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I. INTRODUCTION

TIIr mlvrnt of lligll-!)(*rforl]l[tllcr ronq)lltm systcmm hns lmn@ to ]wltlwit~- lwo-

g]-illlllllillg (-olw.y)ts lilw \’(*(.torixlltioll,” llllllt.il)ro(.(’ssillg. :111(1 Illlllti[.ilsliillg. All Ill)lqgll

thw nrr Ilmn:’ sri. mls of tlmlgllt. 11s to tllr Illost. Sigllifi(”itllt fil~tol” ill f)l)t ilillillg

or(l(’r-of-lll:lgllitll(l(’” illCIX’ilF(’S in l)(Tfo~lllilll(X’, S11(41 Sl)(’(’(111]) (“iIll olll~ 1)(’ :Alifwvl

lJ~ iut.rgrntling tll(’ r(ml])llt(’r syit.mll :ul(l il])])li(”;lt iol] (’()(1(’.

t’(’(.t,oriz;lt.ioll” 1(’ll(ls t () f:lstm Ill{llli])lll:ltioll of illTilJ’S 1)~ [)~~’l”lil])l)illg il]st.rlil-l if)ll

(’I)U ryrh”s. Diswd.r or(linntrs c[)th~s, whirl] r(’(lllir(’ 1111(’s(dvillg of l;lrg(~ Illill ritv’s.

ll;lVC 1)1’OV{’(1 h) 1)(’ Illiljol” l)l’ll(sfil(”l.ol’S of v(’(.t f)riz;lt iflllo Nlolll(” (’/11-10 t.~illlS]~ol”l , 1)11

III(s ot.11(’rlIntlI1. t.yl)ico]ly rf)lll;lilw III III;(II(UI!; lo~i(. Sl; It ISIIICIII!S iIIIfl r(jflllir~’s f’xtl’ilsif’(’

I-(.tlf’v[’lo]llll(’llt t () Iwll(’fit frolll V(’(’to I’iXilt ion.

Allllt.il)l”()(.(’ssillg [III(I Illllllitnsliillg I)rovi{l(” il(l(lil. i(lll:ll [’1)1 ! (my(-l[’s viii Illlllf ild[.

I 11”()(”1%s()I?i. Slwll s:wtf’ills ;Ir(s gvllf.rnlly [1(’sif~llt.fl wit-l) f’illvv COIIIIIN)II IIIIVIl(W~ :IIww

(llllllt.it.i~%ltillg) !)1’ flist.rilllllt”fl lllt’lllolmJ” il(”(”(%iS. !Il 1){)1.11(“il!i(%q llll’l)l’f ’ti{mill!+])t’t’(1111},

;1::/l fllllrl.il)ll of t.11(’111111111(’1”of ])1’(1(”(’SS(11”s ( l’) illlll tll(” fr:i(”tit)ll of Iil!+li t illlt’ t Il;lt

llllllllil)l.t}c”f’ss(’:4(f’). t-ill] Ilt’ f{ll’llllllilt. t’11 lwilq~ .Alll(l;llll”sIJ:IW’

S’(f , 1’) 1/(1 ./” I ,[/1’)

lllnw’vl’lm. f’tw III(v:I :Il}l)lii”clt.i{)lls Illis Illf’{}l(’lil-;ll Iilllil c’;IIIII(II IM’ ;lrllif’rt’~1, (Illt’ It)

;I(l(lili(lll:ll tf’I’ 111:+ (( ’.!:., llillll il/~sl~i ll~:llvf ’11](’:1(1, 111(.tIIIIl.}c IIlxsrl;I]), (II I.. ) Ilid illi’llll!~.!l ill

:\lllfllllll’!: l,il\V, (’) Nl[llltl’ (’;II’111 Il”;lll!:llt)l’1 i’; :1 Il:lllll”ill I’;lllllillilll’ ~111 ltllllli],ltlft’...il,j’,.

