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Computer Design—Lecture 16y 1

Overview ofthisLecture
Comparingthe principlesof data-flow andcontrol-flow processors(or “von

Neumann”processorsafter the work of vonNeumann, Eckert and

Mauchly)

Problemswithcontrol-flow processors

Data-flow implementationtechniques:

staticdata-flow

coloureddynamicdata-flow

taggedtokendynamicdata-flow

Evaluationof data-flow

Review andfuture directions

Comparing Control-flow & Data-flowy 2
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ProblemswithControl-flowy 3

typically optimisedtoexecute sequential code fromlow latency memory:

concurrency simulatedvia interruptsanda software scheduler which:

hasto throw the register file away andreload

disruptscachingandpipelining

jump/branchoperationsalso disrupt the pipeline

loadoperationseasily cause the processor to stall(cannot execute

another threadwhilst waiting).

notes:

multiple pipelinesandanincreasingdisparity betweenprocessor and

mainmemory speedonly accentuate these problems

perform badly under heavy load(esp. multithreadedenvironments)

multiprocessor code isdifficult to write
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source:J. Dennisetal. atMIT
characteristics:

at most one tokenonanarc

backwardsignallingarcsfor flow control

tokensare just address, port anddata triplets〈a, p , d〉

example instructionformat:

op-code op1 (op2) dst1+ dc1 (dst2+ dc2) sig1 (sig2)

where ( )indicatesoptionalparameters

op-codeisthe instructionidentifier

op1andop2are the space for operandsto wait (op2missingfor monadic

operations)

dst1anddst2are the destinations(dst2beingoptional)

dc1anddc2are destinationclear flags(initially clear)

sig1andsig2are the signaldestinations(handshakingarcs)

Example StaticData-flow Programy 5

address instruction

(e.g.) op-code operands dests. dests. clear sigs.

0x30 mul , , 0x31`,nil, , , (a)̀,(b)̀

0x31 add , , 0x33`,nil, , , 0x30̀,0x32`

0x32 div , , 0x31r,nil, , , (a)r,(c)̀

0x33 ret , , undef,undef, , , 0x31`,(dest)̀
notes:

instructionorderinginthe memory isunimportant

= space foroperandto be stored

= space fordestinationclearto be stored(initially clear)

` andr indicate left or right port

(a),(b)and(c)are difficult to determine —dependent oncallingcode

functionsare difficult to implement because:

mutualexclusionrequiredonwritingto functioninput arcs

backwardsignalarcshave to be determined

solution:code copying(horrible!)
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example machine:Manchester data-flowprototype
characteristics:

many tokensonanarcandno backwardsignalarcsfor flow control

tokenshave a unique identifier, a colour, whichidentifiesrelateddata

items

matchingtokensfor dyadicoperationsby matchingcolours

thus, functioncallsby eachcaller usinga unique colour

instructionformat:similar to staticdata-flow but no backwardsignalsand

operandstorage ismore complex.

problems:

matchingcoloursisexpensive

implementedusinghashingwithassociatedoverflow

difficult to pipeline

garbage collectingunmatchedtokensisexpensive

uncontrolledfan-out cancause a tokenexplosionproblem
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example machines:Monsoonmachine (MIT)andEM4

(Japan)
characteristics:

dynamicdata-flow, so many tokensper arc

separatesthe tokenstorage from the program into activationframes

(similar to stack framesfor a concurrent control-flow program)

functioncallsgenerate a new activationframe for code to work in

tokenshave anassociatedactivationframe insteadof a colour

activationframesare storedina linear memory withanempty/fullflagfor

every datum, 〈type, va lu e, po rt , presen ce〉


