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Give" me nnire level Of Funding .zYailable to 

ao1ve a Particular COmP"tl"g l"tensl"e pmblem. me 

cOmp"ri"g fO3L e~rec~l"ene33, derlned for *ramp,* as 

eq"i"ale"L l-loat‘ng point operations pw second per 

dollar ~iFLOPS/dollar). can becone 
important. 

EPiLiCally 

Thl3 riwre or merit ~epend3 on emice, or 
Lechnology ) memory, 3Pecia1 Purpose hardvare, and 
i"terconnecrion aI-ChiLeEt"Pe. me** CholEe3 cannot be 
sewmted Tram algorithm decision3. merefore, it is 

lmwrranr that those embarking on highly cOmp”ting 

lnte”JiYe calc”lation3 “ndeP3tand the optlo”, and 

trade-Off* LkL they haYe an* the implication. or 

CheiP ChOiCe3. A” example 13 me very non-linear 

Lrade-orr between calc”lallonal bita required and cozt 

errecli”e”e33: the luxury OE not haYl”g LO vorry about 

computing PRCi3lO” w come at the price or 

elimirating pOLe”tidl~y very pauerrul table look up 

txch”iq”e3. 

Table I a”maPiOe3 potentially relevant type, or 

computing eng‘nes. cost errecti”e”e3J ““rnkP. are 

normalized to a VAX 11-780 with moderate pwlpheml3 

appropriate LO aCCeleP3toP ca~c"laLion3 ($ZOOKl. S"fh 

number3 lfmm any source1 we normally meanbgrul only 

within a facL3r or wo ana the** WE not intended t.0 

be better than mat. Not me 1ea3r PeaJon l-or mia is 

that ma=hines and ComPileP3 have dlfferenl errlclency 

for dirferent Lwogram, *Yen when one *ocuses, as Ye 

me, on a 3peCiflC Ch33 or problems. me co*t 

number. erpllcitly do not incluae deYeiopme"r co,t* 

(which may be *"b*tantial ir COmmPC‘3l OP laboratory 

developed 3y3t.em3 are not available). me level or 

development errort required an.3 centers YhePe this I3 

going 0" 13 indicatad I" me rourrtt CO,"rn" Of Table I. 

me iaaue or i”tPi”*ic parallelism 1, important 

enough to warranr a small dl”ersL¶n explaining LO 

“on-aL-icla”ados the dirferent pozslble type3 or 

computer p=ral~cllsm an.5 the time Jcale on which they 

are likely to be PeleYa”t. A conventional computer, 

“here single war** or dlta BP* operated on 

3eguent~al~y (*ometlme* in plpellne31. I3 rererred to 

a3 an SISD, single i”3tP”ctio” Jtream, single data 

stream machine. Comp”tsr3 with in*tr”CLiOn* LhlL 

operate *im”ltaneO”*ly on vector3 al-e rererre* to a, 

Vector Cmp”t=r* or SIno, 3ing1e i”*LrucLion *LrCm, 

multiple dam atream maehines. -ill* tray 1 3”d CYBER 

205 at-e two ma,or example3 or SItuJ tMChi"**. 
"ectorirable PPoblem3 (particularly LhO33 "ith vector 

size, that. 3re matched to the maohi"* width1 are 

handled err1cient1y by such machines. me tra"spoPt 

problem is Ob"iD"3~Y "ectori*ablc at the I-iv* OP ,ix 

dimen3ion Level and, therelore. Ca" tenex-it to some 
extenl I-ram YeCLOP procensors. me genera1 problem or 

making errlcient u3e or SIW computei- rot- the part3 

Of program I" which YectoP3 are not as ObYio"*ly 

q anire*t has been Lhe 3”bJeoL or an intenze efrorr in 
COmp”teP 3cIenoe ana ir Tar *mm being solved. 

