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INTRODUCTION

2.1 The goal of the LAL software specification

The LIGO Laboratory [LL] and the LIGO Scientific Collaboration [LSC] areettsing the
LIGO/LSC Algorithm Library [LAL] for analyzing data from interferometric gtational-wave
detectors.TheLL andLSC wishto sharethis softwarewith otherprojectsandinvite other(inter-
national) groups to contuite to this library The defining purpose of this document is to
establisha software specificationthat fosterswidespread-usand collaborative-deelopment
of a well-tested analysis libraryThe details in this specification Wanaturally from this goal.

1.

More programmers ko C than C++; therefore, in order to maximize the number of users
and contrilntors, the LL Data Group decided to use ANSI standard C for the LAL. Simi-
larly, we dont want contrilutors to hae to climb multiple learning cues just to master the
toolsnecessaryo write LAL code;thereforewe specifyaminimallist of developmentoolsin
Section 9

Theoutputof oneprogrammes routineis likely to betheinputof someonelses routine.To
malke this exchangesasy we specifysomereusabledatastructuregor inputandoutput.(We
alsorequire developers to use them whese possible.) These arevgn inSection 4
Oneprogrammemustbeableto use,understandiestanddelug anothemprogrammess code;
therefore we establish some codingweantions Section 3, a uniform layout for the source
code(Sections5 and 6), andthespecificationgor thedocumentatiorfSection?7). In particu-
lar, we define the namespace wemtions inSection 3 and we explain the details of
reporting errors irsection 5

It is essentiathatusersanddevelopersknow thepedigreeof theroutinesthey areusing;there-
fore we hae defined aersion control system (CVS) for the librarySection 8

Using a standard design for the saftey will (hopefully) mak it easier to test the routines
and compare data analysis results ded#nt groups.

This codeprojectwill grov andevolve. This makes it impossibleto foreseeall thenecessary
code requirements. Therefore, the LL and LSC will continue to jointly update and maintain
this specification. The rules for this procedure averginSection 8.

In orderto facilitatecollaborationthe LSC SoftwareCoordinatomwill ensurethat the codeis
publicly (and easily)\ailable to users and delopers.

2.2. The scope of the LAL specification

This documentformally definesthe LIGO/LSC Algorithm Library [LAL]. Thisis notacompre-
hensve documenexplaininghow to write LAL functions,ratherit laysoutgenerakulesfor code
writing. Eventually we may write a C++ specificationfor LAL; however, until we have sucha
specification, code must be written in ANSI standard C.

2.3. Applicability of LAL softwar e

TheLIGO Laboratoryandthe LSC will work to ensurethatall developedhardwareandsoftware
systems suppotAL. In turn, all participating groupsvill be required to malyzel IGO data
usingLAL-compliant oftware. TheLAL software shall bevailable n the public domain, sub-
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ject only torules in this document. LAL will be written assuming IEEE/ASCII compliant hard-
ware and softare is used to analyze interferometer data.

2.4 How does the LAL fit into the LDAS?

The LDAS is the analysis @ronment being deeloped for LL and LSC. It consists of a layered
andhighly modulararchitectureemplgying a steeringanguageor scriptingcommandge.g.Tcl).
The scripting language wilkecute compiled C++ code which will use MPI based parallel
computing to do the numerically intemsidata analysis. [See http://wviaas.ligo.caltech.edu
and &ble 1 for detail information on LA&S.]

The current plan is to use procedural algorithms and functions (i.e., LAL routines written in C)
wrappedn C++ codeto manipulatehedata.Theseunctionswill beimportedinto theC++ code

as a dynamically loaded (shared object) lihrafyese dynamically loaded LAL functions will
actually perform the data analysis.

Table 1 List of Applicable Documents

Description

Document ID

LIGO Documentation

LDAS White Raper

LIGO-M970065

LDAS Design Requirements Document

LIGO-T970159.

LDAS Conceptual Design Document

LIGO-T970160.

LDAS Preliminary Design Document

LIGO-T990001

LDAS System Softare Specification for C, C++ andvda

LIGO-T970211

Data Format Specifications

Specification of a Common Data FranmRat for Interferometric Gréta-
tional Wave Detectors

LIGO-T971030

LIGO Lightweight Data Brmat Specification

LIGO-T980091.

LIGO Metadata, Eent and Reduced Data Requirements

LIGO-T980070.

LDAS Software Specification$:

FrameAPI| Baseline Requirements

LIGO-T980011.

FrameAPI.tcl source code map -- frameAPI.tcl

on-line TclDoc

FrameAPI.tcl emegeng procedures source code map --
frameEmProc.tcl

on-line TclDoc

FrameAPI.tcl operator procedures source code map -- frameOpProcs

tclon-line TclDoc

MetadataAPI Baseline Requirements

LIGO-T980119
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Table 1 List of Applicable Documents

Description Document ID

DataConditioningAPI Baseline Requirements LIGO-T990002

Non LIGO Documentation

Enough Rope to Shoabiffself in the Bot: McGraw-Hill
Rules for C and C++ Rigramming 1995
Allen I.Holub

3

a. Links acessible via Itt//www.ldas.ligo.caltech.edu and http://www.ligo.caltech.edu/LIGO_web/
dcc/docs. Nte that some of these documents are still evolving

LAL CODING STYLE

3.1 LAL namespace conentions

3.1.1 The rationale behind the namespace rules

1.

2.
3.

Thenamingcorventionshouldmale it easieffor someondbesideghe author)to understand
the code.

The naming corention should helpvaid internal (intra-LAL) name conflicts.

LAL will beusedin conjunctionwith otherlibraries;thereforethe namingcorventionshould
help avoid conflicts with non-LAL softwre packages and system routines.

3.1.2 The namespace rules

1.

w N

Names combining multiple vords must hae subsequentavdscapitalized theNewVari-

able , LALTheNewType. Thenamegendto belongenoughasit is; thereforewe donotusethe
underscore betweenonds in a name. [Macros are atteption to this rule. See beld
Variable namesmust bgin with alowercaseletter, e.g.myVariable

Function namesmustbegin the prefix LAL. Theremaindeof thenameshouldalsostartwith

a capital lettere.g.LALMyFunction() . TheLAL prefix will help leep the LAL namespace
from conflicting with other library namespaces. As LALwgothere is also a risk of step-
ping on our wn namespace; therefore donse nondescript function names, suchLas-
Corrolate() " or“LALFilter) ”. Usemorespecificnamese.g. attachthe packagenameor
theheadeiffile nameLALInspiral  Filter() . [Note:RequiringtheLAL prefixis asignificant
change from earlierarsions (7 and earlier) of this document. This will require substantial
modifications of risting code, bt it is necessary

Custom data structures(i.e. structures not specified in this document) must\@ngiames
that try to &oid namespace conflicts. The name should start witbgpeicaseletter, e.g.
LALREAL8MyDataType . We suggestisingthe prefix LAL to avoid collision with otherlibraries;
however this is not a requirement. Anothesywo aoid conflicts with other packages is to
build the name around the Atomic datatype, REpL8VlyPackageVector . The discussion
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aboutnon-descriptunctionnamesapplieshereaswell. Also, nameswithoutthe LAL prefix,
can step on system names; thereforetdese vords like time , date , window, etc.

5. Source-coddile names(modulesheaderandtestprogramsyhouldalsobegin with acapital
letter, e.9g.MyModule.c andMyHeader.h .

6. Acronyms in the name When the corention calls for an acrgm to start with laver case,
the entire acroym is written in laver case (e.gINT4 gpsSeconds ). When the corention
calls for the acroym to start with an upper case lettitie entire acromm is capitalized (e.qg.
tagLIGOTimeGPS ). We should neer segyPS or Gps.

