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CHAPTER 1
INTRODUCTION

Any mechanized system for processing large quantities of
non-mathematical data must provide an efficient method for sort-
ing that data according to specified criteria. It 1s the pur-
pose of this report to explain the collation method of sorting
as 1t has been adapted to the UNIVAC systen.

In the discussions which follow, no restrictions are pladed
on the input data except that the items be uniform, and that they
be arranged in random order. The location of key information,
the slze of the item, and the number of items to be collaﬁed are
compléﬁely flexible considerations. The body of data may consist
of any number of complete or partial tapes; the key diglts may be
nuneric, alphabetic, or alpha-numeric in character. |

The collation process is divided into three major sectlons,
Two of these, Internal and External Collation, are employed to-
gethervto sequence the items on a single taepe. At the conclusion
of Internal Collation, the items within each block on a tape are
in monotonlec sequence, but every block is random with respect to
every other one, At the conclusion of External Collation, all
the items on a single taps are in the desired order,

If there 1s only one data tape to be sequenced, collation
is then complete., If there are additional tapes, each one must

be sequenced in the same manner, At conoclusion, the items on
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each individual tape are in the desired order; but every tape is
random with respect to every other tape.

The third division, Merging, sequences the items on the
several collated tapes. At the completion of this last process,
all of the items on all of the tapes are in sequence with each
other,

- The remainder of this present volume 1s devoted to a detalil-
ed explanation of the techniques employed in programnning the col-
lation process just described., Chapter 2 contains a glossary of
computer terms which may be used for reference throughout the en-
tire report, The basic binary method of collation, as’aﬁplied to
& small quantity of data, is described and illustrated in Chapter
3. Chapter 4 defines the manner in which the basic collation
method 1s adapted to the input-output equipment of UNIVAC, Chap-
ters 5, 6, and 7 are concerned with Internal Collation, External
Collaﬁion, and Merglng respectively, Each of these chapters re-
views the techniques agsociated with one of the three divisions
of the complete process, and explains, in detall, the loglcal de-
velopment of at least one.of the lllustrative programs.,

Chapter & contains a complete explanation of the methods
used in timing collation programs. From the charts and tables
included in these sections, 6ollation times for additional item
sizes, and varying quantities of data can be estimated. Finally,
in Chapter 9, the present flow chart conventions are summarized,

and a glossary of the collation flow chart symbols 1s listed,

1.0.1.2
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Volume II of this report contains all the illustrative rou-
tines and tables which have been designed to accompany the dis-
cussion in Volume I, Although a few prdgrams are presented Dby
flow chart only, most include both flow chart and coding. 1In
all cases where the flow chart alone is given, the major portion
of the program is simllar to a previously coded routine, or 1s
related to another progran.

Reference between Volume I and Volume II should not be dif-
ficult., The first digit of each page number in the second volume
indicates the chapter in Volume I to which 1t is-related. In addi-
tion, the pages of the two volumes can be distinguished by the
second digit of the page number. In the first volume this digit
1s zero, and in the second volume, it is one. Thus, in Volume I,
the discussion of Internal Collation begins on page 5.0.1.1, and
iﬁ Volume II, the assoclated tables and programs begin on page
5.1.1.1. It should be convenient to refer to discussion and pro-
gram simultaneously,

The programs in Volume II are designed to indicate the man-
ner of processing several different key digit locations in iteams
of many different sizes, No group of programs, therefore, can be
fitted together. However, a single complete collation program
‘can be produced with relatively simple adjustments in the exist-
ing routines,

For example, the Internal Collation routines illustrate the

method of processing three specific item sizes., Each of the pro-

1.0.1.
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grams ls developed according to the techniques recommended for
the size of item concerned. To produce a program for an alfer—
nate item size, it 1s necessary to (1) decide upon the most sat-
isfactory location of the key digits within the item, (2) select
the modification of the basic method which is applicable to the
item size chosen, and (3) consult the table,beginning on page |
5.1.1.1, for the recommended compdosition of strings and cycles,
The changes necessary can then be incorporated in a new progrem
modeled after the appropriate sample routine,

For reasons discussed in Volume I, the techniques used in
External Collation and Merging are independent of the size of
the item collated, Any of these programs can be revised to pro- -
cess other key digit locations, or other item slzes, with no
change in the logical development of the problem as shown on the
floﬁ chart. Only those routines concerned with the comparison
of items and their transfer within the memory are affected, The
corresponding adjustments in coding are uncompliocated.

Suggestions for other adjustments in programming are con-
tained within the chapters of this report. Most are desirable
for reasons of economy in computing time, If applicable, these
alterations should be incorporated whenever other programming
.changes are being made, Additional changes may suggest them-
selves in time, and these, too, should be incorporated if effi-

clency or rerun considerations warrant them.

1.0.1.4
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CHAPTER 2

DEFINITIONS OF COMPUTER TERMS

Block

Block, Auxiliary

Block, Input

Block, Output

Block, Partial Last

Block, Sentinel

Collation

Collation, External

The smallest input-output unit of the
UNIVAC, A group of sixty words.

The memory locations allocated to sixty
words of input data in addition to those
already stored in the input block; also,
the contents of those locations.

The memory locations allocated to sixty
words of data from an input tapme; also,
the contents of those locations.

The sixty memory locations allocated to

the output of computer processing oper-

ations; also, the contents of those lo-

cations. When sixty locations have been

filled, the block is written on the out-
put tape,

A final data block which 1s not complete-
ly filled with true items. The words '
which are not data or sentinel are of no
inportance.

A block which contains one or two words
of sentinel in certain specified loca~
tions., Two or more sentinel blocks fol-
low the last full block of data on every
UNIVAC tape, ‘

The method of sorting whereby increasing-
ly larger strings of items are sequenced
according to the magnitude of the entire

group of key digits in each item.

The UNIVAC process which operates upon an

internally, collated tape, sequenoing the
items in every block with respect to
those in every other block.

2.0.1.1
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Collation, Four-way | The collation methed by which the com-
ponents of four input groups are compar-
ed and sequenced.

Collation, Internal The UNIVAC process which rearranges all
the items within each block on a data tape
in the desired sequence, but leaves
every block in random order with respect
to every other one.

Collation, Two-way The collation method by which the com-
ponents of two input groups are compar~
ed and sequenced.

Collation, Three-way The collation method by which the com—
ponents of three input groups are com-
pared and sequenced.

Cycle A veriod of computing time during which
the number of units in sequence within
a gtring is increased, while the total
nunber of strings is reduced.

Digit . A single decimal numeral, alphabetic
' character, or other symbol used in UNI=
VAC operations. The unit component of a
word.

Digits, Key ' Those digits within an item which have
been designated as the basis for sort-
ing operations.

Digits, Satellite All the digitg of an item, other than
the key digitse

Group In two-way collation, approximately half
the total number of input’ strings to be
collated. In three-way collation, approx-
imately one third of the total number of
input strings to be collated.

2.0.1.2



Identification, Tape

Interlock, Tape

Itenm

Label, Tape

Merging

Rerun

Sentinel
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A system for internally labelling each

of a series of related output tapes with
sufficient information to uniquely identi-

fy that tape with regard to all other
tapes in the same series, and in every
ther series, and to make pocsible the
rerun of the tape, if neocessary.

The interruption of all computational

operations for the period needed %o
complete the tape operatinn currently
in progress, and to initiate the one
required by the current instruction.
Whenever two successive read or write
instructions, or a read and write in-
struction involving the sane tape oc-
cur too closely together, the computer
is interlocked at the nmoment of carry-
ing out the second instruction, until
the firet operation is complete,

Any number of digits or words which
are linked together by a common rela-—
tionship or characteristic to form a
gingle unit of data.

A combination of two alphabetic char-
acters and two numeric digits which 1is
assigned to g datg tape in order to
distinguish 1t from all other such tapese

The UNIVAC process which operates upon °
the geveral individually collated tapes,
placing all the items on a single string
of tapee which are then in sequence with
each other,

The reprocessing of a data tape which has
been incompletely or unsatisfactorily pro-
cessed before. .

A complete word of some non-data choract-
er with extremely high vulce combination

which 1g used %o indicats the end of the

data stored on a tape.

2:.0:1.3



Sequence, Ascending

Sequence, Descending

Sequence, Monotonic

Sorting

Sorting, Digital

string

String, Incomplete

String, Input

String, Output

Vord
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A sequence of items in which the iten
containing the key digits of least mag-
nitude is found at the beginning, and
the i1tem containing the key digits of
greatest magnitude is found at the end,

A sequence of items in which the iten
containing the key digits of greatest
magnitude is found at the beginning,
and the lten containing the key digits
of least magnitude is found at the end,

A series of unite which are in order ac-~
cording to a single group of specified
key digitse.

A term which is aprlied to any nethod of
rearranging a group of random items in a
desired sequences

The method of sorting whereby all items

are sequenced according to the magnitude
of one key digit at a time.

A sequence of one or nore units of data.

A string which contains fewer than the
number of units of data specified for
a string in the current cycle.

A sequence of one or nore units of data
which is to be processed during the cur-
rent cycle.

A sequence of two or more units of data
which has regulted from the collation of
a string from each of the input groups.,

A sequence of twelve digits; the unit of |
all computer operatlons except those
which involve multiple word transfers;
the contents of one memory location.

2,014
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' CHAPTER 3
"THE BINARY METHOD OF COLLATION

3+0.1. The Basic Collation Method.

In collation, the foremost problem is one of rearranging a
series of.random items into a monotonic sequence, according to one
or more key digits. Thig may be done by exanining the first two
items, placing them in proper order to form a string of two in gse~
quence, ahd then successively exanining every other iten to deter-
nine where 1t should be placed in that string. This procedure, how-
eéver, requires many comparisons, and, if the quantity of data to be
processed 1s large, it is not an efficient plan.

The more general method of co;lation 18 a binary one. If 2V
1tems are to be sequenced, the first step is to Torm 2¥-1 gtrings
of two items each. The second step is to collate these strings of
two into strings of four. In each succeeding step the strings which
resulted from the last collation are collated by pairs to produce
strings of twice the previous length. The final arrangenent iﬁto
one string is achieved by W such collations.

The gimple eiample below indicates how a group of items may
be processed to form g descending monotonic sequence. Each 1ten
18 represented by two dizits. The first (the Itey) is a number. The
second (the satellite infornation) is an alphabetic character. The
arrangement of data before the beginning of the first cycle of oper-
atlon is shown in the left-hand column. Rows of dots mark off the

groups of 1tems which are to be formed into a s8tring during any

cyolae

350.1,1
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Original Output - Output Output
Data Cycle 1 Cycle 2 " Cycle 3
BA 8A BA BA
3Bececesenserssesa3B - 5D 7E
20 5D 3B 6H
5D........--..;...20.........-..ZC 5D
7E 7E 7E LG
lF.l."...l.'CF.C'I'lF 6H - BB
LG 6H LG 2C

BHeovooennroneeseelBroeecveereeslFeeenenasnaeeelf

At the beginning of the first cycle, 8 is coapared with 3. No
rearrangement of the items is necessary, as 8 is larger and already
appears first, Then 2 isg comparéd with 5. Thesge items nust be re-
arranged to form a string in descending order. In doing so, D is
carried along with five, and C is transferred with 2. To collate
the next pair, no inversion is needed. In the last pair, 6H and 4G
are interchanged. At the end of the cycle, there are four strings
of two items each,

During the second cycle the first item of the firat string 1is
compared with the first item of the second string. As 8 is larger |
than 5, 8A becomes the first entry in the new string being formed.
The next comparison is between 5 and 3. This tine, 5 1s the digit
of greater magnitude and, therefore, 5D is transferred. The next
item in the second two-item string is 2C. When 2 ls compared with
35 1% 1s Tound that 3B should be transferred first, followed by 2C.
This completes the first string of four items. The second string of
four 1s arranged by similar techniques, The items are compared in
the order (7,6), (6,1), and (&,1).

In the third cycle, the two strings formed during the second

oycle are collated into a single string of elght items. The order

360:162



950-1
10/12/50

. in which the pairs of key digits are dfatm and compared is: (8,7),
(7,5), (5,6), (5,4), (4,3), (3,1) and (2,1). Collation is then
complete.

A subroutine; showing the collation of 64 two-word ltems 1s
included in section 3.1l.1 of this chapter. In all essential opera-
tions, i1t follows the patterﬁ of the nethod Just described. The
only significant change in technique concerﬁs the manner of select-
ing the items to be compared during all cycles prior to the last.
For purposes of programming, 1t is nmore convenient to divide the
total quantity of data intn two equal groups at the outset, than to
delay until the final round of comparisons. This affects the con-
tents of the various intermediate strings, but the final result is
the same.

. To illustrate, the previous example 18 recollated below. As
before, the dotted lines indicate the manner in which the data is

grouped, The items included in each string are bracketed together.

Original Output Output Output d
Data - - Cycle 1 Cycle 2 Cycle 3

8A jea i8A 8BA

2B |78 27E‘ |75

2C {38 . 6H

SD'occooooonuﬁcool.LFnoooo-.--.-«'?Ca'o--oo.... 5D

7E lb” T6H LG

1F {20 <D |13B

LG :6H 2B 1 2C

6h................5L..........,$¢F.,......... 1F

Regardless of the number of strings to be collated in any
cycle, the initial comparicons are between the items of the first
string in greup one and those in the first string in group two.
The remaining strings in the two groups are palred similarly.

3,0.1.3
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In so far as possible, the collation process has been pro-
grammed to save both memory space and computing time. To conserve
memory space, the comparison and data transfer routines are coded
only once., To save time, each routine is coded as efficientiy as
possible. ‘

During each cycle, the comparison routine is iterated when-
ever there are two ltems to compare. Depending upon the nature of
the data, one of the two transfer routines is iterated for every
item in the two input groups. The only variation from one cycle to
the next, is in the nuaber of items which are to be collated toge-
ther. |

To make these iterations possible, several counters have
been introduced for computer control. Each counter is increased

and compared wWith 1ts 1limit at some time during the routine with
. which it is assoclated. As long as counter and 1limit are unequal,
additional iterations of the routine are required. Vhen counter
and limit are equal, the program is adjusted to initiate a differ-
ent series of computer operations.

Two paths of operatlon must be provided for every test. When
the events which precede the test require changes in the sequence
of events which normally follow the test, all alterngte routines
must be provided as well. Only those routines which apply to the
current flow of the collatlon process are avallable or "get" at
the moment when the test is made.

‘ At the start of the eubroutine in section 3.1.1, the input
data Ao...A127 lg divided into two groups of 32 items eéch;

3¢0s1e b



Bo"'B63 and Co"'063' The first word of item 1, group B, is com-
pared with the first word of item 1, group C. The keyword of grea
er magnitude and its satellite information (word two) are trans-—
ferred to the first two output locations. The keyword of smaller
magnitude and 1ts satellite are transferred to the second two out-
put locations.

Continuing in the same manner, successive items in group B
are compared with those in group C, always transferring the item
of greater magnitude first. When the last item in each group has
been transferred, the output is a series of two-item strings, each
properly collated. Additional iterations yield collated strings
of 4, 8, 16, 32, and 64 items. Thus, at the completion of the
sixth iteration or cycle, the data has been transferred to the out
put position in a single series of 64 two-word items arranged in
descending order with respect to the first word of each item. |

The number of cycles and the length of the string in each
cycle are controlled by the quantities n, ny, and Noye At the start
n, the number of items to be compared for a single string, is equa
to ones VWhen ny and N, the number of items transferred from B and
C respectively, are each equal to n, a string in the cycle is com-
plete. The next comparisdn begins a new string., When all 64 items
have been transferred, the cycle is complete. The limit, n, is ad-
- vanced to 2n, and the data is transferred bdck to the input loca-
tlons for the next iteration. In the secdnd cycle, n equals 2, and

therefore when ny and n, both equal 2, e#ery string in the output

3.0.145
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location contains four collated items. The number of itens in a
single string is doubled for each successive cycles When 2n équals
64, the sixth cycle is complete end the data is in the desired or-
der. .

The constants for this subroutine are stored in menory loca~‘
tlons 397 through 419. The input data is in locations 420 through
547, The output data is in locations 600 through 727. The rou~
tine is entered at 300 from the main routine and reenters the mdin
routine at a point inserted in instruction 346, Provisions are
die to change the instructions as necessary, in order to complete

the sixth cycle before returning to the main routine.

3.0.1.6
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CHAPTER _u

THE COLLATION METHOD APPLIED
TO LARGE AMOUNTS OF DATA

40.1. Adaptation of the Collation Hethod to UNIVAC.

The subroutine which accompanies Chépter 3 is of use when
collation is a small part of a more extensive program, and the num-
ber of items to be processed 1is not great. With minor adjustments
in coding, the number of words per lten, or the number of items to
ﬁe collated, may be somewhat expanded. This is a limited improve-
ment at best, because the capacity of the internalvmemory is soon
exhausted. To obtain complete flexibllity in both size of unit and
quantity to be processed, the external memofy of the computer must
be utilized. This, in turn, necessitates the adjustment of the bag--
ic. collation method to the input-output equipment of UNIVAC. It
is the purpose of Chapter 4 to indicate how thig may be done.

UNIVAC input’units may be considersd to be of three orders of
‘magnitude: the block, the tape, and the group of related tapes. The
smallest of these is the 60-word block. Every data tape must con-
tain at least one such block, and may contaln the maxinum number if
complete, or any smaller quantity, if not complete. The group of
ﬁapes which comprise the entire body of data to be processed may
consist of any number of partial or conplete tapes.

Similarly, there are three maJor divisions of the complehe
. collation process. The first, Internal Collation, sequences th:
items within each Tlock but léaves every block on the tepe randoa
with respect to every other orc. External Colletion, which fallowg,

gequenoces each bloolr with resvecs to every other Dlock, hut lLegveg
J P

I"’f’:» C " v’,, w :L
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the tape random with respect to every other tape. Finally, the Merg-
ing programs process the several 1n@ividually collated tapes to form
a series of tapes which are in sequence with each other.

The <Internal Collation Program 1ls the only one which closely
resembles the subroutine of Chapter 3. No'important change in basic
operations has been introduced,‘although computer ingtructions are
reduced in order to process only those items included within a single
block, and augmented in order to process successive blocks on a com-
plete tape. However, this general method 1s not always economical.
When i1t is wasteful for a particular size of item, variations are in-
troduced to increase computer efficiency. At firgt glance, the modé;
Tied programs may not appear comparable, but the logical development
is actually the same,

The External Collation prograﬁs operate upon the output of In-
ternal Collation. Item by item, the contents of the collated blocks
are sequenced 1into strings of two, four, eight, eto. blocks. At the
end of the eleventh External cycle, an entire tape containing the
maximum number of blocks is in order. A tape of fewer blocks isv
completely collated in a smaller number of cycles.

The item size does not affect the operation of External Colla-
tion in the same manner as 1t does Internal Collation, and therefore,
major changes in External Collation programming do not arise from
this source. Efficiency considerations make it desirable to reduce
thg number of cycles, however, and various modifications which ac-
complish this have been developed. '

Both Internal and External Collation programs are nagergam:
in order to completely sequence the items on a single tape, If

La0Ocdo2
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there is more than one data tape to be processed, collation is not
complete untll all tapes have been merged together. Item by item,
the contents of the collated tapes are sequenced in strings of two,
four, elght, etc. tapes. The operator determines the number of cy-
cles required to complete merging from the total number of tapes to
be processed. A4t the conclusion of the final cycle, all itenms of
data are in the desired sequence,

Methodé developed in order to reduce the number of External

cycles required are generally applicable to Merging as well. All

are dlscussed at greater length in section L4e0e3 of this chapter.

4e0.2. Collation Procedure.

The collation method employed in the programs of this report
has been described in broad general outline, without menﬁioning the
techniques used to implement 1t. At least a few of these require
explanation, and are treated briefly below. Those which abe not
unique. to the collation process will not be discussed further, but
additional_explanation of the others may be found as necessary in

Chapters 5, 6, and 7.

Alternation of Tapes: The inputlsource for Internal Collation
18 a single data tape. The final output consists of two tapes, each
contaiﬁing approximately half of the total number of collated blocks,
By alternating the designated output servo after the_collatidn of
each block, the efficient division of the data into two approxinately
equal groups is assured. If the twb tapeé do not contain exactly
the same amount of data, the first is the longer, and containa only

one adcéitlional block.

L”c Oc 201
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The output of Internal Collation is the input for the first
cycle of External Collation.A As the block is the unit of subdivi-
sion for External Collation, the input data may be considered to
consist of two nearly equal groups of one-block strings. Two out-
put ?apes are again used,‘but the alfernation takes place following
the writing of each string of two collated blocks. This again in-
sures the division of the data into two groups of approximately the
sane nunber of strings for the hext collation cycle. IT one group
is larger than the other, i1t must agailn be the first, and it cannot
contain more than two additional blocks (one string) of data. These
tapes then become the input tapes for the second External cycle.

Each External cycle which follows maintaing the same plan, al-
\ternating output tapes after the collaéion of each string. There
1s only one final output tape as the output of the last cycle is a
single string containing all the items of data in sequence.

The Merging programs employ multiple input and output servos
also. The input for each run of the first Merging cycle is two com—
pPletely collated data tapes. When the items from these tapes have
been merged, the output string cohsists of two tapes in sequence.
In order to conserve computing time, 1t is convenient to assign two
UNISERVOs for these tapes. When the first tape contains the maxi-
mum numnber of blocks, the second is used.

In the later Merging cycles, when each of the input strings.
consists of two, four, eight or ete. tapes in sequence, sinlilor e-
conomy considerations make i1t convenient to aseign two servos fov
each input string. The first tape in the string ig rs2ad from onc
servo, the sécond from anostiaer and *the thirvd fron the first serve

0.2, 2
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again. This type of alternation does not affect the collation method
' Strings: The interpretation of the term string in the Inter-
nel Collation programs differs from that in the External Collation
programs, although the comparison of one item with another is basic
to both. The unit component of a string in Internal Collation is an
item. The string is formed by comparing R items from one group with
an equal number from the second group, and arranging them in a mon-
otonlc sequence of 2R items. The unit component of a string in Ex-
ternal Collation 1s a block. The string is formed by conparing the
ltems in R blocks from one input tape with those in R blocks from
the second input tape, forming a string of 2R blocks in the desired
sequence. Tests must be made to determine when the end of the string
and the end of the group have been reached. Some flexibility in the
order in which these tesgts take place i1s possible. The order em-
ployed in the accompanying programs is the one which requires the
Tewest testsy and thereby, permits the greatest economy in comput-
ing time.

In the Internal Collation progrsms, a test for the end of the
group concerned follows the transfer of an input item to the output
locatlion., If the end of the group has been reached, the end of the
current input string in that group must have been reached also, and
the output étring is completed with the items remalning in the other
group. If the end of the group has not been reachesd, then a tect
for the end of the current string in that group follows. If the
end of the input string hasg been reached, the current cutput atring
1s completed with the items remaining in the current guring in the
other group. If the end of the string has not been rezched, %he

La002.3
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nexv 1ltem is processed. No test for the end of a block is nade
during Internal Collation, as only one block of data i1s processed
at a time, énd all itenms in that block have been processed when
both groups have Yeen collated. ]

In External Collation, more than one block’of dat# is in-
cluded in an input string from each group during every cycle ex-
cept the flrst. For this reason, a test for the end of the block
concerned must be nade aftzar the transfer of each input iten to
the output location. If the current block in the group has not
been exhausted, collation continues with the Processing of the
next item in the block. |

If all the items in the current block have been procegsed,
the next block in sequence is transferred to the working location
of the group. A test is made to determine whether it contains data
or an end-of-tape indicators If no data is present, the group has
been exhausted, and the current output string is completed with
items remalining in the othér group. If the group has not been ex-
haustea, a test is made to determine whether the new block ig part
of the current string, or the first of a new gtring. If the cur-
rent string has been exhausted, adjustnents are made to complete
the outbut string with the remaining\data from the other inputd
string before processing the new block.4 If the current input string
has not been exhausted, collation continues with the processing of
the firsgt item in the new block.

" In Merging, the end of a group is an external matter deter-

mined by the operator in charge of the pProgram, who nmust know the

LeGe2. 4
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total number of tapes to be merged during the current oycle. The
program tests for the end-of-block and end-of-tape in the normal
manner. However, as there are seVéral input tapes in each group
during every cycle after the first, the end-of-tape test is fol-
lowed by §.§e§t.§g~determine whether the Iast tape in the string
conoernéd.ﬁas been processed. If the input string has been ex-
hausted, the output string is completed with the items remaining
on the tape(s) of the other string. If the current string is not
exhausted, collation continues with'the processing of the first

item on the new tape. _ |

Cycles: In Chapter 3, the tern cycle was interpreted as a
period of computing time, during which the nunmber of ltems in se-
quence in each string is doubléd, and the total number of strings
is therefofe halved. If W represents the number of cycles required
to collate N itemg in o single string,then zw; Ne This same inter-
'pretation applies equally well to the Internal and External Colla-
.tion programsg, if unit is substituted for itenm, and if N is tenpo-
Yarily assumed to equal an integral power of two at gll times. The
number of units (N items) in a block determines the number of In-
ternal c¢ycles required, and the number of units (N blocks) on the
original data tape determines the number of External cycles required.

