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I Master Generating Routine 965~1 has been devised to
produce on the UNIVAC in less than three minutes a
2-Way Sorting instruction tape, a final report edited
copy of coding, and a routine to test the sequence of
data operated on by the sorting routine, according to
specifications determined by a programmer. It is hoped
that the following processes may be eliminated for sort-
ing routines involving four or five UNISERVOs:

1. Programming and writing of reports
2. Checking of coding and logic
3. Unityping of instruction tape
. 4L, Proof reading of Unityping and corrections
5. UNIVAC proving of routine
6. Hand typing of final report
- 7. Proof reading of final report

A. Sorting Routine

An Internal Sorting and 2-Way External Sorting Routine
are produced on tape. The routine contains only the coding
and constants required to produce an ascending ordered series
determined by a set of parameters. The Master Generating
Routine 965-1 can produce a sorting routine to handle any one
of twelve different item sizes and as many as five key words.
The sorting routine is not a generalized routine, but a
custom built rcutine designed to produce an efficient sorting

procedure for a given set of parameters based upon methods =and

techniques described in the Collation Manual and some more

recently devised.
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B. Edited Copv

The edited copy produced on tape at 20/in can be printed
by the UNIPRINTER on fan-fold paper, single page copy of
ozalid, mimeograph master or for photographic offset printing.

The copy will contain the necessary Copyright information,
date, problem number and page number.

A two-page description of the sorting routine and the
operating instructions precede the copy of coding.

Each subroutine contains the necessary connector entries,
descriptive information, alternate instruction words, and
modified words referred to in Flow Chart 965-1. The copy pro=-
duced is to eliminate the need of hand typing a final coding
copy and to facilitate any modifications to the routine a
programmer may wish to make. ‘

An example of a mimeograph copy produced'by the UNIVAC
and UNIPRINTER appears at thc end of this report.

C. Sort Check Routine

- A routine enabling the operator to check the sequence of
information arranged by the sorting routine is produced. The
routine handles only the item size and key words determined by
the parameters, and will check information sorted in an as-
cending sequence. No edited copy of this two bicck routine

is produced.
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Operating Instructions for 965-1
UNIVAC

Master Generating Routine 965-1 contains 131 hlocks
at 100/in and is mounted on UNISERVO #l.

Parameters ror problem (1 block) on UNISERVO #2.
Blank tapes on UNISERVO #3, #4, #3.

S.C. Printer set to normal.
No breakpoints set.
Initial read #1l.

S.C. Printer will print "DATE TODAY"
Tvpe in one word--the date, followed by_a carriage return
and ignore symbols. e.g. f6-17-52ﬁiiil]

The computer will proceed automatically to produce all
three output tapes.

UNISERVO #3 Edited Sorting Routine for UNIPRINTER
at 20/in.

UNISERVO #4 10 blocks of instructions for Sorting
Routine at 20/in. ]

UNISERVO #5 2 blocks of instructions to Check the

Sorted Data at 20/in.

The routine takes less than 3 minutes to perform, so that
no rerun procedure has been incorporated.

‘Information printed on S.C.Printer

"Tape 4 UNIVAC coding"

"Page xx is last pege" (represents how many pages of copy
is expected on UNIPRINTER copy from UNISERVO #3 output
tape) .

"Tape 5 Sort Check Inst."

If a tape mounted on UNISERVO #2 is not a set of
Parameters, the followiné will be printed out. "Para-
meters not for Problem 965-1."

If the Parameter tape contains an item size outside
of the range, the follcwing is printcd "item aizs not
allowed." The tapes will be rewound.



965-1
9/3/52

Modifications to be made to Master Generating Routine.

If only 4 UNISIRVOs are available when using the Gen-
erating Routine, modifications cen be wade to the
routine so that the Sort Check Routine will be written
on UNISERVO #4 instead of #5. The following changes
nust be made: :

Block # Location Change to Was
129 06 740200 740260 750200 750260
129 08 840000 900000 850000 900000
129 40 KTAPEA LASORT ETAPEA 5ASORT

After the sorting routine has becn coded and written on

UNISERVO #4, the tape wiil be rewound with interlock. Mount
a blank tape on UNISERVO #+ to record the two block sort check
routinc.

In order to keep the Copyright year up to date, thc £ol-
< T

lowing word must be changed eacn year

Block Location Contents
59 - 01 1O52AEYEVTiX
UNIPRINTER

Type of Printer recuired for besi results:

1. 12 characters to the horizontal inch, and ©
characteors to the verticel inch.

2. Lower case letters in lower cases

3. The following symbtol saouid appear in the
upper case of the corresponding character.

Lower Case Upper_Case

2 it

3 #

8 ¥

9 (

0 )

3 :
minus underline



Paper Size

8 1/2 by 11 inch paper, elther fan-fold or single
copy may be used.

Margin and Tabular Secttings

Margin set not more than 1 1/2 inch from left of

page. :
abs set (M = mergin setting) M + 7, M + 13, M + 23,
M + 34, M + 65 (or 1 1/2 inch from right edge of page)

Line Spacing
Set for single space page.

Page Alignment

Start printing with carriage to left and top of
page not more than 1/2 inch from first line of
printing. First words printed will be "Copyright

1952 by".
Single Page Printing

If single page printing is required, set the Printer
Breakpoint Stop. The stop will occur after an 8 1/2
by 11 page has been ejected by repecated carriage
returns. A new page should be entered with the top
margin not more than 1/2 inch.

Each page is numbercd and contains a breakpoint stop,
to facilitate reprinting if necessary.

Setting too large a left hah& nargin may cause
printing to cxcede the right hand margin.
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III Paremeters for 965-1 q/

One block of parameters is Unityped and(mounteg on
UNISERVO #2 with Master.Cererating Routine 965-1

on UNISERVO #1. -

Parameters

0. Problem965-1

The first word of parameters is a constant
and contains the number of the Generating
Routine. It is used to check the
correctness of the parameter set entered

_with the routine.

1. Your Problem No.

This is a 12 digit word containing the
number to be supplied to your sorting
routine, and will appear at the top of
each page on the edited copy. This word
should be in edited form, but contain no
carriage return or tabular characters.
The printer carriage is in lower case
when approaching this word, and must be
in lower case_after completion. e.g.

[recpa-£25714 )

2. Number of UNISERVCs

01000C 00000X

Either 4 or 5 UNISERVOs may be programmed.
If 4 UNISERVOs are used, the Instruction
tape #1 and the Data Tape must be removed
after rewindinrg, and blank tapes mounted
to complete the scrting process.

If 5 UNISERVOs are uszed conly UNISERVO #1
is reused after reading the Instruction
Tape. The UNISFRVC centaining the data
tape is nct reused during tue sorting of
this infermation.

3. Input and Output UNISERVOs

00000X 00000Y

The input data tape (X) and the output
sorted tape (Y) may not be the same
UNISERVO number.

When programming for 4 UNISERVOs, numbers
1-% are used; for 5 UNISERVOs, 1-5 are
used. Any UNISERVO of the group includ-
ing #1 may be used as input or output.
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Item Size

020000 C0092XX Any one of the following item sizes may
and 30 words. Item sizes 7,8, and it
assuwe the last W words of each block to
be unused, and the items do not split
between blocks.

First Key Wora

030000 000Cxx%x Tue ney wuras orf thé item are numbered
starting with 1 as the first wozd of the
item. Any word or part of word nay be
used as any key and no restricticas are
placed on the use of different partis of
the same word for different keys. Each
key must not be more than one word.

