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Chapter 1

Intr oduction

1.1 Moti vation Behind JasPer

Digital imageryis usedin many of today's computersoftwareapplications.Consequently, softwaremodules
that facilitatethe handlingof suchdataareoften needed.Almost any applicationprogramthat dealswith
imagesmustaddressthe problemof imageinterchangeandimport/export. That is, a meansmustexist for
moving imagedatabetweenanapplicationandits externalenvironment.Moreover, applicationsmustoften
becapableof renderinganimagefor displayonaparticularoutputdevice (suchasamonitoror printer)with
reasonablyaccuratecolor/tonereproduction.

Althoughimageimport/export andrenderingarevery basicfunctionalities,they areoftennot easilyim-
plemented.Usually, an imageis representedin a codedformat (suchasJPEG-2000JP2[8] or JPEG[2]).
Sincecodingformatsarefrequentlyquitecomplex, the import/export of imagedatacanbea dauntingtask.
Renderinganimagein suchawayasto accuratelyreproducecolor/tonerequiresacolormanagementscheme
of somesort. Unfortunately, developinganeffective color managementenginecanrequireconsiderableef-
fort.

A searchfor asolutionto theaboveproblemsled to thedevelopmentof theJasPersoftware.Theremain-
derof thisdocumentprovidesadetaileddescriptionof thethissoftware.

1.2 What is JasPer?

In simpleterms,JasPeris a softwaretool kit for thehandlingof imagedata.Thesoftwareprovidesa means
for representingimages,andfacilitatesthemanipulationof imagedata,aswell astheimport/export of such
datain numerousformats(e.g.,JPEG-2000JP2[8], JPEG[2], PNM [4], BMP [12], SunRaster�le [13], and
PGX [9]). Theimport functionalitysupportstheauto-detection(i.e., automaticdetermination)of the image
format,eliminatingtheneedto explicitly identify theformatof codedinputdata.A simplecolormanagement
engineis alsoprovidedin orderto allow theaccuraterepresentationof color. Partial supportis includedfor
theICC colorpro�le �le format[7], anindustrystandardfor specifyingcolor.

TheJasPersoftwareconsistsof a library andseveralapplicationprograms.Thecodeis written in theC
programminglanguage[3,11]. This languagewaschosenprimarily dueto theavailability of C development
environmentsfor mostof today's computingplatforms. At present,JasPerconsistsof approximately40K
linesof code.Althoughwritten in C, theJasPerlibrary canbeeasilyintegratedinto applicationswritten in
theC++ programminglanguageaswell.
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1.3 SoftwareLicense

JasPersoftwaredevelopmentis basedonanopen-sourcemodel.A copy of thesoftwarelicensecanbefound
in AppendixA.

1.4 Other Sourcesof Inf ormation on JasPer

For moreinformationabouttheJasPersoftware,pleasevisit thefollowing webpages:

� JasPerProjectHomePage(i.e., http://www.ece.uvic.ca/˜mdadams/jasper )

� JasPerSoftwareAnnouncementsGroup(i.e.,http://groups.yahoo.com/group/jasper- announce )

By joining thisgroup,onecaneasilyobtainup-to-dateinformationabouttheJasPerProjectin a timely
fashion.Theassociatedmailing list is usedto announcenew releasesof thesoftwareanddisseminate
otherimportantinformationaboutJasPer.

� JasPerSoftwareDiscussionGroup(i.e., http://groups.yahoo.com/group/jasper- discussion ).

For moreinformationabouttheJasPersoftwareandJPEG-2000standard,thereaderis referredto [6,5].

1.5 Origin of the Name

TheJasPersoftwareis named,in part,afterJasperNationalPark, the largestnationalpark in theCanadian
Rockieswith 10,878squarekilometresof mountainwilderness.As it happens,jasperis alsothenameof an
opaquecryptocrystallinevarietyof quartzusedfor ornamentationor asa gemstone—hence,theimplication
that the software is precious(i.e., like a gemstone).Lastly, the name“jasper” wasalsochosenbecauseit
containsa letter“J” followedsubsequentlyby a letter“P”, notunlike theabbreviation “JP” thatis associated
with theJPEG-2000standard.

http://www.ece.uvic.ca/~mdadams/jasper
http://groups.yahoo.com/group/jasper-announce
http://groups.yahoo.com/group/jasper-discussion
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Chapter 2

JasPer Software

2.1 Version Identi�cation

As theJasPersoftwarecontinuesto evolve over time, it is importantto beableto identify particularreleases
of thesoftware.Every releaseof theJasPersoftwareis namedby a versionidenti�er. A versionidenti�er is
comprisedof threeintegersseparatedby dots.In order, thethreeintegerscorrespondto themajor, minor, and
microversionnumbersfor thesoftware.For example,theversionidenti�er “1.500.0”correspondsto amajor
versionof 1, a minor versionof 500,anda micro versionof 0. In instanceswherethemicro versionis zero,
the versionidenti�er may be truncatedafter the minor versionnumber. For example,the versionidenti�er
“1.500” is completelyvalid andsimplyanabbreviation for “1.500.0”.

Given two differentreleasesof theJasPersoftware,onecaneasilydeterminewhich oneis morerecent
by comparingthe versionidenti�ers, as follows: 1) if the major versionnumbersdiffer, the releasewith
thehighermajorversionnumberis newer; 2) if themajorversionnumbersareequalandtheminor version
numbersdiffer, thereleasewith thehigherminorversionnumberis newer;or 3) if themajorversionnumbers
areequalandtheminorversionnumbersareequal,thereleasewith thehighermicroversionis newer.