The nunber of cycles 1s an integral part of the Internal Col-
lation programs. Computer controls are established for each cycle
to insure the iteration of comparison and transfer routines as fre-
| quently as necessary. VWhen the itemsg within one block have been
completely collated, the resulting sequence 1s written on an out-

- put tape. The next input block is then processged, beginning with
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the first cyocle.

, If the data tape contains the maximum number of blocks, elev-
en External Collatlion cycles are required to complete collation.
Because 1t is expected that some tapes may not contain the maximun
nunber, the External Collation programs afe designed to process a
tape of any shorter length, with a corresponding decrease in the
nunber of External cycles reduired. It ie assumed that informa-
tion regarding the number of blocks on each tape will not be avail-
able to the operator. A count is made within the computer during
Internal Collation and a routine at the end of the Internal pro-
gram conputes the number of Extefnal cycles required from this
quantlty. 4 routine in each External cycle tallies the cycle about
tb be started. When tests indicate that the current cycle is the
last, controls are established which will conclude the progran
after all the data has been placed in an ascending monotonic se-

quence.

This methods of establishing computer controls internally is

+h

of advantage when a large number of tapes of varying lengths are to
be collated, and the length of each is not conveniently available.
If the tape lengths are already known , the collation program might
be gltered to allow this previoug count to be used in establishing
the necessary controls. If the Supervisory Cnntrol nust be emnploy-
ed for this purpose, it is dopbtful whether any economy in comput-
ing time will result.

In Herging, the nunmber of cycles. is controlled by the opera-
tor in charge who maintains a schedule for the complete collation
of the total quantity of data. The Merging programg, as they now

Laa?, 6
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exist, are lndependent of the total number of unit tapes to be pro-

cessede.

Agcending and Descending Order: Throughout the collation and

merging programs 1t is assumed that the’desired final order of the
data is an ascending monotonic sequence; Internal Collation, Ex-
Ternal Collatieon, and Merging might all be programmed to collate
the data in this fashion. Intermediate output tapes would then re-
quire rewinding before use as the input tapes for the next cycle.
As the ensuing'delay would be wasteful of computer time, an alter-
nate technique has been developed which eliminates the necessity of
rewinding during External Collation. The nature of the Merging
progran, where an input string may consist of more than one tape,
mekes an attempt at this type of econony impossible. Therefore,
the data is always collated in ascending order during the final Ex-
ternal cycle and allyMerging cycles.

When rewinding is eliminated, the input tapes are read into
the menory with-the tapes moving in a backward direction. The
first digit to appear at the reading head is the least significant
digit of the last word in the last block written on the tape. The
input mechanism autonatically assertbles the digits in each word
and the words within the block, in reverse order. Thus, the ori-
ginal sequence of the data within the block is not disturbed, re-
gardless of the direction in which the tape is moving at the time
of reading. ' .

When there is only one block in a string, as at the begin-
'ning of the first External cycle, collation may be carried ous |

elther in the same monotonic sequence, as previously, or in re-

b,0.2.7
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verse order., However, during those cycies whgn the input strings
each contain a larger number of blocks, the first block avallable
1s the last in the string. There‘is not sufficient memory space
avallable to store all of the blocks in each string for sequential
processing, beginning with the first.

This complication is eliminated by aiternating ascending and
descending sequences in successive cycles. ;f the output of a giv-
en cycle is in ascending order, then the first block of each input
string to be processed during the next cycle includes the items of
largest magnitude. The last itenm in the current string from group.
one 1s compared with the 1ast_in the current string from group two.
The item of largest magnitude is transferred to the first output
locations Moving upward through the items in the successive blocks
of the two strings, additional iterations of the comparison and
transfer routines yield an output string collated in descending
sequence. The process ¢ontinues until all the data has been treat-
ed in this manner, During the next cycle, the order is reversed
agaln, to obtain strings which are collated in ascending series.

At the conelusion of the last cyele, all items are included in a
single string in the desired gequence,

A full data tape requiring eleven External cycles for com-
plete collation, must be internally collated in deécending gequence
ir the_final output is to be in ascending sequences. The first Ex-
Ternal cycle and therefore the last, is completed in ascending se-
quence., Tapes of intermediate lengths requiring an odd number of
cycles to complete collation, are sequenced in the same manner, al-

though the procéssing is shorter. Tapes requiring an even number

45062(8
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of External cycles are not collated in the desired finsl se-
quence by this methods To avoid reprocessing the oririnal
data, a special deccending progran is ingerted imnedlately
following Internal Collation. In this cyéle the data 1s a-
galn collated in descending order. The second, and all even-
nunbered cycles are in ascending sequence , and the final re-
sult is then comparables If the desired final sequence isg
the reverse order, the programs rust be adjusted according-
ly’to yield a final output tape in descending ncnotonic ge-
quences _

Figure 1 below briefly illustrates the technique of
collating by alternating ascending and descending cycles.
A twenty-word 1ten is assurmed, end is identified by its'key
digits only. (Satellite cigzits may be considered to be pro-
cessed in the manner indicated in Chanter 3). The number
appearing at the left of each block of three iterns indlostes
the relative order in which 1t would be read\in or written '
outs. Separating lines appear between input blocks; separa-

ting lines appear between output ssrings.

L"éo. 2.9
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Figure 1o EXTERNAL COLLATION OF EIGHT BLOCXS OF THREE ITEMS EACH:

Internal Collation First Cyele - External Collation
Output Input g Output
Tape 1 8 Tave 1 8 Tope 1 2
i ; & _§ m, #2 1

3 s 5
1 3 )
73 lg_. 13 20
4 15 P |
1
>4 L | 2
30 30 ‘
#1 19 #7 19 #5, #6 15
16 16 s
Tape 2 20 Tape 2 :2'(; Tape 2 g
JA
#8 g #2 I 12
iz 12 #3, #4 13
#6 9 #h 9> 17
5 S 18_
: o 2
, g
g T o ' 10
10 10 #7, #8 16
® #2 6 48 6 19
0 2 20

~Second Cycle-External Collation  Third Cycle-External Collation

Input Output ' Input Output
Tape 1 L Tape 1 30 Tape 1 1 Tape 1 0
#1 :{5 19 1 0 0
17 0 1l
‘%“ 16 6 2
#3 1 15 #3 4 #1 2
| 2 10 2 i

7 #1,#2, 6 16 thru

#5 8 #3,#4 4 15 l
; 20 2 10 #8 5
2 1 30 6
8 3 0 #8 19 7
I 0 17 8

Tape 2 16 Tape 2 20 Tape 2 L 18
#2 19 18 #2 3 12
30_ 17 2 13
0 ‘ 13 8 15
# 6 #5 46 12 #h4 7 16
. 10 #7 st 9 5 17
13 8 13 17

o # 17 7 46 12 18
18_ 5 9 19

i 2 9 4 28 20

i 1 _'_é,_ 7 . i?— 30
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End of Tape: Throughout all dlscussions concerning UNIVAC, the

phrase %end of- tape" is used to mean the end of the data which has
been gtored thereon, rather than the physical end of the tape itself.
Although the two 1limits may frequently coincide, there will be many
occasions when a partial tepe 1s tn be used. It is therefore necess-
ary to stondardize a method for indicating the end of the data to

the computer. This 1ec accomplished by the insertion of an end-of-
“tape sentinel in one or more specified locations in the block which
follows the last full block of data.

The end-of-tape sentinels heave not been specified in the pro-
grams which accompany this report. A word of any character which
has an extremely high pulse combination may be used, as long as 1%
easlly distinguished from a word of true data. All initlal inpul
and final output tapes containing only full blocks of data carry
this sentinel in the first and last position of the block following
the last data block. Similar tapes containing a pertial last block
of data cerry the sentinel in the first non-data and the final lo~-
cation in that block. The Internal Collation programs which use
these tapes tect each data bleack for the presence of gentinel in
the last pnsition., If sentinel is not present, the current block
is a complete block of data. Vhen gentinel 1s present in the last
position, the first location in the block ié tested. If sentinel
ig present in both positions, all the data has been procesgsszd. If
sentinel ig present in the last position snd not in the firsv, the
ourrent block is a partial block, and successive items are tested

to determine the linit of the data,

L4.0.2,11
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A group of related programg may utilize many intermedlate
output tapes before the final one. If the data can be arranged
in integral block units, a less extensgive system for end-of-tape
indication can be used. A simplified procedure is usad in the
collation prégrams, which cannot process inconplete blocks of data.
The sentinel blocks placed on the Internal Collatlion output tapes
contaln a sentinel indication in only one location in the block.
That location is the only one tested in the External Collation
progran which uses these tapes for its input source. The tech-
nique is continued throughout External Collation and Merging until
the final Merging cycle is reached, At thls time, the normal meth-
od of sentinel placement is resumed on the final output tape.
When output tapes are tn be rewound before re-use as input

tapes, the and-of-tape sentinels are written after the last block

of data. If intermediate output tapes are to be used without re-

winding, as they are in External Collation, the sentinels must be
placed on the output tapes before the first bloék of data 1is writ-
ten., Subsequent routines will read the tapes as they move 1in a
backward direction. The number of sentinel blocks to be written
on a tape varies with the control problem introduced by the next
program in the processing. In general, two are required for use
with all programs utilizing continuous read instructions, and one
or two data stofage Ylocks per tape. Data tapes to bz usged in
prograns employing additional auxiliary storage locations require
three sentinel blocks.

Because the collatlion programs cannot procesg inconplete -

L!’oOb 20 12
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blocks of data, the Internal Collation program includes a routine
which converts a partial last block into a full block by inserting
appropriate words for the missing items. If the flnal sequence of
the data 1s to be in ascending order, the inserted items consist
entirely of ignore gymbols, which have the lowest pulse combina-
~ tion. When this block is collated, the key digits of the ignore
ltems are of smaller magnitude fhan the key digits of all true
ltems and are grouped at the end of the descending nonotonic se-
quence. Throughout subsequent External Collation and Merging, the
ignore items continue to be the items of the least magnitude. They
appear at the end or beginning of a string, depending upon the se-
quence of the data which follows. During all Merging cycles prior
to the last, a complete block of these items is discarded if it
occurs in the collated sequences. Only those ignore items necessary
to a complete first block in each string are retained. At the begin-
ning of the last Merging cycle, all remaining ignore items appear
before the true items in the collated sequence and are eliminated.
The normal technique of placing sentinels in a partial last block
of data may then be resuned.

When a data tape is to be finally collated in descending mon-
otonlc sequence, a partial block may be expanded by the insertion
of words containing characters of the highest pulse combination.
Thege words will be regarded throughogt collation and merging as
the ltems of greatest magnitude, and will finally appear at the be-
ginning of the input strings in the Merging cycles. They may be
elininated during the final cycle in the same manner that ignore
syrmbols are eliminated.

L,0.2:13
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Incomplete Strings: Earlier in this chanter, the expression

2V - x was given to demonstrate the relationship between N, the
nunber of units to be collated and W, the nurber of cycles required
- to complete collation. In the discussion.which followed, N was ag-
suned to be a quantity such that W was always an integer, and the
problen of intermediate values was not introduced. It is, however,
undesgirable to linit the flexibility of the collation progran in
this manner. On the other hand, if N is not a perfect power of two,
the number of cycles to be prorranmed must be determined in another
rianner.,

In the programs which acconpany this report, the problen of
fractional powers has been avoided by providing as nany complete
cycles as would be required if N were the next perfect power of two.
In the same notation, 2W_>,~ N)ZW-I. Compensation for the discrepancy
in the nunber of units to be collated is made by allowing sone
strings to have less than the proper number in one or more cycles.
These are inconplete or partial strings.

All collation programs establich a series of counters to aid
in naintaining control of the number of units in a group, the num-
ber of units to be conpared for a string in each cycle, and the to-
tal number of cycles required to complete collation. During the
lteration of each associated subroutine, a specified counter is in-
creased and is compared with its 1init to determine whether the cur-
rent iteration is the last. VWhen incomplete or partial strings are
to be processed, fewer iterations of certain gubroutines are re-

quired, and the normal sequence of computer operations is altered

"‘t"a OQ 201“‘
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by changling the necessary counters. It is a matter of convenlence

whether the counter itgelf, or its linit is adjusted.

In Internal Collation, each individual propran is designed
to collate a specified nunbér of units, apd the prograrmmer 1s able
to pre—-assign the location of a partial string within the data
storage block. Depending upon the nunmber of 1tens to be processed,
the incomplete string originates in the first, or in some later cy-
cle, and nmay be disregarded during the operation of several cycles
prior to the last. When a gtring is disregarded, the counters
which control the nunmber of units in each group nust be adjusted,
because the number of itemns under consideration, and hence, the num-
ber in each group, is reduced. Sinilarly, when the string is again
included, the same counters nust be restored to their initial
values.

The normal method of doubling the nunber of itens in an out-~
put string for successive cycles is naintained throughout the pro-
gram, as only one string can vary fron the normal lengthe If the
practice of testing for end-of-string before testing for end-of-
group were to be'continued, under these circunstances, an lncom-
plete string would never be discovered and errors would ensue. For
this reason, the Internal, and all other collation proprans, have
been altered to test for end-of-riroup first; Ag the end of a grourn
and the end of the last string in that grdup coincide when strings
are conplete, no error results from the change in programming, and
a gnall economy in time is actually introduced.

When counters nust be altered several times during the course

of an Internal Collation program, the changes are made at the com~

Lf‘oO. Za 15
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pletlon of one cycle in preparation for the next. The programier
who predetermines the existence of a partial string, also provides
the necessary routines to accomplish this.

The External Collation prograns are more flexible, and can be
used tQ collate a complete tape or any snmaller nurber of Dblock
units. It is not possible, therefore, to Preassign the number of
cycles required to collate a given data tape, or to provide the
alternate routines necessary for the correct processing of a sin-
@le speclfic partial string. Adjustments of this type must be ac—
complished autonatically within a progran designed to provide for
all variations in the quantity of data to be operated upon.

If the number of units to be collated is odd, an inconplete
output string appears during the first External cycles If N is
even, howevér, no partial string occurs until the cycle following
the one in which an odd nurber of output strings first appear. In
either case, deviation from the nornal profran is required by the
occurrence of an extra string on the input tape which contains
group one. When tesﬁs indicate that such a strihg exists, the
routines which follow pernit the extra data to be transferred to
the current output tape. The counter which controls the nurber
of blocks 1n the output string on the tape dbes not reach its max-
inug 1init at this tine. Thig fact is used to determine the ad-
Justnents in input and output block counters required for proper
Oollatlon at the beginning of the next cycle. After an inconplete
string has once appeared, additional ones will oppear during every
cycle thereafter, until collation 1s complete. All are processed

in the gsame nmanner.
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The four counters used to control the number of blocks in the
External input and output strings are initially set to zero at the
conclusion of the Internal Collation program. In the cycles which
follow, u and v count blocks transferred from group one and group
two input strings respectively, and s ané t count blocks transferred
to the current string on the first and second output tapes, respec-
tively. VWhen u and v both equal R, s equals 2R, and one output
string is complete. In preparation for the next string, counters
u, v, and s are resetv to zero, and the alternate output tape is des-
ignated. Vhen u and v again egual R, t equals 2R, and a second out-
put string is complete. Again the counters are restored to zero,
and the output tape is alternated. This processz is continued until
all the data has been collated. The final subroutine tests s and t
to determine whether both have been reset. If so, every output
string is complete, and no adjustment in any counter is required
for the following cycle. |

If either s or t has not been reset to zero, the final output
string contalins data from an extra string in input group one. Be-
cause the technique of reading input tapes backward is employed,
the partial string is the Tirst in its group to be processed in
the following cycle. In order to continue collation correctly,
the first output string in that cycle must contain the items from
the incomplete input-.string and those from a complete string in the
other input group. No permanent change in counters or counter
limits can be used to accomplish this, as subsequent input and out-

put strings prior to the last will be complete.
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It is therefore convenient to preset the affected counters
to compensate for the missing items. If 2R represents the number
of blocks in a complete output sﬁring, and 2R-s 1g the number of
blocks missing from the current incomplete string, then 2R-s is
the value to which the first s and u in the next cycle are preset.
During this next cycle, when the value of R has been doubled, u
ls increased after the processing of each block, until all the
1tems in the incomplete string have been collated. Computer-wise,
R blocks from this input string seem to have been processed, and
the remaining units for the output string are obtalned from the
complete string in the other input group. Similarly, s appears to
equal 2R when the incomplete sfring and complete string have been
collated together. If 2R~t is the number of blocks missing from
the current incomplete string in any cycle, v and s are preset
with this value, and the procedure in the next cycle is comparable.

By adjusting counters in this way, the partial output string
collated at the beginning of a cycle is made to appear complete.
Subsequent output stringe prior to the last must of necessity be
complete, The final output string will also be complete if it in-
cludes items from a complete string in each input group. However,
if there is an extra string or an incomplete string in an input
group, the final output string will again be 1ncomplete; The new
partial output string is processed in the manner already described,

The partial output string collated at the beginning of a
given.cyole‘is the last input string in its data group in the next
- cycle, and creates another incomplete output string when it is

processed. The components of this string will be the components

L}
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of another final partial string two cycles later. Additional in-
complete strings will aﬁpear in every cycle thereafter.

The Merglng program is designed  ©o process only a single
string from each input group at any one time and it is not affect-
ed by incomplete strings in the same manher. Counters estzblished
at the beginning of each "run" serve as computer controls which
automatically terminate the program when all the unit tapes in the
input strings have been processed. The number of output units is
also adjusted automatically. Therefore, no speclal routine must
be established for a string which is incomplete. Sectlion L,0.5,0f
this chapter, and Chapfer 7 discuss this situation at greater
length.

The dlagramatic scheme in Figure 2 indicates the method of
processing incomplete strings in twd typical cases. Example I de-
monstrates the manner of collating one block of seven elight-word
items (each item represented by an X)., This is the method recom-
mended by the table on page 5.1.1.3. Example II demonstrates the
manner of Externally collating one tape contalining a total of ten
blocks of data. At the beginning, the blocks, each indicated by
en X, are divided into two groups as they would be at the conclu-
sion of Internal Collation. The status of the counters s, t, u,
v, R and 2R ig shown for the input of each cycle. The status of
the counters s and t 1s shown for the output of every cycle. The
numbers beside the output blocks indicate the order in which they

werea compléted.
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I. Internal Collation: One block of seven elght-word items.

Cycle 1 Cycle 2 Cycle 3
Input Output Input Output Input Outpgt
Group 1l: X XY, Group 1l: Xl X Group 1: X X3
X x{ x/ X X X
XX X X X X
Group 2: X X1 X § X X‘/
X X Group 2: X Group 2: X X1
X X P X} X,L P X> X
X X X X X X
II. External Collation: Ten blocks of data.
Cyecle 1 Cycle 2
Input Output Input Output .
Tape 1: X Tape 1: #xX Tape 1: X Tape 1: #1 X
. X #2 X X #2 X
X #5 X1 X\ #3 e
X #6 xf xS # X
X #9 X X . #
#10 xJ X #10 X
Tape 2¢ X Tape 2¢ #3 X} Tape 2: )C} Tape 2: #5 X
X #li XJ X #6 X
X #7 X X #7 X
X #8 X , Xf #8 X
X
s,t,u,v = 0 8 =0, t =0 8,t,u,v = 0 8 =2,%t=0
R=1l, 2R = 2 : R=2, 2R = 4
Cycle 3 Cycle &4
Input Output - Input - Output . ~
Tape 1: x} Tape 1: #1 X Tape 1: X Tape 1t #1 = X
X #2 X X #2 .° X
X 73 XL X 73 - X
X #ly X X #4 . X
X #5 X X #5 . X N
X #6 X X #6 X
N ~ “~ #7 X
Tape 2: X Tape 2: #7 X Tape 2: X #8 X
X #8 X X{ 79 X
xj #9 X X #0 X
X #10 X X <
s,u = 2 s =0 5,V = L S = le, t =0
Zg - g 2? - §6 Collation
- Complete
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In the final cycle of Example II both input strings are in-
cohplete although only one partial string is anticipated. No
counters have been adjusted for the partial string on tape one be-
cause it appeared complete in cycle three by virture of previous
counter adjustments. The output string in the fourth cycle is
therefore incomplete also. However, collation is concluded in the
fourth cycle, and the final status of input and output block count-
ers 1s immaterial,

Special External Collation Programming: When the total num-

ber of External cycles 1s even, a speclel descending program is
inserted between Internal Collation and the first ascending Exter-
nal cycle. Following completion of fhe special cycle, ascending
and dedcending series programs are alternated in the usual manner,
The second External cycle, and therefore all even-numbered ones
including the last; place the data in ascending sequence. In this
manner, it is possible to maintain the same general plan, and yet
avold completing collation in descending sequence.

The speclal descending=-following-descending program differs
from the other External programs in that 1t does not reverse the
sequence of the data. Input items are in descending order from
Internal Collation. Comparisons are made between the items in a
block from each string, beginning with the item at the top of
each block. The item of greatest magnitude ls transferred %o an
output block, beginning with the first location in that block.
Each output string is composed of two blocks of data in descending
order. _Alternation of output tapes, and all other subroutines

operate in the manner already described for the first External
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cycle where collation is in ascending sequences

It is expected that the data tapes to be collated will be
the output of some previous UNIVAC operation. If so, the major-.
ity will be complete, and only the last tape in each group will
contain a smaller number of blocks. The‘eollation instruction
tape hag been organized to take advantage of this fact. Internal
Collation instructions appear firgt, Tfollowed by the instructions
for the.ascendiﬁg and descending External cycles. The instruc-
tions for the speclal cycle appear last. Only when an incomplete
data tape reauires an even number of External cycles, are the
- special instructions needed.

It is essential to this plan that only one block of data be
collated at a time during Internal Collation. If two blocks were
to be collated together, an even number of External cycles would
be required to collate a complete tape. For effioiency under
these clrcumstances, Internal Collation would be completed in as-~
cending sequence. The first External cycle would be in descending
sequence, and all even cycles in ascending sequence. The special
cycle would be required to collate four blocks in ascending order
following an ascending sequence. It is not certain that input
'instructions for this cycle could be programmed to eliminate tape
interlock (see sectlon 4.0.3).

However, if, in & specific instance, it is desirable to
collate two blocks together internally, the two blocks are collated.
individually, end retained in the memory. Item by item, the data
of one block is then compared with the data of the other, merging
the items to form two blocks in sequence. The adjustments in
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coding required to accomplish this are relatively simple.

L,0.3. Elimination of Tape Interlock From the Collation Process.

The foregoing discussion implies that two-way collation 1is
the only fundamental method which may be-us=sd. To the contrary,
both three-way and four-way programs have also been developed.
Other than the limitations of the computer itself, the only ob-
stacle to the use of still more-extensive systems is the consid-
eration of comparative efficlency.

No Internal Collation program included in this report em—
ploys the three-way or four-way method completely. Only one, the
program for the collation of a ten-word item, utilizes a hybrid
scheme combining the two-way and three~way methods. In generel,
the two-way method is suitable for Intzrnal Collation, because
the number of units to be processed is comparatively small. How-
éver, the program for a particular item size may be reviged to
include any method or combination of methods whichAproves to be
efficient.

The Internal Collation program which is to be followed by
three-way External Collation places the sequenced data on three
output tapes. These become the input tapes for the first Exter-
nal cycle. The routines which proceés the data differ from those
already described only in the fact that three units instead of
two are collated together. There are agaln three output tapes,
which ére now alternated after the sequencing of 3R blocks. If
the first input tape contains an extra string of data, or if the

first two input strings both contain an extra string of data, an’
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incomplete output string is created. Addltional counters are re-
quired to count the blocks in input and output stringss All are
tregted in the manner previouslyeexplained if an incomplete string
1s indicated. |

Alternating ascending and descendihg series as before, seven
External cycles are required to coilate a complete tape by the

Whl)‘ This is four cycles fewer than

three-way method (BW; NS 3
the number required to collaté the game quantity of data by the
two-way method. The reduction in computer operations per item,
brings about increased computer efficiency. In general, similar
advantages result when three-way mérging is used in place of two-
way merging, although the increase 1h efficiency is not as uni-
form.

Four-way collation programs have bzen developed recently,
and none are inocluded in ﬁhis reports To establish the method
in parallel with the other two, the External program is designed
to collate a complete tape in Tive cycles. This requires two
blocks to be collated togebther during Internal Collation. Other
changes are necessitated by the large volume of data and computer
instructions which mucst be storéd in the memory at the same time,
These adjustments simplify the individual routines, and lengthen
thems IV 1s not yet evident whether the reduction in the number
of cycles will counteract éhe incrzased bulk of the program,in
2ll instances.

