

AWLS Average number of tape characters +00000000’;\5
produced by writing for Phase II
one word of a data record (zero-
suppression will be used). Assumed
seven and one-half.

AVRL3 (Applies only if Form 3 records are +0000000000,
being sorted.) Average length of a
Form 3 data record of the sort input
file. If this word contains zeros,
Sort 90 will assume the average Form
3 data record length to be either the
maximum block length or twice the
minimum data record size (both
quantities come from Control
Card 1), whichever is smaller.

SORT 90 MODIFICATION I-5 Assignment Routine
(Part 1)

Purpose:
To control the size of tape blocks written during Sort 90.

Description:

The Phase I assignment routine computes the sort blocking factor, or block
size, to be used during Phases I and II of Sort 90 based only upon storage
availability in Phases I, II, and III. It is possible with a two-way merge and
10, 000 storage words to write a block of as many as 1300 words, which
could produce (if all words were numeric) 13, 000 tape characters.
By overlaying location ABLOCKMAX with a word of the form

+000000XXXX

the user will cause Sort 90 to create tape blocks of not more than XXXX
words. Naturally this figure must not be smaller than the number of words
making up the largest possible data record during the sort.

SORT 90 MODIFICATION I-6 Main Program
Purposes:

Editing of Phase I input records; selective deletion of some Phase I input

records; any other record-by-record processing in Phase I.
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Label of Exit Labels of Return

Instruction Instruction
ARECDBRNCH AWRITE
ADELETE
Description:

Instruction ARECDBRNCH is executed once for every input record in Phase
I, immediately before the record is to enter the Phase I internal sorting
routine. It may be overlaid with a Branch to added programming. Whenever
the program passes through ARECDBRNCH, digits 2-5 of index word
ARECORD contain the start address of the record. ARECORD may thus be
used to index references to fields within the record, or to control movements
of the record. Its contents may not be disturbed.

The current input record may be edited, according to the restrictions
described on page 52. The added programming should return to AWRITE
when the editing of an input record has concluded. All control data field
descriptions on the Sort 90 Second Control Card should reflect the positions
of these fields within the edited record, rather than the input record. If
editing actions alter either the record type or the record length, or both,
columns 66-69 of the Sort 90 Control Card 1 must be punched.

If after examination of an input record it is desired to delete it from the
sort, the added programming should return to ADELETE,

Any other record-by-record processing may be done by exiting from
ARECDBRNCH to added programming, and the return instruction except
for deletions is always AWRITE.

The Phase I hash total, if any, is taken after re-entrance is made to
AWRITE or ADELETE; if Phase I editing is performed the Sort 90 First
Control Card hash field description should describe the position of the

field in the edited record. If hash total option 1, 4, 5, or 7 is used, and

if the editing of records involves changing the hash total field position,

and if some records are deleted — if all three conditions apply, the hash
total fields of the records to be deleted should be re-positioned before
return is made to ADELETE. If Phase I editing involves changing the con-
tents of the hash total field, hash total options 1, 4, 5, and 7 may not be
used.

SORT 90 MODIFICATION I-7 Main Program
Purpose:

To alter the IOCS treatment of the sort input file through modification of
its DTF entry.

Description:

The first word of the nine-word sort input file DTF table occupies location
IOCSFTBLO1. Changes may be made to the DTF fields listed below. Since
these DTF fields are partial-word fields, the user must locate the Phase I
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load card containing the word altered, and transfer to a patch card word all
digits which are to remain unaltered in the DTF.

The DTF fields which may be altered are:

Line Label (for reference) Present Contents
12 OPENPROC 2
13 CLSEPROC 3
30 RWDPROC 3

All other fields must not be changed, either because their present contents
are required by the logic of Sort 90 or because its Phase I assignment routine
extracts the pertinent information from Sort 90 control cards and inserts it
into the DTF fields.

The EOFPROCD exit is used by the sort, but is followed by an exit instruction;
see Modification I-9.

The EORPROCD exit is used by the sort; added end-of-reel coding may
however be entered by overlaying location AENDOFREEL with a branch
to the desired routine; return to the sort is made with the instruction

B O0+IOCSIXF

The instruction in AENDOFREEL is used as a Branch-NOP switch, and
consequently any overlaid instruction must be a Branch (operation code +01).

SORT 90 MODIFICATION I-8 Main Program
Purpose:

To modify the IOCS treatment of the sort input file tape labels.
Description:

The first word of the eight-word input file DC label information entry
occupies location AINLABEL. Changes may be made as detailed below.

Word AINLABEL itself contains the input file mask. Digits 0 - 4 may be
modified as desired; digits 5 - 9 must remain "00011. "

Word AINLABEL+1 contains a Branch address to the Sort "Exit 6" routine.
The routine checks (if record count option 1 or 3 is elected) the computed
record count for this reel against the record count in the input trailer

label, and checks (if hash total option 1, 4, 5, or 7 is elected) the computed
hash total for this reel against the hash total in the input trailer label. If
no checks are made, if the checks indicate no discrepancies, or if a dis-
crepancy has occurred but the operator elects either to ignore it or to
delete the entire reel from the sort, the program will immediately pass
through instruction AMORETRLR, which may be overlaid with a Branch to
added coding to process the trailer label, the first word of which occupies
location IOCSLBAREA+1. Return should be made to location AMORETRLR+1.
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If record count and/or hash total discrepancies cause the operator to repro-
cess the reel, AMORETRLR will not be active for this occurrence of trailer
label reading for the reel.

Word AINLABEL+2 (Exit 7) contains a Branch address to an instruction in

the sort which merely returns control to IOCS. A different branch address
may be inserted in this word for additional header label processing; return
should be made to IOCS by the instruction

B O0+IOCSIXF

The alphabetic fields contained in AINLABEL+3 through AINLABEL+7 are filled
from fields contained on the Input Label Control Card, if the latter fields

are non-zero. The user has two methods of establishing the fields against
which the contents of input file header labels will be checked: entering the
fields through the Input Label Control Card, or overlaying the fields directly

in the DC entry. If the input file is labeled, however, an Input Label Control
Card must be furnished. Control over what header label checks are to be
made is gained through modification of the mask in AINLABEL.

SORT 90 MODIFICATION I-9 Main Program
Purpose:

To cause the reading or writing of one or two additional tape files during
Phase I.

Description:

To read or write an additional tape file in Phase I, the user must assemble
a main program modification consisting of a DTF entry, a label DC inform-
ation entry, a DA for record storage areas, the requisite IOCS macro-in-
structions (including OPEN and CLOSE), the required processing instructions,
and the required linkages from and into the sort program. Exit instruction
ARECDBRNCH (see Modification I-6) will be involved for the purposes of
examining and processing records of the input file which have relation to
the records of the additional file(s) being read or written. If one additional
file is used, its DTF table should occupy the nine words beginning with
location IOCSFTBLO3; if two additional files are used, their DTF tables
should occupy the two nine-word areas beginning with IOCSFTBL03 and
IOCSFTBLO04, respectively.

The information sheet accompanying the Sort 90 program deck will give the
actual addresses of all IOCS labels required during the Autocoder assembly
of the modification. These are IOCSIRTAIN, IOCSIGEN, IOCSIOPEN,
IOCSICLOSE, IOCSIXF, and IOCSIXG. It is not possible to use IOCS
checkpoint and restart routines for additional Phase I files.

The priority digits (PRIORITY field of the DTF) used for the additional files
must be selected from the following: 0, 3, 4, 5, 6, 7, 8, and 9.

The OPEN instruction for any Phase I file must be issued through exit
AADDASSIGN (see Modification I-3), and the CLOSE instruction through exit
AWINDUP (see Modification I-10).
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SORT 90 MODIFICATION I-10 Main Program

Purpose:

End-of-phase processing in Phase I.

Label of Exit
Instruction

AWINDUP

AENDPHASE1

PHASE II - MODIFICATIONS

Placement and

Instruction AWINDUP occurs in the Phase I end-of-phase
routine after the last Phase I output records have been
written, and before Phase I output tapes are CLOSEd. An
added routine originating in AWINDUP should return to
instruction AWINDUP+1. This exit should be used for
performing the final processing of and CLOSEing additional
tape files, if any, read or written during Phase I.

Instruction AENDPHASE1 occurs at the beginning of a
routine to make linkage to the load program for purposes
of loading Phase II. It and the next three storage locations
contain the following:

AENDPHASE1 B *+1
PC *+2
B 0000
DC
+1111111111

If a loading system is used which does not leave a "pivot"
to itself in location 0000, AENDPHASE1+1 should be used
as an exit to the loading procedure.

Note: If after interrupting Phase II and later restarting,
Phase I discovers that it has been reloaded, Phase HI
being desired, Sort 90 will branch directly to AENDPHASE1+1.

SORT 90 MODIFICATIONS II-1 Assignment Routine

Purpose:

Miscellaneous assignment routine modifications in Phase II.

Label of Exit
Instruction

BASSIGN
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Placement and Use

This is the first instruction of the Phase II assignment
routine. Any general assignment modification may be
entered by overlaying BASSIGN by a Branch to the modifi-
cation. The sort program should be re-entered at
BASSIGN+1. Exit BASSIGN is available only before the
first Phase II pass, as the assignment routine is destroyed
before the first pass begins.



