CS213,Fall 1998
Lab Assignment.2: Implementinga DynamicStorageAllocator
Assigned:Oct. 8, Due: Wed.,Oct.21,11:59PM

Kip Walker (kwalker+ta @a.c mued u) is theleadpersorfor this lab.

Intr oduction

In this lab you will bewriting a dynamicstorageallocatorfor C programsj.e., your own versionof the
malloc and free routinesfrom the standardC library. Your taskis 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 beevaluatedoy their correctnesandperformancen the classAlphas. However, you
cando your codedevelopmenton ary machine.

Thetarfile
/afs/cs.cmu  .e du/ cl ass/a cademc/ 15213-f 98/ L2/L2 .t ar

containghefilesMakefile , malloc.h , malloc.c ,andtest mall oc. c. Youwill beturningin the
file malloc.c , afterfilling in theemptyfunctionswith yourimplementationThefile test_mallo c.c
is providedfor youto write codefor testingyourL2_malloc andL2_free .

“make mtest ” will build mtest , with themain routinefromtest mal loc .c .

Asusualhandinvia“make handin NAME=usemanme”, with “VERSION=er si on_nuni if neces-
saryfor handinsaftertheinitial one.



Details

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

int init_mall oc(lo ng int heap_size, char *heap);
char *L2_malloc (I ong int size);
void L2_free(c har *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.)

Your dynamicstorageallocatorinteractswith an arbitraryapplicationprogramin the following way: As
partof its initialization phasetheapplicationallocatesa contiguouslock of memoryfrom thesystemheap
usingeitherthe systemmalloc or sbrk routines.This block of memoryis the heap area thatyour dynamic
storageallocatorwill managédor theapplicationusingits implementationsf L2 malloc andL2 free.

After it creatests heaparea,andbeforeit makesary callsto L2_malloc or L2 free, theapplicationinforms
your dynamicstorageallocatorof the locationandsizeof its heapareaby calling theinit_malloc function,
whichinitializesthe heaparea.The applicationthenmakesa seriesof callsto L2 malloc andL2 free.

e Init_malloc. After theapplicationprogramallocatests heapareajt callsinit_malloc with thesize(in
bytes)andlocation of this heaparea. The init_malloc routineinitializes this heapareain whatever
wayis hecessarjor yourimplementation\We will gradeyour implementationn severalphasesTo
facilitate our testing,write init_malloc suchthatit reinitializesall statewhenit is called. We will use
it to reinitializethe heapandyour dynamicstorageallocatorbetweereachtestphase.

e L2 malloc. The L2 malloc routinereturnsa pointerto an allocatedregion of at leastsize bytes.
Thepointermustbe alignedto 8 bytes,andthe entireallocatedregion shouldlie within the memory
regionfrom heap to (heap+heap_siz e-1]).

e L2 free Thel2 freeroutineis only guaranteetb work whenit is passegbointersto allocatedlocks
thatwerereturnedby previous callsto L2 malloc. The L2 free routineshouldaddtheblock to the
pool of unallocatelocks,makingthe memoryavailableto futureL2_malloc calls.

Grading Criteria

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

Correctnesq20 points)

To be correct,your L2 malloc routinemustreturnNULL if it cannotfind a sufficiently large free block.
Otherwisejt mustreturnapointer alignedto 8 bytes to anallocatecblock of atleasttherequestedize(the
block might be largerbecausef alignmentconstraintor placemenpoliciesin your allocator). Theblock
mustbelocatedwithin theoriginalheappassedo init_malloc, andno partof the block maybereturnedoy
subsequertallsto L2 _malloc until it hasbeenreleasedy acall to L2 free.

The correctnesgriteriaareall or nothing. If your implementatioris correctby this definition, you will
receve all 20 points,otherwiseyou will receve 0 points.
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Memory Efficiency (20 points)
Thereareseveralfactorsinvolvedin evaluatingthe memoryefficiengy of your allocator:

1. Coalescing10points). DoesyourL 2 freeroutinecoalescéreeblocks?Youmayeitherdoimmediate
coalescingn L2 free, or dolazy coalescing aslongasL2 malloc never fails whenenoughmemory
is availablein consecutie freeblocks. Thereis no partialcreditfor this section.

2. Overhead (5 points). How muchof the heapdoesyour memorymanageipreventthe application
from using dueto overheadsand internal fragmentation? This will be measuredby performing
severalallocationsequencegndcalculatingthefractionof the heapthatwasreturnedn theform of
allocatedblocks. The overheadpointswill be avardedon a curve, with the cutoffs setafterwe see
thedistributionfor thewholeclass.

3. Minimum freeblock size(5 points). Thisis equivalentto the sizeof the smallestlock thatcanbe
allocated.

e 0-24bytes:5 points.
e 24—40bytes:2 points.
e > 40bytes:0 points.

Running time (15 points)

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 instructions
requiredfor thecommoncase.Whendesigningyourimplementationtry to makechoiceghatsimplify the
code,e.g.thatresultin fewer instructions pneedfewer conditionals etc.

We will awardspeedpointsonacurve, with the cutoffs setafterwe seethedistributionfor theentireclass.
If your allocatorfails for ary reasorduringour tests(i.e., you run out of heapspacebecaus®f excessie
fragmentatioror failure to coalesce)thenyouwon't receve ary speedoints. However, you will beable
to run our testsyourselfwhile you aredevelopingyour allocator sothereshouldnt be ary surprises.

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 anautomatedestingandgradingsystemin placeshortly Youwill submityour malloc.c
file in a directory; it will be testedfor the abore criteria, andthe resultswill be postedto a web page.
This will allow you to checkyour implementatiorfor correctnessindto gaugethe performancef your
implementatioragainsthoseof othergroups.Detailson this systemwill beannouncechext week.
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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 Atom to 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 Degree memorycheckerandleakfinder(similarto Purify).

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

Seelafs/cs. cmu.e du/ cl ass/ac ademic/ 15213-f9 8/ L2/ at omfor documentatiomndan ex-
ampleof anAtom tool (ptrace), whichproducesninstrumentedersionof “hello,world” (hello.ptra  ce)
thattracesevery procedurecall. Theoutputis amazing!



