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EECS 366, Spring 2001, Instructor: Shantanu Dutt

Final Exam: Wed, May 3, Time: 1pm-3pm, Place: 230 SES
Exam Format: Closed Book, Total Points: 150

Important Note: You needto show all your work clearly in deriving theanswers.Justwriting down the
final answersis notenough.

Suggestion: Begin by readingall questionsanddo thosefirst thatyou think youknow best.

1. [C.U. Design]

Draw a MooreFSM for thatpart of the controlunit of themyth8 processorthatprocessesthe fol-

lowing instruction:

[LOADIN AUTO INCR ri rj rj blank]Semantics:ri = MEM[rj], rj=rj+1;

Theabove instructionis usedto accessdataarrayseasily. Youneedto only providethestatesafterthe

decode stateof themyth8 controlunit. If appropriate,you canshow transitionsfrom thestate(s)

you designto a fetch0 statewithout giving detailsof thefetch0 state. Themyth8 processor

organizationis providedon thenext page. 20
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2. [2’s complementarithmetic]:

(a)Statethestepsof thedirect2’scomplementmultiplicationalgorithm(whereit is not necessary to

convert eithera negative multiplier or multiplicandinto a positive numberfirst). Give a simple4-bit

multiplicationexampleusingthesestepsin whichboththemultiplierandmultiplicandarenegative)—

notethattheresultwill bean8-bit 2’s complementnumber. 20

(b) Proveusingbasicsof 2’scomplementarithmeticthatthe2’scomplementmultiplicationalgorithm

youhave describedworkscorectly. 20
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3. [Pipelining]

(a)DesigntheC.U.FSMfor theReadstageof apipelinedversionof themyth8 thathasthefollowing

stages:Fetch,Decode,Read,Execute,Write. A schematicof a pipelinedmyth8 is given on the

following page.TheReadFSMhasto interactwith theDecodeandExecuteFSMsothat:

(a) It startsprocessinganew instructiononly whentheDecodestageindicatesthatit hasputanew

instructionin Read’s input register(Read Reg) by settingsignaldecode avail=1.

(b) It forwardsits just completedinstructionto the Executestage’s input register(calledEx Reg

with aloadsignalEx Reg load thatis setby theReadstage)andloadsin thereadregistersinto

thetwo outputregistersof BusA andB (calledBusA Reg with loadsignalBusA Reg load

andBusB Reg with loadsignalBusB Reg load) only whentheExecutestagesignalsto the

ReadFSMthatit is donewith its currentinstructionby settingsignalEx done=1. Assumethat

adirectpathia availablefromRead Reg toEx Reg for forwardingtheReadstage’s instruction

to theExecutestage.

(c) It indicatesthat the above input regstersto the Executestagehave beenloadedby setting

read avail=1.

(d) Whenit is donewith its currentinstructionit setsread done=1 to indicateto theDecodestage

thatit cannow receieve a new instructions.

TheinputstheReadstagegetsfrom its input registerarefieldsdo read (=1 meansa readis needed

for that instruction,= 0 meansno readis needed),andther j andrk fields. As in themyth8, readis

preformedby settingr j sel � 1 � rk sel � 1. Minimize thenumberof cc’s takenby Readto processan

instruction,andthenumberof statesin its FSM.Assumethatreadinga registercanbedonein 1 cc.

30

(b) A processorhasa 5-stagepipelineF (3cc’s),D (1cc),R (1cc),Ex (variable:1ccfor Logic opera-

tions,2cc’s for ADD/SUB, 4cc’s for MUL/Branch,5cc’s for DIV), WB ( 1cc).

Considera programA whosetypical run resultsin 70K instructionsbeingexexcuted,with oneoutof

every 7 instructionbeinga branch,andfor which typically 60% of “True” branchesaretaken over

all branchinstructions.Assumethat thedistribution of thevariousoperationsare: 10%Logic, 40%

ADD/SUB, 40% MUL/Branch,and10% DIV. Determinethe total numberof cc’s taken to execute

programA whena branch prediction schemewith 80%accuracy is used. 20
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4. [MemoryHierarchy]

(a) Briefly describethedifferentwrite missstrategies,andstatewith rationalewhich strategy is used

at thecache-MMlevel andwhichar theMM-SS level. 20

(b) A computersystemhasa 4-level memoryhierarchy:1st-level cache(cache1),2nd-level cache

(cache2),mainmemory(MM), andsecondarystorage(SS).Eachlevel hasthefollowing characteris-

tics:

1. Cache1:hit time= 2cc’s,hit rate= 0.9

2. Cache2:block replacementtime to cache1tcache2
blk = 4 cc,hit rate= 0.95

3. MM: block replacementtime to cache2tMM
blk = 40cc,hit rate= 1 � 10

� 5

4. SS:block replacementtime to MM tSS
blk = 1 � 7 � 105 cc’s.

DeterminetheAMAT tav for thiscomputer. 20