SORT 90 MODIFICATION II-2 Main Program
Purpose:
Exits for beginning-of-pass and end-of-phase processing in Phase II.

Symbolic Label Placement and Use

BSTARTPASS This instruction is the first instruction of the Phase II
initialization routine, and is executed at the beginning of
each Phase II pass. Any general housekeeping modification
may be entered through this instruction; return should be
made to location BSTART PASS+1.

BENDPHASE2 When Phase II concludes its last pass, it enters a routine
to make linkage to the load program to load Phase III.
Instruction BENDPHASE2 may be overlaid with a Branch
to added coding such as a specialized load initiator. The
contents of BENDPHASE2 and the next three locations are:

BENDPHASE2 B *+1
PC *+2
B 0
DC
+1111111111

Note: If, following a Phase II interruption and later
restart, Phase II discovers that it has been loaded, Phase
III being desired, it will branch to BENDPHASE2+1. The
link to the loading procedure must therefore begin with
this instruction.

SORT 90 MODIFICATION II-3 Main Program
Purpose:

Processing of records on a serial basis in Phase II passes.

Label of Exit Label of Return

Instruction Instruction
BRECEXITBC BPUT
Description

This exit provides for any simple record-by-record processing in Phase II
passes, such as the accumulation of various control totals. It is not active
in a pass in which Phase II summarizing is being performed. The instruction
contained in BRECEXITBC is located elsewhere when executed.

When using the exit, index word BRECORD contains in digits 2-5 the start

address of the "current'" record being processed. Return must always
be to BPUT.
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It is desired to execute different processing routines during various Phase

1I passes, the initialization routine exit BSTARTPASS (see Modification

1I-4) may be used to store into BRECEXITBC a Branch instruction appropriate
to the routine for the particular Phase II pass. If BRECEXITBC has pre-
viously been activated and it is desired to de-activate it, simply store the
instruction

B BPUT
SORT 90 MODIFICATION II-4 Main Program
Purpose:

Summarization in Phase I of records with identical control data.

Label of Exit Labels of Return
Instruction Instructions
BSUMBRANCH BSUMMARIZE
BWRITE

The instruction BSUMBRANCH is traversed whenever two records with
identical control data are discovered in Phase II, and if the Phase II
summarizing pass control (see Sort 90 Second Control Card columns 66-67
and Modification II-5) indicates that summarizing ability applies to the
Phase II pass currently being executed.

When the program reaches BSUMBRANCH, digits 2-5 of index word
BBASERECRD contain the start address of one record, and digits 2-5 of
index word BRECORD contain the start address of a second record the
control data of which is identical to that of the first record.

By means of instructions indexed by these index words, data fields (such as
amount fields) of the BRECORD record may be added to the corresponding
fields of the BBASERECRD record. The routine to perform this addition
should be entered by a Branch instruction which overlays BSUMBRANCH,
and should when complete re-enter the sort program at BSUMMARIZE. The
BBASERECRD record will be retained; the current BRECORD will be
deleted from the sort, and a new BRECORD record will be obtained as
above.

The summarizing instructions may not affect any of the following fields in
any record: all control data fields, the hash total field (if one is specified),
and the length field of Form 3 records.

SORT 90 MODIFICATION II-5 Main Program
Purpose:

Pass-by-pass control over Phase II summarizing.
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Label of Exit Labels of Return

Instruction Instructions
BSUMMTEST BDOSUMM
BSKIPSUMM

In the initialization for each Phase II pass, a comparison is made between
the "summarizing pass control' as punched in the Sort 90 Second Control
Card and the number of Phase II passes which remain to be executed. When
the first quantity exceeds or equals the second, the current Phase II pass

is established with the ability to detect summarizable records. When the
second quantity exceeds the first, the current Phase II pass does not detect
summarizable records.

This procedure may be overridden through use of a decision making routine
which is entered by overlaying BSUMMTEST with a Branch to the routine.
If the sort is re-entered at BDOSUMM, the current Phase II pass will detect
summarizable records; if the sort is entered at BSKIPSUMM, it will not.

When BSUMMTEST is executed, Accumulator 2 contains in its low-order
positions the number of expected further Phase II passes (including the pass
just to be entered). This quantity may be examined as desired; Accumulator
2 may not however be disturbed.

SORT 90 MODIFICATION II-6 Main Program
Purpose:

To cause index word, electronic switch, and main storage areas used by
Phase II modifications to be written in the IOCS checkpoint record for

proper interruption and later restart of Phase II.

Description:

A list of eight RDWs, as follows, is contained in Phase II for the use of
IOCS in writing a checkpoint record:

BCHPTRDWS DRDW (A plus RDW defining the Phase II index
word area.)
DRDW (A plus RDW defining the Phase II main

storage area. The stop address is taken
from columns 48-51 of Control Card 1.)

DRDW +¥, *
DRDW +* %
DRDW +* *x
DRDW +*x K
DRDW +x *
DRDW =k k

The first two RDWs may not be disturbed, but the last six are "dummy"
RDWs and should be overlaid as necessary with RDWs descriptive of
storage areas used by Phase II modifications. All of the RDWs should be
signed plus, except for the last, which should be signed minus.
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PHASE III - MODIFICATIONS

SORT 90 MODIFICATION II-1 Assignment Routine
Purpose:

Miscellaneous exit points during Phase III assignment.

Description:

Following are two instructions in the Phase III assignment routine from
which added programming may be entered.

Label of Exit
Instruction Placement and Use

CASSIGN This is the first instruction of the Phase III assignment
routine. Any general housekeeping routines may be
entered; return should be made to CASSIGN+1.

CADDASSIGN This is the last instruction of the Phase III assignment
routine; again, any general housekeeping modifications may
be entered from it. Return should be made to CGENERATE,
following which the generation of RDWs and read-in of
records will destroy the Phase III assignment routine.

Since the IOCS OPEN subroutine is also destroyed,
OPENing of additional tape files in Phase III should be
accomplished through this exit.

SORT 90 MODIFICATION III-2 Main Program
Purposes:
Editing, deleting, and summarizing of records in Phase III; insertion of new

records into the sort output file; other modifications involving processing
of records on a one-by-one basis in Phase III.

Labels of Exit Labels of Return
Instructions Instructions
CRECEXIT CSEQCHECK
CHIBRANCH CWRITE
CSUMBRANCH CDELETE
CSTEPDOWN CSUMMARIZE

CINSERT (subroutine)
Description:

These modifications center around the sequence-check made in Phase III.

The sequence-check is a comparison of the control data of the current "low"
record, the start address of which occupies digits 2-5 of index word
CRECORD, with the control data of the last sort output record, the start
address of which occupies digits 2-5 of index word CBASERECRD. The flow-
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chart (Figure 5) illustrates the positionings of the various exit and return
points; CSEQCHECK is the label of the first instruction of the sequence-
check routine itself, and may be used as a return instruction only if exit
has been made from CRECEXIT. Control passes through CSUMBRANCH
when the contents of the number of control fields indicated in column 65 of
Sort 90 Control Card 2 are equal; see page 32.

NETWORK

CRECEXIT

CSEQCHECK

"CRECORD"

FROM MERGE

TO MERGE
NETWORK

:"CBASERECRD"
< >
y L y
CSTEPDOWN CSUMBRANCH CHIBRANCH
HALT
‘7
CSUMMARIZE CDELETE
CINSERT CWRITE g

INSERT RECORD

l

l

PUT "CRECORD"

Figure S

At the beginning of Phase III, there will be no CBASERECRD record until
the CWRITE routine (or the CINSERT subroutine) has been executed once;
a switch within the CSEQCHECK routine sends control through CHIBRANCH

until this time. The very last record from the Phase III input tapes is avail-

able through any of the above exits as a CRECORD record, but not as a
CBASERECRD record; see Modification III-6.

Return instructions are employed according to the actions performed or to
be performed upon the CRECORD record.
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Deleting. If from any of the exits return is made to CDELETE, the current
CRECORD record will be dropped from the sort. The current CBASERECRD
record and the next CRECORD will be involved in the next sequence-check.

Summarizing. Summarizing routines should originate from exit CSUMBRANCH;
data fields of the CRECORD record may there be added to those of the
CBASERECRD record, and return made to CSUMMARIZE. This return

will cause the current CRECORD to be dropped and the next CRECORD record
to be compared with the current CBASERECRD, with control going through
CSUMBRANCH if its control data is again identical. It can be seen that if

there is a string of equal records, the first will result in control going through
CHIBRANCH, and all others through CSUMBRANCH.

Inserting. At any point in added coding, use or multiple use may be made of
the CINSERT subroutine, which will move to the sort output file a designated
record, insert its start address in digits 2-5 of CBASERECRD, and return
control to the added coding. The calling sequence is:

BLX CINSERTX, CINSERT
DRDW +HXXXX, yYYY

where the RDW defines the start-stop addresses of the record to be inserted;
the CINSERT subroutine will return to the instruction which follows the
DRDW entry. The record which was the CBASERECRD prior to use of the
CINSERT subroutine is made inaccessible through use of the subroutine,

and may not be referenced by further instructions in the added coding. If
the contents of the control data fields of the inserted record(s) bears no
resemblance to those of further sort output records, and if the routine in
which the records are inserted does not return control to CWRITE, the
sequence -check routines must not be permitted to compare the next CRECORD
record with the last of the inserted records. If the inserted records are
inserted in sequence with the records of the sort output file (for example,

if a new file were being merged with the Phase III output file), the sequence-
check routine should not be bypassed as in this case it has the additional
function of verifying the correctness of the insertions.

