
CS213,Fall 2000
LabAssignmentL4: DynamicStorageAllocator
Assigned:Nov. 2, Due: Wed.Nov. 15,11:59PM

Logistics

TiankaiTu (ttu@andrew.cmu.edu) is theleadpersonfor thisassignment.

Thetar file for thisassignmentcanberetrievedfrom

/afs/cs.cmu.edu/academic/class/15213-f00/L4/L4.tar

Onceyou’ve copiedthis file into a (private)directory, run the commandtar xvf L4.tar andfill in
your teaminformationin thestructureat thebeginningof thefile malloc.c. Whenyou have completed
thelab,youwill handin only onefile (malloc.c) thatcontainsyoursolution.As usual,youmaywork in
agroupof up to 2 people.

Intr oduction

In this lab you will be writing a dynamicstorageallocatorfor C programs,i.e., your own versionof the
malloc, free andrealloc routines. You areencouragedto explore the designspacecreatively and
implementanallocatorthatis correct,efficient andfast.

Yourdynamicstorageallocatorwill consistof thefollowing four functions,whicharedeclaredin malloc.h
anddefinedin malloc.c with emptyfunctionbodies.

int mm_init(void);
char *mm_malloc(size_t size);
void mm_free(void *block);
void *mm_realloc(void *ptr, size_t size);

Youshouldfill in theseemptyfunctionbodies(andpossiblydefineotherprivatefunctions)sothatthey obey
thefollowing semantics:

� mm init: Beforecalling mm malloc mm realloc or mm free, the applicationprogramcalls
mm init to performany necessaryinitializations, including the allocationof the initial heaparea.
Thereturnvalueshouldbe-1 if therewasaproblemin performingtheinitialization,0 otherwise.
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� mm malloc: Themm malloc routinereturnsapointerto anallocatedchunkof memoryof at least
size bytes.Thepointermustbealignedto 8 bytes.Theentireallocatedchunkshouldlie within the
heapregionandshouldnotoverlapwith any otherallocatedchunk.

� mm free: Themm free routine freesthe block pointedto by block. It returnsnothing. This
routineis only guaranteedto work whenthepassedpointer(block) wasreturnedby anearliercall
to mm malloc or mm realloc andhasnot yet 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 isnotNULL, it musthavebeenreturnedby anearliercall tomm malloc ormm realloc.
The call to mm realloc changesthe sizeof the memoryblock pointedto by ptr (the old
block) to size bytesandreturnstheaddressof thenew block. Notice that theaddressof the
new blockmightbethesameastheold block,or it mightbedifferent,dependingonyour imple-
mentation,theamountof internalfragmentationin theold block,andthesizeof therealloc
request.
Thecontentsof thenew blockarethesameasthoseof theoldptr block,up to theminimumof
theold andnew sizes.Everythingelseis uninitialized.For example,if theold block is 8 bytes
andthenew block is 12 bytes,thenthefirst 8 bytesof thenew block areidenticalto thefirst 8
bytesof theold block andthelast4 bytesareuninitialized.Similarly, if theold block is 8 bytes
andthenew block is 4 bytes,thenthecontentsof thenew block areidenticalto thefirst 4 bytes
of theold block.

Thesesemanticsmatchthethesemanticsof thecorrespondingLinux malloc, realloc, andfree rou-
tines.Typeman malloc to theshell for completedocumentation.

Support routines

Thememlib.c packageis providedto facilitateyour implementationof adynamicmemoryallocator. You
caninvoke thefollowing threefunctionsin memlib.c.

� mem sbrk: expandstheheaparea.Thelower andupperboundariesof theheapareaarecontained
in dseg_lo anddseg_hi respectively. Youareallowedto readthesevariables,but youshouldnot
modify themin any way. Youmustcallmem sbrk in orderto changetheupperbound.This function
acceptsa positive integerargument,which is theamountof bytesby which theupperboundshould
be expanded.The returnvalueis the beginning of the newly allocatedheaparea,or NULL if there
wasn’t any memoryleft. Youcannotdecreasetheheapareain size,only increaseit, sobecarefulhow
youcall mem sbrk.

� mem pagesize: returnsthesystempagesize.

� mem usage: returnsthecurrentsizeof theheapin bytes.
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Dri ver and traces

Thedriver.c programin the L4.tar distribution containsthe actualdriver programwe will useto test
your allocator. Feelfree to useany othertestingmethodyou wish while developingyour code. The test
driver shouldprovide you with someusefulinformationfor debuggingyour program.Thecommandline
optionsit acceptsareasfollows:

-f tracefile. . . Useaparticulartracefilefor testing;canrepeatthisoptionto loadmultiple tracefiles.
If no tracefilesarespecified,thedefault setof tracefilesis used.

