ECE 366—Fall 2001 Instructor: Prof. ShantanuDutt

Homework 3: Due Mon, Nov 19

1. (a) In class,we sawv the designof the P,G generatioriogic andthe correspondingarry-generation
logic for 4-bit chunksof anadder Designthe P,G andcarry-generatiotogic for 3-bitadderchunksin
termsof aninputcarryci, andthe p, g inputs(from the previouslevel P, G unit) po, 9o, P1,91, P2, 92—

provide all thelogic equationsanda logic gateschematic. 20

(b) Usingtheabore P, G andcarry-generationnits,andmodifiedfull adder{MFAs) thatgeneratehe
pi,g ands bits with inputsx;,y; (thebitsto beadded)andc; (thecarryin) asblackboxes(properly
labeledrectanglesvith i/ps ando/pswithout shaving ary internaldetails),designa full CLA 12-bit
adder 40

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

2. Considera5-stagepipeline: IF, Dec&Read(ID), Exec(Ex), DataAccesgMEM), Write Back (WB),
eachhaving adelayof 1cc,asin the MIPS processopipelinediscussedh class(Chap.6 of text and
LectureNotes# 14b). Therearetwo possiblearchitectureschemesor resolving/galuatirg branches:
(i) At theendof the Ex stagej(ii) At theendof thethelD stage(this canbe doneby insertingextra
hardwarethat, for the BEQ instruction,for e.g.,checksif the two readout registersare equalusing
XOR gatedollowed by OR’ing of the XOR outputs;readpp. 496-5010f thetext.) In bothschemes,

thebranchinstructionis detectedatthe ID stage.

TheCPlis definedasthe# of cc's taken perinstructiononthe averagemeaninghatif ninstructions
take C cc’s (to comeoutof thepipeline),thenthe CPlis C/n. Notethatthe CPIneednotbeaninteger

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

(a) If 20% of theinstructionsarebranchesthencomputethe CPIsfor architectureschemegi) & (ii)

above, for the NOP-filling or stalling strategy to tacklebranchor controlhazards. 40

(b) If 30% of the instructionsare branchesthen computethe CPIsfor architectureschemegi) &
(ii) above, for thefetch-next, flush-if-truestrateyy to tacklebranchor controlhazards Assumethata

branchwill evaluateto true 50% of thetime andto false50% of thetime ontheaverage. 50

Hint: Figureoutthe averageamountof extra delay d, aftera branchprocessindgeforewhich the
correctinstructionafter a branchwill exit the pipelinein eachof the above 4 cases;notethat day
canbe arealnumberasit is an average. Thenallocatel+ dyy cc's (insteadof 1 cc) asthetime it

takesfor a branchto exit from the pipelineafterthe previousinstructionexited from the pipeline(for



non-branchinstructionsit would take 1ccto exit afterthe previous instructionassumingno dataor

structuralhazards)Proceeedinghis way, obtainthe CPI.

. Considera 4 stagepipeline:fetch—IF(2cc),decode& read—ID(1cc),execute—EX4 ccfor multiply,
7 ccfor divide, 1 ccfor all otherarithmeticandlogic operationsandwrite back—WB(1 cc). Assume
thatin a programA which takes10,000instructionexecutionsto complete thereare 10% multiplies,
5% divides,and85% of othertypesof instructionsthattake 1 ccin the executestage.Assumethat
branchesredetectedn the D stageandareevaluatedn theWB stage.

(a) How mary cc’s doesit take to executeprogramA assumingfor simplicity that there are no
branches? 50
(b) How mary cc’s doesit take to executeprogramA assuminghatontheaveragethereis onebranch
per10instructiong10%branchesandwe usestalling (NOOPfilling) for branches? 40
(c) How mary cc’'s doesit take to executeprogramA assuminghatontheaveragethereis onebranch
per 10 instructions(10% branchespndwe usebranchprediction? Assumethatacrossall branches,
Truebranchesretaken 50% of thetime andFalsebranchesretaken 50%of thetime. Also, assume

thatbranchpredictionis correct70% of thetime andincorrect30%of thetime. 40

Hint: If thereare no multiplies, dividesor branchesthe CPI will be 2 cc's. Treatmultiplies and
dividesasinstructionsrequiringstallsof anextra 3cc's and6cc’s sothatthey exit the pipeline5 and
8 cc afterthe previousinstruction,respectiely (just like we treatedbranchesequiringextra delays
in exiting the pipelinedueto stalls). Also, aninstruction(# i + 1) following a multiple cc ALU in-
struction(# i) takingx > 1 cc’s, will “make up” the 2 cc gapbetweerthemandreduceit to 1cc(the
smallesgappossible)sothat,if instruction(#i + 1) generallyfollows the previousinstructionout of
thepipelineafteragapof y cc’s, (y = 2,5, 8 for regular/mult/dv instr, resp.) thenit will now follow
thei'th instructionaftera gapof y— 1 cc’s. This reductionof 1 cc, canbe “rewarded”to mul/div
instructions sothatthey cannow be looked uponashaving 4 and7 cc’s delay(afterthe prev. instr)
andall otherinstructiongrevertingbackto a 2 cc delay—itis all amatterof which columnsthecredits
anddebitsareallocatedto, andaslong asthetotal creditsanddebitsare correct,the overall analysis
will be correct. Finally, addin the extra delaysfor branchinstructionsin parts[b]-[c] asdiscussed

earlier After the CPlis computedn eachcaseyou canobtainthetotal cc’s for 10K instructions.



