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Generation of an Ordered Simple Random Sam le 
Without Replacement Using One Random Num g er 

by Y. H. Etheridge and T. Wright 

Oak Ridge Natwnal Laboratory, USA. 
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Algorithm Imptementation Language 

All of the algorithms are implemented in the C programming language. 

Description and Purpose 

Nigam and Gupta(1984) presented by examples a method for the identification of the u units u> be 
included in a simple random sample (SRS) for selection frwn a finite universe of N(> n) dstinct and 
identifiable units. The method calls for the generation of only one random number to select a SRS of n 

units without having to list ail possible samples - practically all other methods require the generation 

of between n and N random numbers. Wright(1989) has given a slightly faster and generalized algorithm 
and demonstrated that the generalized algorithm to generate a SRS has a natural relation with Pascal's Tri- 
angk. The slight improvement in speed is a direct result of the establishment of a link with Pascal's Trian- 
gle. Below is a program that executes the generalized algmthm as described by Wright(1989). 

and that the 

using rnpfactor as 

). The r uniquely 

desire is to select without replacement a SRS of size n. After computing 

described below, one randomly selects one integer r from the set (1, 2, ..., 

identifies the units to be included in the sample. The values for N, n, and r are submitted to the program 
sample and one receives the SRS to be observed. This sample has the following desirable properties (1) 

exactly n distinct units will be selected and (ii) units appear in the correct sequence (order), avoiding the 
need for subsequent sorting. 

[rl 

Assume a listmg of the units in a finite universe numbered consecutively as 

Examole 1. If N=6 and n 4 ,  then =15. For -12, the SRS to observe is U2, U3, U4, and Us. kl 
2, If N=50 and n40, then 

123 14422827984u)0469017756~l 166 lO48812545ei78 190627925223293279 13362690. 

For -23 14422827x1060 the SRS to observe i s  
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Generation of a SRS with just one random number is  important because it is exactly consistent 
with &e manner in which simple random sampling is defined (Cochran, 1977; Cassel, Siirndal, and 
Wreman, 1977). and it m h i m k s  the wncem with independence violations that accompany situations 
that call for a sequence. (two or more) of m d o m  numbers generated by computers. 

Structure: User Interface 

sample N n r 

where: 

satnpk is &e name of the pro 

cision random number, r. 

which generates the sample assxiate4 with and the multipre- 

mpfacfor generates the multiple precision calculation of . Using the algorithm in Goet- 

gheluck(1987). [:] is computeca by writing it as a product of primes. 

Auxiliary Software 

Both propms  sample and mpdactor utilize the procedures npbinomial, prime. and smin. 
~ p b ~ n ~ n ~ ~  determines multiple precision binomial coefficients of its input parameters while prime 
supplies the primality of its input parameter. Smin i s  an adjunct to the multiple precision f i b w  
software so that numeric character suings can !x convened to multiple precision binary format. 

Testing of these procedures has been carried out on a VAX' 11/180 running BSD 4.3 UMX2, a 
Sequent Balance 8008 running DYNIX3 (a variant of BSD 4.2 UNIX), and an IBM PC/AT rnnnhg 
UNIX System V Release 2. The binomial coefficient parameters have been limited to 16-bit preCiSiOn, 
but the multiple procision of the generated output is limited only by avzulable memory. For exmple  the 

281-digit ourput of fhe binomial coefficient 'O0O is easily generated by the pnesented i m p l e r n e n ~ m  

of the algtshithm. While &e generation of the sample for N=500 things taken n=250 at a time Using the 
15Wgit  n u m b ,  r = l 1 6 ~ 4 4 3 1 5 7 ~ 1 0 ' ~ ,  is calculated in an agreeable time as demonstrated below. 

