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Abstract: The reliability uf the teblcs contain ing Ra ndom N umbers (# RAN or RN) is
checked. Two kinds of tests arc proposed in orde r to check the reliability of series of
.t- dib';t numbers ob t a ined from K t ahle o f Random (ane-diau) Numbers, where
). '" 1,2, 3, '1. The lin t test is bused on the Central Limit Theorem and the Uniform
Distribution Function of the involved Random Variables , and the second one is the
X2- tes t . AUandom Numbers Table with 3500 digits is checked with very ~uod resu lts .
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1. INTIW DUCTION

R andom Numbers Tables l RNT) lire /1I " k , m,k N , ro ut rices wit.h e leme n t s
one- d igi t integers introduced hy any random process. e.g . by II compute r rout ine culled
t conaos« Numbers Genera tor (HNG). HNl' lire u sed iii orlll'f to l:t'llentte I;t-' r ie l) of
),-dlg l l lfondom Nu mbers (),- UN), J. '" 1, 2, 3, 4 , ... useful III several silmplin f.:
precesses .

2. GENl,RATING A- fiN FH01-! HNT m ,,,

WI.'. choose rurtdomly on in teger "i € I 1,2, 3, ... ,m 1 lind an other one
j E ! 1, 2 , 3, ... ,k I. We star t from the (" j )- elemen t of the HNT a nd we reed its )'-diglt
spaces us l RN moving from the left to the ril:ht (or in the opposite direction ) going
from one ro w to the next till a set of n l -HN be generated . T he number n is t he size of
ou r sam ple coming from II population of N z n members. If the rows of the used HNl'
are exhausted we establish the 0, I j-element as the next one of (m , h)- clement uf
RNT and we go on in the same style.

We can also work on t he columns of 8 RNT a,s we do with its rows. We can also
move from the left tn the rieht in on e row and from the right to the left in the next one
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(I)

(2)

(3)

(voust rofidon) and so on. In all the above cases we generate 8 se ries of ..t-RN based on
the reliability of the RNT. This reliability we are going to chec k by tw o stat ist ical tests.

3. TESTING THE RELIABILITY OF A RNT

'I'here ure several tests test ing the reliability of a RNT. We present here two of
them :

A ) t -test

We take a sample of 11 A.-RN from our RNT. We figu re Xi the Random Variable
(Rv ) wit h value s

r ij E IN' and OsxijS (lO),.-1),i = l ,2, 3, ... ,n .

The value Xu is the i- th member of a ..t-RN sample with 11 eleme nts during the
j-th repea ted creat ion of th is sample. Every number in the se t ( 0, 1, 2. 3, ... ,(10x- 1) ) ,
mu st have the same probability to be chosen for th is sample as the rows (colu mns) of
the RNT arc swept. So the related Probability Density Function (PDF) of the RV X j'
V i "" 1, 2, 3, ... •n is

r 1
:). iff %ij E{0,1,2... . ,(l0).- 1)}

(Xij ) = Iv
o else

and (see Farmakis, 1992, p 131)

10), -1
EXi= J.li = JI = i=1,2.3,.. . ,n

2

Var X j = elf = c? = 11
2

· 10). -(1 0). + 1). i = 1,2,3,... ,n

Also we have according to the Strong Law of Large Numbers of Kolmogorou and
the Central L imit Theorem (CLT) we have

S,
- > - J/,
n

(4)

and especially if (at least) n O!:: 30 then

S" _ N (Jl, rl-) <Normal Distribution )
n n

(5 )

(6)

(sec Knunias at nl., 1985). i.e. if we have Ii samples with n2: 30 the stat istics Xi and s;
have tu he inside the related confidence interval s ill the Ii - (1 -a) of the Ii cusus lit leas t ,

a E [0, I) and a is neur zero. For the mean value Xj the confidence i nterval will be

J"' Z./2. ':;" .JI-r}. r= n1 ~n In ·k
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and for the va riance 5,2

l(~ ; l) "' , (~- l) '" J' i _ l .2 .3.. _,n
X 1n '11;a '2 X l r.. Il . I _a 2

(7)
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xl.o is the critical value of >,."2 for k degrees of Freedom and sign ificance a e [0, 11.