7. Macros(#define ) must be alUPPERCASECompound macro names will use underscores

if clarity requiresTHE_NEXT_MACRQThis is only &ception to the no-underscore rule.]
8. Error codes(statusCode andstatusDescription ) have a special name ceention. See
Section 4.5.
9. Package nameshould be allowercase

3.2 Physical and numerical constants

Physical constantswill be storedin the headerfile LALConstants.h . This is being distributed
with the LAL library releases. IRconstants are declared according to the Valhg style
#define LAL_CONSTANTNAME_STANDARDvalue /* units or description */

Examplesdrom LALConstants.h:

#define  LAL_PI 3.141592653589793238462643382795029L I*  pi */
#define LAL _RSUN_SI 6 .960e08 / *solar radius, m */
#define LAL_SOLMASS_SI1 .989 2e30 / * solar mass, kg */

All constanthave the resered prefix LAL_. The constantdhave a suffix to denotethe systemof
unitsin which they aredefined If thereareconstantshatshouldbethere,but arenot, contactthe
LSC Software Coordinator

3.3 Style for type declarations

Onevariabledefinition per type declarationis prefered;however a few closelyrelatedvariables
canbedeclaredbnthesamdine. This allows easeof readingandmaintenancedt allows eachline
to have a single comment that pertains to the declaration:

TYPE variableName,; * helpful or useful comment */

INT4  length; /* number of elements */

INT4  vectorLength; /* length of each vector in sequence  */

REAL4 *a,*b,*c; [* temporary pointer variables */
REAL4 *a b, /* DO NOT COMBINE POINTERS AND VARIABLES! */

4 LAL DATATYPES

In orderto facilitate sharingof databetweenLAL routinesand passingdataform LAL to non-
LAL library functions(e.g.therestof LDAS) we definea numberof genericdatastructuresyYou
arerequiredto usethesestructuresvheneer possiblein your code. We recognizethatwe cant
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planfor every contingeng, so,if youfind thattherearestructureghatarenotincluded,but would
have widespread use if thevere aailable, please tell the LSC Sotive Coordinator

4.1 Defining data types

Structures shall be defined according to the foilhg template:

typedef  struct
t ag<Name>

{

<Name>

Where<Name>is replacedy thestructs name.Thetagis optional. (Writing thetypedef andthe
tag-Namein columnzerois a GNU corvention,andnot a LAL requirementhowever, much of
the code in the library adheres to this\eamtion.)

4.2 *“Atomic” data types

To permit LAL codeto be transportedo various hardware platforms (e.g., 32, 64 or 128 bit
machines)we will adoptthe corventiondescribedn the LIGO-VIRGO framespecification.To
eachC/C++datatypetherewill beassignec CAPITALIZED LAL datatype name.Thesewill be
definedin LALAtomicDatatypes.h . See Table 2.[The structuresCOMPLEX&@NdCOMPLEX16are
also included in our list of atomic data types.]

typedef s truct

R EAL4 re ;
R EAL4 im ;
}
COMPLEXS;

typedef s truct

R EALS8 re;
R EALS8 im;
}
COMPLEX16

Table 2 LAL d ata types br algorithm software

Data Class |C/C++ Data Type| Length (Bytes) Comments

CHAR char T Charactersigned or unsigned is machine dependent
UCHAR unsigned char 1 Unsigned character
BOOLEAN unsigned char 1 Unsigned character

INT2 short 2 Signed intger,

or int Range: (-2°, 221)
UINT2 unsigned short 2 Unsigned intger

or unsigned int

INT4 int 4 Signed intger,

or long Range: (-31, 221-1)
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Data Class | C/C++ Data Type| Length (Bytes)
UINTZ unsigned int q Unsigned Intger
or unsigned long
INT8 long 8 Signed intger,
or longlong Range: (-93, 23.1)
UINT8 unsigned long of 8 Unsigned intger
unsigned longlong
REAL4 float 4 IEEE-defined single precision floating point number
REALS8 double 8 IEEE-defined double precision floating point number
Composiie Dataypes (structures)
COMPLEXS | Pair of REAL4 3 Compl real numbertwo single precision floats,
stored as a pair: (real, imaginary)
COMPLEX16| Pair of REAL8 16 Complec real numbertwo double precision floats,
stored as a pair: (real, imaginary)

Theimportantfeatureof thesedatatypesis thatthey areof specifiedength,e.g.UINT4 shallbe4
bytes in length, period. This is enforced by the macrasaimtomicDatatypes.h

4.3 Aggregate constructs ohtomic data types

This list is of aggregate constructsof atomicdatatypesmay be augmentedn the future. These

definitions will be included in LALDatatypes.h

. Indexing corvention for multi-dimensional

arrayswill follow the C corventionof row-majorordering.Table3 liststhe objectsdefinedbelow.

Table 3 LAL d ata objects [relevant section numbers ae shavn in table headings]

Data Class LAL Names Comments Comments
4.2 Atomic -- See Bble 2
4.3 Aggregates
Vectorg <datatype>¥ctor Footnoté&
Array <datatype>Array Footnoté& Aggregates capture
only numerical
<datatype>Sequence Footnoté data useful for
computation
<datatype>¥ctorSequence Footnoté (e.g.,bytes)
Sequences no units or pisical
<datatype>ArraySequence Footnoté information is
provided at this leel
4.4 Structures
A struct Physical units
Time LIGOTime identifying GPS time. or dimensions
are encapsulated
in the structures.
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Table 3 LAL d ata objects [relevant section numbers ae shavn in table headings]

Data Class LAL Names Comments Comments
<datatype>imeSeries Examples: time series,
<datatype>Frequeg&eries spectra, etc.
<datatype>SequenceQfifeSeries |Example: tvo polarizations of a g
<datatype>SequenceOfFrequgBer- tational wave signal.
Series 1es
<datatype>ime\ectorSeries Example: time series
<datatype>Frequeg¥ectorSeries of a vector quantity
<datatype>imeArraySeries Example: time series
<datatype>FrequegArraySeries of a matrix quantity
<datatype>ableSeries Example: time series for a group,
of objects which are best
represented by a table
<datatype>FTfansferFunction List of {f,y,z} triplets for HIf];
Transfer {y,z} correspond to
Functions {M, ¢} or {Re,Im} of H[f]
<datatype>ZPGFilter Pole-zero-gin representation for
HIz]

a. Initially <datatype> will be taén by dedult to be ONY from the follawing list { CHAR,UCHAR,REAL4,
REAL8, COMPLEX8,COMPLEX16,INT2, | NT4,INT8,UINT2,UINT4,UINT8 }.Additionaltypesmaybe
added whenshown to be reeded.

4.3.1 Vectors

A Vectoris aone-dimensionabbjectthatcorrespondso a collectionof length = M dataele-
ments of the same data type,gakromTable 2above.

typedef struct

t ag<datatype>Vecto r
Ul NT4 [ ength; /" * number of elements in the vector */
< datatype> *data; / * p ointer to data of type <datatype> from Table 3

footnote a */

<datatype>Vector;

Hereandelsavhere <datatype>canbeary of thetypesin Table 3, footnotea. Structuresiefined
with a<...>prefixwill beenumeratedh LALD atatypes.hfor eachcorrespondinglatatype that
is neededFor example,the following vector datatypeswill appear.CHARVector INT2Vector
COMPLEX8\ector etc. The needfor explicit typing follows becauseC, unlike C++, doesnot
supporttemplatedatatype definitions.Alternatve methodsusingenum statementsre possible;
however, these unlike the “hard-wired” type castingdescribedabove provide extensibility at the
cost of case checking (if statements) that need to be embedded in the resultant code.
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4.3.2 Arrays

Arrayisadim = ndim (>1) objectthatcorrespondso acollectionoflength = ldim1*
[dim2*...*IdimNdim dataelementsf the samedatatype, takenfrom Table 3, footnotea,
above.

struct <datatype>Array

Ul NT4Vector *dimLength ; /  *vector of < ndim> UINT4 scalars for the
I

engths foreacho f thed imensions */
<datatype> *data; / * pointer to data of type <datatype> from
Table 3 foot  note a */

i
The discussion at the end®éction 4.3.1applies.