2.2 Obtaining the Software

Thelatestversionof theJasPersoftwarecanbedownloadedfrom thefollowing locations:

� JasPerProjectHomePage(i.e., http://www.ece.uvic.ca/˜mdadams/jasper )

� JPEGWebSiteSoftwarePage(i.e., http://www.jpeg.org/software )

2.3 Extracting the Software

The JasPersoftware is distributed in the form of a Zip �le. Therefore,in order to extract the contentsof
this �le, a programcapableof handlingZip archivesis required.Suchsoftwareis readilyavailablefor many
differentcomputingplatforms,andcanbeobtainedfrom:

� Info-Zip WebSite(i.e., http://www.info- zip.org ). Unzip softwarefor many differentcomputing
platforms(e.g.,UNIX, DOS,MacOS,etc.).

� WinZip WebSite(i.e.,http://www.winzip.com ). Zip/Unzipsoftwarefor MicrosoftWindows.

http://www.ece.uvic.ca/~mdadams/jasper
http://www.jpeg.org/software
http://www.info-zip.org
http://www.winzip.com
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2.4 Building the Software

Obviously, beforethesoftwarecanbebuilt, thecontentsof thearchive �le containingtheJasPerdistribution
mustbeextracted.

TheJasPercodeshouldcompileandrun on any platformwith a C languageimplementationconforming
to ISO/IEC9899:1999[3] (i.e., theISOC languagestandard)andsupportingasubsetof ISO/IEC9945-1[1]
(i.e., thePOSIXC API). Only limited POSIXsupportis required(i.e., theopen,close,read,write, andlseek
functionsmustbesupported).

Portability was a major considerationduring the designof the JasPersoftware. For this reason,the
softwaremakesminimalassumptionsabouttheruntimeenvironment.Thecodeusesvery little �oating-point
arithmetic,mostof which canbe attributed to �oating-point conversionsin printf's. This minimal useof
�oating-point arithmeticshouldmake thecodemucheasierto port to platformslackinghardwaresupportfor
�oating-point arithmetic.

The speci�c procedurerequiredto build the JasPersoftwaredependson the type of systeminvolved.
Only two differentbuild methodsaresupported.The �rst methodis basedon thewell known make utility
andshouldwork on mostUNIX (or UNIX-lik e) systems.Thesecondmethodis speci�cally tailoredto the
needsof Microsoft Visual C underMicrosoft Windows. In passing,we note that by using free software
suchasCygwin (http://www.cygwin.com ), onecanalsocreatea UNIX-lik e environmentunderMicrosoft
Windows in which to build JasPerusingthe�rst method.

If you areunfortunateenoughto have a compiler that is not compliantwith ISO/IEC 9899:1999,you
may needto make somechangesto the code. Unfortunately, even someof the mostpopularC language
implementationsdonotstrictly complywith thestandard.Onesuchexampleis MicrosoftVisualC 6.0. Due
to the popularityof Visual C, however, several workaroundshave beenaddedto the JasPercodeto ensure
thatit will compilesuccessfullywith VisualC.

Thecurrentversionof theJasPersoftwareis known to compilein thefollowing environments:

� RedHatLinux 7.3,GNU C 2.96,GNU Make3.79.1

� SunOS/SPARC 5.7,GNU C 2.95,SunOSmake

� Windows 2000Professional,MicrosoftVisualC 6.0

Of course,thesoftwareshouldcompilesuccessfullyin many otherenvironmentsaswell. For example,past
versionsof JasPerhave beenreportedto build successfullyin thefollowing environments:

� AppleMacintoshPPCG3,Rhapsody5.6,GNU C 2.7.2.1

� PowerMacintosh,GNU/Linux 2.2.15pre9,GNU C 2.95.2

� SunSPARC, Solaris2.7,GNU C 2.95.2

� Compaq/DECAlpha,OSF/14.0F, GNU C 2.95.2

� IBM PowerPC,AIX 4.2,GNU C 2.95.2

� HP9000/712,HP-UX 10.20,GNU C 2.95.2

� SGIOrigin 200,IRIX 6.5,GNU C 2.95.2

� OpenVMSAlpha7.2-1with CompaqC compilerV6.2-008(aftercreatingcustommake�les)

http://www.cygwin.com
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2.4.1 Build Processfor UNIX (or UNIX-Lik e)Systems

The JasPersoftware is intendedto be built using the standardUNIX make utility (in conjunctionwith a
con�gure script).

If you needa C compiler that is reasonablycompliantwith the ISO/IEC 9899:1999standard,you can
obtainGNU C from theGNU Projectwebsite(i.e., http://www.gnu.org ). If you needanimplementation
of themakeutility, youcanalsoobtainGNU Make from thetheGNU Projectwebsite.All GNU softwareis
freesoftware.

In what follows, $TOPDIR denotesthe top level directoryof the JasPersoftware distribution (i.e., the
directorycontainingthe �le namedconfigure ). To build thesoftware,the following stepsarerequired(in
order):

1. Setthecurrentworkingdirectoryto thetop leveldirectoryof theJasPer softwaredistribution.

To setthecurrentworkingdirectoryasrequired,type:

cd $TOPDIR

(where$TOPDIR is de�ned asdescribedearlierin this section).

