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typedef struct {
int nbucket; ///< number of buckets
psHashBucket **buckets; ///< the buckets themselves

} psHash;

wherenbucket is the numberof bucketsdefinedfor the hashfunctions,andbuckets is an arrayof pointersto the
individual buckets,eachof which is definedby:
typedef struct psHashBucket {

char *key; ///< key for this item of data
void *data; ///< the data itself
struct psHashBucket *next; ///< list of other possible keys

} psHashBucket;

whereeachbucket containsthevalueof thekey, apointerto thedata, andapointerto thenext list entryin thebucket
(in theeventthattwo or morekeys have thesamehashvalue).

A hashtableis createdwith thefollowing function:
psHash *psHashAlloc(void);

which allocatesthespacefor thehashtableandinitializesall of thebuckets.

Thedestructorfor psHash mustfreeall dataassociatedwith acompletehashtable.

A dataitem maybeaddedto thehashtablewith thefunction:
bool psHashAdd(psHash *table, const char *key, void *data);

In this function,thevalueof thestringkey is usedto constructthehashvalue,find theappropriatebucket set,andaddthe
new elementdata to thelist. An existing elementwith thesamevalueof key is destroyedusingits registereddestructor
(psMemBlock). Thereturnvalueof thefunction is abooleandefiningthesuccessor failureof theoperation.

Thedataassociatedwith agivenkey maybefoundwith thefunction:
void *psHashLookup(psHash *table, const char *key);

which returnsthe datavaluepointedto by the elementassociatedwith key, or the valueNULL if no matchis found.
Similarly, aspecifickey mayberemoved(deleted)with thefunction:
bool psHashRemove(psHash *table, const char *key);

Thefunctionreturnsavalueof true if theoperationwassuccessfull,andfalse otherwise.

Thefunction
psList *psHashKeyList(psHash *table);

returnsthecompletelist of definedkeys associatedwith thepsHash tableasa linkedlist.

psArray *psHashToArray(psHash *hash);

This functionplacesthedatain apsHash into apsArray container. This functiondoesnot freetheelementsor destroy
the input collection. Rather, it incrementsthe referencecounterfor eachof the elements.The resultingarraydoesnot
have any informationaboutthehaskey values,andtheorderis not significant.

3.9 Lookup Tables

Lookup tablesstorea variety of valuesindexed on a certaincolumn. An exampleis for storingthe differencebetween
UT1 andUTC, andthepolarmotionvectorasa functionof date.

Oneof the key functionalitiesof a lookup tableis to readdatafrom an ordinary text file into an arrayof vectors. This
functionality is generallyuseful,andsowe specifyaseparatefunctionthatmaybecalledindependently:
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psArray *psVectorsReadFromFile(const char *filename, const char *format);

psVectorsReadFromFile shall returnanarrayof psVectors, readfrom thespecifiedfilename. Thefile shall
beplain text, consistingof an identicalnumberof columnson eachline, with thevaluesseparatedby whitespace.Lines
commencingwith acommentcharacter(thepoundsign,#) andblanklinesshallbeignored.Theformat is ascanf-like
formatwhich specifiesthenumberof columnsin thefile, aswell astheir types.Thefollowing formatsshallbedefined:
\%d for psS32,\%ld for psS64,\%f for psF32,and\%lf for psF64. A star (*) in the format shall indicatethat the
columnis to beskipped.

typedef struct {
const char *filename; ///< File from which data is to be read
const char *format; ///< scanf-like format string for file
unsigned int indexCol; ///< Column of the index vector (starting at zero)
psVector *index; ///< Index values
psArray *values; ///< Corresponding values: an array of vectors
const psF64 validFrom, validTo; ///< Range of validity

} psLookupTable;

filename shall specify the file from which the lookup tabledatais to be read. format shall containa scanf-like
format string specifyinghow the columnsareto be interpreted(seepsVectorsReadFromFile). indexCol shall
specifythe index of thecolumn(with thefirst columnhaving an index of zero)thatwill form the index values.index
shallcontaintheindex values,whichshallbesortedin increasingorder. Thevalues shallconsistof anarrayof vectors,
eachof the samelengthastheindex vector. Thevectors(including theindex andall vectorsin thevalues array)
maybeany numericaltypeexceptcomplex types.ThevalidFrom andvalidTo shallspecifytherangeof valid values
for theindex; in mostcases,thesewill simply bethefirst andlast indices.

