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SUMMARY. The dominant latent root and sssociated veolor of symmetrio matrices sre often
required in statiatical and other studies. A method of suoh computations on the punobed card system is

prosented in thie papor. Only @ sorter and caleulating punch type IBM-828 or similar machine need
be used.

1. MATHEMATICAL BASIS OF THE METHOD

To evaluate the dominant latent root and the associated latent vector of &
real symmotric matrix 4, we adopt tho method of successive approximations. Firat,
by repetitive squaring the matrix A is raised to a high power to get

4% = B = ((by)), say.
Lot A9 =E by, and g0 =AY i=1,2,.,n
=1
Then (52, #*, ..., ¥®) can be taken as the initial approximation to the dominant

latent vector of 4.

The next approximation (which we shall call the first approximation) is
(A", 98, ..., ) where

o0 = e, 0 = £ by
=1

for +=1,2,...,n. Successive approximations are obtained reouraively from the
formulae

Y = 0D ey =;§1 bygf?

80 that [y{*V, Y, ..., #¥+1)] forms the (¢+1)-th approximation to the dominant
latent vector. One stops when

W=y for i=12..,2
to the desired degree of acouracy. If ; is the limiting value of ¥, then (yy, ¥y, --., ¥a)

is the dominant latent vector and the dominant latent root A is obtained from
the relation

.
A" = Z bywlyy
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2. TER 8YSTEM
One punched card for eaoh element of the matrix B showing in addition to the

value ‘b’ of the element, the row number 1, and the column number j is prepared.
This set of n* cards are called the matrix cards. Now we consider the matrix

MO = (nf)),
where mﬁ":y}"’, fors1=1,2,...,n and j= 1,2,..,n
and (4, i, ..., i) is the first approximetion to the dominant latent vector of
A. Then another set of »? cards, one for each element, (m,;) of the matrix M showing
its row number § and column number j also, are prepared, which may be called

fn
multiplier cards. Also the value z{» = X b, is punched on all the cards. The same
g1

fields are allotted to show the row numbers and column numbers in both the cages.
Then the multiplier cards, the matrix cards and a set of n® blank cards are merged in
a way specified in Section 4 and are fed into the calculating punch, so that the new
multiplier values m{J’, with the necessary row, column identifications and oycle
number, are automatically punched by the machine on the set of 22 blank cards, which
may now be called new multiplier cards. In addition the value

m
z{h = 121 b,,y}“’ = (byyyy+bygmyg+.. by M),

is also punched on all these new multiplier cards. It is to be noted that
mp =¥ for =12 ..,25i=12..,7n ed (%" ... 44"

becomes the 2nd approximation to the dominant latent vector of 4. Then the three
sota of cards are separated by sorting on the column showing the cycle number. If
i) = 29, the procedure is stopped. Otherwise, all the previous operations are
repeated using the new multiplier cards in place of the old multiplier cards. The
whole process is stopped when z{+D = z{, and the values of m{{t" give us the
limiting value of 3.

3. DESCRIPTION OF THE METHOD
Besic data are transferred to punched cards acoording to the following card
designs.

CARD DESIGN FOR MATRIX OARDS

number
serial  item of oard remarks
number oolumns  colamns
L O.D.L 1 1 punoh 1
2. row number 2 7-8
8. column number 2 6-10
4. value of the slemant (by) & 11-16

Nots : In addition’X" is punched in Column 7, on the card ghowing the element b3, 8nd in column
9 on all the oards showing the elemente b 4=], for s=1, ...., n.
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CARD DESIGN FOR MULTIPLIER CARDS

number
serial  item of cord remarka
number columns  columns

1. CD.I 1 1 punoh 2

2. row number 2 7-8

3. oolumn number 2 0-10

4. value of the element (my;) 5 16-20

5. value of 2, 7 21-27

8. oyole number 1 36

Note :  The above itoms wro punched manunlly for the Grat time, and later on they ure punched
automatically by the caloulating punch.

Procedure :  The detailed steps followed by the operators are exceedingly
simple. A completo operationel procedure is given below.

Step (1) : The multiplier cards and the matrix cards are merged together
and sorted on cols. (7-10) so that at the end of the operation, all the cards will be
arranged in incroasing order of row-numbers and each multiplier card is followed by
corresponding matrix card having the same row and column numbers.

Step (2): Thus the oards will be divided into ‘a’ groups corresponding to
‘n’ row identifications. At the end of each group, a set of ‘»’ blank cards are filed;
80 that we will have a pack of (3 x n?) eards arranged in the above specified way.

Step (3): The whole pack is now fed into the caleulating punch, wherein
the new muitiplier values are developed and punched on the blank cards.

Step (4) :  After the calculation is over the three sots of cards are separated
by sorting on the column showing the cyole number.

Step (5): Steps (1)—(4) are repeated using the new multiplier cards in place
of the old multiplier cards, to obtain yet another new set of muitiplier cards.