Two other considerations affect the decision as to the meth-

od of collation to be employed. Two-way Ixternal Collation nor-
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mally requires six UNISERVOs; but can be programmed with four.
Three-way External Collation requires eight servos, and the four-
way method employs ten, There is 1little choice of method if the
number of servos avallable is limited. Furthermore, two-way col-
lation has been programmed to avoid the ﬁelay (called tape inter-
lock) which may accompany extensive use of the input-output mech-
anism, Three-way and four-way collation cannot be programmed in
the same way because of the storage problems which are encount-
ered. It is certain that the three-way method wlll nevertheless
increase computer efficiency, but 1t is not certain that a corres-
ponding increase in efficiency will accompany the four-way method.

The time required to complete a UNIVAC instruction which em-
ploys the input-output mechanism ia meagured in milliseconds. The
time required to executbte o typical instruction which employs the
centrél computer alone is measured in mlcroseconds. The computer
has been designed to execute reanding, writing ond computational
operetions in parallel, rather than in series, because or this
disparity in time.

The term "reading operation" as used in this sense refers
to those read instructions which are assoclated with a forward or
backward movement of an input tape. The instructions which only
transfer data from register I to the internal memory are also,
techinliquely, read Instructions. However, they involve no equlp-
ment external to the csntral computer, and can therefore be exe-
cuteq in a much shorter period. They are executed in serieg witk

computational instructions; not in parallel,
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The time required to read 720 decimal digits from an input
tape 1s approximately 85 millisedonds: Of this time, 3.5 milli-
seconds are used to establish the necessary electronic controls
to execute the instruction. If register I contains data from a
previous read instruction, these digits are transferred to the
specified memory locations within the same period, but no other
instructions can be executed within the computer: A write instruc-
tlon already in progress at the moment when the read instruction
is first initiated, continues without interruption.

At the conclusion of the set-up period, the reading opera-
tlon 1s executed without further use of the central computer. The
next instruction in the program is then initiated without further
delay. Appfoximately 200 computational operations can be carried
out before the last digit to pass the reading head has been trans-
Terred to register I.

When a write instruction 1s carried out, the sequence of
events 18 similar, During the first 3.5 milliseconds, the nec-
essary controls which will automatically complete the write opera-
tion are established, and the sixty words which are to be written
on the output tape are transferred to the O register. At the con-
clusion of this time, the central computer is released for the
next instruction, The writing operation continues in parallel
for the remaining 8l.5 milliseconds required to place 720 digits
on the specified tape.

If two read instructions, or two write instructions, or a
read and write instruction involving the aame UNISERVO, are sép-

arated by at least 200 computational instructions, every input-
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output instruction is executed without delay. If a smaller amount
of computing time elapses between successive read or write instruc-
tionsg, the necegsary controls canﬁot be established and all comput-
er operations are deiayed untll the operation in progress is com-—
plete, During this waiting period, the cgmputer ig idle or "inter-
locked®™. The length of the idle period, "tape interlock time”,
may e as much as 8Ll.5 milliseconds if the two successive input
or output instructions are not separated by any computational in-
structions.

In collation, tape interlock on output instructions is not
an important problem. Under the present manner of programming,
two successive write instructions involving output data cannot be
initiated in an interval smaller than that required to transfer
the specified number of items to the output block. The iterative
routine in which thls transfer takes place is lengthened by addi-
tional instructions requireq’for purposes of computer control. In
general, therefore, the time consumed in filling the output block
.1srsufficient to pernmit the previﬁus write instruction to be com-
rleteds If the number>of items per block is very small in a given
program, the possibility of the occurence of Eape interlock on out-
put 1s increased. Interlock 1s always present at the time when
gentinel blocks are being written on an output tape, but as this
occurs only once per cycle during External Collation, and only
once per tape in the other collation programs, the idle period is
of 1little concern.

On the othe? hand, tape interlock on input instructions dur-
ing the External Collation and Merging processes cannot be dis-
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missed. Interlock does not occur during Internal Collation, be-
cauge there is only one input source, and the operations which are
performed during the cycles of collation require more time than
that required to complete the reading of a new block into reglster
I. '

Throughout the External and Merging programs, whenever the
current block of one of the input strings is exhausted, the next
block from that string is read and placed in the memory Ifor pro-
cessing. . If 1t i1s assumed that the next items have been placed
in reglster I previéusly, the instruction executed when the block
is exhausted i1s one which transfers the data in register 1 to the
memory, and reads another block into register I.

At this time, the second input block may have only one item
left, and the third input block may contain only two more items.
‘Following the next iteration of the main comparison routine, the
current item in one of these blocks wlll be transferred to the
output location. The selection of the item to be transferred will
depend upon the magnitude of the three ltems, and the order in
which they are belng sequenced.

If the next item to be transferred ig the one remaihing in
the block from the second input group, a new block of data from
the second input tape nust be obtalned. When the new read instrue-
tion is initlated, the computer is immediately interlocked, be-

- cause the previpus read instruction hes not been completely exe-
cuteds If the item transferred is one from either of the other

two input groups, no input block is exhausted at this time. and
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e6ditional comparisons may be mde. The block from the secend in-
put group may be empty at any time after the first transfer has
been made. The blook from the third input group may be empty after
the second transfer has been made, or at any time thereafter. The
block from the first input group cannot Se empty agoalin until all
the items within it have been compared and transferrgd.

The amount of time reguired to compare and transfer flve
items from the input block ls epproximately the time reguired to
execute a tape instruction. If five or more items are processed
between tape read instructions, there is no interlock. If less
than five items are transferred betwesen tape read instructlions,
the computer is halted until the first read operatlion is comple=
Ted, and the second has been initiated.

Tape interlock is eliminated by controlling the number of
operations which occur during the intervals between read instruc-
~tions. Where memory space permits, a method of total eliminatiocn
is employed. Where memory space is limited, tape interlock 1is
partially eliminated. Nowhere in the collatlon programsis memory
space so restricted that no precautions against the occurence of
interlock are possible.

If there 1s no elimination of interlock, the following se-
quence of events occurs! The last item in a data block 1s pro-
cessed, and tests show the block to be exhausted, No data was
previously left in register I, therefore two read instructlons
are required to position a new block of data in the mesmory. The

firet instruction requires 85 milliseconds. When it 1s concluded,
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one block from the data tape has been stored in register I. Dur-
ing the second ingtruction, no tape 1s moved, but the data in reg-
ister I is positioned in the.memdry. Only 3.5 milllseconds are
required to accomplish this transfer. However, the second instruc--
tion must follow the first, and oomputation is delayed for the en-
Tire period of 88.5 milliseconds. The same delay occurs whenever
& ‘block is read from any of the input tepes.

In Figure 1 beiow, the three steps in thls sequence are
shown for one input tape. In this i1llustration, aé in all others
which are to be found in the discussion of interléck; shaded areas
indicate the presence of iltems of data. Where more than one block
from a data tape is to be conglildered, successive blocks sre num-
bered in the order in which they appear on the tape; e.g., &7, Ly

etce.

Figure 1: One Input Source; No Auxiliary Storage Locations

4] o] T 7V

‘Al rI Al i( A:'_z‘ }Az rI

Step 1. Block A Step 2. At com- Step 3. At comple-

is exhausted, rIl pletion of 1ln in- tion of 30 instruc~

is empty. soruction, rlI con- tion, block A con-
' tains Ace talns Az.

If only one input group is concerned, interlock may be par-
tially or totally eliminated by leaving a block of data in regis-
ter I at the conclusion of each read insgtruction (see Figure 2},

However, when two different input groups are to be processed,
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this plan i1s not satisfactory as there i1s no way of predicting the
group which will first be exhausted. If deta from the second in-
put group is left in register I, and the input block from the first
group ig the first to be exhausted, the contents of register I
cannot be'used. If the altesrnate choice.is made, and the block

assoclated with the second input group is the first to be exhaus-

ted, the situation is similar (sze Figure 3).

Figure 2: One Input Souroe; One Auxiliary Storage Location
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Step 1. Block Aq Step 2. Block Ap Step 3. Block A3
is exhausted. is transferred is positioned in
from rI. ri.

~

Pigure )%% Two Input Sources; One Auxiliary Storage Location
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Case 1. Block 4, 1is | Case 2. Block By 1ic
exhauSued, rl contalins ‘ exhausted, rI contains

Bz. Az-

If a storage block (in addition to register I) is reserved
for the'input data, tape interlock can be partially eliminated
when there are multiple input groups. If there are two groups,
one extra block from the first is stored in the auxiliary loca-

tion when the data is first read into the memory. At the same
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time, one extra block from the second input group is stored in reg-
ister I. When a block 1s exhausted, a test 1s mads to determine
the origin of the contents of the auxiliary block. If the extra
data is a block from the same input group as the exhausted block,
it may Dbe transferred to the working location and processed. If

1t 1s Trom the second input group, the data in register I must be
from the first input tape, and this data 1s transferred to the
working location for processing. In either case, another block

ls read from the input tape of the exhausted block, and this data
is left in register I. (See Fipure 4.)

Figure 4. Multiple Input Sources; Two Auxiliary Storage Locations
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Step 1. Block 4 Step 2. Auxiliary Steps 3 & 4. Block
is exhausted. block A, is trans- By is transgferred
Terred from Z. from rI to Z, and

block A3 is posi-
tioned in rI.

The disadvéntage of this method lies in the fact that it is
always necessary to determine the origin of the contents in the
auxiliary location. If an alternate method of positioning the
correct auxiliary data is used, the efficiency of the program is
decreased but the associated computer controls are, to some ex~

tent, simplified.

The alternative system allocates an auxiliary storage block
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used as a storage block, making the third such location.

950-1
10-27-50

Register I 1s also

Ynen an

input block is exhausted, the data from the auxilliary location 1is

transferred to the input block, the contents of register I are

placed in the designated location, another blook from the tape

concerned 1s placed in register I, and the data from the auxil-

lary location ia transferred to the input block.

This method of

partial elimination of tape interlock is shown in Figure 5.

Figure 5.

tep l. Block

A+ is exhaust-
od,

Two Input Sources; Three Auxiliary Storage Locatlons
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Step 2. Step 3. Step 4. The read
Block B Block Az is  instruction ini-
is trang— transferred tiated in Step 2
ferred fronm from loca~- is completed and
rI to auxil- tion C to block A~ is now

lary loca~
tion D. A
new tape-read
instruction
is initiated.

worlzing lo-
cation A.
Computation

positioned in rI{

Now continues.

Only one tape instruction 1s required by this method. Two

milliseconds are reguired vo manufacture the tape instruction and

3.5 millisecondg are regquired to initiate it.

Unless there is in-

terlock, computation proceeds after the transfer of data Tfrom aﬁx~

L,0.3.11



950-1

10-27-50
1liary location to working location.  Thig transfer requires 8.5
milliseconds, making a total of 14 milliseconds for the entire
process. “

If another input block is not exhausted before 200 instruc-
tions have been executed, no interlock résults. UnfTortunately,
when the collation process continues from this point,_ﬁhe second
input Dblock may be exhausted in a much shorter period. In fact,
there may be only a eingle item, or two items, or any number;to
be processed in the other block. When tests show that this sec~
ond block has been exhausted, an instruction is manﬁfactured, in
order to position the data in register I and to read a new block
from the correct tapes This instruction cannot be initiated by
the computer until the previous read instruction has been‘executed.
Vhen the walting period is over, the new read instruction is car-
ried out, the data in the auxiliary block for the exhausted group
is transferred to the working location, and collation then prb-
ceeds.

If a sufficlent number of blocks are involved in the colla-
tion process, the average interlock time per block can be mathe-
matically determined. This guantity varies for itemgs of differ-
ent sizes, but is approximately 15 milliseconde for three-way col-
lation. It 1a slightly less for the corresponding item sizes when
collated by the two-way method. The average interlock time is
added to the 14 milliseconds previously mentioned. The total time
of 29 milliseconds is the aversge time which elapses between the
moment when an input block is first exhausted, and the instant
when collation continues again with a new block of data.
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The only way in which tape interlock may be completely elim-
inated when multiple input tapes are concerned 1is by spacling the
read operations by equal intervals. These intervals must be at
least as long as the amount of time required to read 720 digits
from a tape. In collation, the write opératiohs occur only when
an output block has been filled, and the time of completing ﬁhis
process is known to be longer than the time required to read 720
digits. Therefore, if an input block is read into the compute
whenever an output block is written on a tape, there is no inter-
lock. However, the mechanics of the process require the use of
more storage blocks than have previously been smployed. For each
input group there must be as many auxiliary storage blocks in the
memory as there are total input groups. Thus, for two-way colla-
tion, two storage blocks per input tape are required in addition
to the two working locations and register I. Thls is a total of
six blocks of memory space which cannot be used for other pur-
posese. In the same way, a total of twelve memory storage blocks
are required for a three-way collatlion process. This does not
allow enough memory space for the instructions which are needed
to program the problem itself. For this reason, complete elim-
ination of tape interlock is not feasible in the three-way colla-
tion program., The two-way collation programs have been programmed
to eliminate Interlock.

The mechanics of the method for the complete elimination

of interlock are outlined in Figure 6.
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FPigure 6., Two Input Sources; Five Auxiliary Storage Locations
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As the two-way External Collation and Merging programs now
stand, the elapsed time between the emptying of an input block,
and the moment when collation can continue is 15 milliseconds: Of
this time, nine milliseconds are requireé to determine the iden-
tity of the storage block from which the new data i1s to be obtain-
ed, and to transfer that data to the working location. An addi-
tional 1.5 milliseconds 18 required to fabricate the read instruc-
tion which will be used next. At the moment of initiating this
read operation, another 3.5 milliseconds are required for the in-
struction. One additional millisecond is used later in adjusting
the address of the ﬁext block of data.

In the total elimination of tape interlock ag accomplished
in the two-way programs included in this réport, three end-of-tape
sentinel'blocks are required Tor each input tape. When a data
tape isg finally exhausted one sentinel block may be in the work-
ing location, a second in one of the storags locations, and the
third may be unread, or may have been placed in regigter I. Vhen
fewer auxiliary storage locations are employed, as in the three-
way program, only two sentinel blocks are needed, All the Merging
programs have been planned with a view to combining two-wéy and
three-way methods, and theréfore, all External programs provide

three sentinels for the final output tape, as do all three-way

Merging programs.
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L,0.L., Flexibility of Classification of Data.

Theoretically, data to be used in UNIVAC operations may be
" placed on the original input ;ape”withbdt regard to the number of
words or fractions of words to be grbuped together as an item. In
order to reduce computing time, however,.it is desirgble to intro-
duce as much uniformi@y as poseible. The demands of a given prob-
lem will necessarily dictate the minimum number of digits for each
item, but the data is inherently flexible; and can be expanded to
any reagonable limit. Therefore, a short period should always be
used to analyze the optimum item length fof both the data concerned
and the programming required to process it.

In general, more éomputer time 1s wasted in processing an
item which does not include an integral number of words, than is
saved by conserving the number of digits to be operated upon. Such
ltems are awkward, and impractical to process at ail; impossible
- to sort or collate. For this reason alone, 1% 1s preferable to
plan the use of items in integral word lengths, unless a pre-pro-
cegsing program is to be used. A program of this type edits the
item, expanding 1t (by the inclusion of additional digits) or con-
tracting it (by combining several quantities) in order to provide
a more workable unit for future operations,

In some instances, the data under consideration may be typed
directly on the input tape in completely uniform item lengths. In
many, however, the nature of the data will indicate the use of a
unit which varies in length from item to item., There is no diffi-

culty 1in processing variable length items, if the initial word of
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each 1s clearly identified, and there is no confuslon concerning
the contents of the words which expand a particular one beyond the
basic length common to alli Presﬁmably, it will not be necessary
to sort or colléte data of this type prior to the first computing
or pre-processing operations which transfbrm the data into items
of uniform length. However, if collation is the flrst operation
to be performed, the initial subroutine of the Internal Collation
program must be one which expands each item to a size sufficlently
large to include the longest, and at the same time ascertains that
the key diglts assume the same position in each ltem.

The collation routines were planned to indicate the nethod
of handling data in a wide variety of item sizes.. Except Tor a
few, {see Chapter 5 on Internal Collation) which have been speci-
fically designed to internally collate a certain item size in an
economical fashion, all may bé easily adjusted to accomolate any
gize of item from one word to sixty words. However, not all inter-
mediate sizes are practical to uses In iterative routines such as
are employed in the collation programs, the simple maneuvering of
an eight-word item from one memory location to another requires
nine instruotions to build the transfer instructlions,and elght
more tb accomplish the transfer itself. By expanding the item to
include two more words, the same results may be achleved in three
and two instructions, respectively. The additional quantlity of
tape required is ingsignificant compared with the saving in com-
puting time. Similarly, the use of items in the slze range Dbe-
tween 13 and 19 words is poor practice because‘of the great econ-
omy made possible by the ugse of a 20-word item. '
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Items greater than 720 digits in length may be processed in
the normal fashion; although additional read and write orders are
required between the iteratiops of the main comparison routline.
The collation prograns includéd in this manual, however, make no
allowance for items larger than one block in length. Additional
programming is required to make the necessary adjustments.

When data is to be sorted on one or more criteria, certain
diglt locations within each item must be designated to represent
the criteria. These are called key digits,’and may be as many or
as few ag necessary as the case requires.

Some key digit locatlons are more practical to use than
others. If all can be assembled together at the extreme left of
any word in the ltem, comparisons may be made with the'contents
of the entire word, The resulting sequence of data is in order
by satellite digits of the key words as well as by key digits, but
the additional refinement is not harmful. If the data does not
have enough flexibllity to permit the key digits to be assembled
together at the left of a word, they may be placed anywhere within
the item and extracted into register A for comparison. This is
more timeuconsdming than the previous method, and becomes even more
wasteful 1f the digits cannot be assembled at all, but must be ex-
tracted from different words.

Varlations in the efficlency of processing also depend upon
the locatlon within the 1tem of the word which contains the key
digits. These result from the itersative process used to transfer
the item from its input location to an output location, rather

than from anything inherent in the method of comparison. A com~
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bination of both efficiency considerations gives the following list
of key digit locations in descending order of desirability.

‘1, Entire first word, or the digits asGembled at the
left of the word.

2+ Entire last word, or the digits assembled at the
left of the word.

* 3« Any other complete word, or the Aigits assembled
at the left of the word.

Lo KXey digits assembled within the first word, but
not at the left,

5+ KXey digits assembled within the last word, but
not at the left.

6o Key digits assembled within any other word, but
not at the left.

7+ KXey dlgits divided between two or more words.
_ The collation and merging programs will process numeric,
alphabetic, or mixed numeric and alphabetic characters. Vhere
mixed digits are to be usged, however, it must be remembered that

UNIVAC always considers numeric digits of smaller magnitude than

~alphabetic ones.,

Data which will not exceed one tape length in quantity after
processing, does not require the establishment of a complicated
system of tape identification. A simple paper label externally
attached (by the operator) to the final reel will adequately indi-
cate the contents of the tape and the original data source for
future referénce.' On the. other hand; when large quantities of
data are to be collated, or when items already collated are to be
further processed without destroying their sequence, an efflclent

system for maintaining the serial order of the reels 1s necessary.
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The method chosen must provide both internal and external labels
for each tape: The external label, which is attached to the reel,
need only‘indicaté the contentg ofhthe %ape and its position with
relation to other tapes in the series. The internal label, which
is part of the tape itself, must, in addiéion, supply sufficient
information to make a rerun of the tape possible, if required.

In the tape identification gystem planned for the programs
included in this report, each uncollated data tape is initially
assigned a four-digit label, according to a master plan maintained
by the person in charge. The label consists of two alphabetic
characters chosen such that no pair is exactly duplicated, and the
numeric digits 0l. It is first introduced at the béginning of the
Internal Collation of the given data tape, when it is typed into
a specified memory location by the operator at the Supervisory
Control keyboard. The label remains in this 1ocation'throughout
the collatlion process, undisturbed by chaﬁging instructions. At
the beginning of the last External cycle, it is placed in the first
or identification block on the output tape, and the collated data
follows in the succeeding blocks. The same number is also placed
on the reel by the operator. No additional identification 1s nec-
essary at this time, as the master plan indicates the original data
tape, from which the collated tape was derived.

During the first Merging cycle, the collated tapes are arbi-
trarily merged into strings of either two or three (depending upon
whether two-way or three-way merging is used) and the resulting

reels of each string are assigned new identification numbers, con-
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sisting of another pair of alphabetic characters, accompanied by
digits 01 and 02 (if two tapes) and 03 (if three tapes)i Output
tapes of successive cycles are treated similarlys Still ancther
ralr of characters are assignéd to each string, with assocliated
Aiglts beginning with 01 for the first reéel, and increasing by Ol
for successive reels, until all the reels in the string have been
uniquely numbered in a manner which distinguishes them from each
other, and from those of every other string. Ultimately, the data
is arranged in monotonic sequence on a single string of reels, and
the reels are serially numbered to indicate the order in which they
should be considered. All identification labels are alotted accord-
ing to the master plan, and therefore, the necessary information
with regard to thoss tépes comprising the input strings for a given
output string will be immediately avallable.

Throughout Merging, the firét block on every output tape con-
tinues tb be an identification block, contailning the tape identi-
fication label., Furthermore, this block now contains the labels
of the input tapes involved, and enough additiodnal information to
‘ locate the first pertinent item from each input tape concerned with
the current tape. 'Information regarding the labels for input and
output tapes is given from the Supervisory Control at the beginning
of every string, and 1s kept current by a counting process within
the programe. Thus, the identificatlion block on any tape contalins
enough information to identify the tape, and to rerun it if nec-
essary. Agreement between the internal and external identification

numbers ls maintained by having the computer issue (by means of the
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Supervisory Control printer) a paper label to be attached to the
completed output tapes This label also contains the keyword ol
the first item. | .

The lebelling system which has been describhed limits the num-
ber of tapes in a given string %o a maxiﬁum of 99. In actual prac-
tice, 1t may be necessary to allow three digits for the numerical
part of the tape label in order that longer strings may be handled,
Additional changes in the system will be required if there is a
possibllity that the data will include more than one block of items
contalning the same key digits. The present method locates the
first item on an output tape by idéntifying the input tapes, the
current working location within each respective data storage block,
and a keyword known to be équal to, or less than, the first on the
output tape. If the same location within any of several succesgive
blocks on 2 given input tape may contaln the keyword, the specific
block concerned should be degignated by number. This would re-
quire additlonal programming to count the input blocks from each
input tape as used,

4.0.5. Automatic Operations Performed During the Collation and
Merging Prograns.

To combine maximum computer.efficiency with a minimum of hu-
man error, the collation and merging programs are designed to be
almost entirely automatic; Supervisory Control input and output
instructions are used only when necessary to increase the flexi-
bility of the program, or to ald the operator in preventing the

occurrence of error. After the initial setting, the switches
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associated with these instrudtions may be ignored, as no changes
are required during operation. If normal precautions are used %o
ascertain (1) that the correct inbut Tapes are mounted on each of
the specified UNISERVOs, (2) that correct disposition is made of
output tapes'as they are removed from the UNISERVOs specified, and
{3) that the programmed interruptions are correctly interpreted,
collation and merging should proceed rapidly and without error.

As now programmed, the Internal and External collation pro-
cesses areinterrupted only once, normally. Cessabtion of operations
soon after completion of the initial read instructions permits the
operator to insert a designated tape label (identification number)
in the Memory. When the word has been typed and released, computer
operations are resumed, and continue without further intervention
untll the data tape hos been completely collated. The following
partial list indicates the type of automatic operations performed
during this period of compubtation: | |

1. After the initial starting procedures have positioned
the firgt block of instructions within the memory, all others are
read from the instruction tape as needed and are positioned accord-
ing to a preassigned plan. More than one group of instructions
are required to complete the processing of a single tape, but all
possible groups may not be required for the collation of a partic-
ular tape. The instruction tape is searched for the correct group
of instructions when a new one is required.

2, Similarly, the original data tape is read intoc memory,
one block at a time, as needed, and the collated data is written
on an output tape,one block at a time, when ready.

L-"ooo 5.2



950-4
10-27-50

3» The collation process as described earlier in this chap-
ter embodies many technliques which are programmed to take place
without the aid of the operator. ‘These include: Aiteration of com-
parison and transfer routines as frequently as necessary, adjust-
ment of counters for the cnllgtion of 1néomplete strings, alterna-—
tlon of tapes in order to obtaln approximately equal groups, deter-
mination of end of tape, adjustment for incomplete block, deter-
mination of the number of blocks to be collated, and from this de-
termination of the number Qf External cycles required to complete
collation, determination of the number of units to be included in
input and output strings, and provision for tape identification.