2. Performtheinitial con�gurationof thesoftware.

This is accomplishedby runningthecon�gure script.Thisprocessallows importantinformationabout
thesystemcon�gurationto bedetermined.Thecon�gurescriptalsogeneratesmake�les from make�le
templates.In theory, it shouldnotbenecessaryto manuallyeditany of themake�le templates(i.e., the
Make�le.in �les) usedby thecon�gure program.To invoke thecon�gure program,type:

./configure

Thecon�gurescriptacceptsanumberof options.Theseoptionscanbelistedby invokingthecon�gure
commandwith the - - help option. Unlessyou know what you are doing (or have problemswith
the default build settings),it is strongly recommendedthat you not override the default settingsfor
con�gure.

In somecases,it maybenecessaryto explicitly disabletheuseof theIJG JPEGlibrary (i.e., libjpeg).
This is accomplishedby supplyingthe - - disable- libjpeg option to con�gure. For example,such
actionmay be requiredif the versionof the JPEGlibrary installedon your systemis not compatible
with theversionof JasPerbeingbuilt. Also, whenbuilding undertheCygwin environment,it maybe
neccessaryto explicitly disabletheuseof theJPEGlibrary.

In somesituations,it maybenecessaryto explicitly disabletheuseof theOpenGLlibraries. This is
accomplishedby supplyingthe- - disable- opengl optionto con�gure.

3. Compileandlink thesoftware.

This is accomplishedvia themakecommand.To run themakeprogram,type:

make

4. Install thesoftware.

This stepmayrequirespecial(e.g.,superuser/administrator)privilegesdependingon thetargetdirec-
tory for installation. (Thedefault installationdirectoriesarenormallyunder/usr/local .) To install
theexecutables,libraries,include�les, andotherauxiliarydata,type:

make install

Presumingthatthebuild wassuccessful,theexecutablesfor theJasPerapplicationprogramscanbefoundin
thedirectory$TOPDIR/src/appl .

http://www.gnu.org
$TOPDIR
configure
$TOPDIR
$TOPDIR
./configure
--help
--disable-libjpeg
--disable-opengl
make
/usr/local
$TOPDIR/src/appl
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2.4.2 Build Processfor Micr osoftVisual C Studio under Micr osoftWindows

With Microsoft VisualC, theentirebuild processis drivenfrom workspaceandproject�les. For thesake of
convenience,all of theworkspaceandproject�les necessaryto build theJasPersoftwareareprovided.

In what follows, $TOPDIR denotesthe top level directoryof the JasPersoftware distribution (i.e., the
directorycontainingthe �le namedconfigure ). To build thesoftware,the following stepsarerequired(in
order):

1. If necessary, install theOpenGLandGLUT librariesonyoursystem.

Theselibrariesarerequiredin orderto build thejiv applicationprogramwhichis includedin theJasPer
software.TheJasPerlibrary itself andtheotherapplicationprogramsincludedwith JasPercanbebuilt
without theOpenGLandGLUT libraries,however.

2. RunMicrosoftVisualC.

3. OpentheJasPer workspace�le .

TheJasPerworkspace�le is calledjasper.dsw andcanbefoundin thedirectory$TOPDIR/src/msvc .
Theworkspace�le canbeopenedusingthe“File” menu.

4. Build thecode.

Fromthe“Build Menu”, selectthe“Batch Build” item. Choosetheprojects/con�gurationsthatareto
be built, andthen,click on the “Build” button. If you do not have the OpenGLandGLUT libraries
(and their associatedheader�les) installedon your system,you shouldnot attemptto build the jiv
application.

Presumingthatthebuild wassuccessful,thereleaseanddebugversionsof theexecutablesfor theJasPersoft-
warecanbefoundin thedirectories$TOPDIR/src/msvc/Win32_Release and$TOPDIR/src/msvc/Win32_Debug ,
respectively.

2.4.3 Dependencieson Other Software

In orderto haveaccessto thefull functionalityof theJasPersofware,youmayneedto installsomeadditional
softwareonyoursystem.Thissoftwaremustbeinstalledbeforeyouattemptto build JasPer.

In orderto compiletheJasPersoftwarewith JPEGsupport,youwill needto downloadandinstall thefree
IJGJPEGlibrary which is availablefrom theIJGwebsite(i.e., http://www.ijg.org ). If youarenotusing
a con�gure-basedbuild for JasPer, thenyou will needto manuallychangethebuild processto usethecode
in the�les jpg_enc.c andjpg_dec.c insteadof jpg_dummy.c . (Note:Thesethree�les arecontainedin the
JasPerdistribution,not theIJG library.)

In order to build the jiv application,you will needthe OpenGLandGLUT libraries installedon your
system. It would appearthat Windows 2000 and Windows XP ship with the OpenGLlibrary from Mi-
crosoft. Most recentversionsof UNIX ship with OpenGLsupportincluded. The GLUT library is less
commonand,therefore,may not be installedon your system. To obtainthe GLUT library, onecanvisit:
http://www.opengl.org/developers/documentation/glut . For moreinformationon the OpenGLli-
brary, see:http://www.opengl.org .

