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CS 2734, Computer Organization ||
Fall Semester, 2001
Final Examination

1. Considetthefollowing MIPS codefragment: (25)
. data
A .word 2, 3, 5, 7, 11, 13, 17, 19, 23, 29
. text

# insert MPS instructions here.

For insertionat the commentwrite MIPS instructionghatwill dothefollowing:

(a) Putthestartingaddres®f A into register$s 1.

(b) Usealoopto addthevaluesof thearrayA andto leave theresultin register$s2. [You
mustusealoop for this.]

(c) Printtheresultingsum,usingsyscal | . [Recallthatsyscal | requirestv0 equalto
1 to printthevaluein $a0.]
Your MIPS codeshoulddo whatis asled for abose andnothingmore.

2. Write portionsof MIPS assembletanguagethatwill call a function F with parameter25 (20)
and144. Thenyour codeshouldstorethe returnedvaluein a variablei correspondindo
register$s 3. You shouldgive the completecodefor F, which shouldaddits two aguments
andreturnthesum.Yourcodeshouldnotinvoke ary syscall,andit shouldnothave ary of the
restof the mainfunctionexceptthe call to F andthe storingof the returnedvalueinto $s3.
Thecodefor F shouldbecomplete For full credit,youmustfollow the MIPS corventionsfor
passingparametes andfor returninga valuefroma function. (You do not needto explicitly
sa/e ary registerson the stack.)Thusyou shouldbeimplementinghefollowing C code:

[* in main */
i = F(25, 144); [* use $s3 for i */

int F(int a, int b)
{

}

return a + b;

3. For this problem,you areto usea xerox of Figure5.29. (Final datapatHor the singlecycle (25)

implementatiorof MIPS.) You will betracingthroughthe pathof thel winstructionon this

single-gcle model. You shouldusea highlighterto tracethe paththeinstructionandassoci-
ateddatatakesthroughthe diagram.(Do not shawv datatraveling to “dead-end"components,
whichwill eventuallyhave noeffect. In particular donotshawv thecomputatiorof thebranch
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addresswhich will not be usedin this case.)Thenwrite in the valuesfor the relevantcon-
trol signals.(Do not give controlsignalsthatsene to keep“dead-end’pathsfrom having an
effect.)

Usethefollowing specificinstruction:
lw $t5, 92($t1)

or in machindanguagdorm:

0x8d2d005¢c (i n hexadeci nmal)
100011 01001 01101 00000 00001 011100 (fields in binary)
35 9 13 92 (fields in decimal)

Startat the left side, shawving the PC comingin, and assumethis instructionis readfrom
the Instructionmemory Don't forgetthe handlingof the PCby this instruction. Shav what
valuesaretraveling alongthe differentlines,assuminghefollowing initial values:

(a) $t 1 and$t 5 areregistersnumbers® and13 (decimal),respectiely.
(b) Thecontentf register9 is 200 (decimal).
(c) ThePChasvaluel6.

4. For this problem,you areto usea xerox of Figure5.33. (Final datapatHor the multi-cycle (30)

implementatiorof MIPS.) You will be tracingthroughthe path of the beq instructionon
this multi-cycle model. You shouldusesereral colorsof highlightersto tracethe pathsthe
instructionandassociatedatatakesthroughthe diagram.(Or you cantracethesepathsusing
morethanonediagram.)Do not shawv datatraveling to “dead-end’componentsywhich will
eventuallyhave no effect.

For this diagram you do not needto 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, andperhap<Lycle4 andCycle5 (if the
instructionusesCycles4 and5).

Usethefollowing specificinstruction:
beq $t2, $t5, Label A

or in machindanguagdorm:

0x114d0004 (i n hexadeci mal)
000100 01010 01101 00000 00000 000100 (fields in binary)
4 10 13 4 (fields in decimal)

Startattheleft side,shaving the PCvaluecomingin, andassumehisinstructionis readfrom
the InstructionMemory Shav whatvaluesaretraveling alongthe differentlines, assuming
thefollowing initial values:

(a) $t 2 and$t 5 areregisternumbersl0 and13 (decimal),respectiely.

(b) Assumethatthe contentf eachof theseregistersis 5234, soyou shouldassumehat
thebranchis taken.
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(c) Assumethe PChasvalue20 (decimal)initially. On the properline, give thefinal PC
value,assuminghebranchis taken. Don't forgetto highlightthe partsrelatedto the PC
aswell astherestof theinstruction.Be sute to identifythe differentcycles.