4.3.3 Sequences

A sequencéor aseries)salist of le ngth = N compoundbjects Thecompoundbjectsmay
be eithervectorsor arrays.Note thata sequencef scalarss representedby the vectorobjectin
Seaction 4.3.1above. All elementof thesequencenusthave thesamedenticalstructure All data
elements are of the same data typegnidkomTable 3 footnote a, abee.

typedef struc t
t ag<datatype>VectorSequenc e

UINT4 I ength; ! *number of vectors in the sequence * /
UINT4 v ectorLength ; / *length of each vector in sequence */
<datatype> *data ; *p ointer to data of type <datatype> fro m
Table 3 footnote a * /

<datatype>VectorSequence;

typedef struct
t ag<datatype>ArraySequenc e

UINT4 I ength; / * number of arrays in sequence * /
UINT4 a rrayDim ; / * dimension of each array in sequence */
UINT4 *d imLength ; /  *length of each dimension of array */
<datatype> *d ata ; / * pointer to data of type <datatype> from
Table 3 footnote a */

<datatype>ArraySequence;
The discussion at the end®éction 4.3.1applies

4.3.3.1The packing order for a VectorSequence or ArraySequence

The indexing for a sequenceof compoundobjectswill run throughthe internalindicesof the
objects before going to thextebject in the sequencEor example, here is a sequence of
data->l ength=M vectors, each afata->vectorLength =N.
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E holti]| [helta]| | helts] hy[ty] E
O hnltad] [halta]] [hylts] hyltul| O

{hy[ty] ... hylted, helts], . hyltol, hylts], . hylts], hyltyl, - hyltuD
In Section 4.4.2.2.Wve define a structure where the packing is in the other.order

4.4 LAL structur ed data types

This list of time structureswill be augmentedas the needarises.The definitionsarein LAL-
Datatypes.h

44.1 Time

44.1.1 Time stamps

Thereis a specificdatastructureto storeGPStime. To indicatethis, the time structurewill have
“GPS” (or gps)in its name.

typedef struct
t agLIGOTimeGPS

| NT4 gpsSeconds;
| NT4 gps NanoSeconds;

}
LIGOTimeGPS,

Multiple time stamps(e.g.,for avectorof strains,eachcomingfrom aninstrumentn a different
geographical location) can be accommodated as a C array afl@elimeGPS

LIGOTimeGPS gpsTimeList[10]; /* a list of 10 LIGOTi meGPS structures */
4.4.2  Sequences in tine

4421 TimeSeries

The structureTimeSeriesis usedto represent sequenc®f sampledaken at uniformly spaced
intenvals of time. ATimeSeriesobject has the folleing attritutes:

* name of series
* epoch - time at which thearliestsample in the seriesas acquired
« deltal - dfset between samples (reciprocal of samplé rdféme offset units will be
seconds.)
* units of \alues recorded in samples
» the data is stored in &datatype>Vector structure. This structure contains:
* the number of elements in the sequetite >length
sthe data itself is idata->datal]

typedef struct
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t ag<datatype>TimeSerie S

CHAR name[LALNameLength]; / * user assigned name */
LIGOTimeGPS e poch; / * epoch of first series sample */
REA.8 d eltaT; / * sample spacing in time * /
REALS8 fO; / * base frequency, =0 if

h eterodyned series * /
CHAR/ector *s ampleUnits / * units for sampled quantity */
<datatype>Vector *d ata; [*t he data */

<datatype>TimeSeries ;

4.4.2.1.1 The nam¢] field in structured data types

Thenamefield will beanarrayatmostLALNameLength character$ong. LALNamelLength will be
setin LALDatatypes .h . Currently thevalueis setto 64, althoughwe could make changeit. In
previous version(7 andearlier) of this documenthame wasa CHAR* andit didn’t specifywhat
form the nameshouldtake. This madeit cumbersometo write genericroutinesthat freedthe
memory [This method of handling the name is the same as much of the resASf|LD

4.4.2.2 SequenceOfTmeSeries

The structureSequenceOfTmeSeriesis usedto representa sequencef time series,eachof
which startsat the sametime, e.g.the two time-seriegepresentinghe two polarizationsof gravi-
tational wvave. A SequenceOfTmeSeriesobject has the folling attritutes:

* name of series. S&ection 4.4.2.1.1

» time of epoch - time at which tiearliestsample in the seriesas acquired

» deltaT ofset between samples (reciprocal of sample rate).(tifsetafnits will be sec-

onds). (Time offset units will be seconds.)

* units of \alues recorded in samples

» the data is stored in<@atatype>VectorSequence structure. This structure contains:
» the length of the sequence (i.e. the number of series)dsainlength
* the number of elements in each time safi@s>vectorLength
 the data it self idata->data] ]

Note: The structureSequenceOfTmeSeriesis similar to the TimeVectorSeriesstructure.The
distinction is in the order of the packing*ttata . See Sections 4.4.2.2.1

typedef struct
tag<datatype>SequenceOfTimeSeries

CHAR name[LALNameLength];/* user assigned name */
LIGOTimeGPS epoch; [* epoch of first series  sample */
REALS8 deltaT,; /* sample spacing in time */
REALS8 fO; [* base frequency,!=0 if

heterodyned  series */
CHARVector *sampleUnits ; /* units for sampled quantity */
<datatype>VectorSequence *data; [* the data */

<datatype>SequenceOfTimeSeries

4.4.2.2.1 The Packing order for a SequenceOfimeSeries
As an eample of hav the packing goes, considerawme series sO[t] and s1[t]:

data->length =2 ;. I* number of series */
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data->vectorLength = 1024 ;  /* number of elements in each series */

data->data[0] =s0[0] ;
data->data[l] =s0[1] ;

data->data[1023] = s0[1023] :

data->data[1024] =s1[0] ;
data->data[1025] =s1[1] ;

data->data[2047] = s1[1023]:

4.4.2.3 TimeVectorSeries

The structureTimeVectorSeriesis usedto representa sequencef vectorstaken at uniformly
spaced intemds of time. ATimeVectorSeriesobject has the folleing attrilutes:

e name of seriesSeeSection 4.4.2.1.1
* epoch - time at which thearliestsample in the seriesas acquired
» deltal offset between samples (reciprocal of samplg.rgfBme of'set units will be sec-
onds.)
* units of \alues recorded in sample
» the data is stored in<aatatype>VectorSequence structure. This structure contains:
* The number of times when data isdaks indata->length. This the
total number oéutors. All the elements of eachotor are ealuated at the
same time in this structure.
* The number of elements measure at each timedigadrvectorLength
» The actual dataalues are stored tata->datal]

Note: The packing of TimeVectorSeriesis describedin Section 4.3.3.1 [Compare Section
4.4.2.2.1]

typedef struct
t ag<datatype >Ti meVectorSerie s

CHAR name[LALNameLength]; / * user assigned name */
LIGOTimeGPS e poch ; / *time s o ffirst elements in
v ector series */
REALS8 d eltaT ; / * sample spacing in time -- s ame
fora Il elements */
REALS8 f 0; / * base frequency,!=0 if
h eterodyne ds eries* [/
CHARVector *s ampleUnits ; / *units os ampled quantities */
<datatype>VectorSequence * data; / * the data * /

<datatype> Ti meVectorSeries;

4.4.2.4 TimeArraySeries

The structureTimeArraySeries is usedto representa sequenceof arraystaken at uniformly
spaced interals of time. ATimeArraySeriesobject has the folleing attritutes:

* name of seriesSeeSection 4.4.2.1.1
* epoch - time at which theearliestsample in the seriesas acquireg
» deltaT - dfset between samples (reciprocal of samplé.rdféme offset units will be
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seconds.)
* units of \alues recorded in sample
» the data is stored in<aatatype>ArraySequence structure. This structure contains:
» The number of time samples is storeddtm->length ~ This is the number of
arrays.
» The dimension of each array is storeddta->arrayDim
* The length of each dimension of the arragdta->dimLeng th
[Note: all thealues of each array are &akat same time.]
» The data is stored trata->data[]

typedef struct

t ag<datatype>timeArraySerie S
CHAR name[LALNamelLength]; / * user assigned name */
LIGOTimeGPS e poch; /* times of first elements in array series */
REALS8 d eltaT ; / * sample spacing in time - same for

a I'le lements */

REALS8 f 0 ; /* base frequency,!=0 if heterodyned series */
CHARVector *s ampleUnit s; / * units for sampled quantities */
<datatype>ArraySequence *data ;/ *the data* /

<datatype> Ti meArraySeries;

The discussion at the end of Section 4.3.1 applies with regard to typecasting
<datatype>Time<seriestype>®ries[genericnamefor all threetypes]for eachof the LAL data
types. As a minimum, the follang Time*Seriestypes are needed initially:

* INT2Time<seriestype>®ries (for 16 bit ADC data)
* REAL4Time<seriestype>®ries
* REAL8Time<seriestype>®ries

4.4.3  Sequences in fequency

4.4.3.1 FrequencySeries

The structure FrequencySeriesis usedto representresult of a Fourier transformationon a
TimeSeriesobject.It may have both negative andpositive frequengy componentsgependingon
the value of the starting frequeny parameter A FrequencySeriesobject has the following
attributes:

* name of seriesSeeSection 4.4.2.1.1

* epoch - time at which thearliestsample in the [pre-transformed] datasaacquiregd

» delteF doffset between sampe (Frequency units will be in Hertz.)

» first frequeng in series.