B) .\ "2 - fe st

we divide the intervnl 1-1/2 ,10' - 1/2) into e eub in te rvnls

( - 1/ 2) .. (i- l) · r,(- 1/ 2) +1 r J, r z:l oJ-jc and 1 = 1, 2. 3, .c. After thu; we take u

sa m ple of l- R..~ from our R..~T with balllVlc bac a > Sc lind le t 0. and e. ~e ­
respecti vely - the se t Sizes of observed and expec ted C11S(! !> of A-HN m the r-th
subinterval, 1 := 1, 2, 3, .. ,g . The unifonn dis tnbu uon IJ f the numLcni O. 1,2.3. •

10"- 1 in the mterval l-1I2 , 10 .1. - lf2) gives us ~, = ra/ g, I = 1, 2, 3, .c
Now the next >,."2 -test is orga nized

110 : e l '" ~2 := eJ "" ... • tt ... nlg

II I : negative of H0

Significance : a E (0,11(us unlly a = 0.05 or a;;; 0.01)

2 2 2 t 0 2

Rejection arvu R := I X > XK- I ~o ' X := L.:.L. -n
,It',

4, EXA.\IPLF:S

We are going to grve two exam ple. based on t he sumo R:'"'I' of 3500 RN, with
m = 70 and k '" 50 . Table 1.

A) r -test c x u m p le

J.. = 3 , n '" 50 lind v)Jvioullly j.I - 499.5, OJ - 83~ 16 ,667 . e '"" 266 .619 In order to
get the sa mple we stur t from the (11, I j- olement uf the HN'I' (randomly selected! and

t he sa mple was:

A = I 032,895.467.368 .795.2 14 ,017.993, 141:1,793, 105,964,127,883 ,:l21.
044 ,732,315,687,496 ,123,698,76" ,296,542,631,493,605,760,1 52,
303. 124 ,770 .863,014,789,563.250 .505 ,024 .865. 174,4 19,397,908.
078,985 ,785.946.9 13 I.

From the above sample .....e get .

"i = 500 .1, $2:= 103711 .969 , ,:= 322 .04 end t> SO 3500 - 0.0 143
•

lind 11 95% con fide nce interval for "i is

9 5% c.r. = 1499.5:l: 79 .5 1 - I I' and i e 1/,
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Table 1•

This Table contains 3500 Random Numbers

1234567890 1234567890 1234567890 1234567890 1234567890

1 1598740212 0291018498 7789067534 -8525572461 0542814842
2 2587698500 2568801434 6684345636 4553456965 4426732902
3 5877419087 0011132435 3463752045 5067780 139 6412139013
4 6930117627 1891096302 5801478950 4916548237 8720052351
5 3693159346 0178022699 3367899372 6928294397 3697876781

6 3575823961 4874598887 3014720047 3858845626 06078899 11
7 9512566348 5247490014 8522113673 3546795588 3071207699
8 8764786210 3902587977 1027327553 2478997014 4517996523
9 6669442846 5789210305 6046302136 8952103004 89643023 11

10 1353069832 2014589745 53369422 14 1120047899 6731264679

11 0328954673 6879521401 7963148793 1059641278 8322104473
2 2315687496 1236987642 9654263149 3605760152 3031247708
3 6301478956 3250505024 8651744193 9790807898 57859469 13
4 62 13485975 3018402925 0596878369 7481020576 8043784075
5 4125869398 9364239714 2117413525 9987 123465 0586063012

6 7898584623 2560297471 1207250003 98774579 12 4638392197
7 4258963987 1253036544 1203114989 1465056871 2335420245
8 1369879650 9648272301 8791807882 8971456827 301464783 1
9 9899652039 9180746715 0372105469 7896633 101 45646·1G546

20 85215730 14 8927250146 6303023103 5890795456 3280347264

21 5789 142390 4063012029 8741236012 8974001245 2415053339
2 1365289701 3698703369 8741562102 0457798986 6810124633
3 7893298741 5591098391 4668723020 8092927360 094 1598763
4 5698745732 0298741368 7459857564 3834440757 5160192027
5 2589631456 7964586320 1564784876 4657120155 3545381122

6 1543542321 1245310312 4351273100 7068798462 G52836~1 :)4 8

7 3598456844 0045968173 6126849836 4520531680 84;)330:2·173
8 2789641656 7210578987 6411098890 0489894984 804872 1662
9 1253695147 9721635979 2050602347 3970690978 7701559523

30 8723159036 9416982712 8520369741 3527905636 2790 150714
•

31 1285297539 4132890360 5048407080 1036485912 0489087038
2 9954238308 7090954063 5832105859 8712834457 1202632574
3 8956413275 9613484932 2594110369 8102587451 3214977962
4 3578974128 5899620147 4561210014 5666313232 3126548567

35 6652369877 1706977467 6126987337 7621498630 6970654050
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Table 1 (continued).