At thetime of this writing, a binarydistribution of theGLUT library for Windows is availablefrom the
OpenGLwebsite:

http://www.opengl.org/developers/documentation/glut/glutdlls 37beta .zi p

This archive �le containsthree �les of interest: 1) glut.h , 2) glut32.lib , and 3) glut32.dll . The
�le glut.h �le shouldbe installedin a directory in which the C compilersearchesfor header�les (e.g.,

$TOPDIR
configure
jasper.dsw
$TOPDIR/src/msvc
$TOPDIR/src/msvc/Win32_Release
$TOPDIR/src/msvc/Win32_Debug
http://www.ijg.org
jpg_enc.c
jpg_dec.c
jpg_dummy.c
http://www.opengl.org/developers/documentation/glut
http://www.opengl.org
http://www.opengl.org/developers/documentation/glut/glutdlls37beta.zip
glut.h
glut32.lib
glut32.dll
glut.h
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$TOPDIR/src/include/jasper ). The glut32.lib �le shouldbe installedin a directory in which the C
compilersearchesfor libraries. The glut32.dll �le shouldbe installedin a directoryin which thesystem
looksfor dynamically-linkedlibraries.

2.5 Reporting Bugs

If you are unfortunateenoughto encounterany problemswith the JasPersoftware, pleasesubmit a bug
report.In orderto ensurethatyourbug reportcanbeproperlyprocessed,alwaysbesureto includeall of the
following information:

� Theversionof JasPerin which theproblemwasfound.

� Thedetailsof therun-timesystem(i.e.,operatingsystem,versionnumber).

� Thecompilerthatyouareusing(i.e.,vendor, versionnumber).

� Theexactcommandline optionsusedwhentheproblemwasobserved.

� Indicatewhetheror not theproblemis reproducible.If theproblemis reproducible,indicatetheexact
stepsrequiredto reproducetheproblem.

� A detaileddescriptionof theproblemthatyouareexperiencing.

It is essentialthat you include all of the above information. Failureto do somayresultin thebug report
notbeingprocessed.Yourcompletebug reportshouldbesentto mdadams@ieee.org .

$TOPDIR/src/include/jasper
glut32.lib
glut32.dll
mdadams@ieee.org
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Chapter 3

JasPer Library

3.1 Intr oduction

Theheartof theJasPersoftwareis theJasPerlibrary. In fact,mostof thecodein JasPeris associatedwith
this library (asopposedto theJasPersampleapplicationprograms).TheJasPerlibrary providesclassesfor
representingimages,color pro�les (i.e., color spacede�nitions), andother relatedentities. Eachof these
classeshasawell-de�ned interfacethroughwhichanapplicationmayinteractwith classobjects.Thelibrary
canbeusedto manipulateimages,import/export imagedatain a varietyof formats,andperformbasiccolor
managementoperations.

Conceptually, the JasPerlibrary is structuredasshown in Fig. 3.1. The library consistsof two distinct
typesof code:1) corecode,and2) codecdrivers.Thecorecodeprovidesthebasicframework uponwhichthe
library is built, while thecodecdriversonly provide themeansfor encoding/decodingimagedatain various
formats.All applicationinterfacesarethroughthecorecode.Thecodecdriversareonly ever directly called
by thecorecode,never by anapplication.

Thecodecsupportin theJasPerlibrary is bothmodularandextensible.A well-de�ned interfaceexists
betweenthe corecodeandcodecdrivers. Moreover, supportfor a new imageformat canbe easilyadded
withouthaving to modify thelibrary in any way. To doso,acodecdriver for thenew formatsimplyneedsto
beprovided. Furthermore,anapplicationneedonly includecodecdriversfor the imageformatsthat it will
use. In this way, anapplicationcanavoid thecostof increasedmemoryconsumptionfor codecdriversthat
arenever to beemployed.

Base Library
(Image Class)

Application Program

Codec Drivers
(JPEG 2000, JPEG, BMP, PNM, etc.)

JasPer Library

Figure3.1: Softwarestructure.
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3.2 CoreCode

Thecorecodeprovidesa numberof key classesasdescribedbelow. (To avoid namespacecollisions,all of
theidenti�ers usedby thecorecodearepre�xedwith eitherjas_ or JAS_.)

1. Imageclass(i.e., jas_image_t ). This classis usedto representan image. Methodsare provided
for suchthingsas: imagecreation/destruction,queryinggeneralimageproperties(e.g.,referencegrid
width andheight,color pro�le), queryingcomponentproperties(e.g.,width, height,grid offset,grid
spacing,componenttype,sampleprecision/signedness),settingvariousimageproperties,loadingand
saving an image(i.e., encoding/decoding),copying an image,addinganddeletingcomponents,and
readingandwriting componentdata.

2. Colorpro�le class(i.e., jas_cmprof_t ). Thisclassis usedto de�ne acolorspace.Suchade�nition is
maderelative to a referencecolor spacesuchasCIE XYZ or CIE Lab [7].

3. Color transformclass(i.e., jas_cmxform_t ). This classis usedto applya color spaceconversionto
imagedata.A color spacetransformis createdfrom two or morecolorpro�les.

4. Streamclass(i.e., jas_stream_t ). This classprovidesI/O streamssimilar to that of standardC li-
brary [3], but with additionalfunctionality requiredby othercodein the JasPerlibrary. This extra
functionality includes:1) the ability to associatean objectotherthana �le descriptorwith a stream
(suchasamemorybuffer), and2) multi-characterunget.

