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Answertwo questions
Youhaveone-and-halfhours
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1 This questionconcernsdynamicinstructionschedulingin theIntel Pentium4 processor, as
describedin thepaper“The Architectureof thePentium4 Processor”(Hintonet al, Intel
TechnologyJournalQ1 2001),whichyoushouldhave availableto you in theexamination.
See, in particular, pages 6 and 7. Wherethepaperis incomplete,youareinvited to speculate
usingyourunderstandingof theunderlyingarchitecturalprinciples.

a Explainhow therecouldbeseveraldistinctinstancesof agivenregister(suchasEAX) in the
processorat thesametime. Illustrateyouranswerwith referenceto asampleassemblycode
sequence(in aninstructionsetof your choice).

b At whatpoint in instructionprocessingis theFront-endRAT (RegisterAlias Table)updated?
Whatdoesthenew entrymean?

c At whatpoint in instructionprocessingis theRetirementRAT (RegisterAlias Table)read?

d Underwhatcircumstancesis aphysicalregisterde-allocated?

Now, Considerthefollowing codefragment(this is theinnerloop of amatrixmultiply,
compiledusingMicrosoftVisualStudio6.0):

$L170:
fld ST(0) ; duplicate value at top of FP register stack
add ecx, 4
fmul DWORD PTR [ecx-4] ; multiply top-of-stack by data at location [ecx-4]
add eax, 4
dec edx
fadd DWORD PTR [eax-4] ; add top-of-stack and data at location [eax-4]
fstp DWORD PTR [eax-4] ; store top-of-stack to location [eax-4]
jne SHORT $L170

e Estimatethenumberof clock cyclesbetweenthestartof executionof thefirst uopof theloop,
andexecutionof thefinal store(fstp). Assumecachehitsandcorrectbranchprediction
wherever necessary. Notethatfloating-pointloadshave a6-cycle latency. Assumethatthe
floating-pointmultiply latency is 4 cycles,andthefloating-pointaddlatency is 2 cycles.

f A dynamically-scheduledprocessorlike thePentium4 shouldbeableto executetwo or more
iterationsof this loop in parallel.List four architecturalconstraintswhich limit theamountof
parallelismwhichcanbeexploitedfrom this loop. Giveaverybrief explanationin eachcase.

(Thesixpartscarry, respectively, 15%,15%,20%,20%,10%and20%of themarks).
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2 This questionconcernscachingandmemoryaccessin theIntel Pentium4 processor, as
describedin thepaper“The Architectureof thePentium4 Processor”(Hintonet al, Intel
TechnologyJournalQ1 2001),whichyoushouldhave availableto you in theexamination.
See, in particular, pages 9, 10 and 11. Wherethepaperis incomplete,youareinvited to
speculateusingyourunderstandingof theunderlyingarchitecturalprinciples.

a Whichaddressbitsareusedto index thelevel-1 (L1) cache?

b Considerthefollowing loop:

for i = 1 to N
for j = 1 to M
B[i] = B[i] + A[j]

AssumethatA andB arearraysof 64-bit floating-pointnumbers.Whatis themaximumvalue
of M whichallows theelementsof A to belevel-1 cachehits?

c Considerthefollowing loop:

for i = 1 to N
for j = 1 to M step 1024
B[i] = B[i] + A[j]

AssumethatA andB arearraysof 64-bit floating-pointnumbers.Whatis themaximumvalue
of M whichallows theelementsof A to belevel-1 cachehits?

d Considerthefollowing loop:

for i = 1 to N
for j = 1 to M step 8
B[i] = B[i] + A[j]

AssumethatA andB arearraysof 64-bit floating-pointnumbers.Whatis themaximumvalue
of M whichallows theelementsof A to belevel-1 cachehits?

e Considerthefollowing loop,whereM is very large:

for i = 1 to N
for j = 1 to M step 16
B[i] = B[i] + A[j]

Estimatetheperformance(in MFlops)achievedwith this loop. Whatsimplecode
transformationcoulddramaticallyimprove its performance?

(Thefivepartscarry, respectively, 20%,15%,15%,15%and35%of themarks).
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3 This questionconcernsinstructioncachingandbranchpredictionin theIntel Pentium4
processor, asdescribedin thepaper“The Architectureof thePentium4 Processor”(Hinton et
al, Intel TechnologyJournalQ1 2001),whichyoushouldhave availableto you in the
examination.See, in particular, pages 4 and 5. Wherethepaperis incomplete,youare
invited to speculateusingyourunderstandingof theunderlyingarchitecturalprinciples.

a Underwhatcircumstancesis theFrontendBTB used?

b How is thepredictionfrom theFrontendBTB used?

c Therecouldbetwo or moredifferenttracecacheblockscorrespondingto thesameIA-32
instructionaddress.Why?

Now, Considera loop suchasthefollowing:

j = 0
for (i=1; i<N; i++) {
j = j+1;
if (j<M) {
A[i] = B[j];

} else {
j=0;

}
}

d SupposeM=2. Assumingaone-bitbranchpredictor, whatbranchmispredictionratewouldyou
expect?Why?

e SupposeM=2. Assuminga two-bit bimodalbranchpredictor, whatbranchmispredictionrate
wouldyouexpect?Whatis theworst-casebehaviour?

f SupposeM=2. Now assumea two-level correlating��������� “gselect”branchpredictor. What
branchmispredictionratewouldyouexpect?Why?

(Thesixpartscarry, respectively, 10%,20%,20%,10%,20%and20%of themarks).

Endof Paper
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