» The series spans the intah§f0,fO+deltaF,....,fO+(N-1)*deltd}

* units of \alues recorded in samples

» frequeng vector sequence of data

» the data is stored in<@atatype>Vector structure. This structure contains:
*The number elements in the series is storewti>length
*The data itself is idata->data] ]
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typedef struct

t ag<datatype>frequencySerie S
CHAR name[LALNameLength]; / * user assigned name */
LIGOTimeGPS e poch; / * time value of first array element */
REALS8 fO; [ * first frequency in sample */
REALS8 d eltaF; / * sample spacing in time */
CHAR *s ampleUnit s; / * units for sampled quantity */
<datatype>Vector *d ata; / * the data */

<datatype>frequencySeries;
FrequencySeriexan contain anof the follaving types of spectra:

» two-sided frequencseries, real or comptdaccording to gctor data type declaratipn
» one-sided frequerycseries
* power-spectrum (one-sided real frequgrseries)

4.4.3.2 SequenceOfFequencySeries

ThestructureSequenceOffequencySeriess usedto representesultof a Fouriertransformation
on a SequenceOfTmeSeriesobject. It may have both negative and positve frequeny compo-
nents,dependingnthevalueof the startingfrequeng parameterA SequenceOfFequencySer-
iesobject has the folleing attritutes:

* name of series. S&ection 4.4.2.1.1
» time of epoch - time at which tlearliestsample in the [pre-transformed] datasv
acquired;
» first frequeng in series.
» deltaF ofset between samplegErequency units will be in Hertz.)
The series spans the intah{f0,fO+deltaF....,fO+(N-1)*deltaF}
* units of \alues recorded in samples
» the data is stored in<@atatype>VectorSequence structure. This structure contains:
» the length of the sequence (i.e. the number of series)dsainlength
* the number of elements in each time safi@s>vectorLength

Note: The structure SequenceOfFequencySeriesis similar to the Frequency\éctorSeries
structure. The distinction is in the order of the packingiam . SeeSection 4.4.2.2.1.

typedef struct
tag<datatype>SequenceOfFrequencySeries

CHAR name[LALNameLength];/* user assigned name */

LIGOTimeGPS epoch; /* time values of first vector
element */

REALS8 fO; [* first frequency in sample */

REALS8 deltaF; [* sample spacing in time */

CHARVector *sampleUnits /* units for sampled quantities */

<datatype>VectorSequence * data; [* the data */

<datatype>SequenceOfFrequencySeries;
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4.4.3.3 Frequency\éctorSeries

ThestructureFrequency\éctorSeriesis usedto representesultof a Fouriertransformatioron a
timeVectorSeriesobject.It may have both negative andpositve frequeng componentsgepend-
ing on the value of the startingfrequeny parameterA Frequency\éctorSeriesobjecthasthe
following attritutes:

* name of series. S&ection 4.4.2.1.1

* epoch - time at which thearliestsample in the [pre-transformed] datassacquired;

» first frequenyg in series.

» deltaF - ofset between sampleg¢Erequency units will be in Hertz.)

The series spans the intah¢fO,fO+deltaF....,f0+(N-1)*deltaF}

* units of \alues recorded in samples

» the data is stored in<aatatype>VectorSequence structure. This structure contains:
* Thenumberof elementsneasureteachfrequeny is in data->vectorLength
» The number of frequencies where data igmak indata->length.
» The actual data alues are stored tata->data]]

Note: The structure SequenceOfFequencySeriesis similar to the Frequency\éctorSeries
structure. The distinction is in the order of the packingam . SeeSection 4.4.2.2.1.

typedef struct

t ag<datatype>frequencyVectorSerie S
CHAR name[LALNamelLength]; / * user assigned name */
LIGOTimeGPS e poch; / * time values of first vector

e lement */

REALS8 fo ; / * first frequency in sample */
REALS8 deltaF; / * sample spacing in time */
CHARVector *s ampleUnits / *units for sampled quantities */
<datatype>VectorSequence * data ; I* the data */

<datatype>frequencyVectorSeries;

4.4.3.4 FrequencyArraySeries

The sstructureFrequencyArraySeriesis usedto representesultof a Fouriertransformatioron a
TimeArraySeriesobject.It mayhave bothnegative andpositive frequeny componentsgdepend-
ing onthevalueof thestartingfrequeng parameterA FrequencyArraySeriesobjecthasthefol-
lowing attrikutes:

* name of sere SeeSection 4.4.2.1.1
e epoch - time at which thearliestsample in the [pre-transformed] datassacquired;
» first frequenyg in series.
+ deltaF ofset between sampleg¢Erequency units will be in Hertz.)
The series spans the intah¢f0,fO+deltaF....,fO+(N-1)*deltaF}
* units of \alues recorded in samples
» the data is stored in<a@atatype>ArraySequence structure. This structure contains:
» The number of frequegcsamples is stored itata->length
» The dimension of each array is storeddta->arrayDim
* The length of each dimension of the arraydta->dimLength
[Note all thealues in each array areaduated at a single frequemnic
» The data is stored trata->data[]
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typedef struct
t ag<datatype> FrequencyArraySerie s

CHAR name[LALNameLength];/ * user assigned name */
LIGOTimeGPS *t 0; / * time values of first vector

e lement */
REALS8 fO; / * first frequency in sample */
REALS8 deltaF; / * sample spacing in time */
CHARVector *s ampleUnits ; / * units for sampled quantities */
<datatype> ArraySequence *d ata; / * the data * /

<datatype> Fr equencyArraySeries;

The discussion at the end®&ction 4.3.1applies with rgard to typecastm
<datatype>Frequencyseriestype>@ries[genericnamefor all threetypes]for eachof the LAL
datatypes.As a minimum, the following <datatype>F equencyseriestype>®ries typesare
needed initially:

 REAL4Frequencyseriestype>®ries

* REAL4Frequencyseriestype>&ries;

» COMPLEXS8 Freguencyseriestype>@ries;
» COMPLEX16Frequencyseriestype>@ries.

4.4.4  Series of n-tuples

The structureTableSeriesis usedto representrderedn-tupledatafor which, for example,sam-
pling rateis not a fixed value. TableSerieswould be usedto representalibrationdatataken at
logarithmically spaced frequepintervals. ATableSeriesobject has the folleing attributes:

*« pame of seriesSeeSection 4.4.2.1.1

» time of epoch - time at which the original data which were transformed were acquired,;

* number of samples in object, (Midden in \éctor structure)

* number of elements per sample - length of each elerfi¢idden in \éctor structure)
* units of \alues recorded in samples

* vector sequence table of data

typedef struct
t ag<datatype> TableSerie s

CHAR name[LALNameLength]; / * user assigned name */
LIGOTimeGPS epoch; / * time value of firs t
a rray element */
CHARVector *s ampleUnits / * vector with units for
S ampled quantities */
<datatype>VectorSequence *d ata; /*t he n-tuple data */

<datatype> TableSeries;

The discussionat the end of Section4.3.1 applieswith regard to typecastingTableSeriesdata
typesfor eachof the LAL datatypes.As a minimum,thefollowing TableSeriestypesareneeded
initially:
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» REAL4TableSeries
» REAL8TableSeries
» COMPLEX8 TableSeriee
« COMPLEX16TableSeries

445 Transfer functions

4.45.1 Frequency domain
The structurd-TransferFunction is used to represent H[s]:

* name of transform SeeSection 4.4.2.1.1
» list of frequencies

» list of magnitude, phaser

» list of real, imaginary

enum { XferMag, XferXY} XferType ; / * R*exp[i*phi] vs. x+i y
r epresentation for Xfer*

typedef struct
t ag<datatype> FTransferFunctio n

XferType Xfe rRepresentation; /* Bode representation fo r
real-imaginary */

CHAR name[LALNameLength]; / * user assigned name */

CHARVector *HN ames; /*e.g., “f Hz, H_mag, H_phi_radian\n” */

<datatype>VectorSeries *h Data; / *the H[s] as 3-tuples */

<datatype> FTransferFunction;

Thediscussioratthe endof Section4.3.1applieswith regardto typecasting=TransferFunction
for eachof the LAL datatypes.As a minimum, the following FTransferFunction typesare
needed initially:

» REAL4FTransferFunction;
« REAL8FTransferFunction.