L. VWhen collation is complete, all tapes are rewound in
érder that they maj be reused, or removed from the servos. To
eliminate confusion regarding the location of the collated outnrut
tape, the number of the servo containing the final reel is indi-
cated through use of a Supervisory Control output instruction.

Vhen only four UNISERVOs are avallable, the efficiency of the
-collation program is somewhat reduced. Servos used for instruc-
tlon and data tapes durlng Internsl Collation are required for out~
put use in the External cycles which follow. These UNISERVOs are
aveilable only after the remaining instructions have been posi- |
tioned ine the memory and the two original tepes have been rewound
and replaced. Computer operations proceed in parallél with rewind-
ing, but are soon halted by the need for an output servo which is
st1ll interlocked. The delay continuee until a new tape has been

mounted on the servo, and the interlock is released.
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With this one exception, there is no difference between the
automatic operations included in the above program, and those pre-
viously described. The role of the operator 1s more demanding
when the number of UNISERVOs is limited, but it is of importance
primarily because of the time element involved. There is little
concern that serious errors might be 1ntr6duced at this time.

Supervisory Control 1npﬁt instructions are required at the
beginning of every run of the Merging program, to indicate the
number of tapes in each input string and their identificstion let-
ters, as well as To provide the identification letters for the
tapes in the output string. When these items have been positioned
within the memory, Supervisory Control output instructions glve
the operator an opportunity to verify the input information. Be-
cause 1% 1s lmperative that the serial order of sequenced tapes
be maintained, additional Supervisory Control output instructions
are employed at other points in the program to ald in checking
the identification of incorrect input units, and to provide a
printed label for each output tape.

The increase in processing time which accompanies the use
of these technlques 1s justified by the resulting increase in over-—
all flexlbility and accuracy. On one hand; a 8ingle program can
be usged for #he mergihg of varying numbers of tapes. On the other
hend, the operator is able to verify the input identification in-
formation for each run, to locate the source of error vhen input
tapes have been incorrectly mounted, and to correctly label each

output tape. Furthermore, a routine established within the pro-
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gram tests every new input tape to determine whether it is the next
in sequence and provides an error indication if it is not. Without
this additional verification prodédure, an input tape might be
mounted out of sequence and the resulting error would not be de-
tected until many hours of computer time'had been wasted.

Vhen input tapes have been correctly mounted, the Merging
program proceeds without further interruption until a new tape ig
brought into use, and proves not to be the next in its string. If
no errors are made in mounting input tapes during an entire Merg-
ing run, processing is undigsturbed until the output string is com-
plete.

The automatic operations included in the Merging program are
simllar to those noted for collation with the following exceptions:

1. The instructions for Merging are fewer in number, and
are not separated into different groups which must be poslitioned
at intervals during the processing,

2+ NotT all of the collation techniques which result in
automatic operations are included in the Merging program. On
the other hand, the tape identiflcation system maintained with-
out operator ald during Merging is more sophisticated than that
used in the collation programs.

3¢ Not only is the servo number printed when an output tape
is avallable, but also the paper label which must be attached to
the reel,

by The Merging program includes a method of checking the
éccuracy with which the operator fulfills his duties, as explained
above,
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5. The Merging program is easily adjusted to varlable
length input strings. ‘

A more extensive instruction tape containing an entire 1i-
brary of collation and merging programs for every item slze de-~
sired might be employed to make this tyée of gequencing even more
automatic. The initial instructions on such a tape would call
for Supefvisory Control to indicate the group of instructions de-~
sired and'then would read past subcessive blocks until they had
been positioned. Thus, a single instruction tape could eoconomic-
ally replace several smaller ones. As the programs now stand,
only minor adjustments in coding would be required to eliminate
the rewinding of the instruction tape following collatlon and
merging. The routine substituted would position the first block
of the selected instructions again, for the next UNIVAC run.

The same efficiency considerations which make automatic
operations desirable in the collation and merging programs, make
them desirable when rerun problems must be solved.s Rerun ls a
térm applied to the operation of the UNIVAC for the purpose of
reprocessing a data tape which hae been incompletely or unsatis-
factoril& processed previously. Precautions may be taken against
nany types of fallures or errors which may interrupt a program
but not all can be entirely eliminated. Since it is not possible
to resume operations from the point where dlscontinued, the deve-
lopment of economical reprocessing techniques is desirable.

The most unpredictable type of failure 1s a breakdown of

the computer or any of its associated units. When this occurs,
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operatlions are halted for repalrs or replacements, and the out-
put of the program in progress 1s useless. Similarly, an imper-
fect magnetic tape mounted on an‘output-servo, wlill cause a cess-
atlon of computer operation when it is used as an input tape for
another program. This i1s a two-fold proﬁlem, as both the current
input and output tapes are valueless in this instance.

A third source of possible error in the processing of data
13 the fallure of the operator to fulfill some part of his respon-
s1bllity correctly. Even when UNIVAC operations are almost en—
tirely automatic, the operator is required to set certain switches,
type an occasional word of information into the computer, and to
mount and dismount tapes as necessary. Not all of these opera-
tlions can be checked within the rrogram, and it is impractical to
assume that errors will never be made.

Finally, the processing of data may brealk down because of
incorrect programming. There may be small errors in coding, in
the typing of instruction tapes, or in the original analysis of
the program. An effort is made to eliminate errors of thisg type
but 1t may not be completely successful.

The following general procedures are of use in any type of
programming, elther to guard against fallures which may be fore-
geen, or to minimize the resulting wastefulness of those which
may not. The last technique i1s the one which is of particular
value in making the Merging programs automatic.

1. All programming is checked carefully and thoroughly be-

fore converting it into an instruction tape.
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2. The original instruction tapes and.data tapes are dup-
licated, in order that the necessary information for rerunning
may be readily avallable, if one”tape proves defective.

3 The UNITYPER provides a printed copy of all original
tapes as they are made. Thig i3 used to check typographlical
errors which may have gone unnoticed in transcribihg the data
or lnstructlons.

4, Before a program is used, 1t 13 tested with a special
data tape which 1s known to contain all varlations inherent in
the actual data. By coding 211 Qm and Tm instructions in the
program as Qnm and Tnm instructions, and depressing the appro-
priate Transfer Brealkpoint Selector Buttons, the UNIVAC is stopped
at each test point. At this time, the Supervisory Control indi-
cates whether a transfer of control is to be made, and knowledge
of the data being operated upon will approve or disapprove a trans-
fer at this time. If the result of the test is not as expected,
the programming must be revised.

5. A rim, manually inserted in the reels which are cur-
rently being used as input reels, prevents them from being used
as output reels until the rim has been removed. Under ﬁhese cir-
cumstances, 1t ig impossible for the data tape to be destroyed
by writing upon 1it, eiﬁher through an unpredictable error in the
computer's circuits, or because of a careless operator.

6, In any program involving large numbers of tapes which
must be processed in serial order, it is practical to assign

ldentification numbers to these tapes. After each new tape has
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been mounted, a subroutine within the program may accept 1t or
reject it, as the next in the series.

If the collation process is interrupted at some point for
any of the reasons discusged, it does not necessarily mean that
an entire program, involving many intermediate tapes must be re-
peated, from the beglnning. However, if the processing has not
progressed beyond Internal Collation, the simplest rerun technique
is to begin againe. If the brealidown occurs durihg External Colle-
Tion, under the present manner of coding, all the Internal and Ex-
ternal Collation procedure for the data tape in question must be
repeated. The necessary infqrmation concerning tape identifica-
tion and the various counters affecting control is not available
at any intermediate pointe.

A slight modification in‘the present programming would im-
prove this situation. If the last block written on an output
tape at the conclusion of Internal Collation and of each cycle of
External Collatlion were to contain the tape label, and the values
of r,8,t,u,v,w,R, 3R (or 2R), U, and H as established for the
next cycle, the largest difficulty would be eliminated. In addi-
tion, 1% would be necessary to indicate (on the Supervisory Con-
trol) the input servo numbers at the beginning of each cycle, and
to revise the External program to rewind all output tapes to the
leader before using them as input tapes. A special prrogram would
then be used lmmediately after the resumption of UNIVAC operations
followlng a breakdown. In this pfogram,.the required information

would be read from the designated input tape and placed in the
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proper memory locations, the appropriate instructions for the
next cycle would be determined and positioned, and finally, the
necessary adjustments in the External program would be made. Up-
on transfer of control to the first instruction of the new cycle,
the collation process would continue at the beginning of the cy-
cle in progress at the time of breakdown.

Use 1s made of this general approach in planning an auto-—
matlic rerun technique which will operate in conjunction with the
Merging programs. The first, or identification block of every
tape used in the process containsg all the information necessary
to reproduce that tape alone, if required, or %o continue the
process beginning with that tape if so desired. If the tape to
be rerun 1s the first of a series, the use of a special routine
to adjust controls in the normal Merglng program is unnecessarye.
The rerun may be accomplished by starting the series in the nor-
mal fashion, and continuing until the tape(s) have been rerun as
required,

Identification information for a merged tape 1is stored in
memory locations designated by q1» dps 93 etc. during the Merging
program. At the start ' of an output tape, certain of these lo—
cations indicate the input tapes in operation at the moment and
the current working location within each of the respective data
storage blocks. Another location stores either the first key-
word on this output tape, or the last kXeyword on the previous

output tape. This information 1s written in the identification
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block of the output tape, and the merged data follows in the re-
maining blocks. If a breakdOWn‘occurs before or after completion
of the tape, a special program reads the information frem the
identification block, calls for the necéSsary daﬁa tapes, ad-
vances each to the point where the specified working locations
in the current block contains a keyword equal to or greater than
the one indicated in the identification block, places the normal
Merging instructions in the memory, makes the adjustments in in-
structions required, and transfers control to the starting loca~
tion of these instructions., Waen a single tape in a completed
series ls unsatisfactory, rerun is required for one tape only,
and is terminated when that tape is complete. If the Merging
process 1is interrupted before completion of a string, the rerun
iroutine i1s inserted and Merging can proceed to the end of the

string.
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CHAPTER §
INTERNAL COLLATION

560¢1s Introduction.

Internal Collation is the first step in the complete colla~
Tlon of a tape contalining items arranged in random order, The In-
ternal Collation program considers each successive block of data
independently, and arranges the items within it in descending mon-
otonic sequence. At the conclusion of the process, every block is
completely collated, but the various blocks remain in random se-
quence with respect to each other.

Because of the nature of the program, and of the ones to fol-
low, 1t is mandatory that all items bs of uniform length, and ‘that
all blocks contailn the sames number of items., If the information
which 1s to be collated consists of varisbls length ltems from
original data tapes, the Internal Gollationvprogram must include
the necessary routines for converting all items %o a uniform size.
If,'as ig more likely, the tapes to be collated are the output of
a previous processing or editing run, these routineg n=zed not be
included. In elther case, 1f 1t is not certaln that the last
block on all input tap=s 1s completely flllzd with data, the pro-~
gram must provide a routine for completing a partial last Plock.
The artificial items which‘are inzerted mugt not interfere wit
- the sequencing of the true data.

The general Internal Collation method 1g cno -1 o closely

resembles the basic two-way plan decgcerivead in Ghanter 5. The anal-
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ogy is most obvious when a block contalning two, four, or elght
items is to be processed. The corresponding items sizes of 30,
15 or seven words are not the most typical, however, and they re-
present only a small portion of those aVailgble for use., On the
other hand, if the items to bs processed are ten words in length,
each block contains only six items to be collated together, and
the established pattern cannot be maintained after the first cycle.
Similar deviations, eith;r during the first, or in a subsequent
cycle must be introduced whenever the quantity of data is not a
perfect power of two.

To meet this situation, three modifications of the basic
plan have been devigseds The first of these arbitrarily expands
the number of items baing procesged to a quantity which will fl%
the existing program. By the addition of words containing appro-
priate non-data symbols, six or gseven ltems are‘considered as
eight, 15 as 16, and 5o on. When the block is collated, the nec-
essity for the additional items is terminated, and only the ori-
ginal ones are transferred to the output tape. No permanent change
in the total quantity of data is thefefore effected,

A second adaptation makes adjustments in computer controls,
rather than in the number of items to be procegsed. Because ZWQ N
is no longer an exact expression of the relationshlp between N,
the number of units to be collated, and W, the number of cycles
required to collate them, i1t 1s replaced by the expressicn
ZWE? N> 2¥=1, The difference bstween the number of iiema to bs

processed, and the next perfect power of two 1s edjusined by allow-
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ing some of the strings to have less than the proper numb=r of
units. Thege are partial or 1ncomplete stringse

During the first cycle, each input string consists of only
one 1tem. If an even number of items ars to be collated, all the
data 1g included in one of the two groups. 'If the number of 1temns
to be collated is odd, one item is'excluded from both groups until
a later cycle, when 1t becomes part of an incomplete string.

At the beginning of the second and all other cycles, the in-
put data is again dividsd into two groups contalning an equal nun-
ber of strings. If the total number of strings is odd, part of
the data 1s excluded from both groups during that cycle, but is
again included in group two at some time prior to ths completion
of the last cycle. VWhenever a string which has been omitted for
one cycle re-ent2rg the data group, 1t 1s an incomplete stringe.
I%s componaents are included among the components of the incomplete
gtring which 1s present ln every cycle thereafter untlil colletion
of the block is comnplete. For example, geven ltems are grouped
in the following way for cach of the three cycles required to
cormplete collation:

Cycle 1: Input: Two groups of three items, seventh ltem

not included in elther group.
Outpub: Threes strings of two ltems, one string
of one iten (partial string).

Cycle 2: Input: Ons group of Tour items, one group of

three 1teng (scscond string eof group two
' inconplete).
Output: One string of Tour iteme, one incomnliete

gtring of three itema.

Cycle 3: Input: One group of four items, ore group of

three items (group twe string incomplets),
Output: One colliated striag of sever itenms.
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The third modification deviates from the basic two-way neth-
od and eliminates the necessity to define groups, strings, or cy-
cles. The correct sequence of the items ie determined by direct
comparison of every item with evefy other one.

The firgt of these adaptations haé been discarded because it
increases the number of comparisons unduly. The third has been
discarded because it is an unsatisfactory method for processing
iteme whose key digits are divided between two wordse Only the
éecond adaptation 1s a general method of Internal Collation which
may be used for many different item sizes. Nevertheless, 1t 1is
desirable to analyze every collation problem, in order to deter-
mine whether another method, or combination of methods may not ac-

complish internal processing more economically.

50042, The Basic Two-Way Method of Internal Collation.

A completely standardized program for Internal Collation by
any general two-way method does not exist. Each change in item
size introduces variations in the number of items to ﬁe included
in each cycle, and in the number of cycles required to complete
Internal Collation. These variations, in turn, require changes
in computer controls, which are reflected in flow chart and coding.

The tables which begin on page 5.,1.1.1. indicate the recon—
nended number of items to be included in each group in each cycle,
for several different item sizes. When the manner of handling a
particular item size has been determined, the end~of-cycle rou-
tines can be prepared, and the remaindsr of the program then fol-

lows an established pattern. The Zeyword of item one, group one,
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1s compared with the keyword of item one, group two, and the larger,

with 1ts satellite information is trgnsferred to the firstloutput

location. The smaller with 1ts satellite information is transferred

to the second output location. Continuing in this manner, guccess-—
lve ltems in group one are compared with those in group two, always
transferring the one of greatest magnitude first. Vhen the last
item in each group has been transferred, the output is g series of
two~iten strings,.each properly collated, plus the item, if any,
which was onitted ffom both groups. This completes the first cycle,

At the beginning of the second cycle, the data is divided in-
to two groups with equal numbers of strings. The last string in
group two nay or nmay not be incomplete, depending upon the number
of items to be collated, and on whether there was an excluded itenm
in the first cycle. After collation, the output is a series of
complete four-item strings plus na partlial string of fewer items. At
the end of each additional iterestion of the routines which comprise
a cycle, the number of items in a complete string is doubled. The
final 1teration, or cycle, yilelds a single output string contain-
ing all the items in descending rnionotonic sequence.

The length of. the lnput gtring in =ach cycle is reglulated
by the quantity R, which is defined as the number of items fron
each group to he included in a single string. During succesgive
cycles, R is equal %o one, two, four, =ight, etc., The total num-
ber of items in the output string is controlled by the quaatity 2R,

which variss in o corresponding manner.
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The number of 1ltems transferred from a group to the output
string 1a controlled by two tests made after each data transfer,
The first test determines whether the item Jjust transferred was
the last in its group. If the 1ltem just transferred was the final
item, and thils group is the first to be exﬁausted, the cycle 1s
completed when the 1itemg remaining in the other group have been
transferred. If this is the 3econd group to be exhausted, the
cycle 1s already complete, and adjustments for the next cycle are
mades If the item transferred was not the last in 1its group, a
second tecst determines whether R items from the current string in
the group have been transferred. If so, and this 1s the first of
the current palr of strings to be exhausted, the remaining items
from the current string in the other group are transferred to com=-
plete the output string., If this string 1s the second of the cur-
rent palr tb be exhausted, the output string contains 2R items,
and the next comparison of an item from each group begins a new
output sgtring. If the item transferred d4id not exhaust the cur-
rent string in itg group, processing is continued with the next
item.

The routines entered at the concluslon of a cycle prepare
controls for the operation of the naxt cycle, and transfer to re-
iterate the main comparison and transfer routines agsin. The num—
ber of cycleg required is controlled by substituting alternate in-
structions at the end of each cycles At the conclusion of the fi-
nal cycle, the controls for the firat cycle are reestablished in

order to process the next block of data in exactly the same manner,
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When one block has been completely collated, it is written
on an output tape. The oollated,da?a nust be divided into approx-
~imately equal groups for the External cycles which follow; there-
fores, the output tapes are rotated after each block is written.
The first block is written on tape three, éﬁd the second on tape
four. If three-way External Collation 1s to be used, the third
block 1s written on tape five and the fourth on tape three again.
I? two-way External Collation is to be usesd, the third block 4is
writtén on tape three, and the fourth on tepe four. If it is not
possible to divide the data into exactly equal groups, this pro-
cedure assures that the larger group will always be on the first
tape (or the first and second tapea, if three-way collation will
be uged) and that the additional quantity will be no more than a
gsingle unit. This plan is of usge in.establishing the conmputer
controls for External Collation.

After a collated block has been written on an output tape,
another block of uncollated data is read from the data tape, and
tested for the presence of the end-of-tape sentinel. If this block
contains gentinel and data as well, 1% 18 a partial block. VWords
of ignore gymbols are then substituted for the missing itens, and
the block is procesged in the usual manner. After it has been
written on the output tape, the closing routines of the progran
are completed. If the input block contains only sentinel and no
data, every block has been collated, and the closing routines are

entered directly.

5¢002.4
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The closing routines of the Internal program set the necess-—
ary counters for External Collation, determine the number of Exter-
nal cycles required; read a block of instructions for the first Ex-
ternal cycle into nemory, and a second into register I, Control

is then transferred to the next prograni

5¢0.3. Procedures for Handling Items of Different Sizes.

Items which are one or two words in length are collated in
the manner Just described. Because memory gpace is not at a pre-
mium in this program, the locations designated to receive output
data during one cycle are used as the input working locations for
the next. Conputing time is saved by the elimination of the nec-
essity for transferring the output of one collation cycle back to
a standard working location for the next.

Following each data comparigon, an iterative routine is used
to transfer the iten with.keyword of greater magnitude to the out-
put location. For a two-word item, only three instructions are
required to accomplish this operation. For a three-word item, the
following lines of coding are required to fabricate the necessary

instructions and to effect the trancfer.

Ty F Legend: Memory location
B (m) A = current location in data
T, E (x) bloclk,
. H (Tg) G = current location in output
T3 4 (o) block .
H (Tg) T1...Ty = locations containing
T4 X ingtructions for trans-
C (T7) fer routine.
T B (A) 6 = location of the oonstant
¢ (G) 000001 000001
Tg B (A1) m = location of instruction
C (G*rl) containing G.
Ty B (A+2) X = location of instruction
C (Gr2) containing A.

5.0¢3.1
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Using V and W instructions where possible, a six-word item
may be transferred in sevenllines of coding alsoe A nine-word
item, however, requires ten lines to complete the comparable oper-
ation.

Items which are three to nilne words in length may be more
econonically collated if repeated data transfers are eliminated
through the use of a function table. The memory locations of the
item keywords are stored in a group of standard working locations
designated as the input function table. The ifems 1included in
each group during each cycle are specifled in termg of function
table locations, rather than in terms of data locations. Conpar-
-ison instructlons are fabricated, using the data storage locatlons
contained in the current working positions of the function table
and the two keywords are compared. ‘The address of the keyword of
greater magnitude 1is transferred to the first output function table
location. The address of the keyword of smaller nagnitude is trang-
ferred to the second output function table location.

Succesgive 1tems are compared and sequencead in the same man-
ner without disturbling the contents of the data storage block.
When the filrst cycle i1s conplete, adjustments are made for the se-
cond, and the contents of the output function table are transferr-
ed back to the input function table working locations.

In the cycles which follow, processing continues in the sane
nanner. When the last cycle has been completed, the final output
function table indicates, by keyword locations, the order in which

the items should be arranged to obtain the desired monotonic se-
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quencee At this time, transfer instructions are fabricated from
the function table, and the ltems of data are placed in the cor-
rect order in fthe output block. After the output block has been
written on the current output tepe, the original input function
table 1s replaced; and the next bloock of data is collated.

This.applioation of the general method is more efficient
because 1t eliminates many of the multiple transfer instructions
required for each item of data. For example, the 14 instructions
usually required to transfer a six-word item, are reduced to six
instructions when input and output function tables are incorporated.
Even though six additional instructions are required to fabricate
comparigon instructions from the function table, two instruotions
per ltem-tranefer are c¢liminated. When the corregponding reduction
in computing time 1s multiplied by the number of transfer per cy-
cle, the number of cycles per biock, and the number of blocks per
tape, the total saving i1s small but importante. The saving is in-
creased when one string or group iz exhausted and the comparison
routine 1is not required., The saving i1s somewhat reduced by the
time required to fabricate output instructions once per block.

The sample routines below indicate differences in the coding

required for each of these two procedures.
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Exeample I

Typical comparison and transfer instructi

Y50=L
10-12-50

ons,; not using

a function tables Register F already contains the aigit

extractor.
QL E (A) ‘K 000
Qe E (B)
T
T F
1 B (m)
Tz E (Qi) - T5)
T3 A (e)
H (Tg)
TL:, X
. v () ¢ (Tn)
T5 ¢ ez O
242
6 ¥ (Gr2)
Ty V (A%4)
W o(G+y)

Example II: Typical comparison and transfer

Tunction table adap

Legend: Memory location

A = current location in
data storage dlock.

B = current location in
data storage blocks

G = current location in
age block.

group one
group two

output stor-

Q1, Q2 = locations containing com-
parigon instructions.
Tl...T7 = locations containing tranc-
fer instructionsg,
¢ = location of constant 000002 0000C
m = location of instruction contain-

ing G

instructions, using the

tation of the general method. Reg-
ister F already containg the digit extractor,

Input functlion table L: Lo = Aq
I = Ag
Ly = Ao
Ly = 4z
Lg = Ayg
Q; B (Lo) Legend: Memory location
. A gy Apseehzg = storage location for one
Q © (Qh) block of six-~word itens,
B (q5) Keyword is first word of
Q3 A (LS) each item.
| c (Q5) Lygeeelyg = storage location for
Q, E (Ao) output function table,
, X 000, Ql...Q5 = locations containing
QS E (A3O) ' comparigon instructions,
T Tl...T3 = locatlons containing
Tl F transfer instructions.
_ B (y) dy = location containing
T, E () E 000 X 000.
- B (L) C (T3) 95 = %ocggéonTcontaining
3 ° c (Lyo)4 ¥ = location of ingtruction
j)o O . 3 L] "4’

contalning cnrrent poni-
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Items which are ten words in length may be collated in the
same waye. However, a procedure pernltting greater econony 1s avail-
able for this particular item glze. TﬁF block to be collated is
Tirgt divided into two groups of three items each. Direct compari-
sonsd within each group are made, until two &trings of three itens
in sequence are obtained, The items of the two strings are then
merged in a single string of six items, using a normal two-way com-
parison. In this way, the procegsing is reduced to two cycles of
operation. The instructions for the first cyéle are extensive, in
order to provide for every possible sequence of events, but mem-
ory space in Internal Collation is expendables

The economy introduced by this third variation on the gener—
al method, 18 due to the reduction in the nunber of'cycles of oper—
ation. No additional saving in conmputing time can result from the
incorporation of function table procedures as welle When ten-word
1tehs are to be transferred within the memory.Y and Z instructions,
rather than multlple transfer instructions, are employed. The mani-
pulatlon of the function table is therefore less efficilent in this
casS€e

The three programs included in this chapter of the collation
report have been programmed according to the efficiency consider-
ations Just discussed. VWhen items of other sizes are to be collat-
ed, 1t 1s expected that additional combinations of methods may be
developed, which willl further increase cbnputer efficiency in a

particular instance.
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5.0.4. Detalled Description of Internal Collation Prograﬁ_940-4
(Section 5.1.3),

- The initial read operétion places one biock of instructions
from tape number one in menmory locatlions 000 through 059. At the
start of the program, the remaining instructions and constants are
read and positioned in the designated memory locations. To prepare
output tapes three, four, and five for ﬁse with backward read in-
structions, two gentinel blocks are wrltten on tapes three and
five, and three sentinel blocks are written on tape four. The tape
labelior identification number, is received into memory fronm the
Sﬁpervisory Control keyvoard and is stored in a location where it
will not be disturbed throughout this progran or the next. Finally,
the counter employed to count data blocks as they are prooessed,
ls set to zero.