Fully Parallel Eomp”ter3, refemed to a3 HIHD 
~multlple input stream, multiple data atreaml, allow 
each Of aanY PPoce33or3 independent acce33 to any 
location in memory (Figure 11. The** ape I*,* 
can*LraininB and .zr=, thcrerore, potentially more 
efricienr r-or tile genera1 PPOb1.m. FOP ttli, ream”, 
much academic (and 3ome cOmmePCla1 re*e~rchl i, going 
into the de”ehp.e”l or general p”PPo3e “It40 
COmP”teP3. Although potentially capable or bringing 
me high co*r erfecLi”ene33 Of VLSI microprocc*sora LO 
tile brOade3L .Dosslble range at problems, 3”Ch maChine 
an.3 the requi3ite sowdare are “at likely to deliver 
0” mat. polential until at. l.sSL ,990. (The Denelcor 
HEP is the only Eormercially availatnlc general purpose 
HIHO machine. IL ir or great value ror dWElOPi”3 
HIM0 aortuare, but does not have cost e~fecli”ene3. 
good enough to include 0” OUT Table). 
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Table I Elb33 one approach to OompetitiYe co3t 

etYecll”e”e33 OYCP the next tvo year, mat require3 

3omeuhat ,ess gra”“,ariLy than ~OUCA~Ol~l 

micmproce33or3. The 3081/E em”lator is being 

de”elo.oea at CERH and SLIC a3 3” 3”3weP to experiment 

reoOn3tr”oLion ana high level trigger demands.’ 

Emulators are 30 named be33”3B, “zing “my fa3r logic 

ana bit *lice technique3 , they we able to “emulate” 

(1” Lh13 case) me *Et4 3081 i”3tP”Ction set. This 

mean3 mar code wrltte”, deD”gged, and compiled 0” an 

Ia4 mainframe can, uirll relaLl”ely little dlfnculty, 

be loaded onto the far cheaper emu1at.x-. Since (as 

Table I showa) t:ie 3081/E ““it c03t and computing 

POMr ir higher than mlcmproce33ors Of the *ame COZL 

efreCti”ene33, LIIF gra”“,aPiLy requirement IS 

correspo”ding,y lover. For me r1rst year Of thelP 

avalhbllity (19851, this poasib~e emulator .zd”a”tage 

come, at no sacrifice in co*t erreoll”e”e33. 0” that 

:,‘ze 3c;~8e;,~redi~~on3 *or the COSL errecLi”ene33 or 

m”,rlpPooe33OP systems al-e 

i”di3ting”i3haD,e. 
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““rort”Mt.ely. em”laror3 appear to Il.“* ,,,L”r*t*d 

the rech”Ology r-or the ror3eeable rurvre and their 

cost errect.i”ene33 Will remain nearly EOn3La”r with 

tlm*. Thmugh 1907, impro”emenl3 tll*t *l-e knovn to be 

coming in comerclally produced miC~OPPOfe33O~, “ill, 

I3 Table I *ho”, , at leaat double the 00,r 

errecli”e”e33 each year. Beyond mAt, the cryrral 

ball 13 0,0”dl.,P, b”L one can expect contin”& 

impro”eme”t3 I” sing,* m”lriproce33or EO,L 

errefti”ene33 through about 1990. 

*hyslca llmitatlcns on 

At Lk3L point, 

chip *peed Will 

impro”eme”ta to 

rorce 

mve in the dlrectio” or more 

proce33or3 0” a Jingle chip. mu*, I” the long N”, 

accelerator algorithm dcslgnera clearly q u,t my* 1” 
the aiPeftl0” or mm granularity iI they ba”L to rake 
advantage or comerclal micrvproce33or dc”e~op.c”t,. 

Processors 

I 1 

Switch 

I 
. . . 

I 
Memory 

Figure I: Conceptual diagram of genera, 

purpose. closely coupled HIHD 

computer. 

