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2 INTRODUCTION
The LIGO/LSC Algorithm Library [LAL] for the analysis of data generated by interferometric
gravitationalwavedetectors(IGWD) is acollaborativeeffort involving theLIGO Laboratory[LL]
and contributors from the LIGO Scientific Collaboration [LSC]. This specification has evolved
out of the recognition for the need of a standard definition of how the code which will be pro-
duced looks and behaves.

It is the intent of LL and LSC to share and encourage the use of these algorithms by other (inter-
national) projects wishing to adhere to a common set of software coding standards. It is hoped
thatby usingastandarddesignfor proceduralalgorithms,consistentanalysesof databy different
groups of individuals can be promoted more easily.

In orderto bemoreinclusiveof futurecollaborators,theLL DataGroupundertookto promotethe
use of ANSI standard C programming style.

LL and LSC will promote a continued evolution of this standard through formal configuration
control, scheduled updates and releases, and code maintenance. Anad hoc working group with
representatives from LL and LSC has formed to develop this specification and the first coded
algorithms.Eventually, it is expectedthatthiswill becomea formalworkinggroupof LSCandit
will   have formal control over the contents of this specification as it evolves.

2.1. Purpose

This specification formally defines the LIGO/LSC Algorithm Library [LAL].

2.2. Scope

ThisdocumentspecifiestheinterfacebetweentheLDAS softwareenvironmentandnumericalfil-
ter libraries (and other codemodules)contributed by usersfor LIGO dataanalysis.It is also
intendedto show a userof LDAS how to addnew analysisfunctionality by creatingnew func-
tions. This is not a comprehensive documentexplaining how to write functionsin general,but
ratheris aspecificationfor I/O, exceptionhandlingandotherinterfacesneededto allow apieceof
codeto function correctly within LDAS. Contributed software may only be written in C. This
specificationanticipatesthe eventualincorporationof the contributedsoftwareinto a C++ envi-
ronment.However, in theabsenceof a fully defineddesignspecificationfor futureC++ compo-
nents, developers are requested to limit their present contributions to ANSI standard C.

LAL will be written assuming IEEE/ASCII compliant hardware and software is used to analyze
interferometer data.

This standard specifies the organization ofLAL components, includingmany C structures which
are used to define I/O behavior.

This specification also defines rules to which new extensions and revisions are required to con-
form.
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2.3. Applicability

TheLIGO LaboratoryandtheLSCwill work to ensurethatall developedhardwareandsoftware
systemssupportLAL. All participatinggroupswill analyzedatausingLAL-compatiblesoftware.
TheLAL software shall beavailable in the public domain, subject only to the standards and con-
trols defined herein.

3 OVERVIEW
LDAS is theanalysisenvironmentbeingdevelopedfor LL andLSC. It consistsof a layeredand
highly modulararchitectureemploying a steeringlanguageor scripting commands,coupledto
C++ asthecompiledlanguage.Theparadigmbeingemployedis thatof usingMPI basedparallel
computingto completethecomputationallyintensive numericalanalysisof data.TheMPI archi-
tecturewill involve useof proceduralalgorithmsand functions to manipulatethe data.These
algorithms,or filters, areexpectedto be contributedby a larger groupof individualsthanthose
responsiblefor theLDAS overallarchitectureandimplementation.Becauseof this it is bothdesir-
able and necessaryto define explicitly a set of interfacesto which a number of individual
researcher can write code having a common “look and feel”.

It is theintentto developand maintainadynamicallyloadedLAL. In workingto designandbuild
such a library, there are the following advantages:

• C can be used
• one algorithm can be used by all users
• one can utilize capability written by other people very easily into his or her own work

This documentfocuseson theprogrammingaspectsof creatinga new proceduralalgorithm.The
document,GettingStartedwith LDAS,LIGO-T99XTBD,is a manualon LDAS, andit contains
otherreferencesfor in depthinformation.Table1 presentsa list of relevantdesigndocumentation
for LDAS.

For now, thesupporteddevelopmentenvironmentis thelatestversionof egcsandGNU’s gccand
ccc.Together, thesecontainall flavorsof C. However, theGNU gcccompileris morerobustand
stablethantheequivalentcompilerfrom egcsat thetime of this writing. If youpreferto useother
environmentfor themoduledevelopment,useit until you completethetestingof your code,and
do thefinal build usingGNUgcc. In generalgcc is recommendedfor C andegcsis recommended
for C++. If your codeconformsto the standardsdescribedanthill document,the final build will
not be a problem.
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Table 1  List of Applicable Documents

Description Document ID

LIGO Documentation

LDAS White Paper LIGO-M970065

LDAS Design Requirements Document LIGO-T970159.

LDAS Conceptual Design Document LIGO-T970160.

LDAS Preliminary Design Document LIGO-T990001

LDAS System Software Specification for C, C++ and Java LIGO-T970211

Data Format Specifications

Specification of a Common Data Frame Format for Interferometric Gravita-
tional Wave Detectors (IGWD)

LIGO-T971030

LIGO Lightweight Data Format Specification LIGO-T980091.

LIGO Metadata, Event and Reduced Data Requirements LIGO-T980070.

LDAS Software Specificationsa:

LDAS Users Manual LIGO- T99xTBD

FrameAPI Baseline Requirements LIGO-T980011.

FrameAPI.tcl source code map -- frameAPI.tcl on-line TclDoc

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

on-line TclDoc

FrameAPI.tcl operator procedures source code map -- frameOpProcs.tcl on-line TclDoc

MetadataAPI Baseline Requirements LIGO-T980119

DataConditioningAPI Baseline Requirements LIGO-T990002

Non LIGO Documentation

Enough Rope to Shoot Yourself in the Foot:
Rules for C and C++ Programming,

Allen I.Holub

McGraw-Hill
1995

a. link accessiblevia http://docuserv.ligo.caltech.edu/~prince/LDCG_lsc/LDCG.html.Notethatsomeof
these documents are still evolving.
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4 CONVENTIONS

4.1 Coding style

The designof codepresentedherereflectsthe style from Allen I.Holub’s book [seeTable 1].
Header and source code examples are provided inAppendix A andAppendix B.

Variablesmustbegin with a lowercaseletter; typesmustbegin with anUppercaseletter. Names
combiningmultiple wordsmusthave subsequentwordscapitalized: theNewVariable,TheNew-
Type.Macros(#define)mustbeall UPPERCASE.Compoundmacronameswill useunderscores
if clarity requires:THE_NEXT_MACRO. Functionnamesshouldstartwith a capital letter, e.g.
MyFunction(). Thefiles (modules)containingthefunction(andtheacompanying .h file) should
also begin with a capital letter, e.g. MyModule.c and MyModule.h.

