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This memorandum describes the use of control words in basic
data ordering procedures, such as file merging and file mainte-
nance., The memorandum is tutorial in nature. It is intended to
serve as an introduction to subsequent memoranda which will de-
seribe further spplications and evaluate the methods presented

against present day procedures.



wer I BASIC INDEX TECHNIQUES

The stored program of any machine using the techniques to be described
mekes uge of ingtructions and control words. In this presentation the 750 will be
used as sn example., However, the methods to be presented can be adspted to any
computer with the same general control word concept. Instructions are assumed to
be of the single address type. Control words are used in con uncbion with %
ingtructions and masy be indices, record words, or routine words. A control word
18 amlied an index when it is used with the address portion of an instruction to
determine the effective address of that instruction. A control word may also be
used to define a group of consecutive worde in storage. A group of words so de-
fined is calied a record, and the control word used in this marmer is called a
repsrd word. A control word may also be uged in conjunction with branch instruc-
tions to accomplish subroutine control. When applied in this way, the coutrol
werd ig called a routine word. It should be understood that the three nsmes
given to control words are descriptive of their use., The formet or layout of
gll these words is the same.,

The format of & typleal instruction is shown in Figure 1. Bach in-
struction permits the use of an index word in conjunction with the address por-
tion of the instruction, The address portion is known as the Operand. The
address to which the instruction applies is determined by the index, the operand,
and the index Punction of the instruction. This function sperifies the manner
in which the index and operand are to be used.

, Fer exsmple, when the function "index operand" ls specified in an
W ingtruection, it causes the "working"” sddress of the word addressed by the in-
dex portion of the instruction to be added to the operand portion of the in-
struction., Thig sum is used as the effective address of the instruction.

When the "modify" function is specified, storage is addressed by the "work-
ing” mddress of the index word specified. The operand portion of the instruc-
tion 19 then added to the "working" addrese of the index, and the sum replaces
the "working”" address. Aunother function, called "reset", will be defined at
& later point in this memorandum.

The format of a typicel coabtrol word is shown in Figure 2. A
control word is composed of four distinet parts, Three of these contain ad-
dresses which are called the working, ead, snd reset addresses. The fourth
section contains the econtrol condition which determines the use and operation
of the control word. Some of the possible conditions will be described later.

. The working and end addresses are used to define g group of con-
gecutive words in storage. They are the address of the first and last word
regpectively of the group. It is possible that this group of words may be
only part of a record or that it may contain several records, depending upon
the particular application., For convenience of description, however, a
group of words so defined by a control word will be congidered a record.
This nomenclature does not restrict the generality of the methods which will
be deseribved,

The third sddress, the reset address of a control word, will be
discussed in greater detail since its use mskes possible the record handling
techniques which are the subject of this memorsadum.
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RESET ADDRESS

In contrast to the working and end addresses, whish refer tc the record
they define, the reset address refers to another control word. This second con-
trol word is the next one to be used. In other words, a series of contreol words
can be established ir which the reset address of each control word refers to the
address of the control word which is next in the series. When a control word is
used with an ingtruction, a "reset index" fuaction may be specified. The reset
operation causes the current control word +o be replaced by the next control
word in the series. Subseguent instructions addressing this location will use
the new control word, The following example illustrates this principle.

A series of control words is shown in Figure 3. IEzch conbrol word is
represented by a rectangle, The letter to the left of eack rectangle represents
the address of the zontrol word in storage. Inside each rectangle the lower
case letter is The reset address, and the capital letier represerts the working
and end address. Since the ecspital letier actually represents the definition of
a record in storage, each record will be referred to by this letter in its con-
troel word,
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Figure 3

In Figure 3 the first control word is stered in losastion a., This word
defines record B, Its reset address is b which means that the next control word
in the series is stored in location b. The series of control words shown in the
figure establishes a series or group of records. These record words need not be
stored sequentially in storage since their logical order is dictated by the re-
set addresses, The records they define are independent in that they may have
any desired length and may be placed anywhere in storage. It will be shown that



the records in all likelihood are distributed in a random fashion throughout mem-
ory. This is called a "scattered" group of records. This ability to maintsin
scattered records and scatiered econtrol words is emphasized since it will be used
extengively in the record handling technigues to be described.

On the left side of Figure 3 a working loecation, x, is shown. This
location contains one of the control words in the series. During a processing
operation the control word in x is used as an index in order to obtain or change
the individual date of the record. At a given phase of the operation, x may
contain e-E as shown in the Figure,

Once record E is mrocessed, the compubtsition may proceed to the next
record which in this case is F. This is achieved by resetting location x.
Since the control word in x has & reset address e, the contents of ¥ will be
replaced by the control word at e which is £f-F., The processing of record F
can now be performed using the same program as was used for record E sgince the
instrucetions in this program refer for indexing to location x whose content
is now f£-F, Obviously thie procedure can be continued for all the records in

the group.