5. Fixed-pointnumberclass.This templatedclass(i.e., a setof macros)providesa �x ed-pointnumber
class.Supportis providedfor basicarithmeticoperations,typeconversion,androunding.

6. Tag-valueparserclass(i.e., jas_tvp_t ). This classis usedto parsestringscontainingoneor more
tag-value pairs. A tag-value pair is a string of the form “tag=value”. Tag-value pairs are usedby
someinterfaceswithin JasPerin orderto passparameters.For example,suchpairsareusedto pass
optionsto codecdriversfor encoding/decodingoperations.Methodsareprovidesfor suchthingsas:
creation/destruction,�nding thenext tag-valuepair in astring,andqueryingthecurrenttagandvalue.

In additionto theabove classes,someotherfunctionality is provided, includingcommandline parsingrou-
tines(similar in spirit to UNIX getopt ).

3.3 CodecDri vers

The core codeprovides a framework for housingcodecdrivers. A codecdriver provides the meansfor
encoding/decodingof imagedatain aparticularformat.Eachdriverprovidesthreemethods:1) anencoding,
2) decoding,and3) validationmethod. The encodingmethodemitsthe codedversionof an image(i.e., a
jas_image_t object)to astream(i.e.,a jas_stream_t object).Thedecodingmethodcreatesanimage(i.e.,
a jas_image_t object)from thecodeddatain a stream.Thevalidationmethodis usedto quickly testif the
datain a streamis formattedcorrectlyfor the imageformat in question.This particularmethodis usedfor
theautodetectionof imageformats.

The codecdriversprovided with the JasPerdistribution arewritten in order to accommodatestreamed
data. In otherwords, imagedatastreamsarealwaysprocessedin a singlepass. This designphilosophy
eliminatestheneedfor astreamobjectto beseekable.As aresult,it is possibleto write applicationprograms
thatreceive datafrom, or senddatato, pipelinesor otherentitiesthatdonotsupportrandomaccessto data.
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...

Component 0

Component N�1
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Figure3.2: Imagemodel.(a)An imagewith N components.(b) Individual component.

3.4 ImageModel

The setof applicationsfor which JasPermay be a usefultool is dictated,in part, by the imagemodelthat
JasPeremploys. Therefore,it is prudentto introducethis modelhere.Theimagemodelemployedby JasPer
is quitegeneralandpartially inspiredby theoneusedin theJPEG-2000standard.

An imageis comprisedof oneor morecomponents.In turn,eachcomponentconsistsof rectangulararray
of samples.This structureis depictedin Fig. 3.2. Thesamplevaluesfor eachcomponentareintegervalued,
andcanbe signedor unsignedwith precisionfrom 1 to (nominally) 16 bits/sample1. The signednessand
precisionof thesampledataarespeci�edonper-componentbasis.All of thecomponentsareassociatedwith
samespatialextentin animage,but representdifferenttypesof information.

Thereis considerable�e xibility in theinterpretationof components.A componentmayrepresentspectral
information(e.g.,acolorplane)or auxiliary information(e.g.,anopacityplane).For example,aRGBimage
wouldhavethreecomponents,whereonecomponentis associatedwith eachof thered,green,andbluecolor
planes.A RGBA (i.e.,RGBwith transparency) imagewouldhavefour components,oneassociatedwith each
of thered,green,blue,andalphaplanes.Thevariouscomponentsneednotbesampledatthesameresolution.
In otherwords,differentcomponentsmayhave differentsamplingperiods.For example,whencolor images
arerepresentedin a luminance-chrominancecolor space,it is not uncommonfor theluminanceinformation
to bemore�nely sampledthanthechrominanceinformation.

Sinceanimagecanhave a numberof components,a meansmustexist for specifyinghow thesecompo-
nentsarecombinedtogetherin orderto form a compositeimage. For this purpose,we employ an integer
latticeknown asthereferencegrid. Thereferencegrid providesananchorpoint for thevariouscomponents
of animage,andestablishestheiralignmentrelative to oneanother.

Eachcomponentis associatedwith a rectangularsamplinggrid. Sucha grid is uniquelyspeci�ed by
four parameters:thehorizontaloffset(HO), verticaloffset(VO), horizontalspacing(HS),andverticalspac-
ing (VS). Thesamplesof a componentarethenmappedonto thepointswherethesamplinggrid intersects
thereferencegrid. In thisway, sample(i; j) of acomponentis mappedto theposition(HO+ iHS;VO+ jVS)
on thereferencegrid.

To clarify the above text, we now presentan illustrative example. Consideran imagewith threecom-
ponents.For thekth component,let usdenotethehorizontalgrid offset,verticalgrid offset,horizontalgrid

1The maximumallowableprecisionis platform dependent.Most commonplatforms,however, shouldbe ableto accommodateat
least16bits/sample.
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(0,0)

Component 0

Component 1

Component 2

Figure3.3: Alignmentof componentson thereferencegrid.

spacing,andvertical grid spacing,asHOk, VOk, HSk, andVSk, respectively. Suppose,for example,that
theseparametershave thefollowing values:

k (HOk;VOk) (HSk;VSk)
0 (0, 0) (2, 2)
1 (2, 3) (3, 4)
2 (3, 2) (4, 3)

In this scenario,the componentsampleswould be alignedon the referencegrid as illustratedin Fig. 3.3.
Perhaps,it is worthnothingthattheabovesetof parametervalueswaschosenin orderto provideanenlight-
eningexample,andis not meantto representa setof valuesthat is likely to beusedwith greatfrequency by
applications.