First Key Word Extractor

XXX XXXXXX This extractor word will select the
specific digits in the first key word
used in the first magnitude comparison
on the data. If no extractoer is required
set up all zeros for extractor (NOT ALL
ONES).

Second Key Word

OL4C000 0000XX If no epiit key is required, supply
zeros in the teast significant digits
of the word. The code in the most signi-
ficant part of the word must be present
even though leaszt signifiicant digits are
2e70s. The ccode is used within the
generating .>cutine.

Second Key Word Extracter
XXXXXX  XXXXXX Extractor used with second key wordj
zeros if not usad.

Third Key Word
C50000 0000XX Similar to Second ‘Key word.

Third Key Word Extractor
XXXKXX XXXXXX Extractor used with third key word.
zero if not used.

Fourth Key Word
G000 CONOXX Sinilar to Sacond Xey Word
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Fourth Key Word Extractor

XXX XXXXXX

Fifth Key Word
070000 0000XX

Fifth Key Word Extractor
):0:0.0:0.0 QD 0.0.0.0.0.

Identification Block
080000 00000X

Extractor used with Fourth Key word,
zeros if not used.

Similar to Second Key word.

Extractor used with Fifth Key Word,
zeros 1f not used.

If there is no Identification Block
preceding the data on the input tape
supply zero to least significant
digit. If there is an identifica-
tion block on the tape supply "one"
as the least significant digit.

(NO = 03 YES = 1) When an identi-
fication block appears on the input
tape and accounted for, it will
appear on the output tape in the
same form at 20/in. No reference
is made to this information in the
sorting routine.

Note: If an identification block

is entered into the computer, the
first word of the block is stored

in memory location 013 at connector
3, and the remaining part of the
identification block with an Inter-
mediate Sentinel in the first word
location is transferred each cycle
to the next tape as the sentinel
block. At the beginning of the

last cycle of sorting, the first
word (013) is supplied and the block
is written at the beginning of the
final outgut tape at 20/in. (con-
nector 20). There is ample memory
space available within the completed
costing to make any changes for
examining the ldentification block,
but it must be inserted at connector
3 or connector 20.



16. Initial Read
090000 00000X
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Does the routine initiate from Initial
Read? NO =0, YES = 1

e n&ﬁine.&bes;not Initiate from -
Initial Read, the following assump=-
ticns have been made:

1. The first block of instructions
is in the memory at 000-059.

2. The sccond block 4s in rI with the

tape moving forward.

3. A trensfer of control to 000 has
been executed after completing
the first two assumptions.

17. Position of Input Tape Sentinel

1000XX 0000YY

18. Input Tape Sentinel
XXXXXX  XXXXXX

19. Output Tape Sentinzsl
XXX XXX

Sentinels appear in two locations on
the input tape and will appear at
the same position on the sorted tape.

(XX) Position of Sentinel following
the last jtem. If the positlon 1s the
first word following the last item
supply 00. If scme other position
than the first word is desired, type
the corresponding pesitlon.

(YY) Pcsition of the last sentinel

in bilock. If position is last word
supply 59. If any other position
supnly the corresponding plock posi-
tions e.g.: 100004 O0O0CO5% Sentinels
are in the fifth word of the item and
location 54 of block Numbering is
from CO=59,

Designate the contents of the word
used for the irnut data tape sentinel.

Any set of computer characters may be
used fcr the inpui sentinel.

The output trrpe sentinzl may be dif-
ferent frou the inpet tave sentinel
and wiil appear at the end of the
sortea tepe.

- 10 =
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Tre follew on reatrictiore forve Lesn
placed upon the choice of the output
tape sentinel:

1. The sentinel must have a pulse
code, larger or smaller, than the
pulse code of the corresponding
key digits of the first key word
of all items on the tape.

2. The sentinel may not be all per=
iods, because this combination is
used as the intermediate sentinel
during the sorting process.

If the pulse code of the sentinel is

smaller than any key word (such as

ignore), the partial block fill in
will appear at the beginning of the
first block on the sorted tape.

If the pulse code of the sentinel is

‘larger than any key word, the partial

block f111 in will appear at the end

of the sorted tape. ‘

The remainder of the Parameter block
is filled with zero. '

The following is a table of UNISERVO numbers and a designa-
tion on which cyele of operation the various UNISERVOs first
start to operate. The first two columns are the input and
output parameters. All possibilities are listed.

- 1] -
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Using Four UNISERVOs

Input Tape Output Tape 1st Cycle Write 2nd Cycle Write

1 2 3, U 2,1
1 3 2 , k4 3,1
1 » 2,3 L, 1
2 1 3, k4 1,2
2 3 1,k 3,2
2 L 1,3 L, 2
3 1 2 , k4 1,3
3 2 1,4 2 4,3
3 L 1,2 by 3
4 1 2,3 1,4
L 2 1,3 2 ,
L 3 1,2 3, 0k
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Using Five UNISERVOs

Input Tape Output Tape 1st Cycle Write 2nd Cycle Write

1 2 3, 4 2,5
1 3 2 , 4 3,5
1 L 2 4,3 b, 9
1 5 2,3 5, b
2 1 3, 4 1,5
2 3 4, 5 3,1
2 L 5, 3 L, 1
2 5 L, 3 5,1
3 1 2, 4 1,5
3 2 %, 5 2,1
3 L 2 4,5 b, 1
3 5 2 , 4 5,1
L 1 3,5 1,2
L 2 3,5 2,1
b 3 2,5 3,1
b 5 2 4,3 5,1
5 1 2,3 1, 4
5 2 3, 4 2,1
5 3 2 4 4 3,1
5 L 2 53 b, 1
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Unityper Layout for Parameters (1 Block)

000 PROBIER M965=-1

001  XXXXXX XXXXXX Your problem number (edited but
not ¥ or K)

002 010000 00000X Number of UNISERVOs (% or 5)

003 00000X 00000y Input date UNISERVO (left); output
UNISERVO (right)

004 020000 000CXX Item size

005 030000 0000XX 1st Key word (First word of 1tem =
‘"_"LFI)

006 XXXKXX XXXKXX Extractor for lst key word (if none
type all zeros)

007 040000 0000XX 2nd key word (if not reguired, type
zero in tast two digits)

008 XXXXXX XXOXX Extractor for 2nd key word

009 050000 0000XX 3rd Key word

010 XXXXXX XXX Extractor for 3rd key

011 060000 0000XX Lth Key word

012 XXOHXXX - XXXXXX Extractor for 4th key

013 070000 0000XX 5th Key word

01k ).0.:00.0.0'¢ ) $:0.0.00 ¢ Extractor for 5th kay

015 080000 00000X Is there an identification block
on data tape? "1" = yes "O" = mo

016 090000 00000X Dces routine initiate from intial

- ' read? "1" = yes, "O" = no

‘017 1000XX 0000YY Where is the end of tape sentinel

after last item (left) CC = first
word. Where is the end of tape
sentinel for block? (right) 59 =

lact wd.
018 XXXKXX XXXZXXX What is the input sentinel?
019 XXXEZX XXX What is the sentinel on the sorted
tape toc be?
© 020 0000900 005000
. Zeros to end cf blocks
050 . 000000 0Q0000
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IV  Characteristics of the sorting routine

Ten blocks of instructions are generated for all sorting
routines, even though less blocks may be required. Since any
number of Data tapes may be sorted from one reading of the in-
structions, this presents a small loss of computer time. Any
unused blocks may be eliminated by modification of the instruc-
tions stored on 000 - OOL.

