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CS 2733/2731, Computer Organization II
Spring Semester, 2003

Final Examination

(15)1. Considerthefollowing MIPScodefragment:

.data
# stored in A are squares of first 7 primes
A: .word 4, 9, 25, 49, 121, 169, 289

.text
# insert MIPS instructions here.

For insertionat thecomment,write asingleMIPSprogramthatwill do thefollowing:

(a) Putthestartingaddressof A into register$s1.

(b) Insidealoop,accesseachelementof A andaddthesevalues,leaving theresultin register
$s2. [Youmustusea loop for this.]

(c) Print theresultingsum,usingsyscall. [Recallthatsyscall requires$v0 equalto
1 to print thevaluein $a0.]

YourMIPScodeshoulddowhatis askedfor above andnothingmore.

(15)2. Write portionsof MIPS assemblerlanguagethat will call a functionF with parameter12.
Thenyourcodeshouldstorethereturnedvaluein avariablei correspondingto register$s3.
You shouldgive thecompletecodefor F, which shouldaddits argumentto itself andreturn
theresult.Your codeshouldnot invoke any syscall,andit shouldnot have any of therestof
themainfunctionexceptthecall toF andthestoringof thereturnedvalueinto$s3. Thecode
for F shouldbecomplete.For full credit, youmustfollow theMIPSconventionsfor passing
parameters andfor returninga valuefroma function.(Youdonotneedto explicitly saveany
registerson thestack.)Thusyoushouldbeimplementingthefollowing C or Java code:

/* in main */
i = F(12); /* use $s3 for i */
. . .

int F(int a) {
return a + a;

}

(25)3. For this problem,you areto usea xerox of Figure5.29(final datapathfor the single-cycle
implementationof MIPS).Youwill betracingthroughthepathof thebeq instructionon this
single-cycle model.Youshouldusea highlighterto tracethepaththeinstructionandassoci-
ateddatatakesthroughthediagram.(Do not show datatraveling to “dead-end”components,



CS2733/2731,FinalExam,7 May 2003 Page2

which will eventuallyhave no effect.) Indicatethevaluesof releventcontrolsignals,without
highlightingthecontrolline. (Do notgivecontrolsignalsthatserve to keep“dead-end”paths
from having aneffect.)

Usethefollowing specificinstruction:

beq $t2, $t5, Loop

or in machinelanguageform:

0x114d0008 (in hexadecimal)
000100 01010 01101 00000 00000 001000 (fields in binary)

4 10 13 8 (fields in decimal)

Startat theleft side,showing thePCvaluecomingin, andassumethis instructionis readfrom
the InstructionMemory. Show whatvaluesaretraveling alongthedifferentlines,assuming
thefollowing initial values:

(a) $t2 and$t5 areregisternumbers10 and13 (decimal),respectively.

(b) Assumethatthecontentsof eachof theseregistersis 5234, soyou shouldassumethat
thebranchis taken. (Thebranchwill betakenbecausethetwo registervaluesareequal.)

(c) AssumethePChasvalue20 (decimal)initially. On theproperline, give thefinal PC
value,assumingthebranchis taken.Don’t forgetto highlight thepartsrelatedto thePC
aswell astherestof theinstruction.

(25)4. For this problem,you areto useoneor morexeroxesof Figure5.33(final datapathfor the
multi-cycle implementationof MIPS).Youwill betracingthroughthepathof thelw instruc-
tion on this multi-cycle model. You shoulduseseveral colorsof highlightersto tracethe
pathsthe instructionandassociateddatatakesthroughthediagram.(Or you cantracethese
pathsusingmorethanonediagram.)Do not show datatraveling to “dead-end”components,
whichwill eventuallyhavenoeffect. In particular, donotshow thecomputationof thebranch
address,whichwill notbeusedin thiscase.

For thisdiagram,donotgive thevaluesof controlsignals.

Below thediagram,or in someotherway, carefullyidentify which cycle(or step)of handling
the instructionbelongsto eachpart of the highlighteddatapath(just for data,not control).
Thusyou shouldidentify Cycle1, Cycle2, Cycle3, andperhapsCycle4 andCycle5 (if the
instructionusesCycles4 and5).