4.4.5.2 Zeros, poles and gainepresentation

The structureZPGFilter is usedto represena transferfunctionsasa list of zeroespoles,anda
gain. This is adctored ersion ofZTransferFunction.

name of transformSeeSection 4.4.2.1.1
gain, G(compl)
poles, R (comple)
ZEr0€s, K (comple)

typedef struct
t ag<datatype>ZPGFilte r

CHAR name[LALNameLength];/ * user assigned name * /
<datatype>Vector *7 eros; / * the zeros */
<datatype>Vector *poles; / *poles* [/
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<datatype> gain; [* filter gain */

<datatype>ZPGFilter;

Thediscussioratthe endof Section4.3.1applieswith regardto typecastingZPGFilter for each
of theLAL data types. As a minimum, the falMng ZPGFilter types are needed initigll

« COMPLEXS8Z PGFilter;
« COMPLEX16ZPGFilter .

4.5 LALStatus

LALStatus IS the structure passed to a function to report succeasuwef

typedef struct

tagLALStatus

{
INT4 statusCode;
const CHAR *statusDescription;
volatile const CHAR *Id;
const CHAR *function;
const CHAR *ile;
INT4 line;
struct tagLALStatus *statusPtr;
INT4 level,

}

LALStatus;

45.1 The LAL statusCode and *statusDescription fields

The symbolicvaluesmustbe provided in the headerfile, andthey must be auto-etractedto
appear in the documentatiorstgtusCode = 0 for successful termination.)

/* the values and names of statusCode for header file MyHeader.h */
#define MYHEADERH_EOK 0 /* successful execution */
#define MYHEADERH_EDIVZERO 1 [* flag for dividing by zero  */

#define MYHEADERH_EHIGHRANGE 2 [* value is unexpectedly large */
/* values and names of messages (statusDescription) for header MyHeader.h */

#define MYHEADERH_MSGEOK “Function terminated normally”
#define MYHEADERH_MSGEDIVZERO"Attempt to divide by zero”
#define MYHEADERH_MSGEHIGHRANGTalue to large in function”

Furthermorepsingthe namingcornventionillustratedhereis required. The statusCodeés (error
codes)mustbegin with the headelfile name(corvertedto uppercasewith a trailing H) andare
appendeadvith _E<name of error> (e.g.MYHEADERH_EDIVZEROT he correspondingtatusDe-
scripiton’s (errormessagesjrethe sameexceptthey areappendedvith _MSGE<nameof error>
(e.g.MYHEADERH_MSGEDIVZEROT he text stringin the messagehouldbe a brief descriptionof
what went wrong.

45.2 The LAL CVS Id string

In eachsourcecodefile (.h and .c) theversioncontrol*“Id’’ stringwill appeartwice. [See,e.q.,
theexampleheadefile in AppendixA.] In theauthorversionblock atthetop of thefile, thestring
$ld: MyFile.c$ will be corverted by the CVS to somethingédik
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$ld: MyFile.c, v 1.7 2000/05/27 05:30:00 jolien $

Also in eachfile we assigntheld stringto stringconstantThisis donein all files with themacro
NRCSID() . When you first write MyFile.c, you must nethe assignment

NRCSID(MYFILEC, “$ld: Myfile.c$"); /* of course MYFILEH for MyFile.h */
The CVS will cowert this to something I
NRCSID(MYFILEC, “$ld: Myfile.c$, v 1.7 2000/05/27 05:30:00 jolien”);

The CVSId stringcontainghe file name revision number date,author stateidentifier[release,
alpha,etc.]andlocker (if locked).Locker containgheloginID of theuser(if ary) who hadlocked
the codefor the purposeof makingrevisionsat the time the presentversionwasexported.[The
only differencebetweenrequiringthe CVS “ld” stringandthe CVS “Header” string is thatthe
Header string also ges the absolute path to the file.]

5 LAL FUNCTIONS

5.1 The burning question

Do all the routinesthat | write really haveto obeyall the rules for LAL functions? Answer:
If your function is visible in the library, it must obey all the rules given below. However,

mary of the requirementdelon pertainto the interfacebetweenLAL functionsandthe outside
world. Insidea givenmoduleyou mayusestaticfunctions(i.e. functionsthatarenotvisible in the
library) thatdon't jump throughall thesehoops. Allowing this flexibility is notonly friendly, it is

computationallysound.Many of the LAL functionrequirementsaretime consuminge.g.allocat-
ing the statusstructureevery time you call a LAL function. If we requiredthis to be doneevery
time a simplearithmeticfunctionis calledin aloop, the codewould take forever to execute.We
couldrequirethatthe arithmeticcodebe writtenin-line, andavoid the functioncall. However this
discourages programmers from writing modular code that is easy to maintain.

Don't akusethis flexibility . Thisis not a licenseto write codethatdoesnt conformto the specifi-
cation,andthendresst upin awrapperthatpresentshe correctappearancel he Software Coor-
dinator is vatching!

5.2 The rules for LAL functions

The following are guidelinesfor writing analysisfunctionsfor LIGO data. The generalstyle
should be consistentwith the style specificationLIGO-T970211. In caseswhere what is
described belw differs from T970211, the present documenesarecedence

Functionswritten accordingto theseguidelineswill be simplerto verify, maintainand incorpo-
rateinto generalanalysissystemslIn the following guidelinesthe prototypicalanalysisfunction
is referred taes LALFunction()

1. LALFunction() is of type void andshall hae a maximum offour agumerts:

void
LALF unction LALStatus * stat us,
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LALF unctionOutStruct *output
LALF unctionInStruct * input
LALF unctionParamsStruct *param S

Thefirstalgumentis a pointerto a statusstructur e (SeeSection4.5). Thisarguments required
for all LAL functions, period. The remaining threggaments are optional.

The secondand third algumentsare pointersto an output structure and an input structure
respectrely. Use the LAL datatypes whevexr possible for these structures!

The fourth agumentis a parameter structur e which canbe usedto passothertypesof data,
including re-entrantbehaior information, to the function. Codedevelopersare requiredto use
LAL data types (described al®) where possible within thearameter structure.

Explanation This makesit easierto extend or to add extra functionality to proceduresWhen
additionalagumentsareneededhey canbe addedasmemberf the input, outputor parameter
structures without modifying grexisting code that calls ALFunction()

Admonition: Thereis a certainamountof ambiguityaboutwhatis aninput,anoutput,or aparam-
eterfor afunction.Whenyou modify afunction,don’t cheatandtry to slip somethingnto param-
eter block that is clearly an input or output. [The safewcoordinator is atching!]

2. LALFunction()  shallreturncontrolto theroutinethatcalledit. The statusstructur e [Section
4.9 is used to report the completion status of the function when it returns

If LALFunction() completessuccessfullystatusCode  shouldbe setto zera Upon abnormal
terminationof LALFunction () , statusCode mustbe assignednon-zerovalue Valuesfor sta-
tusCode must be documentedand assignedsymbolic namesin LALFunction.h . statusDe-
scription IS a pointerto a staticcharactestring alsodefinedin LALFunction.n . This string
shouldprovide a brief summaryof the problem. A specificsyntaxandnamingcorventionfor the
statusCode andthestatusDescription is givenin Section4.5. *Id isastaticcharactestring
assignedn LALFunction()  anddefinedin LALFunction .h thatcontainsCVS information. The
field function ~ containsthe nameof the function wherethe erroroccurredline containsthe
line numberin module wheretheerroroccurred.Thefield file containsghe nameof themodule
where the error occurred.

Thestatusstructuredefinitionis recursve to permitthe statusto bereturnedrom variouslevels of
nestedunctioncalls(i.e., functionscalledwithin functions,which arecalledwithin functions,...).
level keeps track of he mary levels deep the problem actually occurred.

Table 4 shavs the negative valuesfor the statusCode thathave beenreseredfor somegeneric
failures

Explanation:If functionsalwaysreturn,theprogramelow is controllableatthe highestievel. The
status code and description althe top leel to identify and resobr/possible problems.

3. Direct calls tamalloc(), free() calloc() andrealloc() are not alleved

They arereplacedby functionsLALMalloc() , LALFree() , LALCalloc() , LALRealloc() . (See
file LALMalloc.h  in the LAL distrilution.)
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Table 4 Generic (ab)normal termination codes (statusCode)

statusPtr .
description
value

0 normal termination

-1 recursve error:functionfaileddueto error
in deeper subroutine

-2 statuspointer passedto function had a
nonnullstatusPtr  field

-4 function unable to allocatgatusPtr

-8 statusPtr  could not be dealloacted

Explanation:These snplify tracking memory usage and memory leak identification.