RESET OPERATION

The reset operation can be gpecified in two ways: as & "programmed
reset" and as an "automatic reset." The programmed reset operation is speci-
fied by the index funetion of an instruction., This mode of resetting was used
in the preceding example in order to reset the contents of loecation x. A
transmit operation can be used to illustrate automatic reset. Transmit in-
structions are used prior to and following the processing of records. For
example, they are used to read data from tape to storage, or to write data from
storage on tape, In order to remd the records B, C, D, etc., {(defined by the
control words in Figwre 3) from tape to storage, a READ/CONTROL instruction
is given., In this ingtruction a working location r is specified. At the start
of this operation r should contain the record word b-B, The read operation
will then proceed reading the first record from tape to the storage locations
specified by record word b-B, When area B has been filled, the word in r is
reset automatically, snd b-B is replaced by ¢~-C., The information now read
from tape 1ls stored in locations belonging to C. This process continues in
the reading of records D, E, etec. The reset operations which are involved
in this read operation are automatic. Only the original READ/CONTROL in-
struction is given, Resading proceeds by moving data from tape to the loca-
tions specified by the string of record words. The data from tape may be
stored in record areasg which are scattered throughout memory.



END CONDITION

When a record transmission is initiated as above, it will continue on
its own., One READ/CONUROL instruction can read from tape to storage a series of
records as explained above., It was shown how continuity is established by having
each record word refer to the next in the series., It is also necessary to in-
dicate when the process should be terminated. Record transmission is stopped af-
ter a record word has been used which has an “"end condition."” This end condition
is one of the conditions which may be gpecified in a control word. The record
described by the record word with an end condition will participate in the rec-
ord transmission, bubt it will be the last one to be transmitted, After ter-
mination of transmission & final eautomatic reset takes place, initializing the
working locstion for the next transmit operation.

In the foilowing fipures an end condition will be denoted by an as-
terisk. Thus, record words ©-1%, k-K¢, and a-A% in Figure b heve an end con-
ditionm,
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II SCATTER READ-COMPUTE-WRITE

o An éxample of simultaneous read, compute, and write is lllustrated in
Figure 4, Three working locationg aré provided for the control words being used
at any particular time. Location r is specified in the read ingtruction, x in
the instructions of the compute Block of the progrem, and w in the write Instruc-
tion,

_ Pifteen record words are used which refer to each other by means of
their reset addresses, They form a loop since the last in the series refers to
the first, This series is broken into three. groups of five each by the presence
of end conditions in record words f-F¥, k-K¥, and a-A¥%.

A block diagram of the progrem to be described is shown at the lower
left of Figure 4. The reed and write blocks represent one instruction each,
The process block may represent s seriesg of instructions, seme 'of which’will - -
refer to working location x as an index,

At the stert of a cycle, records have been read from tape into the
locations specified by G, H, I, J and K. These records are availeble for prost-
essing., The recorde in locations B, C, D, E and F have been processed and mustc
now be written out on tape. The records in L, M, N, O and A were written on
tape during the last cycle, and these record areas sre now availlable as an in-
put area during this cycle. The contents of working loeations r, x, and w are
ghovm in Figure 4 at some erbitrary time during this eycle. At the end of
reading, r will contain b-B. When the processing is complete, x will contain
1-L, At khe end of writing, the contents of w will be g-G.

During the next cycle the records G, H, I, J and K must be written on
tape since they were processed during the preceding cycle, This write opersa-
tion requires that w (used as & record word by the write instruetion) contains
g-G at the gtart of the new cycle, Since g-G is already in w, no further pro-
-granming is required. Similarly, record sreas B, C, Dy E and F are now availl-
able as the imput area since their contents were written on tape during the
last cycle. Location r (used as a record word by the read imstruction) should
contain b-B at the start of this cycle. Record areas L, M, N, O and A have been
Pilled diwring the last cycle by reading from tape., These are the next records
to be processed, and location x (used as an index by the process instructions)
should contain 1-L. Thus, it can be seen that at the close of each iterationm,

. working locations r, x, and w are automatically initialized for the next itera-
tion. As the program ig continued through succeeding iterations, r, x, and w
will always contain the proper control words. There is no need to reload or
change the ‘contents of these working locations, '

