CS213,Fall 2000
Lab Assignment4: DynamicStorageAllocator
Assigned:Nov. 2, Due: Wed. Nov. 15,11:59PM

Logistics

TiankaiTu (t t u@ndr ew. cnu. edu) is theleadpersorfor thisassignment.
Thetarfile for thisassignmentanberetrievedfrom

/ af s/ cs. cnu. edu/ academ c/ cl ass/ 15213-f 00/ L4/ L4. t ar

Onceyou've copiedthis file into a (private) directory run the commandt ar xvf L4.tar andfill in
your teaminformationin the structureat the beginning of thefile mal | oc. c. Whenyou have completed
thelab, youwill handin only onefile (mal | oc. ¢) thatcontainsyour solution. As usual,you maywork in
agroupof upto 2 people.

Intr oduction

In this lab you will be writing a dynamicstorageallocatorfor C programs,.e., your own versionof the
mal | oc, f ree andr eal | oc routines. You areencouragedo explore the designspacecreatively and
implementanallocatorthatis correct,efficient andfast.

Yourdynamicstorageallocatomwill consisiof thefollowing four functionswhicharedeclarednmal | oc. h
anddefinedin mal | oc. ¢ with emptyfunctionbodies.

i nt mminit(void);

char *mm mal | oc(size_ t size);

void mmfree(void *bl ock);

void *mmrealloc(void *ptr, size t size);

Youshouldfill in theseemptyfunctionbodies(andpossiblydefineotherprivatefunctions)sothatthey obey
thefollowing semantics:

e mmi ni t: Beforecallingnmnal | oc nmr eal | oc or nmf r ee, the applicationprogramcalls
nmi ni t to performarny necessanynitializations, including the allocationof the initial heaparea.
Thereturnvalueshouldbe-1 if therewasaproblemin performingtheinitialization, O otherwise.



e mmumal | oc: Themmmnal | oc routinereturnsa pointerto anallocatedchunkof memoryof atleast
si ze bytes.Thepointermustbealignedto 8 bytes. The entireallocatedchunkshouldlie within the
heapregion andshouldnot overlapwith any otherallocatedchunk.

e mMmfree: Thenmf ree routinefreesthe block pointedto by bl ock. It returnsnothing. This
routineis only guaranteedo work whenthe passedointer(bl ock) wasreturnedby anearliercall
tonmmmal | oc or nmr eal | oc andhasnotyetbeenfreed.

e mmr eal | oc: Thenmr eal | oc routinereturnsa pointerto anallocatedregion of at leastsi ze
byteswith thefollowing constraints.

— if pt r isNULL, thecallis equvalentto mmual | oc(si ze) ;
— if si ze is equalto zero,thecall is equvalentto mmf ree(ptr) ;

— if pt r isnotNULL, it musthave beerreturnedoy anearliercalltonmumal | oc ormmr eal | oc.

The call to rmr eal | oc changedhe size of the memoryblock pointedto by pt r (the old
block) to si ze bytesandreturnsthe addresof the new block. Notice thatthe addresf the
new block mightbethesameastheold block, or it might bedifferent,dependingpnyourimple-
mentationthe amountof internalfragmentatiorin the old block, andthe sizeof ther eal | oc
request.
Thecontentof theneaw block arethe sameasthoseof theold pt r block, upto theminimumof
the old andnew sizes.Everythingelseis uninitialized. For example,if theold block s 8 bytes
andthenew blockis 12 bytes,thenthefirst 8 bytesof the new block areidenticalto the first 8
bytesof theold block andthelast4 bytesareuninitialized. Similarly, if theold blockis 8 bytes
andthe new blockis 4 bytes,thenthe contentsof the new block areidenticalto thefirst 4 bytes
of theold block.

Thesesemanticgnatchthe the semanticof the correspondind.inux mal | oc, r eal | oc, andf r ee rou-
tines. Typeman nal | oc to theshellfor completedocumentation.

Support routines

Thenenl i b. ¢ packages providedto facilitateyourimplementatiorof adynamicmemoryallocator You
caninvoke thefollowing threefunctionsin neni i b. c.

e memshbr k: expandsthe heaparea.Thelower andupperboundarie®f the heapareaarecontained
indseg | o anddseg_hi respectiely. Youareallowedto readthesevariables put you shouldnot
modify themin ary way. Youmustcall mremshbr k in orderto changaheupperbound.Thisfunction
acceptsa positive integer agument,which is the amountof bytesby which the upperboundshould
be expanded.The returnvalueis the beginning of the newly allocatedheaparea,or NULL if there
wasnt ary memoryleft. You cannotdecreas¢heheapareain size,only increasat, sobecarefulhown
you callmemsbr k.

e Mempagesi ze: returnsthesystempagesize.

e Memusage: returnsthecurrentsizeof theheapin bytes.



Driver and traces

Thedri ver. ¢ programin the L4.tar distribution containsthe actualdriver programwe will useto test
your allocator Feelfreeto useary othertestingmethodyou wish while developingyour code. The test
driver shouldprovide you with someusefulinformationfor deluggingyour program. The commandine
optionsit acceptsareasfollows:

-f tracefile... Useaparticulartracefilefor testing;canrepeathis optionto loadmultiple tracefiles.
If notracefilesarespecifiedthe default setof tracefiless used.

-V Verbosamode;print out somedetaileddehugginginfo (default).

-q Quietmode.

-h Printahelp(usagemessage.

-C Runthe system(l i bc) mallocin additionto yoursandreportthe throughputstats
for both.