4.2 Physical and numerical constants

Therewill beaneffective LIGO namespacefor definingthesetof physicalconstantsto beused
within LDAS. Physicalconstantswill bestoredin theheaderfile LALC onstants.h.This is being
distributedwith the LAL library releases.All constantsaredeclaredaccordingto the following
style:

#define LAL_CONSTANTNAME_STANDARDvalue /* units or description */

Examples from LALConstants.h:

#define LAL_PI         3.141592653589793238462643382795029L   /* pi  */
#define LAL_RSUN_SI   6 .960e08 /* solar radius, m * /
#define LAL_SOLMASS_SI 1 .989 2e30 /* solar mass, kg */

All constantshave thereservedprefix LAL_. Theconstantshave a suffix to denotethesystemof
units in which they are defined.

Thefile LALConstants.h is beingshippedwith theLAL software. A methodwill beprovidedto
extractthephysicalconstantsdatabaseasa lightweightdataobject(XML) to allow thisdatasetto
be easily transported.

5 LAL DATA TYPES
Data types may be considered in a hierarchical grouping:

1. Atomic or primitive data types -- language-specific types:
• int
• float, etc.

2. Higher level (aggregate) constructs:
• vectors
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• arrays or matrices
• lists, etc.
• sequences or series (time-shares, frequency spectra, etc.)

3. Custom C structures:
• structures of parameters
• input or output structures for function I/O, etc.
• exception handling structures

Items#1 arelanguage[andalsoplatform] dependent.Languagespecificimplementationsmaybe
found for items#2 andwe will definethe LAL versionsto correspondascloselyaspossibleto
existing constructs. Items #3 are specific toLAL usage. Each of these will be discussed below.

Structures shall be defined according to the following template:

typedef struct
t ag<Name>
{

... ;
   ...;
}
<Name>;

Where<Name>is replacedby thestruct’sname.Notethetagnamemustbeusedwith all structs.
(Writing the typedef and the tag-Namein column zero is a GNU convention,and not a LAL
requirement; however, much of the code in the library adheres to this convention.)

Onevariabledefinition per type declarationis prefered;however a few closelyrelatedvariables
canbedeclaredon thesameline. Thisallowseaseof readingandmaintenance.It allowseachline
to have a single comment that pertains to the declaration:

TYPE variableName; /* helpful or useful comment */

INT4 l ength; / * 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! */

5.1 Primiti ve or “atomic” data types

To permit LAL code to be transportedto various hardware platform (e.g., 32, 64 or 128 bit
machines),we will adoptthe conventiondescribedin the LIGO-VIRGO framespecification.To
eachC/C++datatypetherewill beassignedaCAPITALIZEDLAL datatypename.Thesewill be
defined inLALD atatypes.h:

...
typedef char CHAR
typedef short INT2
typedef unsigned char BOOLEAN
...
typedef struct {

REAL4 re;
REAL4 im;
} COMPLEX8;

typedef struct {
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REAL8 re;
REAL8 im;
} COMPLEX16;

...

The C data types listed inTable 2 are recognized. This table is asubset (except for the introduc-
tion of the type BOOLEAN) of the data type table fromSection 4.2 of LIGO-T970130. The
COMPLEX4 and COMPLEX8 data types are necessarily structures.

Although the names do not correspond to the names used in FRAME, the underlying philosophy
is that there shall be a LAL atomic data type corresponding to every FRAME atomic data type.
Theimportantfeatureof thesedatatypesis thatthey areof specifiedlength,e.g.UINT4 shallbe4
bytes in length, period. This is enforced by the macros inLALDatatypes.h.

In the current implementation, the byte-size of the atomic data types is cleverly enforced. At con-
figure-time, a short c-program is run. This program figures out what the byte-lengths are, and
writes the information to a file which is included inLALDatatypes.h.

Table 2  LIGO data types for algorithm software

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

CHAR char 1 Character (signed or unsigned is machine dependent)
UCHAR unsigned char 1 Unsigned character

BOOLEAN unsigned char 1 Unsigned character
INT2 short

or int
2 Signed integer,

Range: (-215, 215-1)
UINT2 unsigned short

or unsigned int
2 Unsigned integer

INT4 int
or long

4 Signed integer,

Range: (-231, 231-1)
UINT4 unsigned int

or unsigned long
4 Unsigned Integer

INT8 long
or longlong

8 Signed integer,

Range: (-263, 263-1)
UINT8 unsigned long  or

unsigned longlong
8 Unsigned integer

REAL4 float 4 IEEE-defined single precision floating point number
REAL8 double 8 IEEE-defined double precision floating point number

Composite Data Types (structures)
COMPLEX8 Pair of REAL4 8 Complex real number, two single precision floats,

stored as a pair: (real, imaginary)
COMPLEX16 Pair of REAL8 16 Complex real number, two double precision floats,

stored as a pair: (real, imaginary)
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5.2 Aggregate constructs of primitive data types

This list is extensibleandit is expectedthatit will beaugmentedover time.Thesedefinitionswill
alsobeincludedin LALD atatypes.h. Indexing conventionfor multi-dimensionalarrayswill fol-
low the C convention of row-major ordering. Table 3 lists the objects defined below.

Table 3  LIGO data objects [relevant section numbers are shown in table headings]

Data Class LIGO Names Comments Comments

5.1Atomic -- See Table 2

5.2 Aggregates

Vectors <datatype>Vector Footnotea

a. Initially <datatype> will be taken by default to be ONLY from the following list:
{ CHAR,REAL4, REAL8, COMPLEX8,COMPLEX16, INT2, INT4,INT8,UINT2,UINT4,UINT8}. Additional types

may be added when it is shown that they are needed.

Aggregates capture
only numerical
data useful for
computation
(e.g.,bytes)

no units or physical
information is

provided at this level

Array <datatype>Array Footnotea

Sequences

<datatype>Sequence Footnotea

<datatype>VectorSequence Footnotea

<datatype>ArraySequence Footnotea

5.3 Structures

Time LIGOTime
A struct

identifying GPS time.
Physical units
or dimensions

are encapsulated
in the structures.

Series

<datatype>TimeSeries
<datatype>FrequencySeries

Examples: time series,
spectra, etc.

<datatype>TimeVectorSeries
<datatype>FrequencyVectorSeries

Example: time series
of a vector quantity.

<datatype>TimeArraySeries
<datatype>FrequencyArraySeries

Example: time series
of a matrix quantity.

<datatype>TableSeries Example: time series for a group
of objects which are best

represented by a table

Transfer
Functions

<datatype>FTransferFunction List of {f,y,z} triplets for H[f];
{y,z} correspond to

{M, } or {Re,Im} of H[f]

<datatype>ZPGFilter Pole-zero-gain representation for
H[z]

ϕ
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5.2.1 Vectors

Vectoris a one-dimensionalobjectthat correspondsto a collectionof length = N dataele-
ments of the same data type, taken fromTable 2 above.

typedef struct
t ag<datatype>Vecto r
{

  UI NT4        l ength;    / * number of elements */
  < datatype> *d ata ; / * pointer to data of type <datatype> from Table3,

                            f ootnote a */
}
<datatype>Vector;

Here and elsewherebelow <datatype>canbe any of the typesin Table 3, footnotea. Structs
definedwith a <...> prefix will be enumeratedin LALD atatypes.hfor eachcorrespondingdata
type that is needed.So, for example,the following vectordatatypeswill appear:CHARVector,
INT2Vector, COMPLEX8Vector, etc. Theneedfor explicit typing followsbecauseC, unlikeC++,
doesnot supporttemplatedatatype definitions.Alternative methodsusingenum statementsare
possible;however, these,unlike the“hard-wired” typecastingdescribedaboveprovideextensibil-
ity at the cost of case checking (if statements) that need to be embedded in the resultant code.