The constants, variables, and counters are stored at the
beginning of the routine, and only those constants required for
the particular problem are supplied. Memory locations used for
Instruction read orders are reused for overflow control and
counters.

The External Sorting routine follows thec constants,
beginning on the next available memory location containing a
"three" in the least significant position. Starting the routine
in such a location allows the use of Vm, Wm, ¥Ym, Zm instructions
to alternate tape and comparison instructions for ascending and
descending sorting.

One of four types of main comparlson instructions is used,
depending upon the need for a first key extractor and/or a split
key.

The type of Data transfer instructions chosen, is based upon
the item size, the position of the first key word, and whether
an extractor is required in the main comparlson instructions.

The type selected is set up to produce the minimum number of

- 15 -
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words and constants required to make the transfer.

The completion of sorting a block of data is detected by
overflow control.

Six blocks of memory are reserved fér data, two working
locations and four auxiliary. Data 1s transferred from the
auxiliary blocks to the working blocks to facilitate the trans-
ferral of Sentinel Blocks to the next tape, where Identification
- Block information may be stored in this block, and to facillitate
the handling of item sizes not an integral nultiple of sixty.

The mcthod used to eliminate the interlocking of tape read
instructions is described fully in the Collation Manual.

If a split key 1is required, éne of three methods is sclected
for External Sorting, based upon the presence or absence of an
extractor. The three cases are as fcllows:

1. No extractor in first key, no extractor in any
other key.

2. No extractor in first key, but extractor in
at least one other key. ‘

3. Extractor in first key, with or without extractor
in any other key.

Within each of the three prcceding cases there arc four
possibilities, since as many as five keys are pernitted. Any
one sorting routine will be coded to handle only the nuniber
of key words or digits specified by the paraneters.

If a split key 1is required, the Internal Sorting Split

Key routine will precede the Internal Soriting rcutine sequcnce
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and one of three methods will be selected, based upon the same
critérian as above. Since the probability of having two items
with.equal firsf keys, within the same block of initial data, is
small, oniy one routine is stofed to handle any item comparison.
The control to handie the correct set of split keys is based
upon the use of an Rm instruction preceding each Qn instruction.

Internal Sorting is performed by successive comparisons
and transferring the item to the output block in its relative
position, retaining counters on the relétive position of une
selected items. The number of comparisons required to arrange
a block of data is g (N-l); N = number of items per block.

Each time an item is transferred to the output storage block,
the number of compariéons required to transfer a single remaining
item is reduced by one. |

The partial block of data at the end of the input tape is
filled with the output sentinel, in all unused locations start-
ing with the position designated by the first input sentinel
position.

The number of blocks 1s counted on each external cycle and
compared at the end of each cycle with the number of initial
data blocks. If through manual intervention or a computer
read or write failure, a block is gained or lost, the Super-
visory Control Primter will prinp‘"Error Sort'" and all tapes

will be rewound.

No rerun procedure is included, since a ninimum of six

- 17 -
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UNISERVOs is required to perform 2-Way Sorting from a rerun
position. Information must be retained from a previous cycle.

The Sorting routine will handle any number of blocks
frpm one partial block to 2000. If the number of blocks on
the tape is such that the sorted information would normally
terminate in a descending series,‘an additional tape pass 1is
instigated automatically to reverse the series.

At the completion of any sorted tape, the instructions are
reset to handle another data tape which is mounted on the same
input UNISERVO used by the previous tape.

The process is stopped by either failing to mount a new
data tape or by setting Cbnditional Breakpoint 1, after starting
the last data tape of a series.

The initial data tape is read in a forward direction.

If an Identification Block precedes the information on
the data tape, the first word of the block is stored in the

memory. The remainder of the block with an intermediate sen-

‘tipei in the first iocation is transferred each cycle as tae

sentinel block. At the beginning of the last cycle the tirst
Tdentification word is supplied and the block written at 20/in.
on the beginning of the final output tape. Handling the Iden-
tification Block in this manner enables up to 60 words of perti-
nent information to bdbe reyained without setting aside 60 words
of memory for_storage. '

 The_routine i1s set up for ¥ or § UNTSFRVOs using the
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Instruction Tape #1 as one of the auxiliary servos. A special
tape has been prepared from Master Generating Routine 965-1
to produce a 2-Way Sorting Routine using 6. UNISERVOs, and
labeled for "6 UNISERVO SORTING". The same parameters are
used as for the regular 965-1 except the number of UNISERVOs is
typed as "6". The nmodified 965-1 routine is used only when 6
UNISERVOs are specified never with % or 5. Using the wrong rou-
tine will cause the generating routine to go into an endless
loop. The modified 965-1 routine will produce a sorting routine
with the following characteristics: ‘
1. Only one data tape may be sorted.
2. All tapes are rcwound without interlock after
the sorting process except #l.
3. The first and second blocks of instructions
following the sorting routine on te instruction-
tape are read into 000 - 059 and register I,
respectively, after completing the sorting pro-
cess. Control is transferred to 000Q.

4. Any UNISERVO except #1 may be used for input or
output.

5. Modifications have becn made in the editing of
the routine so that the description of the
routine and operating instructions agrec with
the coding.

The following is a table of UNISERVO numbers and a desig-
nation on which cycle of operation the various UNISERVOs first

start to operate.

- 19 -
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Using Six UNISERVOs

Input Tape Cutput Tape 1st Cycle Write 2nd Cycle Write

2 3 5,6 3,0k
2 L 5, 6 L, 3
2 5 Y, 6 5,3
2 6 4, 3 6,5
3 2 5, 6 2, L
3 b 5,6 Y, 2
3 5 b, 6 5, 2
3 6 4 , 5 6,2
R 2 5, 6 2,3
Y 3 5, 5 3,2
4 5 6 4 3 5, 2
Y 6 3,5 6, 2
5 2 6, 4 2,3
5 3 b, N4 3,2
5 L 6,3 L, 2
5 6 2,3 6, k
é 2 b, 5 2,3
6 3 b, 5 3,2
6 b 3,5 L, 2
6 5 2,3 55 b

- 20 -
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Sort Check Routine

A t§o block check routine tests the seguencing of data

arranged by the sorting routine. The instruction tape is mounted
on UNISERVO #1 and the sorted tape on the UNISERVO designated
as the output UNISERVO from the sorting routine.} When an
error is detected the following information is printed on the
Supervisory Control Printer:
"Error in Block XXXX".

If Conditional Transfer Breakpoint 1 is set, the computer
will stop and allow the operator to chose whether to continue
to detect any other irregularitles in the sequence or rewind
the UNISERVOs.

Operation of No Transfer switch will terminate the routine.

Operation of the transfer switch will cause the computer
to continue examining the data. For each error detected, the
block number will be printed, and the transfer switch must be
actuated. Data being examined is stored in locations 500-559.

The Identification Block, if present, is bypassed without

examination.

- 21 -
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vV Description of Methods used in 965-1 to Produce a Sorting
Routine :

The specifications for this problem were as follows:

To program a routine which when used on the UNIVAC with a set
of parameters would produce an efficient coding to arrange
items from any number of tapes in series, into an ascending
sequence within each tape, using only 4 or 5 UNISERVOs.

The item sizes chosen are those most frequently encountered,
and those which represent an additional saving of tape (but not
time of operation) such as 7, 8, and 1% word items. Item sizes
1 and 60 are not included because the most effieient method of
operation is not the same for other ltem sizes.

