CS213,Spring1999
Lab Assignment.3: Implementinga DynamicStorageAllocator
Assigned:Feb 25,Due: Wed.,Mar. 10,11:59PM

SpirosPapadimitirou(spapadim+t a@s. cmu.e du) is theleadpersorfor thislab.

Intr oduction

In this lab you will bewriting a dynamicstorageallocatorfor C programsj.e., your own versionof the
malloc andfree routinesfromthestandardC library. Yourtaskis to developanallocatorthatis correct,
memoryefficient, andfast. All implementatiordecisionsareupto you! Youwill needto bevery creative
to write agoodallocator

Logistics

As usual,youmaywork in agroupof upto 2 people.
Any clarificationsandrevisionsto theassignmenwvill be postedon the classbboardandWWW page.

Your programswill beevaluatedoby their correctnesandperformancen the classAlphas. However, you
candoyourcodedevelopmenbn ary machingyou mayneedo editthe Makefileif youchangeplatforms).

Thetarfile
/afs/cs.cmu  .e du/ cl ass/a cademc/ 15213-s 99/ L3/L3 .t ar

containghefilesyou’ll needfor thisassignmentYouwill beturningin thefile malloc.c , afterfilling in
theemptyfunctionswith yourimplementation.

Youcanhandn theassignmentia“gmake handin NAME=username”, with “VERSION=veasi on_nunf
if necessaryor hand-insaftertheinitial one.



Details

Implementation

Your dynamicstorageallocatorconsistof thefollowing threefunctions which aredeclaredn malloc.h
anddefinedin malloc.c  with emptyfunctionbodies.

int mm_init(v  oid )
char *mm_malloc (si ze_t size);
void mm_free(v oid *block);

Youwill fill in theseemptyfunctionbodies(andpossiblydefineotherprivatefunctions)asyour solutionto
thislab assignmentYou are not allowed to changethe interfaces,nor to call any systemroutinesthat
managedynamic storage(e.g, malloc free sbrk etc.) Youarealsonotallowedto declareothervariables
to hold the controldatafor your allocator;you shouldstorethesein the heaparea.

Yourdynamicstoragellocatorinteractswith anarbitraryapplicatiorprogramin thefollowing way: As part
of its initialization phasethe applicationcallsyour mminit functionto performinitialization of the heap.
Youmustallocatethenecessarinitial heapareaandinitialize all structureyyouneed.Theapplicatiorthen
makesa seriesof callsto mmmallocandmmifree

You areallowedto usethefollowing functionsfrom memlib.c in your allocator:

e memsbrk: You usethis functionto expandthe heaparea. The lower andupperboundarief the
heapareaarecontainedn dseg_lo anddseg_hi respectrely. Youareonly allowedto readthese
variables but you shouldnot modify themin arny way. You mustcall memsbrkin orderto change
theupperbound. This functionacceptsa positive integeragument,which is the amountof bytesby
which the upperboundshouldbe expanded.Thereturnvalueis the begining of the newly allocated
heaparea,or NULL if therewasnt ary memoryleft. Theinterfaceof memsbrkis very similar to
thatof the sbrk systemcall, but you shouldusememsbrk You cannotdecreaseour heapareain
size,only increasat, sobe carefulhow you call memsbrk In effect, eachtime you call memsbrk,
thevalueof dseg_hi is incrementedy the amountyou requestput the actualmemoryallocated
is alwaysin multiplesof the systempagesize,so it might be a goodideato call memsbrkwith an
incrementhatis a multiple of the pagesize.

e mempagesize This returnsthe systems pagesizein bytes. It may not be necessaryo useit, but it
mighthelpyouin fine-tuningyour performance.

e memusage:Thisis simply a shorthandhatreturnsthe currentsizeof your heapin bytes.