From above, we can seethat the imagemodel usedby JasPeris quite general. The main constraint
imposedby this model is that rectangularsamplingmustbe employed. The vastmajority of applications,
however, usesuchsampling. Also, with JasPer, onecaneasilyaccommodategrayscale,color, andother
multi-banddata(with or withoutopacityinformation).

3.5 JasPer HeaderFiles

In orderto usetheJasPerlibrary, a C source�le normallymustincludethemainJasPerlibrary header�le
jasper/jasper.h . Thiscanbeaccomplishedwith thefollowing preprocessordirective:

#include <jasper/jasper.h>

Themainheader�le includesall of theotherlibrary header�les. Therefore,in orderto insulateapplication
codefrom possiblechangesto thenamesof theotherlibrary header�les, oneshouldonly ever includethe
mainlibrary headerdirectly.

3.6 Initializing the Library

The �rst usageof the library mustalwaysbe to initialize it. This is accomplishedby calling jas_init . If
any otherfunctionalityof the library is usedbeforethis initialization is performed,theresultingbehavior is
unde�ned.

jasper/jasper.h
<jasper/jasper.h>
jas_init
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3.7 Memory Allocation

All memoryallocationin the libjasperlibrary is performedvia the functionsjas_malloc , jas_realloc ,
jas_calloc , andjas_free . If oneis trying to port theJasPercodeto anembeddedplatform, it might be
necessaryto changethesefunctionsto usea platform-speci�c memoryallocator, ratherthan malloc and
friends.

3.8 Adding Support for a NewImageFormat

Supportfor new imageformatscanbeeasilyaddedto JasPer. In orderto addsupportfor anew imageformat,
onemustprovide threefunctions:

1. anencodingfunction,

2. adecodingfunction,and

3. avalidationfunction.

Theencodingfunctionemitsthecodedversionof an image(i.e., an jas_image_t object)to a stream(i.e.,
a jas_stream_t object). The decodingfunction createsan image(i.e., an jas_image_t object) from the
codeddatain a stream(i.e., a jas_stream_t object). The validationfunction is usedto quickly test if a
datastreamis formattedcorrectlyfor the imageformat in question.(This functionality is necessaryfor the
autodetectionof imageformats.)

Theexact typesandargumentstakenby theencoding,decoding,andvalidationfunctionscanbe found
by examiningthecodefor theimageformatsalreadysupportedby JasPer(e.g.,PNM,BMP, JPEG).Oncethe
above functionshave beenwritten, theJasPerlibrary canbemadeawareof thenew imageformatthrougha
call to jas_image_addfmt . This call, of course,mustbemadeafter theJasPerlibrary hasbeeninitialized.
Thecodefor the jas_init functiongivesseveralexamplesof how the jas_image_addfmt functionmight
beinvoked.

jas_malloc
jas_realloc
jas_calloc
jas_free
malloc
jas_image_t
jas_stream_t
jas_image_t
jas_stream_t
jas_image_addfmt
jas_init
jas_image_addfmt


14 CHAPTER 3. JASPERLIBRAR Y



15

Chapter 4

Application Programs

4.1 Intr oduction

In orderto demonstratehow theJasPerlibrary canbeused,severalsampleapplicationprogramsareprovided
in the JasPersoftware distribution. Theseprogramsinclude: jasper , jiv , imgcmp, and imginfo . The
jasper programis an imagetranscoder(i.e., it convertsimagedatafrom oneformat to another).The jiv
programis a simpleimageviewer (basedon OpenGL).Theimgcmp programis animagecomparisonutility.
It measuresthedifferencebetweentwo imagesusingoneof numerousdistortionmetrics(suchaspeaksignal-
to-noiseratio, meansquarederror, root meansquarederror, peakabsoluteerror, andmeanabsoluteerror).
The imginfo programprovides basicinformation aboutan image,suchas its geometry(i.e., numberof
components,width and height of components,and so on). Although the above-mentionedprogramsare
intendedmainly for demonstrationpurposes,they havealsoprovenquiteusefulin theirown right, especially
thejasper andjiv programs.In thesectionsthatfollow, eachof theabove-mentionedprogramsis described
in moredetail.

4.2 The jasper Command

Synopsis

jasper [options]

Description

Thejaspercommandconvertsimagedatafrom oneformatto another. In otherwords,thiscommandfunctions
asageneral-purposetranscoder. SincetheJPEG-2000formatis supportedby thissoftware,it canbeusedas
aJPEG-2000encoderand/ordecoder.

Options

Thejasperprogramacceptsthefollowing options:

- - help
Printusageinformationandexit.

- - version
Print theversionandexit.

jasper
--help
--version
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- - input �le
- f �le
Readtheinput imagefrom the�le named�le . By default, theinput imageis readfrom standardinput.

- - input- format format
- t format
Specify the format of the input imageas format. In mostcircumstances,this option shouldnot be
needed,astheformatis normallyautodetectedby examiningtheimagedatadirectly or deducedfrom
theinput �le nameextensionif aninput �le is speci�ed(via the- - input option).

- - input- option option
- o option
Provide theoptionoptionto thedecoder. Thevalid valuesfor theargumentoptionaredeterminedby
theinput imageformat.Seebelow for moredetails.

- - output �le
- F �le
Write theencodedimageto the �le named�le . By default, theencodedimageis written to standard
output.