Editing; other processing. For editing and other processing which does not
involve the deletion of the CRECORD record, return should be made to
CWRITE. (This is the normal return; CSUMBRANCH and CHIBRANCH
transfer to CWRITE unless modified. )

The CRECORD record will be made the CBASERECRD record, and a new
CRECORD record obtained for the next cycle. Editing of the CRECORD
record must follow the restrictions mentioned on page 52. In addition, if
editing involves changes in the positions or contents of control data fields,
the entire sequence-check routine must be replaced. This may be done by:

1. Exiting from CRECEXIT

2. Editing the CRECORD record.

3. Comparing control data of the (just-edited) CRECORD record with that
of the (previously-edited) CBASERECRD. (A first-time-only switch
should be used to bypass this comparison for the first cycle.)

4. Returning to CWRITE.
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If the position or contents of the hash total field (if any) is altered by Phase
I editing, hash total options 2, 4, 6, and 7 may not be used. If hash total
option 3 is used, the hash total field position indicator in the Sort 90 First

Control Card must refer to the record as edited in Phase III.

SORT 90 MODIFICATION III-3 Main Program
Purpose:

To alter the IOCS treatment of the sort output file through modification of
its DTF entry.

Description:

The first word of the nine-word sort output file DTF table occupies location
IOCSFTBL01. Changes may be made to the two DTF fields listed below.
Since both are partial-word fields, the user must locate the Phase III load
card containing the word affected, and transfer to a patch card all digits

of the word which are to be unaltered.

The two DTF fields which may be altered are:

Line Reference Label Present Contents
13 CLSEPROC 3
30 RWDPROCD 3

All other fields may not be changed, either because their present contents
are required by the logic of Sort 90 or because the Phase III assignment
routine inserts into them the proper information. The EORPROCD exit is
used by Phase III, but an exit is provided at the termination of the sort
FOR routine for added coding. To use this exit, overlay instruction
CEOREXIT with a Branch to the added routine, and re-enter IOCS by the
instruction

B 0+IOCSIXF

It is possible to include as Phase III modifications IOCS routines which are
not contained within Sort 90. A convenient procedure for such modifications
is the assembly of a program consisting of a DTF entry which occupies the
same locations as the sort output file DTF entry and the desired IOCS
macro-instructions or routines; after assembly, the cards containing the
DTF entry and the generated file scheduler are destroyed. Relevant
locations pertaining to the sort output file are: IOCSFTBLO1, first word
of file scheduler; COUTPUTXWA, the first output file index word; and
COUTPUTXWB, the second sort output file index word. Knowledge of the
addresses of other IOCS symbolic locations which are loaded with Sort 90
is also required for proper assembly. This information is included in the
material which accompanies the Sort 90 program deck.
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SORT 90 MODIFICATION III-4 Main Program
Purpose:

To modify the IOCS treatment of the sort output file tape labels through
modification of its DC label information entry.

Description:

The first word of the twenty-one word output file DC label information entry
occupies location COUTLABEL. Changes may be made as detailed below.

Word COUTLABEL itself contains the output file mask. Digits 0-4 may be
modified as desired; digits 5-9 must remain 11111.

Word COUTLABEL+1 contains a Branch address to the Phase III "Exit 1"
routine and should not be altered. The routine inserts the record count into
the trailer label, the first word of which occupies location IOCSLBAREA+1
and inserts into the trailer label the hash total, both these actions being
conditioned by the options chosen as to record counts and hash totals. The
program then passes through location CENDEXIT1, which may be replaced
with a Branch to added coding; return should then be made to IOCS with the
instruction

B O0+IOCSIXF

Words COUTLABEL+2, COUTLABEL+3, COUTLABEL+4, and COUTLABEL+5
("Exit 2," "Exit 3," "Exit 4," and "Exit 5" respectively) all contain

addresses of an instruction within Phase III which merely sends control back
to IOCS. One or more of these words may be replaced with a Branch address
to added routines; in all cases added routines should return control to IOCS

by the instruction

B 0+IOCSIXF
Words COUTLABEL+6 through COUTLABEL+20, the alphabetic portion of
the output file DC entry, will be filled (in part) by Phase III from non-zero
fields on the Output Label Control Card, and may also be overlaid or
established by added routines. Control over what checks are to be made and
what fields are to be regulated by IOCS is gained through modification of the
mask in COUTLABEL.
SORT 90 MODIFICATION III-5 Main Program
Purpose:
To cause the reading or writing of additional tape files during Phase IIIL
Description:
To read or write an additional file in Phase III, the user must assemble a

main program modification consisting of a DTF entry, a label DC inform-
ation entry, a DA for record storage areas, the requisite IOCS macro-
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instructions (including OPEN and CLOSE), and the required linkages to and
from the sort program. These linkages will normally involve exit and return
instructions as detailed in Modification III-2.

The number of additional Phase III files which may be used is equal to (7-M),
where M is the order of merge: With a three-way merge, four files could
thus be processed. Following is a list of areas available for DT Fs for the
added files, with an indication of which priority digits (PRIORITY field of
the DTF) may not be used.

Label of First Priority Digit Use

Word of DTF

IOCSFTBLO1 1 Sort 90 output file.

IOCSFTBLO02 3 First Phase IN input file.
IOCSFTBLO03 4 Second Phase III input file.
IOCSFTBL04 5 Third Phase III input file; may be

overlaid with a new DTF if order
of merge is 2.

IOCSFTBLO05 6 Fourth Phase III input file; may be
overlaid with a new DTF if order of
merge is 2 or 3.

IOCSFTBLO6 7 Fifth Phase III input file; may be
overlaid with a new DTF if order
of merge is 2, 3, or 4.

IOCSFTBLO07 Vacant; may always be used for
new DTF.

IOCSFTBLO08 Vacant; may always be used for
new DTF.

Added DTF entries may be placed in any of the unused tables listed
above, but it is suggested that those at the end of the list be used
first.

The OPEN macro-instruction for added files must be given by a routine
originating at exit CADDASSIGN (see Modification III-1); exit CWINDUP (see
Modification III-6) is suggested as an exit point for processing of the

terminal records of added files and for issuance of a CLOSE macro-instruction
referencing the files.

The information sheet accompanying the Sort 90 program deck will give
actual addresses of all IOCS labels required during Autocoder assembly of
the modification. These are IOCSIRTAIN, IOCSIGEN, IOCSIOPEN,
IOCSICLOSE, IOCSIXF, and IOCSIXG. Checkpoint and restart routines
used by Phase III will automatically apply to additional Phase III files.
SORT 90 MODIFICATION III-6 Main Program
Purpose:

Exits for end-of-phase processing in Phase III.
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Description:

Following are two instructions in the Phase III end-of-job routine from
which added coding may be entered:

Instruction

CWINDUP

CENDPHASE3

Placement and Use

This instruction occurs after the last sort output record
has been PUT, and before the last Phase III output tape has
been CLOSEd. It may therefore be used to enter any
general end-of-job routines; return should be made to
CWINDUP+1. A particular use of exit CWINDUP, if
Modification II-5 is activated, is the completion of
processing and the closing of additional Phase III input

or output files. When control goes through CWINDUP,

the last Phase III record is available as the CBASERECRD
record, and the CINSERT suibroutine may be used (see
Modification III-2).

When Phase III is completely finished, it comes to a
programmed halt (Halt 3333); if START is depressed,
transfer is made to location IOCSEJLOOP, in the Input/
Output Control System, to set up a "busy loop" for SPOOL:
CENDPHASE3 B *+]

HP 3333(0)

B IOCSEJLOOP
Instruction CENDPHASE3 may be overlaid with a Branch
to added coding before the halt, such as a routine for
loading the next program. The IOCSEJLOOP routine
assumes a 10, 000 word 7070; if a 5,000 word 7070 is
used, alter digits 6-9 of IOCSEJLOOP, IOCSEJLOOP+5,
and IOCSEJLOOP+6 to ''4999."

SORT 90 MODIFICATION III-7 Main Program

Purpose:

To cause index word, electronic switch, and main storage areas used by
Phase III modifications to be written in the IOCS checkpoint record for
proper interruption and later restart of Phase IIL.

Description:

A list of eight RDWs, as follows, is contained in Phase III for the use of
10CS in writing a checkpoint record:

CCHPTRDWS
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DRDW (A plus RDW defining the Phase III index
word area.)
DRDW (A plus RDW defining the Phase III main

storage areas. The stop address is taken
from columns 52-55 of Control Card 1.)
DRDW +*, ¥
DRDW +* ¥



DRDW
DRDW
DRDW
DRDW

+*,*

+*’*

+*’*

~% %
’

The first two RDWs may not be disturbed, but the last six are "dummy"
RDWs and should be overlaid as necessary with RDWs descriptive of

storage areas used by Phase III modifications.

