
Pan-STARRSImageProcessingPipeline PSDC-430-006-06

1 Pan-STARRS Library PSLib

1.1 Math Utilities

1.1.1 Sorting

A variety of sorting algorithmsexist, with a wide rangein speedfor different set sizes. Three of the best sorting
algorithmsare “heapsort”, “quicksort”, and “mergesort” (see,e.g., knuth, sedgewick, press). Thesethreesorting al-
gorithmsall run in a time of O(n log n) on the average,but have different worse-caserun times. Implementations
of all threesorting algorithmsare describedin referencesabove and in variousplacesonline (e.g., http://www.iti.fh-
flensburg.de/lang/algorithmen/sortieren/algoen.htm).The linux qsort function usesa heapsortif it canallocatea suf-
ficiently largetemporarybuffer, andotherwiseresortsto a quicksortin-place.TheGSL functiongsl_heapsort uses
theheapsortalgorithm.Bothof theseimplemenationsrequireapointerto thecomparisonfunction,whichmayresultin a
slowercodethanif thecomparisonweredonewithin thesortfunction.

For PSLib, the sorting functionsshall be implementedvia the systemqsort. The functionpsSort shall return the
sortedresultof theinput arraywithout over-writing theinput array. ThefunctionpsSortIndex shall returnaninteger
index to thesequenceof theinputarraywithoutoverwriting theinputarray. Giventhefollowing line of code:

out = psSortIndex (NULL,&in);}

theelementsof thearrayout arein thesequencein.arr[out->arr[0]] to in.arr[out->arr[in.n - 1]].

1.1.2 Smoothing: Boxcar and Gaussian

Smoothingmay occasionallybe perfomedon data. We presentthe algorithmsfor two typical versions: boxcarand
Gaussiansmoothing.In both smoothingtechniques,given a seriesof datavaluesfi(xi) wherexi arethe valuesof the
correspondingto the centerof the bin, the smoothedvaluesgi(xi) aredeterminedby calculatinga linear combination
basedon theinputdatapointandits nearest2N neighborsin theform:

gi =

imax
∑

j=imin

cijfj (1)

wherethevaluesof cij determinethefilter type.For boxcarsmoothing,thevaluescij areconstantandscaledto maintain
thezerothmomentof thedata(caremustbetakenat theendsof thedatarangeto reducethevalueof cij asfewer input
datapointsmaybeused).For Gaussiansmoothing,thecrucialparameteris σx, thestandarddeviation. Thevaluesof imin

andimax arefunctionsof thestandarddeviation: imin correspondsto thebin in whichxi−Nσx is found;similarly imax is
thebin correspondingto xi + Nσx. Thevalueof N shouldbechosento belargeenoughto sampletheGaussian,N = 5.
Thevaluesof cij arethenjust theGaussiancurve:
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