4. LALFunction()  shouldfreeall memorythatit allocatesexceptfor storagdor variablelength
output parameters

Explanation:This avoids memoryleaks.Persistentntermediatestorageandfixed length output
parameters should be allocated by the calling function.

5. Functions and procedures must referet@ern INT4 lalDebugLevel ;

when decidingwhetherto print delugging information. The laiDebugLevel featurehasbeen
considerablyenhancedrom previous versionsof this document. It allows very discriminating
choicesn whatinformationwill beprinted.For example,lalD ebugLevel =0 meansoinforma-
tion will be printed.laiDebugLevel = 1 will print only print seriouserrorinformation,lalDe-
bugLevel = 3 will print errorsandwarnings,laiDebugLevel = 16 will print only memory
allocationdehugginginformation.Seethecodein the LAL releasdor thefull functionality of this
feature.

Explanationallows calling programto make discriminatingchoicesaboutdiagnostianformation
to understandinusuabehaior. Allowing theprogrammeto selectthe delugginginformationto
printed is essential: ifverything is printed, you can’find what you are looking for

Warning: do not testthe value of laiDebugLevel  within critical floating point loops. The pres-
enceof an integer compare/brancmstructionofteninterfereswith efficient floating-pointexecu-
tion

6. The function should be in ac file and come with en header file
Smallsets ofrelatedfunctions may be grouped together into a single. , File.h ) pair
SeeSections 6.2.1 and 6.2fr the content and layout of the header and source files.

Explanation:this will male it easier toxxhange useful functions

7. File input/output usindopen(), fclose() fprintf( ), etc. 5 not allaved.
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Customfile 1/0O functionswill be provided. A functionshouldcloseall files thatit opens except
for files that arexplicitly passed to the calling function by a FILE pointer in the output structure.

Explanation:file accessmay not be available (permissions,space)or appropriateon given
machines. The custom file I/O routines will deal with this.

8. Each function must come with a stand-altes program, Wch can bdinked toLALFunc-
tion() . SeeSection 6.2.3

9. Allocation of significantamountf memoryshouldusethecustomLAL malloc() ratherthan
automatic stackariables

Explanation:mary machinesandshellsdo not supportlarge stacks Typical stacksizesare8 to 64

Mbytes. It is easyto blow the stackandthis can be hardto identify with deluggersand other

tools.

10. Dehugging/information/arning messages should be printed witustom replacementfor
printf() andfprintf(stderr,...)

This functionwill be provided andwill take the sameargumentsas printf() andpossiblyother
arguments.

Explanation:this allows delugging/information/varning messagedo be handledin different
ways, dependingon the operatingernvironment and conditions. For example, they might be
logged, sent immediately to the usgnored, etc.

11.Developers shouldseLAL standard data structures wheaepossibleSeeSection 4
Explanation:lt is easier to pass information between functions.

12.LALFunction()  should be re-entrant

In otherwords,it shouldnot containvariablesthat save internal stateinformationbetweenfunc-
tion invocationsIf suchstatevariablesareneededthenthey mustbeincludedin oneof theargu-
ment structures.

Explanation:Functionsthat are not re-entrantcannotbe invoked by different routineswithout
special precautions.

13. Aliasing (i.e., alleving two structurego point to or share the same memory address) is
expressly prohibited. Anxeeption to this is the case where (mutuakglesive) memory
sharing is dectively supported by ANSI C (e.ginions).

Explanationit becomedlifficult to keeptrack of whethermemoryis beingpointedto and,conse-

quently difficult to avoid memoryleaksor “amnesia (freeingmemorybeingused).Codemain-
tenance becomes morefi@ilt when aliasing is permitted
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14.LALFunction()  should not raise or trap signals.

6 LAL CODE ORGANIZA TION

This chapterexplainsthe layout of the codewithin the LAL. Firstwe give the large-scalestruc-
ture: the directorytree. Thenwe describethe finer structure:the requiredformat and contentof
the indvidual source files.

In Chapter 7, youwill noticethatthecodeandthe documentatiorareinextricably entwined:the
hierarcly of the codeelementypackagesheadersmodules) determineghe hierarcly of the
documentatiorfchapterssectionssubsections) Evenatfiner resolutionthis holds: the contents
of the indvidual source files also matches the content of theighehl documentation pieces.

6.1 The big picture: the LAL dir ectory tree

All LAL componentdi.e. code,headerfiles, Makefiles, configurescripts,documentatioretc.),
will residein a singledirectory(calledlal/ in this discussionjndits subdirectories. The LSC
SoftwareCoordinatorandSoftwareLibrarianwill maintainanofficial ‘‘mastercopy’ of theLAL

sourcein the CVS repository Looselyspeakinga “‘release’ of the LAL consistsof a tar-ball of
themastercopy of this directory Usercandownloadandinstall areleaseon their own machines.

Within this top level directory their will be a subdirectory(lal/packages/ ) wherethe analysis
codewill reside.Within this subdirectoryevery LAL software componentwill have a named
directorythat containall files associatedvith the packagge.qg. lal/packages/inspiral ). The
development of ‘packages’will be the primary vay collaborators will contrilte to the LAL.

A packagesubdrectory (e.g.lal/packages/mypackage ) shouldhave the sourcefiles, docu-
mentation and Makiles in the follving subdirectories:

* lal/packages/mypackage/ include : all theheadeffiles associateavith thiscomponent.
Header files must conform to the format and style describ8elation 6.2.1

* lal/packages/mypackage Isrc . all thesourcdilesassociateavith thecomponentThey
must conform to the format and style describe8ewction 6.2.2

* lal/packages/mypackage test : test scripts and all supporting filessociated with
component-leel testsThe ests must conform to the format and style describ&ka
tion 6.2.3

* lallpackages/mypackage/doc: There will be a La&X file in this directory capable of
assembling dstand-aloné’documentation for this package. There will also bedXaT
file that forms a chapter in comprehaesmanual for the entire LAL. Before autetec-
tion with laldoc, much of the tet source for the documentation may reside in the code
files. SeeSection 7

6.1.1 Making LAL code modular

In orderto make LAL codeeasyto use,it shouldbe modular;therefore asa generalrule, pack-
agesshouldhave (at most)afew headersn the/include  directory (atmost)afew relatedmod-
ulesshouldincludeeachheadeffile, andonly afew -- closelyrelated -- functionsshouldbein
each module.
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6.2 The finer picture: the format of LAL code

6.2.1 Header Files

Headefrfiles will conformto theformatin Appendix A andcontainthe following information,in
the order presente

1.

2.
3.

©oOoNO

An author andd block. Note, the CVS will supply the file name amaision number in the
Id string. This information must be autgteacted for inclusion in the documentation.
Brief (one sentence) description of the functionality of the header file.
A comment block with a Synopsis and description of the functionality supported by this
header
Protection aginst double inclusion.
Includes This header may include other headers; if s, fieimmediately aftethe double-
include protection. Includes should appear in the failog order:

- Standard library includes;

- LDAS includes;

- LAL includes
Assignment ofd string usingNRCSID() . See Section 4.5
Error codes and messages. These must be duagoted for inclusion in the documentation.
Macros. But, noteise of macros is discouraged.
Extern Constant Declarations. These strongly discouraged.

10 Structures, enums, unions, typedefs, etc.
11.Extern Global ¥riables. Thesare strongly discouraged. Inform the Saftes Coordinator
12.Functions Declarations (i.e., prototypes)

Note: no &ecutable code appeam a header file

6.2.2 Source Files

Sourcefiles will conformto the style presentedn Appendix B andcontainthe following infor-
mation in the order presented.

1.

2.

ok

An author andd block. Note, the CVS will supply the file name amasion number in the
Id string. This information must be autgteacted for inclusion in the documentation.
Extendeccommenblockthatformsthenucleusof the documentationfor this module. (See
Section7 for thespecificoutline.)If thetext getstoolong andthe“codegetslostin thedocu-
mentation”, you must me the tat elsevhere.
Includes. These should be guarded and appear in theafimitporder:
*Standard library includes;
*LDAS includes;
*LAL includes
Assignment ofd string usingNRCSID() . SeeSection 4.5for instructions.
The code. The follonving order is prefered,ub there may bexeeptional
circumstances.]
(a) Constants, structures (used only internally in this module)
(b) Type declarations (used only internally)
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(c) Macros (discouraged, used only internally)

(d) Extern global ariable declarations (Strongly discouraged)

(e) Global ariables (Strongly discouraged)

(f) Static function declarations.