The whole procedure is stopped when z{*") = z{,

4. PROGRAMMING ON 1BM CALOULATING PUNOH TYPE-626

Factor routing. (1) The value ‘b, is read from card columns 11-15 from
matrix cards only (C.D.I. = 1). (2) Tho value ‘m, is read from card columns 16-20
from multiplier cards only (C.D.I. =2). (3) C.D.I. = 2 is punched directly from
the punch emitter on the new multiplier (blank) cards in card column 1. (4) Row
numbers and column numbers are also punched in card columns 7-8 and 9-10
respectively. (5) The new multiplier valuea (m) aro punched in card columns 16-20.
(8) The divisor z, is punohed in card columns 21-27 on all the multiplier cards.
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Read cycle operations. (1) From matrix card the information by is read into
Storage 6R. (2) From multiplier card the information my; is read into Storage 7L.
(3) For all those matrix cards showing the elements by 7=, by i1, ..., b, 5=y, counters
4 and § are reset. (Nofe: On these cards X is punched in addition to the digit, in tens
column of the field showing the ool bere by means of which a selector is
picked up). (4) From all the multiplier cards showing the el 88 My, Mgny ..., Moy,
whatever information is there in the field allotted for the row number, is added to the
first two positions of counter 5, which ia transferred to the subsequent blank cards,

on the field for col ber. The cyole ber from col 35 is also added in 3rd
and 4th positions of counter 5, to which unity is added in the programme and the
new cycle ber is punched on the new multiplier cards.

Note : This is achieved by picking up a digit selector for the unit position of
the number ‘n’. It is to be noted that though the counter may add more than once,
it retains only that information taken from the above multiplier cards for p
on the subsequent blank cards.

All these complicated ways of selection can be avoided, if we can have at least
one more digit selector on the IBM-626 calculating punch.

Programme 1 is picked up for multiplier (my) cards (C.D.I. = 2).

Programme 1: (1) RISU Storage 6 so that Storage 6R is made ready to
receive information (b;) from the matrix card. (2) Non-Punch.

Programmes 2 and 3 are picked up for matriz (by) cards (C.D.I = 1).

Programme 2 : (1) Read out Storage 6R to counters (14-2+-3) and Storage 7L
to multiplier unit 1. (2) Add in counters (1+2+3). (3) MPLY/DIVIDE Start 5. At
this stage the sum of produets (b, X my) is developed and is accumulated in counters
(14-2+43).

Programme 3: (1) RISU Storage 7, so that Storage 7L is ready to receive
information (m;) from the multiplier cards. (2) Non-Punch.

Programmes 4 lo 7 are picked up for the mairiz card showing the element byn.
Programme 4: (1) STRL

Programmes 5 and 8 (coupled) : (1) Pick up co-selector 4. (2) Add 5 in counters
(14-2+-3)selectivelyin this programme through the above leotor. Half adjustment
is done at this stage. (3) Add 1 in units (not the first) position of the quotient t
(748). This is the value of the new multipliers (m,) for i =1, 2,...,n. (4) RISU
Storage 3 go that the storage is made ready to receive (in the next programme) the in-
formation 2, = (byymyy+b,ym4+...4-bym, ), the constent divisor. (5) RISU Storage
4 8o that the storage is also made ready to receive (in the next programme) the constant
divisor, to be punched later on, on the blank cards. (6) RISU Storage 5 so that the

storage is ready to receive (in the next programme) the quotient values, (which are the
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rest of the multiplier values) my for i =1,2,...,nand j=2,8,...,n. (7) Add 1
selectively to 3rd position of counter 5. Thus the previous ¢ycle number which is
already there in the counter is increased by unity.
Programme 7: (1) Read out oounters (14+2+3) to Storages 3 and 4. (2) Read
out counters (7+8) to Storage 5 and reset. (3) Reset oounters (14-24-3). (4) STRI

Programmes 8 to 11 are picked up for all those mairiz cards showing the
elements by, for i =2,3,...,n

Programme 8 : (1) STRL

Programme 9 : (1) Read out Storage 3 to counters (14-2+3). (2) Minus in
counters (14243). (3) MPLY/DIVIDE Start and Divide. (4) Plus in counters
(1+8).

At this stage the quotient values are developed in counters (74-8).

Programme 10 : (1) Pick up co-selector 5. (2) Plus (Add 5) in counters (7+8).
Half adjustment is done. (3) Plus (Add 1) in 3rd position of oounter 5. The

previous cyole number is inoressed by unity. (4) RISU Storage 6 so that the storage is
made ready to receive (in the next programme) quotient values from (1+38).

Programme 11: (1) Read out counters(7-+8)to Storage 5 and reset. (2) Reset
counters (14-24-3). (3) STRIL

Programmes 12 to 14 ave picked up for blank cards.

Programme 12 : (1) Pick up co-selector 8. (2) Plus (Add 1) in counter 4.
(For each blank card unity will be added so that on the first blank card I, as row
number is punched, and on the second blank card 2, 80 on and on the n-th blank card
n is punohed a8 row number).

Programme 13 : (1) Read out Storages 4 and 5. (2) Read out counters 4
and 5. (3) Punch through Storages ! end 2. (4) STRL

Programme 14 : (1) RISU Storage 7.

5. CoMMENTS

The method is useful for matrices of any order for n < 99, of course depending
on the number of digits of each element and counter capacity. Such computations
can of course be done very quickly and efficiently on modern electronio computers,
but the method developed here is muoh better than manual methods of computation.
This procedure takes, remarkably Jess time, about ten minutes for each oyele for s
matrix of size 16X 16. The operational procedure is extremely eimple, requires only
one 826 control panel. The merging of oards in the specified way is done just with
the help of a sorter, and all the information, including the cyole number is punched
automatically by the caloulating punah.
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