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Course 332(M Eng3test) Parallel Architectures

Thisexaminationis of TWO HOURS'duration.
AnswerALL THREEquestions.
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1 Considetthefollowing examplecodesequence:

if (a==2)
a = 0;

if (b ==2)
b = 0;

if (a!l=Db)
c =20

A straightforvardimplementatiorfor the DLX machinemightbeasfollows (ain R1, b in R2,
¢ in R3, notethatRO alwayscontainszero):

SUBI R4, R1, #2

BNEZ R4, L1

ADD R1, RO, RO ; set RL (a) to zero
L1:

SUBI R4, R2, #2

BNEZ R4,L2

ADD R2, RO, RO ; set R2 (b) to zero
L2:

SUBI R4,R1, R2

BEQZ R4,L3

ADD R3, RO, RO ; set R3 (c) to zero

a Modify theDLX codeabore to usedelayedorancheswheretheinstructionafterthe branchis
alwaysexecuted.If you can,putusefulinstructionsn thedelayslots.

b Usenullifying/canceling delayedoranche¢BNEZL for branchlikely, BNEZU for branch
unlikely) to improve yourimplementatiorwhena andb areusuallyexpectedo hold thevalue
2.

¢ Explainvery briefly how the 1-bit branchpredictionschemecouldbe usedwith abranchtarget
buffer to improve the performancef theoriginal DLX codegivenatthestartof thequestion.

d Describebriefly how betterbranchpredictioncouldbe achisredfor thethird branchin the
program(BEQZ R4,L3).

e Supposegheinstructionsetis extendedwith a conditionalregisterregistermove,

CMOVZ R1,R2,R3 ; nove R to RLif R3 =0
CMOWNZ R1,R2,R3 ; mbve R to R1 if R3!=0

Shaw how this canbeusedin theexampleabore. Doesit yield goodperformance®hat
characterisethe circumstancewhenit might beuseful?

(Thefive partscarry, respectively20%, 15%,25%,15%and 25% of the marks).
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2a Two machinesareconnectedy togetheby a 3 metrelink with alink bandwidthof 175MB/s.
Thepacletformatconsistof 10 bytesof headelinformationandand6 bytesof trailer
information. The sendeioverheads 100 s andtherecever overheads 120 us. Calculatethe
effective bandwidthof the network whensendinga payloadof 128bytes.

How would this vary for largerandsmallerpayloadsZGiventhe smallcacheblock sizesof
sharednemoryarchitecturesvhataspecbf the network designmustbe modifiedto maintain
a high effective bandwidth?

b Marny scientificcodesnvolve transposingnatrices Assumethatan x n arrayrepresenting
thematrixis evenly partitionedontothe processorsf a parallelmachine Forap x p mesh
architecturehe communicatiorrequiredby atranspos@perations givenby:

processofi, j) sendsts partitionof thearrayto processo(j, i)

Assumea 16 processomachineconfiguredasa4 x 4 mesh.Thearrayis 1600 x 1600
elementdarge, whereeachelementis a4 bytefloat. The channelsn the network have a
bandwidthof 250MB/s bidirectional. Thetime takenfor theroutinginformationto crossa
switchis 0.25us. AssumeXY worm-holeroutingwith virtual channeldor flow control (you
may assumaeninfinite numberof virtual channels) The paclet formathas10 bytesof header
informationand6 bytesof trailerinformation. The payloadis the sizeof themessageAssume
thatthe sendeioverheads 25 us andtherecever overheads 27 us.

Draw the communicatiorpatterntaken by thesendsn thealgorithm

Whatis thetime takento completethe operationqYou mayassumehatthe bandwidthof all
thechannelss thatof themostheavily loadedchannel.)

¢ Inasharednemoryarchitecturghealgorithmis morelikely to be:
processofi, j) readsthepartitionof thearrayheldby processof(, 7)

Assumea cacheblocksizeof 32 bytes.
Whatdifferencewill supportinga sharedmemoryarchitecturenake?
How mightanarchitecturedesignethopeto compensatéor this difference?

(Thethreepartscarry, respectively30%,40% and 30% of the marks).

Turnover...
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3  Considethefollowing programfragment:

decl are A[ 0: N+1, 0: M+1]
for i =1to N
for j =1to M
S: Ali,j] = Ai,j+1] + Ai,j-1]

a Listthedependencgsresenin thisloop,indicatingeachdependences'typeandits direction
vector

b Forthis partof thequestionassumdreadtheseassumptionsarefully!)
e a7-waydynamically-scheded superscalaprocessowith registerrenamingand
speculatie executionusingare-orderbuffer

e noissuerestrictionsoccur i.e. thattherearealwaysenoughfunctionalunitsof thekind
needed

¢ floatingpointoperationsarefully pipelinedwith a 3-¢ycle lateny
e Loadstake two cyclesandstoregsake onecycle

Considetthefollowing implementatiorof theinnerloop above in DLX assembler:

LD R4, ... I address of Ai, 1]
LD R14, ... ! address of A[i, Mtl]
| oop2:
S1:. LD FO,-8(R4) ! load Ali,j-1]
S2:. LD F1,+8(R4) ! load Ali,j+1]

S3. ADDD F2, FO, F1

S4:. SD O(R4),F2

S5.  ADDI R4, #8

S6: SUBI R5,R4,R14 ! conpare pointer to upper limt
S7: BNEZ R5, | oop2

Estimatethe averagenumberof clock cyclesperiterationfor thisloop, assumingMis very
large. You arenot expectedo producea detailedtiming diagram but you shouldexplain ary
stallsyou anticipate If youneedto malke furtherassumptionsstatethemclearly

¢ Show usingadiagramthattheloopsin the examplegivenatthe startof thequestioncanbe
interchangedavithout changingthe programs behaiour.

d Forthispartof thequestionassumehe samemachineasabore, althoughbearin mind that
thedatacachehasa capacityof 64K bytes,with 64-byte(i.e. 8 word) blocks.Cachemisses
take 9 cycles,while cachehitstake one.

Sketchhow you would modify the sourcecodeof the programto achieve betterperformance.

(Thefive partscarry, respectively25%,40%,10%and 25% of the marks).

Endof Paper
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