\

o The alphabetic notation is used to indicate that the actual records
and record words mey be scattered throughout storage. In the given example the
records and the control words could be stored conseceptively, but they need not
be. Even if they are, the scatter festure will be used in the trangition froam
.a=A to b=B, This transition is an unavoidable break in the consecutive order-
ing. The scatter feature will be used more extensively in succeeding examples.
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STMMARY

The preceding example has ghown the basic #ndexing technigue ag ap-
piied %o reading, processing, and writing regdords. The featares of this opers,-
tion may be sumarized as follows:

ll‘)

3o

Bach record is resd into storage once,

After the Initisl bramsmittel from tape to ghorage,

no further record transmission takes pluce. There may be
transmission of itews in the record during the proc-
esging operstion, tat the rerord s = whole need not be
moved in storage,

Bach record is defived da storsge by a cornmrol word,

The cowtrol word may be used as a rerord v in
reading aad writing, and as an index in tle proc-
esging section of the program The uge of a reﬂ
word it & write lastruchion is equivalert teo
nisgiov of the rexord to ax ovtput ares, ard f
procedure remnves the necsessity for aebual trenc.
wission., This procedure leads to a significer
saving gigwe it iz more econwmisal to move one cone
trol word to e workicg loestion than it is to move
ail words of the record defined by that control
word .

Record words generally form striags vhose cortipuity
ig provided through the reset addresses of these
words,

This feature silows the couvenient hmndling of greups
of records, Both the ztriag of record words and the
recurds themselves way be stored in memory ir scattered
Taghion, The wethod dessribed slso provides signifi-
cant savings when grouped records are heing bandled,

In order to write s group of records whose record words
form a string, it is recesgsary only to move the record
word describing the first record of the group to the
working location used by the write instrueticn, Ae

the write operation progresses, the record wcrds dcs
sovibing the subsegnent records replace the cons A
of' the workiag locgbtion in the order established by
the reset addresses, The operation proceeds auto-
matically a8 each area is emptied umtil an eni cor-
dition is seunsed in one of the control words at which
time writing will ceese,

a8



L, The use of an end condition terminates s
string of record words,

Individual strings may refer to eash other
so that one string of record wurds iollows
another, When operatiocn on one string is
terminated, the werking location used is
automstically reset to tne first record
word in bthe next string, Aop additional
saving In programming effort is galned by
uging this procedure gince it makes un-
necesssry the treansmission of the [irst
rezord word of a string.

ove example re”wmdw are retained in
their original order throughout the en > They are processed and
written on output tape in the ssme order which tnev‘hdd O 1npui tape. In the
following examples it will be shown how records can be ordered, inserted, or
deleted by further expanding the sbove-mentioned reczord handiing techaiques.

It should be rnobted that ia the

IIT MERGING

There are several applicstious in which it is desirehie to combine
two groups of records into one single group. A prominent example is the merg-
ing process used in sorting. Figure 5 will illuztrate the merging process to
be discussed. DBasically this figure is a double image of Figure 3. Instead
of one group of records with a working location, there are twe groups of rec-
ords esch with its own working location, locstions x and y. 4 third working
location, z, has been added since it is necessary in this merging procedure.

The two groups of renords will be merged on the basis of criteria
specified by the programmer. The order regultimg‘ﬂmmn these criteris has been
Indicated by the alphabetic order of the capital lethers which denote the rec-
ords, Lach group is ordered within iteseif in ascending order., It is desired
to merge the two groups intc one which is alsc ordered in sgcending sequence.

The merge is achieved by combianing the twe strings of control words
into one new geries which has the reguired order. Thus, when the records are
written on tape using these record words, they wiil be written in sequentisl
order.

Working location x contasins one of the record words of group I and
working location y containg one of the record words of group JI., At the start
of the merge x contains 1-C while the cowntent of y iz »-D as shown in Figure 5.
Working location z is not used to gtore a record word, * It contains an ad-
dress and will be used as sn index word. Th~ zddress in 2z iz the loeation at
whiuh the next record control word should be stored. In the given exsmple it

ig desired to store the record WUId.d?ILnJﬂ the first record of the merged
group in 2. Beecause of this reguirement a ig placed in z at the start of the
operstion,
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The procedure to be followed in the merge is outlined below,
a. /[x % low compared to [y
L. —x to /z
2. reset address of x to z
3. reset x
b, /[y low compared to /x
l. ¥ to /Z
2, reset gddress of v to 2

3., reset y

Figure 5 shows the initial contents of x;, y, and z in the corre-
sponding boxes. The subsequent contents of each of thesc workinz locations
is shown below these boxes., These entrieg illustrate how the merpge procceds
step by step. The records in the two groups remain in the same locations
throughout., Only the corresponding control words are transmitted internslly.