The lterative collation process is initiated with the reading
- of a block of data into memory locations Ay through Agge The last
location, A59; 1s tested for the pregence of sentinel to determine
whether the current block is the last. If sentinel is present in
A59, control is transferred to a routine which tests other posi-
tions in the block for the end-of-tape indication. If sentinel is
not present in A59, the current block is a complete block of data,
and the maln collation routine 1s entered.

The original function table containing the locations of the
ten data keywords is transferred to the input Tunction table work-
. Ing location, L, and the controls for the first cyele are estab-

A lished. The keyword locetions are divided into two groups of five

"items" each. The function table locations of the last address in

5.0.4.1
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a single "ltem"s Adjustments are made in the progran to indicate
that the current output string will be completed with an "iten"
fron group two. The routine which will transfer the group two
"itenm" to the output function table is then entered,

When the address of k has been transferred to y, the output
location ig again increased. The counter k is increased by one and
compared with K, to determine whether group two has been exhausted.
Group two cannot be exhausted at this time, as group one has not
vet been exhausted, and incomplete strings, if any, occur in the
second group. When tests show thap group two has not been exhaust-
ed, the counter b is increased by one, and compared with Re. Only
one "item" from this group is needed to complete the current out-
put string, and. therefore,the end of the input string has been
reached. The routines adjusted at the conclusion of the group
one string are now restored to thelr original status, in prepara-
tioﬁ for the processing of a new string,

If the first coﬁparison shows the keyword in the address
contained in k to be‘of greater magnitude than the one in the ad-
dregs contained in J, the series of events is similar, but the ad-
dress in k is transferred to the output function table first. The
address in J 1is then tfansferred directly to the second position
in the output table. After the two trensfers take place, regardless
of the order in which they occur, control is transferred to the
routine which resets a and b to zero and initiates the comparisons

for a new string.

S5e0elte3
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Four more iterations of these routines are requireds During
the last iteration, when tests indicate that one of the two groups
has been exhausted, adjustments are ﬁade in the program in order
that the end-of-cycle routines may be entered when the other group
has been exhausted. When the second of the two groups has been ex-
hausted, the original connectors are reset, and control is trans—
ferred to the routines which establish the contrdls for the next
cycle.

In summary of the above »processing operations, an analysis
of the varlable connectors associated with the program nay be of
use. The connectors which apply to alternate paths in the process-—
ing of group one are numbered J6, J7 and J8. The parallel routines,
which apply to the processing of group two, are numbered K6, K7;
and K8. Initially, °J6a, 9J7a, °J8a, °K6a,f°K7a, and 9K8a are all
set,

When an "item" from group one is transferred, and that "iten®
is nelther the last in its group, nor the last in the current
string in that group, and the corresponding string in group two
has not yet been exhausted, °J6a is entered. Control is immediate-
ly returned to the main routine. to compare the next "itenm" in
group‘one with the current "item" in group two. When an "itenm"
from group two is transferred under analagous clrcumstances, %% 6a
returns control to compare the next “1pém“ from group two with the
current "iten! from group one. However, when one group or string
has already been exhausted and an "item" is transferred fromn the
remaining group or string,  J6b or °K6b 18 entered, Connector J6b

returns control to the routine which will transfer the next group

S.Oe[‘}ou’
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one item to the output string. Connector XKbéb returns control to
the routine which will transfer the next group two item to the
output location.

Vhen the current input string in group one 1ls exhausted, and
the current string in group two has not yet been exhausted, the

o]
routine J7a sets X7b and %X6éb, in order that the output string

may be completed with the items remaining in the current string

in group two. Siniiarly, °K7a is entered when the string in group
two is the first of the current pair to be exhausted. Thls routine
sets OJ7b and °J6b in order to complete the current output string
with the remaining ifems in the current string in group one. VWVhen
the group one string is the second to be exhausted, the J7b rou-
tine is entered, and °56a and °J7a are reset for the beginning of

a new string. When the group two string is the second to be exhaust-
ed, the K7b routine 1s entered, and °k6a and °K6b are reset for the
beginning of a new stringe.

Finally, the J8a routine ig entered vhen the item last trans-
ferred is the last in group one, and group one 1g the first group
to be exhausted. Connectors K8b and K6éb are set, in order to con-
plete the current output string with the items remaining in group
two. The JB8b routine 1s entered when the item transferred 1s the
last in 1its group, and that group is the second to be exhausted.
Connectors J8a and J8b are reset and centrol is trangferred to the

routines which establish the controls for the next cycle of opera~

fion, The routines K8a and K8b are entered when group two ends

under similar clrcumstances.
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in preparatibn for the second cycle, the output function
table Ly is transferred to ﬁhe standard working locatioﬁ for the
Input function table L. The humber of items to be transferred from
each lnput string to the output string is doubled by substituting
2R for R, A test 1s made to determine whether the new R is equal
to 4. DBecause R can only equal two at this time, the controls for
the second cycle are set. Limits J and X are set to L3 and L7
respectively, k, is set equal to Ly, and Jo 18 set equal to 1its
original value, L,e Control is then transferred back to the rou-
tines which reset a and b equal to zero and initiate the compari-
son routines for cycle two.

In the second cycle, only four strings of two items each ars
collated; one string of two items is entirely disregarded. At the
conclusion of the processing, Ly is transferred to L, and R is re-
placed by 2R. At this time 2R is equal to four, and the routines
whiéh establish controls for the third cycle are entered. Because

the same eight items are collated in the third cycle, J_. and ko

o
are reset to L, and Lu respectively. An alternate end-of-cycle
routine 1s then designated before control is transferred to begin
comparlisons again.

The third cycle proceeds in the same manner as cycles one
and two. There are four 1tems in each input string, and eight in
the output string. When the eight items are in a monotonic se-
quence, the third cycle is complete, and Preparations are made for
the fourth cycle., At this time, the string of two items, which

has been disregarded for two cycles must be collated with the com~

plete string of elght items, To do this, Ly is transferred to L,

5-004.6
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2R replaces.ﬁ,'J is set to equal L, and k_ 1s set to equal Lg.
As befofe; Jo is reset to Lo' Because this will be the last cy-
cle of collation for this block, an alternate routine 1is provid-
-ed in order that the correct concluding routines may follow when
collation has been completed.

The distinguishing characteristic of the fourth cycle is
the appearance of the partial siring in group two. The collation
process is not disgturbed by the incomplete string, because tests
will show the group to be exhausted at the conclusion'of the trans-
fer of the second item. Group one items are transferred, accord-
ing to tﬁe correct manner of sequencing, until this group is also
exhausted.

At the conclusion of the fourth cycle, the'output function
table Ly contalns the addresses of the ten keywords, in order
according to their contents. Data transfer instructions are fab—
riéated To transfer the original items of data to the output
block in the sequence thus indicated. These data transfer instruc-
tions are fabricated in the same way that comparison instructions
were fabricated earlier. Vhen a1l the 1tems have been transferred
to the output location, routine Pl is entered in order to write
the collated block on the first of the three output tapeg. Routine
P2 is then designated for the next block. Finally, the controls
for a new first cycle are established and the initial routine is
reentered.

When the block of data Just collated was first placed in

the data storage locatlons,a second was left in register I. This

5,007
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block is now placed in the data storage location, and another
block is read into register I for use when the current one has
been processed. The four collation cycles are then repeated
with the new data. After the collated block has been written on
the tape specified by P2, routine P3 1is gubstituted in the pro-
gran. |

Processing continues in this mannen After each block has
been collated, the print routines are cyclically rotated, in

order to divide the data into three approximately equal groups
for External Collation.

Wnen a sentinel in the last position of a data block indi-
cates that the end of the tape is at hand, the first location in
the block is tested for sentinel. If Ad contains sentinel, all
the data has been processed, and the SJ routine is entered. If
gentinel is not found in Ay, successive items 1in the Dlock are
testeds When the last data item has been located, ignore sym-
bols are inserted for the missing items, and the program is ad-
Justed to enter the SJ routine‘immediately following collation.
The block is collated in the normal fashion.

Vhen collated, the ignore symbols, which have the lowest
pulse combination, are regarded as the items of least magnitude,
and appear at the end of the descending sequence in the block.
It 1s necessary to insert these symbols, because the collation
programs cannot provide'for the processing of a partial block of
deta.

When fhe last block of data has been collated, the routines

which follow make the necessary preparations for External Colla-

5.0.4.8
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tion. The counters u,v,w,r,s,t, and H are all set equal to zero.
The constant p, an integral power of three, 1s set to 1ts initial
value of one. The counter R is set to equal oﬁe, 3R to equal

three and the original data tape is rewound. The number of Exter-

nal cycles required to complete collation of the data 18 automat-
lcally determined from the counter f, which recorded the number

of blocks collated during Internal Collation. To accomplish this,
H is inéreased, and p is replaced by 3p. A test is made to deter—
mine whether p ls greater than f-l. If so, H indicates the num-
ber of External cycles required. If p is not greater than f-1,

H is increased, 3p again replaces p, and the test is made once
more. The routine is reiterated until p is greater than f-1l.

The next operation determines whether H is odd or even. If
tests prove it to be odd, the coﬁnter U i1e set to zero to indi-
cate this fact. One block of instructions for the ascending
series of three-way External Collation is then placed in memory
locatlions 000 through 059, and control i1s transferred to location
000 to begin the new program. If tests prove H to be even, U is
- set to equal one. The instruction tape is then advanced until the
speclal descending series instructions are avallable.

A counter 1ls established to count the number of blocks
passed. Each time a block is read, the counter is increased and
compared with its designated limit. Vhen counter and limit are
equal, the special series instructions have been positioned. Con-

trol 1s then transferred to location 000 to begin the new cycle.
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5¢0.5. Status of the Data at the Conclusion of Internal Collation.

At the conclusion of Internal Collation, the entire quantity
of data has been divided into approximately equal groups of one-
block stringse. Each group has been placéd on a separate tape.

The ltems within each block are in descending monotonic sequence,
but the contents of the various blocks are random with respect

to each other. If there are two groups, and the data is not even-
ly divisible by two, the first group is longer and contains only
one extra blockse If the data has been divided into three groups ,
the first group may contain an extra block, or both‘first and
second groups may contain an extra block.

The counters necessary for the control of input and output
strings during the first External cycle have been initially set
and stored in memory locations which will not be disturbed by
subsequent instructions. The number of cycles required to com-
pléte the collation of the data has been determined. If an odd
number of cycles is required, the first block of ascending series
instructions is in the memory and the second block is in register
I, If the number of cycles required is even, one block of fhe
speclal cycle instructions has been positioned in the memory, and

-the second block 1s in register I. The last instruction of the
Internal Collation progranm transfers control %o memory location
000, and Initlates the sequence of instructions which are disg-

cussed in Chapter 6.
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CHAPTER 6
EXTERNAL COLLATION -

6.0.1. Introduction,

The initial input data for the External Collation programs
ls the output of the Internal Collation -program which precedes
theme If the External Programs are to employ the three-~way meth-
od, the entire quantity of data consglsts of three approximately
equal groups, each on a separate input tape. If the External
programs are to employ the two-way method, the data consists of
two approximately equal groups, each on a separate input tapee.
If one group is larger than the other(s), it must be the first
group, and it contains only one extra block of data. If three—~
way collation is to be used, both first and second input groups
may contain an extra block of data.

The data 1s in order within each block, but the various
‘blocks are random with respect to each other. As the tapes have
been prepared for use with backward read instructions, the first
block from each group to be read into the menmory will be the last
pPlaced on that tape during the Internal Collation process. In‘
turn, the last block read into the memory from each group will .
be the first from Fhat group to have been internally collated.
When subsequent read instructions in the External Program are
carried out, sentinellblooks Present on each tape will indicate
that the date has been exhausted.

The number of sgentinel blocks on the input tapes varies
with the collation method to be used. If three-way collation

is to be employed, tape intérlock cannot be completely elimin-
6000101



ated, and a single auxiliary storage location for each group will
be required, In thig case two sentinel blocks per tape are pres-
ent to insure that the input mechanicm operates correctly when
continuous-read instructions are given. A third sentinel block
on the second input tape provides for the possibility that there
may be only one block of data to be collated. (See section 6.0.2)

If the two-way method of collation is to be employed, each
input‘tape contains three blocks of sentinel indication. The
assoclated External program then will use two auxiliary storage
locations for each input group, and the customary continuous-
read instructions. No additional sentinel indication is required
in the event that there ig only one block of data present.

‘The counters and constants required for the correct opera-
tlon of the External processing are stored within the memory in‘
iocations which are segregated from those used for data or in-

- structions during the Internal or External Collation programs,
These include: H, R, r, s, t, u, v, w, and the tape label (iden-
tification number), for three-ﬁay collations For two-way colla-
tlon, the list is similar, but »r and}w are not included. The
counters u,v, and w, will be used to count the unite transferred
from an input string; the counters ry s, and ¥, will be used %o
count the unite transferred to an output string. All have an
initlal value of zero, established in the Internal program. As
these are the counters whioch will adjust for the oocurrénce of
incomplete strings, it ig necegsary to set them prior to the be-
ginning of the cycle in which they are used. The constant R,
the number of units to be collated from each input string, for

6.0‘1.2



the current cycle; is also preset. The constant H is the number
of cycles required to complete ocollations It is determined in
the closing routines of the Intgrnal program, and must continue
to be avallable throughout'External Collation. It is the con-
stant which controls the number of itergtions cf the External
cyclese.

The method of collation to be used depends upon various
conslderations. If there are no more than four or five UNISERVOs
avallable, only the two-way method can be used. A maximum of
eleven External cycles will be required to collate a complete
tape under these circumstances. If collation is to proceed
by the three-way mathod used in several of the programs of this
report, the number of cycles required to collate a complete tape
will be reduced to seven, but the UNISERVO requirements will be
increased to elght. By special programming, the same method
might be used wlth seven servos. If there are ten servos avail-
able, collation may be completéd in five cyo%es, using the four-
way method. The declslon as to the method to be used will have

been made by the programmer well in advance of Internal process-—

ing.

6,0,2, The Method of External Collation.

VWhen the three-way method of External Collation is to be
uged, and an odd number of c¢cycles are required to complete col-
latlion, the closing instructions of the Internal pfogram posi-
tion the Tirst block of the ascending sequence instructions in

memory locations 000 through 059, and transfer control tc 000
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The instructions which follow position the remaining instructions,
and test to determine whether the current cycle 1s the last, and
whether the special descending program has been used.

Ir thé speclal program has been used; and the ascending se-
quence instructions are to be uged for an "even" cycle, rather than
an "odd" one, adjustments in the designatibn of input and output
tapes are made. If the current ascending cycle is the last, the
final output tape is rewound to the leader, and adjustments are
made which will conclude External Collation at the end of thig cy-
cle. If the current cycle is not the last, the three output tapes
are prepared for ugse with backward read instructions by writing
two sentinel blocks on each. The first blocks of data to be colla-
ted are then positioned in the‘memory.

Two storage locations are agssigned to the data from each in-
put tape. Group one is stored in blocks A and D, group two is
stored in blocks B and E, and group three ig stored in blocks C
and Fe The data destined for location F is left in reglster I at
this time. A test is then made to deternmine vhether there is a
sentinel indication in the data bloek C. If there is no data in
C, the program ig adjusted to collate the data in groups one and
two only. This situation cannot arise in any cycle other than the
laste It will arise in the first ascending External cyecle, if the
total quantity of data is only two blocks.

In an occaslonal instance, it may be possible for the tape
which is to be Externally collated to contain only one block. Thig
block is on the first of the three input tapes, and the other two
then contain nothing but end-of-tape sentinels. No routine in
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the Internal or External programs has been provided to care for
this situation.

The manner in which the program proceeds from this point,
causes the true data in input block A to be collated with the con-
tents of the sentinel bloclk in storage logation B. The contents
of the sentinel block, except for the first location, may be any-l
thing at all, and therefore, the resulting sequence is far from
corrects If this situation can exist, either of several ad just-
ments in programming must be made to take care of it.

A test may be added to the closing routine of the Internal
Collation program, to debtermine whether more than one block has
been processed, If there is only one block of output date, the
routline may then reverse the sequence from descending to ascending
order without ueing the External Collation instructions. On the
other hand, the External program may be modified to determine the
absence of date on tape B, just as the absence of data on tape C
is now détermined and to adjust the routines accordingly. The
third alternative adjusts the contents of the extra sentinel block
which 1s placed on the second output tape in Internal Collatione
When this tape becomes an input tape for External Collation, the
special sentinel‘block ig the first block to be placed in the mem-
ory location Be If the last item in the bdlock is a complete sen-
tinel item having a higher pulse combination than any ltem of true
data, collation may proceed without error, A sentinel hlock will
be transferred to the output string as if 1t were a block of data,
but this is of no importance. Furthermore, as the second input
tape contains three sentinel blocks instead of two, no complioca~
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tions arise from the use of continuous-read instructions. Of the
three alternatives, the first modification of the programming
would probably prove to be the most efricient, and there is ade~
quate memory space in the Internal program to sfore the addition-~
al instructions.

Throughout the main routine of the three-way ascending cy-
cle, the items in the current string from input group one are com-
pared with the items in the current string from the other two in-
put groups. Comparisons begin with the item of least magnitude
in each atring, i.e. +the last item in the block which is first
prositioned in the memory. The ltem which 1s the least of the
three 1g transferred to the current output location. After the
data has been tronsferred, tests are made to determine whether
~the end of the current output and input blocks has been reached,
Vhen the end of an input block has been reached, the data in reg-'
ister I is transferred to the designated storage location, another
block from the . current group 1is real into register I, and the ap-
prorriate auxiliary bloeck is transferred Yo the working lecation
Just exhausted, This sequence 1is not halted by tape interlocic
unless the previous read instruction is 8till in operation. Ap~
proximately two hundred computational instructions can be executed
in the period required to read one block from an input tape and
Place the data in register I. If two réad instructions are given
within g shorter period, fhe cecond is interlocked until the first
ls completed,

The new block of data ig next tested for the presence of
| sentinel. If sentinel is not present, this is a full block of
604244 .



data, and the group has not yet been exhausted. End-of-group and
end-of-tape coincide 1in this program: The next test determines
whether the current string has been exhausted, and the new block
is part of a new gtring. If therourrent block 1s\not the first

in a new input string, processing continues with the item in the
last location as before. ITf the ourrent'block ig part of a new
input string, the program is adjusted to complete the current outé
put string with the items remaining in the strings of the other
two groups,

By testing for end-of-group before testing for end-of-
string, one test per'group ls eliminated, as the two limits coin-
clde when strings are complete., More important, if the test Tor
end-of-gtring were not accompanied by a test for end~of-group, an
incomplete last string would never be discovered. If the order
of the tests were to be reversed, the sequence of events to fol-
low could ﬁot be arranged so conveniently.

When all of the items in the three input strings of R blocks
eachi have been collated in this fashion, the resulting output
string oconsists of 3R blocks of items in ascending sequence. As
each output block is completed, it is written on the current out-
put tape. When the output string is complete, an alternate out-
put tape 1s)designated, and another string is collated., A%t the
concluslon of the second output string,.the output tape is again
alternated, and a third one is designated. The third output
gtring 1s written on this tape. The fourth 8tring is wriltten on
the filrst output tape again. The‘ouﬁput tapes are continuously

alternated in this fashion.
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Vhen the last complete string has been written on an output
tape; this fact ig indicated ﬁy the ending of at least one of the
three input tapes. If all three tapes end, there is no extra data
on any inpui tape, and therefore, no incomplete output string 1is
formeds If only one tape ends, it must be the third, and addition-
al data 1s then present on the first and second input tapes. The
routines which follow collate the data from these two strings in
the normal two-way fashion. The resulting incomplete ocutput string
leg then written on the current output tape, and the cloging rou-
tines of the program are entered. If two input tapes end when the
last complete output 8tring is collated, there is an additional
1npuﬁ string in only the first group. The program is then adjusted
to allow this data to be transferred to the current output tape,
Processing it only sufficlently to reverse the order fronm descend-
ing to ascending sequence,

If the current cycle is the last, there is only a single out-
puf tapes The concluding routines place the necessary sentinel '
blocks at the end of this tape, rewind all input and output tapes;
rrint information on the Supervisgory Control printer, in order to
identify the output tape and label it correctly, and then stop the
programs If the current cycle ig not the last, the closing rou-
tines determine the values of the counters which count the blocks
in the output strings. If all have been reset to zero, no incon-
plete output 8tring has resulted from the collation of this oycle,
and the ocounters r, s, t, u, v, and w are all equal to zero for

the next cycle. If sither ry, 8, or t has a value other than zero
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at the conclusion of the current cycle, an incomplete input string
will be collated in the following cycles To adjust the program to
process this string as though complete, the corresponding input
8tring block counter and the first output string block counter for
the next cycle are preset to the number of missing blocks. The
quantities R and 3R are each tripled,.ané the first block of the
descending series instructions are positioned in the memory. The
second blockx of ingtructions is placed in register I. Control is
then transferred to the first location of thg new instructions.

The processing of three-way collation cydles in descending
sequence 1s very simllar to the processing of the cycles in as-~
cending sequence, but the order of the Tinal data ig reversed. It
is éssumed that the desired final order of the data wili never be
in descending sequence, therefore no descending cycle can ever
be the last. This eimplifies the initial routines of the descend-
ing program ag no adjustments need be made to conclude the entire
External process with the current cycle. Adjustments in the des-
ignatlon of input and output tapes are agaln recuired if the spe-
cial descending series program has been used.

In the descending gseriss routines, the item of greatest mag-
nitude in group one ig compared with the item of greatest magni-
tude in each of the other two groups. The item of greatest magni-
tude is then transferred to the output block. This initiates the
first string in descending order. Other strings are processed
similarlys All the techniques employed in the ascending series
are also employed in the descending programs, The two are there-
fore almost completély rarallel.
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At the conclusion of the descending series, one block of an-
othef group of ascending series instructions is positioned in the
memory, and a second is placed in register I. When control is
transferred to the starting locafion of the new instructions, the
next ascending cycle 1s begun. The cycles continue to alternate
~in this fashion, Because the-instructiéns for each cycle are so
lengthy, only those'for one series can be placed in the memory at
a time. Therefore, although the‘instructions for all odd cycles
are the same, and those for all even cycles are the same, it isg
necessary to read new instructions into the memory for each new
cycle.

The instruction tape contains the Internal CGollation instruc-
tiong first, The next seven instruction groups alternate four
sets of ascending series instructions with three sets of descend-
ing serles instructions. The instructions for the special cycle
follow last, as 1t is expected that these will be uged infrequent-
ly.

When two-way External Collation is employed, the operation
- of the cycles closely parallels that of three-way External Colla-
tlone BSeveral important differsnces do exlst, however. The first
of these lles in the total number of cycles required to complete
collations Eleven cycles are required by the two-way method, in
contrast to seven cycles required by the thres~way method. Second-
1y, the reduction in the number of instructions needed for each
two-way cycle makes possible the storage of Doth ascending and
descending series instructions in the menory. The two-way in-

structlion tape therefore consists of only three groups of instruc-
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vionse Those for Internal Collation are followed by the combined
ascending-descending External Collation instructions and the spe-
clal cycle instructions are the :1na1 groups

When two-way collation is employed, tape interlock may be
completely eliminateds Two auxiliary storage blocks for each of
the two input groups are maintained. As the data in each of the
current working locations 1ls exhausted, it is replaced with that

rom one of the assoclated storage locations. The two storage
locations assigned to each data block are used glternately for
thls purpose, A new block of input data 1s read only when an out-
put block is written on the output tape. To do this, the address
of the current block in register I and the source of the next
block to be read, nmust be known. The address of the latter must
also be avellable when needed,

In general, the sequence of events is as follows. Vhen an
output block ends, the data in register I is positioned according
to fhe addregs in Z, and a new block is read into register I from
Ty« The address of the new block in I, currently stored in a lo-
catlion deslignated as 24 1, is then transferred to Z. Vhen an in-
put block is next exhausted, the contents of one of the associated
auxiliary storage blocks is transferred to the working location.
To refill the emptied storage block the assooclated tape is desig-
nated as Tgx and the storage location of the empty auxiliary block
becomes the next Z+ l. When another outpﬁt block ig completed,
the blook in register I, 6is positioned according to the address in

Z, and the new read instruction is executed.
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To use this technique with continuous-read instructions, each
input tape must contain three sentinel blocks, In the event that
there 1s only a single block of data, no additional sentinel indi-
cation 1s required. However, if this situation rnay exist, some
brogram adjustments are required, These are similar to the adjust-
ments required when the same situation arises in three-way colla-
tion,

When tests indicate that there is an extra string of data on
the Tirst input tape Quring two-way External Collation, the program
1s adjusted to reverse the order of these items, and to place them
on the current output Tape, The output string block counters for
the following cycle are then adjusted in the same manner as the
corresponding ones are adjusted in three-way External Collation.