Up to 60 digits (5 words) of key information is tolerated
in order to handle the extreme cases of name and address files.

The speed of the collation routine is a function of the
item size, and the position and number of key words. The use
of the first full word of the item (without an extractor) as the
key produces, generally, the fastest routine. Items involving
10 word transfers have no preference of key word. With ifems
involving 2 word transfers, a key in the first word of any two
word group has the same effect on time of operation as the
first word of the item.

A generalized flow chart of the sorting process was first
drawn, and from this, each subroutine was coded in relative
coding, taking into account the various changes in the subrou-
tines caused by the parameters. From the relative coding, it
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was determihed that 99 specific constants are present in any
sorting routime, although about 80 percent of these constants
contain variable information stored within them. A maximum of 14
additional constants plus a function table of N values will
exist. The fact that so many constants could be located in a
fixed position at the beginning of the sorting routine in
000 - 098 solved one of the major problems of coding such a
generating routine. This meant that over 30 percent of the
sorting instructions to be coded could refer to known memory
locations., The remaining addresses of instructions must be
computed, using the parameter information or the position of the
instruction word in relation to the rest of the sorting routine.

No complete flow chart of the Master Generating Routine
process was made, although various subroutines such as editing
of instruction words, and the all over master control of
handling the effect of parameters upon the coding of the sorting
routine was flow charted. Since the major process involved pro-
ducing instruction words for the sorting routine a flow chart
would be of little help.

During the process of using M.G.R. 965-1 to produce a
sorting instruction tape, the instructions for sorting are built
up in the memory in locations 000 - 579 (the actual final oper-

ating pesition of the routine). Since 131 blocks of instructions
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are required to generate and edit any specific sorting routine,
the operating instructions are inserted into the memory a few
blocks at a time, and executed in memory locations which are
reserved for data in the final sorting routine (580 - 999).
About 100 memory locations (900 - 999) hold information which
is generated in the process of coding the sorting routine, and
is the true "memory" of the operation. A large portion of the
information stored, is e control counter reading of connector
points, both fixed and variable,ﬁto facilitate the insertion of
instruction words. The process of UNIVAC coding the sorting
routine parallels a human coders method of leaving the memory
location of an exit point in the coding blank, until the sub-
routine to which it must transfer has been coded, then supplying
the appropriate memory location tq the exit point.

M.G.R. 965-1 is a set of subroutines whose use is determined
by . the paramecters entered with the problem. The insertion of
each word of coding or constant in the sorting routine is per-
formed by a basic subroutine which is stored constantly within
the memory. The word is inserted in accordance with the current
"sorting routine control counter" (999) and the counter
increased by one. The sorting routine 1s completely coded
using blocks 1 - 56 before the editing procedure (Blocks 57 ~ 127)
and the sort check routine (Blocks 128 - 131) are initiated.
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Each instruction supplied ¢v the sorting routine may
have one or more n~f vii¢ following characteristics:

1. <0 memory location expressed in the word [K 000 00 000]
" or a memory address fixed by known constants stored in

locations 000 - 098, [B 016 A 018]

2. An instruction which 1s a function of the "current
sorting control counter", such as fabricating a word
in the current subroutine being coded into another loc-
ation within the same subroutinc. [A (ce-5) € (ce+2)].
(Take the current control counter subtract 5, add the
control counter plus 2 «@ad A 000 C 000 to create
the required word.)

3+ An instruesion or constant which makes reference to
arwthul subroutine, which may, or may not, have been
coded at the time the instruction is encountered.
[C (°A2) J (oL1)] (Here, 0A2 and OLl are memory
locations to which variable connectors are being
supplied. If subroutine A2 and/or Ll have not been
coded at this time, it is necessary to "remember" the
control counter reading where the word of coding is
placed, in order to supply the required memory locations
at some future time.)

4. An instruction or constant which is a function of one

: of the parameters, such as tape instructions.
[5Y 640" 4B 700] "(Y and B are tape numbers determined
by the number of UNISERVOs used, and the input and
output UNISERVOs designated in the parameters).

5. An instruction which contains the address of a constant
which is not present in all collation routines.

Wherever possible the operational part of an instruction
word has been predetermined to facilitate the coding of the pro-
blem. Under certain conditions of the parameters, half a word
may be altered, such as supplying an Fm when an extractor is
required. There is only one operation within the final coding
which may not be pertinent to the code, and at most will operate
only once per sorted tape. e.g. the contents of the F register
are held in temporary storage during the partial block fill in,
although the contents may not hold an extractor if the first

- 25 -



965-1

9/3/52
key word is a complete word. All other operations coded are
pertinent to the required result.

At the beginning of M.G.R. 965-1, the subroutine for
increasing the "sorting control counter" and supplying the
instruction fabricated into the desired location is read into
the memory and stored in 580 - 599. The word "Date Today" is
printed on the S.C.Printer. The operator then types in the
date.

Memory locations 905 - 999 are cleared in readiness for
holding future control information. The parameters for the
problem are read from tape #2 and stored in 880 -~ 899. The
first word is compared to ascertain whether the parameters are
oncs referring to problem 965-1. If by chance a tape not con-
taining the word is mounted, tapes #1 and #2 are rewound and
the following printed on the S.C.Printer. '"Parameters not for
problem 965-1"%

The partially completed constants for the sorting routine,
overflow routine, and read instructions are entered into 000 - 098.

From a 32 word function table the necessary tape numbers
are determined using the parameters: number of UNISERVOs, input
and output UNISERVOs. A pre-arranged pattern has been set up of
the 32 choiées, 12 for 4 UNISERVOs and 20 for 5 UNISERVOs. This
table is reproduced in the report to aild the programmer.

A six block function table of data trensfer relative coded
instructions is read into the memory from 120 to 479. These
blocks contain all the necessary 1hformation for coding the
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most efficient build ﬁp and transfer of data items, based upon
the location of the first key, the use of an extractor, and the
item size. A word containing the letter Z in the most signifi-
cant position separates each data transfer set in the function
table. The remaining 11 digits of this word contain the followw

ing information:

1, Item Size

2. The value of a special 2 digit constant required for
this particular transfer set, if needed.

3. A code designating whether this set can be used
(a) with or without an extractor, (b) no extractor
only (c¢) with extractor only. ,

4. Which word of the item to accept as the first key
word. A special code (00) designates that any word
may be the key word (e.g. 10 word item)

5. The number of werds of coding required in the build
up and transfer of item.

6. A code designating whether this set requires none,
either or both of the following constants (a) the
key word minus the first word (b) 000002 000002

7. The starting location of the output transfer in-
structions. If the information is transferred to
output storage not in numeric sequence because the
key word is other than the first word, the starting
location for transferring the first output item is
not the beginning of the block.

The third digit of each instruction of the transfer set is
coded to enable the modification of the associated memory loc-
ation to fit the matine. The following codes are used:

0. The instruction is complete and do not modify the
address part.

1. Supprly the memory location associated with the
storage of the special constant 000302 000002,

2. Add the current control counter to the existing
address in the instruction.

3. Supply the memory location associated with the
sto§ﬁge cf the cconstant '"Key word minus the first
werd",

4, Supply the memory location associated with the storage

-27 -



965-1
9/3/52

of the constant, "Unusual constant". The value
of this constant is determined by digits in the
"Z word".