:tillf’~~ III(I [~;llli[.11” 11”;1!1,:; :IIX’ j~~’llt’r;lll~” illl14’llfjllfl(.111 :11111 llIts IIl”lw.i:,it)ll 11~ I III, 111:,1111

1111’:”t’:l!;l’:i :I:i IIN’ :Xlll:ll’1’ IX IIIt (II 11111 1111111111I t)f’ Iulrli!’lfvi lr;limll~vl.

I



II. MCNP MULTIPROCESSING WITH PVM



lW interconnected by onc m more nctworlw, which nmy thmnwlvcs hc fliffwcnt.

(e.g., Ethernet. Intrrnrt, nml fihcr ol~t.ir uctwwk~). Timw aulqmtin~ twmrnts m’

:ICC(*SSC(l 1)~ il])])li~iith)nsvhi [I lil)rnx-yof ~t.~ll(liir(lhltrx-fnw ro~lt.i]ws. TINS(S r(Nl-

t imw dknv t hc iuit int ion nml tcrminnt i(m of lmmwsrs i~~r(~sSt ho m%wmk :M w*1I

;1s colllllllllli(.:~t.ioll” itll(l svl]cl]rt)lliztitioll Iwt.w(’m Iworrssrs. (:1)
.

111. M(2NP SPEIZDIJP ON AN I13M RS/(3000 CLUSTE1l.

Tl~(*P\Thl viwio]l [)f AICNP wits (*yillllilt(*(lol~i] 16 l)ro(W*SS()~ IIIN1 111S[’ (J?~YllI(-tYl

I]wtrlwti(m St’l. C(UlllMlt.(’~) SJ’Ht(’111/tX)O() A“lo(h’1 560 \WlrkStilti(Nl (“lllSt(V- ilt 1,.AX1..

l.h’t(wnil:iug trll(* sl)fwvllll) ill n nudt.i-lw[~r rnvir(mm(~llt. ~-nllIM’(Iiflirlllt. (IIK*to il lil(’k

of ;ll)l)ll)l)~iilt.(’ Iillling rt)lltin(w. (Ill U (It’(li(”ilt(’(1SySt.t’111,silllld(’ \Wlll.t”l(M”ktilllt’ (“iIll

IM* IIS(*(I 10 r;dcld;lh’ sIMYvII1]).‘1’lw I13hI RS/G()()() tqmwt il]g systtIlll (AIX) lmlvith’s

IIS(*~,S~SI(*III. 1111(1\~ill] (-](}(-k t.illlillg IX}IItill(~s; Il(nv(’v(’r, tll(’ lM*I- 1111(1syst{vll r(MIl illt’s

(lo II(d ilwlll(h’ “s1(Y*l)’” I illlt’. ‘f’hlu+. CIBU tillw “wtIsl(Yl”’ fllwillg cfn)ulllltliv;ll ion

lng ((~.g,, tlw I’\rhl liuwd(~r tusk wnitil]g f[w rqdirs fnml SINIWIMYI sltld.mks) is md

ilwlll(l~vl itl t II(w* t illlillg r(nlt ill(”s. (’h t.tmll ‘h\YilSt((1’”11(”1”[’is 11s(’(1ill 1.11(’st rirt

W’lls(’ (JII ;1 Illlllti Ils(’1 syst(’111, tlIt SSII (’j’[” ryf.]its iyi]l III(M1 ]i~t~ly IN, IIS{Y1 I)y ~)fll~~r

il]l[)li{mil lif)llS), ‘1’11(’ \Yilll fmlf~t’k Iilllf’ 011 iI ll(~ll(li’tli(.;lli’tl s~stt’111 is il f’llllrtif)ll (’f 111(’

!i)”:~l (’111 I();lll ;1111[(“:1111](1111(’11S(’(1 to t%lilllilt(” Sl)l’t’(1111).

