
Eckert- auch,'.l Co:rlJut. r Corp, L2729/l+9 P. 1

?SEUIC-R.ND0I1 ll'Ui{BllP S
by

Dr. Jri.n ,l. Italchr y

Th,r :lncfeas j.nq alplic.ticn of r.nd.rn c.t;1ts in the
solutio:1 of pi(,bl:ns i.1 pbtsics, .rnginec!ii]g, gcnclrcs end
m?.n:' othcr scj-(jnce-a has nalde cieslrirlrl-e a stu,ly of lrhe feasi-
billty ol g.n.jr.bi1g such nL:1iblrs 4: thel:.re ncedol in the
Droblcin it hnird,

;;'' r, j i.:liri:l--r, s ro dblna lir i_.r:rr) t' a' i -j-iit !, ! 5 e dd c _rai !don
digl.ts was pi-.p4.?o.] l'or ihc Binac.]nc s)r'eral iiL,nirad thousand
such dlgits rrc ganarelrcd. ;'hc1? r:rrdo.1rress !.I3.s lcsted in
sevcre.l rrays, Irhi) r:esul-:s ct 'r}.ich :,:i11 5e dirscrlb:d 1:!ter.

Thc Bi.e€.c rourl-n. grn.rated .r 6'a13ii rrran<ionrl

n!-r0bcr bl extrac::j::g a:r tnt-rr :.o1 q-'lup :i : i:< 'll Aits lrcin
Nh" I2-d' git crucr ol r:,o '-.i.oirn" r'ur^. :. -i i.i-usty ol'-
tained, The plccrss Ms -initirtec b:,':. grcr;,p ol ten tr-dieit
nu",nbel6 arbltra"ilf ,.s3_r'.1r(i. thar it1'st prodiici yras fo:med
by the firsi: ar.i ri -Lh r.1ch in!i'b consi.11ls, ih3 entiacied
"r'ndcm" nulnber r'-oli:L]l tle i'ift:1 :!}!-ut co4stant' Th'',
insir!c'llions wcre th.-rir i: cli,.irgnianred b.i cne urilt to nultlply
th. sccold rly !h: .!v.nlrr ccllsjranl erld r',,.p1acc lhe sixih con-
stant by tl.r .x:rruiFd trr_nCon'r rrfoducb, Tbc Dloccss was con-
tlnued ;yc1lc.i-l-iy fo1' 'i.: t.".r;J r s 21,5a)+ "r'enrlorn" rdnllcxF:

Th? r.igilt-hnnd t!,.,c o1' lha slx diglts :ln bhe rrr:rndomrr

nunbep lrrc!'c ls.fsbed .-nd enpior.d i.r a str.tistic!.f stuiv ihen
rmder r{a_,r. fl1 a.Cditlon, ltie irequelicy of occ';rlenae of eacb
.oossir.le cornbln2tiorr ol l:L.c i,?c o.b11 digits 'ras i3-r 1ied, X'
com.oDled iot" !ive r'7 5i; ;cll:L.r! rf :rinsi a re-r.ioir!-cl,is:ribultLon
freluenc;;, et,ij Ll:e 1,.1 .,.r^drjd intc 'ri..ss llr't,e.vais tl' eiEht"
!'.tr+)iec,'?ow .nC colunn .r-t!]s of ihe (r1g-al;i f sqirere Array cf
tlllies ,ro.are cornpilcci- iiiatl:y, a g!lt i,est .,'rtr: i':rn on c:"ch
dlgli vL1-r- ue of lhtj 1c',it diGiN cf lrl,. cc;11 r1ir, a iel1l7 bein8
1411., lor e a.c! ol.gii .,'af'le arI c6c;r E1r sl ze,