If there 1s no extré data on ﬁhe first tape, the final output
string 1ls complete, and there is no incomplete string to be pro-
cessed 1in the next cycle. When all the data has‘been Placed on a

single output tape, the two~-way program is concluded.

6.0,3. Detailed Description of External Collation Programs.

Program 952~1 (Section 6.1.1). Two-Vay External

Collation with Tape Interlock Eliminated; -

Ascepding and Descending Series.
Vd
When the two-way ascending External Collation program follows

immediately after the Internal Collation program, the following
facts are known and may be asserted. The counters X and y, which
count the items transferred from input blocks A and B respective~

ly, are both equal to zero. The counter m, which counts the items

transferred to the oubput bloeck G, 1s also equal to zero. The
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counters s and t, which count blocks transferred to an output
string, and the counters u and v, which count blocks transferred
from an input string, are equal to zero. The constant R, the
limit of counters u and v, 1is eéual to one at this time, and 2R
is therefore equal to two. The input data i1s on tapes three and
four, and the output data will be placéd on tapes filve and sixe
The first output string will be placed on tape five, as deter-
mined by the setting of connector Pl., The address of the block
which will be left in register I by ?he first tape-read instruc-
tions 1s the storagze block E. The first input tape to be read
Tollowling the initlal positioning of the data will be tape four,
and 1t 1s therefore the designated Tx. The address of the block
to be read from Tk, {(the first Z~ 1), is the storage block F.

: Iﬁ addltion, the following paths of operation are set. Con-
nectors Lle and L2a insure that the data stored in auxiliary lo-
- catlons 1ls processed in the correct order; the contents of stor-
age block C will be transferred to the A working location when A
has been éxhausted, and the contents of the storage block D will
be transferred to the B working location when B has been exhaust-
ed. The connector Ql establishes the initial comparison between
the 1tems of the two groups for the ascending series, and the
connectors Ala, A2a, Bla,and‘BZa.return control to this compar-
lson routine following the transfer of an item %o the output lo-
cations The connectors RAO, RBO, SAO,#nd SBO provide for the
correct adjustment of the program when a string or group Tirst

endss Connector 7a insures the proper alternation of the output
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routines. Connector lha provides for the alternation of ascending
and descending cycles when the special descending series has not
been used. Finally, connector 1l5a is set to make adjustments in
counters s and t for the next Exﬁernal cycle.

It 1s possible to assert all these conditions on the flow
chart of program 952-1, although many aﬁply'only to the first Ex-
ternal cycle, and then only if that cycle is the normal ascending
cycle. When the ascending series routines are entered from the
speclal descending cycle, and when they are entered following the
descending series routines, the point df entry is connector 1, The
assertions assoclated with the initial routines do not apply under
these circumstances,

When the remainder of the necessary constants and instruc-

tions have been poesitioned in the memory, a test is made to deter-

. mine whether the current cycle 1s the last (°1). If the current

cycle 1s not the last, three sentinel blocks are written on each
of the output tapes, and five blocks of data are positioned with-
in the computer. Two of these are read from tape A and are stored
in data locations A and C. Two blocks are read from data tape B
and sfored in locations B and D. The last block is another block
from tape A, which 1s left in register I, Control is then trans-
ferred to the comparison routine.

If the current cycle is the last, a single finalyoutput tape
is prepared. The tape designated in thne currently set P routine
1s rewound to the leader, and the tape identification block is
written on 1t. Connector P5 is then set to eliminate the end-of-

output-string tests, and connector 1%b is set in order to con-
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clude the program when the last of the data has been collated.
Control is then returned to the routine which initially positions
the input data.

The comparison routine fof‘the ascending series program 1is
Ql. The key d;gits of the last item in block B are compared with
the key diglts of the last item in bloék A, Three comparisons are
required to accomplish this, as the data in this progrem has a
split key.

Following the comparison(s), the item of lesser magnitude
is transferred to the output location. Tests are then made to de-
termine whether the end of the output and input blocks has been
reached., 1If the end of the output block has been reached, the
current. P routine is entered. If the end of the output block has
not been reached, the counter m is incréaseé, and the test for the
end of the input block is made.
| If the item just transferred was an item from the 4 block,
counter x 1s compared sgainst its\limit, N. If x and N are equal,
the input block has been exhausted, and the Ll routine is entered,
in order to transfer the contents of an auxiliary block to the A
working location, 1If x does not equal N, the input block is not
exhausted, and the comparison routine is reentered in order to
compare the next ltems.

If the item Just transferred was an item from the current
B block, the counter y is compared with N. When y and N are eq-
ual, the L2 routine 1s entered for the. purpose of positioning an-
Other block of group two data. If y and N are not equal, the

comparison routine is entered as before.
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The "main routine" is repeated in this fashion until an out-
put block is completed., In the P routine which follows, the con-
fents of location G are.written on the output tape, and a test is
made to determine whether the end of the output string has been
reached. If the string is not yst complete, the counter for that
string 1s increased, and control i1s transferred to the routine
which reads another block of data. To eliminate tape interlock,
1t 1s desirable to read a block only when a block has been writ-
ten, although the declsion as to the tape from which it will be
read and the address of the new block of Gata, is made in an-
other routine.

The block 1n register I 1s placed in location C, D, E, or
I, depending upon the adcress stored in Z, and the new block of
data 1s read from Tx. The address previously stored in location
Z + 1 1s transferred to Z, for use when the next read instruction
.is glven and the block now stored in register I must}be position-
ed. The counter m is then reset to zero, and the end-of-input-
block routine 1s entered as usual,

When all of the data in input block A& has been exhausted,
1t 1s replaced by the data in one of the auxiliary locations.
These are alternated, so that the sequence of the input blocks
1s not disturbed, Because the first auxiliary location is the C
block, it is the data from this block which 1s transferred when
A is first exhausted. In addition,‘the program is adjusted to
read next from Ty, to place the new block in location C, and to

replace the &4 block when next exhausted with the data now in E.
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The new data in A is then tested for sentinel indication,
If there ls sentinel in A, group one is exhausted, and addition-
al adjustments in the program are required (©Sa)., If the current
A block is not a sentinel block,"the counter x 1s reset to zero,
and & test 1s made to determine whether the current ihput string
has been exhausted. If u and R are equél, the data in A 1s the
- first block of a new string, and program adjustments are made in
the KA routine which will complete the output string with the
items remalining in the other input string., If u and R are not
-equal, u is increased and control is transférred to the compari-
son routine as beforé. *

When the data transferred to the A location was that stored
in location E, the program is adjusted to read next from Ty Just
as before, but the address of that block will be E, and the next
.block to be transferred to the A location will be the one now
stored in C. The tests for end-of-group and end-of-string are
made as described above.

When input block B has besen exhaustea, the procedure 1s
very similar. If connector L2a is set, the data in B is replaced
with the data in D. Arrangements are then made to transfer from
block F'when B is next exhausted, and to read from tape B when
another read instruction is executed, The address of the data in
register I at that time will be the location just emptied, D. The
new B block is then tested to determine whether the group has
been exhausted. If it has, the SB routine is entered. If group
B is not exhausted, the counter v is tested to determine whether

the current input string has been exhausted. If the new block
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of data is part of a new string, the routine RB is entered., If
the current input string has not been exhausted, v is lncreased,
and control is transferred to the comparison routine as before.
The sequence of operations in réutine L2b is completely analogous.

Eventually,'an output string will prove to be comglete. The
assocliated counter, either s or t, is reset to zero, and the al-
tefnate P routine is designated for the next output string. Rou-
tines Pl and P2 alternate at the conclusion of each output string.
This insures that the output data will be Givided into two approx-
imately equal groups of strings for the next cycle. If ©P5 1is
set, no test is made, as only one output tape is required for
this cycle., Followlng the alﬁernation.of the P routines, the
routine which reads a new input block is entered, Just as after
the writing of any output biock.

When the first input string is exhausted, routine RAO or
“routine RBO is entered, depending upon the group concerned, Ad-
justments are made in the program, in oraer to complete the cur-
rent output string with the items remaining in the other input
string without returning to the comparison routine. To do this,
connectors Alb and AZ2b or Blb and B2b are set, depending upon the
string which remains to be transferred.

When an outhut string 1s completed, the remalnlng input
string must also be exhausted. Either routine RAL or RB1l will
be entered, depending upon the connector which had been set.
These routines readjust the program to compare the ltems which -
will begin the next new string.

Similarly, when the first input tape eads, elther routlae
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SL0 or SBO will be entered. Each one makes adjustments in the pro-
gram to permlit the output string to be completed with the items re-
meining in the input string of the other group. If it is the A
tape which ends first, it is known that the B taps must certainly
end when the current string in that group ends, as there can be
extra data on tape A only. If it is the'B tape which ends first,
the end of the current string in the A group may also end the group
or 1t may not. For this reason, the adjustments made in the rou-
tine SBO, must provide for the end of another string in A as well
as for the end of the A tape,

When the end of tape B ié followed by the end of a string in
A, the remaining group one data is transferred to the new output
string., The only processing required for this data is the usual
reversal of sequence.

When the end of the second input tape indicates that all of
the data has been collated, the concluding routines of the cycle
are entered, If the current cycle is the last, it 1s necessary
to write three sentinel blocks on the outgut, tape, to rewind all
tapes and then to stop. If additional cycles are required to com-
plete the processing, counters s and t are examined to determine
wiether an incomplete string was formed. The status of the coun-
ters s, t, u, and v for the next cycle i1s then determined, R and
2R are aoubléd, and routine lha is entered in order tomake adjust-
ments for the descending cycle.

To prepare for the descending series program, the counters
X, Y. and m are reset to zero., Connectors Ala, A2a, Bla, B2a, Lla,

L2a, RAO, RBO, SAO, and SBO are reestablished and T, 2end 2+ 1
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are set to their previous initial values. The input tapes for
the descending series are tapes five and six and the output
tapes are tapes three and four. The alternating print routines
are P3 and P4, and connector P3 is set. Connector 7¢ is set to
insure the alternation of P3 and P4, and connector 1li4b is set
t0 insure the return to the ascending series instructions when
the next cyele is complete, Connector Q2 is set Zor the com-
parison routine which will permit the transfer of the item of
greater magnitude. Control is then transferred to the routine
which tests to detecramine whether the current cycle is the last.

. The operations of the descending cycle are similar to
those of the ascending cycle, except that the final sequence of
the data i1s in descending order, and the designation of input
and output tapes is reversed, Whereas®7a and®7b previocusly al-
ternated Pl and P2,°7c and®7d now alternate P3 and Ph,

The program for the special descending cycle is used only
when an even number of cycles ars required to complete collatlon.
The procedure employs all of the same techniques already des-
cribed for the ascending cycle. At completion of the speclal
cycle, the instructions for the ascending and descending cycles
are placed in memory, and adjustments are made to reverse the
designation of input and output tapss. This 1s accompllished
through the use of connectors 7¢, lidc,; and P3, and by changing
the initial designation of Ty, T,, T,, and T . No other changss

B? "p X
are necessary.
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Program 953-1 (Section 6.1.5).
Three-Way External Collation
Ascending Series _

The conditions which exist at the outset are asserted as fol-
lowé: The counters x, y, and z,’which count the number of items
collated from the input blocks A, B, and C, respectively, have
been set to zero. The counter m, which‘counts the number of items
in the output block G 1s also cqual to zero. The counters s and
t, which count blocks transferred to a string on output teapes ¥
and Z, respectively, are equal %o zero, but the corresponding
counter for tape X cannot be asserted at this time. The counters
u, v, and w, which count blocks transferred from a string on input
tapes A, B, and C, respectively, are also not asserved, because
any one may have a non-zero value in the event that there is an
incomplete string in one of the input groups.

The variable connectors, RAO, nB0, and RCO are set, in order
to correctly adjust the program when one of the input strings ends.
The connectors SAO, SBO, and SCO are also set, in order to cor-
rectly adjust the program when one of the input groups (tapes)
ends, The connectors Ql, Ala, A2a, Bla, B2a, Cla, and C2a are
all set, in order to establish and maintain thé three-way compar-
ison of items from each of the input groups, Assuming that this
1s not the last cycle, connectors 2z and 3a provide for the nec-
escary sentinel blocks on the three output tapes. Under the. scame
circumstances, connector 9a provides for the tests for an incom-
plete string at the end of the cycle. Connector Pl is set to al-

low the first output string to be written on tape X.
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'Dépending upon the procéssing which immediately precedes
the current ascenaing cycle, additional facts concerning the coun-
ters and constants may be known." When the ascending ser%ps fol-
lows Internal Collation, R is equal to one, 3R 1s equal to three,
and r, s, t, u, v, w, are equal to zero. If the ascenéing pro-
gram follows the special series program, the only additional in-
formation available is that R is equal to three, and 3R is equal
to nine. If the ascending series is entered from the descending
series program, nothing more is certainly known,

The initial instructions of the ascehding series progran
position the remainder of the necessary instructions anéd constants.
A test 1s then made to determine whether the current cycle is the
last one., If it is not, a test is made to determine the correct
output servos for the collated data. If the current cycle is the
last, alternate connectors 2b and 35 are set before making the
same test.

When the counter U is shown to be equal to one, the special
descending series program has been used. The output tapes for
any ascending cycle prior to the last are then on UNISERVOs three,
four and five, and the input Tapes are on servos six, seven and
elght, On the other hand, if the counter U is equal to zero,
tapes three, four and five are input tapes, and tapes silx, seven
and elght are output tapes. In either case, the routine which
follows positions The input data in meniory, and writes two sen-
tinels on each of the output tapes.

When the current cycle is the last, only the first of the
three output tapes 1s required. The identification block is
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written on this final tape, after it has been rewound to the lead-
er. An alternate connector 9 is then substituted, to provide for
the conclusion of the program at the conclusion of the cycle.

Comparisons are then made between the items of the three in-
put groups. The key digits of the last'item in block B are first
compared with the key digits of the last item in block A. When
the B item 1is equal to, or less than, the A4 item, a comparison 1is
made between the B item and the key digits of the last item in
the C block.' If the A item is less than the B item, a comparison
1s made between the C and A items. The item of least magnitude
i1s transferred to the first location in the output block,

Following each transfer, a test is made to determine whether
the output block nas been complétely filled. If the block is not
complete, the item counter m, is increased, and control is trans-
ferred to connector & to determihe whether the last item in the
input block has been processasd. If the output block is complete,
the output data is written on the designated tape, Ty.

A test is then made to ‘determine whether the current string
on this tape is complete. If the string is not complete, the as-
soclated block counter, r, is increased, and control is trans-
ferred to connector & as before., If the string is complete, r is
reset to zero and the progrem is adjusted to place the next out-
put string on Ty. Control is then transferred to the end-of-in-
put-block routine,.

If the item Just transferred to the output block was an itenm

from the A block, the routine in connector & tests to determine
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whether the A block has been exhausted, If the item counter for

‘this input block (x)» has not reached its maximum, it is in-

creased, and control is returned to the comparison routine again,
If the end of the A block has been reached, x 1s reset to Zero,
and the L routine is entercd in order to read a new data block
from tape A into register I.

As one block of data from tape C was left in register I in
the initial routines, it must be placed in memory location F be-
fore another read instruction can be executed, To this end, con-
nector Lec 1s already set. If the A block has Just been exhausted,
connector Lle is the routine which is entered.

(A new block of data is then read from tape A into register
I, and connector La is set for the next routine. This insures
that the new block from tape A will be placed in auxiliary loca-
tion D when the next read instruction is executed. The data cur-
rently in D 1s now transferred to the 4 working location, for
processing. If the new block contains only a se¢ntinel indicator,
tape A, and hence group one, 1s exhausted. The current SA rou-
tine is then entered. If the necw biock does not contain a sen-
tinel indication, group one is not exhausted, and a testiis made
to determine whether the current str;ng in group one has been ex-
heausted. If the counter u,which is used for this purpose,has
reached its limit, the current 4 stlring 1s exhausted, and the cur-
rent RA routine 1s entered. When the counter u has not réached
1ts limit, the current group one string ies not exhausted, and the
counter is increased before control is returned to the comparison

routine.
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If the item Jjust transferred to the output block was an
item from the B block, the procedure is essentlally the same,
except that the B block 1is tested. The counter assoclated with
items transferred from B is y. When the B block is exnausted,
the L2 routine is entered. This routine reads another block from
tape B, sets connector Lb, and trensfers the contents of the cur-
rent E block to the B working location. If the B block does not
contaln sentinel, the counter v is tested to determine whether
the current B string is exhausted. If it is not exhausted, v is
increased, and the comparison routine is entered again.

If the item just transferred %o the output location was a
C item, the C block is tested to determine whether it has been
exhausted, The counter associated with the C block is z. When
the C block is éxhausted, the L3 routine is entered. Another
block is read from tape C, connector Lc is set, and the contents
of the working location F are transferred to the C location. The
same end-of-group and end-of-string tests are made on the new
block of data in C, and if the string has not been exhausted, the
counter w is increased. Control is then transferred to the com-
parison routine just as before, |

The succeeding comparison is mede between the next item in
~ the block from which the previous transfer was made, and the oth-
er two ltems used in the former comparison. Again, the item of
least magnituae is transferred to the output location, and the
tests for end-of-input-block and end-offoutput-block are made.
The sequence of events remains the same as long as there are items

to be compared from each of the 1nput'sﬁrings.
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When one of the input strings is exhausted, an end-of-
string routine is entered., This is either RAO, RBO, or RCO, de-
pending upon the group to which the string belonged. The in-
structioné which follow adjust tﬁe program to continue the pro-
cessing with a normal two-way comparison between the items of the
two remaining groups. This is primaril& a matter of adjusting
the Q routine to Q2, Q3 or Q4. Because it has been possible to
make these adjustments within the framework of the original cod-
ing of Ql, a kind of shorthand has been used to designate the
necessary changes. The original lines of coding are specified
as Ao, Bo, Co. When one of +{he groups is eliminated fron
future comparisons, this fact is indicated by A%O, B=0, or C=0,
The assoclated changes in the line of coding which uses the B
location are called B=Bl for G2, and B=B2 for Q3.

Eventually, a second input string ends, Depending upon
the identity of the two groups, and the order in which they have
been exhausted, the sccond end-of-sgtring routine may be any of
the following: KAl, R4z, RBl, RBZ, RC1l, or RC2. Instructlons
set the connector for the next end-of-string routine, and adjust
the prgram to complete the output string with the remaining items
in the third input string, One of the followlng pairs of con-
nectors 1s set for this purpose: Alb, A2b, or Blb, B2b, or Clb,
C2b. Wherever the outcome of a test previously transferred con-
trol to connector Q, it now transfers control to connector 5, or
6, or 7.

Before tests indicate thot the third input string has been

exhausted, an output string is completed. The assoclated output
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string block counter, either r, s, or t, ls then reset to zero,
and another output tape 1is designatéd for the next string. The
three output tapes are cyclically roteted after an output string
1s complete, in order to divide fhe data into three approximate-
ly equal groups for the next cycle.

Following the ending of the outpu% block, and the comple-
tion of the output string, tests indicate that the third input
group 1s exnausted. Depending upon the identity of the group,
the routine entered will be either RA3, RB3, or RC3. The in-
structions which follow readjust the program to compare items
from three input strings once morg, and then transfer to thc
three-way Q routine.

The chart which begins on page 6.1.4.1 of Chapter 6 lists
all the possible combinations of string endings which have been
briefly suggested above., In addltion, there are analogous com-
binations of group endings (the S4 routines), and other com-
binatlons which arise from an extra string of data on one or more
of the input tapes. The source of each sequence of endlings, and
the program edjustments which must accompany them are carefully
delineated in ssction 6,1.4 and therefore, will not be discussed
further here. The necessity for providing for all possible com-
binations of events makes the coding of three-way collation very
extensive. The processing is comparatively short in any partic-
ular instance, however, as only one sequence of events can lead
to the completion of a given output String.

When all three input groups have ended, the final end-of-

group routine is elther SA7, SB7, or SC7. In any case, the con-

6.0.3,16



PR LY
cluding routines of the program follow immediately afterward, If
this cycle is the last, routine 9b or 9¢ is entered in order to
rewind the final and all intermediate tapes, and to indicate to
the person in charge (via a Supervisory Control output instruc-
tion) the final output servo, and the label for the completed
tape. If the current cycle is not the last, the routine which

follows tests the counters r, s, and t to determine whether an

;
incomplete output string has been formed. If all three counters
have been reset to zero, counters u, v, and w may also be set to
zero ror the next cyecle. If either r, s, or t do not equal zero,
the associated input counter, and the first output counter for
the next cycle are set equal to the number of missing blocks. All
Oother input and output counters may ;hen be set to zero for the
next cycle. -

The only remaining operations in the ascending cycle con-
cern the setting of R and 3R for the next program, and the posi-
tioning of the first block of descending series instructions. A
second block of the new instructions is left in reglster I.

As previously indicated, the descending series and special
descending series programs are’very slallar to the ascending
serles, except in the sequence of the output data., Both are
simpler than the ascending serles program, ., because neither can
be the last cycle of operation. The special cycle has several
unique features, but, aside from the different order in which
items are considered, these variations arise from the fact that
the special cycle ir used at all, 1s always the first External

cycle, and therefore, certain additional facts are known at the

o eV -
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6.0.4, Status of the Data at the Conclusion of External Colla-
tion.

At the conclusion of the last External cycle, the data on
the output tape is a single confinuous sequence of items in as-
cending order, The first block on the tape i1s an identification
block which contains the tape label. There are three sentinel
blocks at the end. Collation is complete, if there is only one
tape to be processed.

If there are many data tapes to be collated, each is se-
quenced in the manner described in this chapter. All the indi-
vidually colluted tapes ere then merged to form a single stripg
of tapes which are in sequence with each other. This is accomp-

lished by the merging process which is dlscussed in Chapter 7.



CHAPTER 7
MERGING

7.041. Introduction,

The purpose of this chapter is to explain the procedure called
Merging, which 1s the third and final step in the collation process
Internal Gollétion, the first step, receives data in random order
and arranges this data in monotonic sequence in block lengths. A
complete description of the various methods avallable is given in
Chapter 5. External Collation, the second step, receives the data
which 1s in block 1engths,'and arranges it in monotonic sequence in
tape lengths, Chapter 6 explains in detall the processes used to
accomplish this. Merging, the third step, arranges the data, which
is in order by tape lengths, into one continuous monotonic sequence

The Merging process ieg straight forward. Simple comparisons
iof the date are made, and siﬁoe an ascendling sequence is desgired,
the quantity of least magnitude is selected first, the quantity of
next largest magnitude second, and so on, until all the data has
been examined and erranged. The following is an example of three

groups of data to be merged; A, B, and G,

A B c 3 :
a3 6 b3 3 3

7.0.,1.1
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If a comparison is made between the quantities stored in aj and
by, and aq is greater than by, a second comparison ls made be-
tween ¢, and bl‘ If ¢y is greater than bl’ by is the quantity
of least magnitude and ié selected firsti Then b2 is conmpared
with a; and c¢q and the process is repeated.until all the quanti-
ties have been arranged.

Programs have been prepared for both two-way and three~way
merging. The method used depends partially on the‘number of UNI-
SERVOs avallable, and partially on the number of tapes to be
merged. Two-way merging requires the use of six UNISERVOs, and

three-way requires eight.

7.0.2. Tape Identification.

As previousgsly discussed, a system of tape identification has
been deviged such that each tape will contein enough information
about itself to distinguish 1t from any other tape. The purpose
of the system ls tn facilitate problem re-run and filing,

A master chart, which designates the current tape identifi-
catlon for each input and output tape, serves as a control for
this syastem. The operator follows this chart during the merging
process when mounting each innut tape. At the end of the problem
the output tapes are filed sequentlially as indicated on the chart.
The tape 1dentification system has been set up to handle a maxi-~
mum of 99 tapes.