III lm’ri(uvi wv”:~iolls (If XI(’S I). IY.SIIIIS w In’ SIIIIIIII(I(I IIV(II.J” 10IN) Imrlirl($s III II])

(liIt(’ [.(itlilill t;Ill~ tiIld(Is, ((t, Km. ‘1’;Illy l“llwtlhltic)ll [’lI:Ilot. (ll’t(’{’tOl-/X’l’l{:\~ I{llssi:lll

r(MIltIt tIS (’rit(’ri:l). ‘1’11(’WI IIII~ of 1000”clI:II Ig(Ih willl tlw III II IIIMV. (d’ 1*111.Iii”l(w I IIIIt’]~Ivl

;IIIII wns rlI(HSII S(UII(’WII;II :Irllitrllrily. II(m{wv. ill llItI rllrr(IIIt wwilnl (d’ 11( ’XI’

Illi:; IJJII’;IIII(’II’I”f“:lll lM,;ll(i~l”cvlI}Vtill, Il+f-l illlll (1(’lt”rlllilt{’s I.111’ illllllllllt (If illl(’r I;l:+k

f’t}tlllllllIli~.:ilil}llm ‘1’1111S, 1 Ilis Ilill”llllif-tf’l” 1111SII :+i~gliliriil]l i:lll):ll.t (III SlMWIIIIII~, ‘1’111”

!~ll’1’1)t iltl(~ Ill’ t Ill’ Illil:itl’1’ 1:1:+k, ilS:Wl~”illtl’(1 with IIlis l-l~llll:lllliit”:llitltl, is II lxv.1111 (J tlII’

r;II IIlti III II II II II”i* (If hlIIIIII. (’; II.1(1 lr,tdiillj~ {ill’., l}IiW(WUM:l ; r:llml.ilql, I IN’ !WIIII. 1111111

lMSrIIf Il;lrtil’l,v. N-ill Iltd lilli:~l] ill III(’ :.;1111(’Iiltl(’], \\ ’;l!l I-llll’li Iilllilly, (Ill :1 I“irlll:tll}

Ilt,,lit’:lllvl ::[”:it II III i,ltli(’lll(v+ 111:11I Iii:, SIIY’IJ tillh’ (“[III IM’ :.lllr:l:lllli:lic lv.lj(w’i;l11} it”

l“[~ll]illtitlil”;ltit~ll i:. rlvlllilfwl I’V(SI”V1(11)[) ll~lrlil’lr”:;,

51 M’I’IIIIIJ !’”illlll; ill’:, \yl.1,. II1:1Ilf I Il:lill,r, III(. rtl114~\vit11’,I(ll;:llil]ll

,s’( I ‘ ] ‘/; //;,, (/’)

IYIK’111 ‘1’, i. 11111 [ ‘1’1” Iilll,’ iI,I :1:.111,11,,11 lIIIM., J:.:tIM1,, I.111111111.Ic.,Ii,,,.tlli,,ll ;IIIII ‘1’,,,(1’]

i,. 11110( ‘l’l’ Iitllt. fII IIICS l’\”\l ttl;l:.lt’t I;IIL lfI tIIMIIlIlt4fI fi~(’1.lllillll \\i:ll 1’ :.11111:1”.1,.



In ?vICNP, the mwt.cr twk initialims the problem, spawns the s~d~tasks, mdlccts

the results, md writm the m~tpl~t film. C(lllllllllllit.:\tioll drcp time was m.olult ml

for in T,,,(P) I)y Iwiug t11(*wnll-clwk time (.+1S TIXIE Ilt ility) (m :1 virtludly (l(Yl-

ir;ltrd syshm]m hIldtilJlc off-hour rims :Iml !+~St,(’lll-loil(l n](nlit(wing wrc Ilsml to

wlslwr tllilt t,ll(’ S~St(’111 \VilS (1(’(liCilt(”(l. Whilr this ill)] )roiWh l)rovi(lr(l (’stilll;lt(’s

of sl)(’(’(111]) to within ill)ollt *2CXI,it lllost lilwly 1111(1(’H’St. illlilt(’S t.11(’Slw(’(1111)silw(’

s~st(*Ill itl)l)li(”id.iolls IIIS()(.ollll)(~t.(~for CPIJ ~~rl(v+.