Tbc cqrl"r..l en', i'or'r1..a' l.; t.-.:!r:5.bi-ng such nunborF
on LjNMC is sirorn .r.r !agr,s*-i ll:!: c.ml-!t1i1on ii$e pcl
nuinb. r is appro,ti4i: i1J t.n nri1.15.,,'.,ii,l"1. thc codln€t and 1ts
e](plan"blor is ;l':):! .1 Dage .i ; ,ll- l'i.n chart on plde /5 t
aild e list of aL(] acagr ri:;',: .'.a.r itr.ri:' 4arairings on pege b .
Folloviing thre i'outi.r., i; :: 1,,'.:ia .i . :i..r,r l- r,'lccL dl9g!9no in-
dicat,ilig lhe nr.nnc" ii. fl:i..1: rl,a i;lili/ '.; ct.:riles o,.rt iie or,era-
Nlclrs.
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Thl dist.-:"",iL.:oi .rr'l
lntcrvals) oblrnin. t i.o'r, s.l L

) 2 ::rl i:'.cs (f cp
1,..:1q c.oi bin.rd is

':. r 'rr' 4.. ,4c.1

octal class
shown bcl ow !

T al.f 1e e

sincc tl , o,'.srr'i1 '.1' n )f 62/r;)I/l is lppr'oxlnately
norn?.1, 'che :i$ri:jea 4la c.Je ita./ ) l,ae:r s!-.b j.rcted io a cube-root
transfol!!!-tion !nal 1.;: 4 ir .r',r::lronl1.]Ei to the above table
plottcd on thi. e !.rnc ch:rt (li 

'{L..re .1 ) Lrlth the approprlate
normal curve.

As p. naitcr oi curio:lb;r, .- tost v/1s nAdc to see'!vh"t eflect a very snaLl chr.lg. in lhc starting colsients
oculd hqve ln the reculr.tr-g -re.fnrnccr Tablc f llsts the lirst
25a rrranrlon" nunbcrs rrnrri',,d . ' 'r the tcr. tn!ut consJcnts
1lslred pt the heaC oi ih€ t"..1-e. Tattle II cclllplll'.rs thc llrst
J2 such nunbers witil the cori'spcnilnA :ei productd f'ron e
secclnd group of input consta.lts, ldcntlce"l .Jrith lhc flrst €lroupexcapt i^! Ln lncrcaso cJ ona unit in ihc seccnd constant.
fdentlcal n.trrnbors ln ihc tT,'c qcts are unCerlin-^d. fhose nu.nbeJ.
not unde rl lnad ha.,'u no r.,cc3,'!i.zerrla resemblpnce Eo e 9.ch other.

Iable f II I lsts t:rr roi! rnd ec11an sudls of the oc!,q.]--p ir tq.illes m.rdc ilurl n.g six oislinct nins cf ihc rouli4e,
uslng diffe"onf input consteni.. The rovr suro:r &-e acbuelly
frequency courls ol ihc flrsi iiglt of llie pnlr, etrd lhc collr,"nI
suns '-?a s1:n11.r1'I coun;a o th, r'-ccrd dl"i.-. fhc X' fol
e.rch :un, for rn""N^t r ^f _1 r.ln^. .:nd fEr Lh.- tX? ar: glv.n
b jlow th" !'!11 s, tod i!, r 'rLh .l^a i-obrbJl:iv Lir-L the corr-
spondlng X2 ror rer^r; u'q.i:i wo.-Ic : q.r^1 or .x-ci,-.d t,nc realizu
values. ft 1s obi'ious trl:r.t th.j s.cond diglf is not sufllclcntl
random. Thlr ls prcbabiy b.c.:us. ihc dtglt 1n questlon cerrc
lrom a position to.r fq.r from lbe c.nter of the D"oduct. It, ls
likely thet much better resrilts would h2ve been obtaln€d by
taklng the octel Drl!. f.r'orn ilic 99:!91 ol the lz-dtgLi span, as
evldenced by tl:e nor.i s'ltisflrctor.it tesi, results on the flret
41glt of the octa', ir':r.-', ',1'hi cl- !{fs cl-os.r to Nhe center of tho
proCuct,

