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C.4LC’UL.ATIONS (l’)

John S. Hendricks
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INTRODUCTION

Jlontc ~arlo radiation transport codes use a sequence of pseudorandom num-

bers to sample from probability distributions, A common practice is to start

each sourer particle a predetermined number of random nulnbcrs up the

pseudorandom numlmr sequcncc. This number of random nllsnhcrs skippml

Ix’twm’n each smlrcc pnrt icle is the random numlxv Stride, S. (~oll~(’flll(”lltlly.

f IN’jlh sourer pnrticlt’ always starts with the j . ..!.!//1 random nllndwr provi(ling

‘“mrrvlatod Wlllll)lillg” lx*tween similar calculations,

A nw machine-portable random number gmerator has Imm writ i rvi for

t Ii{’XIWI[(C( ‘ark) ra(liation transport COA*JI(.’X])I provi{ling Ilw”r’s control of

Ihc ran(h)lll nlln]l)m ~tri(le. First, tlw nrw fil( ‘Nl) ranriolll I)llllllwr g(’lwrntor

;Ilgorilhnl will IN”tlow’ril)t!(l ,allfl I lwn IIw [*IT{x4sof v;lrvillg llw SIriflr will IN’

]Jrl”!if-ll!(’ (l,



The New Randon~ Number Generator Algorithnl

NICNP h as altv a ys use d tile c ongru e ntia l scheme of Lehmer2. A pseudo-

random seqlmnce of integers, 1., is generated by

1,,+1 = mod(M1n,248) ,

where l? is the random number multiplier, and here Whit integers and lS-l)it

floating poill~ mantissas are assumed, The new IICS1) algorithm provithw

user control of 11 with a default value of

\l = 5’9 = 1907:14s632s 12.5.

The random nun-her is

Rm - In.= 9-48

The starting random integer of each history is

IIi+.s = mocl(lIsIn, Y8) ,

where .~ is the stride. 13m-ause each random nllmbcr is the least-sigl]ificitl~t

(lower) 4S-l)its of \l I illws thr previous randmn I)ull]l)(’r, llw lmvcr 4S I)its of

In+,$ is 111(’Salll(’ ilS tll(’ Iowvr 1S I)its of \l”sl,,.

‘1’0acl]ievc !M-l)it it(’~llril(’j’ in a Illa(”llill{’-]’)t)rtill)l(’ \Vily for tll(’ ill)OVt”ill-

tqyr ;)rodurt. s, \lI~ and 31’$1,,, tl)r \loI) [Ilnction is llwvl to s])lit flk~l)il

(Illantities into 24-t)it hnlv(w, all(l tlwn Il)lllt il)li[”atiolls arc (Iorlt’ 011 t Iltw

Ildws. Th= prodllcts of t IN’C1-l)it qllantitirs will Iwvcr rxcwv] .l/$-l)ils, ‘1’11(1

,lS-l)it pro(lucts (-illl tll(’11 I)(’ (Ilrt Ilrr II]alli])ll lilt (’(l to r(vx)rlst rll(”t, t ]1(’r{vlllirfvl

lS-l)it. Ii]arltissac ‘I’() ;l(lli(’f”f’;I(’(’t’])t;11)1(’(x)llll)llt ;It iollill SI)IW’(1, t II(’ filSl (’1’ IY’I’

fllllclioll rIIl)l;i({Is III(. \l(lll I’1111(’lioil:

.)
“



mod(4X,2k) = X - 2kint(2-k X) .

I[istorically. \lCN1) l)as used a random numhcr stride of 5’ = .12!17 that

is too small for many mm.icr[l prohlcms. Therefore a I.mt.trr default stride of

.$ = 1!529171,) = .4.52525~ = l(-lcllolo lololololol~

Ilas bwn ilnp km e nte d.