As the merge starts, the control field of record C is compared to
that of record D, Since C is low, 1-C should be the first in the new series
of record words. Record word 1-C is moved from working location x to loca-~
tion a. This transmission destroys b-D, the original contents of a. How-
ever, b~D has previously been placed in working location y. The reset
address of 1-C which is 1 is now placed in z to indicate the loecation at
which the next control word in the new series must be stored. The reason for
this becomes apparent if one looks ahead to the output phase of the prob-
lem. When the first phase of the merge is complete, the merged records are
to be written on the output tape. Writing will begin under control of the
record word at a, vhich is 1-C, Vhen it automatically resets, 1t will be
‘replaced by the record word at ¥. 'herefore, the control word describing
the second record in the secuence rust be stored in 1,

Since the record word from x hag been handled, it is free to re=-
celve the next control word of group I. Locstion x ie, therefore, reset,
and its contents are replaced by the contents of 1, m-G. It should be noted
that 1 is now free to receive the next record word in the series. The con-
tent of working location y remains unchanged. The new situation ls found on line
2 of Figure 5, Now records G and D are compared and D is found low. Therefore,

#*The notation "/x" represents the word obtained under control of x



record word b-D should be second in the new series. Tt is pleced in 1 (by
using z as an index), replacing m-G which is now lozated in x. The reset
sddress b of b-D ig placed ir %, afid y is reset zo that it now contains ¢-E.
This leaves location b free to receive the next resord word in the series.
The contents of x remain unchanged. The new situation ig shown on line 3.

This process continuves &s indicsted by the iistings of the step-
by-gtep conteuts of %, y, end z in the figure. Au arrow is used to indicate
the record word which is to be piasced next in the string as = result of The
compare at that step of the merge. The process will terminate when cre of
the two groups is exhausted, i.e., when a record word contalining an end con-
ditior has been gtored ag & regult of the merge. In the givern example the
series of record words defining group II runs out when reccrd word hL-P#* is
stored ot step 135, The next record word, i-A, In this serie:z zan ust ke
merged watii s aew group I is encountered. The remsxining reccrd words in
this part of group I must first be stored befure merging s agalin started.
Therefore, record words r-Q, s-R, and t-5% gsre now stored. In order to do
this, it is only necessary to move r-Q to-locstion h since the remaining
record words in group I adready reset to esch other in the preoper sequence.
Following this trensmittal, locetion x is continually reset urtil it con-
taing a record word containing an end condition, in this case t-S%, The
reget address, t, is plsced in z, and x is reset to u-Jd in order to ini-
“tialize the working locations for the next phase of the merge. When h-pP¥
wag stored, its end condition was removed since 1t no longer iz the last.
record word of & series.

Figure 6 illustrates the situation as it exists after the first
phase of the merge has been completed. The record words are stlill shown in
two sets in order to mainbain a correspondence with Figure 5. It should be
pointed out, however, that these two sets actually Fform one merged group.
The continuity snd ordering of this group can be followed by means of the
reget addresses. This ig illustreted by the dotted Line srrow between the
words .

The record words which sre shaded in the figure are those which are
in the same storage locations after the merge as they occupied before the
processing began. It is possible to srrange the merge program in such a way
that advantage is taken of the fact that some control words need not be moved.
Thoge record words which remain in thelr originai locstions are those which
gre in the same sequetice before and after the merge., For example, record
word c¢-B follows b-D before and after the merge and is therefore, not dis-
placed from location 1.
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The shading of record word h-P is reversed to point out the fact that
although it remains in its original location, it has received special treatment.
The end condition, which was present at the start of the merge (see Figure 5),
hag been removed., This alteration of the control word, accomplished by pro-
gramming, may take place in the working location y., The record word must then
be placed back into g, its proper loce®ion in storage. Removing the end con-
dition can be accomplished simulteneougly with testing for its presence which
is necessary in order to detect the last control word of a series,

Record word 1-C appears in Figure 6 in two locations, a asnd k. Its
pregsence in location a marks it as the first record word of the new string
produced by the merge. Its presence in k is redundant since k is not a member
of the string. Location k is now an available location in memory. In a con-
tinuing process, its content would have been replaced by snother reccrd word
in a preceding phase.

Figure 7 shows the record words of the merged group in the sequence
established by their reset addresses., It should be emphasized that these words
are not found consecutively in memory in the way they are shown in the figure.
The order shown is the order of their use as established by the merge. The
order is the same as the one depicted in Figure 6. It is seen that the record
words will not be used in the sglphabetic order of their storage locations.