5.2.2 Arrays

Array is a dim = ndim (>1) objectthatcorrespondsto acollectionof length = ldim1*
ldim2*...*ldimNdim dataelementsof thesamedatatype,takenfrom Table 3, footnotea,
above.

struct <datatype>Array
{
   UI NT4Vector *d imLength ;     / * vector of < ndim> UINT4 scalars for the
                                 l engths for each o f the d imen sions * /

<datatype> *a rrayData ;     / * pointer to data of type <datatype> from
Table 3, foot note a */

} ;

The discussionat the end of Section 5.2.1 applies.A vector may also be representedby one
dimensionalarray;however whenrepresentedasa vector, thedimensionis implicitly assumedto
be 1.

5.2.3 Sequences

A sequence(or aseries)is a list of le ngth = N compoundobjects. Thecompoundobjectsmay
beeithervectorsor arrays.Note thata sequenceof scalarsis representedby thevectorobjectin
sectionTable 5.2.1above. All elementsof the sequencemusthave the sameidenticalstructure.
All data elements are of the same data type, taken fromTable 3, footnote a, above.

typedef <datatype>Sequence <datatype>Vecto r  /* sequence of scalars is the
                                                same as a vector */
typedef struc t
t ag<datatype>VectorSequenc e
{

UINT4      l ength;     / * number of elements */
UINT4      v ectorLength ;    / * length of each vector in sequence */
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   <datatype> * data ;          / * pointer to data of type <datatype> fro m
Table 3, footnote a */

}
<datatype>VectorSequence;

typedef struct
t ag<datatype>ArraySequenc e
{

UINT4       l ength;         / * number of elements */
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;

Thediscussionat theendof Section5.2.1applies.A vectorsequencemayalsoberepresentedby
onedimensionalarraysequence;however whenrepresentedasa vectorsequence,thedimension
is implicitly assumed to be 1 for the elements of the sequence.

The indexing for a sequenceof compoundobjectswill run throughthe internal indicesof the
objects before going to the next object in the sequence:

5.3 LIGO structur ed data types

This list is extensibleandit is expectedthatit will beaugmentedover time.Thesedefinitionswill
be included inLALD atatypes.h.

5.3.1 Time

5.3.1.1 Time stamps

GPStime will besupportedwithin datastructures.Othertime standardsmaybecapturedascom-
ments.To indicatethis, thetimestructurewill have “GPS” in its name.Therewill beasetof time
inter-conversion utilities that can be used to go between various standards.

typedef struct
t agLIGOTimeGPS
{

I NT4 gpsSeconds;
I NT4 gps NanoSeconds;

}
LIGOTimeGPS;

Note the capitalizationconventionfor acronyms: Whenthe conventioncalls for an acronym to
start with lower case,the entire acronym is written in lower case(e.g.. INT4 gpsSeconds ).

h1 t1[ ]

. . .

hN t1[ ]

h1 t2[ ]

. . .

hN t2[ ]

h1 t3[ ]

. . .

hN t3[ ]

...

h1 tM[ ]

. . .

hN tM[ ]

, , , ,

î 
 
 
 
 

⇒

h1 t1[ ] ... h, N t1[ ] h1 t2[ ] ... hN t2[ ] h1 t3[ ] ... hN t3[ ] h1 tM[ ] ... hN tM[ ], , , , , , , , ,{ , }
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Whentheconventioncallsfor theacronym to startwith anuppercaseletter, theentireacronym is
capitalized (e.g.tagLIGOTimeGPS ).  We have tried to consistently apply this throughout LAL.

5.3.1.2 Multiple t ime stamps

Multiple time stamps(e.g.,for a vectorof strains,eachcomingfrom aninstrumentin a different
geographical location) can be accommodated as a C array of typeLIGO TimeGPS:

LIGOTimeGPS gpsTimeList[10]; /* a list of 10 LIGO Ti me structures * /

5.3.2 Sequences in time

5.3.2.1 TimeSeries

The structureTimeSeriesis usedto representa sequenceof samplestaken at uniformly spaced
intervals of time. ATimeSeries object has the following attributes:

• name of series
• time of epoch - time at which theearliest sample in the series was acquired;
• number of samples in series
• deltaT offset between samples (reciprocal of sample rate)
• time offset units will be in seconds
• units of values recorded in samples
• time  sequence of data

typedef struct
t ag<datatype>TimeSerie s
{

CHAR        *n ame;    / * user assigned name */
LIGOTimeGPS  e poch; / * epoch of first series sample */
REAL8  d eltaT;    / * sample spacing in time */
REAL8  f0;              / * base frequency, ! =0 if

                                           h eterodyned series   * /
CHARVector  *s ampleUnits ;    / * units for sampled quantity */
<datatype>Vector    *d ata;           /*  the data * /

}
<datatype>TimeSeries ;

5.3.2.2 TimeVectorSeries

The structureTimeVectorSeriesis usedto representa sequenceof vectorstaken at uniformly
spaced intervals of time. ATimeVectorSeries object has the following attributes:

• name of series
• time of epoch - time at which theearliest sample in the series was acquired;
• number of samples in series
• deltaT offset between samples (reciprocal of sample rate)
• time offset units will be in seconds
• units of values recorded in samples
• length of each vector in series (hidden in the ‘‘Vector’’ structure)
• time  vector sequence of the data
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typedef struct
t ag<datatype >Ti meVectorSerie s
{

CHAR          *n ame;      / * user assigned name */
LIGOTimeGPS          e poch ;         / * time s o f first elements  in

                                                 v ector series */
REAL8 deltaT ; / * sample spacing in time -- same

                                                for a ll elements */
REAL8                f 0;            / * base frequency,!=0 if

                                                h eterodyne d s eries * /
CHARVector                *s ampleUnits ;  / * units  o s ampled quantities */
<datatype>VectorSequence    * data;        / * the data * /

}
<datatype> Ti meVectorSeries;

5.3.2.3 TimeArraySeries

The structureTimeArraySeries is usedto representa sequenceof vectorstaken at uniformly
spaced intervals of time. ATimeArraySeries object has the following attributes:

• name of series
• time of epoch - time at which theearliest sample in the series was acquired;
• number of samples in series
• deltaT offset between samples (reciprocal of sample rate)
• time offset units will be in seconds
• units of values recorded in samples
• length of each vector in series (hidden in the array structure)
•  dimensions of array (hidden in the Array structure)
• lengths of each dimension in array (hidden in the Array structure)
• time array sequence of data

typedef struct
t ag<datatype>timeArraySerie s
{

CHAR      *n ame;  / * user assigned name */
ligoTimeGP S      e poch ; / * times of first elements in array series */
REAL8      d eltaT ;        / * sample spacing in time - same for all

                                      e lements */
REAL8      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 5.2.1 applies with regard to typecasting
<datatype>Time<seriestype>Series[genericnamefor all threetypes]for eachof theLIGO data
types. As a minimum, the following Time*Series types are needed initially:

• INT2Time<seriestype>Series (for 16 bit ADC data)
• REAL4Time<seriestype>Series
• REAL8Time<seriestype>Series
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5.3.3 Sequences in frequency

5.3.3.1 FrequencySeries

The structureFrequencySeriesis used to representresult of a Fourier transformationon a
TimeSeriesobject.It mayhave bothnegative andpositive frequency components,dependingon
the value of the starting frequency parameter. A FrequencySeriesobject has the following
attributes:

• name of series
• time of epoch - time at which theearliest sample in the [pre-transformed] data was

acquired;
• number of samples in series, N  (Hidden in the vector structure)
• deltaF offset between samples
• frequency units will be in Hertz
• first frequency in series.
• The series spans the interval {f0,f0+deltaF,....,f0+(N-1)*deltaF}
• units of values recorded in samples
• frequency vector sequence of data

typedef struct
t ag<datatype>frequencySerie s
{

CHAR  *n ame; / * user assigned name */
ligoTimeGPS  e poch;          / * time value of first array element */
REAL8  f0; / * first frequency in sample */
REAL8  d eltaF; / * sample spacing in time */
CHAR  *s ampleUnit s; / * units for sampled quantity */
<datatype>Vector    *d ata; / * the data */

}
<datatype>frequencySeries;

FrequencySeries can contain any of the following types of spectra:

• two-sided frequency series, real or complex (according to vector data type declaration)
• one-sided frequency series
• power-spectrum (one-sided real frequency series)

5.3.3.2 FrequencyVectorSeries

Thestructurefr equencyVectorSeriesis usedto representresultof a Fourier transformationon a
timeVectorSeriesobject.It mayhave bothnegative andpositive frequency components,depend-
ing on thevalueof thestartingfrequency parameter. A fr equencyVectorSeriesobjecthasthefol-
lowing attributes:

• name of series
• time of epoch - time at which theearliest sample in the [pre-transformed] data was

acquired;
• number of samples in series, N (Hidden in the Vector structure)
• deltaF offset between samples
• frequency units will be in Hertz
• first frequency in series.
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The series spans the interval {f0,f0+deltaF,....,f0+(N-1)*deltaF}
• units of values recorded in samples
• length of each vector in series  (Hidden in the Vector Structure)
• frequency vector series of data

typedef struct
t ag<datatype>frequencyVectorSerie s
{

CHAR  *n ame;           / * user assigned name */
LIGOTimeGPS  e poch;            / * time values of first vector

                                                e lement */
REAL8 f0 ;              / * first frequency in sample */
REAL8 deltaF;        / * sample spacing in time */
CHARVector   *s ampleUnits    / * units for sampled quantities */
<datatype>VectorSequence   * data ;         /*  the data */

}
<datatype>frequencyVectorSeries;

5.3.3.3 FrequencyArraySeries

ThestructureFrequencyArraySeriesis usedto representresultof a Fourier transformationon a
TimeArraySeriesobject.It mayhave bothnegative andpositive frequency components,depend-
ing onthevalueof thestartingfrequency parameter. A FrequencyArraySeriesobjecthasthefol-
lowing attributes:

• name of series
• time of epoch - time at which theearliest sample in the [pre-transformed] data was

acquired;
• number of samples in series, N
• deltaF offset between samples
• frequency units will be in Hertz
• first frequency in series.

The series spans the interval {f0,f0+deltaF,....,f0+(N-1)*deltaF}
• units of values recorded in samples
•  dimensions of array (Hidden in Array structure)
• lengths of each dimension in array (Hidden in Array structure)
• frequency array series of data

typedef struct
t ag<datatype> Fr equencyArraySerie s
{

CHAR  * name;          / * user assigned name */
ligoTimeGPS  *t 0;            / * time values of first vector

                                                e lement */
REAL8 f 0;             / * first frequency in sample */
REAL8 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 ofSection 5.2.1 applies with regard to typecasting
<datatype>Frequency<seriestype>Series [generic namefor all three types] for eachof the
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LIGO datatypes.As a minimum,thefollowing <datatype>Frequency<seriestype>Series types
are needed initially:

• REAL4Frequency<seriestype>Series;
• REAL 4Frequency<seriestype>Series;
• COMPLEX8 Frequency<seriestype>Series;
• COMPLEX16Frequency<seriestype>Series.

5.3.4 Series of n-tuples

ThestructureTableSeriesis usedto representorderedn-tupledatafor which, for example,sam-
pling rateis not a fixed value.TableSerieswould be usedto representcalibrationdatataken at
logarithmically spaced frequency intervals. ATableSeries object has the following attributes:

• name of series
• time of epoch - time at which the original data which were transformed were acquired;
• number of samples in object, N (Hidden in Vector structure)
• number of elements per sample - length of each element  (Hidden in Vector structure)
• units of values recorded in samples
• vector sequence table of data

typedef struct
t ag<datatype> TableSerie s
{

CHAR*            *n ame;     / * 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 endof Section5.2.1applieswith regard to typecastingTableSeriesdata
types for eachof the LIGO data types.As a minimum, the following TableSeries types are
needed initially:

• REAL4TableSeries;
• REAL8TableSeries;
• COMPLEX8 TableSeriese
• COMPLEX16TableSeries.

5.3.5 Transfer functions

5.3.5.1 Frequency domain

The structureFTransferFunction is used to represent H[s]:

• name of transform
• list of frequencies
• list of magnitude, phase,or
• list of real, imaginary
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enum { Xf erMag, Xf erXY} Xf erType ;                  / * R*exp[i*phi] vs. x+i y
                                                    r epresentation for Xf er */

typedef struct
t ag<datatype> FTransferFunctio n
{

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

CHAR        *n ame; / * 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;

Thediscussionat theendof Section5.2.1applieswith regardto typecastingFTransferFunction
for eachof the LIGO datatypes.As a minimum, the following FTransferFunction typesare
needed initially:

• REAL4FTransferFunction;
• REAL8FTransferFunction.

5.3.5.2 Zeros, poles and gain representation

ThestructureZPGFilter is usedto representa transferfunctionsasa list of zeroes,poles,anda
gain. This is a factored version ofZTransferFunction.