3531 
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Time 

Since the algorithm is somewhat dependent on the relative efficiency of the determination of 

[E] by [ :] it is instructive to measure this calculation via mpfactor. The generation times of 

mpfactor by each of these machines is 1.4 seconds, 1.9 seconds, and 2.4 seconds, respectively. The 
determination of the sample of n = 250 from a universe of N = 500 using the 1SO-digit number, r = 
1167443157~10’~, requires 3.6 seconds on a VAX, 5.3 seconds on a Sequent, and 10.3 seconds on a 
PC/AT. Finally, since the previously described example 2 can be consickmi a more “normal” instance 
for applying this algorithm the resultant times for the VAX, Sequent, and K/AT are 2.0 seconds, 2.9 
seconds, and 9.6 seconds, respectively. 

Compiler Considerations 

The CIUX of this algarithm implementation is that of using multiple precision arithmetic to cany 
out the dominant calculations. Therefore, the BSD UNIX library, fibmp, is used on the VAX and 
Sequent machines. This library has been rewritten to run on UNiX System V and PC DOS. ExampIes, 
for compiling and generating executible procedures for BSD UNIX follow: 

cc -0 mpfactor mpfact0r.c mpbinomia1.c prime.c -Imp 

and 

cc -0 sample samplec mpbiawaialr prime.c smin.c -Imp 
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/* 
* mpfactor: 

* Generate a binomial coefficient. 
* /  

t 

#include etdio.h> 
hclude .d=mp.h> 

main(narg, parg) 
int narg; 
chm **pug; 

{ 
int N, n; 
MINT *nnpblnoxnialal(); 

if ( n a g  I- 3) 

N = atdqpasg  + 1)); 
n = atai(*fparg + 2)); /* internal 1nzegep. */ 
printf("Binomia1 coefficient of Cd over %d:\n", N, d; 
rnout(mpbinomial(N, n>); 

printf("Useage factor N n\n"); /* Convert the external ASCII strfngs to * /  

/* &id the murtiple precision value * /  
P for the binomial coefficient. * /  

1 

/* 
* sample: 

* Determine the ordered listing of the n units to be included in 
* a simpZe random sample from a universe of N to be derived wtthout 
* explicitly listing all combinations of the N objects taken n at a time. 
* /  

1: 

Wnelude <stdia.h> 
#imlude <mp.h> 

main(nsrg, parg) 
int narg; 
char **parg; 

int N, n; 
{ 

MINT *mpbhomial(ls *smin(>; 
MINT *prev, *next, sum, *r; 
int i, ;i. Ir, v; 
int 1 I; 

wWe (narg > 4) 
narg--; 

if (narg !== 4) 
I 

1 
N = atoi(%prg + I)); 
n - atoiMprg + 211; 

Ir = amin(*(pzarg + 3)); 
printf("Universe is W ,  sample size is %d, random sample i s  *, N, n); 
mout(r); 

k --- 1; 

printf("Useage: sample N R s\n"); 

/* Get the multiple precision random number. * /  

main 
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. . .main 
i - N -  1; 
j = n -  1; 
next = mpbinomial(i, j); 
movdnext, &sum); 
prev = itom(0); 
do 

MINT *mp$ 
{ 

int rem; 

whildtv = mcmp(r, CBSum)) > 0) 
{ 

MINT *Nj; 

movd&sum, prev); 
N j  - i todI - j ) ;  
rnuldnext, Nf, next); 
xfredNj); 
sdidnext, I ,  next, & r e d ;  
if (rem P 0) 

/* Applying the Algorithm * /  
i* as given in Wrlght(l9B7). * /  

printfinsample: fmpssibk mp divide nonzero remoinderCXw>.\n", rem); 
exidZ); 

{ 

1 
muddprev,  nex t ,  &sum); 
I - - .  
k++; 

. 
1 

/* Found a unit. */ 
I* Print ai mast 10 units to a line. * /  

printf("\ n"); 
1 = 1; 

1 
i f ( v = = ~  I j < 5 0  H i + o )  i* Found aU units? * /  

break; 

mpj = itom(j); 
muIt(next, mpj, next); 
F-; 
xfree(mpj); 
sdiv(next, i, next, &rem); 
if (rem != 0) 
t 