-v Verbosemode;print out somedetaileddebugginginfo (default).
-q Quietmode.
-h Printahelp(usage)message.
-c Run thesystem(libc) malloc in additionto yoursandreportthe throughputstats

for both.
-C Runthesystemmallocby itself andreportits throughputstats.
-d Generatea dumpof your allocator’s internaloperation( e.g. the pointersit returns

andthemem_sbrk callsit initiates)into a text file.
-t tolerance Specifya relative errortolerancefor thetimemeasurements(default: 0.05)

Pleaseavoid excessive useof the -c and-C flags especiallywhen a lot of usersare sharingthe same
machinefor development.Theseoptionsareimplementedto provide you with a basisfor comparisonand
shouldbe avoidedunderhigh load. Becausethey causethe programto consumea significantamountof
memory, their excessive usecanmake machinesharinginconvenientwhenthenumberof concurrentusers
is high.

Wearealsoproviding youwith all thetracesthatwewill useto evaluateyourallocator. Thesecanbefound
at/afs/cs/academic/class/15213-f00/L4/traces/.

Rules

� You arenotallowedto changetheinterfaces.

� You shouldnot invoke memory-managementrelatedlibrary callsor systemcalls. This excludesthe
useof malloc, calloc, free, realloc, sbrk, brk or any variantsof thesecallsin your code.

� You shouldnot declareany global or static datain your malloc.c. Any control datayou need
shouldbestoredon theheaparea.

� Youshouldnotmakeuseof any otherfunctionsin memlib.c exceptfor thethreefunctionslistedin
the“Supportroutines”section.

Hints

� Writedebugging functions.Dynamicmemoryallocatorsarenotoriouslytricky beaststo programcor-
rectlyandefficiently. They aredifficult to programcorrectlybecausethey involvealot of (void *)
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pointer references.It may be helpful to write functionsthat print the stateof your allocator’s data
structureswhichyoucanusewhendebuggingyourprogram.

� : Do your implementationin stages. Thefirst 9 tracescontainrequeststo malloc andfree. The
last2 tracescontainrequestsfor realloc, malloc, andfree. We recommendthatyou startby
gettingyourmalloc andfree routinesworkingcorrectlyandefficiently on thefirst 9 traces.Only
thenshouldyou turn your attentionto therealloc implementation.For starters,build realloc
on top of your existing malloc andfree implementations.But to get really goodperformance,
youwill needto build astandalonerealloc.

� Usethe-d driver option. For debuggingpurposes,you mayfind the-d optionhelpful. Feelfreeto
modify thedumproutinesto reportmoreinformationif you like.

� Usethe-f driver option. During initial development,usingshortertracesmaysimplify debugging
andtesting.Wehave placedtwo shorttracefiles in L4/traces/short/short{1,2}.rep that
youcanuseby invoking the-f optionof thedriver.

� Use a profiler. When optimizing performance,you may find the gprof tool helpful. This tool
producesanexecutionprofileof yourprogram.It calculatestheamountof timespentin eachroutine.
To usegprof, youwill needto turnon thegprof flagswhencompilingyourprogram:

bass>gmake clean
bass>gmake GPROF=-pg
bass>gmake GPROF=-pg

Whenyou run your executable,saymalloc, a file namedgmon.out is createdin your current
working currentdirectory. To view the profile informationin this file, you caninvoke gprof as
follows:

bass>gprof malloc gmon.out

Evaluation

Youwill receivezero points if youbreakany of therulesor yourcodeis buggy. Otherwise,yourgradewill
becalculatedasfollows:

� Correctness(20 points). You will receive full pointsif your solutionsatisfiesthe semanticrequire-
ments.You will receive partial for correctimplementationsof malloc andfree. Thedriver pro-
gramwill checkthesecorrectnesscriteriafor you.

� Performance(35points).Two performancemetricswill beusedto evaluateyoursolution:

– spaceutilization: the peakratio betweenthe aggregateamountof memoryusedby the driver
(i.e.,allocatedvia mm_malloc or mm_realloc but not yet freedvia mm_free) andthesize
of theheapusedby your allocator. Theoptimalratioequalsto 1. Youshouldfind goodpolicies
to minimizefragmentationin orderto make this ratiocloseto theoptimal.
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– throughput: averagenumberof operationsfinishedpersecond.(In this lab, higherthroughput
translatesto shorterresponsetime,but generallythis is not thecase.)

The performanceof your allocatoris summarizedby a performanceindex,
�

, which is a weighted
sumof the utilization andthroughputmetrics. The index favors spaceutilization over throughput,
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where



is yourspaceutilization,
&('/)�+=,2.0'%1>,23

is your throughput,
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is 1, and
&('*)�+-,/.0'�12,23�46587:9

is
thethroughputof libc malloc.

Observingthat both memoryspaceandCPU cyclesareexpensive systemresources,we adoptthis
formulato encouragebalancedoptimizationof both. Ideally, theperformanceindex will reach

� �
�@�A���#�B���;�C� or �����ED . Sinceeachmetricwill contributeatmost � and �;�F� to theperformance
index, respectively, you shouldnot go extremesto optimize either the memoryutilization or the
throughputonly.

� Style (5 points). Your codeshouldbe readableandwell commented.Definemacrosor subroutines
wherenecessaryto make thecodemoreunderstandable.

Handin

Seethewebpagefor this lab for how to handin yoursolutionto thewebserver.
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