CS213,Fall 2000
Lab Assignment.3
Assigned:Octoberl?2
Due: Novemberl, 11:59PM(Notedatechange)

L ogistics

BiancaSchroedeKbi anca@s. cnu. edu) is the lead personfor this assignment.The files for this as-
signmentcanberetrievedfrom

[ af s/ cs. cnu. edu/ acadeni ¢/ cl ass/ 15213-f 00/ L3/ L3. tar

Onceyou've copiedthisfile into a (private)directory runthecommand ar xvf L3. t ar andfill in your
teaminformationin the structureat the beginning of thefile conver si on. ¢c. Whenyou have completed
thelab, you will handin two files: conver si on. ¢ andconver si on_t hr ough. ¢ thatcontainyour
solution. For thefirst partyouwill begradedonthe performancef yourcodefor theroutinegood_cache

inconver si on. c. Forthesecondartyouwill begradedontheperformancef your codefor theroutine
good_t hr oughput in conver si on_t hrough. c. Yourgradewill be determinecoy how well your
routinesperformcomparedo anoptimizedreferencesolution.

I ntroduction

Thepurposeof thisassignmenis to gainexperiencan optimizingcodefor amemoryintensve application.
We considerthe problemof converting a directedgraphyg into its undirecteccounterpary’. ¢’ hasanedge
from vertex u to vertex v iff thereis anedgefrom « to v or from v to w in theoriginal graphg. Thegraphg
is representedly its adjacency matrix G asfollows. If N isthenumberof verticesin g thenG isanN x N
matrix andits entriesareall eitherQ or 1. Supposeéhe verticesof g arenamedvy, v1, v, ...,uy—_1. Then
G[i][j] is 1if thereis anedgefrom v; to v; and0 otherwise Figurel shavs anexamplefor adirectedgraph
g, the correspondingindirectedgraphg’ andthe adjaceng matricesof the two graphs.Obsere, thatthe
elementonthediagonalof anadjaceng matrix arealways1 andthattheadjaceng matrix of anundirected
graphis symmetric.

The adjaceng matrix of a directedgraphcanbe corvertedinto the adjaceng matrix of the corresponding
undirectedgraphin asimplenestedoop:



V2 V2

Vi V1
V3 V3
VO VO
1 1 0 0 1 110
01 00 1 1 0 0
1 01 1 1 011
0 011 0 011

Figurel: Thegraphsg (left) andg’ (right) andtheir adjaceng matrices

int i, j;
for (i =0; i <dim i++)
for (j =0; j <dim j++4)
R DX(j,i,dim] = GRIDX(j,i,dim] || GQRDX(i,j,dim];

wheretheamgumentdo the procedurereapointerto theadjaceng matrix (G), aswell asthematrix size N
(di m. ThemacroRI DX is definedasfollows:

#define RIDX(i,j,n) ((i)*(n)+(j))

This codefor corverting g into an undirectedgraphgoesthroughthe entriesof G column-wiseand and
checksfor eachentrywhetherthereis anedgein eitherdirectionbetweerthe correspondingertices.Your
job is to devise a corversionroutinethatis asfastaspossibleusingthe techniquesve sav in class(e.g.,
loop unrolling andblocking).

Tablel and2 summarizehe performancenf the naive implementatiorin termsof the cachebehaior and
the throughputfor 5 differentvaluesof N. We evaluatethe cacheperformanceof a conversionroutine
by looking at the total numberof cachemissescomparedo the size of the matrix. More precisely we
usethe miss score of the routine to measurehe cacheperformancewherethe miss scoreis definedas
#misses/(N x N). Sincethemissscoreis directly proportionalto the total numberof missesthe cache
behaior of animplementationis the betterthe lower the missscoreis. The throughputis measuredn

megabytepersecondn oneof our Pentiumlll XeonmachinesThatis, if corvertingan N x N adjaceng

matrix requiresT” secondsthenthethroughputis (N x N x 4 x 1076)/T.