Twelve words, one for each item size, are stored at the end
‘of the sixth block. The information is used for Internal Sorting
and the words contain the following:

1. The instruction code letters required to execute
the transfer of data, (B, C; V, W3 Y, Z) ,
. The numeric size of the transfer (1, 2, or 10 word)
. The number of transfer instructions required.
. The number of items per block.
. The number of ¥m, Zm instructions required to trans-
fer the internal sorting function table for oper-
ation.

uiFwn

6. A code digit to facilitate the coding of the bulld
up of transfer instructions. Four cases are repre-
sented:

a. One Transfer My2,10 word items)

b. Two Transfers (4,20 word items)

¢. Three Transfers (346430 word items)

d. Four Transfers or (5,7,8,12,1% word items)
more

If four or more transfers are required, an additional code
expresses the number of X000 Hm instruction words required'in
the build up of the transfer instructions. The appropriate
transfer instructions and code words are located and stored in
the memory for future use.
At this point all the information is available to supply
the extra constants required. The Internal Sorting Function
Table constants are generated and stored in the memory starting
at 100. Any additional constants required in the transfer in-
structions are next supplied following the function table. Since
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the size of the fuqct;op,table varies with the item size, the
memory ioéation of consfants stored following it, must be
remembered.

The routine then determines from the parameters in which
one of four general classifications the sorting main comparison
will fall:

l. Single key word using no extractor

2. Split key using no extractor in first key

3. Single key word using an extractor
4, Split key using extractor in the first key

Cl&sSifiqatibns 2 and 4 are further examined to determine
how many keys and whether they require extractors. All additional
chStants are stored during this process. The result of the
various classifications is stored as variable connectors (900 -
903) to be supplied to the appropriate generating subroutine
during the process of coding the sorting routine.

The sorting control counter is then advanced so that the
"coding will start in a memory location with the least significant
digit a 3. The routine is then coded in a prearranged pattern
starting with the External Sorting Write-Read subroutine (°P)
and ending with the Internal Sorting subroutine.

When the coding has been completed the 10 blocks allocated
for the sorting routine are written on UNISERVO 4% at 20/in and
- the tape is rewound.

The editing procedure makes the necessary changes in six

blocks of a pre-datermined write up of the problem snd oper-
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ating instructions to comply with the parameters.

A two block subroutine is stored in the memory to handle
the individual words to be edited. The routine counts the number
of carriage returns applied and advances to a new page supplying

the heading for the next page. The subroutine is entered from
the main routine at seven different places depending upon the

type of information to be edited:

1. Regular word of instruction-the sorting control
counter and both halves of an instruction word
are edited. The control counter 1s increased before
editing.

2. Connector entry-the edited connector symbol is sup=-
plied by the main routine to the subroutine which
enters it in the output block and procedes to
edit the control counter and instruction word.

3. Inserted instruction word-variable connectors and

substituted words are edited without advancing the

control counter reading.

Dotted line-the dotted line precedes and follows

the inserted words.

Long line-separates the connector entry points.

Word to count carriage returns-descriptive information

which may contain a carriage return symbol.

Word with no carriage return-descriptive information

which contains no carriage return symbol.

~N o F

The basic editing words which contain the symbols for
parenthesis, capitol letters and staggered or unstaggered format
are supplied to the subroutine from the main routine prior to
entering the subroutine. If more memory could have been allocated
to the editing subroutine, the subroutine could have supplied
the basic editing word.

ThHe edited output is written on UNISERVO 3 as each block
of output data 1s filled in the memory. (700 - 759)
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The code check routine will contain constants and coding
which are not used for the particular parameters listed. The
last two blocks on the instruction tape is the basic sort check
routine for five key operation. The parameters are used to
modify this routine to fit the particular case, deleting and

substituting the necessary instructions for operation. The two

block routine is written on UNISERVO 5.

FEH:pdv
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e8OGEOBAIOONIDGOCOLOODE


Randall Neff
49


0 B2B

#63 & 49 U 15

O CYRIFLE

11=26~52

Pace 10
TransFer TO 0 BO

WD Em WM MR Ch AU M S W CID W WE En WP A G Sh NP G0 TP W GO GO MR WS We Ny G G M) Gh M G @ e

ol2
o L2a

0SB

o RB

0 B3a

0 B3s

6, B 031

149
165 (y 820 4

Z 640)
BOBIQGODICORLVEOOORVENO
#165 Y 880 y 180

SR BVPBLEBDOIRGIVOSNS

Y 830
Z 650

17 Y 8,0
Z 660

168 Y 850
Z 670

169 Y 860
Z 680

mo Yy 870
Z 690

m1 8 O
L 079

172 C 025
J 165

73 F 001
B 127

17, € 027
: c 127

175 B 640
F 00y

176 (L 037
Q 261)

SOOI ILERRNIDORBGIINN OGS
#17 L 037 q 263
CHGOPREBOIIVIGOIDPORONY

177 8
A O1g
78 {L 011
Q 251)

*808800080060000800098
#1778 L 011 q 2585

T I S Y R P Y Y EY Y Y Y Y 1]

79 (¢
U 17)
00AEHPI0OQABO0000BGSS0O

#79 € 066 U 152

RESET ITEM B COUNTER

TRANSFER TO 0 L2B

Dava inD 1o B

Z PLus 1 gquatse D +L28

Tare K s Tare B

Bo) 1+ 5% To o 880
o SB1

vpeu 18R 10 o0RBO
0 R31

TRANSFER TO ‘MAIN COMPARISON SEQUENCE O Q

TRANSFER TO o0 BO

M WA AN G0 N GP W) N SR WN WP NP @ ap B BB G AP WS TR W) G SR G SR UB Ay W @R W W Ay e W 6

o L2s

180 7z 640

Y 890
181 2 650 .

Y 00
182 Z 660

Y 610
183 2 670

Y 930
184, 2z 630

Y 930

Dara INF YO B



CC EXAVPLE

11=26~52
Pace 11
185 2 690 ,
B 079 2 PLus 1 gquats F ol2a
186 L 077
u 172
o AO 187 B 148
F 00, TRANSFER ITEM A YO OUTPUT BLOOK
188 E 030
H 192
189 A 111
H 193
190 8§ 110
¢ 19
191 ( 000
w ©000)
1 000
= 0 w 000)
193 (v 000
w 000)
19, 8 030
A 022  OutPur OVERFLOw GONTROL ™M PLUs 1 ¢ N
195 ¢ 030 ‘
u 197 MPLUS 1T TO M
1% R 131

U 123 TRANSFER TO PRINT SequeEnce o P

B G G WS Es WP AN SR B WP G2 BN SN Gn AR G0 WP NN AP ) W) R W UF D G0 W) M GN WP Sn s W W @

oAl 197 B 18

A 023 ITEM A OVERFLOW OONTROL X PLus 1 ¢ N
oA2a 198 (C 148
| U 147)  TRANSFER TO MAIN COMPARISON SEQUENGE O Q

V040NN LBENGOIGEIRNOGSY

0AB #198 C 18 U 187 TRANSFER TO O AC

O A G B MW G G W W SR S G e GE WD W G T GD GG W) GD WP WY Th W SR R D AW N OB @ W W

o L1 199 8 032

. C 18 RESET ITEM A OOUNTER
oLla 200 (y 700
z 580)
SPOCIDORYQIDIDORIBOGDO

#00 Y 70 U 215 TRANSFER TO O L1B

2000¢0QO0OSLDEVONOIONOO

201 'y 710
Z 59 Data INC 1O A
202 Y 720
4 600
203 'y 730
Z 610
20, Y 0
Z 620
205 'y 750
Z 630
206 B 0%
L O78 Z PLus 1 equaks C  oLTB
207 ¢ O25
J 200
208 F 001
B 127