Thefunctionsyou needto implementarethefollowing:

e mminit: Beforecalling mmmalloc or mmfreg the applicationprogramcalls mminit to perform
ary necessarinitializations,includingtheallocationof theinitial heaparea.Thereturnvalueshould
be -1 if therewas a problemin performingthe initialization, O otherwise. We will gradeyour
implementationn severalphasesTo facilitate our testing,write mminit suchthatit reinitializesall
statewhenit is called. We will useit to reinitializeyour dynamicstorageallocatorbetweereachtest
phase.

e mmmalloc: The mmmallocroutinereturnsa pointerto anallocatedregion of atleastsize bytes.
Thepointermustbe alignedto 8 bytes,andthe entireallocatedregion shouldlie within the memory
regionfromdseg_lo todseg_hi .



e mmfree: The mmfreeroutineis only guaranteedo work whenit is passecpointersto allocated
blocksthatwerereturnedoy previouscallsto mmmalloc Themm freeroutineshouldaddtheblock
to the pool of unallocatedlocks,makingthe memoryavailableto future mmmalloccalls.

Testdriver

Thefile driver.c  containgthe actualdriver programwe will useto testyour allocator You shouldnot
changehis, but feel freeto useary othertestingmethodyou wish, while developingyour code. Thetest
driver shouldprovide you with someusefulinformationfor deluggingyour program. The commandine
optionsit acceptsareasfollows:

-f tracefile... Useparticulartracefilefor testing;canrepeathis optionto load multiple tracefiles.
If notracefilesarespecifiedalist of defaulttracefileswill beused.

-v Verbosemode;printsout somedetaileddelugginginfo (default).

-q Quietmode.

-t tolerance  Specifyanerrortolerancdor thetime measuremeniglefault: 0.02)

Grading Criteria

Your dynamicstorageallocatorwill be evaluatedin four areas:correctnessmemoryefficiengy, running
time, andstyle. Thereareatotal of 60 points.

Correctnesq20 points)

To be correct,your mmmalloc routinemustreturnNULL if it cannotfind a sufficiently large free block.
Otherwise it mustreturna pointet alignedto 8 bytes,to an allocatedblock of at leastthe requestedize
(the block might be larger becausef alignmentconstraintor placemenpoliciesin your allocator). The
block mustbe locatedwithin the allocatedheap(betweendseg_lo anddseg_hi ), andno partof the
block maybereturnedby subsequertallsto mmmallocuntil it hasbeenreleasedy acall to mmfree

The correctnesgriteriaareall or nothing. If your implementatioris correctby this definition, you will
receve all 20 points,otherwiseyou will receve 0 points.

Performance (35 points)

Therearetwo mainaspectgo the performancenf the memoryallocator: memoryefficieng/ andrunning
time. Your implementationwill be evaluatedboth on memory utilization aswell asspeed. A number
of traceswill be usedto testyour allocator;someareartificially generatedor the purposeof testingthe
behaiour of your codein varioussituationsand othershave beenobtainedfrom real-worldapplications.
We will provide you with someof thetracesthat we will usefor evaluatingyour allocator You will find

thesdn/afs/cs/ academic /cl ass/1 5213- s99/L 3/ tra ces/ ; pleaseheckfor possiblaupdates
in thisdirectory

Thereare several factorsthat influencememaoryefficieng.. One of the mostimportantis the allocation
policy. You shouldtry to pick anallocationpolicy that minimizesfragmentation. An importantstepin
ensuringthatfragmentatiordoesnot get out of handis implementingcoalescingof free blocks. You may
eitherdo immediatecoalescingn mmfreeg or do lazy coalescing aslongasmmmallocnever fails when
enoughmemoryis availablein consecutie free blocks. Finally, memoryefficieng is influencedby the
amountof overhead.



The memorymanagelis sucha critical partof a runtime systemthatit is very importantto optimizein
every way possible.We will be measuringhe speeddf your implementatiorusinga numberof different
workloads. You shouldthink abouthow to write the codein sucha way asto minimize the numberof
instructiongrequiredfor thecommoncase.Whendesigningyourimplementationtry to makechoiceghat
simplify thecode,e.g. thatresultin fewer instructionsneedfewer conditionalsgtc.

