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 shaw all your work clearly in deriving the answers.Justwriting down the
final answersgs notenough.

Suggestion: Begin by readingall questionsanddo thosefirst thatyou think you know best.

1. [C.U. Design]
Draw a Moore FSM for that part of the controlunit of the myt h8 processothat processeshe fol-
lowing instruction:
[LOADI NLAUTQLlI NCRri 1j rj blank] Semanticsri = MEM[rj], rj=rj+1;
Theabove instructionis usedto accesslataarrayseasily You needto only provide the statesafterthe
decode stateof themyt h8 controlunit. If appropriateyou canshav transitionsfrom the state(s)
you designto a f et chO statewithout giving detailsof thef et chO state. The myt h8 processor

organizationis providedonthe next page. 20
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2. [2'scomplemengarithmetic]:
(a) Statethe stepsof thedirect2’s complemenmultiplicationalgorithm(whereit is not necessary to
convert eithera negative multiplier or multiplicandinto a positive numberfirst). Give a simple4-bit
multiplicationexampleusingthesestepsn which boththemultiplierandmultiplicandarenegative)—

notethattheresultwill bean8-bit 2’'s complementumber 20

(b) Prove usingbasicsf 2's complemenarithmeticthatthe 2’'s complemenmultiplicationalgorithm

you have describedvorkscorectly 20



3. [Pipelining]
(a) Designthe C.U. FSMfor the Readstageof apipelinedversionof thenyt h8 thathasthefollowing
stages:Fetch,Decode,Read,Execute,Write. A schematiof a pipelinednyt h8 is given on the
following page.The ReadFSM hasto interactwith the DecodeandExecuteFSM sothat:

(a) It startsprocessinga new instructiononly whenthe Decodestageindicateshatit hasputanewv
instructionin Reads inputregister(Read_Reg) by settingsignaldecode _avai | =1.

(b) It forwardsits just completednstructionto the Executestages input register(called Ex _Reg
with aloadsignalEx _Reg | oad thatis setby theReadstagerndloadsin thereadregistersinto
thetwo outputregistersof Bus A andB (calledBus A_Reg with loadsignalBusA_Reg_l oad
andBusB_Reg with loadsignalBusB_Reg_| oad) only whenthe Executestagesignalsto the
ReadFSMthatit is donewith its currentinstructionby settingsignalEx _done=1. Assumehat
adirectpathia availablefrom Read_Reg to Ex _Reg for forwardingthe Readstages instruction
to the Executestage.

(c) It indicatesthat the above input regstersto the Executestagehave beenloadedby setting
read_avai |l =1.

(d) Whenit is donewith its currentinstructionit setsr ead_done=1 toindicateto theDecodestage
thatit cannow recei&e anew instructions.

Theinputsthe Readstagegetsfrom its inputregisterarefieldsdo_r ead (=1 meansareadis needed
for thatinstruction,= 0 meanso readis needed)andther; andry fields. As in thenyt h8, readis
preformedoy settingr j_sel = 1,rk_sel = 1. Minimize thenumberof cc’s takenby Readto processan
instruction,andthe numberof statesn its FSM. Assumethatreadinga registercanbe donein 1 cc.
30

(b) A processohasa 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 oneout of
every 7 instructionbeinga branch,andfor which typically 60% of “True” branchesaretaken over
all branchinstructions.Assumethatthe distribution of the variousoperationsare: 10% Logic, 40%
ADD/SUB, 40% MUL/Branch,and10% DIV. Determinethe total numberof cc's taken to execute
programA whena branch prediction schemewith 80%accurag is used. 20
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4. [Memory Hierarchy]
(a) Briefly describethe differentwrite missstratgies,andstatewith rationalewhich stratgy is used
atthecache-MMlevel andwhich arthe MM-SS level. 20

(b) A computersystemhasa 4-level memoryhierarchy: 1st-leel cache(cachel)2nd-level cache
(cache2)mainmemory(MM), andsecondangtoraggSS).Eachlevel hasthefollowing characteris-

tics:

1. Cachelhit time= 2cc’s, hitrate= 0.9

2. Cache2blockreplacementime to cache &% = 4 cc, hit rate= 0.95
3. MM: block replacementime to cache2} = 40cc, hit rate= 1 — 10~°
4. SS:blockreplacementimeto MM t55 = 1.7 x 1P cc’s.

Determinghe AMAT t,, for thiscomputer 20