l.rble -iV gi ,,:,1 ir'.? l",1lies obtllnrd jn tbree runs
of th:- g"D tL L f-. .. . .1 -: - I,l , roo,1tiljr; v'1 ucs of

such glna as of p1t.:1. i ,r-i-r- lirls !usi was perlormod on
the fourth digi: !.n \-r... 1.1r': t, :t].l oj ljhc nroduct end eppe4rs
to give s""tisr-:cto-'; e!i.a..ra .:- -.-,Inr'-liess Tbe theoretlcal
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R1D frequen.les with vrh{c}' t:r obs.Pvtd Cap frequcncjes werc
ialchcd-werc c:rlculated tro:n [hL 'dIation3

pni,i) - (r:.r'i)pf ,i(l -rr ,'

rvtr cre p-(i) is lh: p:c:' r1ii-i of ccculrerice of a g''p cf
lcngth 'j in thc 1' .:' I ' . ;:'i ;iJ tl n rndorr dioibsr
ana"p, is 15-^ 11erril,i t.:'- !.. c' :i-,rr' cncc of !hF diqlt 1'

Ib shculd be e'"1ilont f:..1 thls study ih..i' if is
practlcr.ble io gerresaf,c "i'an'i(jn.t':iunbers as scqrilr"C 1n ihe

Droblem. usjnr_-rr: i o r'r'+c or I r'loCi'Jc:it:on
tirir"of -' SucL-,r-'lnb is Lnt brr .tri. el":l y Trd che?1y obtalncd,
and rrav be sdlccted fcr r,he r"omb er of cegrees of freedom
requ ir'ed bY Li u P-^l'1-'1,

Any desi"ed iest cf lPnccrnes$ may be lncorpor'-
atcd ln bhe ionou"n' roL,tin. s ^u 1t '1, in JflecL, Ehe
nunbers used e:,e sub.iect to I'qr::fiil conJ:ro1". ooe of the
4dv:yrtgges of such pseudo r{'do4 scquonc{)s is thqt one may
rcprc,iuie sucb a ...,::-ce at anlt l.te" tine in ofdcr to epply
furirher tesbs, or 1l a s.q]-r',cl) 13 kr) o,rtn 1to pe-sE ell iesis
deer,red necessary, lt n3.y be u:red r.jpeaisdly 1n lndependent
problerns.

The e.uthor is gre"'t1l ind(,bted to a number of, other
pers ons lnathc Appl 1 c ation D..j p"'.rt,nent of Eckert-M-nr-lchLy
bornputer Corpor.aii,rn for aid tn thc codlng snd BfN',C orera-
I lon.

The anal.ysis ol resu:lls 'rras eiliclently ?arrled
out by Dr. Herberl F, Mltchell' Jl:.
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As generated by Blnec Routlne A-!10-2B, uslng followlng
const anls i

12ll+56 111111 222222 765i.rJ2 555555
31511+5 416l+56 567567 357357 t35r35

o l+ 6 7

t27oo2
221,667
56767
a02065

215100
011110
256265
[?ro05

ar2527
337577
110121
252t30

0l+0060 2l+i+13 r
Io75al+ 3121+IL,
:r7Lo5 7l+7530
t-67620 a76a2\-

l?6131
76597 )
71?tl16
177 277

120L60
3r2j31+
362t1+5
226113

327712
L61621
ol+?0l+'6
1867o2

2733oo
1O2l+22
091+2?3
71+o361+

3?6601
L??6lrl
5lL7oi'l
r 36tL?

