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CS 2734, Computer Organization II
Spring Semester, 2001

Final Examination

(30)1. Considerthefollowing MIPScodefragment:

.data
A: .word 2, 4, 6, 8, 10, 12, 14, 16, 18, 20

.text
# insert MIPS instructions here.

For insertionat thecomment,write MIPS instructionsthatwill do thefollowing:

(a) Putthestartingaddressof A into register$s1.

(b) Usea loop to addthevaluesof thearrayA andto leave theresultin register$s2. [You
mustusea loop for this.]

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

(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, youmustfollow theMIPSconventionsfor passing
parameters andfor returninga valuefroma 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;
}

(20)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.

Usea highlighterto show thedatalinestraversedduringexecution.Youshouldalsowrite in
thevaluesof all signals.
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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 usea xeroxof Figure5.33. (Final datapathfor themulti-cycle
implementationof MIPS.) You will be tracing throughthe pathof thebeq instructionon
this multi-cycle model. You shoulduseseveral colorsof highlightersto tracethe pathsthe
instructionandassociateddatatakesthroughthediagram.(Or youcantracethesepathsusing
morethanonediagram.)Do not show datatraveling to “dead-end”components,which will
eventuallyhave noeffect.

For thisdiagram,youdonotneedto 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 Cycle1, Cycle2, Cycle3, andperhapsCycle4 andCycle5 (if the
instructionusesCycles4 and5).

Usethefollowing specificinstruction:

beq $t2, $t5, LabelA

or in machinelanguageform:

0x114d0004 (in hexadecimal)
000100 01010 01101 00000 00000 000100 (fields in binary)

4 10 13 4 (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.

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

(20)5. Considerthe xerox of Figure6.41 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

(a) The above instructionsrequirefour instancesof dataforwarding. Sayexactly which
valuesarebeingforwarded,andto which instructions.

(b) In thelower diagramshows detailsof oneforwardingstep.Which forwardingis being
handledin thiscycle (Clock4).

(c) Explainin detailexactlyhow theproperforwardedvalueis gettinginto theALU.

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

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

(a) After which instructionis astall needed?Why is astallneededin thisspot?How many
cyclesmustthestall last?

(b) Whatunit detectstheneedfor astall,andhow doesit know astall is needed?

(c) In orderto actuallycarryout a stall, two separate(distinct)actionsmustbetaken. De-
scribethemin somedetail.

(d) Describebriefly whatvalueis forwardedfrom thelw instructionandhow it is forwarded
to whereit is needed.

(20)7. 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)

The figure assumesthe branchis taken, that is control transfersfrom the beq to the lw
instruction.

(a) What hardwarechangesdoesthebookshow to limit a stall on beq to just 1 cycle (if
taken)andto avoid astall (if not taken)?

(b) UsingFigure6.52,describehow thestall is inserted.
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(15)
8. Considerthexeroxof Figure7.8from thetext, showing thediagramfor thecachememoryof

aDECStation3100.

(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 thecache16bitswide?

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

(e) Describewhatthetext sayshappensonaninstructioncachemiss. (Foursteps.)

(15)9. 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.)