Xhe Efkcts of var~~r St
.

rid?~

:\ random nun-hr stride less than the numl]cr of random numbers re-

quired for any history causes a correlation of results Imcallse the same random

l]lln]l~or sr(llwnce is rtwwd in adjacent hist.orim. Fortunnlvly, t lw correlat ion

is small bccausc tl]c random numbers are used for different sampling purposes

in nlost realistic prohklns,

\lGlltc t’ilrlo rt’:;ults arc IIISS sensitive to t,llc c-]micr of randmn llunk’r

stride tlliill Illigllt I)L! cXp(2Ctd. A series of twcl)ty-six radiat,ioll transpurt

l)roljl(:ins Ivcrc rlln l.lsing randonl num b er strid m of 429’i an{l 152!11‘i. ‘1’11{.:r

1)1’ol)]l’rllS i[l(”]ll(l(’{1 a Wi(]C Vari(lt~ (J[ a])l)licatiO1]S ill(’lll(lill~ oil \~(’]] ]()~~ill~,

(“ril i(-iilil)” Silf(lt~, rii(liiltiOll sllivlliillg, {1{’pp])(’ll(d.riltioll , :ill(l (’1(’1”1roll 11(’1(’(’w

11)()(1(’[illJI, X(3 (Iis(.{’rilit)](’(’f[(*(’tWfiqolJS(*rv(l(l, (’V(’11 ~]loll~tl ill Il]ost ])tXJl)h’lllS

solll(” Ilis!ories r(”flllirc{l ll)orf~ t]lan .l?!)~ r;lll(loll] tlllllll)f’rs, ;LII(I solll(*til)]t’s

illtm’ I Ililll 100000” rallflolll Illlllll]ers, ‘1’11(’oil WK’11l[)ggitlg cnl(’llltiti[)ll lVilS ~1111

wi! h sl ri(hw of I , 2, 10, 100, 1000, 1217, 152917, ;lll(l www ~11(1110w(ld

\Y;lS illll)illl’llt.
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The ~vorst possible case occurs when the problem is so simple that tlw

random numbers are used for only a few basic functions, and the stride

is so short that the same random numbers are used for these functions in

different histories. To examine this situation, a simple test prablcm was

devised consisting of a monoenergetic, isotropic source in a 10% absorbing,

15-mean free pat h sphere. Random number strides of 1, 2, 3, 4, 5, (i, 7,

S, 9, 10, 100, 1000, 4217, lt)of)(), 100000, 152917 and 1000OOO were tested.

FIUSCSwere tallied at fourteen concentric surfaces, one mean free path apart,

througho[lt the sphere. Figure 1 shows the calculated fluxes divided by the

convcrgrd solution plotted against the fourteen tally surfaces for four cast’s:

s= 152917 and the three worst cas~ of S = 1,2, and 9. The fluxes ronv(’rg(d

to within me standard deviation of the nwan two-thirds of tile tinle for a

stride of 152917 as expectcii. in tile worst case where S = 2, the variances

wvre [11](.ler(lst,ilr]at(’d. Strides of 3, 4, 5, 6, 7, and 8 were all lAtcr than

Stri(lm of .12!)7 allr] I52[J1‘i w]l~r~,as str!dm of 1,2 and !1wrrc wwrso,

C;ONC!LUSION

:\ III*W’\l( ‘xl} rnll(l(]ln Illlt]]l)(’r gf’11(’riltor Ilil!+ lIt’(’11 wri t(III I)rt)viilillg

ii larger (Iefalllt stride fLII(l Ils(-r (x)llt.rol of I)(lt]l st ri(lr iIll(l 11)1111il)li(’r ii) it

llliLl”lliIl~-])()~lill)l(’ \VilJ’, ‘1’tw drt:(qts Of (lilrw~llt v;lill(’s (JI’Illt’ stri[l(’ llilVt’ I)(v’11

~’X;llllill(’tl. ill Sillll)liSf.i(’ 1)1’01)](’111S il SIl)iill Stl’illf’ l’illl (’illlS(’ ill) 1111(1(’ll%tilllil,

I il)ll of I11(-V;ll’i;lll(”(?, lllIt for r(’iilisli(” I)rol)hvtw, \l(llllf’ ( ‘ill’h) cx)ilt”tlrg(’tl(~’

is sllrl)risil]gly ills(vlsilivr II) llw stri(l(*, tIt’(’t I WI I(III f-xl rt’lilf’ V;IIIIIIS sIIf’11 iis

1



s = 1 arc used, became the random numbers arc used to sample different

proccsscs.
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