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CS 2734, Computer Organization II
Spring Semester, 2002

Final Examination

(20)1. Considerthefollowing MIPScodefragment:

.data
A: .space 40

.text
# insert MIPS instructions here.

For insertionat thecomment,write MIPS instructionsthatwill do thefollowing:

(a) Createa loopof 10 iterationsthatwill let theregister$t0 take onvalues0, 1, ..., 9.

(b) Storethevaluesof $t0 into successive wordsof thearrayA, so that if we printedthe
10 locationsof A, wewouldprint out thenumbers0, 1, ... 9.

(You shouldnot includecodeto do this printing. Your MIPS codeshoulddo what is
askedfor above andnothing more.)

(20)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, you must follow the MIPS conventions for passing
parameters and for returning a value from a function. (Youdonotneedto explicitly saveany
registerson thestack.)Thusyoushouldbeimplementingthefollowing C code:

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

int F(int a)
{

return a + a;
}

(30)3. For this problemyouwill beincludinganadditionalinstructioninto thesinglecycle datapath
describedin the text, onenot includedin the examplesin the text. The new instructionis
addi (addimmediate).

You areto usea xeroxof Figure5.29(thefinal datapathfor thesinglecycle implementation
of MIPS).No new datapathswill beneeded,but you will needdifferentcontrolsignals.The
Controlunit will beexpandedto includeaninputof 8, theopcodefor addi. Show thecontrol
signalsasthey shouldbeset.
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Usea highlighterto show thedatalinestraversedduringexecution.Youshouldalsowrite in
thevaluesof all signals.

Specifically, supposetheinstructionisaddi $t3, $t2, 45, whichin machinelanguage
form is:

214b002d (in hexadecimal)
001000 01010 01011 0000000000101101 (fields in binary)

8 10 11 45 (fields in decimal)

In markingthe valuestraveling alongdatalines, assumethat$t2 = $10 holdsthe value
51. (NotethattheALUOp controlcanbetwo 0 bits,sothattheinput to theALU from ALU
controlwill thenbe010,thatis, anadd.)

(30)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,do not give 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 Cycle 1, Cycle 2, Cycle 3, andperhapsCycle 4 andCycle 5 (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)

Startat theleft side,showing thePCcomingin, andassumethis instructionis readfrom the
Instructionmemory. Be sure to identify the different cycles. 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:
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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.)

(20)6. Considerthexeroxof Figure6.47from your text, showing pipelinedexecution,wherea stall
is needed.Theinstructionsin executionare:

lw $2, 20($1)
and $4, $2, $5
or $4, $4, $2
add $9, $4, $2

Pleaseusea penand/ormarker to show answersdirectly on Figure6.47. You mustdecide
whetheryouranswersshouldbeplacedin theupperdiagramor in thelowerdiagram.

(a) Mark theinstructionthatmakesastall necessarywith anA.

(b) Mark theunit thatdetectsthatthis is aninstructionthatmayneeda stall with aB. Also
markwith aB theline thatsuppliesthisunit with theinformation.

(c) Mark the two lines that supply the duplicateregisternumbersshowing that a stall is
neededwith Cs.

(d) Mark theline(s)usedto stall pipelinestage1 usingaD. Show thesignal(s)that is(are)
on theseline(s)?

(e) Mark theline(s)usedto stall pipelinestage2 usinganE. Show thesignal(s)thatis(are)
on theseline(s).

(f) Is theactualforwardingdoneduringoneof thesetwo diagrams?(Yesor No). If “No”,
saywhentheforwardingwill becarriedout.
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(15)
7. Considerthefollowing diagramof aD flip-flop:
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This D flip-flop is constructedfrom two D latches.Recallthata D latchlets thesignalD go
throughif theclock C is asserted(theD latchis open), andtheoutputdoesnot changeif the
clockC is deasserted(theD latchis closed). SuchaD latchis saidto betransparent.

(a) Give theoutputQ of theD flip-flop asit wouldappearin thefigureabove. (Thatis, fill
in theoutputsignalQ.)

(b) Explain very carefullywhy the outputis what it is. (Your explanationshouldrefer to
thespecificsof thediagramabove, includingtheNOT gateandthetwo D latches.)

(15)8. Thisproblemdealswith theHamming Code.

(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(not thesixth data bit). Show how
theHammingcodewill beableto correctthiserror.

(10)9. Thisproblemsdealswith buses.

(a) Whatis a bus is acomputersystem?

(b) Whatarethedifferencesbetweena synchronous bus andan asynchronous bus? What
aretheadvantages/disadvantagesof oneover theother, in differentcurcumstances?