The magter chart shown in Figure 1 of section 7.0.7 indicates

one method of labelling a group of 54 tapes. Each tape has a label
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containing a two-character alphabetic code plus a two-diglt numeric
code, e.g. C301. Prior to the first cycle of Merging, the label of
any tape lies in the range AA01l:.,..iCBOLl:s The tape label is typed
into the memory from the Supeivisory Control at the beginning of the
Internal Collation programs In the last cycle of External Collation
this tape label 1s placed in the second memory locatlion of the first
block on the output tapes At the end of the External Collation pro-
cess, the operator must attach the printed tape label to the tape
reel. The identification number, which has been typed into the men-
ory and printed on the Supervisgory Control printer at the beginning
of Internal Collation, providea the material for the printed label.

As the program now stands, computer or operator errors which
cccur prlilor to mergling reQuire the re-running of the data tape. In
Yerging, however, the identification system has been set up so that
any tape may be re-run. To make this possible, it 1s necessary to
have certain information easily avallable. The first block on the
tape 1s the identification block as before, but it now contalins
the informatlion necessary for re-run.

Figure 2 of sectlon 7.0.7 represents a typical identiflcation
block for three-way merging. It contains the three current input
tape identification numbers (q,, a3, and q,), the current output
tape identification number (qp), the three final input tape identi-
fication numbers :or the current strings (q5’ Qg and q7), the key-
word of the last item on the previous output tape (q8), the three
memory posltions containing the next keywords to be compared (q9,

d10? and qll), and the keyword of the first 1tem on the current
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outpus tape (qlz)i Since nmerging is done in ascending series, the

keyword of the last item on the previous output tape (qg) will al-
ways be less than, or equal to, the keyword of the next item to be
compared. Since there may be geveral itens eontéining the sane key-
word, 1t i1s necessary to Iknow which memory ‘positlions were belng used
at the beginning of the tape. These factors plus the three input
tape numbers are the only requirements for re-running a tape. The
only tape that cannot be re-run under the present system is one
which contains more than one block of equal key digitse The addi-
tion of a block counter routine would elininate this problern.

There is only one major diffevence between the identification
systems used in the two-way and three-way nerging programs. In two-
way :erging, the initial comparison test precedes the writing of
the ldentification block on the output tape. The keyword of the
first item on the tape is known and therefore may be used in the
re-fun routines as the basis for locating the first relevant iten
on each input tape. Three-way nerging takes a different course,
and the identification block is written prior to the comparison.
For this reason, the last word on the previous output tape 1s used
as the basis for positioning the input tapes. The routine on
page 7.1.2.34, which prepares the three-way merging re«run, uses

this systen.

7.0.3, Strings and Cycles,
Although the definitions of string and cycle differ in Inter-
nal Collation, External Collation, and Merging, there is a logical

relationship between all three.
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The unit of measure for & étring in Internal Collation 1s an
iten. A string is formea by comparing items from one group.with
items from another groﬁp, and transférring them in a monotonic se-
quence into a single series. The unit of measure for a gtring in
External Collation is a block. A string is formed by comparing
items 1in a Plock on one input tape with items in a block on another
input tape, and transferring then in a monotonic sequence onto a
single tape. The unit of measure for a string in Merging is a tape.
A string is formed by comparing items fron one gerles of input tapes
with items from another series of input Ttapes, and transferring them
in a monotonic sequence ontn a series of output tapes. At the con-
clusion of the nerging process this group of tapes will be in order
within itself,

A cycle in Internel Collation is the period in which the num—
ber of items in each string is doubled. A cycle in two-way Exter-
nal Collation is the period in which the number of blocks in each
string is doubled. A cycle in two-way Merging is the period in
which the number of tapes in a string is doubled, and in three-way
Merging it is the period in which the number of tapes in a string
is tripled. At the beginning of cycle one for example, the strings
are each one tape long. That is, each completely collated tape %o
enter the Merging routine ig a string in itself, Flgure 3 of sec-

ion 7.0.7 shows the length of the input strings for oconsecutive

cycles in the merging of 99 tapes.

7.0.4. Tape Interlock.

Tape interlock is the interruption of all coriputational oper-

- atlong for the perind needed to complete the tape operation cur-
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rently in pyogress, and to initiafe the one required by the current
1nstruction; This has been discussed in detall in section 4¢0.3.
All programs cannot be coded to completely eliminate tape in-
terlock, because the memory space in the computer is limited to
1000 locations. For example, the three—way‘merging prograr uses
almost all the available memory space to mininize tape interlock
time; In order to completely eliminate interlock, at least six
nore blocks of memory space are required. However, two-way lerg-
ing; which requires less space, has been coded to completely elim-

inate tape interlock.

7.0.5. Elimination of Block Fill-in.

Because the collation routines are unable to handle incon=-
plete blocks of data, the Internal Collation progran includes a
routine which fills in the partial block with suitable words for
thevmissing itens. A pulse combination of lesser value than any
reyword in the data is used if the Tinal arrangement is to be in
ascending sequence. A pulse combination of larger value than any
teyword in the data is used if the final arrangement 1s to be in
descending sequence. The programs already coded assume an ascend-
ing sequence and use an ignore symbol as the fill-in since its
pulse combination is of least magnitude. During the collation pro-
cess, the keywords of the filled in items are grouped at the be-
ginning of the string in ascending collation and at the end of the
gtring in descending collatlon.

At the end of External Collation, all ignore symbols appear
at the beginning of the first data block on each tape. The first
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data block on any collated tape may contain a nmaximun of n-1 itens
of ignore symbols. If each of three tapes contain n-1 items of ig-
nore synbols, and they are merged together, two complete blocks of
ignore symbols will result. In two-way merging, one complete bloclk

of ignore symbols may result. The merging programs have been coded

to discoard all complete blocks of ignores at the beginning of each
string throughout all cycles prior to the last (Figure 4). A rou-
tine, 962-4 on mpage 7.1.1.26,has been Lrogramnmed to show the method

of discarding all the remaining ignore items during the final cycle
of two-way nerging.
7.0.6, Detailed Description of Three—wa& Merging:

Program 963-3 (Section 7.1.2),

The instruction tape for Three-way Merging is on UNISERVO
one, and after 1% has been read into UNIVAC the tepe is rewounde.
This leaves UNISERVO one free and it ié subsequently used along
with UNISERVO two for the alternating output tapes. The initial
input tapes are on UNISERVOs six, seven, and eight, and they alter-
nate with tapes on UNISERVOs three, four, and five respectively.

It is general practlce to refer to the actual tapes by number ra-
ther than to the UNISERVO each tape occupies. For ease of explana-
tion the remainder of this report will follow this procedure.

At the beginning of each Merging cycle, the operator nust
type two words on the Supervisory Control. The first of these
words containg the final identification numbers for the three
strings of input tapes to be merged in the current cycle (an, Bn,'
yn). The second word contains the initial output tape identifi-

cation number for the current cycle (61 )« Thesge quantities are
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found on the master chart (Fig. 1) which serves as a guide through-
out the merging process. All other identification data 1s generatec
within the computer. Each initial tape will have the same code let-

ters as the final tape in its series, therefore, the digits 01l are

affixed to these code letters, giving the correst identification
numbers { ep_n4qs By pe1s 20 Yn—n+1); When this process has been
completed and the transfers tn the identification block completed
(Fig. 2), all the identification information so far obtained (gje..
q7) is typed out on the printer associsted with the Supervisory
Control. This allows the orerator to make a visual check with the
master chart to be sure that the correct tape identifications were
typed into UNIVAC.

After this check is made, the data tapes are read in. The
identificatlion numbers which were put on the tape in the second
word of the first block during External Collation are checked with
the tape identification numbers in Aps q3’ and Ape This is done so
that any incorrectly labelled or incorrectly mountéa reel will be
detected. VWhen such an error 1s found, a routine is entered which
rewinds this tape, and prints out on the Supervisory Control printer
both the correct and incorrect tape identification numbers, and the
UNISERVO number. This enables the operator to relabel the incorrect
reel 1f necessary and mount another tape on the deslgnated UNISERVO.

Yhen the correct data tapes have been read in, the remaining
identification locations nmust be filled. The initial menory loca-
tions of X, ¥y, and z are sent to dgs Q1g> and d11 and the contents
of dg and dyo are cleared to zero. The next process is to write

the identification block on output tape two. All identification
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blocks are written at the rate of twenty characters per inch. This
pulse density i used because a printer can only receive data at
this rate, If the label on a tape reel should be lost, the identi-
fication block may be printed on a UNIPRINTER and a new label nade.

The next step is to read in the data from tapes six, seven,
and elght and fill blocks 4, B, and C. In order to partially elin-
inate tape Interlock, extra data storage blocks D, E, and F, are
kept in the memory. Blocks D and E are filled from tapes six and
seven, and the blocl from tape eight, is held in register I (Fig.5)
for future transfer to block F. When one of the data blocks emptiec
the contents of rI are transferred to F, a block from the designatedld
tape is read into rI, the contents of the asgnciated auxlliary block
are transferred to the exhausted data block, and computation pro-
ceeds., See Figure 6 of section 7.0.7.

The maln comparison routine follows the reading in of data,
and the items are transferred to the output block in ascending
nonotonlic sequence. After each transfer of data, there follows a
test for the end of the input block. If the end has not been reach-
ed, the item counter is increased by unity and a test for the end
of the output block is mnde.

This basic sequence is repeated until the output block is
filled, at which time, a test for a cnmplete block of ignore sym-—
bolg is executed. ©Should there be a block of ignore symbols, this
block is not written on the output tape, because all complete blocks
of ignores are discarded. As sonon as the output block is found to
contaln a true item, the test for ignore gymbols ig dropped from

the program for the remalnder of the cycle, and the output block
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is written on tape two.

Each output block is counted, and a test for the maximun allow-
eble blocks on a tape is made. If the 1linmit has not been reached,
the block counter is increased by unity. The first word in the firg’
data oﬁtput block is transferred to position.q12 in the identifico-
tion blocke This word will be used Tor part of the external tape la-
bel. The routine which executes this operation is dropped temporar-
ily from the progran.

When the end of the output tare has been reached, three sen-
tinel blocks are written on the completed tape and a tape label is
typed out on thé Supervisory Control nrinter. Since two tapes have
been allocated for output data, the alternate output tape is now
activated. In addition, the block counter is cleared to zero, and
the routine which transfers the first word to dyo is agalin included.
The following changzes are made in the identiflication block. The out-
put tape number 1s increased by unity, the memory locations of the-
next three quantities to be compared are transferred to dgs 4109
and 417> the keyword of the last item on the previous output tape
1s sent to dg» and 432 is cleared to zero. This block,'which con-
tains enough infornmation to esnable a re-run procedure to be effected
if necessary, 1s now written on the current output tape. If all
three input strings are still in use, the routine then transfers
back to the main comparison sequence.

When an input block has been completely transferred, the fol-
lowing operations occur: the contents of rl are sent to the proper
auxiliary block, the assoclated reserve data is transferred to tpe

exhausted input block, the correct tape is read into rI (Fig. 6),
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and the input block iten counter 1s set back to zero. A test far
the end of the input tape follows, and if the end has not been
reached, the routine transfers control to the test for the end of
the output block. If the input tape has ended, it is rewound and
the routine which tests for the end of string is entered.

IT the end of string has not been reached, the input tape
identification number is increased by unity. The identification
number of the next tape in the series is checkeds This tape has
previously teen mountéd on the alternate UNISERVO allocated to this
gtring. II the wrong tape has bLeen mounted, elther through the
carelessness of the operaior, or becasuse the external label is in-
correct, a routine is entered which rewinds this tape, and prints
on the Bupervisory Control printer both the correct and incorrect
tape numbers, and the UNISERVO number. The operator then mounts
another tape on the UNISERVO, and the checking process 1s repeated.
When the test is satisfactorily passed, the second block on the
tape is read into the deslgnated data bloek and control is trans—
ferred to test Tfor the end of the output block.

When the end of one string has been reached; conntrols are set
to eliminate this string from the comparison sequence, the identi-
flcation loceatlon for the input tape in this string 1g cleared to
zero, and the tape Just ended is rewound. In addition, the end of
string routines for the renaining two strings are altered. Control
lg then transferred as before to the test for the end of the out—
put block.

When the second string ends, the tape identification ldcation

1s cleared to zero as before, and the Tape Just ended is rewound.
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At this time, control may be chenged to handle the remaining tapes
in the last string: Since there is only one string left, the nain
comparison routine 1s no longer needed., The number of ltens remaln-
ing in the current input block equals the number of items neceggary
to £ill the current output block. When the input block empties, ‘
and sentinel 1s detected in the auxiliary block, the last two string
have ended in the same output block. The closing routines are en-
tered after the final output vlock is written oute

However, if two strings end, and sentinel 1is not detected in
the auxiliary block of the third, at least one block stlll remains
to be transferred from the third string., In this case, controls
heve been set to read in a block, test this block for sentinel and
if no sentinel is present, immediately write the block out. This
process is repeated until all data blocks have been written on the
output tapre. When sentinel is detected and the final string ended,
the last block has alreedy been written out and the wrilite sequence
rust be by-passed. In the Tinal routines three sentinel blocks are
written on the output tape, the tape label is printed out, and the
tape is rewound. The nerging process is now completed.

An output tape may have been filled, and the alternate tape
activated, before the end of the last string has been detected.
Because the write operation precedes the read, the last data block
and taree sentinel blocks have been written on the previous output
,tape, aﬂd it would be useless to write a block of sentinel on a
new outnut tape. Therefore, the program is immedlately concluded

following the detection of a new outrut tape.

7c0~ 606
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7.0+ Charts. : 10-24-50
E T IASTE
o Figure L. TAPE IDENTIFIGATION MASTER CHART
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A TYPICAL IDENTIFICATION BLOCK

Current Output identification no.

identification
identiTication
identification
identification
identification
identification

item on previous tape.

Current locabtion in A block.

Current location in B block.

Current location in C block.

Keyword of first item on current output tape.

Flgure 2

dq Sentinel

ay

ds Current A Input
a3 ‘Current B Input
an Current C Input
dg Final A Input
a5 Final B Input
am Final C Input
ag Xeyword of last
99

d10

911

di2

9 42272722

ay HAL6 |
s GAO6

q3 GBO?7

a GCOoL

s GA09

a4 GB09

9e GCO9

dg Snith, J.Ge

dg 532

410 664

a, 7%

430 Smith, X.Bs

NOo.

N0,

No.

NOe

no.

NoO.
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Figure 3. INPUT STRING LENGTHS FOR MERGING 99 TAPES
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Figure L. BLOCXS OF ICGNO3E SYMBOLS
TO BE DISCARDED IN MERGING

10 Word Itenm

Two Tape Merging

-
1 ignore |- 1 ignore
2 ignore |. 2 ignore |
3 ignore 3 ignore 7 Block to be
4 ignore 4 ignore discarded.
5 ignore 5 ignore
6 |Real item 6 ignore .
» =
1 ignore 1 ignore '
2 ignore 2 ignore |
3 ignore 3 ignore & First data
L ignore L irnore : block on
5 ignore 5 {Real item | merged tape.
6 |Real item 6 |Real item J
Three Tape Merging
— TN
1 ignore | 1 ignore l
2 |  1gnore 2 lgnore
3 ignore 3 ignore & Block to be
L ignore 4 ignore , discarded.
5 irnore 5 ignore ’J
6 |{Real iten 6 irnore 4
1 ignore 1 ignore
2 ignore 2 ignore
3 ignore //’3 ignore > Block to be
L ignore 4 irnore discarded.
5 fReal item 5 ignore
6 |Real item 6 gnore | _/
T N
1 ignore , 1 ignore
2 ignore 2 ignore
3 ignore 3 |Real iten ., First data
4 ignore L IReal item /" block on
5 irrnore 5 {Real item merged tape.
6 'Real iten 6 |Real itenm D

7.0 7. 4
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Figure 6. PROCESS OF EMPTYING AND REFILLING

DATA BLOCKS
Tape 6 Tape 7
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2, rI to auxiliary block D
3. Tape 7 to rl

Tape 6 Tape 7 Tape 8
77T A B AP
‘§§,/£/ | T8 T ;2;;’12
7 ’575 T 27
42524?? i ﬁfﬁ)§22

l. Auxiliary hlock E to B

2. Ti cunvaine Celia o be transferred
T vlock B whoen next data block
emphlen

Tape 7
rI




8.0.1,

950-1
12/4%/50

CHAPTER &
TIMING OF COLLATION ROUTINES

Introduction.

This chapter presents, by means of formulae and charts, the

vimes required to completely collate tape lengths of iteas of giv-

en sizes.

Section &.0.2. defines the symbols used in the formulae.

Section 8.0.3. gives the assumptions on which the timing

studies were based.

Sections 8.0.4,, 8.0.5., and 8.0.6., are analyses of the

methods used and the formulae derived in Timling Internal Colla-~

tion,

External Collation, and Merging respectively.

Section &.0.7. summarizes the times given ln the previous

sections and shows the total collation times required.

g.0.2,
b

Definition of Symbols.

The number of instruction words required to transfer one
item from one location in the memory to another, The value
of ! 1s one for a ten-word item (Ym, 2m), a two-word item
(Vm, Wm), and a one-word item (Bm, Cnm).

In the generalized flow chart form for External Collation
and Merging, the symbol 2 represents the number of words
per item.

The number of Merging runs needed to arrange a glven guan-
tity of individually ordered tapes 1nto a continuous string
of ordered tapes. One run is required for each intermedi-
ate output string, as well as for the final output string,

The number of External Collation cycles required to arrange
in monotonic sequence the informatiocn on a single tape. The
number of blocks on a tape and the method of External Colla-
tiog (two-way, three-way, or four-way) determine the value
of H.

8.0.2.1
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I The amount of interlock time per block in seconds. Inter-

lock time 1s the period during which computation is halted
while a block of information is read into rI.

=

The total number of blocks of information on a tape.
N The total number of items per block.

t The amount of computer time, in seconds, required to exe-
cute one data transfer.

T The number of tapes, or fractions of tape, containing un-
ordered information.

W The number of Internal Collation cycles required %o arrange

a block of information in monotonic sequence. The value of

W 1s dependent upon the nuaber of items per block.

8,0.3., Assumptions in the Timing of Programs.

The coded routines in this report were analyzed and the
times tabulated according to the computer times of operation list-
ed in Code C-10. Where a choice of coding techniques existed, the
more efficlent technique was used in the timing analysis, and the
formulae were derived on this basils,

The time allocated‘to Supervisory Control operations, com-
puter breakdown, and tape changes,have not been accounted for in
the timing equations,

The External Collation, and Merging routines, lend them-
selves quite easily to a generalized equation, Internal Colla-
tlion, however, whilch requires individual programming for each
item slze, necessitates a separate calculation for each of these
item sizes.

All the programs included in this timing study require an
extraction of digits from a single word to obtain the key infor-
mation., Weighting factors were appliecd to the repeated sequences @

routine might employ, in order to produce a maximum, rather than
8.0.3.1
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an average, computer time in the formulae.

The extraction of key diéits from the 1ltems to be compared
is not the most economical method to use in collation. The se-
quence of instructions required is F(m), E(m), X 000, E(m), and
T(m). The most efficient method is available when the key dig-
1ts are located at the extreme left in the word. The sequence
of instructions necessary in this instance is only B(m), L(m),
and T(m).

The table below lists the percentage of time which is saved

by this alteration.

Words % of Time % of Time
2 . 5.5 6.0
3 4.0 4.5
4 4.5 5.0
5 3.0 3.5
6 3.5 4.0
8 3.0 i 3.5
10 3.5 4.5

The key digits may occur at the right of one word and be
continued in the next. If this is the case the time spent in
the comparison sub-routine is increased, The percentage increase
in the total time due to split key digits is listed in the table
below,
8.0.3.2
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Words % Increase % Increase
per for for
tem Three-Way Two-Way

2 5.0 - 3.0

3 4.0 2.0

4 k.o 2.0

5 5.0 1.5

6 3.5 2.0

8 5.0 1.5
10 ! 3.5 2.0

8.0.4. Timing of Internal Collation.

Routine 940-4, which begins on page 5.1.3.1, collates by
means of a function table. In this routine the input block is
transferred to the output block, item by item. The transfer or-
ders are fabricated for each item and, after each transfer, a
test 1s made to determine when the final item has been trans-
ferred. This procedure 1is correct but very time-consuaing. A
more efficient method 1s to fabricate the transfer orders for
the entire block. Thie was done in timing the routine, and com-

parison showed a time saving of ten percent.

&.0.4.1
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Coding from 940-4 Subroutine Timed

064 L 182 U o082 064 F 080 U 081
DL ORE R - IR Fe e SN
080 000000 000000 080 000000 00011l
081 [V 000 W (900} 081 B 116 E 510
082 B (510) 06 000 082 H 116 A 144
083 A 08l H 087 083 H 117 X 000
084 A 144 H 088 o84 H 118 X 000
085 X 000 H 08&9 085 E 511 H 119
086 X 000 E 080 - 086 X 000 H 120
087 W (xxx) w (900} 087 X 000 H 121
088 {v ( +2) w (g02)} 088 X 000 E 512
089 (V. ( +4) w (904 kS Ste
090 C 0381 B o042 . 116 W 898 V (xxx)
091 A 142 g (wop) 117 (w 900 Vv ( +2)
092 ¢ 08 U o082 118 [ g02 v ( +4)
119 [w go4 v (xxx]]
120 (W 906 Vv ( +2J]

S0 3 Hede st b

146 W 958 U (+°p)

Previously, it was stated that a general equation is not
applicable to Internal Collation. For thls reason, no formula
i1s presented. The chart below shows the times required to carry

out Internal Collation for given iten sizes.

8.0.4,2
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Wwords No, of Time per No., of Time per
per Items per block in Items per | Tape in
Item Block Seconds Tape Hours
2 30 1,62 60,000 .911
3 20 1.25 40,000 .707
Y 15 .830 30,000 U463
5 12 .68k 24,000 . 386
6 10 .535 20,000 . 302
3 7 .322 14,000 .182
10 6 .085 12,000 .O4g

4 method of saving time has been proposed for those routines
which handle blocks contalning a number of items not equal to a
perfect power of two. Tﬁe routine for collating a six~word item
may be used as an example. At the end of the second cycle there
are two strings of four items each and one string of two 1téms.
In the present program the two four-item strings are collated to
form a string of eight 1te@s. This string is then collated with
the two-item string, The proposed change is to collate the sec-
ond four-item string with the two-item string to form a string of
six items which is subsequently collated with the remaining four-
item string., Should this proposal be adopted, a saving of five

percent of the Internal Collation time would be effected.

8.0,4.3%
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8.0.5, Timing of External Collation,

The routines for both two-way and three-way External Colla-
tlon have been timed and formulae‘derived. Since both routines
follow the same general pattern the formulae are basically simi-
lar, The two-way External Collation routine hae been programmed
To completely eliminate tape interlock. The three-way External
Collation routine, however, cannot be programmed to do this be-
cause of insufficient aemory space. Thig is the only signifi-
cant difference between the two routines, and the equations de-
rived for them differ only on this account, ,

The equation for two-way External Collation is:

Time in hours =

/
.000283 TE{(e.l + M E0>39 + N 600936 + 2t 00073 + ﬁ):D
} .

+ 7.3 4 M( .00461-.00655(1/2)3) -N (.00907 + 2! Eooou + E}j

Where:

-l iz 2®

t = ,00089 seconds for a one-word transfer

t = ,00097 seconds for a twoc-word transfer

t = .00130 seconds for a ten-word transfer
and,

]

LPOO73 + t) time, in seconds, to fabricate and
transfer an item, Should Z! =1,
the term appears as

[.00075 + t -.ooozzﬂ or, E_60049 +'ﬂ

il

(.00936' + 2 [.00073 + t})

. fer, and count one itenm.

8000501

time, in seconds, to compare, trans-
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EQ339 + N( .00936 + ! E.OQO?} + tj)] . = time, in seconds, to

transfer one block
from the input to the
output.

. ) \
2.1 + M [.0339 + N (.00936 + E'EOOO73 + t,\a J= time, in seconds, to
'ﬂ/ complete one External
Collation cycle.

total time, in sec-
onds, for the initial
reading of instruc-
tions, the writing of
the label block on the
final output tape, and
the completion of the
final output tape,

L

7.3

time, in seconds, for
executing the end of
. 8tring routines.

1l

M( . 00461 '- .00655(1/'2)H)

time, In seconds, to
write the first data
. block on the final

. . ‘ . - output tape. (This
tine is already in-
cluded in the time to
write the label block
on the final output
tape).

_N(.oogo7 + 2 [ 00073 N ﬂ) |

.000283 factor to change sec-

onds to hours and al-
low for the periodic
memory check.
The equation for three-way External Collation is:
Time in'hougs = ‘ ‘
.000283 T H{IB.O + M[.oelu + N (.010953 + 2t [Lo0073 + Q) + I 7\)
+ 6.4 + 00927 M [1-{1/3}H}-N (.01045 + ot [.00073 + g)} “ -
Where:
I = interlock time
All other teras are defined as in the two-way External Collation

formula,

8.0.5.2
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The times for tape interlock were obtalned from the results

of a routine computed on the BINAC. The table below shows the per-

centage lncrease per block caused by tape interlock.

