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Course 332(MEng3 test) Parallel Architectures

Thisexaminationis of TWO HOURS’duration.

AnswerALL THREEquestions.
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1 Considerthefollowing examplecodesequence:

if (a == 2)
a = 0;

if (b == 2)
b = 0;

if (a != b)
c = 0

A straightforwardimplementationfor theDLX machinemightbeasfollows (a in R1, b in R2,
c in R3, notethatR0 alwayscontainszero):

SUBI R4,R1,#2
BNEZ R4,L1
ADD R1,R0,R0 ; set R1 (a) to zero
L1:
SUBI R4,R2,#2
BNEZ R4,L2
ADD R2,R0,R0 ; set R2 (b) to zero
L2:
SUBI R4,R1,R2
BEQZ R4,L3
ADD R3,R0,R0 ; set R3 (c) to zero

a Modify theDLX codeabove to usedelayedbranches,wheretheinstructionafterthebranchis
alwaysexecuted.If youcan,putusefulinstructionsin thedelayslots.

b Usenullifying/cancelling delayedbranches(BNEZL for branchlikely, BNEZU for branch
unlikely) to improve your implementationwhena andb areusuallyexpectedto hold thevalue
2.

c Explainverybriefly how the1-bit branchpredictionschemecouldbeusedwith abranchtarget
buffer to improve theperformanceof theoriginalDLX codegivenat thestartof thequestion.

d Describebriefly how betterbranchpredictioncouldbeachievedfor thethird branchin the
program(BEQZR4,L3).

e Supposetheinstructionsetis extendedwith aconditionalregister-registermove,

CMOVZ R1,R2,R3 ; move R2 to R1 if R3 = 0
CMOVNZ R1,R2,R3 ; move R2 to R1 if R3 != 0

Show how thiscanbeusedin theexampleabove. Doesit yield goodperformance?What
characterisesthecircumstanceswhenit mightbeuseful?

(Thefivepartscarry, respectively, 20%,15%,25%,15%and25%of themarks).
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2a Two machinesareconnectedby togetherby a 3 metrelink with a link bandwidthof 175MB/s.
Thepacket formatconsistsof 10bytesof headerinformationandand6 bytesof trailer
information.Thesenderoverheadis 100 � sandthereceiver overheadis 120 � s. Calculatethe
effective bandwidthof thenetwork whensendingapayloadof 128bytes.

How would thisvary for largerandsmallerpayloads?Giventhesmallcacheblocksizesof
sharedmemoryarchitectureswhataspectof thenetwork designmustbemodifiedto maintain
ahigheffective bandwidth?

b Many scientificcodesinvolve transposingmatrices.Assumethata ����� arrayrepresenting
thematrix is evenlypartitionedontotheprocessorsof aparallelmachine.For a ����� mesh
architecturethecommunicationrequiredby a transposeoperationis givenby:

processor	�
����� sendsits partitionof thearrayto processor	�����
��
Assumea16processormachineconfiguredasa ����� mesh.Thearrayis �����������������
elementslarge,whereeachelementis a4 bytefloat. Thechannelsin thenetwork have a
bandwidthof 250MB/s bidirectional.Thetime takenfor theroutinginformationto crossa
switchis 0.25 � s. AssumeXY worm-holeroutingwith virtual channelsfor flow control(you
mayassumeaninfinite numberof virtual channels).Thepacket formathas10bytesof header
informationand6 bytesof trailer information.Thepayloadis thesizeof themessage.Assume
thatthesenderoverheadis 25 � sandthereceiver overheadis 27 � s.

Draw thecommunicationpatterntakenby thesendsin thealgorithm

Whatis thetime takento completetheoperation?(Youmayassumethatthebandwidthof all
thechannelsis thatof themostheavily loadedchannel.)

c In asharedmemoryarchitecturethealgorithmis morelikely to be:

processor	�
��� � readsthepartitionof thearrayheldby processor	�����
��
Assumeacacheblocksizeof 32bytes.

Whatdifferencewill supportingasharedmemoryarchitecturemake?

How mightanarchitecturedesignerhopeto compensatefor thisdifference?

(Thethreepartscarry, respectively, 30%,40%and30%of themarks).

Turn over . . .
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3 Considerthefollowing programfragment:

declare A[0:N+1,0:M+1]
for i = 1 to N
for j = 1 to M

S: A[i,j] := A[i,j+1] + A[i,j-1]

a List thedependencespresentin this loop, indicatingeachdependence’s typeandits direction
vector.

b For thispartof thequestion,assume(readtheseassumptionscarefully!)
! a7-waydynamically-scheduled superscalarprocessorwith registerrenamingand

speculative executionusinga re-orderbuffer
! no issuerestrictionsoccur, i.e. thattherearealwaysenoughfunctionalunitsof thekind

needed
! floatingpointoperationsarefully pipelinedwith a3-cycle latency
! Loadstake two cyclesandstorestake onecycle

Considerthefollowing implementationof the inner loopabove in DLX assembler:

LD R4, ... ! address of A[i,1]
LD R14, ... ! address of A[i,M+1]

loop2:
S1: LD F0,-8(R4) ! load A[i,j-1]
S2: LD F1,+8(R4) ! load A[i,j+1]
S3: ADDD F2,F0,F1
S4: SD 0(R4),F2
S5: ADDI R4,#8
S6: SUBI R5,R4,R14 ! compare pointer to upper limit
S7: BNEZ R5,loop2

Estimatetheaveragenumberof clockcyclesperiterationfor this loop,assumingM is very
large.Youarenotexpectedto produceadetailedtiming diagram,but youshouldexplainany
stallsyouanticipate.If youneedto make furtherassumptions,statethemclearly.

c Show usingadiagramthattheloopsin theexamplegivenat thestartof thequestioncanbe
interchangedwithoutchangingtheprogram’s behaviour.

d For thispartof thequestion,assumethesamemachineasabove,althoughbearin mind that
thedatacachehasacapacityof 64K bytes,with 64-byte(i.e. 8 word)blocks.Cachemisses
take 9 cycles,while cachehits take one.

Sketchhow youwouldmodify thesourcecodeof theprogramto achieve betterperformance.

(Thefivepartscarry, respectively, 25%,40%,10%and25%of themarks).

Endof Paper
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