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Intr oduction

In this lab you will be writing a dynamicstorageallocatorfor C programs,i.e., your own versionof themalloc,
free andrealloc routines.You areencouragedto explorethedesignspacecreatively andimplementanallocator
thatis correct,efficientandfast.

Logistics

You maywork in a groupof up to 2 peoplefor this lab. Theonly “hand-in” will beelectronic.Any clarificationsand
revisionsto theassignmentwill bepostedon thecourseWebpageor communicatedvia email.

Setting Up

In additionto this handout,you will need/home1/pdinda/HANDOUT/malloclab.tar, which is accessible
from any TLAB machine.

Onceyou’ve copiedthis file into a (protected)directory, run thecommandtar xvf malloclab.tar to create
themalloclab directory. Fill in your teaminformationin thestructureat thebeginningof thefile mm.c. Whenyou
havecompletedthelab,you will handin only onefile (mm.c), which containsyoursolution.

What To Do

Your dynamicstorageallocatorwill consistof thefollowing four functions,which aredeclaredin mm.h anddefined
in mm.c.

int mm_init(void);
void *mm_malloc(size_t size);
void mm_free(void *ptr);
void *mm_realloc(void *ptr, size_t size);
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Themm.c file wehavegivenyou implementsthesimplestbut still functionallycorrectmallocpackagethatwecould
think of. Usingthis asa startingplace,modify thesefunctions(andpossiblydefineotherprivatestatic functions),
sothatthey obey thefollowing semantics:� mm init: Beforecalling mm malloc mm realloc or mm free, the applicationprogram(i.e., the trace-

driventestharnessthatyouwill useto evaluateyour implementation)callsmm init to performany necessary
initializations,suchasallocatingtheinitial heaparea.Thereturnvalueshouldbe-1 if therewasa problemin
performingtheinitialization,0 otherwise.� mm malloc: Themm malloc routinereturnsa pointerto anallocatedblock payloadof at leastsize bytes.
The entireallocatedblock shouldlie within the heapregion andshouldnot overlapwith any otherallocated
chunk.

We will comparingyour implementationto theversionof malloc suppliedin thestandardC library (libc).
Sincethelibc mallocalwaysreturnspayloadpointersthatarealignedto 8 bytes,yourmallocimplementation
shoulddo likewiseandalwaysreturn8-bytealignedpointers.� mm free: The mm free routine freesthe block pointedto by ptr. It returnsnothing. This routine is
only guaranteedto work when the passedpointer (ptr) was returnedby an earlier call to mm malloc or
mm realloc andhasnotyet beenfreed.� mm realloc: Themm realloc routinereturnsa pointerto anallocatedregion of at leastsize byteswith
thefollowing constraints.

– if ptr is NULL, thecall is equivalentto mm malloc(size);

– if size is equalto zero,thecall is equivalentto mm free(ptr);

– if ptr is not NULL, it musthave beenreturnedby anearliercall to mm malloc or mm realloc. The
call to mm realloc changesthe sizeof the memoryblock pointedto by ptr (theold block) to size
bytesandreturnsthe addressof the new block. Notice that the addressof the new block might be the
sameastheold block,or it might bedifferent,dependingon your implementation,theamountof internal
fragmentationin theold block,andthesizeof therealloc request.
Thecontentsof thenew block arethesameasthoseof theold ptr block,up to theminimumof theold
andnew sizes.Everythingelseis uninitialized.For example,if theold block is 8 bytesandthenew block
is 12 bytes,thenthefirst 8 bytesof thenew blockareidenticalto thefirst 8 bytesof theold blockandthe
last4 bytesareuninitialized. Similarly, if theold block is 8 bytesandthenew block is 4 bytes,thenthe
contentsof thenew blockareidenticalto thefirst 4 bytesof theold block.

Thesesemanticsmatchthethesemanticsof thecorrespondingLinux malloc, realloc, andfree routines.Type
man malloc to theshell for completedocumentation.