• name of transform
• gain, G (real)
• poles, pk (complex)
• zeroes, zk (complex)

typedef struct
t ag<datatype>ZPGFilte r
{

CHAR       *n ame; / * user assigned name * /
<datatype>Vector *z eros;         / * the zeros */
<datatype>Vector * poles;         / * poles * /

    <datatype>              gain;          /* filter gain */
}
<datatype>ZPGFilter;

Thediscussionat theendof Section5.2.1applieswith regardto typecastingZPGFilter for each
of the LIGO data types. As a minimum, the following ZPGFilter  types are needed initially

• COMPLEX8Z PGFilter ;
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• COMPLEX16Z PGFilter.

6 FILTER ALGORITHM DESIGN

6.1 Procedural function style and usage

The following are guidelinesfor writing analysisfunctions for LIGO data.The generalstyle
should be consistentwith the style specificationLIGO-T970211. Function definitions are
designedto follow the DSL/Globus CodingStandardfrom ANL (the MPICH group,seehttp://
www-fp.mcs.anl.gov/dsl/). In caseswherewhat is describedbelow differs from T970211,the
present document takes precedence.

Functionswrittenaccordingto theseguidelineswill besimplerto verify, to maintainandto incor-
porateinto generalanalysissystems.The prototypicalanalysisfunction is referredto in these
guidelines asLIGOF unction().

1. All functions should be specified using the following format:

[static ] < return type>
<function name> (

             < param type 1> <param name 1>,
             < param type 2> <param name 2>,
             . ..

<param type N> <param name N >
                )
{
  < code block(s)>
} /* <function name>() */

2. LIGOF unction() is of type void andshallcontains four and only four arguments
(thus spaketh the software committee):

void LIGOFunction(
                 S tatus *stat,
                 LIGOF unctionOutStruct *output ,
                 LIGOF unctionInStruct *input ,
                 LIGOF unctionParamStruct *param s
                 ) ;

Thefirst argumentis a pointerto a statusstructur e (describedbelow, identicalfor all functions).
The secondand third argumentsare pointersto an output structur e and a input structur e
respectively. The input andoutput structur eswill specifiedfor classesof functionshaving com-
monbehaviors.Theintentis to provide definedandcontrolled structuresfor all LAL functionsto
permit to the greatestextent possibleease-of-useand simple data passingbetweenfunctions
which are called sequentially.

The fourth argumentis a parameter structur e which canbe usedto passother typesof data,
includingre-entrantbehavior information,to thefunction.Codedevelopersareencouragedto use
LIGO standard data types (described above) where possible within these structures.
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Explanation: This makes it easierto extend or to add extra functionality to procedures.When
additionalargumentsareneededthey canbeaddedasmembersof theinput, outputor parameter
structures without modifying any existing code that callsLIGOF unction().

3. LIGOF unction() shall return control to the scope from which it was called.

The status structur e is usedto report the completionstatusof the function whenit returns.Its
format is:

typedef struct
tagStatus
{
   INT4                  statusCode;
   const CHAR            *statusDescription;
   volatile const CHAR   *Id;
   const CHAR            *file;
   INT4                  line;
   struct tagStatus      *statusPtr;
   INT4                  *level;
}
Status;

If LIGOF unction() completessuccessfully, statusCode shouldbe set to zero. Upon abnormal
terminationof LIGOF unction, statusCodemustbeassignedanon-zerovalue. Valuesfor status-
codemustbedocumentedandassignedsymbolicnamesin LIGOF unction.h. statusDescription
is a pointerto a staticcharacterstringdefinedin LIGOF unction() thatprovidesa brief summary
of theproblem.Id is a staticcharacterstringdefinedin LIGOF unction() thatcontainsrcsidver-
sion(rcsid)information.The methodshouldbeprovidedaspartof thedebuggingprocess(see#5
below) to provide this informationto stdout or someotherdesignatedoutput. Thefield file con-
tainsthenameof themodulewheretheerroroccurred.line containsthe line numberin module
where the error occurred.

The statusstructuredefinition is recursive to permit statusto be returnedfrom variouslevels of
nestedfunctioncalls(i.e., functionscalledwithin functions,whicharecalledwithin functions,...).
level keeps track of how many levels deep the problem actually occurred.

A few negative values for the statusCode have been reserved for some generic failures:

Table 4 Generic abnormal termination codes (statusCode)

statusPtr
value

description

0 normal termination

-1 recursiveerror:functionfaileddueto error
in deeper subroutine

-2 statuspointer passedto function had a
nonnull statusPtr field

-4 function unable to allocatestatusPtr

-8 statusPtr  could not be dealloacted
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Explanation:If functionsalwaysreturn,the flow of control is alwayscontrollableat the highest
level. Thestatuscodeanddescriptionallows the top level to identify andresolve possibleprob-
lems.Version,authoranddateinformationareeasilyavailableby ensuringthat thestaticcharac-
ter string with this information is part ofStatus.

4. Direct calls tomalloc(), fr ee(), calloc() andrealloc() are not allowed.

Thecustomhandlerswill take severaladditionalarguments,includinga shorttext descriptionof
the use of the memory being allocated/freed.

They arereplacedby functionsLALMalloc(), LALFree(), LALCalloc(), LALRealloc(). (Seefile
LALMalloc.h. )

Explanation: This simplifies tracking memory usage and memory leak identification.

5. LIGOF unction() should free all memory that it allocates, except for storage for variable
length output parameters.

Explanation:This avoids memoryleaks.Persistentintermediatestorageandfixed lengthoutput
parameters should be allocated by the calling function.

6. Functions and procedures must refer to:

extern INT 4 d ebuglevel;

whendecidingwhetherto print debugginginformation.Legal valuesfor debuglevel are0,1,or 2
(or greater).If it is 0, thenno debugginginformationwill beprinted.If 1, thensomedebugging
information shouldbe printed. If 2 (or greater),then verboseinformation shouldbe provided.
Analysis functions may not modifydebuglevel.

Explanation:allows calling programto provide diagnosticinfo if neededto understandunusual
behavior.

Warning:do not testthevalueof debuglevel within critical floatingpoint loops.Thepresenceof
an integer compare/branch instruction often interferes with efficient floating-point execution.

7. Functionshouldbein afile LIGOF unction.c andcomewith aheaderfile LIGOF unction.h.
Small sets ofrelated functions may be grouped together into a single (File.c, File.h) pair.

Theheaderfile shoulddefinefunctionprototypesandstructuresandhavecommentsdescribingall
inputsandoutputsof thefunction(includingany file I/O) aswell astheprocessingperformedby
thefunction.Theheaderfile shouldprotectagainstmultiple includes,andhaveaC++-compatible
structure.

Explanation: this will make it easier to exchange useful functions.

Comment:in thefuturewemayaskthatcommentsbestructuredin away thatsupportsautomatic
documentation generation (doc++, for example).
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8. File input/output usingfopen(), fclose(), fprintf( ), etc. is not allowed.

