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SOMMARY, A genoral method is given for gonornting random permutations of integers
uaing & tablo of randora sampling numbers and without wasting tho random numbera read. This is
more conveniont in prectice, apecially when randora permutations of largs numbors of elomenta aro
neoded. It is quggrsted that ovon for permulations of small numbore, tha method offors greater
200p6 than oonsulting & table of a limited number of random pormulationa.

INTRODUOTION

Fisher and Yates (1957) In tho introduotion to their tablea give several methods of
obtaining random pormutations of integers 1 to n, Some of thesa methods require random
pormutations of subsets of integers to build up tho wholo permutation, A direct mothod
for obtaining a random permutation of integera 1 to », (or 0 to n—1) is to chooso & columuos
inatabloof random digits, whero 10* > (n—1), and write down tho numbers 0 to (n—1) in the
order they occur, omitting all thoso above {(n—1) and ignoring repetitions. Thua for obtaining
a random permutation of numbers 0 to 2¢ we would take two columns; and tho process would
naturally reject on an averago 75 per cent of the random numbers read, Further, if n is large
thero is tho difficulty of remembering the integers that have not occurred up to any stage
while reading the random numbers,

In this noto, I give a general method of generating random permutations of integers
1 to n for any », which docs not waste any random number read, and which can bo conve-
niontly used even for largo n.

ONE-WAY OLASSIFIOATION METHOD

Chooso a column in a table of random digits and read tho digits from any starting point.
Tako the classes defined by the digits 0 to 0 and write 1 in the class of the first random number,
2 in that of tho sccond number, 3 in that of tho third number and €0 on up to n. For instanco,
if n = 7 and tho random pumbors read are 5, 3,9, 1, 2,3, 1 the integers 1 to 7 aro recorded
a4 shown in tho first block of Table 1.

TABLE 1. ONE.WAY CLASSIFICATION METHOD
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To obtain & random permulalion of integers 1 to 7, first wrile down the groups of inlegers in
the different classcs ono after tho other starting from the ‘0" class, which in the present example
leada to

47,5 (2,6,1,3.

Then randomly permuto the subsets within the brackets and remove tho brackets. The
problem of obtaining random p ions for lorgo bers i9 thus reduced to that of ob.
taining for subsets with expected number in each subsct being equal to 1/10 of the original
number. Tho same process may be used for obtaining permutationa of integers within
subsots as shown in tho last two blocks of Table 1, unless thero is a rendy way of obtaining
these permutations such 89 referring to tables of random permutations. To permute the
eubscts continue to read the ramndom numbers. Let tho next digits be 2, 4,9,1, 8,0....
Considor the subset (4, 7); 4 goca in class 2 and 7 in clase 4, which completes tho permutation.
Similarly a permutation of (2, 6) is dorived in the last block of Tablo 1, and the complete
permutation is obtained as

4,1,5,6,2,1,3.
If permutationa for largo values of a aro nceded, several classes will have multiple entrics,
needing ono or more repetitions of the process for cach subset. This can be avoided to a largo
oxtent by following tho two.way classification method and, if convenicat, by adopting the
built-in proceduro of simultancously permuting within subsets whilo recording the integers,
g detailed in the next scction.

TWQ-WAY CLASSIFIOATION METIIOD
Choosgo two columns in a tablo of random digits. Each random number would now
consist of two digita which defino & ccll in 8 10X 10 two-way tablo as shown in Table 2,

TABLE 2. TWO-\WAY CLASSIFICATION METIIOD

socond digit
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Lot arandom permutation of numbers 1 to 18 bo needed.  Write 1 in the coll of the first random
number, 2 in tho cell of the second numbser, ... and 80 on up to 18. For instanco, correspond-
ing to tho first fivo random numbers 31, 17, 81, 45, 31 the entrics 1 to 5 would be as shown
in Tablo 2. Procecding further in the some manner, the first 18 random numbers are nsed
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to post all tho inlegers 1 to 18 in the cells,  In two celly thero are two entries, which could
have been avoided by omitling & number if ita cell is nlready filled. Otherwiso the integers
within subsets (1, 5) and (4, 16) have to bo randomly permuted Grst. Suppose (5, 1) and {4,16)
aro the permutations nrrived at by somo proccss. Tho entire permutation could be read
out in any convenient manner, say from left to right row by row, the order of integers in cells
with rultiple entries being d ined by independs i In tho present examplo
the permutation is
9,10,2,68,12,6,1,7,11,4,16,17,8,15,13,18,3, 14,

The problem of multiplo entrics, due to repetition of random numbers, is not serions
since the chanco of having moro than two or threo entries in 8 cell ia small if » is not very
largo, and it is easy to obtain a random permutation of two or three integers.

It is also possiblo for the random permutation of multiplo entrice to be built into the
process of entering the numbers in tho cells as follows.  For instance, when 5 has to bo placed
in tho cell {31), which nlready has 1, read tho digit inthesamerow contaiging 31 in anadjacent
column of the random number table. If this digit is even, writo 5 (the second number to
bo placed in tho coll ) beforo 1 (the first number), and if odd, write § after 1. Random per-
mutation of 1,5 is already secured by this oporation, and similarly the order of integers in
(4, 16) could have been settled whils posting 16 and the whole random permutation is
obtained straight away from tho two-way table. Ifa random number repeats forathirdtime,
first read tho digit in tho same row in an adjacent column. If this is 0, pass on to the noxt
column, and 20 on, till a non.zero digit is obtained from the row, The number to bo written
in tho cell is put in the first position if & non.zero digit read from an adjacent column is
= 0 (mod 3), in the sccond position if == 1 {mod 3), and in the third position if = 2 (mod 3).
A similar device could be adopted in caso a random number repeats for a fourth time, and so
on. As stated carlier, the permutation of multiplo entries in the cells may be undertaken
at tho final atago, if that is moro convenient.

For Jarger values of n, to avoid muitiplo entrics, one conld uso threo columns of n
random number table and consider a triple coordinate system to identify 1000 cells of a
three-way tablo, Tho best way of representing would be a triplo classifiention tablo involy-
ing 10 two.way sub-tables, cach aub-tablo corresponding to o given valuo of the third digit.
The procedare outlined before ¢an then bo followed.

It is important to noto that for any value of #, ono can uso any arbilrary number &
of columna of the random digits and proceed to distribute tho integers in tho cells of & L.way
table. But it may bo convenient to use onc-way classification method for n ¢ 10, two.way
classification mothod for n ¢ 100 and so on,

Ta this connection, the reader is referred to two papers by Lahiri (1031) and Matthai
(1953) on choosing, from & list of eampling units, with unequal and equal probabilitics
respectively, a random aample with the help of random sampling numbers.
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