HeapConsistencyChecker

Dynamicmemoryallocatorsarenotoriouslytricky beaststo programcorrectlyandefficiently. They aredifficult to
programcorrectlybecausethey involvea lot of (void *) pointerreferences.Youwill find it veryhelpful to write a
heapchecker thatscanstheheapandchecksit for consistency.

Someexamplesof whata heapcheckermight checkare:� Is everyblock in thefreelist markedasfree?� Are thereany contiguousfreeblocksthatsomehow escapedcoalescing?
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� Is every freeblockactuallyin thefreelist?� Do thepointersin thefreelist point to valid freeblocks?� Do any allocatedblocksoverlap?� Do thepointersin aheapblockpoint to valid heapaddresses?

Your heapchecker will consistof the functionint mm check(void) in mm.c. It will checkany invariantsor
consistency conditionsyouconsiderprudent.It returnsanonzerovalueif andonly if yourheapis consistent.Youare
not limited to the listedsuggestionsnor areyou requiredto checkall of them. You areencouragedto print out error
messageswhenmm check fails.

This consistency checker is for your own debuggingduring development. Whenyou submitmm.c, make sureto
removeany callstomm check asthey will slow downyourthroughput.Stylepointswill begivenfor yourmm check.
Makesureto put in commentsanddocumentwhatyouarechecking.

Support routines

Thememlib.c packagesimulatesthememorysystemfor yourdynamicmemoryallocator. Youcaninvokethefollow-
ing functionsin memlib.c:� void *mem sbrk(int incr): Expandsthe heapby incr bytes,whereincr is a positive non-zero

integer and returnsa genericpointer to the first byte of the newly allocatedheaparea. The semanticsare
identicalto theUnix sbrk function,exceptthatmem sbrk acceptsonly apositivenon-zerointegerargument.� void *mem heap lo(void): Returnsa genericpointerto thefirst bytein theheap.� void *mem heap hi(void): Returnsa genericpointerto thelastbytein theheap.� size t mem heapsize(void): Returnsthecurrentsizeof theheapin bytes.� size t mem pagesize(void): Returnsthesystem’spagesizein bytes(4K on Linux systems).

Trace-drivenTestHarness

Themtest.c programin themalloclab.tar distributiontestsyourmm.c packagefor correctness,spaceutiliza-
tion, andthroughput.Thetestharnessis controlledby a setof tracefiles thatareincludedin themalloclab.tar
distribution. Eachtracefile containsasequenceof allocate,reallocate,andfreedirectionsthatinstructthetestharness
to call your mm malloc, mm realloc, andmm free routinesin somesequence.The testharnessandthe trace
filesarethesameoneswewill usewhenwe gradeyourhandinmm.c file.

Thetestharnessacceptsthefollowing commandline arguments:� -f <tracefile>: Useoneparticulartracefile for testinginsteadof thedefaultset.� -h: Printa summaryof thecommandline arguments.� -l: Runlibc mallocin additionto thestudent’smallocpackage.� -v: Verboseoutput.Printa performancebreakdown for eachtracefile.� -V: Printsadditionaldiagnosticinformationaseachtracefile is processed.Usefulduringdebuggingfor deter-
miningwhich tracefile is causingyourmallocpackageto fail.
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Programming Rules� Youarenot allowedto changeany of theinterfacesin mm.c.� You shouldnot invoke any memory-managementrelatedlibrary callsor systemcalls. This excludestheuseof
malloc, calloc, free, realloc, sbrk, brk or any variantsof thesecallsin yourcode.� You arenot allowedto defineany globalor static compounddatastructuressuchasarrays,structs,trees,or
lists in yourmm.c program.However, youareallowedto declareglobalscalarvariablessuchasintegers,floats,
andpointersin mm.c.� For consistency with thelibc malloc package,yourallocatormustalwaysreturnpointersthatarealignedto
8-byteboundaries.Thetestharnesswill enforcethis for you.