20620l+ 525006or54ro 351+967
4j61Lb 7657 30
365612 555r?2

0
I
2
3

l+

z
,l

15l)+tz
767512
rlo225
633]53

L0l+31,3
?l+67 30
45Urro
6o?lr?o

Lo655It
o 37 275
o?600?
4!o[66

273255
267OOO
l+25012
lrjr665

101261
7 6:.2-+7

6zoIL65
62!065
71113 3
'? 67raq

355260
0723l-7
zLr65t5
73075i

6r ?oo l
u'551)
j37 6 35

0L6060
j j o2l+6
127726
22o6Ur,

0o57oo
51612r
tl+2313
3l+7r2

ol+57
03?l+
?736
tr92
6ttt6t
761502
ro57 jr
h10211

o77912
3l+ j 015
337 zr]
4T710

o2517t
5636+2
22271+1,

3!r2?l+

)+21+qz
10061+I
L,zd45
?11042

- 1l+ 221rJ72 1+22553t9 6l+?l.1+r '?62755
15 161+24 1+o157o1? L603L2 6266211

20
oo

4r
27
7I
41

56
26
10
1l

67tr
?o5L
o1l+3
2157

221+2
1060
1551r
626r

fi765?
?5001+i+
72rr27
I+2'1120

3i23r?
il)r152
001l+3 ?
57r760

5I+5516
5221+60
47065
530000

2IL96oL
7i6693
? ol+h?lr
7 J6r62

zL5j7i oo357t 66225r zol+ozz 256503
7215rL 7'?'i)t+2 337t2O 376565 3OOO57
5t65115 in 2261+ 40552 770560 6o3L73
2112J7 r5.673 l,61600 \7583 35555r

t+55671+
72t+0L5
9fi3t+7
b74722

o544L
111012
li[6L5li
1i5623

3L 631+062 211+113
35 l+166:.5 25r5o2
36 127U3 o\)+?oL+
37 57ol+72 Bol+77

1[2olr]
275\51
0Z 3 016
6tror

26650r
11'7 2/,A
it+6oig
2'l!or5

6601rL
l+ol+i 6li
116ro61
53ooLo

21OL,r3 't)2l+62
6Ut6:L 5l+:,753
5l+?I1l+ 65651+1
t13602 o60557

ao2252
l+27o1+7
't1?5to
3L6251+

r4
05
o4
o1

j0671+6
567i1r
7 2265tr
657 62"1

537o

iLl'z

l+7110 6 15500L
161!456 2l1l|?5
)72727 l+V'151+
66a252 61.22 ,

:.06765 136605
225621,81656
ot2\35 651+02).1
r54l+2 2t177L

aoa779
l+6u5o

10
11
12
13

56665a
65217t
30717o
002!I3

? 2l+5Lr
772611,
)2857
037't'11

t32lt7o
l+l+3 21r
r77666
l+31155

357)+7r
36U!7 2
116375
57 3113

627r55
261111
1)-12127
2l+0 i l+ 5

051!05r
301663
l.55555
966723

0151hi+
250L53
66687
25L676

6l+525 j
251+712
030232
1L7250

2t
22
e3

z4

26

lo
31
32
33
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Tho fj"sd l2 proljCi.i'! rdr.l ilrjrnLJv-cs ir.n T rl ]c I are re-
peated in colurxr:s 2 a!!i 5 (f t]i. :ol-l o,,/in.: tab.l-c. T:iie c )r'respond-
Lng nulnbere gener5t.--.i i: )ii1 a i.icoirl gl cr.lp cf tr:r cJr,steo.s, tCentl,:.
eicept lor the ch?nEe af orre .rilit in iihe seco1]'1 corrttr','1, arc -iistel
in colurons 3 ai i i_ .rr b'' .r irr'31r1. la.{-Ftrie.,tl. .r..:t'db e r s ir,.} |r,rde...l ineC,

(1)
No.

10
fl-

13

14
r5
16
)"'(

i.5) (6\
:2=111111 icz-l.ii-Ll2

-L16116

29?2?6
-toI726

621La6
-aa66r7

-*u#L-
156a33
rI7127

-1oi.5_2L
-5 r5..7r
-n( i2r

i< i1.t2-

-) r, --. !'

