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CS 2734, Computer Organization ||
Spring Semester, 2002
Final Examination

1. Consideithefollowing MIPS codefragment: (20)
.data
A . Space 40
.text
# insert MPS instructions here.
For insertionat the commentwrite MIPS instructionghatwill dothefollowing:
(a) Createaloop of 10iterationsthatwill let theregister$t 0 take onvalues0, 1, ..., 9.
(b) Storethevaluesof $t O into successie wordsof thearrayA, sothatif we printedthe
10locationsof A, we would print outthenumberd, 1, ... 9.
(You shouldnot include codeto do this printing. Your MIPS codeshoulddo whatis
asledfor abose andnothing more.)
(20)

2. Write portionsof MIPS assembletanguagehatwill call a function F with parameter 2.
Thenyour codeshouldstorethereturnedvaluein avariablei correspondingo register$s 3.
You shouldgive the completecodefor F, which shouldaddits argumentto itself andreturn
theresult. Your codeshouldnotinvoke ary syscall,andit shouldnot have ary of therestof
themainfunctionexceptthecall to F andthestoringof thereturnedvalueinto $s 3. Thecode
for F shouldbe complete.For full credit, you must follow the MIPS conventions for passing
parameters and for returning a value from a function. (You do 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. For this problemyouwill beincludinganadditionalinstructioninto thesinglecycle datapath (30)
describedn the text, one notincludedin 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.
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Usea highlighterto shav the datalinestraversedduring execution. You shouldalsowrite in
thevaluesof all signals.

Specifically supposeheinstructionisaddi  $t 3, $t2, 45, whichin machindanguage

formis:
214h002d (i n hexadeci nmal)
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 thenbe 010,thatis, anadd.)

4. For this problem,you areto useoneor morexeroxes of Figure5.33 (final datapattfor the (30)

multi-cycle implementatiorof MIPS). Youwill betracingthroughthe pathof thel winstruc-

tion on this multi-cycle model. You shoulduseseveral colors of highlightersto tracethe

pathsthe instructionandassociatedatatakesthroughthe diagram.(Or you cantracethese
pathsusingmorethanonediagram.)Do not shav datatraveling to “dead-end’components,
whichwill eventuallyhave noeffect. In particular donotshawv thecomputatiorof thebranch
addresswhichwill notbeusedin this case.

For this diagram 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, andperhap<Lycle 4 andCycle 5 (if the
instructionusesCycles4 and5).

Usethefollowing specificinstruction:
lw $t5, 92($t 1)

or in machindanguagdorm:

0x8d2d005c¢c (i n hexadeci mal)
100011 01001 01101 00000 00001 011100 (fields in binary)
35 9 13 92 (fields in decimal)

Startattheleft side,shaving the PC comingin, andassumaehis instructionis readfrom the
Instructionmemory Be sure to identify the different cycles. Don't forgetthe PC.Shav what
valuesaretraveling alongthe differentlines,assuminghefollowing initial values:

(a) $t 1 and$t 5 areregistersnumber® and13 (decimal),respectiely.

(b) Thecontentof register9 is 200 (decimal).

(c) ThePChasvaluel6.

5. Considerthe xerox of Figure 6.42from 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

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 C to markall the lineshaving to do with forwardingfrom
thesub instruction.

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

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

6. Considetthe xeroxof Figure6.47from yourtext, shawing pipelinedexecution,wherea stall (20)

is neededTheinstructionsn 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 theinstructionthatmalesa stall necessaryvith 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.

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

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

() Istheactualforwardingdoneduring oneof thesetwo diagramsqYesor No). If “No”,
saywhentheforwardingwill becarriedout.
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(15
7. Considetthefollowing diagramof a D flip-flop:

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 changef the
clock C is deassertefthe D latchis closed). SuchaD latchis saidto be transparent.

(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
the specificsof thediagramabore, includingthe NOT gateandthetwo D latches.)

8. This problemdealswith the Hamming Code. (15)

(a) Whaterrordetectionandcorrectionis thefull binaryHammingcodecapableof?

(b) Suppossyou have thefollowing sixdatabits:0 1 1 0 0 1. Insertthepropervalues
for the checkbitsin the correctpositions.(Do not useposition0.)

(c) Supposehebit in position6 is transmittedn error (not the sixth data bit). Shav how
theHammingcodewill beableto correctthis error

9. This problemsdealswith buses. (10)

(a) Whatis abusis acomputersystem?

(b) Whatarethe differencesbetweena synchronous bus andan asynchronous bus? What
aretheadwantages/disadviages of oneover theother in differentcurcumstances?