Theconstructorshallbe:
psLookupTable *psLookupTableAlloc(const char *filename, ///< File from which to read

const char *format ///< scanf-like format string
int indexCol ///< Column of the index vector (starting at zero)

);

This function shall allocatea psLookupTable, andset the appropriatevalues,but it shall not readthe lookup table.
This is sothatthelookuptablecanbespecifiedat theinitialisationof aprogram,but not readunlessrequired.

Thedestructorshall freeall thecomponents.

psLookupTable *psLookupTableImport(psLookupTable *table, ///< Lookup table into which to import
const psArray *vectors, ///< Array of vectors
int indexCol ///< Index of the index vector in the array of vectors
);

psLookupTableImport shall importanarrayof vectorsinto atable. If table isNULL, anew psLookupTable
shall beallocatedandreturned.Thearrayof vectors, which waslikely generatedby psVectorsReadFromFile,
are imported by setting the table->index to the vector specified by the indexCol, and pointing the
table->values array datato the remainingvectorsin vectors. Referencecountersfor the vectorsshall be in-
crementedasappropriate.ThevalidFrom andvalidTomembersof thetable shallbesetto thefirst andlastvalues
in the index vector. If theindex vector is not sortedin the file, the lookup tableshall be sortedprior to the function
returning.

int psLookupTableRead(psLookupTable *table);

psLookupTableRead combinespsVectorsReadFromFile andpsLookupTableImport to readthe appro-
priatefile andimport thedatainto theextanttable. If the inputtable hasalreadybeenreadfrom a file, thefile shall
bere-read,andthecontentsreplaced.Thefunctionshallreturnthenumberof linesread(not including ignoredlines).

Interpolationon a lookuptableis performedby thefollowing functions:
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psF64 psLookupTableInterpolate(const psLookupTable *table, psF64 index, int column);
psVector *psLookupTableInterpolateAll(const psLookupTable *table, psF64 index);

Both functions shall interpolatethe table at the provided index. For psLookupTableInterpolate, only
the value in the specifiedcolumn shall be calculatedand returned. For psLookupTableInterpolateAll,
all the values shall be calculated and returned as a psVector, the type of which shall be PS_TYPE_F64.
If the index is beyond the range of the table, psLookupTableInterpolate shall return NaN, and
psLookupTableInterpolateAll shall returnNULL — thatis, no attemptis madeatextrapolation.

4 Data manipulation

We requirea variety of basicdatamanipulationfunctionswhich will act upondata(in particular, arrays/vectors). We
requirethefollowing capabilities:

� Bit masks;

� Vectorandimagearithmetic;

� Sorting;

� Statistics;

� Matrix operationsandlinearalgebra;

� (Fast)FourierTransforms;

� Generalfunctions;and

� Minimization andfitting routines.

4.1 BitSets

BitSetsarerequiredin orderto turn optionson andoff. We requirethecapabilityto have a bitsetof arbitrarylength(i.e.,
not limited by the lengthof a long, say). ThepsBitSet structureis definedbelow. Note that the entrybits is an
arrayof typechar storingthebits asbits of eachbyte in thearray, with 8 bits availablefor eachbyte in thearray. Also
notethat theconstructoris passedthenumberof requiredbits, which implies thatceil(n/8) bytesmustbeallocated.
Thebitsetstructureis defineby:
typedef struct {

int n; ///< Number of chars that form the bitset
char *bits; ///< The bits

} psBitSet;

Wealsorequirethecorrespondingconstructoranddestructor:
psBitSet *psBitSetAlloc(int n);

wheren is therequestednumberof bits.

Severalbasicoperationsonbitsetsarerequired:

� Setabit;
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