(9) The functions that makup the guts of this module. (Remembeauto-&tract the
prototypes for inclusion in the documentation.)

6.2.3 Component level tests

Along with eachheadeffile thereshouldbe an executablethattestsevery function prototypedin
theheadeffile. Theseexecutableshouldextensvely (if notexhaustvely) testtheerrorcondition
thatcanbethrown by afunction. The program shouldreportsuccessr failurefor all thetestsand
exit cleanly

As theseexecutablesvill notform partof the dynamicallyloaded library of functions,thereis a
bit moreflexibility in how they arewritten. For exampleunix shellscriptsthatrun anexecutable
multiple timeswith differentcommandine optionsareallowed. Also keepin mind, theseexecut-
ables should seevas gample code on hoto use the functions.

As a general rule, a test suite shoulblae tests from at least three aqaiges:

* Mainline tests, which demonstrate that the routine correctly acts on commonly encoun-
tered input data;
* Inside-edge tests, which demonstrate that the routine correctly acts on input data that are
barely lgitimate;
» Outside-edg¢estswhichdemonstratéhattheroutinecorrectlyactsoninputdatathatare
barely illggitimate
In the caseof illegitimatedata,‘‘success’ of the testinvolvescorrectlyreportingthe failure and
returning the appropriate error conditions.

/ LAL CODE DOCUMENT ATION

Along with any codesubmissiorto the LAL library, developers will needto supplydocumenta-
tion. Keepin mind, the documentationljk e the code,is a deliverable, andthe softwarecoordina-
tor will carefully review the documentation to ensure that it adheres to these specifications.

Why don't we usethe LDAS documentationemplatefor LAL code”Mostof the LDAS software
is writtenin C++, andthereforethe documentatioms naturallybuilt aroundclasses’. LAL code
is written in C, thusthe LDAS modeldoesnt apply Nonethe less,our systemdoesmimic the
LDAS modelascloselyaspossibleby building the LAL documentatioraroundheadeffiles and
the modules and functions that include them.

7.1 The requirements drving the documentation design

The defining goalsof the LAL specification(widespread-usand collaboratve-developmentof
the code)leadto a clearrequirementfor the documentationThe documentation should not
only help the author maintain his or her code,but it should be clear enoughthat any devel-
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oper canreadit and figure out how the codeworks. If you find yourselfsaying, “The easiest
way formeto maintainmycode is .”;, you have missed the point.

The fact that otherswill needto find their way throughthe documentationleadsnaturallyto a
sensiblerequirementThe documentation must have a uniform presentation This might be
cumbersome in the case of simple functions and reggrictiother casesubit is still necessary

The documentation must be accurate Thereforewe have a custom-hiilt documentatiortool
(laldoc ) that allows authorsto extract codefragmentscommentsand extendedLaTeX source
from the code files and import them directly into the documentation.

7.2 LAL documentation rules

The following rules follav naturally from the requirements afeo

1. Documentation will be written in LaTeX. Reason: (1) The equation-writing capability of
LaTeX. (2) Itis easy to translate LaX to pdf, so the document can be read on the (@b
Mostof theLAL programmer&now LaTeX, thusthey won’t needto learnanothettypesetting
language.

2. The author and CVS Id block in the code must be auto-extracted &m the code and
automatically included in the documentation.Reason: Oldous. It should be clear what
version of the code the documentation pertains to.

3. Error codes and eror descriptions must be auto-extracted fom the header files and
automatically included in the documentation. ReasonObvious. Thereshouldbeno doubt
the error information in the documentationxaetly what is in the code. There is a simple
tool withinlaldoc  for doing the etraction.

4. Function prototypes must be auto-extracted and included in the documentation.

5. All functions must be enteed into the LaTeX document index with arv i ndex{} com-
mand. Reasonlf somebodyunsacrossafunctionin thecode,they shouldbeableto find the
documentation by looking it up in the ind&@heLAL prefix on function names should be
omitted when putting them in the inde

6. All non-LAL data structur es must be entexd into the LaTeX document index with an
/i ndex{} command.Reason: Same as functions.

7. Do not let the code get lost in the documentatiotlsinglaldoc  allows one to put the
source of the documentation in the source code filegasy the tet of the documentation
can easily gre to be longer than the code itself. If the comment block containing the docu-
mentationstartsto swampthe code,move somedocumentatione.g.putthedocumentatiorat
the end of the file and use the le&XTcommand/input{}  to kuild the document.

7.3 The organization of LAL documentation

The organization of the documentationfollows the organization of the code.The hierarcly
of thecodeelementsietermineshehierarcly of thedocumentatiorlementsThedocumentation
for eachpackagewill form achapter Thedocumentatiorior each headeffile within the package
will form a sectionof the packagechapter The documentatiorior eachmodulethatincludesthat
headerfile will form a subsectionof the headersection.Similarly, the testmodulesassociated
with eachheadeffile will alsoform a subsectiorof the headersection. The documentatiorof

page 29 of 35



LIGO-T990030-08

theindividual codepiecesalsocloselyfollows from the codearchitecture. This designmakesit
easyto build the documentationwith laldoc . The Referencesvill comeatthe endof eachpack-
agechapter[This methodof organizingdocumentatiomroundheaderandfunctionsis similarto
the way books on C ganize the documentation of the standard libraries.]

The fact that packagedorm chaptersalso meansthat they independentiyform reasonablyself-
containeddocuments.Thisis cornvenientsincepackagesarethe“unit-size” of mostof thedevel-
opment dforts.

[Note: Previous versionsdid not distinguishbetweendocumentatiorfor, headersmodules,and
testexecutablesThe currentpresentatioasbeenconsiderablyearrangedhowever all material
required in preious \ersions is still required in thisevsion.]

7.3.1 Header file documentation

The documentatiorior eachheadeffile within a packagenclude/  -directorywill form aLaTeX
sectionwithin the packagechapter All header documentatiorwill have a uniform format and
include the folleving information in this order

1. Short description: Each header section will ¢p@ with a short (one sentence) description of
the header

2. Synopsis A somavhat more gtensve explanation of the purpose of the header fileeKin
mind, some detailed information may be better left to the documentation of i uadi
modules and functions that use this header

3. Error codes and message$he error codes and messages must be atrtacted and
included in the documentation in a 8T table. faldoc  has a simple ay of doing this.]
Additional explanation of the errors can go after the table. In particetplain what mea-
sures are tadn to handle errors.

4. Structures If you must define a mestructures for the input, output, or parameter block for

your routine, you must document them here. Note: these structures must be entered in the

LaTeXindex with an/index{} = commandTheLAL prefix ondata-structur@eamesshouldbe
omitted when putting them in the inde
5. Author-Id block: This should appear as a footnote at the bottom of the last page.

7.3.2 Module documentation

The documentatiorfor eachmodulethatincludesa given headeffile will form a LaTeX subsec-
tion within the headeffile section.The documentatiorfor a modulewill have a uniform format
and include the follwing information in this order

1. Short description: Eachmodulesubsectiomwill begin with ashort(onesentencejlescription
of the module.

2. Prototypes Theprototypedor all thefunctionsin this modulemustappeahere.Note:these
functions must be entered in the EXTindex with an/index{} = command. TheAL prefix
should be omitted when putting them in the ide

3. Description: Explain haev to use the functions. @ detailed information about thegar
ments Explainary run-timeoptionsthatmaybeinvoked.Remembethatarny non-LAL struc-
tures used as@uments should be documented in the hefildesection.

4. Algorithm : Explanation of the algorithm.
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5. Uses A list of all the routines that this module uses.

6. Notes Additional discussion can go here.

7. Validation Information: This sectionis a placeholdefor formal resultsof validationtesting.
In the mean-time please put information about timing and acchexe.

8. Author-Id block: This should appear as a footnote at the bottom of the last page.

7.3.3 Component-level test documentation

The documentatiorof the testprogramswill form a subsectiorof the headerfile section.The
documentatioffior the programswill have auniformformatandincludethefollowing information
in this order

1. Short description: Each test program subsection wilgbewith a short (one sentence)
descriptionof themodule,e.g.” SampleTest.c  is anexecutablehattestsall functionsspeci-
fied in the headefampleHeader.nh .”

Usage Shav and &plain the command line syntax.

Description: Explain in detail what tests are done and lileey work.

Exit Codes A LaTeX table containing thexé codes. & strongly suggest that yoxteact
these from the source in the sameywerror codes artacted.

Uses A list of all the routines that this module uses.

