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mat is a sraphlmcbmsd, iateracthve spta for proces is a local variable called '%al) Oad thee multi-

Mais the Coulgue"l, Highly Paralle pimsu achumber by the maxmm. The maxmm in

am owes of paralle rwmmlag is -" the toot of that subtres. Theo the globa maximum is
oaepaW systm, Makr hbee implemeeted broadcast back through the tre Where each pro Ce

a a (3AW Ilie) C program ea Mhe VAX Mi ui t tioe its local oval! Notice that altough
IY70S vMde UNIX. It provie a aumber of thern are Clutea procem sssa the tree, theue are cey
eevel features.- -alda 8rpi vebnPsegemeag three OSe of processes used.
o parllel roeess - vmlfltlO. The esverlfe of thi algtortm to rue oe a CMII

computer, i.. the programmag, is straight foiwand. It
Although musch ssqueatlal vroammI aa be ivle

ateepl iet al the suppes of a ogamg
impago ~ cop Mer Iode Iad nua-dwe 60101m, paralle (a) embeddilg the commualcatioa grap iste the

Wrgr-1a is too --m0let to be dose vith suc ud Switch lattice.
mm' failiti oese. The Moer Spte is a Woat-c (b) rogranmiog the Prce type s a a queetlal
dye peosrammiag eavlroameat to su-ppor theoumis[& ~

Coalpfbl. HghlParallel (CIII? Computer Ill. The (C) pamiag aaguaepl, taoek m
fte Sse is t e a paale prqin, bu rther()uilgoeo h rcs ypst ahpo

it is a Orolat 4101, 101110e t thbe VAXI7U uader cue
UNIX. It is a fromt ed to a ""Mosspevne o the (d) asmiss the data Path Ports, sad
CMI hvwne. alled the Pniele, which Is a 64 prome. e comllagu. meemblil. COOMdBS" am loud.
of paallcmeemulat mhe CMI (4 isad insla the propi.
dee, Puar is a rout am for a cop&ete seftwaem M
lMte for lee h .we coesier eA of these ct ivis atutu.

Th Pole Symn ealea the prosrammer to fabedda the commaaia rph Wae the
ddae a large foully ol CHIP -a11h- ectures with 4 so WW latice requise that we program the swiuche of
40 pruceseass hopras be wrinea ad sUhemd the lattice so that the processors have a topoeg that
for my toaiy member. Facilitie we proWMd Is des madihe (or is a Uper aM of) the to olo ofth cown
0 a, a latereO"estisu stu PrsgalisI.Is to , maicatlee graph. This meda oa is dols
rame"~ ~ ~ grphically (rather thms symibolically) Is the MWke
* Peak am poke (whies the as) 2i tas memosy df Sys Ws the Switch neta ode. Fngur 2 IUls&
soe arch" Itcue trae a particular embeddlag of te Afteeu sodt bleery

tree isto the lattice. Processor (1,2) bs the root f the
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explcit by assig"Ig prom nams to the appropriate 9 loopg processes to processors (Code Haws
* procemu as IN h Code uN mode of the Pokersa)

*~Rp yse.Fge 4 JIMs he NWL * declare Port Gams (Port Namsing),
Next. the port metioed In each proAemo compile, coordinate. asable and load

mos be associated sigh a specific dena path. Each pro- (Coasmad Request),
losr las eight Peam coesp edieg to of -apon o execute. trace, peek aad poke (True

pointe. Only then ensre by " ative dute path to Values).
ahe PE snd be named. Thlu activity is performed

alias ths Fort Mae" mods of Poker. Figur S shows We now describe echb of thou facilitiels im detail.
the resul of Gaming the potts Ajrcetufel dOfiuaiiR. Because Poker is intended to be

The algorithm is now prorammed. Next, each po. a laboratory tool for utudying CHIP programming, it bas
ce typs mentioned in the Code Names speckfication is been designed to support a number of CHiP family
compiled into assambly code. The -I 'by code is tha architectures. Program can be written for logical CHIP
*coordiatod ie.. modified us that the CHiP Computer acbian with from 4 to 4016 processors. All of thou
can rue it synichronously. The coordinated program are logical machines can be emulated usiag a software emow
assmbled to produce Processor object code. The inter- later, and one family member. the (A procemot version,

* . ~ conetio structure iu Ocompiler to produce switch will be able to be m o a hardware emulator, the Prn.
object code. The object codes are loaded into the gle (21. shea it is completed. Consequently, the pro.
machine and executed. prammer begins using Poker by specifying the charmc.

teristics of the underlying logical architecture. These
0WtP5 don d oPkrIaiesm include the number of processing elements and the

In the las sctioa we used the Por Programmiag amount of routing capability aeede for the lattice (cor-
Environment to embed graphs, to defise Premeau.9 to rder width (ID. The default parameters are thow that
asmpg procesees to processors, and to declare poen m-a the machine defined in the previous session, or, if

* name. The discussion implied the existence of ceirtain there was nome, then the peaaters of the Phanlle
facilities in the Poker System. Now we gIve a more coo- hardware.
plote description of those facilities. Groph extbedding. The Goeld of the primary display

The Poker System is an interactive Programmn$ shows the lattice of the current architecture, as Welu
environment that se two displays: The primary display tinted is Figure 1. The activity is largely that previously
is a high resolon (1024 x 766 pid) bitmape described; the programmer connects; the processors
display. and the secondary display is a con-etiona (represented a boxes) with line- sements to define
character display. The two displays are use to Inces edges. Graphics primitives based o cursor keys permit
the amount of informathon available to the programmer. edges to be drawn ma erased. Facilities are available
NOa activity takes pluse on the primary display; XX for following grapha edges, manaegg the display (@4..
programming is sually doe on the secondary display, centering), savint emaboddinge, reading in library emabed-