The originel alphgbetic order of the locations was used only to indicate an
arbitrary numeric order at the start of the merge. Therefore, following the
merge, the actual record word locations are Just as random as they were before
it began,

The series of ingtructions necessary for the two cases which occur
in the merge process have been listed at the beginning of this section. In
each case three operations are required. The two sets of three operations re-
fer to twe addresses each, either x and z or y and z. For & computer like
the 750 which contains two full sddresses in an instruction, it is possible
to define one macro operation which does all three in one, The "control" or
"second" address would contain zj the operand address, which is indexable,
would contain X or y.

o], D
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IV INSERTION AND DELETION OF RECORDS

In many applicatione one group of records in memory is a part of a
main o. master file. A second group is part of s secondary or detall file. The
information in the detall file is used to update that of the master file., Up-
dating may involve a change in & master record, the insertion of & new record
in the magter file, or the deletion of a record from that file, It is assumed
that the records in the master and detail fileg are in proper sequence in their
regpective fileg. Records of the master file are caliled active when z detail
record exists which corresponds to the msster. All cther records of the mas-
ter file are termed insctive. When there are many more insctive records than
getive records, the file is said to have a low activity.

A gimple examp.ie, consisting of one master flile and one detail file,
will be congidered. The number of words in each record is the same in the de-
tail file ag in the master file., The master records will be read, processed,
and written. The detaill records need only be read and processed.

The record words and the necessary working locations for this ap-
plication are shown in Figure 8. A group size of three records is assumed
although this is purely an arbitrary choice. A small group size has been
chosen to facilitate the presentation of an example. The group size iz not
Limited by this method but rather will be determined by the characteristics
of the particular application. The group of record words on the left of the
figure are those which define the master records. This group forms a loop
which is divided into four distinet series by the presence of an end condi-
tion in the record words d-D¥, g-G¥, j-J%, and a-A¥, Three of these series
sre necessary in order to run the problem with overlapped read, write, and
compute, The fourth can be considered a spare compute area. This sbring is
necessary to take care of the possibility of a disproportionste number of
deletions.,

The record words shown at the upper right are those which define
the detail records. This loop is divided into three strings by the end con-
dition in p-P¥, 8-5%, and n-N*¥, Two of these strings are used for simulta-
neoug read and compute of the.detail records. In the example to be presented,
it is agsumed that the detail records need not be written. This assumption
ig arbitrary; there is nothing in the method which forzes anv such restric-
tion. The third string is a spare area to cover the possitility of a dis-
proportionate number of insertions.

Locations mr, mx, and mvw cowtain the control words describing the
mgster records being read, processed, and written respectively, Locations dr
and dx contain the control words describing the detsil records being read and
processed respectively, The master working location, mz, and the detail work-
ing location, dz, are used in the manipulation of the control words during
the processing. These two loecations contain addresses and are used as indices
and not as control words. The contents of sll these locations are shown in
the figure at some arbitrary time. A count is kept of the masters in the

L



updated file so that when the group size is reached this group can be written on
the output tape. Likewise, & count is kept of the processed detail records to
determine when the next group must be read from the detail file tape.

Ingertions and deletions sre handled in such a way that those control
words describing deleted master records become part of the detall record series
and those which define detail records which sre insertions become part of the
masgter record gitring. In effect these strings sre cut when iasertions or de-
letions are encountered and tied imto seetions of the other string. A record
word may be part of either string as the file maintenance progresses, depend-
ing on whether the last record stored in the memory ares it defines was an in-
sertion, deletion, active, or inactive record. The detail string and the master
string trade memory areas for most economical operation. This is accomplighed
only by the manipulation of the control words., The records themgelves are
never moved from their original locations in storage., The procedure will be
illustrated by the example to be discussed.

At the start, location mx contains b-B defining the first master. The
record word n-N, describing the first detall, is located in dx. In mz is the
addregs a, the location of the record word in mx, and in dz is the address m,.
the locstion of the record word in dx. These two locations contsin the addresses
to which record words will be moved if & swap of areas is dictated., They are

- used as indexes in the transmission of the record words.