CC EXAMPLE
112652
Pace 12

¢ 27 Takg K 1 Tare A

oS8A 211 (L ©37
Q 259) (Ao) 150 To o S0
LT3 T30 0.1 2 0-2-F-2.2 .7 F-2-2 N3 %]
#2111 L 037 Q 283 0 SA1
08009 DROOOVONQONROS

212 B 005
A 018

0 RA 213 (L Oon
Q 243) wuvrws1tR 710 0RAD
090000008 000000D300086¢
#13 L 011 ¢ %7. o RA1
#213 00 000 OO 000 o RA2

9500800000008 000 0000

oA3 214, (C 005
U 147)  TRANSFER TO MAIN COMPARISON SEQUENCE ©0 Q

P00 HPOSOOO000EDSLIOSO

oA #1, C 005 U 187 TRANSFER TO O AO

M N W B e G NGB WS EN GBS s G Gh Ch Es WS GF AR MR VR N R N R MR G0 AW MW S5 AR Su M Mn S

olLls 215 z 580

Y 770 Data INE TO A
216 2 590

Y 780
217 72 600

Y 790
218 z 610 :

Y 800
219 Z 620

Y 810
20 2 630

B 078 Z PLus 1 gquaks E ol1A
221 L O7%

U 207

023 22 B 8
A 115 SPILIT XEY FOR EXTERNAL SORTING

23 C 22
X 000
2, A 19
C 227
225 F 116
' 00 000
226 (£ 635
K 000)
227 ([E 695
T 187)  SEcoOND XEY
228 F 0Og99
Q 230
229 (00 000
U 152)

CO0QTAVBRNOLHOBOVEREDD
229 00000 U 187

seBivardevoRosveITegse



230 B 226
. 231 C 233
232 A 27
233 & 638
23 (E 698
235 F 119
23% 00 000
237 B 233
238 C 240

17
000

23,
000)

187)  THIRD XY
237
29
118
000
21
000)
187)  FOURTH KEY
229

178 oRB1

073 828 U EQUALS ZERO
075 838

152 TRANSFER YO 0 BO

) ew Wk G w9 S Sw 4B G G W W W

066
2 14 +A2A OABA
213 «RAO

C6 L ARLE
LRI T
Pace 13

) G» Np W Gm Ny W Ay

- Gy s & G N B

147 U EQUALS 2ERO TRANSFER TO 0 Q

213 +RA1
065 V EQUALS ZERO +A28
067 +A38

187 TRaNSFER TO 0 AO



LT T~

WE e Rt
112552
Pace 14

2% G 163

J 179 824 4B3a
257 B @G58
178 +RBO
258 C 00

u 17 V EQUALS ZERO TRANSFER TO 0 Q

--~---~~~--~~-~-~---‘-.-----“----~-

o SA0 259 B o7
260 8 073

c 1% 0S31

ﬁ-—------bh'----h--n------‘-nﬁ---ﬂ--

0S80 21 B O
c 21 osal

262 C 213
U 252 oRA2
01% 263 B 0%
L 00g ALso 0 SA1 o 881
26, V 0%
Q 266 F 8 H
022 265 50050
U 001 ERROR IN NOes OF BLOGKS
26 B 072
L Om
27 C 13
J 165 B82a 24
268 B Qs
26 J 16 L o
9 T ,
c 178 M0 RBO
270 B 044
L O
271 ¢ 198
J 200 «R2A oL1A
272 B 061
L 063
273 J 21
Cc 213 «5A0 LRAO
27, B 066
. C 214 oA3A
215 B 0Oy
c 179 «B3a
276 B 079
c O Z PLus 1 gquaLs F
277 W 128
C 0% H EQUALS ZERO
o17a 278 (v 026
B 029)

QHOQQGQQQQOO?OQODOQQOO
#208 30640 U 3C2 TRANSFER TO O 178
0«1‘000‘3&000)0066'000@0&

279 L 028
280 ¢ Oz27

w 028 ALTERNATE INPUT AND OUTPUT TAPES

J 05



C8 SHAWHE

R

Pace 15
281 B 028

o 184 282 (Y ©s0

126 oP1
F 039) 2 «13

C03¢320000Q0R0Q043000

#% € 151 U 29 TRANSFER 1O 0 188

poobevCeeadniOltpuvooe

283 B 112
H 229
28, C 151
B 085 188
285 Z 140
C 282
286 G 127
B 148
287 C O3
B 149 ReseT Xp ¥
288 ¢ 037
K 000
289 s 009
Q 293 T 0
230 A 012
_ H 007 R~-v7v108
291 ¢ 0%
C 009 2R =T 7O vV, ZERO TO T
292 C 005
U 2% #ER0 YO U
293 s 007
" Q 29 s 30
29, A 012
H 005 2R-sT0U
295 € 007
' c 00¢ 2R = s 10 55 ZERO TO V
2% B8 012
' H 011 2R to R
297 X 000
¢ O12 4R 10 2R
298 00 000
U 138 TRANSFER TO 0 13

S W Sn W W I W e B G W AR G WP NS WD M YN A Gk Ge W BN G WS G aF W A G WR AP M @ W

018 299 B 11
300 y 040

301 B 03

(@

29
F 038 Q1 +13a
U 285 0 18a

N S4B G A% YR b B AR 40 MR YR ND Wm WA W e o o Sy e AR W AF G0 TE TN Gr A9 SN OF GF G0 M Sn a9

o1mw 302 B8 035 :
H 699 SUPPLY OUTPUT SENTINEL

303 € 640
52 640
30, 52 640
305 ¢4 COO 52 640 WRITE 3 SENTINEL BLOGKS
YA
06 61 000 65 00 RewiND YaPES
3 »

82 0C0



307

P 2&D
00 000

U

7

[ala B e |
o srtluva

11=26~=52
Pace 16

TRANSFER TO 0 2, New Dara TaPe

o 20

o 21

o 12

308
399
310
311
312
313

314
315

316
317
318
319
320
321
322
323
324
325
326

62 000
4 580
00 000
B8 013
72 640
F 004

- - = W W= . -

B 0Og1
F 004

017

322
XXX
115
326
581
567

S W O o O % ;@

n " W\

F 113

(E s82
(00 000

iy my
A
S

F 113

099 !