*s we noted earlier, the Second genera1 *pprO*o~ 

to me HEP fOmP”Li”g problem involves 3pefial purpose 

devices. These may “3e a “aPiety or Lechnlque. 

including dedicated 0”StOm VLSI circuit*, comePoia, 

YLSI m”,tip,ieP. (!hlCh haYe the lligtiezt comercia,ly 

avaIlable potential FwPS/dollarl, and tab13 lOOk up 

ay*srem* that coneal” rapidly acoesrible PPe-CDmpYted 

f”“otlo”3 or 3rbltPaPy cOmpleliry (and vhich have no 

theOPeLloa1 
~~~ecLi”e”e33~~p=rbo”n~ to 

their pote”tAal 003r 

These speflal *urp=a= w*tcm* may be 

c0mp,*te,y 3ta”d-a,o”e--l” WillOh faze Pr=gP=.maDi,ity 

cOn3ideraCion3 “ill pPeol”de Lhelr “se I” =““ironaent3 

Yhere rlexlbllity and FORTRAN 3.8-e F-=requi*ites. 

Building auctl de”Ic.33 in the rorm or modular “h3r-.zivarn 
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3"bPO"ti"e" coproces3or, linked to mi~roproae33or3 i3 

an ACP Eonoept that "ill mall* 3"Ch sy3lems a"ail3bLe 

a a mRriiu4 e"~ir~"me"t. I" gen*raL, the Lead rime 

for ae"elo*i"g ap3cLrio speolal P"PpO3e *y*tcm*, 

elLheP stand-alone OP a3 coprocessor*, need not be 

even a3 long a3 a year-once, Of cour*e, the algorithm 

requiremenls am "nder.roOd I" data,, and Pe3o"rce, 

(namely a defig" group, are avaiLable. 

a 0 I 8 

rl‘YI* 2: “11 >.tllcs ‘I”“. .“ltlp,sc*‘mr In~..c”n”rlln” .Ck.. 
r< ar,., I”< rcrcln,* ,C,. II. c,rr,., .n r)l_=.*Y,. 
cati CYl,D/...~,.,i *q”“,.. *,* “.Prl. 

BY me term c0prac3330r, we mean a hlrdwarz 

device (a copy or uhiCh is attaChed to eaon node1 

WhlOh e"hanC.33 me perfoma"ce Of me "0-b by doL-lg a 

oomo"ly done, LLm fO"3"mi"g procedure very qYick,y. 

An elementary example of 3uoh a devioe i3 the rlcaring 

point aCCeleParOP ku"d in 31m03t al, comp"ler3; 3 

third or rtle p,-00*330r ume 1.3 typioa,,y *pent 0" 

r1oaYting potnt add3 ana m"ltlplLe3. By appending a 

raarer floating point ALU, one obtain3 a corre3pondi"g 

gain in speed. sin=* the process 0"LY ccc"pie3 

LhlPLY-three pePcenL or the time, one can at bee, get. 

a net Speedup at a t-actor Of me and one-h?.lF. In 

genera,, if a ooproce33or can tar.3 OYeP a part or me 

caLc"hlion that. othervi3e would take a rraotlo" R or 

the time, it can improve the co3r e~r3cti"ene33 by "0 

more man a raotor Of 1/(1-R). Thus, to exploit thi3 

approaoh, It IS fmportanr to ldentiry kernaL "irh A 

gmatw aan 0.9. Here we UlLl prezent example3 or 

rour type3 or- *La"alble coproce33or3. 

0.I. LD(I _.I I... . b, . ..I. 

arW”l 

r**wr ,: A ,hPk. *,nli,r r.nk ul,lpruccrms cm- 
I‘X”r.,‘a” cur EYC”l o.l.“red PraDk”.. 
I‘n*l. C”C”l‘ *n an .ccLICr.I.r problrm 
ara ,“di”ld~l ray*. 

Along similar elementary lines LO the r1oatiw 

point acceleraror, is the oonoepr or the mulrlple 

*r noted (IbO"3, coproceasors that 03" give tr"Ly 

YOPrhYhilC inpPo"eme"t3 OYeP a bP3 

m"lti-~iCPOProfe33Or ,y*rem are rho*= WillOh handle 

Some kernel or the algorithm that. cmsume, aLmost al, 

of the CPU rim*. For example, the IULRYLIE program2 