5. Considerthe xerox of Figure 6.42from your text, shawing pipelinedexecutionwherefor-
wardingis required.Therearetwo diagramsanupperoneanda lower one,shaving succes-
sive cycles.

ThepipelinedMIPS machinés in themiddle of executingthefollowing sequencef instruc-

uons: <y $2, $1, $3
and $4, $2, $5
or $4, $4, $2
add $9, $4, $2

Pleasaisea penand/ormarker to shav answerslirectly on Figure6.42.

(a) Theabove instructionsrequirefour instance®f dataforwarding. Mark theinstructions
above with circlesandarrowns to shav exactly which registersare being forwardedto
whichinstructions.

(b) In the upperdiagram,usea B to markall the lines having to do with forwardingfrom
theand instruction.

(c) In theupperdiagram,usea Cto markall the lines having to do with forwardingfrom
thesub instruction.

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

(e) Inthelowerdiagramexplainwhichregisteris begin forwarded from whichinstruction.
(Thelinesusedfor controlanddatashouldhave beenmarkedwith aD.)

(20)

6. Considetthe xeroxof Figure6.47from yourtext, shawing pipelinedexecution,wherea stall
is neededTheinstructionsin executionare:

I w $2, 20(%1)
and $4, $2, $5
or $4, $4, $2
add $9, $4, $2

Pleaseusea penand/ormarker to shav answerdirectly on Figure6.47. You mustdecide
whetheryour answershouldbe placedin the upperdiagramor in thelower diagram.
(a) Mark theinstructionthatmale a stall necessarwith anA.

(b) Mark theunit thatdetectghatthisis aninstructionthatmayneeda stall with a B. Also
markwith a B theline thatsuppliegthis unit with theinformation.

(c) Mark the two lines that supply the duplicateregister numbersshaving that a stall is
neededvith Cs.

(20)
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(d) Mark theline(s)usedto stall pipelinestagel usinga D. Shaw the signal(s)thatis(are)
onthesdine(s)?

(e) Mark theline(s)usedto stall pipelinestage2 usinganE. Shav thesignal(s)thatis(are)
onthesdine(s).

() Is theactualforwardingdoneduring oneof thesetwo diagramsqYesor No). If “No”,
saywhentheforwardingwill becarriedout.

7. Considetthe xeroxof Figure6.52from your text, shawving pipelinedexecution wherea stall (15)
is neededTheinstructionsn executionare:
sub $10, $4, $8
beq $1, $3, 7 # branches to |w bel ow
and $12, $2, $5
or $13, $2, $6
add $14, $4, $2
lw  $4, 50($7)
The figure assumeghe branchis taken, thatis control transfersfrom the beq to the | w
instruction.Pleasaisea penand/ormarlker to shav answerdlirectly on Figure6.47.
(a) Onthelower figure,markwith a A the portionsof the hardwarethatwereintroducedo
malke thebeq finishin two cycles
(b) Ontheupperfigure,markwith aB thelinesusedto inserta stall.
(c) Whatform doesthe stalltake?
8. Considetthe xeroxof Figure7.7 from thetext, shawing thediagramfor cachememory (15)
(a) Whatis the size of the field usedfor anindex (thatis, for a cachetableentry)? From
this, sayhow mary wordsof datathis cacheholds.
(b) Why doesthis hardwarenot payattentionto thelow order2 bits?
(c) WhyistheTag field in thecache20 bitswide?
(d) Describetheprocesghatoccurswith a cachehit. How doesthe hardwareknow thereis
a hit? (Be careful,therearetwo conditions.)How doesthe hardware manageo getto
thecorrectdatawithout somekind of search?
(e) Describewhatthetext sayshappen®naninstructioncachemiss (Four steps.)
(15)

9. This problemdealswith theHammingCode

(a) Whaterrordetectionandcorrectionis thefull binaryHammingcodecapableof?

(b) Supposs/ou have thefollowing sixdatabits:0 1 1 0 0 1. Insertthepropervalues
for the checkbits in the correctpositions.(Do notuseposition0.)
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(c) Supposehebit in position6 is transmittedn error Shov how the Hammingcodewiill
beableto correctthis error

10. This problemsdealswith exceptionsn MIPS. (15)

(a) Forthehardwaredescribedn thetext, whattwo conditionswerehandled?

(b) Astheexceptionhandler(or trap handler)is written, if aninstructioncausesn excep-
tion, whatinstructionis putinto executionafterhandlingtheinstructionthatcausedhe
exception?

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



