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1. Introduction

What communicCltioll5 primitives will be availoblc to progrnm:; running 011 til-=:

homog.cncou:;. machine? One requirement Is lh:\1 the CPU overhcild be low wilr-:Il

the comfllllllicolion~ is simple (e.g. ::oyslolic). On the other hondo Ii I!:.
cammunicillions must be' gf:llerill CJlough to support dyn.cunictllly alloc.otccl procc:<.:;t::;

(e.g. COPE). If n ucncml cOll1mllnic:.tiolls str·.. tcgy existed thilt W.'5 c(">rn,.~lil.l'"

with these I equircll1cnls it could be implemented ;'IS part of the nOM rc:;itlcnt

operating system.

2. Types of P,'ohlem:;. ,md Ncccs::;;uy C0ll1111unic<ltion5 C"p"bilitics

A spectrum of cClllmunicCltions strategies have been propo.:;e-d. Ellch :;lrill<"flY

trades simplicity ilnd efficiency for cilpClbilily. These arc listed below:

•
Systolic: In ::;Y5tolic cOllllllunic.ltion both the sender o1lltl thr: n:cr.i'JI·r

1ll\I=:;t be w~itin!J on the s:une communication CVr'lll fnr H,"

event to proceed" Systolic communication i=:; modch:d hy tVJO

1ll01lilor calls: one 10 :;cnd a mc=:;sage Over <l IFltticlll.,r

ell,mnel. OJnd one. to rcccive OJ Illcssagc. The chmoclcrbtic::.

of the c<llls is that Ihey 1I<lllg uutil fllrlction Crln he r;I'tnp!(·!("J.

locldtlg out any other procc:;sor <lcti\lity. No inter rllpl:. :11 ,.

rC<1llil cd.

Proce-:;sor Directed: In proce.:;sor dirC"cted cOt1lll1uniCQtion c<:lch m':';~;:l~': i::;

i'lc{~ornranied by ;') :>pecific;"\tion of the procc5sor tlwt is 10

receive it. \foJhcn a message ellters a proccs:;or thnt n1c:':;',aq~

is elthcr delivered to thc program running in Ih<lt procr.:.:.n'" 0'"

rel.lyed to "nothe, proces:-or. If relaying Intlst o-:::(;ur tll~

ope,,,tin9 system (kddcs which link is 1110st .:'!pproprialc 10

(01 \V,lfe! the Illl·5~,'gC. Qll'.:udn!] .can be irll:th..llll··nlpd ('r

rcl:.ypd mes:;"!Jf:S ,mel/nr fOJ messages dc~(jncrl fOl lhe

I" ncc.:;:>or. lntl~l n'pl5 :1, C re(jnil cd.

•

Process Directed: In f)lnec.:;::; directed eomtl111nication therc In<lY b0 mOIC lh:"ln

one process in (,;lch P'"O(;('::".$or. r-Ilrthcrrnofc. PIOCr::;5C:; IH:"\Y

move uround bctw('cn procc:;:;.or:;. Comrnunkothn i.:.. dircclr-d

to .:1 particlilar p,occ:~~. cv~n thouUh the procC::;~(lr v./hr:rc 11l.,t
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process i:. currently resident m~y not

hnplcrncntiltion of this scheme is very involved.

3. Processor· Directed Communication

be knO\MIl.

Processor" directed communiciltion offers extremely high speed and ~.t,rfici(·lIt

generality to be the best choice.' The cOlllmunk,"\tions prim"tivcs nrproprin\f' for

this type of COlnrnunication ilfC shown below:

int ~t~(Dc!it) Sr1cdfics .. mC5:-J~C to illlothcr processor.
dcstin"tioll proccs:;or (O-G3).

•

int outIl(Bur.Lcn)
~

int in~O

4. O('i1(lIoclf"

Sends mc~silgc d .• I .. 10 tile ~c1cctr.c1 processor. O\l( is poinl"'"

to un illtc!]cr nrr"y IIl"t COllliliJl~ the inlonll;)lioll Ie, 11"

tr~nsmiltcd. Len bytes st<:lrting nl Ouf DIe lr;lll.:;miHcd. "I"':..:

vil!ue returned i5 0 if the trall::Olllission Wi'S SIlCCf'ssful or -1 if

output buffer SPilCC Vias full.

Recei\Jes a rne':;~:lge. The value lettll"llcd is the icl"I,lifir.l!i·,n

of the scnding proce.:;.:;or, or -1 if no me5~a~l<: vIas .l\t~lill!>1 .

npCciVC5 a lllCS~"!JC. Ouf is a pointer to a Len v lonl hlor,k

where the mC~S:l~IC i:; cICI)O:.itcd. If the rClllilinillU 1Il.. .:;r"IT~ is

longer thiln the buffer, the buffer is filled with n,:; Illtl':h of 11.,~

message as p05siIJle .Jlld 0 i,:;. returned. If tile m~':;:-;':J(' til;. ill

the buffer. Ihe nurnhcr of bytes tr<Jll:>rcrrcd i,:; rclurncd.