**end* mast or it3 time in a HerLo"'." llgorirhn VhiCh 

i""o~"a3 inverting @mtrio33 and 0tlIw *rep,. I 

hz.rdhm-3 device to do rnir sight easily N" rirry 

tbvse3 faster thn rlls tDICtWpPOCC33OP. l"OUlCP 

insranca of an ide"tlNab,e kernel i, ths cxp3noio" or 

high or&r poLy"omial3 I" sevcrll "3rlabler "aad to 

rind LhC "kick" Ii-o. a magnet clsmcnt f'leld cx$.Pcsscd 

a3 a n"lLlpoLe cxpanalo". 

Ml aLCer"ati"* to creating a separate devlfe r-or 

each 3"Ch "hativare 3"Dro"Li"e" might be to .¶c,ign 3 

sin&L3 PaLeroprogrammabLa COPPOCe33Orl 3rd LaLLc.r the 

Codlog to t.lle 3LgOrirhm kernel. picking UP 3 racwx- or 

"only" ten to twnty over- tnc micmproee33O~. SevcrPL 

***igo "eP3ion3 or this approach have been Otudied by 

the llCP gr=w For elperimc"t r=co"3rr"ctio" 

a*plioatio"3. They appew LO be potcntial~y equally 

relevant LO the 3cceLerator tra"*pOPr prot4c.T. 

*"ot.hw such e.*ign is 

w. Fo.ter.' 

being rwdied by 

Thi3 device 3130 PepP**C"t* 3" er*m$ae or 

3 PrQpo*ed 3ta"d-alo"s 3peciaLlred pnxea*or. The 

idea I3 to hod ma unit3 directly to the tlo*r 

OOrnPULCP, uirkur "Zing the node3 (thus wving ,ome 

co3tl. Thi3 3.p*xw2h "UL DC *igniFk?a"tly lea, user 

rrien*,y, ho"e"eP, Lb,," attaching the unit3 LO the 

FORTMN *PogrPmm.bLe nods,. uhere they WULd be 

callable a.3 s"bPO"tl"es. 

Both rneze type, or 3peoiallred microprogrammed 

devioes are "WY .simiLar I" concept to amay 

~~esa~ra such as those sold by FLcatlng mint 

sy3tem3, Inc. or Sear Teohno~ogy, 1°C. Crater co,r 

*t-reotl"C"e,* ror the "how built' 3yrtem3 "ill be 

obtained by reducing pipeline, me!mopy, and Other 

complerltles a* avoldlng comcrcial rlrorit and 

O"ePhe*d. There u.?,y be benarlr in experime"Ling WlLh 

oomercia1 army processor, before comittlng to a 

3wcialired devkc or this me. 

Th"3, ror problems with 3 *"it*bLe kernel, 

3pecialircd EOpmCe33oP3 b33cd on com.eroia~ high 

*peed VLSI multiplier, can get "P to 3 raotor or rirry 

Impro"eme"t over 8 bat-e mi0mpr003330r 3yatem (*ioh 

I3 itneh- a r*otor OF rirty Lmpro"eme"t OYer me "AX 

standaId). n-Ii* may not be the en* or the road. 

"zing memwy hook up (bull) tcch"iq"e3, one can 

typically compre,, me calc"latio" or arbitrarily 

oomplic3.ted l-“mtio”s into 3 SO-300 “a”o3eco”d lo-ok UP 
or about one IPifrO33COnd i* the lOOk UP is IOllOwed DY 

3 llWdml% i"rerpolaClo" profedure to extend 

preoi3io". 

Ll"CBP l"tarpoLatio" gives acfurafy to t"lCC aa 

many digit.3 .33 the t&L* preclslo", 6 , aa Long as me 

f"rnt.iO" t.ab"Lated h.3 me PropertY that. aLL 8' ES 

n-m derivatives al-0 Small 00mp*r** !dlrA "116 . this 

is fL+arLy true *or tP~"Sp.Yrt "kLCk" !wtctLwm, and Ye 

can conmlently 3r.OPD a K-bit table to get Zk-bit 

aoE"raoY. When many kick, are Eo"fara"area (for 

exmple "zing 
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From horl 

To other 

"Ode3 
--- 

To,,",* 

- -a Global Bus 

.,“J IhYSSeS. 

R”t.h or DPagL’3 *ymp,ect,0 approache3*'4) into a 

3lngle map, this =Onditlo" is not a3 Ob"io"*ly met. 