You shouldtry to do well bothin termsof speedandmemoryefficieng. Do not optimize speedat the
expensef memory overhead,or vice-versa.Oneof themostchallengingaspect®f thisassignmentsill
beto achieve a properbalancebetweerthosetwo. Your gradewill dependothuponspaceaswell astime
overheadof your implementation.We will measuréboth over a setof traces;someof thesetraceswill be
providedto youin orderto helpyoutestyourimplementationThesemeasurementsill beaveragedising
a setof weightswhich will reflectthe relative significanceof eachtrace;we will determingheseweights
shortly.

Both spaceandtime overheadsvill bemeasure@sthedifferencebetweerthe spaceandtime your solution
usesversusan optimal estimate. For space the optimal estimatewill be the maximumof total memory
allocatedat ary oneinstant. No allocatorcan achieve this bound (at leastwithout foreknavledge of
the future, which in reality is impossible),but you shouldbe able to come quite close. For time, the
optimalestimatewill beanidealoperatiorthatis performed‘instantaneouslyf{ie. a blankfunction). The
performancendex will dependon both overheadsso you shouldtry to minimize both. The formulafor
estimatingoverall spaceoverheadwill be of thefollowing form:

whereo; is your spaceoverheador trace: andw; is therespectie weight(containedn thetracefile). The
formula for time overheadis similar. The overall performancendex will be a weightedsum of the two
overheads.

Feelfreeto modify driver.c  to do your own testinganddelugging,but it would be a goodideaif you
useddriver.c  locatedn/afs/cs/a  cademic /cl ass/1 5213- s99/L 3/ src / foryourfinaltests.

Thefinal gradingwill be doneon a curwe, after we have reviewed the performanceesultsfrom all your
implementations. You can seehow good your implementationis by checkingthe statisticsweb page;
you shoulddefinitely do this. Note thatif you fail the correctnessests,you will not getary pointsfor
performance.

Style (5 points)

Your codeshouldbe readableand commented. Define macrosor subroutinesas necessaryo makethe
codemore understandable Keepin mind that whenyour code gets more and more complicated your
performancss likely to suffer. Smartdesigndecisionsand optimizationswill tendto makeyour code
smaller

Automated Testing/Grading System

We will have anautomatedestingandgradingsystem.You cansubmityourmalloc.c  file in adirectory

by doing“gmake update NAME=usernamé’. Yourcodewill betestedfor theabore criteria,andthe

resultswill be postedto aweb pageevery few minutes.Thiswill allow you to checkyourimplementation
for correctnesandto gaugethe performancef yourimplementatioragainsthoseof othergroups.



Hints

Dynamicmemoryallocatorsare notoriouslytricky beastgo programcorrectly andefficiently. They are
difficult to programcorrectlybecauseéhey involvealot of (void  *) pointerreferencesThey aredifficult
to programefficiently becauseunningtime is influencedby a numberof factors,including the degree
of fragmentationthe behaior of the applicationthe placemenpolicy of the allocator andthe low-level
mechanismghatimplementthe placemenpolicy.

To helpyou betterunderstandhe behaior of your program,you might find a programcalled Atomto be
helpful. Atom providesa simple but extremely powerful and generalmechanisnfor building tools that
navigate andinstrumentexecutableAlpha objectfiles. You canwrite your own Atom tools from scratch
(notrecommendetbr this Lab), or you canuseawide variety of existing Atom tools. Examplesnclude:

e gprof: procedure-teel executiontime profiling.

iprof: procedure-heel instructionprofiling.

liprof: basic-blocKevel instructionprofiling.

syscall: systemcall performancesummary

3rd: the 3rd Degreememorycheckerandleakfinder(similarto Purify).

e pixie: basicblock profiling (like the pixie(1) command).

Seelafs/cs. cmu.e du/ cl ass/ac ademic/ 15213-s9 9/ L3/ at omfor documentatiomndan ex-
ampleof anAtom tool (ptrace), whichproducesninstrumentedersionof “hello,world” (hello.ptra  ce)
thattracesevery procedurecall.



