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CS 2734, Computer Organization II
Fall Semester, 2000
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 MIPSassemblerlanguagethatwill call a functionAddup with parameters
12 and45. Thenyour codeshouldstorethe returnedvaluein a variablei corresponding
to register$s3. You shouldgive the completecodefor Addup, which shouldaddits two
argumentsandreturntheresult. Your codeshouldnot invoke any syscall,andit shouldnot
have any of the restof the main function except the call to Addup and the storingof the
returnedvalueinto $s3. Thecodefor Addup shouldbecomplete.For full credit, you must
follow the MIPS conventions for following for passing parameters and for returning a value
from a function. Thusyoushouldbeimplementingthefollowing C code:

/* in main */
i = Addup(12, 45); /* use $s3 for i */
. . .

int Addup(int a, int b)
{

return a + b;
}

(20)3. 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:
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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.

(15)4. The following diagramshows the pipelinedexecutionof five instructions. Instructions2
through5 dependon the result($3) of Instruction1. In eachcase,thewide line shows the
dependency.

Explain how eachof the four dependenciesis handled. In caseswhereforwarding is used
to handlethedependency, usea highlighterto show theforwardingstep.If thereis no need
for specialforwardingby thehardware,explain why no forwardingis needed.(Sofor each
instructionafter the first, eitherdraw a forwarding line, or explain how the dependency is
handledwithout forwarding.)
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add $3,$4,$5

add $8, $7, $3

lw $10, 40($3)

sub $6,$5,$3

add $4,$3,$7
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(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

(a) In the upperdiagram,therearetwo instancesof forwarding. What registervaluesare
beingforwarded,from whereto where,andin supportof which instruction?

(b) In theupperdiagram,how doesthehardwaredecidewhich registervaluesto forward?
How doesit gettheproperdatafed into theALU?

(c) In thelowerdiagram,whatforwardingis occurring,andhow is it managedby thehard-
ware?

(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

(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,wherea stall
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)?
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(b) UsingFigure6.52,describehow thestall is inserted.

(15)8. (a) With a word or two, describeeachof thethreekindsof codingthatwerementionedin
class:source coding,channel coding,andsecrecy coding.

(b) Supposewehave a Hamming code with 24bits, in positionsnumbered1, 2, 3, ..., 24.

i. Whichof thesebitsareusedascheckbitsandwhichareusedasdatabits?

ii. Whichbit positionsarecheckedby thefirst checkbit?

iii. Whatdoesthis Hammingcodedo in termsof errordetection/correction? (Assume
theextraoverall paritycheckis includedwith theextra0thcheckbit.)

(15)9. Considertheexception(or trap)handlersdescribedin thebookandin class.

(a) Underwhatcircumstancesis thecodefor theexceptionhandlerexecuted?

(b) Thefinal few linesof thehandlermight beasfollows. Saywhateachof theselines is
doing.

mcf0 $k0, $14
rfe
addiu $k0, $k0, 4
jr $k0

(15)10. 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.)