I%* ProPePtLe3 Of me concatenated map mu,; be 
"ndeP3tOOd oarerully vhen 

i"terpoLatl0". 

co"3ideri"g a Linear 

The ML" meLhod I3 LitaiLed in the 

=fmunt Of Preclslo" ?."alLabLe an* is partic"LarLy 

cm3tr*i"l"s ror r""ctlo"3 that *f-e s"Ltldime"aio"aL 

and/or dePe"d*nr al several "3Pl3DLe3. *t the 200-300 

"a"O3=cO"d 3cce33 rime level, 1.5 myt.e* or mempy can 

be expected to 003t $I-ZK. For m"ltl*rooe33or system, 

Lhl3 *et3 me 3Jc*1* or po*aLb,e rats,* sires I" the 

next l-w years. Single node HI." 3yatem3 could, or 
OCUP,C, De made fOrre3pO"dingLy Larger. I" the 

roLlowing we Will as=ume 1.5 HDytes per node ir 

avaiLaD,* in order to co"3ldeP po33ible co"rig"r3t~o"* 

and !Tact*ca1 1im1t3 on pr=c,*lon. 

It I3 CLearLY necessary to be very $.=r*ir30"L‘3"3 
in usicy, "en.%-y. 

;;:~:~;~"fi;;;bl 

lrbltrary look up, are simply not 

or an n dLme"3io"a, map with b bita Of 

bit3 are required: ror 39 dl*e"*i0"3 

and 0"lY eight bIL3 this come3 to about 2 

A 

P" 

ppg1e 

megabytes. 

linear i"terpolatio" Ped"Ce3 by a raotor or 

the amunt or m*mOlV PeqUiPea, mcugtl 

Ea,c"latlng t!lc inrerpo,ation "ill add a little time 

to edOh lOOk up. 

TO be spec‘rL=, we cOn3ider tile mulripole 
tracking pPobl*m ~a.suming magnet element kick, are 

EO"oare"ared into me **me number Of map, as node3~ 

vim t-our strongly coupled VariabLes and weak 

depe"de"fe 0" the other two phazc *pace "ariabLe3. 

using Linear interpoLatio", 1.5 q egaDyte3 or memory 

"ill allow rwe1ve bita or precision. FOP a TULl 

symp,ecLfc oalc"Latlo" rhPO"gh the twenty pole, a co,; 

em3cti"e"r33 imprO"eme"t Of 2,000 OYer the Lmre 

q iclwPPoce33or ~100,000 ovei- me "AX, is po33lbLe I-or 

very Long time scale LPacklng calo"lat,lo"3. BY taking 

advantage Of the relatively *par** dlagona, nature or 

the map, loose coupling bet!4een (x, x01 and (Y, Y',, 

we SUSPRL tnat several mare bit3 may be sg"ee7.ed OUL. 

SUCh exrraordl"arY p0331b‘litie3 CleaPLy mOLlYare 

a close lOOk at LYO important que3tio"3 mat we raized 

at the I"" Arbor ssc work*hop: a) mu much precLsi0" 

IS really required I" a calc"latio" given the known 

Level3 Of noise ana ""cePtai"ty I" a real aooelerator7 

b, h-e very large ""mbeP3 or 3lm"laLed turn3 going to 

be ot- practicaL use in designing ne" machine3 given, 

*gal", the real le"el3 

or noise and ""certainty? me== ~"e*t10"3 an* LhC 
genera, iszue or m""d-orr [ParLicuLarLy I" *,geDPaiC 

ma"lp"latlo" fO"Oaten*tLon or maps 3"Ch *, th*t or 

IJragt2) ELe*rly need to be racea regardLe,a or t.h* 

potent1a1 Do.3" or ML" memods. 

N~cdePer not,4 m*t me hot mar higher op,Jep 

r*Prrm are car sm3,1er than thoze clue t.0 the ,ine*r map 

may aLLow DPeaklng the problem into tY0 pIeceI, each 

WlLh less gl"ttono"3 bit req"lreme"t3. S"Eh i&*3, a, 

well a3 nechanlsms like rhoa= Of rwagt' and Ruthk that 

3ympLectiry algorithm3 a"* thereby m*y control 

round-orf pmblema, make uz believe that MLU metid= 

