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CS 2733/2731, Computer Organization II
Fall 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$t2 take on values2, 4, 6, 8, 10,
12,14,16,18,20.

(b) Storethevaluesof $t2 into successive wordsof thearrayA, so that if we printedthe
10 locationsof A, wewouldprint out thenumbers2, 4, ..., 20.
(You shouldnot includecodeto do this printing. Your MIPS codeshoulddo what is
askedfor above andnothing more.)

(20)2. Write portions of a single MIPS assemblerlanguageprogramthat will call a function
PrintSum with parameters55 and89. The functionPrintSum shouldadd its param-
etersandprint theresult.It shouldthencall a functionPrintNewLinewhosecodeis given
below. You shouldgive the completecodefor the functionPrintSum andfor the call to
PrintSum. BecausePrintSum callsanotherfunction,it needsto save thereturnaddress
at thestartandrestorethe returnaddressat theend. Thusyou shouldbe implementingthe
following C code:

void PrintSum(int a, int b) {
int c = a + b;
printf("%i", c);
PrintNewLine();

}
void PrintNewline(void) {

printf("\n");
}
. . .
/* in main */
int x = 55, y = 89;
Sum(x, y);
. . .

AssumethatthefunctionPrintNewline is implementedwith:

PrintNewline:
la $a0, Newl
addi $v0, $0, 4
syscall
jr $ra
.data

Newl: .asciiz "\n"
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(30)
3. For this problem,you are to usea xerox of Figure5.29 (final datapathfor the singlecycle

implementationof MIPS).You will betracingthroughthepathof thesw instructionon this
single-cycle model.Youshoulduseahighlighterin onecolor to tracethepaththeinstruction
andassociateddatatakesthroughthe diagram. (Do not show datatraveling to “dead-end”
components,whichwill eventuallyhavenoeffect.) Thenwithoutusingahiglighter(youmay
useanothercolorof highlighterif youwish),show therelevant controlsignals.(Do not show
controlsignalsthatserve to keep“dead-end”pathsfrom having aneffect. Theinput to ALU
controlis 00,andfrom thatcomponent,theinput to theALU is 010(add).)

Usethefollowing specificinstruction:sw $t1, 12($t0), or in machinelanguageform:

0xad2a000c (in hexadecimal)
101011 01000 01001 0000000000001100 (fields in binary)

43 8 9 12 (fields in decimal)

Startat theleft side,showing thePCcomingin, andassumethis instructionis readfrom the
InstructionMemory. Show whatvaluesaretraveling alongthedifferentlines,assumingthe
following initial values:

(a) $t0 and$t1 areregisters8 and9 (decimal),respectively.

(b) Thecontentsof register8 is 64 (decimal),andof register9 is 144 (decimal).

(c) ThePChasvalue32.

(Don’t forgetto handlethePCaswell astherestof theinstruction.)

(30)4. For this problemyou will be includinganadditionalinstructioninto themulticycle datapath
describedin thetext, aninstructionnot includedin theexamplesin thetext. Thenew instruc-
tion is addi (addimmediate).

You are to useone or more xeroxes of Figure 5.33 (the final datapathfor the multicycle
implementationof MIPS). You shoulddecidehow many cyclesto use(three,four, or five).
No additionaldatapathsarenecessary, but you needto determinethecontrolsignalsfor each
cycle.

Usea highlighterto show the datalines traversedduring eachcycle, labelingthe dataline
with thecycle number. You must show the relevant control line values needed for each cycle.

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 markingthevaluesondatalines,assumethat$t2 = $10 holdsthevalue51.
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(20)
5. Considerthexeroxof partof Figure6.41from your text, showing pipelinedexecutionwhere

forwardingis required.Thediagramshowssuccessivepipelinestagesduringoneclockcycle.

ThepipelinedMIPSmachineis in themiddleof executingthesequenceof instructionsshown
at thetopof thediagram.

Considerthe6 inputsto theforwardingunit: labelthe4 on theright from top to bottom“A”,
“B”, “C”, “D”. Labelthetwo inputson theleft from top to bottom“E”, “F”.

(a) Explainwhateachof these6 inputsis usedfor.

(b) Whichonesareessentialfor theparticularforwardingstepin thisfigure?Whatfactsare
trueabouttheseinputsthatleadto forwarding?

(c) Useahighlighterto show theexactline thatdoestheforwardingin thisspecificcase.

(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.

(15)7. Considerthesimplifiedtraphandlersuppliedaspartof thetake-homequiz:

17 .kdata
18 Duhh: .asciiz "\nDuhh-hhhhh!\n"
19 .ktext 0x80000080
20 li $v0 4 # syscall 4 (print_str)
21 la $a0 Duhh # print "Duhh-hhhhh!"
22 syscall
23 mfc0 $k0 $14
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24 rfe
25 addiu $k0 $k0 4
26 jr $k0
27 .text
28 .globl __start
29 __start: jal main
30 li $v0 10
31 syscall

(a) Underwhatcircumstancesdo you startexecutingat line 29? Whatdo lines29-31do?
(Whatarethey for?)

(b) Underwhatcircumstancesdo you startexecutingat line 17? Whatdo lines17-26do?
Whatarethey for?

(15)8. 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.)