DC:Jdlock call rolcllliol'y occur for two I eo::.on::.: 1) the user program assume,:;

too much queueing. or 2) the rncst.<l£Jc p.l5sillg sy::.telll c1cacllocl(s. The lollowinil

rule \Nil! prevent a lI!';cr progr~1ll flOIll deadlocking:

Uscr program dC:lcllock prevention rule:

A user progl am m<1Y not \Nail all a (niled out c,,/I IInlc::~ ill

colis are processed during the wait.

,.

•
The Illessage p.:ls5ing system uses <l deadlock free louling aluoritilln.

algorithm is described below (r<:fcl to fiUllre 1 (or notation):

Thi5

.' ..
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Figuro 1: Nol;'\tion Con(":crnillfJ PIOCC550rs in a Hypercube

- Let processors he Idcllliricd by t1't"'ir coordinale in the hypcrclI;H.~:

(a.b.c.d.e,f). The Iellers <l.b.c.d.c.1 nrc diller zero or olle. ;'"Illd :ltC

triH)Smitted as a bill~ry Ilmnllel abcdoL

- Let the links to other pJocc:;:;ors be 1.1hclcd a. b. c. d. e. ilnd 1. "llie

Inbclinr)" is choscn to corrcC'>l'ond tn the bit labeling of tllc pI CVil'U:;

paragraph.. (I.c. the procC,;.:;Of:; on eithcr cnd of link c h.-Hie

idcntifications that diffcr' ollly in the chit.)

- Whcn a mcs,:-;"gc is ;lvaililhlc frotH a link the idcntific.. tion of il,;.

destination prOCC.3s-or b ;)nalyzcd tU::f?,"c it is rClno\led from tll~ input

queue. Analysis consists of XOning the dcstin.. tion. pror.c~-;or

id::::ntificatioll with the idt:lltHicntil..,n of the IJrOCC::Isor with Ihe

mcss<lge and perfolmillD Olle of two fllliciions:

1. If the Idcntific"li011:S "Il~ the :'\lI1lC then the message is d~:;tin""c1

for thai procc:;:;OI. The 1I1C~<'''~IC is m;Jdc <l\/nibhlc lor illpul. If

the input buffcr i:; full. lhe cpcri'lling system runs th~ ll:,f:r

progrrun until tll.lt b no Il1l1gel :>0.

2. If the ic!cntific"tilln.:; arl.~ ditfcIl.'nt. then the mcs~agc lllll~t I-e:

fOfVl';lrdccl, lhl~ Iillk to l('1lw.,,(( i~ determined b)I the fullov1i'19

algorithm: the Icflrno.:;t hit ill the difference is locnled ;'llcl tll.11

determinc:". the forW:H ding lillk.

This system <.lacs not <.Ic.ldlock for the following rea:;on: If a mCS5tlgc .11 I i"c:o ('11

..

..
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link f (least significant lJil) then it ITlllst be destined for that processor. This is trlle

because· to be forwOlrdcd to lilll<. f by the previous processor all other Ilils IllIISI

match. The user program on the processor must remove the message eventually.

The system therefore C01onol deadlock with mcss"~lcs in link 1.

Now consider link e. If a mcss'agc has iln ivcd ill link c. bits a-e must Ill;"llch. II

bit f matches then the message can be In<ldc ilv;:lilable for input mn.! 1I1'_'lc b 110

problem. If bit f doc.5 not mutch the mcss3!jC is forwarded to link 1. :-'incc the

system cannot doadlock wilh a IHCSS<:lg£, in tink 1. it wlll not dC.::ldlocl~ ill Ih;:.

condition. Therefore the ~ystcm will not dcmllocl< with il rneS.5ilgc in link ~ or f.

By induction. it has IJCCIl proven Ihat "II links to the right ·of linl.. y. rI., "

dC<'letlock. If a Il1cs5ilge nrri\les on link x then it i~ known thai all bils (0 lil(' It. II

..

and including x match. Therefore the IllC::S;la..... will eilher m"teh eX<lclly. or it \ ...Jill

be forwmded to a link to the right of x. If an exacl match oecul s. t11~ nlcs~.a!ll: is

consulIled by the· u::;er pi 09,·".n. If the m~s:";:l9c is f orW:lrdcd dendlocl~ r.II)"·1

e occur because all Iinl-,s to the righ~ of x do not dcadloclt.. Thcrefore. lill~~ x t1()~ :;

not deadlock .
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