Evaluation

This lab will bescoredout of 65 points. You will receive zero points if you breakany of theprogrammingrules. If
yourcodeis buggy, youwill receiveat most30 points.Otherwise,yourgradewill becalculatedasfollows:� Correctness(20 points). You will receive full pointsif your solutionpassesthecorrectnesstestsperformedby

the testharness(mtest). You will receive partial credit for correctimplementationsof malloc andfree
(i.e.,youpassthefirst 9 tracefiles).� Performance(35 points).Two performancemetricswill beusedto evaluateyoursolution:

– Spaceutilization: Thepeakratio betweentheaggregateamountof memoryusedby thetestharness(i.e.,
allocatedvia mm malloc or mm realloc but not yet freedvia mm free) andthesizeof theheapused
by yourallocator. Theoptimalratioequalsto 1. Youshouldfind goodpoliciesto minimizefragmentation
in orderto make this ratioascloseaspossibleto theoptimal.

– Throughput: Theaveragenumberof operationscompletedpersecond.

The testharness(mtest) summarizesthe performanceof your allocatorby computinga performanceindex
index,

�
, which is a weightedsumof thespaceutilizationandthroughput�������	��
���
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where
�

is your spaceutilization, � is your throughput,and ��� �"!$# is theestimatedthroughputof libc malloc
onyoursystemon thedefault traces(600Kops/sec).Theindex favorsspaceutilization over throughput,with a
defaultof

�'�	(*) +
.

ObservingthatbothmemoryspaceandCPUcyclesareexpensive systemresources,we adoptthis formula to
encouragebalancedoptimizationof both. Ideally, theperformanceindex will reach
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. Sinceeachmetricwill contributeatmost
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to theperformanceindex, respectively, youshould
not go to extremesto optimizeeitherthememoryutilization or the throughputonly. To receive a goodscore,
youmustachievea balancebetweenutilization andthroughput.� Style (10 points). Your codeshouldbe readableandwell commented.Definemacrosor subroutineswhere
necessaryto make the codemoreunderstandable.5 pointswill be given for a well written anddocumented
mm check and5 pointswill begivenfor thestyleof therestof yourcode.
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Handin Instructions

Whenyou aresatisfiedwith your solution,make a copy of yourmm.c file namedmm-ID1-ID2.c, whereID1 and
ID2 arethelogin idsof your teammembers,copy it to /home1/pdinda/HANDIN, andsetits permissionssothatI
canreadit. After theduedateandtime, theHANDIN directorywill becomeinaccessible.

Hints� Usethemtest -f option.Duringinitial development,usingtiny tracefileswill simplify debuggingandtesting.
We have includedtwo suchtracefiles (short1,2-bal.rep) thatyoucanusefor initial debugging.� Usethemtest -v and-V options.The-v optionwill give you a detailedsummaryfor eachtracefile. The
-V will alsoindicatewheneachtracefile is read,which will helpyou isolateerrors.� Compilewithgcc -g andusea debugger. A debuggerwill helpyouisolateandidentify outof boundsmemory
references.� Understandevery line of the malloc implementationin the textbook. The textbook hasa detailedexampleof
a simpleallocatorbasedon an implicit free list. Usethis is a point of departure.Don’t startworking on your
allocatoruntil youunderstandeverythingaboutthesimpleimplicit list allocator.� Encapsulateyourpointerarithmeticin C preprocessormacros.Pointerarithmeticin memorymanagersis con-
fusinganderror-pronebecauseof all thecastingthat is necessary. You canreducethecomplexity significantly
by writing macrosfor yourpointeroperations.Seethetext for examples.� Do your implementationin stages.Thefirst 9 tracescontainrequeststo malloc andfree. Thelast2 traces
containrequestsfor realloc, malloc, andfree. We recommendthat you startby gettingyour malloc
andfree routinesworking correctly and efficiently on the first 9 traces. Only then shouldyou turn your
attentionto therealloc implementation.For starters,build realloc on top of your existingmalloc and
free implementations.But to getreally goodperformance,you will needto build a stand-alonerealloc.� Usea profiler. You mayfind thegprof tool helpful for optimizingperformance.� Start early! It is possibleto write an efficient malloc packagewith a few pagesof code. However, we can
guaranteethat it will be someof the mostsophisticatedcodeyou have written so far in your career. So start
early, andgoodluck!
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