3houLd reman Under co”sideratlo”. 

It I3 not “eoe33arily easy LO eatlmare tile ,eve, 

or preoizion needed to give correot re*u,t,. It i, 

temptin. to Jay mat You “**cl no preoL*ion gre*.Ler 

than th3 acc"r3cy to uhich YOU can me33u,v your 

rields, treatiw the Po""d-orr ez-ror, InLroduoed a, 

part or 6thc random noire. ret, *3 m*gt *"d Ruth 

point OUt , the no13e 13 HamiLLonian in n*tulY vhih 

the round-o*r 13 not, 30 me YO?TY 13 that they ULLL 

aocuwlate in dlrrewnt ~3~3. Perhaps a 33fer ,i;oLt 

IS aat th.e round-of-r ePPOP 3hO"L.d lie a3 ,&a,L a, the 

Eorreftlo"3 needed to make to ~~"re*ympLeotlfy" (that 

i3, to l"J"re tile LPaCkinS 13 Hamlltonia"~. The noi** 

or the** random correctLon3 may be or the *am* type a3 

that ot- ,aor or- precltlo". 

EaPller. we note* that the simple multIprvfC,.Or 

o~nYigu~~tion 3hovn in Figure 3, uhlch yd3 origlna~,,. 

conoel"ed l-or experlment.F.1 event recon3tr"ctlo". I, 

alao likely to be very user", in ray tP3"3pOrt. Each 

CPU "ode's a33OEi3ted memory hold3 the parameter, or 

the f",L aocclarator. *any ray, are rP*Cked in 

paa;LLel ror as LO”& aa de=iPed, each I” a *ep*rate 

Other co"rig"ratLon3 are po33lble, each "lLh 

likely advantage3 and di3ad"a"tage3 and below we vi,, 

give a rev examples. FiP3L. hoYe"eP, IL is imporranr 

to get a reeung for the pr.eCtlCal parameter,, 3"Eh *3 

003t3 sin.3 b"3 zpeedt, that aThot the choice of 

oo"rlg"ratLo". II *et Of 3peciricaLion3 ror a modular 

refo"fl~ur3DLe ryrtera has been developed by Ferallab', 

Rdvanced Compute? Program over LhC 1a3t Ye=P. Detai13 

VU, be published in 3 set of recpoPt3 during the next 

year as a prototype IS built. me *pPPo=fh is baaed 

on "ring comeroiaL b"3 standards, memory, CP"3. etc. 
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the next yeas I.3 on a simple SUbSet or the r"ll 

system. This, will be bawd on CDmmePEially *POduCed 

bU.3 Equlpmenr ior a local and slobal DUS. Speclallred 

COPPOCeS.%vl, nearest neighbar Interraclng, etc., F&y* 

partwhr~y interesting are.33 for ewhasia in 1985 

an.3 beyond. mere are at least t!Jo commrclal b"S 

standards recently announoed that. correapand to the 

ACP criteria or i-able II. Thea= are Intel's huLTIB"S 

II an.3 mtorola's VxENPn. Cleairly, LhC te,ic two 
tiered bus concept ha.3 bee" widely reocgnired a, 

important since it keeps local tL-anYc lxween s CP" 

and It.3 memry and COPPOfeesOP, rrom saturating a 

global bus connected to au "c&S. 

I" another use or the co"~lg"ratlon ahoml in 

Figure 3, each "ode calculates a ,eEtiO" or lattice; 

,"foPmatlo" about paPLlCle3 is passed IPOol "de r-5 

node wer me global b",. A "Ymber or- rays qua1 LO 

tile "umber or node, rollou .sfh Other rhrwgh the 

,ysten I" a "SystOliE" or pipelined rashion. The 

advantage 1, again reasonable .imp1icity. b"Z ulrh 

amaner memOi-y requirements an each node. *he 
disadvantage IS that me amo""t or processing done I" 

each node must be large enough that, the global b", I, 