If youlook at Tablel, you'll find thatthe naive implementatiorhasanaveragemissscoreof 0.47whichis
quite high. In particular for thelarger graphsthe missscoreis very high. Therefore,a goodpointto start
is to try to reducethe numberof cachemisses.Thisis exactly whatyou areaslkedto doin partl. Then,in
part2 of thelab youwill focussolelyon maximizingthethroughput.

To make life easieryou canassumehat NV is a multiple of 32. Your codemustrun correctlyfor all such
valuesof N, but we will measuréts performancenly for the5 valuesshovn in Tablel. To summarizehe
overall effect of your optimizationswe will computethe geometric mean of the resultsfor theseb values,
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Testcase 1 2 3 4 5
Method N 32 64 128 256 1024 | Geom.Mean
Naive 0.1269 0.1345 1.1076 1.1198 1.1238 0.4735
Performance we were able to achieve in our solutionsto Parts| and I1:
GoodCache(Partl) 0.1279 0.1259 0.1253 0.1250 0.1628 0.1327
GoodThroughput(Part 1) 0.1279 0.1262 0.1254 0.1251 0.1767 0.1349

Tablel: SimulatedCacheMiss Scoredor CorversionRoutines

i.e. if the measuredesults(throughputsor miss scores)are Rss, Rgs, Ri2og, Rasg, and Rigo4 thenwe
computethe overall performances

R = </R3z x Res X Riog X Ras X Rigaa

Part |: Optimizing Simulated Cache Performance

A goodway to improve the performanceof the implementations to first focuson its cachebehaior. To
measurdghe cachebehaior we will run theimplementatioragainsta simulated16 KB 4-way associatie
cachewith 32 bytelines. This is the sameconfigurationasthe L1 cacheof the Pentiumsystemyou will
tamgetin Partll to, soagoodimplementatiorherewill sene youwell whenoptimizingthroughput.

We instrumentthe implementatiorof the corversionroutineto capturememoryaccessesisingcache-
pr of , which is a public-domaincachesimulator(ht t p: / / wwww. cachepr of . org/). cachepr of
instrumentsassemblycodeto capturethe source(destination)addressesf read(write) instructions,and
usesthemto counthits andmissesn a simulatedcache.As mentionedabove, we will measurehe cache
performancen termsof the miss score which is definedas#misses/(N x N).

Your taskfor this part of the assignments to modify the codefor the routine namedgood_cache in
conver si on. ¢ to achieve aslow a missscoreasyou can. We provide you with a driver programthat
generatesestgraphsfor the graphsizesin Table1l andrunsyour routinegood_cache onit. To check
your progresdirst compilethe codeon your machinewith the commandrake dri ver . After that,you
canusetwo scriptsto testyour solution. Thefirstoneis dr i ver _one_t est whichrunsthedriver program
for a specifictestcase,.e. a specificmatrix size. For example,to run your solutionfor N = 64 vertices,
youwouldtype:

% driver_one_test 2

The programwill outputcacheperformancestatistics(andthroughputresultsthat are pertinentto Part I1)
from the cachesimulator(the total numberof misses,andthe numberof readandwrite misses)andthe
miss score,which will be usedto to measurehe cacheperformanceof your program. You canalsorun
all the testcasesin onceusingdri ver _;al | . Table 1 shavs the improvementour implementationof
good_cache wasableto obtain.As you cansee for thelargermatricest is possibleto improve uponthe
nave implementatiorby almostafactorof 10!