TillJl(* II Iwwmlts NICIVP sIMwlli]J for tlw lG ])rowssor” I13hI RS/fiOO(l rllwt ,Ir

(lmml m AIC’NP wrsi(m 4x(* with Pfli wrsio]] 2.4.1). T(~iLt(~st. ]mdd(~,ns. r(*lm*-

s(vltlillg n wi(b r:llqq: ill gr(ml(4.ry illl(l c(mlld(’~;ty,W(T(’(.110S(’11fl’olll tII(’X[(’SP 215

1)1’01)1(’111twit. s(’t f(w ill(’llwioll ill this ;lllill~SiS, FR(wltioll t illws Iv[w) lI]:I(lt~ slllliri(illl

(* 12(1 minllt.(*s) to (’lilllillilt.(’ illl~ (’fhw.t of 1.11(’st’.lllt’llt id Im,l,li’111illil inlizilti,)[l t illl(,

( “1W K(*(YN:(ls), Figluv I is II ])lot of tll(’ :IV(*IYIg(~sl)(*(l(lIIl) (of i~ll t(~l] ])~(Il)l(*IIIs) f(u.

Sill lll’ill.(’(1 :111(1 St;lll(l; llll (.ollllllll lli(”illioll” (S[ltlllVlt(’(1 1~(’illg(W1’1’y1()(1()Ixlrticlt’s ;Illfl

St illl(lill’(1 I)ftillg t 11(’cllrl’t,lll JI(’;X1’ (l(*f;lllll. of 10 H*II(I(VVOIWIIllrillg t*X[’(miltit)ll)m ‘1”111’

t“llllY’ for Slltlll”;lti’(1 f“(}llllll lllli(.ill itul (10(’S ill[llwl Sll(~W’ t Ililt II I)OV(” S l)H)~”(’SS~WS (.~~111

Illlllli(”ill i(}ll SiltlllYlt(’S t 11(* 11(’rf(jrlllnllr(’. 011 tll(’ 4}111(’1” 111111(1,tll(’ ilV(’1’il~(’ !;l~()(’(llll) f(ll”

sl:III(l; Irfl f.t)llllllllliif.:lti(lt] ilwr(’:lst’s lill(’;lrly with till’ 11111111MSr(If ltrIMmtWtlrS. l,f}llgI’r

(’x~v.llt i(}ll 1itllc’s I“(%lllt.ill il (“1113V’ t Il; lt ll]ll~l”o il(”ll(’$i I.ll:it of 111{”I.11(’(W(’Iirnl Iilllil .

(’xl’ C)I1 II 1(; ]mwt’ss(n’ I1]AI l{s/(w)() (’lllst (’1” Im)lllll’1’(1

S])(’(’(111])S 111111 ill)] )ll)ill’11 I ]1(’ llllllll)(’lm of 1)1( 11.C%S()~S. SII(”II :.lMv~IIIIII. ill Illlits IIf H

~illj’;lt’ ]mIrt*SSCJIm( ‘I;Iy }“ hll} (SW fi~qllrf’ I, riglll IUYfilliltl’)q i(wvt.s Iillh’ flIMIltl II I;II

\l(’.sl’ 1)(’l”fl)l’ll)illlf”f’ {Ill II W)l”k!+till itul ClllSlt’1’ (“1111~~1’~’llt IJ’ Slll”lJJl!iS IllIll of 1110::1

:.ll[)f’l”(-ollll) llt(”l”:i, l{,”liill,ilit~ :illtl S[N’1’f I of llIcI f.(~llllllllllil”:ltil~ll ll(4wluli Hut (Olilil.;ll

f;i(”tfw ill (’slll(litill)’; SIII.11 {Iistril]lllt’tl lllf’lIItII-~ :;~slItiIh:. of III(s Iilll,l. :l~”:lil:lllllt tIII