Words % Increase in
per Time per
Item Block

2 5

3 3

b 3

5 4

5 5

8 &

10 19

The derivation of a single term common to both formulae 1s

presented as an example, The term chosen is .00073 £' which is

the amount of tiae, in seconds,

to febricate the instructions for

transferring an item. The coding from which this teram was deriv-

ed is shown below.

100 B xxx
Foxxx
101 E xxx
H (m)
102 A xxx
H (n+l)
103 X 000
H (m+2)
8.0

Place in rA the location of the in-
put item to be transferred next.

Flace in rF the instruction ex-
tractor.

Extract the output location around
the contents of rA to form the
transfer order.

Hold this transfer order in rd and
alsc in m.

Add a constant to the transfer order.

Hold this transfer order in raA and
also in n.

Add the same constant to the trans-
feir order.

Hold this transfer order in rA and
also in o,

5.3
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The times required to execute these lines of coding are:

line 100 = ,00089 seconds
line 101 = .00089 seconds
line 102 = .00097 seconds
line 103 = .00073 seconds

Line 103 would be repcated (Z'-2) times for all items re-
quiring more than two transfers. Therefore the times in the for--
mula may be expressed as:

.00089 + .00089 + .00097 + .00073(z!-2).
. Combining these terms, the result is:

.00275 + .00073 T'-,00146 or

.00129 + ,00073 Z' seconds,

J

These two terms must be multiplied by NMHT to obtain the
total time required by the computer to fabricate the necessary
transfer instructions,

It has been stated previously that a special case arises
for Z' = 1. The lines of coding required are 100 and 101 giving
a total time of .00178 seconds. Since the formulae have been de-
rived for IZ'> 1, a quantity, .00024%, must be subtracted for the
special case of ' = 1. This quantity is derived as follows;

.00089 + .00089 + .00097 + .00073 (1-2)
.00178 + ,00097 - .00073
.00178 + ,00024% seconds.

The table below shows the time in hours for Externally

collating one complete tape.

§.0.5.4
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Words
per Two-Way Three-Way
Item (Hr.ner Tape) |- (Hr.per Tane)
2 2.23 1.61 .f
3 1.99 1.39 |
4 1.4 ' 978 vy
5 1.52 1.04
6 1.12 .770 4
& .923 .636
10 .636 JE7h

8,0,6. Timing of Merging.

The routines for two-way and three-way Merging have been
timed, and formulae derived for both. The tape interlock factor
is present in kMerging as it was in External Collation, and again
causes an additional term in the three-way formula.

Both programs are designed to produce only one string of
amerged tapes per run. When a large nuaber of tapes ﬁust be merzed,
many runs are required.

A minimum number of input tapes pér run produces the best
conditions for computer operating time.

Each full output tape resulting from either Merging program
1s designated as one tape pass, Fornulae have been derived to ob-

tain the fewest possible tape passes, thereby gailning optimum effi-

. clency.
log T v
7 T%§—§ = Optimum number of tape passes for two-way Merging.
g o *
T %og ? = Optimum number of tape passes for three-way Merging

8.0.6.1
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If these formulae do not produce integral values the next
highest integers are used. The optimum cannot always be achieved
as8 ls shown in the second of the tﬁo examples given, The first

example 1s the merging of 13 tapes by the two-way method.

- log T _ _ |
.}. =2 "fé'g—é--— L{-S.l = )'"9

Six strings of two tapes each are formed on the first six
runé. This process involves twelve tape passes., There are now
six strings of two‘tapes each and one string of one tape. The
one-tape string is now mergéd with any of the two-tape strings to
form a single three-tape string and complete the seventh run.
There have now been three more tape passes. In runs eight and
nine, four of the remaining five two-tape strings are combined
to foram two strings of four tapes each. This requires eight more
tape passes, making a total of 23, There are now four strings;
one two-tape string, one three-tape string, and two four-tape
strings. 1In the tenth run the two-tape string is merged with the
three~tape string to form a éingle string of five tapes. The total
number of tape passes 1s now 28, In the eleventh run, the two
strings of four tapes each are merged into one string of eight
tapes. This increases the number of tape passes to 36, and
leaves two strings, one of five tapes and the other of eight tapes.
In the twelfth and final run the two reméining strings are merged
to form the required single string of 13 tapes. This requires
13 tape passes and increases the total to 49, which was the opti-

mum hunmber,

8.0.6.2



run and two-way Merging 1s used.

You-L
12/14/50

Length of Strings (No, of Tapes)

No. of Tape Passes

= , 2, 2 2 /
\S 2 4
~
13

12
11
13

A3
Total = 49

The second exemple is the merging of 16 tapes by the three-

way method:

_leg T
T = Tos3

= o4 =1

Length of Strings (No. of Tapes)

No. of Tape Passes

rhdltrd i yalidlil
3 3 3, \3 V}
. g 7_ )
N
16

1

15

16

26
Total = 47

The total number of tape passes is too large in this case.

way Merging in an earlier run, as shown below.

It may be noted that only two strings are present for the final

It ig more efficlient to use two-

Length of String (No. of Tapes)

&l 1h;5;,1 lvl 111131111,

2. S 33 3,
I 3 y

1%

No. of Tape Passes

14

13
o6
Total = 43

%.0.6.3
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The number of tape passes is still too large but this systen

appears to be the best available for merging 16 tapes.

The general equation for two-way Merging and the explanation

of its terms are:

Time in hours =

.000283 lﬂ&-— (4 16 + M [0251 + N( 00931 + T! [ 00073 + tl))

+ 3 411¢ - NC( 0068 + =t (_00073 + t)!
Where:

ct
i

.00089 seconds for a one—word'trgnsfef

t = ,00057 seconds for a two-word transfer

ct
i

ang,

00073 + t] . ) -

(.oo931 + 2t [Looo73 + ﬂ) -

EOQBl + N<.00931 + 2 [Lo0073 + t]ﬂ

( 4,16 + ¥ Eozsx + N (.00931 + ! [.00073 - gj)

T log T
log 2

3.411 =

8.0.6.4

.00130 seconds for a ten-word transfer

time, in seconds,
to fabricate and
transfer an iten.
Should Z' = 1, the
term appears as -
.00073 + t-, oooam
r, OOOL9 + g

time, in seconds,
to compare, trans-
fer, and count one
itenm.

time, 1in seconds,
to transfer one
block from the in-
put to the output,

time, in seconds,
to conplete one
tape pass,

the number of tape
passes,

the initial read

tine,
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-
'4°<?0068 + & [400073 ?'hj = time, in seconds, to

' write out the first
data block., (This time
is already included in
the time to write the
label block on the
final output tape.)

.000283 = factor to change sec—
onds to hours and al-
low for the periodic
memory check.

The values of T %%%45 and C are obtained from the chart below.

gg;%ﬁgngiial T %gg——g- ¢
2 2 1
3 5 2
=" g 3
5 12 L
6 16 5
7 20 6
.8 2k 7
9 29 g
10 34 9
11 39 10
12 Ly 11 ‘

The equation for three-way Merging is similar to that for
two-way Merging, and the explanatlions of the terus are the same.
The three-way Merging routine presented in thls menual does not

include an extract order in the main comparison sequence., There-

8,0.6.5
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fore, in establishing the formula, extract orders were added to the
existing coding, The equation is: .
Tine 1n hours = LA ot N
-000283 1—55—%( L2+ ¥ {:0255 + N{ .0Q917 +D§' [00073 + ‘c>+ IV
-C L1.66 + N 5.00917 + T [.00073 + n:) ‘
The tape interlock term is present in the three-way Merging

formula as it is in the three-way External Collation formula. The
total time per block is obtained by increasing the computer time

for handling one block frowm input to output to include interlock

time. The percentage increases are shown in the table below.

| Words % Increase

per In Time per
Item Block

2 3

3 3

4 4

5 5

6 6

& 9

10 21

8.0.6.6
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The values of T %%§~% and C are obtained from the chart below.

Total No. of ‘lOf-* T
Tepes in Final | T Tos 3 C
String _ © B
2 2 1
3 5 1
L 6 2
5 & 2
6 11 3
7 13 3
8 16 4
9 18 4
10 22 5
11 25 5
12 29 6

The total time required to accomplish one tape pass in the

Merging routines 1is shown in the chart which follows.

Words Two-Way Three-Way
per (Seconds per | (Scconds per
Iten Tupe Pasgs) Tape Pass)

2 700.6 758.8

3 621.2 664.8

4 L35.7 471.0

5 L72,2 511.4

6 342.6 375.4

g 279.9 313.0
10 147.6 235.6

8.0.6.7
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Total Collation Time for One to Twelve Tapes.

The number of hours required to collate and merge from one to

twelve tape lengths of information has been computed and is shown in

the following charts.

If a combination of two-way and three-way colla-

tion 1s used, the time will lie somewhere between the two quantities

shown,
I = thousands of items; time is given in hours.

Woréé 1 Tape Tepes 3 Tepes 4 Tapes ?
IE:E I|2-way|{ 3-way| I ]2wway 3-wayi I 12-way | 3-wayl I ;2—way} 3—wa;
2 o] 3.2 2.5 |120| 6.7 5.5 {180 [10.4 8.2 | 240{15.2 | 11.k
3 ot 2.7 2.1 | &1} 5.8 4,6 1120} 9.0 6.9 | 160!12,2 9.5
L 1301 1.9 1.5 ] 60 4.0 3.2 1 90 6.3 4.8 | 120| 8.5 6.6
5 jek| 1.9 ) 1.4 fug{h1 | 3.2 72] 6.4 | .7 96 8.7 | 6.6

@ | S| 14| 11]u0i51 | 24| 60|48 | 3.5] g0 6.5 | 4.9
8 ikl 1.1 0.8 | 28| 2,4 1.8 | K2} 3.7 2.7 56| 5.1 3.8
10 ji2| 0.7 0.5 1| 24| 1.5 1.2 | 36| 2.3 1.3 | 40| 3.2 2.5
nggs 5 Tapes 6 Tares _7 Tapes 8 Tapes
Item I !2-way!37wgyi I [2=way;3-way| I 12-way Z-way| I |2-way| 3-way
2 | 200|181 14,3 260]22,0 |17.5 ”Leo!26.o 20.4 |480[29.9 | 23.6
3 200[15.6 |12.0 |24%0{19.0 14,6 [2&0le2.4 |17.1 |320]25.8 |19.4
4 11150{20.9 | 8.3 |182{13.2 {10.1 |2:0/15.7 |11.9 |240|18.0 | 13.7
5 |1120/11.1 | 8.3 |3kU|13.6 [10.2 [163(15.0 |09 [192]18.5 | 13.7
6 |l100| 8.3 | 6.2 |12010.1 7.6 |140!11 9 | &,9 |180l13.7 ]10.3
3 701 6.5 | H.& | &4+ 7.9 | 5.9 | 9¢| 9.3} 6.9 |112]10.7| 8.0
20 || 60f 4.1 | 3.1 72| 5,0 | 3.8 | &4| 6.1 | L.5 | 95] 6.4 | 5.3

§.0.7.1
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vWords
per — -
Itenm I (2-way!3-way| I |[2-way s-wayl T |2-way|3-way| I [2-way 3-way

2 | 5H0|34.0 [26.6 | 600|33.0 |320.0 |660 k3.0 |33.0 | 720{47.0 | 37.0

9 Tapes 10 Tapes 11 Tapes 12 Tapes

e

360|29.4 |22.3 {400|33.0 {85.1 |4k 37.0.127.8 {480|{40.0 | 31.0
| 270{20.5 |15.4 1 300/23.0 [17.4 |330{25.5 [19.2 360/28.0 | 21,2
216|21.0 |15.4 |2ko|23.6 |17.4 |264|26.2 19.3 | 288|28.8 | 21.3

180/15.6 |11.6 1200{17.5 |13.1 |220]19.4 14,5 | 240f21.3 | 16.0

R JovniWv ] F W

126{12.2 | 9.0 |1ko 3.7 |10.1 |154115.2 |11.2 |168|16.7 |12.k4
10 108 7.7 | 5.9 |120] €.7 | 6.7 |132| 9.6 7.4 |144l10.5 | 8.2

When the above values are graphed the resulting curves are
nearly linear. The time required to collate more than twelve tapes
of data may then be extrapolated, using a correction factor to com-
pensate for the non-linearity.

Collation times determined from the tables below incorporate
extrapolated values, To calculate the total time required to col-
late a given npmber of items by the three-way method, the following

formule is used.

Time in hours = (no. of items) X (next higher power of three)
X (tine per item).

The time per itém per tape pass is given for items of various sizes
in the second of the two tables. The nuaber of‘tape passes required
for the items to be collated is the corresponding power of three.
This value can be found in the first table below, If the number of
ltems to be collated falls betweeh any two entries in this table,
the next higher power of three is used.

8.0.7.2
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.\ Time in hrs. = (no. of itews) .. {next higher power of three)
X (time per item)

Power Number | Words Time (Hrs.)
of of per per
Three Iteas ' Item Item

10 59,100 2 .000 00k 12
11 177,000 3 .000 005 48
12 532,000 L .000 005 17
13 1,600,000 5 .000 006 50
14 4,780,000 6 .000 005 38
15 14,350,000 8 .000 006 93
16 43,050,000 | 10 .000 005 33
17 129,000,000 )
18 388,000,000

19 1,160,000,000

20 3,490, 000,000

The tables presented so far have shown the total time re-
quired to completely collate items of various sizes. The charts
which follow show the percentage of the total time applicable to

each of the three processes required in collation,

nggs One Tape
 Item Ji % Internal % Externg%==4 % Merging
2 36 3n 00
3 34 66 00
4 32 68 00
5 27 73 00
6 28 72 00
® 8 22 78 00
10 9 91 00

8.0.7.3
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w;gis Ten Tapes
Item % Internal % External % Merging

2 B Sl 15

3 28 56 16

L 27 57 16

5 22 61 17

6 23 | 60 17

8 18 6 12 ’
10 7 72 21
Words ‘One Hundred Tapes

per
Item % Internal % Bxternal % Merging

2 27 g 25

3 25 Lg 26

4 2k 49 a7

5 19 52 29

6 20 51 29

8 16 54 30

10 | 6 60 | 34

The above percentages are for three-way collation., For
the two-way method the amount of time for External Collation
and Merging routines 1is increased while that for Internal is
constant. Therefore, the percentage of time for Internal Colla-

tion is effectively decreased while the others are increaccd.

810«7n2{'
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CHAPTER 9
APPENDIX

9.0.1. Flow Chart Notation.

Every flow chart included in this report indicates the man-
ner in which some phase of the collation problem has been solved.,
The coded routine associated with each is the extension of thisg
golution to a séries of UNIVAC instructions. For a complete over—
all picture of the pProcessing methods employed in any given in-
stance, the flow chart should be studied first, Then, when control
‘requirements are clearly understood, techniques used in coding are
ore easlly mastered,

The initial step in the analysis of any problem should be
the development of a flow chart. An experienced Programmer as-
slgned to this task can demonstrate, by diagran, the manner of
obtaining a correct solution by computer methods and, at the same
time, indicate the most efficient sequence of UNIVAC oprerations.
The possibllity of introducing logical errors when the individual
routines are finaglly coded, is thereby reduced,

The flow charts of the collation programs include most of
the symbols which are described and explained in MP-2, Although
the latter publication Was released before most of the present
report had been wrltten, the final notation wag established ‘during
the time when the collation routines were being prepared. The
existing discrepancies are Primarlily in the earlier Programs. A

few have been carried on into later programs for consistenscy.

9.0:1.1
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In so far as possible, analogous routines in related colla-
tion programs have the same connector numbers. The variations |
which occur arise from differences in the processing required.
Programs which are unrelated, but whichh are parallel in nature,
have gimilar if not 1dentioal connector designations. The letter-
ed routines, such as Q, L, and P are cormon to manye.

The use of the R and S connectors to indicate the end-of-
string and end-of-group routines is a further use of lettered con-
nectors., DBecause thesgse routines are parallel for all the input
groups, the parallel notation has been introduced as well. It is
not general practice, however, to number the first of a group of
variable connectors with zero, as in RAQ or SBO. Initially, this
was done to assure that the tenth variation on a connector of'
this type might still be numbered with a single digit. In later
prograns, the procedure wos continued to maintaln consistency.

Throughout the collation programs, an attempt wasg made to
avold the use of any alphabetic character to reprasent more than
one constant or counter., Although the effort was not complétely
successful, duplication has been minimized. In general, constant
values have been designated by capital letters, and counters and
other variables have been designated by lower case letters. The
number of words per item, which varies from program to progran,
is usually represented by 3 . ‘

Using a notation of this sort, it 1s possible to construct
a flow chart which is independent of item size, unless the number

of items to be processed ls an important factor in determining



950~-1

10-12-50
methods In the Internal Collation programs, the establishment of
groups,‘Strings, and even cycles is closely linked with the number
of items to be procesgssed. A generélized flow chart, therefore,
cannot be used. In External Collation and Merging, however, iten
slze does not affect the processing in the same way, and the gen-
erallzed flow chart 1s equally applicable for items of two, ten,
or any other number of words. For this reason, the conversion of
exigting programs to those of other item sizes can be accomplish-

ed with a mininum of difficulty.

9.06103
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9+0.2 Glossary of Flow Chart Symbols
Constants and Counters
A External Collation: the storage location for one block of

data from the first data input tape; and also, the current
- working location in that block.

Internal Collation: the storage location for the first data
group, and also, the current location in that groupe

B External Collation: the storage locatlon for one block of
data from the second data input tape; and also, the cur-
rent working location in that blocke

Internal Collation: the storage location for the second
data group, and also, the current location in that group.

Internal Collation Subroutine: the current position in the
first group of 32 two-word itens.

c Three-way External Collation: the gtorage location for one
block of data from the third data input tape; and also, the
current working location in that block.

Two-way External Collation: the first auxiliary storage lo-
catlon for data from the first data input tape,

Internal Collation: a temporary storage location.
Internal Collation Subroutine: the current position in the
second group of 32 two-word items.

D Three-way External Collation: the first auxiliary storage
location for the first data input tapee.

Two-way External Collation: the first auxiliary storage
location for the second data input tape.

Internal Collation: a temporary storage location.

E Three-way External Collationt the first auxiliary storage
location for the second data input tape.

Two-way External Collation: the second auxiliary storage
location for the first data input tape. '

Internal Collation: a temporary storage location.

9.0.2.1
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F Three-way External Collation: the first auxiliary storage
location for the third data input tape.

Two-way External Collation: the second auxiliary storage
location for the second data input tapee.

Internal Collation: a temporary storage location.

G The storage location for one block bf output dataj; and also,
the current position in that block.

H The number of External cycles required to complete the colla-
tion of a data tape.

J Internal Collation: the function table address of the last
itenr to be considered in group one., Also, the storage lo-
cation for one block of data from the data input tape.

X Internal Collation: the function table address of the last
item to be considered in group two. Also, the storage lo-
catlion for one block of output data.

L The input function table. A sequence of key digit storage
locations which indicates the order in which the items to

be collated are to be considered during the current cycle
of operation,

M The maximum nurber of blocks to be found on a complete tape.
N The number of items in one blocke.
R The number of units from each input group which are to be

collated together to form an output string. In Internal

Collation, the unit is an item; in External Collation, the
unit is a block.

S The sentinel which indicates the end of a tape.
S.Ce The abbreviation for Supervisory Control.

T The symbol for tape.

9¢04202
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4 counter waich is used %o indicate whether or not the
specisl descending series instructions have been usged;
U = 1 when the special cycle has been used, U = O when
the special cycle has not been useds

A conmplete word of ignore symbols.

Two-way External Collation: elther of the two auxiliary
blocks allocated to the firgt data input tape.

Internal Collation: the nunber of ltems from group one
to be collated during the current cyclee. Also, the first
item in both groups %differentiated by subscript).

Three-way External Collation, special series: the address
of the data currently stored in register I.

Two-way External Collation: either of the two auxiliary
blocks allocated to the second data input tapes

Internal Collation: the number of items fron group two to
be collated during the current cycle, Also, the second

item in both group one or group two (differentiated by
subscript).

Two-way method with tape interlock elinminated: the address
of the data currently stored in reglster.l,

Internal Collation: the third item in both input groups
(differentiated by subseript),

Two-way method, with tape interlock elininated: the ad-
dress of the data which will next be stored in register I.

Merging: a constant used to alternate the servos sllocated
to the input tapes of group one.

Internal Collation: the satellite digits associlated with
the first iten in both input groups ?differentiaﬁed by |
subseript). '

Internal Collation: the counter used to tabulate the nun-
ber of items to be collated from group one.
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Merging: a constant used to alternate the servos allocated
to the input tepes of group two.

Internal Collation: the satellite digits assnciated with
the second 1tem in both input groups (differentiated by
subscript). :

Internal Collation: the counter used to tabulate the nun-
ber of items to be collated from group two.

Merging: a constant used to alternate the servos allocated
to the input tapeg of group three.

Internal Collation: the satellite digits associated with

the third item in both input groups (differentiated by
subscript).

A counter used to count the number of blocks on an input
or output tape.

A temporary storage location for the cﬁrrent °12p.
The current variation on connector 12b.

The function table address of the group one itenm which is
currently being collated. Alsn, a counter used to tabulate
items transferred from the input block J,.

The function table address of the group two iten which 1is
currently being collated.

A counter used to tabulate items transferred to the current
output blocke

Internal Collafion Subroutine: the number of items in a
group to be compared for & single string irn the ocurrent
cycle,and also, the number of items tranaferred fron a

string in elther grouvp (ditferentinted by subscript).

A nower of two, used to aid in deternining H for two-way
External Colla%ion. A power of three, usged to aid in
determining H for three-way External Collation.
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The storage location for one word of tape identiflication.

Three-way External Collation: a counter used to tabulate
the blocks which have been transferred to the current
string on the first output Tape.

Three-way External Collation: a counter used to tabulate
the blocks which have been transferred to the current
string on the second output tape,

Two-way External Collation: a counter used to tabulate the
blocks which have been transferred to the current string

on the flrst output tape.

Taree-way External Collation: a counter used to tabulate the
blocks which have been transferred to the current string on

the third output tepe.

Two-way External Collation: a counter used to tabulate the
blocks which have been transferred to the current string

on the second output tape.

A ocounter used to tabulate the

blocks of the current string

in group one, which have been processed.

A counter used to tabulate the blocks of the current string
in group two which have been processed.

A counter used to tabulate the blocks of the current string

in group three which have been

A counter used to tabulate the
which have been transferred to

A counter used to tabulate the
which have_been tranaferred to

A counter used to tabulate the
which have been transferred to

procesgsede

itens from input block A
the output block,

itenms fron input block B
the output block.

items from input blocek C
output block G.

The alphabetic characters assoclated with the tape identi-
flcatlon of the first input string.
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or X

or p

N

\

The alphabetic characters associated with the tape identi-
fication of the second inpus siring.

The alphabetic characters assnciated with the tape identi-
Tlcatlon of the third input string.

The alphabetic characters assigned to the identification
of tapes in the output string.

The nunber of words in one iter.

Pertaining
Pertaining
Pertalining
Pertaining
Pertaining
in GK'

Pertaining
Pertaining
Pertalning

Pertaining

Pertaining

to

to

to

to

to

to

to

to

to

the

the

the

the

the

the

the

Subscripts

first data group,as in TA‘

second data group, as in‘TB.

third data group, as in Tg.
current input group, as in TK’
keyword of the first iten, as
keyword of the Nth item, as in Gye
current output tape, as in TP.
first output tape, as in TX.
second output tape, as in TA.

third output tape, as in Tz.

Pertaining to the first grovp of key digite in an
iten with split key, as in B

Pertaining to the second group of key digits in an
item with split key, as in Bb‘

9.0c2.6
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A table of key digit addresses, in sequence acserding to
the order of the itews in the data storage block, as in Lﬁ{

The numeric digits of the label assoclated with the last
tape in a stringe.

Pertaining to the output function tgble, as in Ly.

The subscript is also used as a counter to tzbulate itens
transferred fror the input block to the output block ac-
cording to the sequence sgpecifled by Ly.

Connectors

The routine which is entered when one block of input data
has been completely procesged, and the contents of an auxi-
liary storage location are to be transferred to the work-
ing location.

The routine which is entered when the current output block
is complete, and that block is to be written on an output
tape.

The routine which is entered in order to compare the key
digits of the current iterms from the input groups.

The routine which is entered when the current input string
ig exhausted.

The routine which 1s entered when the current input tape
is exhgusted.

The routine which is entered when both input tapes have
been exhausted in routine 952-2.

The routine which is entered in order to nake adjustments

in the Merging progran preparatory to the rerun of a merged
tapeo
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