B

083
278

5 700

C
00

U

ALP |= X 'M m X

' Dy

640
000

146

047
142

004
329

325
000

178

RESET FIRST wORD OF IDENTe BLOGK

WRITE [DENTe BLOCK

- AR W Sm En A AR R S W W AR R Am S W e A e e

o148

SPLIT KEY FOR INTZRANAL SORTING

SECOND KEY

-

F =4



02
03

33, B 325
A 117
335 C 337
X 000
336 A 326
7 (E 58 ¢ %
33 5
K 000)
338 (E 5%
T 331)
339 F 119 ]
340 00 000 a %
U 328
341 B 337
A 118
42 C 34
X 000
343 A 338
34 £ 580 ¢ %5
K 000)
35 (£ 5%
T 331)
346 00 000
: U 328
---—---K-o‘annn
adl 1 3.8
Q1 34
38 B 090
C 422
39 B 033 ¢ 21
350 B 028
c 126
351 B 038
c 127
352 B 080
H 047
353 C 147
8 Og2
35, C 278
¢ 00g
355 13 000
30 640
356 B 640
¢ 013
357 B C37
¢ 60
358 13 Q0
54, 649
359 54 620
54 60
30 &5 4,0
55 €40
%1 55640

THIRD KEY

FOURTH KEY

BaeakPOINT StOP

»7A
oW1
1

Tare K s Tare B

° 14A

o174 F EquALs zERO

HOLD FIRST WORD OF

IpeNT jFioaT;On BLOBK

1mm DIATE SENTINEZL

Tare A 10 Rl

ST AU N
£ PR LB AR

112552
Pacz 17

S S W@ W TE W W S W W w4 B A G5 NS WS SR D WP AP e

INTERNAL SORT ING

3 SenTingl 8Looks TO Tare X, Y

EXTRAGTOR


Randall Neff
59


04

05

~ on ww o

o N1
o N2

o N3

o N4

o N5

100

LLT
018
010

438
L46
700

Rzap in2uT BLOCK
(A59) 1 st

F PLus 1T0F

ZERO TO J
6x Is g1
N2

SET FuNcTI1ON TABLE

0N EXEIPE
Tinf6-52
Pace 18

W mm e A S e A B B EE e Ea Em E S W G e W W e R e W WP @ @D
f

582
588
330
701
701
010
594
330

000
375
36
024
000
010
380
316
024,

010

385
316

000
010
390
316
024,
€0

010


Randall Neff
61


3%
oN? 395
3%
39

398

399
oNg8 400
401
402
493
49,
o N9 405
4%
407
498
409
o N10 410
411
412
413
4

o N11 475
416
417

jda )
o
A
\

705
010
618
330
706
706
010
62,
330

707
010
630
330
708
708
03

> O
D M » O W D M >» O W D M » O W M » O O
b s |
cC X » O - ;
QO X » £ - O X >» £ -1 O X » £ -1 O X > £ —

B 799
A 111
X 000

010

495
316

000
010
410
316

000
010
L35
316

00 LXRWAE
VN4
el w52

Page 19

TRANSFER LAST ITEM TO OUTPUT BLACK


Randall Neff
63


418 (v Co0
W 000)

1 000
419 a0}

420 (v 000
w 000)

o w1l 421 (54 90 ; \ 7

034) M2 WRITE SARTED BLoex
coBodeeOeDOCENODDGS d

oW2 #21 5590 B 033 M1  WRITE SORTED BLOGK
PO0esORCODRODITNRLO0OS ]

0 7a 422 (B 121 :

U 362) TRANSFER TO 0 4

SACOSLEDDI0O0ADRBLOB0O

o7 #22 00000 00 000 o

0S5 423 L 0%
B 008
L2, § 018
Q 461 F=-130
425 K 000
c 005
426 C 006
¢ 010
427 C 007
Cc 009 ZERO TO Uy Vy Hy 8, T
4,28 B 018
H 011 R equaLs 1
29 H 422
X 000 P EQUALS 1
430 C€ 012
00 0CO 2R
o N 431 010

018 H Pous 1 TOH

422 b,

431 2P TO P

=
et

L=

CC SRUAAL

1eisoo=5
Pace 20

[ &

- -

A
B
¥ 138 2 s F =1 To ExrmﬁNAL SorTING © 13
U

A 093 oNPus 1T100N
436 C 446

B 438
437 A 021

C 438
438 (E 582

e L 699)  Nexr ITem
3 K 0

o X 000
4O § 010

H 443 CURRENT ITEM TO OUTPUT BLOCK
Y & A

H 444



i
%)

©

00
030
QOO
000
010

CAIN T RCE'N
17wt
Pacz 21

C 445

w ©000)

w 000)

w 000)

U 370)  TRaNsFER TO - O N

" e W W b G e M m By wn M G W SN SN G e N B G R M B S Gy G S W G B SN e e e

o8 7 83 000

G 010 REWIND DATA TAPE

Q 423 TRANSFER {F NC PART]AlL BLOCK
C 450

Q 453)  Looave SENTINEL

A 019

U 450

F 004

C 456

L 098 .

B 456)  FILL IN PARTIAL BLOGK
Q 459

u

K

U

456
000

364,° 78 TRANSFZR TO 0 5

- oMk W Am em Sm Gn G W8 e e G M G WS W) B YD U0 SN G M S S AD S Ge G A0 En @y Gp B o e

48 B 580
M9 B 095
09 450 B 58
451 B 450
452 C 450
453 B 450
454 E 456
455 F 035
010 456 (G xxx
457 » 019
458 C 456
459 F 010
460 C L2
461 B 081
462 00 000

C 147 o148
U 308 TRANSFER TO 0 20

W " Gy Wi U G5 Ch A @ AN M W WH Ww B SE G5 Gr W AR S WE TR G5 M G N B AF GR R By S W W

MeEMORY LOGATIONS 463 = 579 uNusED


Randall Neff
67a

Randall Neff
67b


Q.= @ INTERNAL AND 2 WAY EXTERNAL SORTING USING FOUR OR FIVE UNISERVOS - TAPE INTERLOCK ELIMINATED

Al 8AS Ll Z#IFF Key Digits - From | te 5 Comparisons (or words) With or W:ithout Extraction

Aza .SBO  WL2a

Azd RAO Tk=TB . A
823 .RBo Z=E

Bza .l8aif £33

0000

> J < R
-

e FHI>f
4% ,i4a| R Weite 3 (?i)@ffo

Internal ]

St n g

Blac .-F.-'f‘..- 2 Aa
C3AntEE= Ar [ N3 7o Ng
Rz |

'P‘F 174 | ! Sentina J::",' = F_ Fopara el | vl et I ey Corr?F.fr;S{‘;ng
; sad IThst. e I - I |1 Ta > vE X E " e - ' cc
S .,? to W, £ .TA o W A o Blacis(s® Al N2 YA +5:a 3 Wby s vas ; < | i For One Less
- e : . e J A»‘ 243 |l ! ] \ge )12 )?d 4 ; (93 i g3 14
; \ Read | T ot Tr+ Te b | ¥orward | b n Tx, Ty 9 o?Zid-lf [Acta-l]] 7 - [ Aot2Sta-i][Axra~l] i Ackéraj(}\? ra-1] ' ':'f BV A, 3 Than The Numnbey )
| Tape |, Fewind ; (Sor oy gy e ) o p - f ' J J i of Ttem s Fey |
| —_ ¥ A 4 | = | = i
i | Tapel Wuth - o . 2 t i oy Lol %
/_”.ES____.____.J Inter lock = |
l
e A

N ) # | gtz =gn gx) =g+ X(N-n) \[Ax: Ayt E-T J=0 o
@—'—K[AQTZ(N N+a-1: Echtf:a L’-{D’m‘r Z(N . I} ¢ A;rﬁ -@ | = Thas ; "{r =g E‘-"-"f’f 'f""'_'r cuseg o1 A S en>—a>
| J }
|
|
| :

| | r
¥ @
— - — - — ——— — — P ——— rere— g ___ et —— . - — — —— -_— — —I Y !
Feurtt Kch @»@ | m__i Z+i=cl,
15 ' ik
G e O ©-®

—— s g

i
e 1 CNAo+E(N-)) L 10
| &
AN
I

T
O
[_

.

