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typedef struct {

i nt nbucket; /11 < nunber of buckets
psHashBucket **buckets; /11 < the buckets thensel ves
} psHash;

wherenbucket is the numberof buckets definedfor the hashfunctions,andbucket s is an array of pointersto the
individual buckets,eachof whichis definedby:
typedef struct psHashBucket {

char *key; /1< key for this itemof data
voi d *dat a; /1< the data itself
struct psHashBucket *next; I11< 1list of other possible keys

} psHashBucket ;

whereeachbucket containsthe valueof thek ey, a pointerto thedat a, andapointerto thenext list entryin the bucket
(in the eventthattwo or morekeys have the samehashvalue).

A hashtableis createdwith thefollowing function:

psHash *psHashAl | oc(voi d);

which allocateghe spacédor the hashtableandinitializes all of the buckets.
Thedestructorfor ps Hash mustfree all dataassociatedvith a completehashtable.
A dataitem maybe addedto the hashtablewith thefunction:

bool psHashAdd(psHash *tabl e, const char *key, void *data);

In this function,thevalueof thestringk ey is usedto constructthe hashvalue,find the appropriatebucket set,andaddthe
new elementdat a to thelist. An existing elementwith the samevalueof key is destrgyed usingits registereddestructor
(psMenBl ock). Thereturnvalueof the functionis a booleandefiningthe succes®r failure of the operation.

Thedataassociatedavith a givenkey maybefoundwith thefunction:
voi d *psHashLookup(psHash *tabl e, const char *key);

which returnsthe datavalue pointedto by the elementassociatedvith key, or the value NULL if no matchis found.
Similarly, a specifickey mayberemoved (deleted)with the function:
bool psHashRenpbve(psHash *tabl e, const char *key);

Thefunctionreturnsavalueof t r ue if the operationwassuccessfullandf al se otherwise.

Thefunction
psLi st *psHashKeyLi st (psHash *tabl e);

returnsthe completdlist of definedkeys associatedvith thepsHash tableasalinkedlist.

psArray *psHashToArray(psHash *hash);

Thisfunctionplacesthedatain apsHash into apsAr r ay container This functiondoesnot freethe elementsr destry
the input collection. Rather it incrementshe referencecounterfor eachof the elements.The resultingarray doesnot
have ary informationaboutthe haskey values,andthe orderis not significant.

3.9 Lookup Tables

Lookup tablesstorea variety of valuesindexed on a certaincolumn. An exampleis for storingthe differencebetween
UT1 andUTC, andthe polarmotionvectorasa function of date.

Oneof the key functionalitiesof a lookup tableis to readdatafrom an ordinarytext file into an array of vectors. This
functionality is generallyuseful,andsowe specifya separatdéunction thatmay be calledindependently:
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psArray *psVectorsReadFronFil e(const char *filenane, const char *format);

psVect or sReadFr onFi | e shallreturnanarrayof psVect or s, readfrom the specifiedf i | enane. Thefile shall
be plain text, consistingof anidenticalnumberof columnson eachline, with the valuesseparatedby whitespaceLines
commencingvith acommentcharactefthepoundsign,#) andblanklinesshallbeignored.Thef or mat isascanf -like
formatwhich specifiesghe numberof columnsin thefile, aswell astheir types. The following formatsshall be defined:
\ % for psS32,\ % d for psS64,\ % for psF32,and\ % f for psF64. A star(*) in the format shall indicatethat the
columnis to be skipped.

typedef struct {

const char *filenaneg; /1< File fromwhich data is to be read

const char *format; /1< scanf-like format string for file

unsi gned int indexCol ; /11< Colum of the index vector (starting at zero)
psVect or *index; /11< I ndex val ues

psArray *val ues; /11 < Corresponding val ues: an array of vectors
const psF64 validFrom validTo; /1< Range of validity

} psLookupTabl e

fi | ename shall specifythe file from which the lookup table datais to be read. f or mat shall containa scanf -like
format string specifyinghow the columnsareto be interpreted(seepsVect or sReadFr onti | e). i ndexCol shall
specifythe index of the column (with the first columnhaving anindex of zero)thatwill form the index values.i ndex
shallcontaintheindex values,which shallbe sortedin increasingorder Theval ues shallconsistof anarrayof vectors,
eachof the samelengthasthei ndex vector The vectors(including thei ndex andall vectorsin theval ues array)
maybeary numericaltypeexceptcomple types.Theval i dFr omandval i dTo shallspecifytherangeof valid values
for theindex; in mostcasesthesewill simply bethefirst andlastindices.