Tach case will be taken separately to illustrate the procedure.
A, TInactive Masters

In the case of an inactive master; it is desired to obtain the
next master record and to leave the detail record unchanged as
outlined belows

l. Reset gddress of mx to mz
2, Reset mx

The reset address of the present master is transmitted to mz, the
master record word working location mx is reset to the record word
defining the next master record, and the master record counter is
advanced., The master string is not broken by this procedure., Trans-
mitting the reset address to mz in effect updates that location for
the next step in the processing. The detail series is not involved
in the case of an insctive master reccrd s0 no change is made in dx
or dz.
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B. Active Masters

In the case of an active master, it is desired to obtain both a
new master record and a new detail record as outlined below:

L. Reset address of mx to mz

2

. Reget address of dx to dz
3. Resget mx
4, Reset dx

The working locations mz and dz are each updated. This is done by
placing the reset address of the current master record word in mz
and the reset address of the current detaill record word in dz.
Both mx and &% are reset to obtain the next master word and the
next detsll word respectively. The master counter and the detail
counter are each advanced,

The strings of Figure 8 will be used to illustrate the method being
described, The contents of the working locations at the start of the process
are shown on line 1 of Figure 9.

mx dx mz N dg
1, Lb B ] l n N | | a ] [ ""ﬁf]
i
2, ¢ C n N b m
3. 4 D% o 0 c n
Figure 9

Assume that master record B is found to be an ingctive record when
compared to detall record N. The reset address b of b-B is placed in mz, mx
is reset to c¢-C, and the master record counter is advanced. The contents of
the working locations at this step in the problem is shown on line 2 of the
figure.

Assume further that detaill record N specifies a modification in
master record C, i.,e,, master record C is an active record. The reset ad-
dress ¢ of ¢~C is placed in mz and the reset address n of n-N is placed in
dz., Locations mx and dx are reset to d-D and 0-0 respectively. Line 3 of
the figure indicates the situation at this step of the problem. The master
and detail counters are each advanced.
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C. Insertion
In the case of an insertion, the following proecedure iz followed:
1. dx to /mz
2, Reset address of dx to mz
3. Reset dx
L, mx to /mz
5., dx to /dz

The detall record word in 4dx is transmitted to the locatlion speci-
fied by mz using mz as an index word. As a result this detail word
becomes part of the magter string. The reset address of thils word
is a location which is occupied by & member of the detall string.
The next master record word, therefore, must be placed in thst loca-
tion, For this reason the reset address of this detail is placed
in mz which dictates the placement of the master record words,

Then dx is reset to obtain the next detail word. This makes its
loecation available to receive the next record word in the master
series. The master record word in mx is transmitted to that loca-
tion using mz as an index. The reset address of that word is the
location of the following word in the original master string.

Thus, the master geries is returned to its original string and re-
maing unbroken.

Because the msster string bhas taken over a location which was part
of the original detail string, that series is now broken. The new
detail word in dx is transmitted to the location specified by dz

in order to mend the break. In effect this detail wrrd is moved

up in the detail serieg in order to fill the gap which was left
when the detail describing the insertion was moved into the master
gtring. TIts reset address will close the detail string around the
location taken over by the magter geries, Thus, through the manipu-
lation of the control words the insertion has been made and both
strings are intact., Finally, the master counter is advanced.

The above procedure will be illustrated by continuing the example
uged to illustrate the processing of inactive and sctive records. Figure 10
is a continuation of Figure 9. Line 3 shows the contents of the working loca-
tions up to this point.
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Assume that the detail record, 0, is found to be an insertion when
matched with master record D. This means that o0-0 should precede d-D in the
new master series, It is, therefore, transmitted to ¢, the location specified
by mz. In the output phase, when 0 1s written and its control word resets
automatically, it will be replaced by the contents of loeation O gince that
is the resget address of o0-0, For this reason the next record word in the mas-
ter series must be found in o. The reset address o of 0-0 ig plasced in mz
which dictates the placement of the next master record word. ILocation dx is
reset to obtain the detail word now ocecupying location o (p-P¥). The word in
mx (d-D) is transmitted to location o using mz as an index. The reset ad-
dress d cf d-D returns the master series to its original string. The de-
tail string is now broken, however, and must be mended. The mending is accom-
plished by transmitting the word in dx (p-P¥) to location n under control of
dz. PFinally, the master counter is advanced.

The situation at this point is showm on line 4 of Figure 10. The
pertinent parts of the two strings up to this point are shown in Figure 11.
The broken line shows the new sequence of the detail string and the solid
line the new sequence of the master string.

g | b B -D mln N
{

b | e c D /}‘ alop P

o 0 O% {} 0 d DA

a ) é—"““'"__ﬂa_————‘——ﬁ:;p

Figure 11

It should be noted that record word o-0% iz shown in the figure with
an end condition., This has been added since O became the third processed rec-
ord in the reviged master string. Since group size has been reached, a write
master operation is initiated before continuing the processing. The detail
counter stands at one so no new details need be read at this point.
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In the insertion case described above, the detail is placed before the
current master record and s new detail record is obtazined. In this procedure the
operation continues with the current master, and no further reference is made to
the inserted detail record. It may be desired, however, to follow a procedure in
which the inserted detail remaing available for further action against following
details. In this case, action upon the current master is deiayed until process-
ing of the inserted detail is finished, An outline of this mode of operation is
ag follows:

1. Resget address of dx to y
2., Reset dx
3. mx to /y
L, /dz to mx
5., mx to /mz
6, dx to /dz
The following remarks may help in the understanding of this process: A new
working location y is used as temporary storage for the address of the next de-
tail record word. After the next detsil record word is obtained in dx, the cur-
rent master record word is placed following the original detalil record word.
Next the original detsil record word is placed in the mester working location,
Finally, both master and detail string are mended by the szppropriate store opera-
tions.
D, Deletion
In the case of & deletion, the next detail is obtained. The current
master iz stored between the old detail and the new detail., A new
master record is cbitained. The procedure to be followed is the same
a8 that followed for an insertion, except that the functions of mas-
ter and details are reversed and the operation is preceded by ob-
taining a new detail record,
This process is outlined below:
i, BReset sddress of dx to dz
2., Reget dx
3. mx to /dz
L, Reset address of mx to dz
5. Reset mx
6. dx to /fd=

7. mx to /mz
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The reset asddress of the detail record werd defining the record to
be deleted is placed in dz. A new detall record word is cbtained
by resetting the detuil record word. The master recsrd word is
then transmitied using dz as an index., In other words, the record
word describing the master to be deleted is made part of the dew~
tail string following the record word of the detall which specified
the deletion, The reset sddregs of this word is a location which
is occupied by a member of the master string. The next detail rec-
ord word, now in dx, therefore, must be plaged in that location.
For this reason the resget address of the word in mx must be placed
in dz which dictates the placement of the detail record words.
Foliowing this, location mx is reset to obtain the master reccerd
word which was stored in the location which is being taken over

by the new detail serieg., This makes that locatisn availsble to
recelve the next record word in the detsil series, The detail
record word in dx is transmitted to that location using dz as an
index. The reset address of this detall word is the location of
the next word in sequence in the original detail string. Thus,
the continuity of the detell string is resgtored. It should be
noted that the record word defining the detail reccrd which speci-
fied the deletion rewmsins in its original iocation.

Becsuse the detail string has taken over a location which was
originally part of the master string, there isg a break in the mas-
ter string, The new magter word in mx is transmitted to the loca-
tion speecified by mz in order to mend the break. In effect this
master word is moved up in the master seriles to fill the gap

which was left when the record word describing the deleted mes-
ter was moved Into the detail string, Its reset address will close
the master string around the location which was taken over by the
detail series. Thus, through manipulation of eoatrol words, the
deletion has been made and both strings remain intact. The de~
tail counter is advanced twice {once for the deieted master and
once for the detsil specifying the deletion),

The above procedure will te illugtrated by continuing the example
used in the section deseribing insertions. Figure 12 is 2 continustion of
Figure 10, Line I showe the =ontemts of the working locations up to this
point.
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Assume that detall record P specifies that record D is to be deleted
from the masgter file, Record word d-D must be removed from the master series,
It can, however, be used in the new detail string. The reset address p of the
word in dx (p-P¥) is transmitted to dz and dx is reset to g-Q. Then 4-D, the
word describing.the deleted master, is transmitted to Location p (using dz as an
index). Thus d-D becomes part of the detail series following p-P in the detail
sequence, Looking shead to the next time new details are read from tape using
the new detail string, it can be seen that, when record area D has been used,
itg record word d-D will reset automgtically and be replaced by the contents of
d, the location specified by its reset addresg. The next detail word in the
series must, therefore, be found in d. For this reason &, the reset adidress of
the word in mx, iz plasced in dz. Working location mx is reset and its contents
are replaced by e-E, Record word -Q isg transmitted to location d under con-
trol of dz. The reset address q of g-Q returns the detgil series to its ori-
ginal string. The master string is broken at this point, however, and must be
mended around location d by transmitting the word in mx (e-E} to Locstion o
munder control of mz. Siuce the reset address e of e-E is part of the original
master series, that string has now been mended around loecation 4. The detail
counter is advanced twice.

The situstion at this point is shown on iine 5 of Figure 12, The
parts of the two stringe which have been processed up to this point sre shown
in Figure 13. The broken line shows the sequence of the revised detail string
and the solid line the sequence of the revised magter series.
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It ghould be noted that the end condition has been removed from detsil
record word p-P and added to d=D¥, Thig has been done since D ig now the third
record area in the revised detail string. Since group size has been reached, a
read detail operation is initiated before the procegsing continues. Since the
master counter stegnds at zero, no master inpub-outpul operation need be initiated
at this point.

