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1. Introduction

What communlcalions primitives will be available 1o programs running on (he
homogencous machine?  One requirement Is that the CPU overhead be low whnn
fhe communications s simple (e.g. syslolic). On the other hand. hae
comnumications must be general cnough to support dynamically sllocated processens
(e.g. COPE). If a general conmnunications strategy cxisted that was comjuatidd-
with these requirements il could be implemented as part of the ROM residnnl

operating systom.

2. Types of Prablems and Necessary Conmimumications Capabilities
A spectrum of communicalions slrategics have been proposed.  Each stralqorny

trades sinplicity and cfficiency for capability. These are listed below:

Systolic: In zystolic comununication both the scnder and the receiver
musl be wailing on the same communication cvent for i
cuvenl 1o procecd. Syslolic communication iz madeled by 1veo
monitor calls: one 1o =z=end a incasange over a partioular
clhimnel. and one o receive a messaqe.  The characteristics
of the ¢alls is that they hang undil functlion can bhe corapleteg],
locking out any othcer proceszor aclivily. No inlcrrupls
required. '

Processor Dircctied: In ;proccssor dirccled  communication cach  mesaage gz
accompanicd by a specification of the processor that is 1o
reccive it. When a messane enters a processor 1hat mes-oagn
is cither delivered to the program running in that procnssor or
rclayed to anolher processor.  If relaying st occeur  the
opuraling syslem decides which link iz most apprapriate lo
forsvard the mwessage. Quueueingg con be  imy:lemiended  for
relayed meszages and/or for messages declined for  he

proceszor, Interruplz are reaguined.

Process Directed:  In process dirceted communication there may bz mare then
one process in cach processor. Furthermore. procassos mny
move around belween processors, Communication iz dirccisd
to a partlicular procens, cven though the procescor wvelicre: {lint



process iz currently  resident may not  be  known,
Implementation of this scheme is very invoived.

3. Processor. Directed Communication

Processor ditecled communication offers extremely high speed and sufficient

generality to be the best choice.! The conununications primatives approprinte for

this type of communication arc shown below:

int outA(Dest)

int outB(Buf.Lon)

int mﬂ}( )

int inB(Buf.Len)

4. Deadlock

Specifies a messane to another processor. Dral is e
destinalion processor (0-63).

Secnds merzage data lo the sclectod processor. Ouf is poinber
to an inteyer array {hat conlains the inforimalion ta 1o
transmilted. Len byles starling at Buf are trincmitiod. e
value returned is Q if the transmiszion was success{ul or -1 if
oulpul buffer space was full.

Reccives a meszage. The value rcturned is the idendifieadia
of the sending proccasor. or -1 if po meszage vras avail Jd

Recaives a message. Buf is a pointer to a Len viord black
where the mc:issa_qc is deposiled. If the remaining nyec-uoaegpes is
langer than {he buffer. the buffer is filled with a5 muh of Ui
message as possible and O is.returned, I the mas-:a e fits o
the buffer. the numbir of byles transforred is returnind,

Deaadiock can potentially occur for two recasons: 1) the uscer program assuimes

too much gucucing, or 2) the message passing system deadiocks.  The following

rule will prevent a uscr program frem deadlocking:

Us=cr program deadloclk prevention rule:

A user program may nol wail on a failed oul calt unlens in

calls are processad during the wait,

The message passing system uses a deadlock free rouling algaritlvn, This

algotithm is described below (icfer to figure 1 for nolation):
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Figure 1: Notalion Cooncerning Processors in a Hypercube

- Lel processors be idenlilied by their coordinate in the byperenise:
(a.b.c.d.e.f). The lelters a.b.c.d.ed arc cilher zero or onc. and are
transimilted as a Lvibary number abed2f,

- Let the links 1o olher proceasnors lic labeled a. b, e, d, e. and {. ihe
labcling is chosen 1o correspond 1o {hie bit labeling of the prowvions
paragraph. =~ (l.c. the procaszors on cither end of link ¢ have

. identifications that differ only in the ¢ bit.)

- When a meszafe iz available from a link 1the identification of il
destination processor is analyzed before it is reimmoved from thiz vl
queue, Analysiz consists of  XORing  the  destinatlion  prores-or
identification  wilh  the idenlilicalion of the processor wilh  the
message and performing one of lwo funclions:

1. If the tdentificalions are the same then the message is destin~d
for thal proceasor. The mezsage is made available for input. If
the mnput buffer is full the coperaling sysiem runs W vser
program until that is no longqer so.

Z.Af the idendificoliona are diftorent, then the message st boe
forwaarded. The link lo farwand is determined by the folloveing
algorithm: the laftmo=x! bil in the diffcrence is lacated et .
determines the forwardiog link,

This system does nol deadlock for the following reason: If a message artivies on
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tink f (Jeast significant LIY) then it must be deslined for {hat processor. This is irue
because to be forwarded to link f by the preovious processor all other bits must
malch. The user program on the processor must remove the message cvenlually.

The S).rsiem therefore cannot decadlock with messages in link f.

Now consider link e. If a message has arfived in link e, bits a-e must maich, 11
bit f malches then the message can be made avaslable for inpul and Htive is no
problem. If bit 1 does not match the message is forwarded to link f. JDince lhe
system camo!l deadlock wiith a message in linlk {. it will nol dcadlocl i this

condition. Thercforc the system will not deadlock with a message in Ink ¢ or f.

By induction. il has bLeen proven thal all links to the right -of Tinli »x cdex
deadiock. If a meszage arrives on linlk x then it iz knawn that all bils o Lwe do0dl
and including x maleh. Therefore the message will either mmalch exactly. or i wiill
be forwarded ta a link to the right of x. If an exacl mateh ocecurs, tha esszadic i
consuimed by thc user program. If the meszaqe is forwarded dendioal: conee =

occin because all links to the righl of x do nol deadlock. Thercfore. lindl x dn

noat deadlock.

L
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