All of the RDWs should be

signed plus, except for the last, which should be signed minus.
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APPENDIX I

GLOSSARY OF TAPE SORTING AND TAPE HANDLING TERMS

BLOCKING

The incorporation of several data records, or item records, into one long
tape record, or block, in order to reduce tape space and tape acceleration
time per data record. The number of data records per block is the blocking
factor of a file.

CHECKPOINT
The writing of the contents of 7070 storage on tape, to permit later restart.
COLLATING SEQUENCE

An ordering of characters or digits based upon their effects in compare
operations.

CONTROL DATA

That portion of a record which is compared with the corresponding portion
of another record for sorting purposes. Control data consists of one or
more control data fields. That part of a control data field which lies within
boundaries of a 7070 word is termed control data segment.

HASH TOTAL

A total taken on an arbitrary field of records being sorted, for control
purposes only. The hash total taken during one pass may be compared with
that taken during a previous pass to aid in detecting any mishandling of
records.

MERGE

A sorting procedure consisting of the dovetailing together of records from
two or more sequences in order to produce one sequence. A merge executed
totally within a computer is called an internal merge. The number of
sequences being merged together is called the order of merge. A merge

of order M is also called an M-way merge.

PASS
One complete cycle of reading, processing, and writing an entire file.
RECORD COUNT

A simple count of the records processed during one pass; used for control
purposes.
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RESTART

The resumption of a program following a previous interruption. A restart
is usually effected by reading back into storage a previously written check-
point record.

SEQUENCE

A string of records arranged in the desired sorting order; they are in order
by control data according to the collating sequence being used.

STEPDOWN

A sequence break, or condition obtaining between two records the second
of which is not in sequence with the first.
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APPENDIX I

CALCULATION OF SORTING TIMES

The procedure for calculating the running time of Sort 90 for any one
sorting application is similar to that for calculating the running time for any
computer program with magnetic tape input and output. The tape input/
output time and the process times are computed, and the larger of these
times, incremented by any secondary factors such as rewind time, is taken
as the execution time of the program. In the case of Sort 90, which is a
multi-pass program, this procedure must be performed for each pass and
the resultant times added.

The step-by-step procedure described has the important advantage of yielding
a very precise time estimate, in spite of the large number of variable and
occasionally unknown factors which may contribute to the running time of
Sort 90. It furthermore allows unusual or non-standard conditions to be
taken into account, e.g., the effect upon process time of additional pro-
gramming which modifies or extends Sort 90.

Sort 90 Timing Calculations

The step-by-step procedure for calculating Sort 90 running times makes use
of eight tables. These tables are presented below, along with a discussion
of their proper use. A description of the procedure itself follows on page 82.

The time figures which are contained in the tables associated with the timing
procedure refer to a 7070. The step-by-step procedure allows the timing
figures to be adjusted for the operation of Sort 90 on a 7074.

In some cases a value to be used in looking up an entry in a table will not be
listed in the table. In this event, the closest table value should be used, or,
preferably, an interpolation with the surrounding values should be made and
used to extract the information from the table.

Tables I and II differ only in that Table I is to be used with a 5, 000-word
7070 or 7074, and Table II with a 10, 000-word 7070 or 7074. Each of these
tables gives Phase I basic process times, in seconds per 1, 000 records,
tabulated against the length, in words, of a data record being sorted.

Table III gives basic process times for one Phase II pass and for Phase III,
tabulated against the order of merge; these times are independent of data
record length and machine size.

Adjacent to each basic process time in Tables I, II, and III is a "time for
each additional comparison." The basic process times have been calculated
on the assumption that one comparison will rank any two data records of the
file being sorted, i.e., that the major control data segments are unequal.

The configuration of the records being sorted may be such that normally two
records cannot be ranked until more than one comparison has been performed.
The process time required for additional comparisons is obtained by multi-
plying the number of needed additional comparisons (see "Optimal Control
Data Arrangement, ' page 16) by the time for each additional comparison.
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TABLE I

SORT 90 PHASE I PROCESS TIMES IN SECONDS PER 1, 000 RECORDS
(5, 000-word 7070)

Record Length|Phase I Basic Phase I Time for Phase I Output Sort Blocking Factor
{words) Process Time Each Additional Sequence Length
Comparison 2-way 3-way 4-way 5-way
merge merge merge merge
1 5472 2425 333 208 156 125 104
2 5415 2400 238 138 104 83 69
3 5415 2,400 185 104 78 62 52
4 4458 1475 151 83 62 50 41
5 4458 1475 128 69 52 41 34
[} 4458 1,75 111 59 44 35 29
7 4458 1475 98 52 39 31 26
8 4458 1,75 87 46 34 27 23
9 4400 1450 79 41 31 25 20
10 4400 1,50 72 37 28 22 18
12 4,400 1450 61 32 24 19 16
l4 4400 1450 53 27 20 i6 13
16 4400 1450 47 24 18 14 12
18 4400 1450 42 21 16 i3 10
20 344l 1425 38 19 14 11 9
24 3e4l 1425 32 16 12 10 8
28 3441 1425 28 14 10 8 1
32 344l le25 24 12 9 7 6
36 3a4l 1e25 22 11 8 [} 5
40 2482 1400 20 10 7 [ 5
50 2482 1400 16 8 6 4 &4
60 2482 1400 13 6 5 4 3
70 2482 1400 11 5 4 3 2
80 219 0s75 10 5 3 3 2
90 2419 0e75 9 4 3 2 2
100 2419 0675 8 4 3 2 2
150 1e52 0450 5 2 2 1 1
200 leb52 Q0450 & 2 1 1 1
250 1452 0e50 3 1 1
300 0473 0425 2 1 1
400 0473 0425 2 1
TABLE I
SORT 90 PHASE I PROCESS TIMES IN SECONDS PER 1, 000 RECORDS
(10, 000-word 7070)
Record Length| Phase I Basic Phase I Time for Phase I Output Sort Blocking Factor
(words) Process Time Each Ad'ditional Sequence Length 2-way 3-way 4-way S—way
Comparison
merge merge. merge merge
1 6429 2450 998 624 468 374 3l¢
2 6029 2450 713 416 312 249 208
3 5472 2425 554 312 234 la7 156
4 5472 2425 453 249 187 149 124
5 572 2425 384 208 156 124 104
6 572 2425 332 178 133 107 89
7 5415 2400 293 156 117 93 7€
8 5415 2400 262 138 104 83 69
9 5415 2400 237 124 93 T4 62
10 5415 2400 217 113 85 68 56
12 5415 2400 184 96 T2 57 48
14 5415 2400 161 83 62 49 41
16 4458 1475 142 73 55 44 36
18 4458 1,75 128 65 49 39 32
20 4¢58 1475 116 59 44 35 29
24 4458 1475 97 49 37 29 24
28 4e58 1475 84 43 32 25 21
32 4400 150 T4 37 28 22 18
36 4400 1450 66 33 25 20 16
40 4400 1450 60 30 22 18 15
5¢ 4400 le50 48 24 18 14 12
60 3441 1425 40 20 15 i2 10
70 3041 1425 34 17 13 10 8
80 3441 le25 30 15 11 9 7
90 3441 1e25 27 13 10 8 6
100 3e4l le25 24 12 9 7 [}
150 2482 1400 16 8 6 4 4
200 2082 1400 12 [ 4 3 3
250 2419 0e75 9 4 3 2 2
300 2219 0475 8 4 3 2 2
400 2419 075 & 3 2 1 1
500 1452 0450 &4 2 1 1 1
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TABLE III
SORT 90 PHASE Il AND PHASE III PROCESS TIMES IN SECONDS PER 1, 000 RECORDS

Order of Merge

2-way 3-way 4-way S5-way
Phase II Basic
Process Time 1.12 1.28 1.44 1.60
(One Pass)
Phase II Time
for each Additional
Comparison 0.25 0.40 0.50 0.63

(One Pass)

Phase III Basic
Process Time 1.46 1.75 2.03 2.32

Phase III Time
for each Additional 0.50 0.63 0.75 0.88
Comparison

Note that all control data segments are not usually involved in a comparison
between two data records; only a small number of control data segments are
involved. (The determination of which control data segments are involved
requires some knowledge of the actual control data contained in the records. )

If any phase of the Sort is modified to perform additional functions such as
editing or summarizing, the execution time of the added programming should
be determined, as it contributes to the total process time of that phase.

Tables I and II give the number of records in a Phase I sorted output
sequence, based upon the number of words in a record. The total number
of sorted sequences which Phase I will produce is equal to the total number
of records being sorted divided by the number of records in one sorted
sequence. Tables I and II also give the blocking factor (number of data
records in a tape block, or tape record) used by the sort throughout its
operation; this figure is based upon both the record length in words and the
order of merge being used.

Table IV shows the number of Phase II passes necessary in a given run of
Sort 90, tabulated against the number of sorted sequences produced by
Phase I and the order of merge being used.