1111.l,:\,sl, lll\l 1“111:!11-1.till. 1’:1111.111{.1:111!1I.’l)l)l l:lll\:! lllll\”l.!l Illlu. t ll.l; .!llll. ( ‘}:,’:.;),

I{ l’;ll’ll;l{ II:N4:ll:S

1. [;, \\’. Xl(.l(illllr’y, “lllllf illltl,.f’:;:;ill;l, llttllll’ ( ‘111111 ( ‘II{IIW,{III [Ji::llil,llt,wl 111:11(’11111

1111~11\l:IIIIIII~C ( ‘I II II IIIIlt I !;y:; tIIIII:..”” I’11,1). “1 Iw.:li’t. I’llift’r:.il:l IIr fl’:1’.llillr,

tllll. \l:l\” 1!)!:’;.
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TABLE I

COMPUTER SYSTEMS SUPPORTED lW PVhl*

A rchitcct urc
i[rimonic

A1’xs
ALP1lA
IIAL
131U,Y
Slslxwl
(!M2
( !m
(!NVX
I)(:AV
(’RAY
( ‘1{A}’sh”lr
II Iwo
II I’1’A
1s(;0
Ily+(!u
Ksl{ I
s 1;s’1’
I’(:ON
I’MAX

Ilsfili
1{’1’
S(:1
s[l~:l

SIINI
Sl”llb!

“1’rrN
~!\’:j x

llwription
—-

Alliant lW/S
Dl?C l\]pha
!+qumt Dalancc
FlllN Iluttmfly TC2000
80386/486 Unix Imx
Thidting Machinoti (:M2
Thinking Machima (!M5
Ccmm L%tcritw
Data Ccncral Aviion
C-!)O, YMP, (’ray-2
( %ay S-hfP

llP-!1000 model 300
IIP-!)OOOPA-RISC
Inlcl il%(:/?NiO
[nlrl il>!+(!/2 W Iml

Kmdnll Squm* 1( S11-I
N(~XT
Inld I%riigm

1)1}(Mnlioh 3 I(N), !i100

I I)hl /llSfioOO
HIM w
Siliwn ( iral)hir~ [1?1S

Slln:l

SIIII 4. SIBAI{( ‘ddim

Si’~llwul s~lliillc’lr~

!+l.firtlmt Til.;ill

I)lt( ! \lirn)VAX

(C)SF-1)
(DYNIX)

(L3SDI)

(IJNICOS)

(lII’ITX)

(Sysv)
(OH’- I )

(Illlrix)

(111X)

(s11110s)



TABLE II

NICNP SPEEDUP ON THE LANL

16 PROCESSOR IBM RS/6000 CLUSTER

35

2.0 1.9

3.7 3.5
6.5 &1

9.0 7.8
1~-~ g.~

?.0 2.0

3.9 3.!3
i.i 7.5

~1-~ 10.6

14.3 13.-*

MCXP Tmt Problem

10 11 12 14 15 16

SATURATED COMMUNICATION

1.9 1.9 1.8 1.9 1.9 1,9

3.5 3.3 2.9 3.6 3.7 3.5

5.7 5.3 -4.0 6.6 6,8 6.3

7,3 6.’i 4.3 8.7 9.(I 8.2

imi 7.0 3.6 7.6 9,3 8.4

STANDARD COMMUNICATION

9J-J ~.) 9J-J ~-o 9J-J Z.-J

3.8 3.8 3.7 3.9 3.9 3.9

7.2 ~-~ 6.5 7.7 7.7 7.6

10,1 10.1 8.9 11.2 11.3 11.0

12.6 1~,~ 10.s 14.3 14.5 13.8

~.o l.g

3.7 3.6
6.6 6.1

9.1 7.S

9.9 7.5

~.o 9J’J

3.9 3.9

7.5 7.4

10.9 10.7

13.6 13.5

Average

1,9

3.5
6.0
7.8

8.1

q.o

3.9

7.4

10.6

13.3
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Fig. 1. MCNP SptalujJ ml LIICLANL lG Proctiswr IBhi RS/dJOJ Cluattl.
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