CS395,ComputerSystemspinda Malloc Lab Fall, 2001

Malloc Lab

CS395,Fall 2001
PeterA. Dinda
Assigned:Friday, Novemberl6
Due: Friday, December7, 11:59PM
30%of lab grade, 15%of total grade

Intr oduction

In this lab you will be writing a dynamicstorageallocatorfor C programsi,.e., your own versionof themal | oc,
free andr eal | oc routines.You areencouragedio explorethedesignspacecreatvely andimplementanallocator
thatis correct,efficientandfast.

Logistics

Youmaywork in agroupof upto 2 peoplefor thislab. Theonly “hand-in” will be electronic.Any clarificationsand
revisionsto theassignmentvill be postedon the courseéWeb pageor communicatedia email.

Setting Up

In additionto this handout,you will need/ honel/ pdi nda/ HANDOUT/ nal | ocl ab. t ar , which is accessible
fromany TLAB machine.

Onceyou've copiedthis file into a (protected)directory runthecommandt ar xvf mal | ocl ab. t ar to create
themal | ocl ab directory Fill in yourteaminformationin the structureatthe beginningof thefile mm c. Whenyou
have completedhelab, youwill handin only onefile (nm c), which containsyour solution.

What To Do

Your dynamicstorageallocatorwill consistof the following four functions,which aredeclaredn nm h anddefined
inmm c.

i nt nmm.init(void);

void *mm nal | oc(size_t size);

void mmfree(void *ptr);

void *mmreal l oc(void *ptr, size_ t size);
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Themm c file we have givenyou implementghe simplestbut still functionally correctmalloc packagehatwe could
think of. Usingthis asa startingplace,modify thesefunctions(andpossiblydefineotherprivatest at i ¢ functions),
sothatthey obey thefollowing semantics:

e mmi nit: Beforecalling mmmal | oc mmr eal | oc or nmf r ee, the applicationprogram(i.e., the trace-
driventestharnesshatyou will useto evaluateyourimplementationfallsmmi ni t to performarny necessary
initializations,suchasallocatingtheinitial heaparea.Thereturnvalueshouldbe-1 if therewasa problemin
performingtheinitialization, O otherwise.

e mmnual | oc: Themmnal | oc routinereturnsapointerto anallocatedblock payloadof atleastsi ze bytes.
The entire allocatedblock shouldlie within the heapregion and shouldnot overlapwith any otherallocated
chunk.

We will comparingyour implementatiorto the versionof mal | oc suppliedin the standardC library (1 i bc).
Sincethel i bc mallocalwaysreturnspayloadpointersthatarealignedto 8 bytes,your mallocimplementation
shoulddo likewiseandalwaysreturn8-bytealignedpointers.

e nmfree: Themmfree routine freesthe block pointedto by pt r. It returnsnothing. This routineis
only guaranteedo work whenthe passedpointer (pt r ) was returnedby an earlier call to rmnal | oc or
nmr eal | oc andhasnotyetbeenfreed.

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

— if ptr isNULL, thecall is equivalentto mmmal | oc(si ze) ;
— if si ze is equalto zero,thecall is equivalentto rmf r ee(ptr) ;

— if ptr isnotNULL, it musthave beenreturnedby anearliercall to mmnal | oc ormmr eal | oc. The

call to nmr eal | oc changeghe sizeof the memoryblock pointedto by pt r (the old blodk) to si ze
bytesandreturnsthe addresof the new block. Notice thatthe addresof the new block might be the
sameastheold block, or it might be different,dependingn yourimplementationthe amountof internal
fragmentatiorin theold block, andthe sizeof ther eal | oc request.
The contentsof the new block arethe sameasthoseof the old pt r block, up to the minimum of the old
andnew sizes.Everythingelseis uninitialized. For example,if theold blockis 8 bytesandthe new block
is 12 bytes,thenthefirst 8 bytesof the new block areidenticalto thefirst 8 bytesof the old block andthe
last4 bytesareuninitialized. Similarly, if the old block is 8 bytesandthe new block is 4 bytes,thenthe
contentf thenew block areidenticalto thefirst 4 bytesof the old block.

Thesesemanticgnatchthethe semantic®f the correspondind.inux mal | oc, r eal | oc, andf r ee routines.Type
man mal | oc to theshellfor completedocumentation.

