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ECE 366—Fall 2001, Instructor: Prof. ShantanuDutt

Homework 3: DueMon, Nov 19

1. (a) In class,we saw the designof the P,G generationlogic andthe correspondingcarry-generation

logic for 4-bit chunksof anadder. DesigntheP,Gandcarry-generationlogic for 3-bit adderchunksin

termsof aninputcarrycin andthe p � g inputs(from thepreviouslevel P� G unit) p0 � g0 � p1 � g1 � p2 � g2—

provideall thelogic equationsanda logic gateschematic. 20

(b) UsingtheaboveP� G andcarry-generationunits,andmodifiedfull adders(MFAs) thatgeneratethe

pi � gi andsi bits with inputsxi � yi (thebits to beadded)andci (thecarry in) asblackboxes(properly

labeledrectangleswith i/ps ando/pswithout showing any internaldetails),designa full CLA 12-bit

adder. 40

(c) Analyzethe# of gatedelaysfor thedesignof part[b]. 10

2. Considera 5-stagepipeline:IF, Dec&Read(ID), Exec(Ex), DataAccess(MEM), Write Back(WB),

eachhaving a delayof 1cc,asin theMIPS processorpipelinediscussedin class(Chap.6 of text and

LectureNotes# 14b).Therearetwo possiblearchitectureschemesfor resolving/evaluating branches:

(i) At theendof theEx stage;(ii) At theendof thetheID stage(this canbedoneby insertingextra

hardwarethat, for theBEQ instruction,for e.g.,checksif the two readout registersareequalusing

XOR gatesfollowedby OR’ing of theXOR outputs;readpp. 496-501of thetext.) In bothschemes,

thebranchinstructionis detectedat theID stage.

TheCPI is definedasthe# of cc’s takenperinstructionon theaverage,meaningthatif n instructions

takeC cc’s (to comeoutof thepipeline),thentheCPI isC
�
n. NotethattheCPIneednotbeaninteger

(e.g.,CPI= 1.2)asit is anaverage.

(a) If 20%of theinstructionsarebranches,thencomputetheCPIsfor architectureschemes(i) & (ii)

above, for theNOP-fillingor stallingstrategy to tacklebranchor controlhazards. 40

(b) If 30% of the instructionsarebranches,thencomputethe CPIsfor architectureschemes(i) &

(ii) above, for the fetch-next, flush-if-truestrategy to tacklebranchor controlhazards.Assumethata

branchwill evaluateto true50%of thetimeandto false50%of thetimeon theaverage. 50

Hint: Figureout theaverageamountof extra delay dav aftera branchprocessingbeforewhich the

correctinstructionafter a branchwill exit the pipeline in eachof the above 4 cases;note that dav

canbe a real numberasit is an average.Thenallocate1 � dav cc’s (insteadof 1 cc) asthe time it

takesfor a branchto exit from thepipelineafterthepreviousinstructionexited from thepipeline(for
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non-branchinstructionsit would take 1cc to exit after the previous instructionassumingno dataor

structuralhazards).Proceeedingthisway, obtaintheCPI.

3. Considera4 stagepipeline:fetch–IF(2cc),decode& read—ID(1cc),execute–Ex(4 cc for multiply,

7 ccfor divide,1 ccfor all otherarithmeticandlogic operations)andwrite back—WB(1 cc). Assume

thatin a programA which takes10,000instructionexecutionsto complete,thereare10%multiplies,

5% divides,and85%of othertypesof instructionsthat take 1 cc in theexecutestage.Assumethat

branchesaredetectedin theID stageandareevaluatedin theWB stage.

(a) How many cc’s doesit take to executeprogramA assumingfor simplicity that thereare no

branches? 50

(b) How many cc’sdoesit take to executeprogramA assumingthatontheaveragethereis onebranch

per10 instructions(10%branches)andweusestalling(NOOPfilling) for branches? 40

(c) How many cc’sdoesit take to executeprogramA assumingthatontheaveragethereis onebranch

per10 instructions(10%branches)andwe usebranchprediction?Assumethatacrossall branches,

Truebranchesaretaken50%of thetimeandFalsebranchesaretaken50%of thetime. Also, assume

thatbranchpredictionis correct70%of thetimeandincorrect30%of thetime. 40

Hint : If thereareno multiplies, dividesor branches,the CPI will be 2 cc’s. Treatmultiplies and

dividesasinstructionsrequiringstallsof anextra 3cc’s and6cc’s sothat they exit thepipeline5 and

8 cc after theprevious instruction,respectively (just like we treatedbranchesrequiringextra delays

in exiting the pipelinedueto stalls). Also, an instruction(# i � 1) following a multiple cc ALU in-

struction(# i) takingx � 1 cc’s, will “make up” the2 cc gapbetweenthemandreduceit to 1cc(the

smallestgappossible),sothat,if instruction(# i � 1) generallyfollows thepreviousinstructionoutof

thepipelineaftera gapof y cc’s, (y � 2 � 5 � 8 for regular/mult/div instr., resp.),thenit will now follow

the i’ th instructionafter a gapof y � 1 cc’s. This reductionof 1 cc, canbe “rewarded”to mul/div

instructions,sothat they cannow belookeduponashaving 4 and7 cc’s delay(aftertheprev. instr.)

andall otherinstructionsrevertingbackto a2 ccdelay—itis all amatterof whichcolumnsthecredits

anddebitsareallocatedto, andaslong asthetotal creditsanddebitsarecorrect,theoverall analysis

will be correct. Finally, addin the extra delaysfor branchinstructionsin parts[b]-[c] asdiscussed

earlier. After theCPI is computedin eachcase,youcanobtainthetotalcc’s for 10K instructions.