The primary display has the form illustrated in Pig- dist, etc.
urn 2-4. The bottom square region, called the IWA. is P"Ogr'sMRSt #he pwtes cod's jegent The XM
where moa of the promfaming activity takes place. (De Equis) sequntial programming lagage is a sim-
The fiold always displays -om sematic reprsentation plo acala lanpoae for defaing processes. The langoae
of the two dimensional array of prmes ar being pro. has four data types (looleen, character, integterad
Steaed. The eact form of the represntatin chasn real), the commons control strctres (shb for, V-

Aepe -i_ on whether the programmer is performing a then-oem. etc.), vectors anad the uanal supply of salar
graph embedding, a process lodlgement. a pen declae-, arithmetic and logical operators. Is addition to dat

nonetc.Sine th fild a notalwys lrgeenon so type declaradons, one can alo declare scalar variable to
Show the Whole schmatic represntan a a*e thatI be port name, procedure paamtes or variables to be
portion being displayed Is given in the appe lft-had traced. [nput/output ii perfomedy amiaing from or
corer. State binomato. diagnosli. and oides e to a post name. The uommnics are "dota-drivsnif writes

V ouso data an given in the upper rioht regio of the occur Ismmediately and reads wait on the arrval of dat.
dislay, calle the ehofhbswrd. The besas lNes of the if secossary. XX procem codes are genrally developed
chalkboard is the eonasa tin, used for spe ifying the on the ,econdary display using a standard editor.
few tex-ual ommenads required by ftkst, ash a red. Process wrnossmu. The processos arwe ansiysed
ingl librafry fil10, Processes aling a Gold display on the primary terminal

Th ow -a umnatwo of asr wSvnms slike thou in Figure 4. The progamme entr t n ame
shown in Flgur 6. ft p idsGh s o e sot ull of the IpRess produr on the arus ie of the procee.

proide so intgrte bo.U* rcduehsfr parameters, then

0 siarlstalosas IMPfollowing (fouw) uins. Facilities are provided for
o de U~I5U5UO hm~a~tlle (HIPbuffering the consents of a boz and thent automatically

Mose)* deoiting the cotnts of the buffer into processoa in
0 sw osmooetftgrphs(f" s. whole reons of the Prcso array. In this way the

dsp)6programer is saved from maually entring repeated
0 pressm ce e spagg (X~ infoarmatdon when the algorithm exhbits unillormity.

Pon dorka'eow. The field of the primary d4splay
has the form iUuatrated in FIurS. I Ah pre t hn a

_________ up so l incident fes a a mall of the Graph
Ifteis saleaey lesuts; Sa MOMee Wse wn a e mbddng ad it ha been amiged a process whic
me, sy i GM a e Un i MMOM ref166ers to op to eight poen namses. These we ashed



using the part declaration. Thes Frce box is divided (31 Lawrenice Seyder, Stewsn S. Albert Cuti W.
into elm windows: ANpost. SAun 0. DOusng Aim L. Cbse,

(A. ometar. Jobs P. OWUSOW, Christopher A.hom* ew, obs TomasLove, Eug... Shek.
ists Caole A. Smith ~

aw Dort 0mp portao
Technical Report CSD.TR-410, Perdlue Uaiver.
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T"pbeuammer eaten the amss used by the assgned
p""ce code itot the window for that edge. The ame
wre dipped to the On' five chatacters. Facilities ate pro,
vided for displayiag vaclipped amss in the chalkboard,
and like the proess assignment. it Is possible to buffet

* pen assignments ad deposit then Automatically in
whole repaiss Of the ptIocemo r ay.

Programn troutoicm. The preceding facilities pro-
VWd a moens of specifylag the elements of a Poker P0e.
pass. They ate then coinveted iatoe secutable torm.
The XX compiler converts each poces to aebl Owe~m:-
code. The coordinator (3) tha attempts to convert the Tite VW to psisat; fw 8 freea MRt obii.
ptocm assigned to each pocessr inte a form that per- read -a (rem psissi; red 7 (me dieb .e
mine the entire Program to rue with syacheaeu (ie.. VW - W-~ aimt -I no *F "" to .
net datdrivea) execution. TIsk sup can he by-passed reed -e Eveft puvst;
and the prcese c as he run in deaadrives form.) H Wf attoktcW
coordination is successfl, the processors may all hae fe pwnr sh sist ftm CUMh;
different assmbly -odsI associated with them. In my red a ite, left ebil; d- vdnss;t
event the assembly converts the assembler code to objWc rfad fre" film did;
form. The conmector ocompile the graphical repreet m-am - -nu (8, Vol).
ratios of the communication graph into an object form. 'Toito mai toeMrs egum;
The objec code ad the object graph as welt as the write ass to dt ckum;
actua perameter values an loaded late the emulator (or Vol- 'ml mnt
the Prinle). Figure I. An algorithim: each ledf is as instance of

ssatios. The resling ptogrto is executed end the leaf process, the roos a m inene of
the traced variables are displayed; the Goeld is similar to the too process ad all other sodes are ins
that ued fo proces assignmet. The execution cms amn of the acester process

prcetor a given somber of steps, or until a displayed ________

value changes. When the neleso is uspended, MY Of 3 j,' '3
the displayed values cmn be chaged. When execution
resme h mew vales ame poked beck late the pro- Ej Cl -

Further detail about the Poker Eavirenmont Me be - I If -jad in the references (4 j]. 
0 0 c
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