Customfile I/O functionswill beprovided.A functionshouldcloseall files that it opens,except
for files that are explicitly 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.

9. Each function must come with a stand-alone programLIGOF unctionTest.c which can be
linked toLIGOF unction() and tests it.

LIGOF unctionTestreturnsSUCCESSif thefunctionworksandFAILURE if it doesnot. In the
eventof anerror, LIGOF unctioTestshouldprint out theexpectedandactualresultvaluesof the
particulartestit performs.It shouldalsoprint thecontentsof statusCode, statusDescription and
Id  which are returned byLIGOF unction().

Explanation:this is a simpleway to provide validation.Any necessarydatashouldbeeithercon-
tainedin LIGOFu nctionTest.c or computedby it. SUCCESSandFAILURE aresystem-depen-
dent return codes defined in the analysis procedure header file.

10.  Allocation of significant amounts of memory, should use thecustomLAL malloc() rather
than automatic stack variables.

Explanation:many machinesandshellsdonotsupportlargestacks.Typicalstacksizesare8 to 64
Mbytes. It is easyto blow the stackand this canbe hard to identify with debuggersandother
tools.

11.Debugging/information/warning messages should be printed with acustom replacement for
printf()  andfprintf(stderr ,...).

This function will be provided andwill take the sameargumentsasprintf() andpossiblyother
arguments.

Explanation:this allows debugging/information/warning messagesto be handledin different
ways, dependingon the operatingenvironment and conditions.For example, they might be
logged, sent immediately to the user, ignored, etc.

12.Developers should endeavor to useLIGO standard data structures whenever possible. These
will be describedabove.

Explanation:Generaluseof standarddatastructureswill allow thedevelopmentof asuiteof reus-
able manipulation functions and ease the interfacing between functions.

13.LIGOF unction() should be re-entrant.
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In otherwords,it shouldnot containvariablesthatsave internalstateinformationbetweenfunc-
tion invocations.If suchstatevariablesareneeded,thenthey mustbeincludedin oneof theargu-
ment structures.

Explanation:Functionsthat are not re-entrantcannotbe invoked by different routineswithout
special precautions. They are alsomore difficult to maintain.

14.Aliasing(i.e.,allowing two structurespoint to or sharethesamememoryaddress)is expressly
prohibited. An exception to this is the case where (mutually exclusive) memory sharing is
effectively supported by ANSI C (e.g.,unions).

Explanation:It becomesdifficult to keeptrackof whethermemoryis beingpointedto and,conse-
quently, difficult to avoid memoryleaksor “amnesia(freeingmemorybeingused).Codemainte-
nance becomes more difficult when aliasing is permitted.

6.2 LAL specific data structures

6.2.1 Status

The status structure design was described in #2 above. Once again it is:

typedef struct
tagStatus
{
   INT4                  statusCode;
   const CHAR            *statusDescription;
   volatile const CHAR   *Id;
   const CHAR            *file;
   INT4                  line;
   struct tagStatus      *statusPtr;
   INT4                  level;
}
Status;

6.2.1.1 statuscode

statusCode = 0 for successfulcompletion;statusCode != 0 otherwise.A tableof symbolicval-
ues must be provided in the function header file. Examples are:

...
#define OK       0        / * successful execution */
#define DIVIDE_BY_ZERO 1       / * flag for dividing by zero */
#define OUT_OF_RANGE_POSITIVE 2       / * value is unexpectedly large */
...

6.2.1.2 statusDescription

statusDescriptionis apointerto astaticcharacterstringdefinedin LIGOF unction(). It provides
a brief summary of the problem. Examples are:

...
constant CHAR *statusDescription;
...
statusDescription = ““; /* statuscode = OK */
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statusDescription = “attempted divide by zero in LIGOFunction”;
/* statuscode = DIVIDE_BY_ZERO */

...
statusDescription = “value too large in LIGOFunction”;

/* statuscode = OUT_OF_RANGE_POSITIVE */

6.2.1.3 rcsid[]

rcsid[] is astaticcharacterstringdefinedatcheckoutby theversioncontrolsystemandembedded
in LIGOF unction(). It containsthefull pathnameof theRCSfile, revision number, date,author,
stateidentifier[release,alpha,etc.]andlocker (if locked).LockercontainstheloginID of theuser
(if any) who hadlockedthecodefor thepurposeof makingrevisionsat thetime thepresentver-
sion was exported.This constructcorrespondsto the CVS standardand shall be usedfor all
LIGO Functions.For example,checkinginto CVSacodefragmentcontainingthefollowing line:

...
static const CHAR rcsid[] = “$Header$”;

would beconvertedby CVS to thefollowing uponexportingor checkingout thesamecodefrag-
ment:

static const CHAR rcsid[] = “$Header: /ldas/api/genericAPI/so/ LIGOFunction.c,v
1.5.1 1999/11/28 23:20:28 Beta kent$”

6.2.2 LIGOF unctionIOStruct   (Not available as of Feb. 2000)

LIGOF unctionIOStruct is designedto handleinput andoutputof datafor LIGOF unction().
Thedetaileddefinitionof LIGOF unctionIOStruct dependson LIGOF unction(). It will bedoc-
umentedalongwith the documentationof the specificLIGOF unction(). The input andoutput
structuredesignswill usea commondatastructurewhich is specificto the function or classof
similar functions. An example might be:

typedef struct tag LIGOFunctionInStruct{

<datatype>Vector* inputData;
...

} LIGOFunctionInStruct;

typedef struct tag LIGOFunctionOutStruct{

<datatype>timeSeries* outputData;
...

} LIGOFunctionOutStruct;

6.2.3 LIGOF unctionParamStruct  (Not available as of Feb. 2000)

LIGOF unctionParamStruct is designedto accommodatethe parameterdatafor LIGOF unc-
tion(). The detaileddefinition of LIGOF unctionParamStruct dependson LIGOF unction(). It
will bedocumentedalongwith thedocumentationof thespecificLIGOF unction(). An example
might be:
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typedef struct tagParamStruct{

INT2 callsTo LIGOFunctionCounter;
/* counter used to determine possible re-entrant behavior */

REAL8 filterSeed; ;
/* seed for re-entrant random number generator */

REAL8 filterCoefficients[10];
/* array of 10 filter coefficients */

<datatype>Vector* data;
/* vector of LIGO d ata types needed for filter */

...
}ParamStruct;

7 LAL D EVELOPMENT T OOLS
To developcodefor LAL requirestheuseof thefollowing softwaredevelopment,documentation
and testing tools:

7.1 Development tools:

• GNU CVS: version 1.10 or greater.
• GNU egcs: version 1.2.0 or greater.
• GNU make: version 3.72 or greater.
• GNU m4: version 1.4 or greater.

7.2 Documentation tools:

• PERCEPS
• PDF (generated by any means).

7.3 Testing tools:

• EachLAL code element will have its own main() test program provided by the contribu-
tor.