Tables V, VI, VII, and VIII give the time, in seconds per 1, 000 records,
required to read or write data records on magnetic tape. The four tables
show input/output times based upon tape unit model, i.e., 729 II and 729 IV,
and tape density, i.e., high (556 characters per inch), and low (200
characters per inch). The input/output time is tabulated against the
blocking factor and the "average' number of tape characters required to
express a data record on tape. The "average'' number depends on the
average number of words in a data record (if Form 2 or Form 3); the
number of alphabetic and number of numerical words; the number of mode
change characters; and, if zero suppression is used, the number of high-
order zeros in numerical words.

Tables V, VI, VII, and VIII are used to determine three different tape times;

the Phase I input tape time, the sort tape time (Phase I output, Phase II
input and output, Phase III input), and the Phase III output tape time.
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The Phase I input and Phase III output tapes may be written with either high
or low density, and with or without zero suppression. On the other hand,
all sort work tapes are written with high density and zero suppression.

1t should be noted in connection with tape rewind times that full rewinds are
not usually performed on sort work tapes. The total number of records is
spread over a number of tape reels equal to the order of merge, so that
any one tape reel will not be full.

The step-by-step procedure for calculating Sort 90 running times is pre-
sented below. The result of performing each step should be entered in the
space provided to the right of each step; subsequent steps will refer to the
results of previous steps by the step number.

TABLE IV
REQUIRED NUMBER OF PHASE Il PASSES
Number of Phase I Order of Merge

Output Sequences 2-way 3-way 4-way 5-way

1-2 0 0 0 0

3 1 0 0 (]

4 1 1 0 0

5 2 1 1 0

6-8 2 1 1 1

9 3 1 1 1

10-16 3 2 1 1

17-25 4 2 2 1

26-27 4 2 2 2

28-32 4 3 2 2

33-64 5 3 2 2

65-81 6 3 3 2

82-125 6 4 3 2

126-128 6 4 3 3

129-243 7 4 3 3

244-256 7 5 3 3

257-512 8 5 4 3

513-625 9 5 4 3

626-729 9 5 4 4

730-1024 9 6 4 4

1025-2048 10 6 5 4

2049-2187 11 6 5 4

2188-3125 11 7 5 4

3126-4096 11 7 5 5

4097-6561 12 7 6 5

6562-8192 12 8 6 5

8193-15625 13 8 6 5

15626-16384 13 8 6 6

16385-19683 14 8 7 6

19684-32768 14 9 7 6

32769-59049 15 9 17 6

59050-65536 15 10 7 6

65537-78125 16 10 8 6
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TABLE

v

TAPE TIMES IN SECONDS PER 1, 000 RECORDS
(729 IV — High Density)

Number of Tape .
Characters per Blocking Factor
Data Record 1 2 4 8 14 20 30 40 50 15 100 150 200 500 800
5 7438 3473 1,90 0,499 0460 Q444 0432 0426 0,23 Q.18 0415 0,13 0ed2 0409 0409
10 Tob6 3481 1498 1407 0e68 0452 0440 Q0e34 0e31 0e26 0423 0e21 0+40 Qa7 Qel7
15 Te54 3489 2406 1415 Oe76 0460 0e48 Oe42 0e39 0e34 0e31 0e29 0448 Qedd 0e25]
20 Teb2 3497 2414 1423 OeB4| 0,68 0456 0450 Qo7 0e42 0439 037 0436 0433 0433
25 770 4405 2422 le31 0.92 0.76 Qe64 0«58 Qe55 050 0447 0645 Qo4 Qe4l Oe4l
30 T.78 4el3 2430 1439 le00 0«84 0e72 0466 0e63 0e58 0e55 0e53 QeS¢ Qe49 0e49
35 T.86 he2l 2438 le47 1e08| Q.92 Q.80 074 0471 0466 0463| 0e61 060 Qe57 0457
40 7494 he29 2446 1455 lel6 1,00 0488 082 0479 074 Qe7l 0e69 068 065 0465
45 8402 4e37 2454 1e63 le24 1408 0496 090 087 Qe8¢ 0679 0s77 0e76 0e73 073
50 8,410 4e45 2462 le71 1432 1,16 1404 0e98 0495 0490 0487 0485 Qe84 Oebl QeblL
60 8426 hqebl 2,78 1,87 le48 14,32 1.20 lel4 lell 1,06 1,03 1,01 1,00 0497 0497
70 Bed2 4eT77 294 2403 164 le48 136 130 1e27 le22 1e19 1417 lels 113 1le13
80 8458 4093 3410 2419 1480 le64 1.52 le&6 le43 1.38 la35 1e33( 1e32 le29 1.29
90 BeTh 509 3426 2435 le96 1480 1le68 le62 1e59 le54 1le51 1e49 le48 1e45 le45
100 8490 525 3042 2451 2612 1e96 184 178 le75 170 le67 le65 leb4 lebl le.61
110 9406 5e41 3458 2467 2428 2612 2400 le94 le91 l.86 1.83 1.81 1480 177 177
120 9022 557 3e74 283 2044 2428 2416 2010 2407 2402 199 1497 196 193 1493
130 9438 573 3490 2499 2060 2e44| 2432 2426 24231 2418 2015] 2413| 2el2| 2409 24,09
140 9e54 5489 4406 3e15 2076| 2460 2448 2442 2439 2434 2,31 2429 2428 2425 2425
150 9.70 6405 4422 3431 2492 2,76 2,64 2458 2455 2,50 2447 2,45 ikl 2441 2441
160 9486 6e21 4438 3447 3.08 2492 2480 2e74] 2471 2466| 2463 2,61 2460 2457 2,57
170 10.02 6437 4e54 3,63 344 3408 2496 2490 2487 2,82 2479 2477 a6 2,73 2473
180 10e18 6053 470 3479 3440 3424 312 3.06 3403 2498 2095 2493 2692 2.89 2.89
190 10434 6e69 4486 3495 3656 3440 3428 3422 3419 3.14 3411 3409 3408 3405 3405
200 10650 6085 5402 Gell 3,72 3456 3e44 3.38 3435 3430 3427 3445 3424 3421 3.41
225 10490 Te25 5442 4451 bel2 3496 3484 3,78 3,75 3.70 3467 3465 3464 3461 3461
250 11.30 Te65 5482 4491 4452 4436 4,24 4,18 4415 44,10 4,407 4405 4404 4401 4401
275 1170 8405 6e22 5031 4492 4476 bGebl 4e58 4455 4450 4ot 4ebad bolth bebl 4ol
300 12,10 8e45 6462 5471 532 S5e16 5404 4e98 4e95 4490 44,87 4485 4484 4481 Ga81
