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5.1.4 External Date and Time Formats

A collectionof functionscorvertfromthepsTi e typesto variousexternalformats.NotethatlISO8601format
is"YYYY -MM-DDThh:mm:ss,sZ”

psF64 psTi neToJD(const psTine *tinme);

psF64 psTi neToMID( const psTinme *tine);

char *psTi neTol SOTi me(const psTinme *tine);
timeval *psTi meToTi neval (const psTinme *tine);

5.1.5 Dateand TimeParsing

A relatedcollectionof functionsconvertfrom externalformatsto apsTi ne type.
psTime *psTi meFromID( psF64 input);
psTime *psTi neFronMID( psF64 i nput);

psTime *psTi neFronml SO(const char *input);
psTi me *psTi meFronili neval (const tinmeval *input);

5.1.6 Dateand TimeMath

psTime *psTi neAdd(const psTime *tail, psF64 delta);
psF64 psTi neSubtract (const psTinme *tinel, const psTine *tinme2);
psF64 psTi neDel ta(const psTinme *tinel, const psTinme *tinme2);

psTi meAdd addssometimeto apsTi ne. psTi meSubt r act subtractdwo times. psTi neDel t a gives
theabsoluteime differencebetweerntwo times.

Time mathis only doneonthepsTi ne TAI type.

517 TimeTables

Theoffsetof UTC from UT1, AUT = UT1-UTC, aswell asthe polar motion, =, andy,, may be determined
from tablelookups.Tablesareavailablecoveringdifferenttime periodsandwith differenttime resolution,and
soit is importantto be ableto utilise multiple tables.Sometablesmay befoundat:

e ftp://maia.usno. navy. m|/ser7/ser7. dat

e ftp://maia.usno.navy.m|/ser7/finals.all with explanatory  guide at
ftp://maia.usno.navy. ml/ser7/readne.finals . See also the web page
http://maia.usno. navy. ml/.

e http://hpiers.obspmfr/eoppc/eop/ eopcO01l/ eopcO0l. 1900- 2004 (containsestimates
priorto 1972).

The tablesshallresideon local disk in known locations(i.e., thereis no needthatthey aredownloadedfrom
the internetandparsedoy PSLib). The format of thesefiles shall be simple,for speedn reading: Eachline
shallcontainthe MJD, z,, (in arcseconds)y, (in arcsecondsand AUT (in secondsyeparatedy whitespace;
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blanklinesandlinescommencingvith the commentcharacte(the hashsymbol,#) asthefirst characteshall
beignored.For example:

# Bulletin A 9 Septenber 2004.
# ftp://maia.usno.navy. ml/ser7/ser7.dat

# MID XP(")  YP(")  UT1-UTC(s)
53258 0.1715 0.4774 -0.45092
53259 0.1734 0.4757 -0.45039
53260 0.1753 0.4741 -0.45012
53261 0.1770 0.4724 -0.45015
53262 0.1787 0.4708 -0.45045

Thelocationof thesefiles, their priority ordetr andthe“from” and“to” datesof applicabilitywill be specified
throughmetadatg§5.1.7.1).

Whenavalueis required thetablesshallshallbechecledin priority orderto seeif thedateis within therange
of applicability for thetable. If atableis foundthatis applicable thenthe appropriatevalueshall be derived
from linear interpolationbetweenthe nearesentriesin the table. If no tableis found thatis applicalde, and
therequireddateis laterthanthosecoveredin the tables,a warningshall be generatedanda pre-determined
formulashallbe applied(§5.1.7.1).For datesprior to thosecoveredin thetables,the functionshallgeneratex
warningandusepre-determinedalues(§5.1.7.1).

We definea structure psTi neTabl e to hold asingletime table:

typedef struct {
const char *filenane; // Filenane of tine table
const psF64 validFrom validTo; // MIDs of validity of tinme table
bool | oaded; // Has the table been | oaded?
psVector *njd; // MID data, type is psF64
psVector *dut; // delta UT = UTl1 - UTC data
psVector *xp, *yp; // Polar notion data
} psTineTabl e;
Thetablesshallbereadin only whenrequiredby theuser(hencethel oaded member)onceloadedthetable
shallremainin memoryuntil the terminationof the program.The correspondingonstructorshallbe:

psTi neTabl e *psTi neTabl eAl | oc(const char *fil enane, psF64 validFrom psF64 validTo);

which simply constructsa psTi meTabl e with the appropriatef i | enane, val i dFromandval i dTo.
Uponconstructionthel oaded membershallbesettof al se, andthevectorscontainingthe datashallbeset
to NULL.