This Table contains 3500 Random Numbers

1234567890 1234567890 1234567890 1234567890 1234567890

36 7536987412 57893 19877 3126068640 0312398799 4368743324
7 6203794 168 2641230985 4789502584 1020381856 1236911 158
8 2361159786 1370203025 1595197149 369 1022307 1947893799
9 6549484845 30230 10702 0555810072 6667789345 7896423647

40 5698521871 0250506327 5203874258 43946789 12 0456464465

41 58968 14238 5108010987 4780909871 8182891785 848714 1094
2 2852658702 8296321085 9631789460 5086425381 5737756941
3 4652297024 0036974156 3320009874 6421295456 7136101511
4 9523697150 4297536528 4695147233 3253040334 97274 12542
5 3312569796 8783963070 2430369789 7741341564 5606569632

•
6 2236974692 2685436982 8269874401 8000033336 5682695 155
7 7589302964 7581203737 95647474 17 7569780214 8339 170791
8 1230356998 0823647123 4595711679 8372269987 025 1547314
9 2563980369 0502303032 59874 13154 1065481576 6 112120082

50 7062309098 6113689484 821545456 1 6447404175 9988754208

51 0012358987 7945384681 0124501893 9506377328 7690780432
2 1045698789 5235023632 6456960174 9970788241 06412329 16
3 6485142837 9456243854 0223764685 0441 789802 7503 199163
4 9026456312 0289997875 5126056087 1287536758 7211012456
5 4331005452 4625799789 6951643897 0397183 143 7354063211

6 4276678418 6786176562 1615112403 1649070748 5567261534
7 9012500023 3563909603 0093135645 2528799789 84265·t2335

8 2315994097 8451246779 4954844421 1023698775 4913131653

9 6952632178 5239023120 4897810938 7041707807 478 1415638

60 5936506960 2135589875 0321326987 0239770808 8248681945

61 1878487810 0035688157 2431563484 9628746814 0400545040

2 2360213659 7741025978 4175025897 8786100433 1357534657

3 0231590640 3698787996 5132132665 3987462325 8 122002 124

4 6932162591 6131095162 7444490997 7898767527 6487123935

5 7539908220 1036549695 3489739312 0959748645 1012865623
•

6 6303032105 8900123465 0398740256 3210258996 0125374040

7 1023799689 1096787987 361215·1923 9769550588 7135478499

8 0269876314 8960178954 3122704557 7937863999 34 1347470 1

9 6023159876 6321587974 0258856.Jl8 0001245488 8567454 112

70 52364 12987 6382365512 3686764756 3210369871 5260 124244
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and for a2 is
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95% d . '" { 49 .8~416.667 , 49 .834165 .667
1

X.9 ~ O.025 Xl9 ;o.l176

K (582 15.36, 129492 .051 '" Ju and

(8 )

We repented th is process for more than 20 t imes and the resul t wa s i' E 11' for all

the cases and 52 E I II for ell the cases except one case .

B) }{l -test exa m ple

A. :::: 3, It :::: 50, g :::: 5 and obviously t' i = 10. i :::: 1, 2, 3, 4, 5.

Using the sam ple we used in the above case for t-test we eet:

°1 :::: 13 02 = 8 03 = 7 0 4 = 12 05 = 10

and e j = 10, a = 0.05, )(l = 2.60

H o: ej = 10, i = 1, 2. 3. 4, 5

HI : negative ofHo

J: 0 2
Rejection area R = ( X 2 > x l ;M S =9. 488, X 'l =L -L_ n ).

i 21 f.'j

(9)

From (8) and (9) we get that)(l = 2.6 and so Ho is valid for significance level
a = 0.05. This sampling process repeated for more than 20 t imes ga ve the same resu lt
except one case.

5. RESULTS AND CONCLUSIONS

The main conclusion is that the examined Number Table is a really a RNT under
the criter ion of a- test and X2-tcst. Many other t ests are also valid for ou r pu rpose . We
used the above ment ioned two te sts because they are well known. The over 20
repeti tions of sampling were of several ways of reading numbers on the RNT (from left
to t he right, from right to the left, voustrofidon, etc. etc.j .Same examinations with J..
=2 and ), =4 gave also very good results.
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