AdvancedComputerArchitecture
MEng3 Test

Thursdayl3th December

Answertwo questions
You haveone-and-halhours

© Universityof London2001 332-MEng3-Est Pagelof4



1 Thisquestionconcernslynamicinstructionschedulingn theIntel Pentium4 processqras
describedn the paper‘The Architectureof the Pentium4 Processor(Hinton et al, Intel
TechnologyJournalQ1 2001),which you shouldhave availableto you in the examination.
See, in particular, pages 6 and 7. Wherethe paperis incomplete you areinvited to speculate
usingyour understandingf the underlyingarchitecturaprinciples.

a Explainhow therecouldbe severaldistinctinstance®f a givenregister(suchasEAX) in the
processoatthe sametime. lllustrateyour answeliwith referenceao a sampleassemblycode
sequencéin aninstructionsetof your choice).

b At whatpointin instructionprocessings the Front-endRAT (RegisterAlias Table)updated?
Whatdoesthe new entrymean?

At whatpointin instructionprocessings the RetiremenRAT (RegisterAlias Table)read?
Underwhatcircumstancess a physicalregisterde-allocated?

Now, Considerthefollowing codefragment(thisis theinnerloop of a matrix multiply,
compiledusingMicrosoft Visual Studio6.0):

$L170:
fld ST(0) ; duplicate value at top of FP register stack
add ecx, 4
f mul DWORD PTR [ecx-4] ; nultiply top-of-stack by data at |ocation [«
add eax, 4
dec edx

f add DWORD PTR [eax-4] ; add top-of-stack and data at |ocation [eax-:
fstp DWORD PTR [eax-4] ; store top-of-stack to |ocation [eax-4]
j ne SHORT $L170

e Estimatethe numberof clock cyclesbetweerthe startof executionof thefirst uop of theloop,
andexecutionof thefinal store(f st p). Assumecachehits andcorrectbranchprediction
whererer necessaryNotethatfloating-pointloadshave a 6-cycle latengy. Assumethatthe
floating-pointmultiply lateng is 4 cycles,andthefloating-pointaddlateng is 2 cycles.

f A dynamically-scheduledrocessolik e the Pentium4 shouldbe ableto executetwo or more
iterationsof thisloop in parallel.List four architecturatonstraintavhich limit the amountof
parallelismwhich canbeexploitedfrom thisloop. Give avery brief explanationin eachcase.

(Thesix partscarry, respectivelyl5%,15%,20%,20%, 10%and 20% of the marks).
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2  Thisquestionconcerngachingandmemoryaccessn the Intel Pentium4 processqras
describedn the paper‘The Architectureof the Pentium4 Processor(Hinton et al, Intel
TechnologyJournalQ1 2001),which you shouldhave availableto you in the examination.
See, in particular, pages 9, 10 and 11. Wherethe paperis incompleteyou areinvited to
speculataisingyour understandingf theunderlyingarchitecturaprinciples.

a Whichaddresdits areusedto index thelevel-1(L1) cache?
b Considerthefollowing loop:

for i =1to N

for j =1to M
Bli] =B[i] + Aj]

Assumethat A andB arearraysof 64-bit floating-pointnumbers Whatis the maximumvalue

of Mwhich allows the elementof A to belevel-1 cachehits?
¢ Considerthefollowing loop:

for i =1to N
for j =1 to Mstep 1024

Bli] =B[i] + Alj]
AssumethatA andB arearraysof 64-bitfloating-pointnumbers Whatis the maximumvalue
of Mwhich allows the elementof A to belevel-1 cachehits?

d Considerthefollowing loop:

for i =1to N
for j =1to Mstep 8

Bli] =B[i] + Aljl
Assumethat A andB arearraysof 64-bit floating-pointnumbers Whatis the maximumvalue
of Mwhich allows the elementof A to belevel-1 cachehits?

e Considerthefollowing loop, whereMis very large:

for i =1to N
for j =1to Mstep 16

Bli] =B[i] + Aljl
Estimatethe performancdin MFlops)achiezedwith this loop. Whatsimplecode
transformatiorcould dramaticallyimprove its performance?

(Thefive partscarry, respectively20%,15%,15%, 15%and 35% of the marks).
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3  Thisquestionconcernsnstructioncachingandbranchpredictionin the Intel Pentium4
processqrasdescribedn the paper‘The Architectureof the Pentium4 Processor(Hinton et
al, Intel TechnologyJournalQ1 2001),which you shouldhave availableto youin the
examination.See, in particular, pages 4 and 5. Wherethe papetis incomplete you are
invited to speculataisingyour understandin@f the underlyingarchitecturaprinciples.

Underwhatcircumstances the FrontendBTB used?
b How is the predictionfrom the FrontendBTB used?
¢ Therecouldbetwo or moredifferenttracecacheblockscorrespondingo the samelA-32
instructionaddressWhy?
Now, Consideraloop suchasthefollowing:
j =0
for (i=1; i<N, i++) {
o=+
it (J<M {
Al = B[j];
} else {
j =0;
}
}

d Supposd=2. Assumingaone-bitbranchpredictor whatbranchmispredictionratewould you
expect?Why?

e SupposévE2. Assumingatwo-bit bimodalbranchpredictor whatbranchmispredictiorrate
would you expect?Whatis theworst-casdehaiour?

f Supposév=2. Now assume two-level correlating(2, 2) “gselect’branchpredictor What
branchmispredictionratewould you expect?Why?

(Thesix partscarry, respectivelyl0%,20%,20%, 10%,20% and 20% of the marks).

Endof Paper
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