400 13470 10405 8e22 Te3l 6092 6076 Seb64 658 655 650 6e47 6045 6044 604l b6e4l
500 154301 1le65 9482 8491 8452 8436 Be24 8418 8el5 8410 8.07 8405 8404 8401 8401
750 1930 15e65] 13e82] 12091 12e52] 12436 12e24| 12e18| 12e15] 12610] 12407 12405[ 12404| 12.01] 12401
1000 23e30| 19665| 17482 16091 16452 16e36] 16e24] 16018| 16415| 16e10| 16e07| 16405| 16e04| 16401] 16401
1500 31430 27465| 25482] 24491 24452 2¢4436| 24424 24418) 24,15| 24,10f 24,07| 24,05| 24,04 24,01 24,01
2000 39430] 35465| 33482 32e91| 32e52| 32436| 32424 32418{ 32415| 32410| 32407] 32.05| 32.04| 32.01]| 32,01
3000 55,30 51465]| 49,82 48,91| 48,52 48,36 48,24 48,18] 46,15 48,10| 48,07 48,05| 48,04 48,01| 48,01
4000 T71e30| 67e65| 65482| 64091 64452| 64436| 64e24| 64418| 64415( 64410| 64407 64¢05] 64404| 64401 64,01
6000 103430 99465] 97,82 96,91 96452 96436 96,24 96,18] 96,15| 96,10| 96,07| 96,05| 96,04 96,01| 96,01
8000 135030(131065{129082|128¢91(128¢52|128¢36!128024|128+18[128415(128410(128407[128405({128404(128401]{128401
10000 167030]1163e65]161682]160091{160652]160436{160424]160418|160415/160,10]160,07[160,05[160,04(160,01{160.01
TABLE VI
TAPE TIMES IN SECONDS PER 1, 000 RECORDS
{729 IV — Low Density)
Number of
Tape Char- Blocking Factor
acters per
DMaR;;rd 1 2 & 8 14 20 30 40 50 75 100 150 200 500 800
5 Te52 3487 2404 113 Oe74 0.58 0.46 0+40 0637 0e32 0429 0427 Qe26 0423 Ge23
10 Te74 4e09) 2426 1435 096 0480 0.68 0e62 0459 Qe54| 0451 0649 048] 045 0e45
15 71496 4431 2,48 1457 1,18 1,02 090 Qe84| 0481 0e76] 0473 0e71{ o0e70| 0467 0667
20 8418| 4453 2,70 1479 1440| 1424 1,12 1,06 1e03| 0e98] 0495| 0493 0e92] 0059 0489
25 84 4e75 2492 2401 leb62 le4é le34 le28 le25 1.20 117 115 lela lell lell
30 8462 4e97| 3el4 2423 le84| 1468] 1456 1450 le47 le42 1.39 1437 1.36 1433 1433
35 8e84 519 3e36 2045 2406 1e90 178 le72 le69 leb4 le61 1le59 le58 le55 1455
40 9406 5a41 3458 2467 2628| 2412 2400 le54 1.91 le86 1483 l.81 l.80 1e77 1.77
45 9428 5463 3480 2489 2450 Ze34 2622 2016 2413 2408 2405 2403 2402 199 l.99
50 9450 5485 4402 361l 2472 2456 244 2.38 2435 2430] 2427 2425 2424 2,21 2,21
60 9494 6429] 4446 3455 3.16] 3,00] 2,88 2.82 2,79 2,74 2,71 2,69 2468 2,65 2,65
70 10438 6073 4490 3499 3060| 344 3,32 3.26 3423 3.,18| 3,15 3.13 3412] 3,409 3409
80 10482 Tal? 5434 Ge43 4404 3,88 3,76 3,70 3,67 3,62 3459 3457 3456 3453 3,53
90 11,26 7461 5,781 4487| 4,48 4432 4,20 4¢l4| 4411 4,06 4,03 4,01 4,00 3.97| 3,97
100 11.70 8405 6622 5631 4e92| 4e76| 4e64| 4458 4455 4450 4447 4445 Ge44| 444l 4ol
110 12.14 849 6466 5475 5436 5420 5.,08 5.02 499 4e94 4,91 4489 4,88 4485 485
120 12458 8493 74101 6419] 5480| 5464 5452 5046 5¢43 5438 5635 5433 532 5629 5.29
130 13,02 9437 7454 6463 6424 6,408 5,96 5,90 5,87 5,82 5,79 5,77 54,76 5,73 5,73
140 13446 9481 7498 7407 6068 6452 6440 6434 6e31 6426 6423 6421 6420 6417 6417
150 13,90| 10425 8o42 Te51 Tel2] 6,96 6.84 6478 6475 6470 6467 6465 6464 6461 6461
160 lb4,34] 10469 8486 7495 Te56 Te40 7,28 Te22 719 Tol4h 7411 7409 7408 7405 7405
170 14,78 11,13 9430 8,439 8400] 7484 7,72 Teb6 71463 T.58 7455 7453 Te52 Te49 T.49
180 15422 11457 9474 8483 8ab4 8428 8,16 8610 8407 8402 7499 Te97 7496 7493 7493
190 1566 12e01| 10e18 9027 8088 8e72 8060 8e54 8e51 8e46 8443 8e4l 8040 837 8437
200 16410 12445] 10462 9471 932 9¢16| 9404 8498 8495 8.90 8.87 8485 Be84| 8481 8.81
225 17¢20| 13455| 11e72| 10481| 10442 10426| 10.414| 10.08] 10,05 10,00 9497 9495 9e94| 9491 9491
250 18430 14465] 12482 11e91| 11452 11436] 11024 11018| 11415 11410| 11.07| 11,05| 11.04] 11,01{ 11.01
275 19040 15475 13492 1340L| 12462 12,46( 12,34| 12,28| 12425| 12.20] 12,17 12,15] 12414 12411 12,11
300 20650| 16085| 15002| 14ell| 13e72| 1356 13e44| 13e38| 13435| 13430| 13e27| 13425| 13424 13¢21] 13421
400 24090) 21425| 19442| 18451| 18e12] 17496 17e84| 17e78| 17075| 17e70| 17467 17465] 17e64| 17461 17461
500 29630 25465| 23482| 22e91| 22e52| 22436 22424 | 22018 22415| 22410] 22407 22405] 22404{ 22.01] 22,01
750 40030 | 36465| 34482| 33491| 33452| 33,36 33,24 33418| 33415 33410| 33.07| 33,05| 33.,04| 33,01| 33,01
1000 51430| 47465 45482 44491 44452| 44436 44,24 44,18 44,15 44,10| 44,07 44,05| 44,04 44,01 44,01
1500 73430 | 69665| 67482] 66491 6652 66036 66024 | 66018 66015| 66e10| 66407 66405] 66404 66e01| 66401
2000 95430 | 91465| 89,82 88,91| B85z 88436 86,24 | 88,18| BU15| BB,L0| 88,07| 88,05 88,04 88,01 88,01
3000 139430(1354651133482|132491|132e52|132636|132424]132e18{132415{132410(132407[132,05|132404[132e01]|132,01
4000 183430|179465(177e82| 17691 176052|176436[1764241176018[176015(176010|176407{176405(17604|176¢01[176401
6000 271030|267065/265082]| 264991 26452| 264036 264024 (264018]264¢15]/264010{264407]2644¢05| 264004 |264401264401
8000 359430(355465|353482|352491|352452{352436 (352424 [352418(352415[352410352407 [352405] 352404 [352401{352.01
10000 447430 443,65| 441482 440,91] 440,52|440,36|440,24 440,18 440,15| 440,10 440,07 |440,05| 440,04 |440,01] 440,01
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TABLE