- - output- format format
- T format
Producethe outputimagein the format indicatedby format. The outputformat mustbe speci�ed if
anoutput�le is not given(via the”–output” option). If anoutput�le is givenandno outputformat is
speci�ed,anattemptwill bemadeto deducethecorrectformatfrom theoutput�le nameextension.

- - output- option option
- Ooption
Provide theoptionoptionto theencoder. Thevalid valuesfor theargumentoptionaredeterminedby
theoutputformat.Seebelow for moredetails.

- - verbose
Enableverbosemode.

- - force- srgb
Forcethe imageto be convertedto the sRGBcolor spacebeforeencoding.As a sideeffect, the im-
agewill alsobe homogenouslysampled(i.e., all componentsaresampledat the samepointson the
referencegrid).

Theargumentformatmusthaveoneof thefollowing values:

Value Description
bmp Windows BMP
jp2 JPEG-2000JP2
jpc JPEG-2000CodeStream
jpg JPEG
pgx PGX
pnm PNM/PGM/PPM
mif My ImageFormat
ras SunRaster�le

--input
-f
--input-format
-t
--input
--input-option
-o
--output
-F
--output-format
-T
--output-option
-O
--verbose
--force-srgb
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Examples

1. Supposethatwe have animagestoredin thePNM/PPMformat in a �le calledlena.ppm . To encode
this image(losslessly)in the JPEG-2000JP2format, andstorethe result in a �le called lena.jp2 ,
type:

jasper --input lena.ppm --output lena.jp2 --output-format jp2

Or, alternately(usingshortoptionnames),type:

jasper -f lena.ppm -F lena.jp2 -T jp2

2. SupposethatwehaveaRGBcolorimagestoredin theJPEG-2000JP2formatin a�le calledlena.jp2 .
To encodethis imagein thePNM/PPMformat,andstoretheresultin a �le calledlena.ppm , type:

jasper --input lena.jp2 --output lena.ppm --output-format pnm

Or, alternately(usingshortoptionnames),type:

jasper -f lena.jp2 -F lena.ppm -T pnm

3. Supposethat we have an imagestoredin the BMP format in a �le called lena.bmp . To encodethis
imagein a lossymannerat 100:1compressionin theJPEG-2000(codestream)format,andstorethe
resultin a �le calledlena_lossy.jpc , type:

jasper -f lena.bmp -F lena_lossy.jpc -T jpc -O rate=0.01

4. Supposethatwe have an imagestoredin a �le calledsachie.pnm in thePNM/PPMformat,andwe
want to encodethe imagein theJPEG-2000(codestream)formatandstoretheresultin a �le named
sachie_new.jpc . Further, supposethat we want the JPEG-2000format to employ the following
parameters:

� codeblocksare64samplesin width and32samplesin height

� nomulticomponenttransformis to beemployed

� 4 resolutionlevelsshouldbeemployedfor eachcomponent

� thecompressionis lossyat64:1

In orderto accomplishtheabove, type:

jasper -f sachie.pnm -F sachie_new.jpc -T jpc -O cblkwidth=64 -O cblkheight=32
-O nomct -O numrlvls=4 -O rate=0.015625

4.3 The imgcmp Command

Synopsis

imgcmp [options]

Description

Theimgcmpcommandcomparestwo images.Thetwo imagesbeingcomparedmusthavethesamegeometry
(i.e., thesamewidth, height,numberof components,componentsubsamplingfactors,etc.).

lena.ppm
lena.jp2
lena.jp2
lena.ppm
lena.bmp
lena_lossy.jpc
lena_lossy.jpc
sachie.pnm
sachie_new.jpc
sachie_new.jpc
imgcmp
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Options

Thefollowing optionsaresupported:

- f �le
Readtheprimary(i.e., reference)image(for comparisonpurposes)from the�le named�le .

- F �le
Readthesecondaryimage(for comparisonpurposes)from the�le named�le .

- mmetric
Usethedifferencemetricspeci�edby metric. Themetricargumentmayassumeoneof thefollowing
values:

Value Description
psnr peaksignalto noiseratio (PSNR)
mse meansquarederror(MSE)
rmse rootmeansquarederror(RMSE)
pae peakabsoluteerror(PAE)
mae meanabsoluteerror(MAE)
equal equality

The- f and- F optionsmustalwaysbespeci�ed. Thereis currentlyno way to explicitly specifytheformat
of theimages.If theformatof eitherimagecannotbeautodetected,thecommandwill exit with anerror.

Examples

1. Supposethat we have two slightly differentversionsof an imagestoredin �les original.pgm and
reconstructed.pgm . In orderto calculatethedifferencebetweentheseimagesusingthePSNRmet-
ric, type:

imgcmp -f original.pgm -F reconstructed.pgm -m psnr

4.4 The imginfo Command

Synopsis

imginfo [options]

Description

The imginfo commanddisplaysinformationaboutan image. This commandis really only intendedto be
usedfrom shellscriptsfor testingpurposes.

4.5 The ji v Command

Synopsis

jiv [options][�le1 �le2 : : :]

-f
-F
-m
-f
-F
original.pgm
reconstructed.pgm
imginfo
jiv


4.5. THE JIV COMMAND 19

Description

The jiv commanddisplaysan image. Basic pan and zoom functionality is provided. Componentsof an
imagemaybeviewedindividually. Colorcomponentsmayalsobeviewedtogetherasacompositeimage.At
present,thejiv imageviewer hasonly trivial supportfor color. It recognizesRGB andYCbCr color spaces,
but doesnotusetonereproductioncurvesandthelikein orderto accuratelyreproducecolor. For basictesting
purposes,however, thecolor reproductionshouldsuf�ce.

