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

1. Considetthefollowing MIPS codefragment: (30)
. dat a
A .word 2, 4, 6, 8, 10, 12, 14, 16, 18, 20
.text

# insert MPS instructions here.

For insertionatthe 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 | requiressv0 equalto
1 to print thevaluein $a0.]

Your MIPS codeshoulddo whatis asled for abose andnothingmore.

2. Write portionsof MIPS assembletanguagehatwill call a function F with parametet 2. (20)

Thenyour codeshouldstorethereturnedvaluein avariablei correspondingo register$s 3.

You shouldgive the completecodefor F, which shouldaddits agumentto itself andreturn
theresult. Your codeshouldnot invoke ary syscall,andit shouldnot have ary of therestof
themainfunctionexceptthecall to F andthestoringof thereturnedvalueinto $s3. Thecode

for F shouldbe complete.For full credit, youmustfollow the MIPS corventionsfor passing
parametes andfor returninga valuefroma function.(Youdo not needto explicitly save ary
registersonthe stack.)Thusyou shouldbeimplementinghefollowing C code:

/* in main */

i = F(12); [/* use $s3 for i */

int F(int a)
{

}

return a + a;

3. Forthis problemyouwill beincludinganadditionalinstructioninto thesinglecycle datapath (20)
describedn the text, one not includedin the examplesin the text. The new instructionis
addi (addimmediate).

You areto usea xerox of Figure5.29 (thefinal datapattor the singlegcle implementation
of MIPS). No new datapathsvill be neededbut you will needdifferentcontrolsignals.The

Controlunitwill beexpandedo includeaninputof 8, theopcodeor addi . Shav thecontrol

signalsasthey shouldbe set.

Usea highlighterto shawv the datalinestraversedduring execution. You shouldalsowrite in
thevaluesof all signals.
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Specifically supposeheinstructionisaddi  $t 3, $t2, 45, whichin machindanguage

formis:
214b002d (i n hexadeci mal)
001000 01010 01011 0000000000101101 (fields in binary)
8 10 11 45 (fields in decimal)

In markingthe valuestraveling alongdatalines, assumehat$t 2 = $10 holdsthe value
51. (Notethatthe ALUOp controlcanbetwo 0 bits, sothattheinputto the ALU from ALU
controlwill thenbe010,thatis, anadd.)

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 nmal)
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.

(c) Assumethe PChasvalue20 (decimal)initially. On the properline, give the final PC
value,assuminghebranchis taken. Don't forgetto highlightthe partsrelatedto the PC
aswell astherestof theinstruction.Be sute to identifythe differentcycles.

5. Considerthe xerox of Figure 6.41 from your text, shawing pipelinedexecutionwherefor- (20)
wardingis required.Therearetwo diagramsanupperoneanda lower one,shaving succes-
sive cycles.

ThepipelinedMIPS machinés in the middle of executingthefollowing sequencef instruc-
tions:
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sub $2, $1, $3
and $4, $2, $5
or $4, $4, $2
add $9, $4, $2

(a) The abore instructionsrequirefour instancef dataforwarding. Say exactly which
valuesarebeingforwarded,andto whichinstructions.

(b) In thelower diagramshavs detailsof oneforwardingstep. Which forwardingis being
handledn this cycle (Clock 4).

(c) Explainin detailexactly how the properforwardedvalueis gettinginto the ALU.

6. Considetthe xeroxof Figure6.47from your text, shawving pipelinedexecution wherea stall (20)
is neededTheinstructionsn executionare:

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

(a) After whichinstructionis astallneeded¥hy is a stallneededn this spot?How mary
cyclesmustthe stalllast?

(b) Whatunit detectgheneedfor a stall,andhow doesit know a stallis needed?

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

(d) Describébriefly whatvalueis forwardedfrom thelw instructionandhow it is forwarded
to whereit is needed.
7. Considetthe xeroxof Figure6.52from yourtext, shawing pipelinedexecution,wherea stall (20)
is neededTheinstructionsin 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
I w $4, 50($7)

The figure assumeghe branchis taken, that is control transfersfrom the beq to the | w
instruction.

(a) Whathardware changegloesthe book shaw to limit a stall on beq to just 1 cycle (if
taken)andto avoid a stall (if nottaken)?

(b) UsingFigure6.52,describehow thestallis inserted.
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(15)
8. Considetthexeroxof Figure7.8from thetext, shawing the diagramfor the cachememoryof
aDECStation3100.

(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 thecachel6 bitswide?

(d) Describetheprocesghatoccurswith acachehit. 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.)

9. Considetthefollowing diagramof a D flip-flop: (15)

D
D D Q D D
C latch C latch

Q
Q

O |

c o[>0

D flip-flop

Q

This D flip-flop is constructedrom two D latches.Recallthata D latchletsthe signalD go
throughif theclock C is assertedthe D latchis open, andthe outputdoesnot changsf the
clock C is deassertefthe D latchis closed. SuchaD latchis saidto betranspaent

(a) GivetheoutputQ of the D flip-flop asit would appeain thefigureabove. (Thatis, fill
in the outputsignalQ.)

(b) Explainvery carefully why the outputis whatit is. (Your explanationshouldreferto
thespecificsof thediagramabore, includingthe NOT gateandthetwo D latches.)