ThefunctionpsTi neTabl eLoad shallloadaspecifiedimet abl e, returningt r ue for successandf al se
if thetablefailedto load. If thet abl e hasalreadybeenloaded thenit shallbere-loaded.
bool psTi neTabl eLoad(psTi neTabl e *tabl e);

Given a time table and a Modified Julian Date, njd, at which to interpolate values,
psTi neTabl el nt er pol at e shall calculatethe appropriateUT1-UTC (dut ; if nonNULL), and po-

lar motion (xp, yp; if nonNULL) by interpolationon the table. If the nj d is outsidethe rangeof the table
or the interpolationwasfor someotherreasorunsuccessfulthenthe function shallreturnf al se; otherwise
thefunctionshallsetthoseparametersvhicharenonNULL (dut , xp, yp) andreturnt r ue. If therequested
nj d lies in the rangeof thet abl e, but thet abl e hasnot beenl oaded, then the function shall call

psTi neTabl eLoad.

bool psTi neTabl el nt er pol at e(const psTi neTabl e *tabl e, double *xp,
doubl e *yp, double *dut, psF64 njd);
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5.1.7.1 TimeMetadata

Thefollowing metadat&eys will beusedin time calculations:

Metadatekey Purpose

psLibtime.tables.dir | Timetabledirectory

psLibtime.tables.files| Time tablefile namegqspace-delimited)
psLibtime.tables.from Time tablesarevalid from theseMJDs (vector)
psLibtime.tables.to | Timetablesarevalid to theseMJDs (vector)
psLibtime.before.xp | Valueof XP for beforetheearliestMJD
psLibtime.before.yp | Valueof YP for beforetheearliestMJD
psLibtime.before.dut | Valueof UT1-UTC for beforethe earliestMJD
pslibtime.predict.xp | A vectorcontainingthez, predictionformulacoeficients
pslibtime.predict.yp | A vectorcontainingthey, predictionformulacoeficients
pslibtime.predict.mjd | A valuecontainingthe MJD offsetfor temporaryvariables
pslibtime.predict.dut | A vectorcontainingthe UT1-UTC predictionformulacoeficients

Thesemetadat&eys shallresidein a configuratiorfile (§5.2.4),psTi me. conf i g, whichshallbeloadedinto
a psMet adat a structureprivateto psTi e, aspartof psLi bl ni t. An exampleof psTi ne. confi g
follows:

# This configuration file specifies values required for tine calculations by psLib.

psLib.tine.tables.dir STR /' home/ panst arrs/ psLi b/ confi g/ # Directory for tine tables
psLib.tine.tables.n us 2 # Nunber of tinme tables
psLib.time.tables.files STR bul | eti nA_09Sep2004. dat eopc01_1900_2004. 40. dat # These are the file nanes
@sLib.tine.tabl es.from F64 53258. 0, 15020.0 # Valid fromthese MIDs
@sLib.tine.tables.to F64 53622.0, 53258.0 # Valid to these MIDs

psLi b. ti ne. before. xp F64 0.0 # Value of XP for before the earliest MID
psLib.time. before.yp F64 0.0 # Val ue of YP for before the earliest MID

psLi b. ti me. bef ore. dut F64 0.0 # Val ue of UT1-UTC for before the earliest MID

# Now foll ows formulae for predicting ahead of the nost recent available table entry.
# xp = [0] + [1]*cos A+ [2]*sin A+ [3]*cos C+ [4]*sin C

# yp = [0] + [1]*cos A+ [2]*sin A+ [3]*cos C+ [4]*sin C
# A = 2*pi*(MID - pslib.tine. predict.njd)/365.25

# C = 2*pi*(MID - pslib.tine.predict.njd)/435.0

# dut = utl-utc =[0] + [1]*(MID - [2]) - (UT2-UT1)

# ut2-utl = 0.022 sin(2*pi*T) - 0.012 cos(2*pi*T) - 0.006 sin(4*pi*T) + 0.007 cos(4*pi*T)
# T = 2000.0 + (MID - 51544.03)/365. 2422

@sLib.time.predict.xp F64 0. 0569, 0.0555, -0.0200, 0.0513, O0.1483
@slLib.time.predict.yp F64 0.3498, -0.0176, -0.0498, 0.1483, -0.0513
psLib.tine.predict.njd F64 53257.0

@sLib.time. predict.dut F64 -0.4944, -0.00023, 53262.0

5.2 Metadata

5.2.1 Conceptual Overview

Within PSLib, we provide a datastructureto carry metadateand mechanismd4o manipulatethe metadata.
Metadatais a generalconceptthat requiressomediscussion.In arny dataanalysistask,the ensembleof all
possibledatamaybedividedinto two or threeclassesthereis the specificdataof interestthereis datawhich
is relatedor critical but not the primary dataof interest,andthereis all of the otherdatawhich may or may
not be interesting. For example,considera simple 2D imageobtainedof a galaxy from a CCD cameraon a
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