8 DIRECT ORY ORGANIZA TION
All files associatedwith a specificLAL softwaremodulewill residein a singledirectory, whose
organization is described below.

8.1 Root directory

EveryLAL softwarecomponentwill haveanamed,designatedrootdirectory. Thatdirectorycon-
tains:

• all files necessary to configure the build of the task (i.e., autoconfig files and Makefiles)
• automake file, Makefile.am to recursively make subdirectories.
• A directory called package/packages that contains the subdirectories thatin turncontain
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the documentation, header, source and test files for that component. The subdirectories
(packages)  will be named as follows and in turn contain:

- /doc: all the documentation associated with the component.
- /include: all the header files associated with this component. Header files must

conform to the format and style described in this document.
- /src: all the source files associated with the component. Source files must con-

form to the format and style described in this document.
- /test: test scripts and all supporting files (but not documentation) associated with

component-level tests. Component level tests must conform to the format and
style described in this document.

In additionto thesedirectories,therewill be CVS subdirectoriesat all levels. Files in the CVS
directorieswill beconfiguredandmaintainedby CVS. Theonly files permittedin thesedirecto-
ries arethosecreatedby CVS andthe only modificationspermittedon files in thesedirectories
can made through CVS.

Theremay be additionalsubdirectoriesneededfor somesoftware components,whosepurpose
and function will be assigned by a Software Coordinator.

8.2 LAL C omponent Documentation

EachcompletedLAL modulemustbe accompaniedby documentation.Documentationwill be
written in LaTeX format. TheLaTeX outputcanbeconvertedto PDFformat to supporton-line
viewing (through,e.g.,a web-browser)andoff-line (througha printedmanual)documentation
formats.

All documentation will have a uniform format:

1. Purpose: an overview describing the component's purpose or function.
2. Algorithms : describes the algorithms used to provide the desired functionality.
3. Ar guments: describes the input and output arguments and data formats for the component.

For each input/output argument, the domain/range should be described.
4. Operating instructions: describes how this component is called. Example code fragments

shouldbeprovided,showing theconstructionof theinputarguments,thecall, errorchecking,
and de-construction of the output arguments.

5. Options: describes all options which affect the input, output or function.
6. Accuracy: describes the guaranteed (expected?) accuracy of the results.
7. Err or conditions: describes the returned error codes, what triggers them, and the argument

statewhenanerrorexit is taken.All errorconditionswhicharetestedfor shouldbedescribed
here.

8. Tests: describesthetestsuitethataccompaniesthecomponent.All testswhichareperformed
should be documented individually. Required tests are described in Section 8.5.

9. Uses: cross-references to otherLAL routines that are used directly by this component.
10.References: Bibliographic references and cross-references to other documentation.
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8.3 Header Files

Eachcomponentsourcefile hasa correspondingheaderfile. The purposeof a headerfile is to
encapsulatelogically relatedinformationrequiredfor the useof the correspondingsub-compo-
nent.Informationnot requiredby otherroutinesusingthis componentshouldnot appearin the
header.

Headerfiles will conformto theformatin Appendix A andcontainthefollowing information,in
the order presented (Comment field with file name, author, revision, etc., as specified above);

1. Include-loop protection.
2. Includes.Thisheadermayincludeotherheaders;if so,they goimmediatelyafterinclude-loop

protection. Includes should appear in the following order:
- Standard library includes;
- LDAS includes;
- LAL i ncludes;

Includes should be double-guarded (seeAppendix B).
Header file version string (from CVS; seeAppendix B).

3. Macros. But, note that macros are deprecated.
4. Extern Constant Declarations. These should not be present unless a specific waiver has been

granted.
5. Extern Global Variables. These should also not be present unless a specific waiver has been

granted.
6. Structure, enum, union, etc., typedef.
7. Functions Declarations (i.e., prototypes).

Note: no executable code appears in a header file.

8.4 Source Files

Eachcomponentsourcefile will have a correspondingheaderfile. Thepurposeof a headerfile is
to encapsulatelogically relatedinformationrequiredfor theuseof thecorrespondingsub-compo-
nent.Headerfiles will conformto theformat in Appendix A andcontainthefollowing informa-
tion, in the order presented:

1. Prolog: an extended comment field containing summary information about the source code
module (seeAppendix B for format and contents); Source file version string (from CVS).

2. Include directives. These should be guarded and appear in the following order:
• Standard library includes;
• LDAS includes;
• LAL i ncludes.

3. Eachsourcefile mustincludeat leastits own header. Includesshouldbeguarded(seeAppen-
dix B).

4. Constants and enumerated types used only internally;
5. Type declarations (i.e., typedefs) used only internally;
6. Function macros for which a waiver has been granted.
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7. Extern global variable declarations for which a waiver has been granted;
8. Static global variables for which a waiver has been granted;
9. Static function declarations for which a waiver has been granted;
10.Function definition(s).

8.5 Component level tests

Eachcompletedtaskis accompaniedby asuiteof verificationtests.A verificationtestis meantto
evaluateacomponentto determineif it satisfiestherequirementsimposedon it. Everycomponent
will have several requirementsit must satisfy, which will be specifiedwhen the componentis
assignedto a developer. The developeris responsiblefor providing teststhat demonstratethese
requirements are met by the delivered component.

As a general rule, a test suite should involve tests from at least three categories:

• 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 legitimate;

• Outside-edgetests,whichdemonstratethattheroutinecorrectlyactson inputdatathatare
barely illegitimate.

Notethat,in thecaseof illegitimatedata,correctactioninvolvesraisingandreturningtheappro-
priate error conditions.

Thetestsuiteprovidedwith eachcomponentis meantto testjust the functioningof thatcompo-
nent.Thetestsuitedeliveredwith eachcomponentshouldnotattemptto testor diagnosethefunc-
tioning of other components.

In additionto teststhatverify thatthecomponentmeetstherequirementsspecifiedat thetime the
componentis assigned,the developer is encouragedto provide other tests that verify more
detailed aspects of the component's behavior.

Each LAL code elementwill have its own main() test programprovided by the contributor.
Includedmustbea script (in a unix shell language)which executesmain()undervariouscondi-
tionswith datasetsprovidedalongwith thecodeelement.Resultswill bereturnedin a formatted
report [format definition to be provided later]. Tests must execute and exit CLEANLY.

9 CONFIGURATION CONTR OL
LAL softwarewill bedeliveredwith makefileswhich,asa minimum,enableinstallation,compi-
lation and execution of code elements within the following environments:

• linux [Redhat 6.0 or later] on Intel hardware;
• Solaris 7 on SUN hardware.
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Eachsubdirectoryin a distribution that containssomethingto be compiledor installedshould
comewith a file Makefile.am file, from which automake will createMakefile.in, from which
configure will create a Makefile in that directory.

Makefilesshouldconformto the GNU standardsandconventions,which arefound in the GNU
documentstandards.info.

