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TheroutinepsMenCheckLeaks may be usedto checkfor memay leaks. The returnvalueis the numberof
blocksthathave beenallocatedbut notfreed. Only blockswith psMenBIl ock. i d greatethani d0 arechecled;
this allows theuserto ignoreblocksallocatedby initialization routines.

If the argumentar r ay is nonNULL, then**arr ay is setto anarray of psMenBl ock * pointerswhenthe
functionreturns.Thesepointersrepresenthe blockswhich have beenallocatedbut notfreed. It is the caller’s
responsibilityto freethis arraywith psFr ee. Also notethat* * ar r ay shouldbeNULL (or notpointto allocated
memory)uponenteringthe call or the correspondingnemoryreferencewill belost.

If the agumentf d is nonNULL, a one-linesummaryof eachblock that hasbeenallocatedbut not freedis
writtento thatfile descriptor

TheroutinepsMentCheckCor r upt i on checkgheentireheapfor corruption,callingtheroutineregisteredwith

psMenPr obl enCBSet for eachblock detectedasbeingcorrupted.Thereturnvalueis the numberof corrupted
blocksdetectedIf theargumentabort _on_error istrue,psMentCheckCor r upti on shallcall psAbort as
soonasmemorycorruptionis detected.

2.1.7 Reference Counting

As mentionedabove, the memorymanagemergystemprovidesther ef Count er elementn psMenBl ock to
allow for the managemenof multiple referenceso the sameblock of memory ExternalAPls which make
useof this structuremustincrementthe counterfor every additionalreferenceto an allocatedmemoryblock,
anddecremenit whenthosereferencesreremoved. The memorymanagementoutinesrespecthe useof the
r ef Count er field: psFr ee will notfreeablock for whichr ef Counter !'= 1, andpsAl | oc will initialize
the field to 1. psFree mustgeneratean error if ref Counter != 1. However, they do not (and cannot
practically) enforcethe useof the counters;this is a requiremeniof external APIs which intendto usethe
feature.

Several APIs areprovidedto managehereferenceountersTheseAPIs are:

int psMenGet Ref Counter(void *vptr);

voi d *psMen ncr Ref Count er (void *vptr);

voi d *psMenDecr Ref Count er (void *vptr);

The functionsall take a pointerto the startof a userblock of memory The first simply returnsthe value
of the refererce counter The next two functionsincrementor decrementhe referencecountey returningthe
pointerwhich was passedn. Thesefunctionsmustvalidatethe memorypointer by determiningthe corre-
spondingosMenBl ock. i d andcheckingfor consisteng in the internalmemoryblock table (the tablepointer
for psMenBl ock. i d shouldbein the valid rangeandshouldcorrespondo the addresof the psMenBI ock).
For anexampleimplementatiorof ther ef Count er facilities,seethediscussiorof psDl i st (§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, st r uct

psM/Type will be constructedisingpsMyTypeAl | oc() calls,anddestryedusingpsMy TypeFr ee() calls.
Theallocatorwill allocatetherequiredmemorywith psAl | oc andincrementheappropriate ef Count er .
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The existenceof complicatedstructureswhich include pointersto other structuresrequirethat we lay out a
rule regardingdestructorgi.e., psMy Ty peFr ee) andreferencecounters.Simply put, the destructor for every
structure should only call psFree if ref Counter == 1; otherwise, it decrements the reference counter and
returns. An exampledestructoiis shavn below:

void psM/TypeFree(psM/Type *nyType ///< Object to destroy
)

{
/* No operation if object is NULL */

if (nyType == NULL) {

return;
}
/* Only call psFree if reference counter is 1 */
if (psMentet Ref Counter(nyType) == 1) {
psFree(nyType);
return;

}

/* OQtherw se, decrenment the reference counter only */
psMenDecr Ref Count er (nyType) ;
}

This allows, for example,the psM/Type to be importedinto the metadatg§5.2) without the userworrying
aboutthe detailsof the memoryallocation/deallocation:

voi d psFooMet adat a( psMet adat a *nd)
{

psFoo *foo = psFooAl |l oc();
(voi d) psMet aDat aAppend(nd, psMetaDatal t emAl | oc(PS_META FQO, f oo, " Comment ", "f oo. bar"));
(voi d) psFooFree(foo);

}

In the above casef oo is createdstuffed into the metadataandthenthe programmefrollows the rule of “for
everyal | oc, thereis anequalandoppositefree” beforethe functionreturns.However, the metadataneedgo
carry aroundthe psFoo, andsoit is importantthat psFooFr ee doesnot free the memoryfor f oo, but only
decrementdts r ef Count er . Hence,at the conclusionof the function, the memorypointedto by f oo in the
courseof the function remainsallocated,andthe corresponding ef Count er is 1 (specifically the reference
in themetadata).

2.2 Tracing and Logging

This sectiondefinesthe Pan-STARRS TracingandLogging APls; the formerrefersto dehug informationthat
we wishto beableto turn on andoff without recompiling(it will not beavailablein productioncode);thelatter
meansnformationaboutthe processinghat mustbe collectedandsaved, evenin the productionsystem.We
ervision thatextensve usewill bemadeof psTr ace throughouthe Pan-STARRS code.

2.2.1 Tracing APIs

A code-tracingacility shouldallow the programmetto placemessages the codewhich, whencalled, will
print someusefulinformationaboutthe containingblock of code.ldeally, differentmessagemay be specified
to have differentlevels(of severity or interest).For agivenrun of theprogram thelevel of interestshouldbe set
to provide moreor lessfeedbackdependingon the needsof the programmerIn a typical situation,low-level
messagewvould be placedgenerouslythroughoutthe code,indicatingthe flow of the program. Higherlevel
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