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Fall Semester, 2002
Final Examination

1. Considetthefollowing MIPS codefragment: (20)
.data
A . Space 40
. text

# insert MPS instructions here.

For insertionatthe commentwrite MIPS instructionghatwill dothefollowing:

(a) Createaloop of 10iterationsthatwill lettheregister$t 2 take onvalues2, 4, 6, 8, 10,
12,14,16,18,20.

(b) Storethevaluesof $t 2 into successie wordsof the arrayA, sothatif we printedthe
10locationsof A, we would print outthenumber<, 4, ..., 20.

(You shouldnot include codeto do this printing. Your MIPS codeshoulddo whatis
asledfor abose andnothing more.)

2. Write portions of a single MIPS assembledanguageprogramthat will call a function (20)
Pri nt Sumwith parameter$5 and89. The function Pri nt Sumshouldaddits param-
etersandprint theresult.It shouldthencall afunctionPr i nt NewLi ne whosecodeis given
belov. You shouldgive the completecodefor the function Pr i nt Sumandfor the call to
Pri nt Sum Becausdr i nt Sumcallsanotherfunction,it needgo save thereturnaddress
at the startandrestorethe returnaddressat the end. Thusyou shouldbe implementingthe
following C code:

void PrintSun(int a, int b) {
int ¢c =a+b;
printf("%", c);
Pri nt NewLi ne() ;

}

voi d PrintNew ine(void) {
printf("\n");

}

/* in main */
int x =55, y = 89;
Sum(x, y);

AssumethatthefunctionPr i nt Newl i ne is implementedvith:
Print Newl i ne:

la $a0, Newl
addi $v0, $0, 4
syscal |
jr $ra
.data

Newl : .asciiz "\n"
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(30)

3. For this problem,you areto usea xerox of Figure5.29 (final datapathfor the singlecycle
implementatiorof MIPS). You will betracingthroughthe pathof the swinstructionon this
single-gcle model. You shoulduseahighlighterin onecolorto tracethe paththeinstruction
andassociatediatatakes throughthe diagram. (Do not shav datatraveling to “dead-end”
componentsyhichwill eventuallyhave no effect.) Thenwithoutusinga higlighter(youmay
useanothercolor of highlighterif youwish), shav therelevant controlsignals.(Do not shav
controlsignalsthatsene to keep“dead-end’pathsfrom having aneffect. Theinputto ALU
controlis 00, andfrom thatcomponenttheinputto the ALU is 010(add).)

Usethefollowing specificinstruction:sw $t 1, 12( $t 0), or in machindanguagdorm:

Oxad2a000c (i n hexadeci mal)
101011 01000 01001 0000000000001100 (fields in binary)
43 8 9 12 (fields in decinal)

Startat the left side,shaving the PC comingin, andassumethis instructionis readfrom the
InstructionMemory Shav whatvaluesaretraveling alongthe differentlines, assuminghe
following initial values:

(a) $t 0 and$t 1 areregisters8 and9 (decimal) respectely.

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

(c) ThePChasvalue32.

(Don't forgetto handlethe PCaswell astherestof theinstruction.)

4. For this problemyou will beincludinganadditionalinstructioninto the multicycle datapath (30)
describedn thetext, aninstructionnotincludedin theexamplesn thetext. Thenew instruc-
tionisaddi (addimmediate).

You areto useone or more xeroxes of Figure 5.33 (the final datapathfor the multicycle
implementatiorof MIPS). You shoulddecidehon mary cyclesto use(three,four, or five).
No additionaldatapatharenecessarnbut you needto determinghe controlsignalsfor each
cycle.

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

Specifically supposéheinstructionisaddi  $t 3, $t 2, 45, whichin machindanguage

formis:
214h002d (i n hexadeci mal)
001000 01010 01011 0000000000101101 (fields in binary)
8 10 11 45 (fields in decimal)

In markingthevalueson datalines,assumehat$t 2 = $10 holdsthevalue51.
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(20)
5. Considetthe xeroxof partof Figure6.41from your text, shawing pipelinedexecutionwhere
forwardingis required.Thediagramshavs successie pipelinestagesiuringoneclock cycle.

ThepipelinedMIPS machinds in themiddleof executingthesequencef instructionsshavn
atthetop of thediagram.

Considerthe 6 inputsto theforwardingunit: labelthe4 on theright from top to bottom“A”,
“B”, “C”, “D". Labelthetwo inputsontheleft from topto bottom“E”, “F".

(a) Explainwhateachof these6 inputsis usedfor.

(b) Whichonesareessentiafor theparticularforwardingstepin this figure?Whatfactsare
trueabouttheseinputsthatleadto forwarding?

(c) Useahighlighterto shav theexactline thatdoestheforwardingin this specificcase.

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 theinstructionthatmalkesa 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.

7. Considetthe simplifiedtraphandlersuppliedaspartof thetake-homequiz: (15)
17 . kdat a

18 Duhh: .asciiz "\ nbuhh-hhhhh!'\ n"

19 . kt ext 0x80000080

20 li $v0 4 # syscall 4 (print_str)

21 la $a0 Duhh # print "Duhh-hhhhh!"

22 syscal |

23 nfcO $k0 $14
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24 rfe

25 addi u $k0 $k0 4
26 jr $kO

27 . text

28 .globl __start
29 _ _start: jal main

30 Ii $v0 10

31 syscal |

(a) Underwhatcircumstanceslo you startexecutingat line 29? Whatdo lines 29-31do?
(Whatarethey for?)

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

8. Considetthefollowing diagramof a D flip-flop: (1)

D D, Q D, Q
Clatch Clatch 6

O |

c o0

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 deasserteftheD latchis closed). SuchaD latchis saidto be transparent.

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

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