11"53'i

-4.)11-' )-

. aj a..t
-9:l-,*ii
-22'.i)i'L

;;
\J)i' I'
lr rt't l:l

-t'17- 22i

"-rirSaa_
i612a1

-'L5f&

,2 t 3r7il
..L\:a?)21
.i17, ^ 2lL
-_r, i_,lt Z

,.)',c7., 2
2 j , c'-lr

- ,r i l: ,:'i
36i".:t-'i

-)t :.:
_ 3A,1, r.l

-.l!t++
l5hc l)!
St ct) 5
ir.-tit11,

; jcl+t +
rl'iL5i

-ir3 c61[

l+5,151+5

I i6?01
-l+ll+l6o

0

I
2
3

l+

5,

7

r l,l :E(
- 3 o|.'jol

l.)rl

-e1622
.- t i:+')Lz
- :':E ztt\
....l1t+:l

\lAC'.t7
-.r jJi-ir7
";_i.: \

-ci!4150

tl.
i:l I

i

j
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ROW AND COLUXIN SiJMS OI CCI,I]-,-PAIR T,ALLJES

11300
11891
11628
11703

r726
tb\t
1580
t67 6

1.651"
1b5 3
r65o
16lo

r z5l+\i'tL
r?41
r bb3

1.6tj
t6l;5
i>50

1121
10?4
1111
109O

1096
110 7
1065
10?8

rr[6
to36
n[6
rogS

11q5
lolf1
108_5

998

B ?ol+

Run
No. 4
2731+
2623
265?
21),8

26"1L
27OO
2699
2702

2769
2L6i
2727
267

2662
?569

274+

2150If

Ru!
No, J

r.?89
fBr0
1Blr8
t769

1?lr3
r826
1?51
1780

1q1q
fidB
l'7i.]2
17't6

r783

17 88
18 12

Run
No. 2

1810
1BlL2
17 6r
18r.8

1619
r 8l7
7769
1820

Rur
i{o. 1

27 87
27OO
2658
27o)+

25oo
2?68
2691t
2693

27 36
2752
2669
258r

Run
No. 5

Run
!J o, tl

loba1

1]958
11?1b
11715
tr775

lerqr
11560
11817
1r lrl+5

11924
1 1lL! 1
11.?q<
r.t+ii

9:,696

2?60
26?6
zbgt
2633

2t59\

1861
1789
r192
1b92

I Bl+5
t776
tB25
j.756

1[]J6 ll+:] 
-? 

5 1jl1l

o
1
2.

l
L
(
7

o
I
2
3

l+

z
7

T e11y

Ro1r, Sum!
FITsTTtert

Colurar: Sun,
Second DLglt

Total, low
o! cglul]Il

Flrst Dlglt I

x2
P

Second Dlglt r
xa
P

19 .61+
o,oo?

9,87
0.20

1r' 'Ul0, 1,1

7:-.25
o. 1l

L. ez
o.68

-r1.53
o.1?

3 ,29
o. 85

lr,.89
0. 11

l.Dt
0, 82

22.43
o.ool

1.60

0,001

0,00e

l, r <

0. 0000

Overall lXZ
LX2

Flrsr Dlgi t- - -[6; l]_r

Second Dlglt- -91.18

Both Di.gJ.i s - - 13? go

L
o:2954

0.0000

c . oca.



IABLE I\T

GAP TESTS

N, = !r2

lr.
The 9p_.
Freqi

4 8.q
3 ?.0
3 6.1
7 5.13 L.6: r'-
t+ t.s1 3.1

3 2.4

1 1.8 .