E, Control

When = lsrge number of insertions occur and only few deletions, the
number of control words in the master string incresses. As s result,
the sgpare zres of the master string increases in size, and the spare
ares of the detall giring decresses in size. Oonversely a largse num-
ber of deietions would Jdecreaze the magter spare area and increase the
detail spare srea. When one of the spare aress is empty, the other
area hgs a dovble capacity. At that time & corrective step should be
taken by which the number of control words in the two areas is made
equal again, This operation consists in inserting cr deleting a
block of record wordse. It is handled in a way similsr to the inser-
tion or deletion of = single record word. The operstinon is sorom-
rlished by storing the reset address of the last control word of

the gtring to be mouved. The check for the necessity of inserting
record words in the master string should occur just prior to the
reading of new detail records. The check for the nezezgity of in-
serting record words in the detaill gtring should occar jJuat pricr

to the reading of new master records., When such an inserticn occurs
in the master string, master records are resd instead of details.
When the insertion of record words is made in the detail string,
detaile are read instead of masters,

During the process a count is kept of the masters and the details

that have been trested. When the nuber of processed maszters resches
group size, a write operation is initisted and the process continues into
the next master string in the loop. When the number of processed de-
tails regches group size, a read operation ig initiated to sbtain new
details and the process continues into the next gtring in the detail

loop of control words, As u result of the counting. end conditions may
be removed from sawe control words and sdded to others depending on
their sequence in the revised strings,

The specific procedures described casn be further refined.

The insertions and deletions have been tremted as isolsted occurrences
with low sctivity., Io higher activity appiications it may be desirable
o combine the handiing of an individusl ingertion or deletion with
subsequent processing. As s result; the totsl smount of conbrol word
manipalation may be reduced to obbtain sn economy in processing at the
expense of & somevhat more complicated program.



¥, Sumary

The procedure described, effectively handlez low activity problems
with insertions and deletions. The method esmploys simuitaneous read,
write, and compubte with scattered control.

The technique iz basically simpie., The object OFf the program is o
maintain twe stringe of record worde, cue string contalning those

words degcribing the master records, and the other contaialag the
record words definiang the detail records. Sequence in the wwo strings
is established by the reget sddresses of the control words. When su
insertion 1s euncountered, its control word ilg made part of the wmagher
string snd removed from the detaill string., When a deletisn is encount-
ered, the record word descriving the deleted waster is ms=de psrt of
the detail series and removed fron the mazter series.

Thug, both strings are updated as the processing dictates, and, since
the input and ocutput phages of the problem uge these same gtrings,

no movement of the records themsgelves is necessary. Throuaghout the
entire procedure all records, both master and detail, remala in the
memory aresg inte whiszh they were orliglnally read.

vV  CONCLUSTION

In the preceding sections the use of contral words fur record hsndling
has been explained and illugtrated. File maintenance using this technique has
been Further expiained by A, F, Desckman in Plamning Evelustion File Memorandum 1.
A Porthecoming memorandum also by A. F. Deckman describes the use of control word
techniques for internsl sorting and merge scriing.

The use of control words hss been degeribed in detail in this memorandum
in order to show that each of the basis record hendilng coperations, merge, insert
and delete, can be performed in o simple and direct wey. Once the genersdi method i1s
understood, each particuler operatisn proves to be 4 variation on the same theme. In
fact, it can ve ghown that a merge operation is a sgpecial case of The general Tile
mzintensnce operation, ag far as record handling is eoncerned. Or, & file maintenance
process may be considered two merges in ones Detail rensrds are merged with master
records (insertion) and master records are merged with detail records (deletion).

The gpecific programming techoiques employed are of secondary lmporteance
compared to the general prineiple illugtrated. The "reset" operation which has
been sssumed in this report snd which is available in the 750, may very well be
programmed in another machine, Conversely a machine code may be postulated which
makes use of macro-instructicns which conbine geveral coperstions in one. Examples
of this kind of instruction are given at the end of section ITL., Similar in-
structions can be defined for the operations listed in section IV,
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While the particular instruction set is of minor importance, it should
be emphasized that the availability of input-output grouping and distribution is
a necesgsity for the methods deseribed. This particular feature, which ig also
called scattered resd and write cannot be replaced by programming except at the
expense of a considerable amount of storage space and time, It is belleved that
the advantages of the record control techniques deseribed in this report are such
that grouping and distribution will be mandatory for the input-output systems of
future machines and that the particular instruction set and indexing procedure
of these machines should facilitate the handling of record control words.