viI

TAPE TIMES IN SECONDS PER 1, 000 RECORDS
(729 11 — High Density)

|Number of
Tape Char- Blocking Factor
acters per
Data Record 1 2 4 8 14 20 30 4Q 50 75 100 150 200 500 800
5 10,92 5452 24,82 1,47 0489 0,66 0,48 039 0434 0426 0423 0e19 0el7 Oei Oed3
10 11404 5464 2,9%| 1459 1401| 0478| 0460 OeS5L| 0e46| 0438 0435 0e31] 0649 0e<46| 0425
15 11416 576 3406 1.71 1e13 0490 Q.72 0463 0e58 0450 047 Qe43 Qettl 0438 0637
20 11.28 5,88 3418 1,83 1e25 1402 0«84 0e75 0e70 0e62 0659 0e55 0453 0e50 049
25 11440 6400 3430 195 1e37 led4 0696 087 QeB2 Qe 74 0.71 0467 0465 0462 0e61
30 11452 6412 3442 2407 1e49 1426 1,08 0699 0e94 0486 0483 0479 077 Oe74 0473
35 11464 6e24 3454 2419 1e61 1438 1.20 le11 1406 0.98 095 0491 0489 Q.86 0.85
40 1176 6436 3466 2431 1e73 1+50 le32 1.23 l.18 l.10 1407 1403 1401 098 0497
45 1188 6048 3478 2043 185 le62 lebhr 135 1le30 le22 lel9 1015 lel3 lel0 109
50 12400 6460 3490 2655 197 le74 1e56 le&7 le42 le34 1e31 le27 1425 1e22 121
60 12424 6084 bell 2479 2621 198 1.80 171 leb6 le58 155 le51 1e49 le4b le45
70 12¢48 708 4e38 3403 2045 2022 2404 1e95 190 182 1e79 175 le73 1e70 1469
80 1272 Te32 4e62 3427 2069 2446 2428 2619 2414 2406 2403 199 197 le94 1493
90 1296 Te56 4e86 3451 2493 2070 2452 2e43 2438 2430 2427 2423 221 2.18 2417
100 13,20 7480 5410 3475 3417 2494 2,76 2467 2462 2454 2451 2447 2445 2442 2,41
110 13044 8404 534 3499 304l 3418 3.00 2091 2486 2,78 2475 2471 2469 2466 2465
120 13,68 8428 5e58 4423 3465 3442 3424 3615 3410 3.02 2,99 2495 2493 2490 24,89
130 1392 8452 582 4ol 3489 3466 3448 3439 3434 3626 3423 3419 3417 3el4 3413
140 14.16 8e76 6406 4e71 4613 3,90 3.72 3463 3458 3450 3447 3443 3e4l 3438 3.37
150 14440 9400 6430 4495 4437 bell 3.96 3487 3a82 3474 3,71 3,67 3465 3462 EXY-%
160 14464 9e24 6054 5019 4061 4038 4020 bell 4006 3.98 3495 3e91 3489 3486 3485
170 14488 948 678 5e43 4e85 4e62 4olels 4e35 4430 4e22 4el9 4415 4el3 4410 4409
180 15412 9472 Te02 5467 5409 4eB6 4e68 4e59 4e54 4446 4443 4439 4437 4e34 4433
i%0 15436 9496 Te26 5491 5433 5410 4,92 4483 4478 4s70 44,67 4463 4461 4458 4457
200 15460 10420 7450 6415 5457 5¢34 5416 5407 502 4494 4491 4487 4485 4e82 4481
225 16420| 10680 810 6075 6017 5494 576 5067 562 5454 5451 547 5445 5042 5441
250 16,80 11,40 8470 Te35 6,77 6454 6436 6e27 6422 64l 641l 6407 6405 6402 64,01
215 1740 12400 930 Te95 7437 Tel4 6096 6087 6e82 674 6e71 6067 6465 6e62 6461
300 18,00 12,60 9490 8455 797 Te74 7456 o4 Te42 Te34 7431 7427 Te25 Tel2 7421
400 20640| 15400| 12430] 10495 1037 10414 9.96 9.87 9.82 974 9,71 9467 9465 9e62 9.61
500 22680 17440 14e70| 13435| 12477| 12454 12436 12627 124221 12414 12411 12407 12405( 12,02| 12,01
750 28480 23440| 20,70 19435| 18477] 18e54| 18436 18e27| 18422 18414 | 18el1| 18407 18405| 18.02| 18,01
1000 34,80 29,40| 26,70 25,35 24477] 24454 24,36 24,27| 24422 24,14} 24,11| 24407| 24,05 24,02| 24,01
1500 46480 41440| 38470 37.35[ 36477 36454 36436| 36427 | 36422 36414 3641)| 36,07| 36405| 36,02 36,01
2000 58480 53440| 50670| 4935 48477 48e54| 48436 48027 | 48022 | 48414 | 4Ball| 48407 48405| 48.02| 48401
3000 82,80 77,40 T4,70| 73,35] T2,77| T2,54| T¢,36| T¢427| 72422 12,14 T2,11] T2,07| 72,05| 72,0¢| 72,01
4000 106480[101440| 98¢70| 97e35) 96677 96454 96436 96427 | 96422 | 96414 | 964ll| 96407 96405 96402] 96.01
6000 154080 149440 14670 145435( 144477| 144,54 |144.36] 144027 {144422 144614 (146411 {14407 (144405[144,02)144,01
8000 202480 197040| 194¢70[193¢35( 192077192454 (192036192027 (192022 (192414 [1924111192407]192405(192402]192.01
10000 250480 245,40| 242,70 244 ¢32| 240477| 260,54 [ 240436 240427 |240422 (240414 |240411 [240407 [240405({240402( 240,01
TABLE VIII
TAPE TIMES IN SECONDS PER 1, 000 RECORDS
(729 I1 — Low Density)
Number of
Tape Char-~ Blocking Factor
acters per 1 2 4 8 14 20 30 40 50 75 100 150 200 500 800
Data Record
5 11413 5,73 34,03 1.68 lell 0e87 0469 0460 0e55 048 Qo4 Qe4l 0639 0e36 035
10 1147 6407 3437 2402 le4é le2l 1,03 Qe 94 089 081 0478 074 Qe72 Qeb9 D68
15 1180 6040 3470 235 le78 le54 136 1le27 1e22 lel5 lell 1.08 1406 103 1.02
20 12el4| 674 404 2469 2ell le88 170 lebl le56 le48 1445 le4l 1.39 le36 1.35
25 12447 707 4037 3402 2445 2621 2403 l1e94 1489 1.82 1.78 1e75 173 1470 1.69
30 1281 Tekl 4eT1 336 2478 2655 237 2028 223 2415 2412 2408 2406 2403 202
35 13414 TeT4 5404 3469 3612 2488 2.70 261 2456 2449 2445 2442 2440 2437 2,36
40 1348 8408 538 4003 3e45 3422 3404 295 2490 2482 2479 2675 2473 2470 2469
45 13.81 8okl 5471 4436 3.79 3455 3437 3.28 3423 3416 3412 3409 3407 304 3403
50 1415 8e75 6405 4e70 4al2 3489 3671 3e62 3457 3449 346 3042 3e40 3437 3436
60 14,82 9442 6,72 5437 4679 4,56 4,38 4429 Lo2b 4416 44,13 4409 4a07 4404 4403
70 15449 10409 7439 6404 5446 5423 5,05 4496 4491 4,83 4480 4q76 4o74 4gTl 4,70
80 16416] 10476 8406 6671 613 5490 5472 5463 5458 5450 5447 5443 S5e4l 5.38 5,437
90 16483 11,43 8,73 Te38 6480 6457 6,39 6430 6425 6417 6414 6410 6408 6405 6404
100 1750 12,10 9440 8405 Te4T Te24 7406 6497 6092 6484 6,81 6477 6475 6e72 6471
110 18417 12,77 10,07 8472 8el4 7491 7473 T.64 Te59 7451 T 448 744 T2 Te39 7,38
120 18e84| 13444| 10674 9e39 B8e81 8e58 8440 8e31 8426 8e18 8415 8el1l1 8409 8406 8405
130 19451 14411 11le4l| 10406 Se48 9425 907 8498 8493 8485 8,82 8,78 8476 84732 8e72
140 20,18 14478] 12,08| 10473| 10415 9492 Y74 9465 9.60 9452 949 9445 9,43 9440 94,39
150 20,85 1545| 1275 11440| 10482| 10659 10441} 10432 10,27| 10.19| 10,16 10,12 10,10 10,07| 10,06
160 21e52| 16012] 13442| 12407| 11e49| 21426| 11.08[ 10,99 | 10.94] 10.86( 10,83 | 10,79] 10,77| 10,74 10,73
170 22019] 16479| 14409 12474 12416| 11493 11475] 11466 Lle6d| 11e53| 11.50| 11e46| Llled4] 1l,4l| 1ll.4Q
180 22e86] 17e46] 14476] 13e41| 12483 12460| 12e42| 12433 | 12028 12420] 12.17| 12413| 1241l| 12408{ 12.07
190 23653 18e13| 15043 14408| 13450| 13427 13¢09| 13400 12495( 12487 12484 | 12480 12478 124751 12474
200 24420 18480 16410| 1475 14417| 13494| 13¢76] 13467 13462 13454 13451 13447 13.45] 13.42| 13.41
22% 25e87| 20447| 17e77| 16e42| 15685 15¢61] 15.43| 1534] 15429] 15422 15418 15415 15613 15010]| 15,09
250 27¢55] 22615| 19¢45] 18e10| 17e52! 17429 17611} 17.02| 16e97| 16489| 16486| 16482| 16480| 16477| 16476
275 29422] 23482| 21412 19¢77| 19420| 18496| 18478] 1865 1Boeb4| 18457| 18453 18450| 18448| 18.45( 18,44
300 3090 25,50| 22480| 21445| 20487| 20464| 20.46( 20437{ 20e32] 20424 20,21| 20417] 20415 20412| 20.11
400 37,60 32,20| 29450 28415| 27457 27,34| 27.16] 27.07| 27402] 264,94 26,91 26,87 26,85 26,82] 26,81
500 44e30| 38490 36020| 34485| 34e27| 34404 33486| 33477| 33472 33464 33,61 33457 33455 33,52 33,51
750 61405| 55465| 52495| 51460| 51,02 50479| 50.61| 50.52] 50447 50439 50.36| 50432] 50430| 50.47| 50,26
1000 7780] 72,40| 69,70 68435| 67477| 67454] 67436 67427| 67422 67414 67411l| 67,07| 67405 67.02] 67,01
1500 111430]| 105490} 103420 101482| 101427|101404| 100,86} 100477|100472|/100464|400.61 100457} 400455| L00.92| L00W5L
2000 164,80 139,40]136,70(135¢35( 134,77 134454| 134436| 134427[134,22 134,14|134,11|134,07{134,05| 134,02]| 134,01
3000 211480 206440]203470|202¢35( 201677/ 201454] 201436|201427(201,22{201,14)201,11 201,07[201.05| 201,02] 201,01
4000 278480(273,40]1270,70(269435| 268477|208,454] 266436( 268427 260,22| 268,14 268,11|268,07|268,05| 268,02 268,01
6000 412480]407,40]|404,70]|403,35| 402477| 402454} 402,36 402427| 402422 402414] 402,11 |402,07] 402405 402402| 402,01
8000 546480 | 541,40]538,70|537435]|536477|536454]536,36| 536427|536422|536414|536,11|536407]|536405 536402| 536,01
10000 680480]675,40]|672,70|671435] 670,77/ 670454|670,36|670+27]670422| 6704146704112 670407| 670,05 670402| 670401

81




STEP-BY-STEP PROCEDURE

1.

10.
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Enter the following information:

a. For Form 1 records, data record length in
words; Form 2, maximum data record length
in words; Form 3, average data record length
in words.

b. Average number of tape characters per data
record.

c. For Form 1 and 2 records, the input file
blocking factor; for Form 3 records, the
maximum number of words in an input tape
block divided by (1a).

d. For Form 1 and 2 records, the desired output
file blocking factor; for Form 3, the desired
maximum number of words in an output tape
block divided by (1a).

e. Number of data records in the file.

f. Number of needed additional comparisons.

Using (1a), extract from Table I or II:

Phase I basic process time.

Phase I time for each additional comparison.
Phase I output sequence length.

Sort blocking factor.

pooTep

Multiply (1f) by (2b).
Enter the time for additional Phase I programming ,
If Form 3 records are being sorted, enter 0.52,

If hash total option 1, 2, 4, 5, 6, or 7 is specified,
enter 0.21,

Enter the Phase I process time: for a 7070, the sum
of items (2a), (3), (5), and (6); for a 7074, the sum
of these items divided by 5.

Using (1b) and (1c), extract from Table V, VI, VII,
or VIII the Phase I input tape time.

Using (1b) and (2d), extract from Table V, or VII
the sort tape time.

Enter the total Phase I time: If two tape channels
are used, enter the largest of the three items (7),
(8), and (9); if one tape channel is used, add (8) and
(9) and enter their sum or (7), whichever is larger.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.
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Extract from Table III:

a. Phase II basic process time for one pass.
b. Phase II time for each additional comparison.

