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The routinepsMemCheckLeaks may beusedto checkfor memory leaks. The returnvalueis thenumberof
blocksthathavebeenallocatedbut not freed.Only blockswith psMemBlock.id greaterthanid0 arechecked;
thisallows theuserto ignoreblocksallocatedby initialization routines.

If the argumentarray is non-NULL, then**array is set to an arrayof psMemBlock * pointerswhenthe
functionreturns.Thesepointersrepresenttheblockswhich have beenallocatedbut not freed. It is thecaller’s
responsibilityto freethisarraywith psFree. Also notethat**array shouldbeNULL (or notpoint to allocated
memory)uponenteringthecall or thecorrespondingmemoryreferencewill belost.

If the argumentfd is non-NULL, a one-linesummaryof eachblock that hasbeenallocatedbut not freed is
written to thatfile descriptor.

TheroutinepsMemCheckCorruption checkstheentireheapfor corruption,callingtheroutineregisteredwith
psMemProblemCBSet for eachblockdetectedasbeingcorrupted.Thereturnvalueis thenumberof corrupted
blocksdetected.If theargumentabort_on_error is true,psMemCheckCorruption shallcall psAbort as
soonasmemorycorruptionis detected.

2.1.7 Reference Counting

As mentionedabove, thememorymanagementsystemprovidestherefCounter elementin psMemBlock to
allow for the managementof multiple referencesto the sameblock of memory. ExternalAPIs which make
useof this structuremustincrementthecounterfor every additionalreferenceto anallocatedmemoryblock,
anddecrementit whenthosereferencesareremoved.Thememorymanagementroutinesrespecttheuseof the
refCounter field: psFree will not freea block for which refCounter != 1, andpsAlloc will initialize
the field to 1. psFree must generatean error if refCounter != 1. However, they do not (and cannot
practically) enforcethe useof the counters;this is a requirementof external APIs which intend to usethe
feature.

SeveralAPIsareprovidedto managethereferencecounters.TheseAPIsare:
int psMemGetRefCounter(void *vptr);
void *psMemIncrRefCounter(void *vptr);
void *psMemDecrRefCounter(void *vptr);

The functionsall take a pointer to the start of a userblock of memory. The first simply returnsthe value
of the referencecounter. Thenext two functionsincrementor decrementthe referencecounter, returningthe
pointerwhich was passedin. Thesefunctionsmust validatethe memorypointerby determiningthe corre-
spondingpsMemBlock.id andcheckingfor consistency in theinternalmemoryblock table(thetablepointer
for psMemBlock.id shouldbe in the valid rangeandshouldcorrespondto theaddressof thepsMemBlock).
For anexampleimplementationof therefCounter facilities,seethediscussionof psDlist (§3.4).

2.1.8 Relation of Memory Management to Structures

In this document,we specify several C structs. It is expectedthat instancesof, for example,struct
psMyType will beconstructedusingpsMyTypeAlloc() calls,anddestroyedusingpsMyTypeFree() calls.
Theallocatorwill allocatetherequiredmemorywith psAlloc andincrementtheappropriaterefCounter.
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The existenceof complicatedstructureswhich includepointersto otherstructuresrequirethat we lay out a
rule regardingdestructors(i.e.,psMyTypeFree) andreferencecounters.Simply put, the destructor for every
structure should only call psFree if refCounter == 1; otherwise, it decrements the reference counter and
returns. An exampledestructoris shown below:

void psMyTypeFree(psMyType *myType ///< Object to destroy
)

{
/* No operation if object is NULL */
if (myType == NULL) {

return;
}
/* Only call psFree if reference counter is 1 */
if (psMemGetRefCounter(myType) == 1) {

psFree(myType);
return;

}
/* Otherwise, decrement the reference counter only */
psMemDecrRefCounter(myType);

}

This allows, for example,the psMyType to be importedinto the metadata(§5.2) without the userworrying
aboutthedetailsof thememoryallocation/deallocation:

void psFooMetadata(psMetadata *md)
{

psFoo *foo = psFooAlloc();
(void) psMetaDataAppend(md, psMetaDataItemAlloc(PS_META_FOO,foo,"Comment","foo.bar"));
(void) psFooFree(foo);

}

In theabove case,foo is created,stuffed into themetadata,andthentheprogrammerfollows therule of “for
everyalloc, thereis anequalandoppositefree” beforethefunctionreturns.However, themetadataneedsto
carry aroundthepsFoo, andso it is importantthatpsFooFree doesnot free the memoryfor foo, but only
decrementsits refCounter. Hence,at theconclusionof the function, thememorypointedto by foo in the
courseof the function remainsallocated,andthecorrespondingrefCounter is 1 (specifically, the reference
in themetadata).

2.2 Tracing and Logging

This sectiondefinesthePan-STARRSTracingandLoggingAPIs; theformerrefersto debug informationthat
wewish to beableto turnonandoff without recompiling(it will not beavailablein productioncode);thelatter
meansinformationabouttheprocessingthatmustbecollectedandsaved,even in theproductionsystem.We
envision thatextensiveusewill bemadeof psTrace throughoutthePan-STARRScode.

2.2.1 Tracing APIs

A code-tracingfacility shouldallow the programmerto placemessagesin the codewhich, whencalled,will
print someusefulinformationaboutthecontainingblock of code.Ideally, differentmessagesmaybespecified
to havedifferentlevels(of severity or interest).For agivenrunof theprogram,thelevel of interestshouldbeset
to provide moreor lessfeedback,dependingon theneedsof theprogrammer. In a typical situation,low-level
messageswould be placedgenerouslythroughoutthe code,indicatingthe flow of the program. Higher-level
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