PRy

A} cC

o
Ty
| 3
;’
|

L = 0 —- -3 = ;/
| il 4 . I_““—'__“ ZHIFE
i4 b /i i»:_i. Q\'J C n .. @ (Gl iaall g TVRE
1 i r |_':"‘_"'_‘ - e T i = = Lo - e e L I Wt 5

_@’17’1” *x=eC > Ly
16 @0

‘ R T j—-:q; OF s X N 7 A5 (N- o (-%)-T]
Asccnd.fﬂg Ej‘t‘erm.’ ._(;rpf‘ér_f“.slﬁ @ ':Z(N 7 i 7?& A Trr%' b b'.‘a'-’j ;b@ ’_"i_'_r- / 'a_.r_‘f hAEN"Y"C"Q' @ A’J _’-—E IkN? 2,}.‘41( ?\;‘1. s
Il i 8 Read Backwerd B SR il i . ! Go Tz m 1 Go+ELM +1)~/
Write 3 Sentfinel ! R & [ : '
- H-1+H M Block(s"lan Tx A, R - | 4 :
= T >*8,0 g’
and Ty - A
O g, b y
14D}
35 (N~ d A (jra-i) | Es ! } / ; ) \ : -
Fead Backward = flihg oo 1 £’ d
" Wiite 2 Sentinel Ta =A, gl 2 : = 7 : 3 ,
135 H-1:0 H—nu} J 5 Y Block(S) on Tx T > B, O _@ : i - m=C| { m iy f @-@
= & and Ty " ATAL e § A9 b ¢ &
, . TRra W . ab Z4 =D
2‘ . T s el — AL - ' ' . v ~*(0)~ B[] i -
- \ - » - 4 Ay y \/ ] - .‘ ; I , an # I . # - Y
P : % E : )

™,

De:Scendmg Exterpal Sartir Jj

A ]
Be 1,_[?-'5;,‘1\-) ’—-r-Ez.‘ 0 i['hmﬂ-m

Go+zm " GotTim+i1)-i

t— TK= Te ViV '—v—i\}?_f;)

RAO .Lia 172
REGQ .Lza s -
.SA0 Z-E A~ § @r—(f-’)-—n—-e ZF‘f‘I—F _,J
.SBo fo'-f'w F T0a (4] Lza
AE& h"j ab L -
.4'-"‘_56 X 1y
Bza v ) ]_Z”-FZ- e
176 | = '
B2 (A1 h 195
a,b
Kewind Tx . 4
@‘J‘lehcuf Inter lock ’-1 (7b L
1
e = i b e S O T e —— — s, et | . ittt ey e b _l - +

D e e g el enadie e I

Second Kcy\

"\“/L\

| -~
| 220 2

Fh Kay \"l r".lffhfff:)ﬁ | !

1 ’.v- W g -.. = /_ \ 3 ’ 5 =3 = . L : - . : I .

5B g ON~y=1)wd 1) JA T (N-2- )7 9-11} »(E’Bz{f\’*?--.)" a-1{"[Az(N-x-1) +d-If}—— [Bx(N-Y-1)4e-Ll[Ax (N-X-1)% }— B0 )|
[ | e L 4 .

i
F*z th key :

~
' Second 'e;f'\J Thivd Key
' TEL N - B £ T T . 8 oo L ) o r SN ;
- = ON=Y~1Y+ b=1l'TAs CN=X=1)%F_] { N~y s b-11 \e ANCX <13 b S Wy i 5 r FN=Y- : Y. = S I ) | S
221 f:‘,‘ (N-Y=1}t&-1f [ﬂum X=1)+blf fmpd [BE(N-Y~)1D I L [AE(N-XA)4b~ ™| BN~y LﬁIL’* -ra- [ HAE(N-X=1)+d-1] B»{ N=y=1)+e- :{ ;45 N=X- ;)Te. |
e N . " v

\ 5 = ot . T i : ) |
l:";' e —l

A S+ srage for ape bloek ¥ Adata cron 7 ype A, and curtent location it b bt Z Address jata currently Ssisred in I + Covnts number 01 bBlocks p ey r;hmq oh s&<cond f,-UTP._;T fdPE

B Ste age g2 ne oo 2£ a4 3 e Ju ,'—"; a urrent lo 1of L bic Z4+) Address of data pnext to L stored il . Counts n vmber of Eloc ks pey ‘3frlrc: Sorted  from Tapp A

C. Storage tor one Block of punihary date ciom Tape [ v Gounts ur'berc;}“oc-“p»; string Szrted rrom TapeB

[) jr‘OF?!'r". f:" IE S IDLK Of AL AFY @AlTE fron lape E For) l:“!",'.-' Key digtl's r word "o First {# i il ®x Couvntsnumber " {ter .'-""-':‘::;;' ’f'ﬂ“'t‘"’ A

ol ” .« = ire . ! € ol
E g s blpgck of 3wy Jatasro TAD \ r X ¥ Couhts humbey Of ,f-rn—__q Sov teo ‘JrDI“ block B
& 4 " ie I - g ] 2cnhd Ke 11917 {OF Word) 1
F Storagesor one bldck of guxihary data grtom Tape B i ; (u 4 ) e Number oz words pev 1tem
g ) 2 - - . (s frag ey 111 QFr woprd) = i < b
G Stforage ror pne block 'Sorted dars o / > t--a Optional cperatiens
] ’ § = o W PRI 4 &

H bak ¢ . ompletely sert  data g At 7 Y

Q4 {0 g : e ' € Figth key digits (oF word R - Ty s s . : | ;

J SiTorag ) lgentrgicalion niormn ' i / : & . The input tape Sentinel may be 1n some location gther

O rnts niumn ber o data black On thr r Fapes - A ) A e n <
N Numbe e I f 3 hi SFOTERED, 3 bR AN E of Ehan Ao ard 89, Locatians dre Spetified’in the
B Mayinb et ol Blaak g ] LR o Lty N Ly on, R g LeunTer Which indicates relative posifion og rnputf (Tem 1y ovlpul bleck Parsmeters £or 4 5p
4 i L f + IGC gy ! { - Ik i = i P = o W . i ety | LI S P i - iy .

Q : 3 { - K q Gounter for ttem b -0 '

e | -;_"]’.‘f D£ 1 / SenTihe| ‘f"” S Oy - f o .1 L . Lty . can d § .

S' End of tape sentinel o h Cevnts no.of blocks on exte / g _

T R j Counter wh ndicates the numb f1te eh the ¢ hE
e £ y 3l y J § \ d m Gourrts the number nt items n G -— =
I Tape (subscripted 1A B X, Y) . _ S
O ntTs [ 3 T e " nT e ~F -
T truztit af= o L M ; Sorti g
p Power of 72 dete; s H

Ti Cuvrent ihput Tage £ c T0 .. mine . : |
Counhter sor ble~k £iilin on internal oy INTERNAL AND 2 WAY EXTERNAL  SORTING USING

X First ovlput Tape subscript J g, OF PO y
Vi Sdéond tout  Tape § : a7 it r Sut‘:.Cr:p‘ r":-r curreht item compared on nternal  Sobtine spht kKey 4 OR5S UNISERVOS- TAPE INTERLOCK ELI’J;J!NATED
snd ewtput Tape svb Scripi : 71651

! '
Couvnts nurt L= uf tuf’\ f- peEy tTape

- DRAWN CHHK FROG DATE

R E M l NGTO N RA N D I N C | b ' Bt RODI e B E M m i 61152

b g RIS G o o sieriindy (T

= € A s.431 (500-4851)




Laja A it Sho F ; by
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