Notes

Author-1d block: This should appear as a footnote at the bottom of the last page.

hown

No o

8 MAINT AINING THE LAL

8.1 Version control for the LAL

The LL and LSC will jointly maintain both theAL softwareand the LAL specification. The
sourcecodeanddocumentation- andthis document- will bekeptin a CVS repositoryWhena
package is submitted to the library its directory tree will be entered in the CVS repddiery
revision history of thefileswill beavailableontheweh The LSC SoftwareCoordinatorandSoft-
ware Librarian will @er see the day-to-operations of the repositohgy will also see that the
most up-to-dateersions of all code files are publicly --and easilyailable on the web

8.2 Numbering the LAL r eleases

In additionto making the individual code piecesavailable,the LSC Software Coordinatorand

SoftwareLibrarianwill periodicallyissuea “release”of theentirelibrary. The numberingscheme
for release®f LAL codewill be two numbes separatedy adecimalpoint(.), e.g. LAL Release
“X.Y” .Individual software componentsn the library shall alsobe identified by versionnumber

The versionspecificationfor the softwarelibrariesshall alsobein the form “X.Y”. Thesenum-

berswill be suppliedautomaticallyby the CVS. Here X = versionnumber This is incremented
wheneaer major changesareintroduced.If X is incrementedy is resetto 0. HereY = revision

number This is incrementedvhene&er one or more of the following changesare made:(i) soft-

wareerrorfixes;(ii) enhancements existing functionality; (iii) modificationsfor which X is not

incremented.
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8.3 Validation of LAL code

Verifying thatthe individual componentgfunctions)work will primarily be the responsibilityof
the code deelopers. This is the purpose of the test routines descriti&etion 6.2.3

The LSC SoftwareCoordinatoythe LSC dataanalysissubgroupchairsandthe LL personnewill
organize integratedtestsof the analysispipeline through“mock datachallenges”.Thesetests
will be conducted to “@lidate” the code.

8.4. Requesing changes in LAL

LL and LSC will maintain a web pader submittingbug reports andeteagng thecode.At
present this is partially functionatittp://www.lsc-group.phys.uwm.ed ull all .

While in the deelopment phase, updating the code and documentation willgedyidoe the
responsibilityof theindividual codewriters.However, aswetransitionto ‘‘productionmode’, the
procedurdor updatingcodewill needto bemoreformal. [During theearlystagesa-cwill apply.
In the more formal stage a-e apply

a. All modified code will be erified (and alidated in a pipeline test if necessary). Afeafed
documentation will be kesed to shar changes.

b. Once aailable, a ne release will be distrited.
c. A history of reisions shall be maintained and madaikable to users.
d. Change requests will beviewed jointly by LL and LSC on a gellar basis

e. Those changes which are selected for incorporation shall be assigned for implementation to
respectie groups.

9 DEVELOPMENT T OOLS AND SOFTWARE PACK-
AGES USED WITH LAL

To keeplife simplefor theusersanddeveloperswe limit therequiredpackageso afew well cho-
senitems. This minimizesthe numberof learningcurvesthatdevelopersneedto be climb before
they canstartcoding,andit limits the numberof packageshat usersneedto install beforethey
can use the LAL functions.

9.1 Compiling the LAL

In keepingwith thegoalof “‘broaduse”we will try to maintainportability of theLAL, e.g.it cur-
rently installsseveral platformswith severaldifferentcompilers. This portability may be hardto
maintainin thefurture,but, asminimum,we will work to insuretheLAL compilesandinstallson

* linux [Redhat 6.0 or later] on Intel hardve with a gcc compiler;
» Solaris 7 on SUN hardave with a gcc compiler
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9.2 Development tools:

*  GNU CVS: \ersion 1.10 or greatdiPrimarily, this will be used by the LSC Sofane
Librarian and Coordinator; othervdgopers shouldi’need this.]

*  GNU Autoconf[Primarily, thiswill beusedby the LSC SoftwareLibrarianandCoordina-
tor; other deelopers shouldib’need this.]

*  GNU m4:versionl.4or greater[Primarily’ thiswill beusedby the LSC SoftwareLibrar-
ian and Coordinator; otherwsopers shouldb'need this.]

* GNU male: version 3.72 or greater

LAL softwarewill bedeliveredwith makefileswhich, asa minimum, enableinstallation,compi-
lation andexecutionof codeelementsvith thehardwareandcompilersspecifiedabove. Eachsub-
directoryin adistributionthatcontainssomethingo be compiledor installedwill comewith afile

Mak efile.amfile, from which automale will createMak efile.in, from which configurewill create
aMakefile in that directory

9.3 Documentation tools:

e LaTeX
+ Custom made automatic documentation tag@loc
* PDF (generated by grmeans).

9.4 Software packages

Currently FFTW is the only software packagerequiredfor LAL installation. All othersare
optional. Lets keep it that \ay.

* FFTW (Required) [FFTW isthecurrentchoicefor anfft engine;however we have not
burned ag bridges that wuld preclude changing to af@ifent package if something bet-
ter comes along.]

MPI (Optional)

Frames Qptional)

(C)LAPACK (Optional, not implemented yet.)

Not Numerical Recipes.
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APPENDIX A LAL T EMPLATE HEADER FILE

/* [Author-ld block must be auto extracted] <lalVerbatim file="LALTemplateHV">
* Author: Hacker, A. Good

*  $Id : LALTemplate.h$

*** [Note: CVS will always supply file name in the Id.] </lalVerbatim> ****/

/* A brief (one sentence) description of what this header is for. */
/* Synopsis and (longer) Description goes here */

#ifndef _LALTEMPLATE_H /* Protect against double-inclusion */
#define _LALTEMPLATE_H /* Note the naming convention */

#include “LALStdlib.h” /* Include any other headers */

#ifdef __ cplusplus  /* Protect against C++ name mangling */
extern “C” {
#endif

/* You must use the NRCSID macro to define the RCS ID string */
NRCSID(LALTEMPLATEH,"$ld: LALTemplate.h$")

/* Define error codes and messages. These must be auto-extracted
* for inclusion in the documentation
kkkkkkkkkkkkhkkkkkhkkkkkhkkkkhkhkkkkhkkk <|a|ErrTab|e flle:”LALTemplateH Error"> */

#define LALTEMPLATEH_EONE 1
#define LALTEMPLATEH_ETWO 2

#define LALTEMPLATEH_MSGEONE “An error condition”
#define LALTEMPLATEH_MSGETWO “Another error condition”

[FRFFRRR Rk kR xRk xRk kxkxkkx < [|aErrTable> */

/* Define other global constants or macros (discouraged) */

/* Define new structures and types. (Use LAL types when possible) */

/* Include external global variables */
/* Declare global function prototypes */
void

LALTemplate( LALStatus *stat );

#ifdef __ cplusplus

} /* Close C++ protection */
#endif
#endif [* Close double-include protection */
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APPENDIX B LAL T EMPLATE SOURCE FILE

/* [Author-Id block must be auto extracted] <lalVerbatim file="LALTemplateCV">
* Author: Hacker, A. Good

* $ld: LALTemplate.c$

*** [Note: CVS will always supply file name in the Id.] </lalVerbatim> ****/

/*

* The following comments can (should) form the nucleus of the

* documentation. However, if the discussion becomes too long

* and the “code gets lost in the documentation”, you MUST move the text
* elsewhere. The easiest thing to do is to put it at the end of

* this module file and /input{} into the documentation here where it is
* needed.
*

*/
I* */

/* A brief description of what the functions in this module do.  */
/* linput{} the file with the extracted function prototypes. */

/* Description (Describe how to use the functions in this module) */

/* Algorithm */

/* Uses (what other functions does this module call) */
/* Notes (other comments about the code) */
* */

#include “LALStdlib.h”  /* include headers.order: std, LDAS, LAL */
#include “LALTemplate.h” /* include LAL header for this module */

/* You must use the NRCSID macro to define the CVS ID string */
NRCSID(LALTEMPLATEH,"$ld: LALTemplate.h$”)

/ *
Now comes the code:
[The following order is prefered, but there may be exceptional
circumstances.]

1. Constants, enumerated types, structure s (u sed only internally )
2.  Type declarations ( usedonl yi nternally )

3 Macros.(discouraged)

4. Extern global variable declaration s. (Strongly discouraged!)

5.  Static global variables . (Strongly discouraged!)

6.  Static function declarations

7. The functions that make up the guts of this module.
(Remember to auto-extract the prototypes for inclusion in the
documentation.)

*/
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