Usethefollowing specificinstruction:

lw $t5,92($t1)

or in machinelanguageform:

0x8d2d005c (in hexadecimal)
100011 01001 01101 00000 00001 011100 (fields in binary)

35 9 13 92 (fields in decimal)
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Startat theleft side,showing thePCcomingin, andassumethis instructionis readfrom the
Instructionmemory. Besure to identifythedifferentcycles.Don’t forget thePC.Show what
valuesaretravelingalongthedifferentlines,assumingthefollowing initial values:

(a) $t1 and$t5 areregistersnumbers9 and13 (decimal),respectively.

(b) Thecontentsof register9 is 200 (decimal).

(c) ThePChasvalue16.

(20)5. Considerthe xerox of Figure6.42 from your text, showing pipelinedexecutionwherefor-
wardingis required.Therearetwo diagrams,anupperoneanda lowerone,showing succes-
sive cycles.

ThepipelinedMIPSmachineis in themiddleof executingthefollowing sequenceof instruc-
tions:

sub $2, $1, $3
and $4, $2, $5
or $4, $4, $2
add $9, $4, $2

Pleaseuseapenand/ormarker to show answersdirectlyonFigure6.42.

(a) Theabove instructionsrequirefour instancesof dataforwarding.Mark theinstructions
above with circlesandarrows to show exactly which registersarebeingforwardedto
which instructions.

(b) In theupperdiagram,useaB to markall the lineshaving to do with forwardingfrom
theand instruction.

(c) In theupperdiagram,useaC to markall the lineshaving to do with forwardingfrom
thesub instruction.

(d) In thelowerdiagram,useaD to markall thelineshaving to dowith theforwardingstep
thatis occurring,eitherfrom theand or theor instruction.

(e) In thelowerdiagram,explainwhichregisteris begin forwarded,from whichinstruction.
(Thelinesusedfor controlanddatashouldhave beenmarkedwith aD.)

(15)6. Considerthexeroxof Figure6.52from your text, showing pipelinedexecution,whereastall
is needed.Theinstructionsin executionare:

sub $10, $4, $8
beq $1, $3, 7 # branches to lw below
and $12, $2, $5
or $13, $2, $6
add $14, $4, $2
. . .
lw $4, 50($7)
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The figure assumesthe branchis taken, that is control transfersfrom the beq to the lw
instruction.Pleaseuseapenand/ormarker to show answersdirectlyonFigure6.47.

(a) On thelowerfigure,markwith aA theportionsof thehardwarethatwereintroducedto
make thebeq finish in two cycles

(b) On theupperfigure,markwith aB thelinesusedto inserta stall.

(c) Whatform doesthestall take?

(15)7. Thisproblemdealswith theHammingCode.

(a) Whaterrordetectionandcorrectionis thefull binaryHammingcodecapableof?

(b) Supposeyouhave thefollowing six databits: 0 1 1 0 0 1. Insertthepropervalues
for thecheckbits in thecorrectpositions.(Do notuseposition0.)

(c) Supposethebit in position6 is transmittedin error. Show how theHammingcodewill
beableto correctthiserror.

(15)8. Thisproblemsdealswith exceptionsin MIPS.

(a) For thehardwaredescribedin thetext, whattwo conditionswerehandled?

(b) As theexceptionhandler(or traphandler)is written, if aninstructioncausesanexcep-
tion, whatinstructionis put into executionafterhandlingtheinstructionthatcausedthe
exception?

(c) In thepipelinedmodel,list theimportantthingsthatmustbedonein caseof anexcep-
tion.

(15)9. Considerthexeroxof Figure7.7from thetext, showing thediagramfor cachememory.

(a) What is the sizeof the field usedfor an index (that is, for a cachetableentry)? From
this,sayhow many wordsof datathiscacheholds.

(b) Why doesthishardwarenotpayattentionto thelow order2 bits?

(c) Why is theTag field in thecache20bitswide?

(d) Describetheprocessthatoccurswith acachehit. How doesthehardwareknow thereis
a hit? (Be careful,therearetwo conditions.)How doesthehardwaremanageto get to
thecorrectdatawithoutsomekind of search?

(e) Describewhatthetext sayshappensonaninstructioncachemiss. (Foursteps.)