0 1.6 '

r r.42 r.?13 9.3

9566tro666t+5[
857rl+3527922L31
)1
ol,
1))
oo3
1tt
121

10 B 6

62 51 66

o 1o lL rl 41941t72733t
3510?BLi+36s526360q25
72?r3851+:2
92161r0332911 2 2 2 I+

122220
lJ 2 2 0 I1/rO12o

f5 or over I 6 I 8

o 60 67 71 ,5 60 6S 58 bj 6l.sS| 52 \1 46 b] 67 11 57 1+1 ,i.e?2 55 50 !1 5r L8 57 i5 \7 lB.s63 50 l+9 l*3 L7 30 Llr 1)+ t8 h2.&r
4 l4 l8 30 t 7 l+t 16 I+z lir t7.l+.15 2\ 28 l+o j1 2I+ 39 22 z9 32.786 35 ll+ 3o 33 lr J4 2I j7 28.67
7 30 28 25 28 25 26 20 30 25. 08B 19 zt 27 I 6 22 25 r5 18 21.91+g lq r7 19 16 l0 23 20 25 19.2010 lb 20 12 26 13 20 18 t? 16.?S1t 15 t? -l+ 16 16 15 15 t5 il+,6912 611 rB]-3 8 913 12 r2.8i13 10 1l I l-L 1l )5 8 13 I5 11.21+

lJ+ 9 813 1l 911 I 13 g.8j
15 or over 77 60 65 59 69 62 ?A 6b 69.t2

Total 63 72 67 ?1 50 6l+. 0

tx2 = 1?0.5281i )/ = 127i P = o.rqL.:
N2 = ho96

Theor.

Total 502

4

508 q2A 508 548 \tz 5t7 512.00

tx2 = r1 o.3ohi t = t2'ti P = o.8l+?
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s.5
o.5

o.5

lxcerpts lrorl1 U.irlfvllo II:STRUCI|I0N 0ODE C-10

(,ln operatlon syrlboL, such as A,E,Q, etc., ls ioliowed by a
nenory locablon d.enoted here by rrnrr. In use, m ls a 4-dtgtt
nunber ln the ranse from 0000 to 0ggg. ParenNheses lndicaberrcontents of"i fo; exanple, the sy;i;l (rA) ncans rrcon;ents of
reglsbelin. Aporoxlmatc t]mo 1s gLven ln ml,lllsecondr.

l lrne S5rnb o1' Interpretat lon

AdJ (n) to (r.r)i rcsul-t in rA.
Clear r.. r,o zeto. Put ('rn) I.n r1'.
Put (r'A) ln n. Clear rA to zero,
Extract f:oln (m) tne aigtts specifled by (rF
Clear only ihose dlqlts oi (rA) whlch are
reolaced bv extrected diRits, Lyhcn a dlRlt
1n' (rF) 1s" zero (or cvenl leavc Lhe corrb-
spondlnc ctqlt ln (rA) unrluercd. When a
dietr ti (rF) ts nlu (or coc) thc corre-
sp6n.ltng dlp1lt of (m) 1s lnecrtsd ln (rA).
Puu (a) ln rF,
Put (rh) ln n. tes're (rA) unalieredi 1.e.,
do not clcar r.i to zero.
Put (n) ln rd.
Multlply (rn) arrd (rL), roundlng off ihe pro-
,iuct to 1l dJgits; risult in r,r.
lf (r;) -- (rL), starc :nstrucilon lnoutJne'
beglnnlng et locatlon tn, If not, contlnue
normar. scJucncc of instt uctior.s,
If (ri.) >'(rL), start Jnstr'.lcEion routlne
beglnrlng at locatlon n. tl not, contLnuo
normel seeuance of lnsiructlons.
Uncondliionel- change of instructlon routlrlo
to one beglnnlng at Iocttlon rn.
Shrft aL1 d:glbs of (ri) except 81gn dlglt,
n diqlts to the left (equlv"^lcnt to nultl-
plylne (r.) by 1on). Dlsrngard ra.

NoTEr There are allso lnstructlons for lransferylng from (rA)
to rL, (rx) to nr, (rX) to rA, (rF) to ui for dlvtding (rA) by
(rL); for liu1tlplylng -(n) by (rL), for nlrltlplylng lttthout
round-off to double preclsloni fort transferrlng iwo words or
ten vor.ds 4i a tlne from one menor.y region to anothori fo!
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