Multiply (1f) by (11b).
Enter the time for additional Phase II programming.

If Form 3 records are being sorted, multiply (1a)
by 0.024, add 0. 19 to their product, and enter the
result.

If hash total option 2, 4, 6, or 7 is specified,
enter 0. 21.

Enter the Phase II process time for one pass: for
a 7070, the sum of items (11a), (12), (13), (14),
and (15); for a 7074, the sum of these items divided
by 5.

Enter the Phase II time for one pass: if two tape
channels are used, enter the larger of the two
items (9) and (16); if one tape channel is used,
multiply item (9) by 2 and enter their product

or item (16), whichever is larger.

Divide (le) by (2c) to obtain the number of Phase I
output sequences.

Using (18) extract from Table IV the number of
Phase II passes.

Multiply (17) by (19) to obtain the total Phase II
time.

Extract from Table III:

a. Phase I basic process time.
b. Phase III time for each additional comparison.

Multiply (1f) by (21b).
Enter the time for additional Phase III programming.
If Form 3 records are being sorted, enter (14).

If hash total option 2, 3, 4, 5, 6, or 7 is specified,
enter 0.21.

Enter the Phase III process time: for a 7070 the sum
of items (21a), (22), (23), (24), and (25); for a 7074,
the sum of these items divided by 5.

T



217.

28.

29.

30.

31.

32.

33.

34.
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Using (1b) and (1d), extract the Phase III output
tape time from Table V, VI, VII, or VIII.

Enter the total Phase III time: if two tape channels
are used, enter the largest of the three items (9),
(26), and (27); if one tape channel is used, add (9)
and (27) and enter their sum or (26), whichever

is greater.

Add (10), (20), and (28).
Multiply (le) by (29) and divide the result by 1000.

Divide (30) by 60 to obtain the Sort 90 running
time in minutes, exclusive of rewind time.

Add 2 to item (19) to obtain the required number of
rewinds.

Enter the total rewind time in minutes: if rewinds
of full reels are expected, multiply (32) by 0.9
(729 IV) or by 1.2 (729 II); if rewinds of partial
reels are expected, multiply (31) by 0. 1.

Add (31) and (33) to obtain the total Sort 90 running
time in minutes.



‘PPENDIX I

NON-ENDING SORT CONDITION

The non-ending sort described on page 13, which is possible when an attempt
is made to sort more than the allowed maximum number of records, arises
because of the procedures by which writing and subsequent merging of
sequences of records are accomplished in Phase II of Sort 90. When in a
Phase II pass a new output sequence is detected, the tape used for writing
the sequence is a tape other than the one used for writing the just-previous
output sequence; the available output tapes are actually used in rotating
fashion. When the end of a tape is detected, that tape of course becomes
unavailable for further writing in the current Phase II pass.

It is very possible that there could be built up after several Phase II passes
a small number of very long sequences and a larger number of relatively
small sequences. With a three-way merge, a late Phase II pass could pro-
duce three sequences as follows:

REEL 1 REEL 2 REEL 3

SEQ 1
(middle)

Sequence 1 occupies all of the first and second reels and the beginning of
the third. When the next Phase II pass begins and these tape reels are used
for input, the first new output sequence will be simply Sequence 1 again,
and the arrangement of sequences on the three new output tapes will be
identical to the above picture. No merging has been performed and passess
could be executed indefinitely without improving the situation.

If, however, all the records being sorted could be contained on two tape
reels, any one sequence regardless of length could not occupy more than
two reels, and the third reel would always begin with another sequence, so
that merging can continue.

If any Phase II pass (M-1) output reels are filled, where M is the order of
merge, a message to this effect will be typed. At the end of each Phase II
pass, the program tests to see if (1) any reduction has been made in the
number of Phase II passes remaining to be executed and if (2) the number
of sequences written by this pass is less than the number written by the
previous pass. If the answers are negative for the first condition and
positive for the second, at least one output sequence occupies more than one
reel of tape, and the program can continue operation with a lower effective
order of merge. If, however, the answers are negative for both conditions,
the non-ending situation has developed, and the sorting attempt should be
terminated.
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When more than one page reference for a particular subject is
listed, the page number underscored indicates the major reference.

A - units 8
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Modification I-9 61
Modification III-5 70
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Phase I 19
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Assignment Routine 4, 51
Phase I Exits 56
Phase II Exits 63 -
Phase III Exits 66
B - units 8
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Size 12
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Checkpoint 20
Modification II-6 65
Modification III-7 72
Modifications 52
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Control Cards 27
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Input Unit 27
Listing 27
Modification I-1 55
Output File Label 33
Reading 27
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Count
Record 18
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Data Sort Control 15
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DTF Modifications
Phase I 59
Phase III 69
Dump Tape 20
Tape Unit 11
Editing Modifications 52
Phase I 58
Phase III 66
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Field, Sort Control Data 15
Files
ECF Trailer Label 14
Input 12
Glossary 74

Halts see: Programmed Halts

Hash Totals 18, 50
Header Label
Dump Tape 20
OQutput Tape 25
I - units 8
Input File 12
Block Size 12
EOF Trailer Label 14
Label Control Card 32

Label Modification I-6 60

Number of Records 13
Number of Reels 13
Record Size 12
Record Type 12
Tape Units 8
Internal Latches 52
Internal Sort 4
Interruption 24
Label
Dump Tape 20
ECF Trailer, Input 14
Hash Totals 18
Input Control Card 32
Input Modification 60
Output 25
Output Control Card 33
Wak Tapes 22
Listing, Control Cards 27
Main Program 4, 51
Messages 34
Phase I 34
Phase IT 35
Phase III 36
Modifications 50
Checkpoint 52
Editing 52
Internal Latches 52
Patching 50
Phase I 55
Phase II 62
Phase III 66
Placement of 51
Restart 52
Types of 50
Natural Sequencing 4
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Operation 23
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Label Control Card 33
Tape Units 10
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Phase I
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Program Description 4
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Record Count 18
Phase I
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Order of Merge 4
Program Description 5
Programmed Halts 45
Record Count 18
Summarization 64
Phase III
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Program Description 5
Programmed Halts 47
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Summarization 66
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Programmed Halts 37
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Phase IT 45
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Type 12
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Restart 20
Modifications 52
Operation 24
Retention Cycle 25
Running Program 4
Segment, Control Data 15
Segment Marks 20
Sequence
Check 5
Collating 17
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Size
Block 12
Record 12
Sort Control Data 15
Collating Sequence 17
Data Fields 15
Optimal Arrangement 16
Segments 15
Sorting Times 76
Step-by-Step Procedure 82
Timing Calculations 76
Summarization 53
Modification II-4 64
Modification III-2 66
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Block, Modification I-5 58
Channels 10
Dump 20
Work 22
Tape Labels
Input, Modification I-6 60
Modification III-4 70
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Tape Units
Dump 11
Input 8
Output 10
Program 11
Total Number 5
Timing 76
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Totals, Hash 18
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ECF, Input 14
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date of this manual:

GENERAL INFORMATION MANUALS

Form Number Title

F22-6517 Introduction to IBM Data Processing Systems
F28-8043 IBM Commercial Translator

F28-8053 The COBOL Translator

REFERENCE MANUALS

C28-6078-1 7070 Basic Autocoder

C28-6090 Simulation of the IBM 650 on the IBM 7070

C28~6099 7070 Basic FORTRAN

C28-6102 7070/7074 Four-Tape Autocoder

C28-6110 7070/7074 Utility Programs

Cc28-6111 7070/7074 Sort 90

BULLETINS

J20-6067 Uses of Index Words in the IBM 7070

J28-6032-1 IBM 7070 Autocoder

J28-6033-1 IBM 7070 Input/Output Control System

J28-6040 IBM 7070 Sort 90 and Merge 91 Specifications

J28-6041-1 Assembly and Condensing of 7070 Basic
Autocoder Programs on the IBM 650

J28-6042-1 Simulation of the IBM 7070 on the IBM 704 and
the IBM 7090

J28-6045 IBM 7070 FORTRAN

J28-6047~1 IBM 7070 SPOOL System

J28-6049 IBM 7070 Report Program Generator

J28-6053 Additions to the IBM 7070 Autocoder: Writing
Macro Generators for the IBM 7070 Autocoder

J28-6069 IBM 7070 Sort 90 and Merge 91: Timing
Estimates; Modifications

J28-6070 Effects of Increased 7070 Tape Capacity and
7070 Tape-Oriented System on IBM Programs

J28-6083 Machine Requirements for IBM Programs and
Programming Systems

J28-6095 IBM 7070 Utility Control Panels

J28-6105 IBM 7070/7074 Compiler Systems: Operating
Procedure

J28-8023 Machine Optimal Approximations

J28-8026 Specifications for Submittal and Processing of

Social Security Tape Reports

The following IBM 7070 Machine literature has been published as of the
date of this manual:

GENERAL INFORMATION MANUAL
D22-7004-2 7070 Data Processing System

REFERENCE MANUALS

A22-6502~-1 IBM 700-7000 Series Auxiliary Operations
A22-7003-2 7070 Data Processing System
BULLETIN

G22-6545 General Information (7074 Data Processing System)
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