Testcase 1 2 3 4 5
Method 32 64 128 256 1024 | Geom.Mean
Naive 723 793 515 4136 194 47.3
Performance we were able to achieve in our solutionsto Parts| and I1:
GoodCache 1429 143.3 137.9 136.16 114.5 134.5
GoodThroughput 1395 176.8 172.8 174.62 142.1 160.2

Table2: Measuredr hroughpuiof CorversionRoutinegMB/s)

If you arehaving problemsdeluggingyour code,you shouldchangethe Makef i | e by un-commenting
theline:

CFLAGS=-Val | -g $(DEFI NES)
andcommentingoutthelines:

conversion.o: conversion.c
$( CACHEPRCOF) $( CACHEPROFFLAGS) $(CC) $(CFLAGS) $(INCDIR) -c -0 $*.0 $<

andusingmake cl ean; nake driver. Thiswill disablecachepr of andincludedelugginginfor-
mationneededy gdb.

You may alsowantto disablecacheprofonceyou aredonewith Part |, soyou dont have to wait for the
cachesimulationto completewhenworking on Part Il. You cando so by commentingout the following
linesin theMvakefi | e:

conver si on.o: conversion.c
$( CACHEPROF) $( CACHEPROFFLAGS) $(CC) $(CFLAGS) $(INCDIR) -c -0 $*.0 $<

andrunningmake cl ean; meke driver.

Part |1: Optimizing Measured Throughput

Your taskfor secondpart of this assignments to write aroutinegood _t hr oughput thathasashigha
throughputaspossible.Yourgradewill dependnthegeometrianeanof thethroughputyouachieve across
the 5 valuesof N. Improving the actualperformanceof your routine requiresa fair amountof low-level
codeoptimization. The bestmethodis to repeatedlyransformthe code,andcheckthe generatedissembly
to seehow muchsimplificationyou've obtained,andbenchmarkhe code. You mayfind it helpful to also
look at the cacheperformancdor good_t hr oughput . You cando soby un-commentinghe following
linesin theMakefi |l e:

conver si on_t hrough. o: conversi on_t hrough. c
$( CACHEPROF) $( CACHEPROFFLAGS) $(CC) $(CFLAGS) $(INCDIR) -c -0 $*.0 $<
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andusingmake cl ean; nake driver.cacheprof will theninstrumenigood_t hr oughput , al-
lowing youto examineits cacheperformancesyou optimizeit. Remembethatcachesimulatomwill reduce
yourthroughputsowhenyou aresatisfiedwith the cacheperformance/ou shouldre-commenthoselines.

You might notice your throughputresultsvarying betweendifferentruns, sinceyou are sharingmachines
with othergroupsworking atthe sametime. To getmoreaccurateaesults,you cansubmityourimplemen-
tationto theclasssener. Pleasdook atthe WWW pageof this lab for how to dothis.

Rules

You maywrite ary codeyouwant,aslong asit satisfieghefollowing:

e It mustbein ANSI C. Youmaynotuseary embeddedssemblyanguagestatements.

e |t mustnot interferewith the cachesimulationor time measuremenmnechanism.You will alsobe
penalizedf your codeprintsary extraneousnformation.

You areallowedto definemacros,additionalglobal variables,and otherproceduresn thefiles conver -
si on. c andconver si on_t hr ough. c. If youmodify ary otherfiles,make sureyourconver si on. ¢
andconver si on_t hr ough. c still compileandrunwith the original versionsof thesefiles.

Evaluation

We will usethe performanceof the “Good Cache”and“Good Throughput”routinesgivenin Tablel and
Table2 asareferencesolution.

Your gradewill bebasednthefollowing:
e Correctness¥ou will getNO CREDIT for buggy code! This includescodethat correctly converts
the providedtestmatricesput incorrectlyconvertsothermatrices.

e CacheperformanceXouwill getfull creditfor Partl if yourimplementations correctandachieiesa
meanmissscoreof atmost0.1327.You will getpartialcreditfor a correctimplementatiorthatdoes
betterthanthe suppliednaive one.

e Throughput:Youwill getfull creditfor Partll if yourimplementations correctandachievesamean
throughputof atleast160.2. Youwill getpartialcreditfor a correctimplementatiorthatdoesbetter
thanthesuppliednaive one.

Hand In

Pleaseseethe WWW pageof this lab for how to handit your solutionsto the classsener.