Heap ConsistencyChecker

Dynamic memoryallocatorsare notoriouslytricky beastso programcorrectlyandefficiently. They aredifficult to
programcorrectlybecausehey involvealot of (voi d *) pointerreferencesYouwill find it very helpfulto write a
heapcheclerthatscanghe heapandchecksit for consisteng.

Someexamplesof whata heapchecler might checkare:

e Iseveryblockin thefreelist markedasfree?

e Are thereary contiguoudreeblocksthatsomehav escapeaoalescing?
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Is every free block actuallyin thefreelist?

Do thepointersin thefreelist pointto valid free blocks?

Do ary allocatedblocksoverlap?

Do thepointersin aheapblock pointto valid heapaddresses?

Your heapchecler will consistof the functioni nt mmcheck(voi d) in mm c. It will checkary invariantsor
consisteng conditionsyou considemprudent.lt returnsanonzerovalueif andonly if your heapis consistentYou are
not limited to thelisted suggestionsior areyou requiredto checkall of them. You areencouragedo print out error
messagewhennmcheck fails.

This consisteng checler is for your own deluggingduring development. Whenyou submitnm ¢, make sureto
removeary callsto mrmcheck asthey will slow downyourthroughput.Stylepointswill begivenfor yourmmcheck.
Make sureto putin commentsaanddocumenthatyou arechecking.

Support routines

Thememlibc packagesimulategshe memorysystemfor your dynamicmemoryallocator You caninvoke thefollow-
ing functionsin men i b. c:

e void *nmemsbrk(int incr): Expandsthe heapby i ncr bytes,wherei ncr is a positve non-zero
integer and returnsa genericpointer to the first byte of the newly allocatedheaparea. The semanticsare
identicalto the Unix sbr k function,exceptthatmemsbr k acceptonly apositive non-zerantegerargument.

e void *nemheap_| o(voi d) : Returnsagenericpointerto thefirst bytein the heap.
e voi d *nemheap_hi (voi d) : Returnsagenericpointerto thelastbytein the heap.
e si zet nmemheapsi ze(voi d) : Returnshecurrentsizeof theheapin bytes.

e sizet mempagesi ze(voi d) : Returnghesystems pagesizein bytes(4K on Linux systems).

Trace-driven TestHarness

Thent est . ¢c programin themal | ocl ab. t ar distributiontestsyourmm c packagdor correctnessspaceutiliza-
tion, andthroughput.Thetestharnesss controlledby a setof tracefilesthatareincludedin themal | ocl ab. t ar
distribution. Eachtracefile containsa sequencef allocate reallocateandfreedirectionsthatinstructthetestharness
to call your rmnal | oc, nmr eal | oc, andnmf r ee routinesin somesequence.The testharnessaandthe trace
files arethe sameoneswe will usewhenwe gradeyour handinnm c file.

Thetestharnessacceptghefollowing commandine arguments:
e -f <tracefil e>: Useoneparticulart r acef i | e for testinginsteadof the defaultset.
e - h: Printasummaryof thecommandine arguments.

e - | : Runl i bc mallocin additionto the students mallocpackage.

- v: Verboseoutput. Printa performancédoreakdaovn for eachtracefile.

- V: Printsadditionaldiagnostidnformationaseachtracefile is processedUseful duringdetuggingfor deter
mining whichtracefile is causingyour mallocpackageo fail.
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Programming Rules

e Youarenotallowedto changeary of theinterfacesn mm c.

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

e Youarenotallowedto defineary globalor st at i ¢ compounddatastructuresuchasarrays,structs trees,or
listsin yournm c program.However, you areallowedto declareglobalscalarvariablessuchasintegers floats,
andpointersin nm c.

e Forconsisteng with thel i bc mal | oc packageyour allocatormustalwaysreturnpointersthatarealignedto
8-byteboundariesThetestharneswill enforcethis for you.