The constructorshallbe:

psLookupTabl e *psLookupTabl eAl |l oc(const char *filenane, ///< File fromwhich to read
const char *format ///< scanf-like format string
int indexCol ///< Colum of the index vector (starting at zero)

)
This function shall allocatea psLookupTabl e, andsetthe appropriatevalues,but it shall not readthe lookup table.
Thisis sothatthe lookuptablecanbe specifiedat theinitialisation of a program but not readunlessrequired.

Thedestructorshallfree all the components.

psLookupTabl e *psLookupTabl el nport (psLookupTable *table, ///< Lookup table into which to inport
const psArray *vectors, ///< Array of vectors
int indexCol ///< Index of the index vector in the array of vectors

)
psLookupTabl el nport shallimportanarrayof vectorsinto at abl e. If t abl e isNULL, anewv psLookupTabl e
shall be allocatedandreturned. The arrayof vect or s, which waslikely generatedy psVect or sReadFr onFi | e,
are imported by setting the t abl e- >i ndex to the vector specified by the i ndexCol, and pointing the
t abl e- >val ues array datato the remainingvectorsin vect or s. Referencecountersfor the vectorsshall be in-
crementedhsappropriateTheval i dFr omandval i dTo membersf thet abl e shallbesetto thefirst andlastvalues

in the index vector If thei ndex vectoris not sortedin the file, the lookup table shall be sortedprior to the function
returning.

i nt psLookupTabl eRead( psLookupTabl e *t abl e)

psLookupTabl eRead combinespsVect or sReadFr onti | e andpsLookupTabl el nport to readthe appro-
priatefile andimport the datainto the extantt abl e. If theinputt abl e hasalreadybeenreadfrom afile, thefile shall
bere-read andthe contentseplaced.Thefunction shallreturnthe numberof linesread(notincluding ignoredlines).

Interpolationon alookuptableis performedby thefollowing functions:
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psF64 psLookupTabl el nt er pol at e(const psLookupTabl e *tabl e, psF64 index, int colum);
psVect or *psLookupTabl el nt er pol at eAl | (const psLookupTabl e *tabl e, psF64 index);

Both functions shall interpolatethe t abl e at the provided i ndex. For psLookupTabl el nt er pol at e, only
the value in the specifiedcol umm shall be calculatedand returned. For psLookupTabl el nt er pol ateAl |,
all the values shall be calculated and returned as a psVect or, the type of which shall be PS_TYPE F64.
If the i ndex is beyond the range of the tabl e, psLookupTabl el nt er pol at e shall return NaN, and
psLookupTabl el nt er pol at eAl | shallreturnNULL — thatis, no attemptis madeat extrapolation.

4 Data manipulation

We requirea variety of basicdatamanipulationfunctionswhich will actupondata(in particular arrays/ectors). We
requirethefollowing capabilities:

e Bit masks;

¢ Vectorandimagearithmetic;

e Sorting;

e Statistics;

e Matrix operationsandlinearalgebra;
¢ (Fast)Fourier Transforms;

e Generalfunctions;and

¢ Minimization andfitting routines.

4.1 BitSets

BitSetsarerequiredin orderto turn optionson andoff. We requirethe capabilityto have a bitsetof arbitrarylength(i.e.,
not limited by the lengthof al ong, say). The psBi t Set structureis definedbelov. Notethattheentrybi t s is an
arrayof typechar storingthe bits ashits of eachbyte in the array with 8 bits availablefor eachbytein the array Also
notethatthe constructoris passedhe numberof requiredbits, which impliesthatcei | ( n/ 8) bytesmustbe allocated.
Thebitsetstructureis defineby:

typedef struct {

int n; /1/< Nunber of chars that formthe bitset
char *bits; /1< The bits
} psBitSet;

We alsorequirethe correspondingonstructoranddestructor:
psBitSet *psBitSetAlloc(int n);

wheren is the requestechumberof bits.

Severalbasicoperationson bitsetsarerequired:

e Setabit;
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