1 
printf(" sample: impossible nonzero remainder for next sum->.\ n" , rem); 
exit(2); 

madd(prev, next, &sum); 
i--. 
k++; 

s 

} while (1); 

while (j > 0) 
{ 

1 
printf(*\ n"); 

printf("U(%d)", N - j + 1); 
i--; 

1 

/* show remaining units, if any. * /  
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/* 
* mpbinomial: 

* Generate a multiple precision binomial coef ficiemt. 
* /  

* 

#include <mp.b> 

MXNT * 
mpblnsmiaNN, n) mpbinomial 

int N; 
int n; 

/* The first parameter in the binomial expansion of N over R.  * /  
/* % second parameter. * /  

1 
1 

int prime(); 
int i; 
MINT *prod; 
MWT *term; 

if ((N > 0 && N < n) II n < 0) 
retarn(itom (0) 1; 

/* 

prod J itorn(1); 

n = PI < N - n 7 n : N - n; 
for (i = 2; i 6 N; i++) 

We will assume that N and n are mn-negative. * /  

/* Set initial v&e for product calculation. * /  

F U5e symmetry to calmlute end terms. *I' 

/* Scan to N ,  cancel n-factors, and * /  
P determine prime element5 in reyzlnlng * /  
P terms, according to Gmtgheluck 3 * /  
P atgorithm. * /  

{ 
int 1 = N; 
int m = n; 
int e =: 0; 
int r = Q; 

if (!prime(i)) 
continue; 

if (i 6- (I - m>> 
if (i + = I  / 2 )  

t 
I 

i f ( ( i * i  >1) && U % i  < m % i N  

else 
{ 

e - 1; 

do 

int a - 1 %  i; 
int b m m % i + r; 

I 
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else 
e 0 0; 

1 
else 

for (; e > 0; e-) 

term = itom(i); 
t 

mult(prod, term, prod); 
1 

e = 1; 

1 
retarn(prod); 

1 

/* 
* prime(n): 
*/  

Simplistic test n for primality. 

#define PRIME 1 
Mefine NOTPRIME 0 
int 
primdn) 

int n; 

int i; 
I 

if (n - 2 )  
re turn(PRIME1; 

if (n % 2 - 0) 
for (i = 3; i < n; i += 2) 

/* Test n for primaltty. * /  

re turn(NOTPRIh4E); /" n is evm * /  

if (n % i pt 0)  
/* March through the remuining odds. * /  

return(N0TPRIME); /* n not prime * /  
retnrn(PR1ME); 

1 

/* 
* Convert string to multi-precision number. 
* entry, min. 
* /  

An adaptation of the Libmp 

#include etdio.h> 
#include 6np.h> 

MINT * 
sminh) 

t 
char 's; 

MINT x,y,ten; 
MINT *a; 
int sign; 
short qten,qy; 
char *c; 

/* String to be converted. */ 

prime 

a - itom@); 
xfreda); 
sign = 1; 
ten.len .I 1; 
ten.va1 - &ten; 

....... . . ................................ 



-8- 

... smin 
qten = 10; 
x.len = 0; 
y.len = 1; 
y.va1 = &qy; 
c s; 
while (+E  !- '\o') 
1 

switch(*c) 

case '\ \ ': 
e++; 
break; 

case '\t': 
case * \  n#: 

a-Xen *- sign; 
XFree(6tx); 
retwda); 

continue; 

sign = --sig% 
break; 

if(*c:>1'8' &di: * c b  '9') 
t 

I 

, ,  
CaSe : 

w e  - :  . .  

default: 

qy - *c - 'o*; 
malt(&x,&ten,a); 
madd( a, &yak 
move(a,&.xk 
break; 

1 
{ 
else 

c--; 
n-Xen +- sign; 
re turn(&; 

1 
1 
e++; 

1 
return(&; 

1 
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