-C Runthe systemmallocby itself andreportits throughputstats.

-d Generatea dump of your allocators internaloperation( e.g. the pointersit returns

andthenem sbr k callsit initiates)into atext file.
-t tolerance  Specifyarelative errortoleranceor thetime measurementg&efault: 0.05)

Pleaseavoid excessie useof the - ¢ and - C flags especiallywhen a lot of usersare sharingthe same
machinefor development.Theseoptionsareimplementedo provide you with a basisfor comparisorand
shouldbe avoided underhigh load. Becausahey causethe programto consumea significantamountof

memory their excessie usecanmake machinesharinginconvenientwhenthe numberof concurrenusers
is high.

We arealsoproviding you with all thetracesthatwe will useto evaluateyour allocator Thesecanbefound
at/ af s/ cs/ academ c/ cl ass/ 15213-f 00/ L4/ traces/.

Rules

¢ Youarenotallowedto changeheinterfaces.

¢ You shouldnotinvoke memory-managememglatedlibrary calls or systemcalls. This excludesthe
useof mal | oc,cal | oc,free,real | oc,sbrk, br k orary variantsof thesecallsin your code.

e You shouldnot declareary global or staticdatain your mal | oc. ¢c. Any control datayou need
shouldbe storedonthe heaparea.

¢ Youshouldnot make useof ary otherfunctionsin neni i b. ¢ exceptfor thethreefunctionslistedin
the“Supportroutines”section.

Hints

o Write delugging functions.Dynamicmemaoryallocatorsarenotoriouslytricky beastgo programcor-
rectly andefficiently. They aredifficult to programcorrectlybecausehey involve alot of (voi d *)



pointerreferences.lt may be helpful to write functionsthat print the stateof your allocators data
structureswvhich you canusewhendehuggingyour program.

e : Do yourimplementatiorin steges. Thefirst 9 tracescontainrequestgo mal | oc andfr ee. The
last 2 tracescontainrequestdor r eal | oc, mal | oc, andf r ee. We recommendhatyou startby
gettingyourmal | oc andf r ee routinesworking correctlyandefficiently onthefirst 9 traces.Only
thenshouldyou turn your attentionto ther eal | oc implementation.For startershuild r eal | oc
on top of your existing mal | oc andf r ee implementations.But to getreally good performance,
youwill needto build astandalone eal | oc.

e Usethe- d driver option. For dehuggingpurposesyou mayfind the - d option helpful. Feelfreeto
modify thedumproutinesto reportmoreinformationif youlike.

e Usethe-f driver option. During initial development,usingshortertracesmay simplify detugging
andtesting.We have placedtwo shorttracefilesin L4/ t r aces/ short / short {1, 2} . repthat
you canuseby invoking the- f optionof thedriver.

e Usea profiler. When optimizing performanceyou may find the gpr of tool helpful. This tool
producesanexecutionprofile of your program.It calculateghe amountof time spentin eachroutine.
To usegpr of , youwill needto turnonthegpr of flagswhencompilingyour program:

bass>gmake cl ean
bass>gmake GPROF=-pg
bass>gmake GPROF=-pg

Whenyou run your executable,say nal | oc, a file namedgnon. out is createdin your current
working currentdirectory To view the profile informationin this file, you caninvoke gpr of as
follows:

bass>gprof nmall oc gnon. out

Evaluation

Youwill receve zero points if you breakary of therulesor your codeis buggy Otherwiseyour gradewill
be calculatedasfollows:

¢ Correctnes$20 points). You will receve full pointsif your solutionsatisfiesthe semanticrequire-
ments. You will receve partial for correctimplementation®f mal | oc andf r ee. Thedriver pro-
gramwill checkthesecorrectnessriteriafor you.

¢ Performancég35 points). Two performancemetricswill be usedto evaluateyour solution:

— spaceutilization the peakratio betweenthe aggrgateamountof memoryusedby the driver
(i.e.,allocatedvianm rmal | oc ormm r eal | oc but notyetfreedvia mm f r ee) andthesize
of theheapusedby your allocator The optimalratio equalsto 1. You shouldfind goodpolicies
to minimize fragmentatiorin orderto make this ratio closeto the optimal.
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— throughput averagenumberof operationdinishedper second.(In this lab, higherthroughput
translateto shorterresponsdime, but generallythisis notthecase.)

The performanceof your allocatoris summarizedoy a performancendex, P, which is a weighted
sumof the utilization andthroughputmetrics. The index favors spaceutilization over throughput,
with adefaultw = 0.65:

Throughput Throughput

P=w u
Uopt

+ (1 — w)Min(1

=wU 1—wMin(l, ——
) =wU+ (1 —w)Min( " Throughputy;p.

" Throughputy.
whereU is your spaceutilization, Throughput is yourthroughput U,y is 1, andT hroughput . iS
thethroughputof | i bc malloc.

Observingthat both memoryspaceand CPU cycles are expensve systemresourceswe adoptthis
formulato encouragdalancedptimizationof both. Ideally, the performancendex will reachP =
w~+ (1 —w) =10r100%. Sinceeachmetricwill contribute atmostw and1 — w to the performance
index, respectrely, you shouldnot go extremesto optimize either the memory utilization or the
throughputonly.

e Style (5 points). Your codeshouldbe readableandwell commented .Define macrosor subroutines
wherenecessaryo make the codemoreunderstandable.

Handin

Seethewebpagefor this lab for how to handin your solutionto thewebsener.