9.1 Version control

Versioncontrol of all LAL files will be coordinatedby the LSC SoftwareCoordinator. Whena
LAL moduleis assignedfor development,its directorytreewill becreatedin theCVS repository.
Theassigneddeveloper(s)will beprovidedread/writeaccessto thatpartof therepository. Addi-
tional access to other parts of the repository will be provided as needed.

TheLSC softwarecoordinatorwill assigna majorversionnumberto thedevelopedproduct,and
may assign minor numbers and branches as well. Releases will be managed by CVS tags.

See also Section 11.
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10 LIGO SOFTWARE ARCHIVES

10.1 LDAS directory structure (to be replaced)

Table 5 presents the LDAS distribution tree structure as of this writing. This structure will con-
tinue to evolve.

10.2 CDS/GDS directory structure

To be provided by CDS

Table 5: LDAS distribution dir ectory structure

root include ilwd

framecpp

general

genericAPI

ospace
..

lib genericAPI

frameAPI

metadataAPI
...

bin

macros frame

metadata

metascripts...
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10.3 CVS repository structure (to be replaced)

Table 6 presentstheCVS repositorytreestructureasof this writing. This structurewill continue
to evolve.

Table 6: CVS repository directory structure

repository cvsroot

e2e

ldas api

genericAPI so

tcl

doc

frameAPI so

tcl

doc

metadata so

tcl

doc

lib ilwd

framecpp

general

ospace so-linux

so-solaris
..

ospace

CDS/GDS
..

LSC
..
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11 RULES FOR REVISION
LL and LSC will jointly maintain both the specification forLAL software and also all associated
software libraries.

Thenumberingschemefor futurereleasesof LAL shall bea two digit numberwith thetwo digits
separated by a decimal point (.): e.g.,LAL Release “X.Y”.

Individual softwarecomponentsin thelibrary shallalsobeidentifiedby versionnumber. Thever-
sion specification for the software libraries shall also be in the form “X.Y”.

X = version number. This is incremented whenever major changes are introduced. If X is incre-
mented, Y is reset to 0.

Y = revision number. This is incremented whenever one or more of the following changes are
made: (i) software error fixes; (ii) enhancements in existing functionality; (iii) modification or
addition of structures not addressed by X above.

11.1.Requests for changes

LL and LSC will maintain a web page (address To Be Announced) for submitting requests for
changes and for providing for releases of code.

11.2.Change control

LAL software will be placed under joint configuration control by LL and LSC using UNIX/CVS.

Updates will be provided by the following basis.

a. Change requests will be reviewed jointly by LL and LSC on a regular basis.

b. Those changes which are selected for incorporation shall be assigned for implementation to
respective groups.

c. All changes will be validated and verified using a prescribed test procedure.

d. Once available, the new release will be distributed via the LL and LSC web site. All affected
documentation will be revised to show changes.

e. A history of revisions shall be maintained and made available to users.
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APPENDIX A EXAMPLE/TEMPLA TE HEADER FILE
/*-----------------------------------------------------------------------
 *
 * File Name: example.h
 *
 * Author: A. Hacker
 *
 * Revision: $Id$
 *
 *-----------------------------------------------------------------------
 *
 * NAME
 * example.h
 *
 * SYNOPSIS
 * #include "example.h"
 *
 * DESCRIPTION
 * Example header file prolog.
 *
 * DIAGNOSTICS

*/

/*
 * Header contents go here, in order specified:
 *
 * 1. Prolog (Comment field with file name, author, revision, etc., as
 *    specified above)
 * 2. include-loop protection (see below). Note the naming convention!
 */

#ifndef _EXAMPLE_H
#def ine _EXAMPLE_H

/*
 * 3. Includes. This header may include others; if so, they go immediately
 *    after include-loop protection. Includes should appear in the following
 *    order:
 *    a. Standard library includes
 *    b. LDAS includes
 *    c. LAL i ncludes
 *    Includes should be double-guarded!
 */

#ifndef _STDLIB_H
#include <stdlib.h>
#ifndef _STDLIB_H
#define _STDLIB_H
#endi f
#endif

#ifndef _ LALCONSTANTS_H
#include " LALCONSTANTS.h"
#ifndef _LALCONSTANTS_H
#define _ LALCONSTANTS_H
#endif
#endif

/*
 * 4. Header file version string (from CVS; see below). Note the string name.
 */
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static char *EXAMPLEH = "$Id$";

/*
 * 5. Macros. But, note that macros are deprecated.
 *
 * 6. Extern Constant Declarations. These should not be present unless a
 *    specific waiver has been granted.
 *
 * 7. Extern Global Variables. These should also not be present unless a
 *    specific waiver has been granted.
 *
 * 8. Structure, enum, union, etc., typedefs.
 *
 * 9. Functions Declarations (i.e., prototypes).
 */

#endif
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APPENDIX B EXAMPLE/TEMPLA TE SOURCE FILE
/*-----------------------------------------------------------------------
 *
 * File Name: example.c
 *
 * Author: J. Random Hacker
 *
 * Revision: $Id$
 *
 *-----------------------------------------------------------------------
 *
 * NAME
 * example
 *
 * SYNOPSIS
 * (void) example()
 *
 * DESCRIPTION
 * Example source file prolog.
 *
 * DIAGNOSTICS
 * (Abnormal termination conditions, error and warning codes summarized
 * here. More complete descriptions are found in documentation.)
 *
 * CALLS
 * (list of LAL,  LDAS, other non-system functions/procedures called.
 *
 * NOTES
 * (Other notes)
 *
 * -----------------------------------------------------------------------
 */

/* 1. Prolog: an extended comment field containing summary information
 *    about the source code module (see above);
 * 2. Source file version string (from CVS). Note the string name.
 */
static char *EXAMPLEC = "$Id$";
/*
 * 3. Include directives. These should be guarded and appear in the
 *    following order:
 *    a. Standard library includes;
 *    b. LDAS includes;
 *    c. LAL i ncludes.
 *    Each source file must include at least its own header. Includes should
 *    be guarded, as in
 */

#ifndef _STDLIB_H_
#include <stdlib.h>
#define _STDLIB_H_
#endif

#ifndef _MATH_H_
#include <math.h>
#define _MATH_H_
#endif

#ifndef LDASDCAPI_H
#include "LDASDCAPI.h"
#define LDASDCAPI_H
#endif
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#ifndef EXAMPLE_H
#include "example.h"
#define EXAMPLE_H
#endif

/*
 * 4. Constants, enumerated types, structures, etc., used only internally;
 * 5. Type declarations ({\em i.e.,} {\tt typedefs\/}) used only
 *    internally;
 * 6. Function macros for which a waiver has been granted;
 * 7. Extern global variable declarations for which a waiver has been
 *    granted;
 * 8. Static global variables for which a waiver has been granted;
 * 9. Static function declarations for which a waiver has been granted;
 * 9. Function definition(s).
 */
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APPENDIX C EXAMPLE/TEMPLA TE MAKEFILES
See code distribution for examples.
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