not saturated. I" particular, WlLh one hundred node, 

and one Lharsand elementa, this conrl5urat‘c.n loses I" 

err1cicncy un1e3s the calculations rewire at least 

eighty rlcatlrLs point Operations to track II particle 

thro"gn one element. (For *1x dine"*io"al pllaae 

npace, we* linear kicks sat1ery this critcrlo". , 

Also, there is some added fomplellty i""Ol"l"d 

arbitration ror the mesaage passlna 0" tile global DY,. 

Rr7f~?uOlor -, 
x ~occI~,u,~ A 

WC mu?lt emphaSl7.e mat althcqh we imY.5 

catalogued hePe a campllcated set or- anndu1es uhicll are 

relevant In the lo”8 term, the ACP Cocua for at least 



Beam-beam lnLera.3t,o"r CB" be dellt "lLh (I" 

prlmlplel in any or theee co"rlg"r*tlon¶. HO" this 

is *one 13 co"cepr"ally o,earert tie* 100k1ng at the 

ring CO"~igYPBtlo". As shown in Figure 6, a wecial 

*wife Iprobably a St*"d*ld WV) act., as a phase Space 

accom"laror ror eaoh ring. Running information 0" 

collecrlve pnase space p*r*meter3 ia ma** *"allable tn 

the appropr1sre "ode(s) or the Other ring. There. 

aortuare (or a hardhare S"Dro"tl"e ooprocessor) is 

we* to give the aPpPopri*tC LiEk to parsing rays. 

FiK"ll. 6: ,,,,uh,c r,ng co"ll~"rarlon for hemI-beam 

ca,c"lat‘o"s. 

we M"ld llue to acrnov1e*ge the many ueeru1 

discussions uirtl (and Wgge3tiW3 WOrnl Other 

~artlci~ant, at :he A"" Arbor ?.SC MP~."OP, including 

(particularly) ialex oragt, DO" EdvardS, Sill Foster, 

Jim liie*orer, ShO mnuma, Ron Ruth, Bob Slema"", an* 

Albin Vrulfch. H"Ch Of our tnlnking prior to the 

Yorkmop. an*, or CO"PSB, the ACP m"ltiprocessor 

EOnCeptS, are due to many *lac"sslo"s with our 

colleague,, iiarl Aretl, Ed Bars~ttI, Don ""SW. and 

Iruln Gaines. 
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5. 

6. 
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m,or de”alopmc”t errorr: 5-m people, 2 

years; tiedlum 2-3 ~cople, 1 year; Small: 2-3 

people, 6 mnth,. 

ryp1ca1 e1re or * m"lLlpmaeaeor gm"p i, 

given here based t"xh on eysttm design is,"".. 

and on total sy,tem coats in the (300-600~ 

r*ngc. I" some cases, 1 *e*ign maxlmu* 1, 

given baaed 0" ***dress space or Other k"0s.n 

11m1tations. 

Total group fO,L includes host an* peripll.r*1 
COSL a”* I”*‘“l*“al ncde pPOd”CLion fOJL *or 
the rypioa1 “umber or nodes in * group given 
1” Column 6. D~"&Jp~~"t EOSrs are 

expliclrly not l"fl"*e* an* Sho"l* be 

expCEte* to De large if fOmCrCi*, or 

laboratory *e"LlOpe* 3ystems are nor 

a"ailable. 

Tot*1 fOmp"ti"g power for typical *Eceler*tor 

tr*nsport C*lC"l*tio"s 1" YQRTRAN d1"lde.d by 

tot*1 group cost, "malired to "AX 11,780. 

B*=e* 0" tY*"tY-pole calc"larion in ,1x 

*Menalons Yirh Strong "arlable coupling only 

b*tstae* (x an* x0 an* (Y md Y'). Thi, 

e*aapL? 1s intended only *s an in*1c*tion Of 

the 1e"els or Eoet l fcecLi”e”e*s obtainable 
“ml Lhl, mathod. Actual re3u1ts “ill Da 
*spc”ds”L 0” the algorithm. 
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