ECE 366—Fall 2001 Instructor: Prof. ShantanuDutt

Homework 4 : DueFri Nov. 30

1. Thet,, = hit_time?a"® 4 missrate®®®miss penaty®@®e. metric discussedn classis alsocalledthe
AMAT (averagememoryaccesgime) metric. Find the AMAT for a computemwith a 2nsclock, and
thefollowing cacheparametersa misspenaltyof 20 ccs,a missrateof 0.05,anda hit time of 1cc.
Assumethatreadandwrite penaltiesarethe sameandignoreotherwrite stalls. 30

2. Supposene canimprove the cachemissratein the abore computerto 0.03 by doublingthe cache
size.Thiscauseshecachehit timeto becomel.2cc’s (alargermemoryunit is alsoslower to access).
Doesthe AMAT improve comparedo the computerin the above problem? Shav your work and
explain. 30

3. Considera computermemoryhierarchywith a cache,main memory(MM) and secondarystorage
(SS).The cachehit rateis 0.97,cachehit time = 2cc, block transfertime from MM to cacheis 20cc
(thisis thesameasthe hit time for MM), MM hit rateof 0.99999 andpagetransfertime from SSto
MM of 100,000cc’s (this is the sameasthe hit time for SS).Note the SShit rateis always1. The
AMAT tqy is givenby ta, = hit_time2®® + missrate®®®emiss penaty°@®®, Determinethe AMAT for
this computer 50

4. Supposea computers addresssizeis k-bits (using byte addressing)the cachesizeis S bytes,the
cacheblock sizeis B bytes,andthe cacheis A-way setassociatie. AssumethatB is a power of two,
soB = 2°. Figureoutwhatthefollowing quantitiesarein termsof S,B, A, b andk:

(a) Thenumberof setsin thecache. 10
(b) Thenumberof index bitsin theaddress. 10
(c) Thetotal numberof bits neededo to implementthe cache—thigncludesdatabits, tag bits and
valid bits. 20

5. (a) Following is a string of addresseferencegivenasword addressesl, 4, 8, 5, 20,17,19, 56, 9,
11,33,43,5,1,9,17. AssumingaDM cachewith 16 1-word blocksthatis initially empty labeleach
referencen thelist asa hit or missandshawv thefinal contentf thecache.n caseof amiss,classify
which type of miss(compulsory capacity conflict) it is. A missoccurringbecause block is being
accessetbr theveryfirst timeis acompulsorymiss.|If amissis notcompulsorythento determinef
it isaconflictmiss,determindf thismisswould have occurredn aFA cachewith thesameblock size
andfor the samestring of block accessesll the currentmiss;if notthenthis missis a conflict miss.
In otherwords,if blocki is beingcurrentlyaccessedinda missoccursgo backto thepreviousmiss,
andassumingpblocki to be presentin cacheat that point, determinef it would have beenthe least
recentlyusedblock at thatpoint; if so,thenblocki would have beenreplacedatleastat this previous
missin a FA cache andthe currentmisswhenaccessingdplocki is not a conflict miss. Otherwisejt



is aconflictmiss. Any missthatis neithera conflicthor acompulsorymissis acapacitymiss. 30

(b) Do the samefor the above referencestring for an FA cachewith 4-word blocks andtotal size
of 16 words.AssumelRU replacement. 40