Evaluation

This lab will be scoredout of 65 points. You will receve zero points if you breakary of the programmingules. If
your codeis buggy, youwill receive atmost30 points. Otherwiseyour gradewill becalculatedasfollows:

e Correctnes$20 points). You will receive full pointsif your solutionpasseshe correctnessestsperformedby
thetestharnesgqnt est ). You will receve partial creditfor correctimplementationsf mal | oc andfree
(i.e.,you passthefirst 9 tracefiles).

e Performancé35 points). Two performancametricswill be usedto evaluateyour solution:

— Spacautilization: The peakratio betweerthe aggregateamountof memoryusedby thetestharnesgi.e.,
allocatedviammunral | oc or mmr eal | oc but notyetfreedvia nmf r ee) andthesizeof the heapused
by your allocator The optimalratio equalgo 1. You shouldfind goodpoliciesto minimize fragmentation
in orderto make this ratio ascloseaspossibleto the optimal.

— Throughput The averagenumberof operationsompletedpbersecond.

The testharnesqmt est ) summarizeghe performanceof your allocatorby computinga performancendex
index, P, whichis aweightedsumof the spaceutilization andthroughput

P=wU+ (1 —w)min (l,i)
Tiive

whereU is your spaceutilization, T' is your throughputandTy;. is the estimatedhroughputof | i bc malloc
onyour systemon the defaulttraceg600Kops/sec)Theindex favors spaceutilization overthroughputwith a
defaultof w = 0.6.

Observingthat both memoryspaceand CPU cyclesare expensve systemresourcesye adoptthis formulato
encouragdalancedptimizationof both. Ideally, the performancendex will reachP = w + (1 — w) = 1 or
100%. Sinceeachmetricwill contributeatmostw and1 — w to theperformancéndex, respectiely, you should
not go to extremesto optimize eitherthe memoryutilization or the throughputonly. To receive a goodscore,
you mustachiere a balancebetweerutilization andthroughput.

e Style (10 points). Your codeshouldbe readableand well commented.Define macrosor subroutinesvhere
necessaryo make the codemore understandable5 pointswill be givenfor a well written anddocumented
mmcheck and5 pointswill begivenfor the style of therestof your code.



CS395,ComputerSystemspinda Malloc Lab Fall, 2001

Handin Instructions

Whenyou aresatisfiedwith your solution,make a copy of your mm c file namedmm | D1- | D2. ¢, wherelD1 and
ID2 arethelogin ids of yourteammemberscopy it to/ hormre 1/ pdi nda/ HANDI N, andsetits permissionsothatl
canreadit. After theduedateandtime,the HANDIN directorywill becomenaccessible.

Hints

e Usethent est - f option. Duringinitial developmentusingtiny tracefileswill simplify deluggingandtesting.
We have includedtwo suchtracefiles (shor t 1, 2- bal . r ep) thatyou canusefor initial detugging.

e Usethent est -v and- V options. The- v optionwill give you a detailedsummaryfor eachtracefile. The
- Vwill alsoindicatewheneachtracefile is read,whichwill helpyouisolateerrors.

e Compilewithgcc - g anduseadelugger. A deluggemwill helpyouisolateandidentify outof boundsmemory
references.

e Understandevery line of the mallocimplementatiorin the textbook. The textbook hasa detailedexampleof
asimpleallocatorbasedon animplicit freelist. Usethis is a point of departure.Don’t startworking on your
allocatoruntil you understandverythingaboutthe simpleimplicit list allocator

e Encapsulatgour pointerarithmeticin C preprocessomacios. Pointerarithmeticin memorymanagerss con-
fusinganderrorpronebecausef all the castingthatis necessaryYou canreducethe compleity significantly
by writing macrosfor your pointeroperations Seethetext for examples.

¢ Do yourimplementatiorin stages. Thefirst 9 tracescontainrequestso mal | oc andf r ee. Thelast2 traces
containrequestdor r eal | oc, mal | oc, andf r ee. We recommendhatyou startby gettingyour mal | oc
andf r ee routinesworking correctly and efficiently on the first 9 traces. Only then shouldyou turn your
attentionto ther eal | oc implementation.For starterspuild r eal | oc ontop of your existingmal | oc and
f r ee implementationsBut to getreally goodperformanceyou will needto build a stand-alone& eal | oc.

e Usea profiler. You mayfind thegpr of tool helpful for optimizing performance.

e Startearly! It is possibleto write an efficient malloc packagewith a few pagesof code. However, we can
guaranteghatit will be someof the mostsophisticatedodeyou have written so far in your career So start
early, andgoodluck!