Options

Thefollowing optionsaresupported:

- - help
Printhelpinformationandexit.

- - wait n
Automaticallystepfrom oneimageto thenext, pausingfor n secondsin between.

--help
--wait
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Chapter 5

Codecs

TheJasPersoftwareprovidesimplementationsof several popularcodecs.Likely, theonesof mostinterest
arethoseassociatedwith the JPEG-2000standard.The sectionsthat follow describethe variouscodecsin
moredetail.

5.0.1 BMP Codec

Oneof themostpopularimageformatson theMicrosoftWindowsplatformis Microsoft'sBMP format.The
BMP codecin JasPerwaswritten without thebene�t of theBMP formatspeci�cationfrom Microsoft. This
meansthattheBMP supportwill inevitably notwork correctlyfor all valid BMP �les.

EncoderOptions

Theencoderdoesnotsupportany specialoptions.

DecoderOptions

Thedecoderdoesnotsupportany specialoptions.

5.0.2 JP2Codec

Oneof thetwo imageformatsspeci�ed in theJPEG-2000Part-1standard(i.e., ISO/IEC15444-1[8]) is the
socalled“JP2” format.

EncoderOptions

Theencodersupportsall of thesameoptionsastheJPCencoder.

DecoderOptions

Thedecodersupportsall of thesameoptionsastheJPCdecoder.

5.0.3 JPC Codec

Oneof thetwo imageformatsspeci�ed in theJPEG-2000Part-1standard(i.e., ISO/IEC15444-1[8]) is the
socalledJPEG-2000codestreamformat.TheJPCcodecin JasPerimplementsthis format.
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Thedesignof theJPEG-2000codecimplementationwasdrivenby severalkey concerns:executionspeed,
memoryusage,robustness,portability, modularity, maintainability, andextensibility. In somecases,how-
ever, duringthedesignprocess,modularity, portability, andunderstandabilityof thecodewereweighedmore
heavily thanexecutionspeedandmemoryusage.Codeunderstandabilityandportabilitywerecritical consid-
erationssincethis softwarewasintendedto beusedasa referenceimplementationof theJPEG-2000Part-1
codecin theJPEG-2000Part-5standard[10].

Sincethe JPEG-2000standarddoesnot specifyany meansfor encodingcolor spaceinformation in a
JPEG-2000codestream,thedecodermustmake certainassupmtionsaboutthecolor spaceof an image. If
accuratecolor representationis important,theJPEG-2000codestreamformatshouldnot beemployed. The
JPEG-2000JP2formatshouldbeusedinstead.

EncoderOptions

Thefollowing optionsaresupportedby theencoder:

imgareatlx= x
Setthex-coordinateof thetop-left cornerof theimageareato x.

imgareatly= y
Setthey-coordinateof thetop-left cornerof theimageareato y.

tilegrdtlx= x
Setthex-coordinateof thetop-left cornerof thetiling grid to x.

tilegrdtly= y
Setthey-coordinateof thetop-left cornerof thetiling grid to y.

tilewidth= w
Setthenominaltile width to w.

tileheight= h
Setthenominaltile heightto h.

prcwidth= w
Setthe precinctwidth to w. The argumentw mustbe an integer power of two. The default valueis
32768.

prcheight= h
Setthe precinctheightto h. The argumenth mustbe an integer power of two. The default valueis
32768.

cblkwidth= w
Setthenominalcodeblock width to w. Theargumentw mustbeanintegerpower of two. Thedefault
valueis 64.

cblkheight= h
Setthenominalcodeblock heightto h. Theargumenth mustbeanintegerpower of two. Thedefault
valueis 64.

mode=m
Setthecodingmodeto m. Theargumentmmusthave oneof thefollowing values:

imgareatlx=
imgareatly=
tilegrdtlx=
tilegrdtly=
tilewidth=
tileheight=
prcwidth=
prcheight=
cblkwidth=
cblkheight=
mode=
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Value Description
int integermode
real realmode

If losslesscodingis desired,theintegermodemustbeused.By default, theintegermodeis employed.
The choiceof modealsodetermineswhich multicomponentandwavelet transforms(if any) areem-
ployed.

rate= r
Specifythetargetrate.Theargumentr is apositive realnumber. Sincea rateof onecorrespondsto no
compression,oneshouldnever needto explicitly specifya rategreaterthanone.By default, thetarget
rateis consideredto bein�nite.

ilyrrates =r0[,r 1,. . . ,rN� 1]
Specifytheratesfor any intermediatelayers.Theargumentto this optionis a commaseparatedlist of
N rates.Eachrateis apositive realnumber. Theratesmustincreasemonotonically. Thelastratein the
list shouldbelessthanor equalto theoverall rate(asspeci�edwith therate option).

prg= p
Settheprogressionorderto p. Theargumentp musthaveoneof thefollowing values:

Value Description
lrcp layer-resolution-component-position(LRCP)progressive (i.e., ratescalable)
rlcp resolution-layer-component-position(RLCP)progressive (i.e., resolutionscalable)
rpcl resolution-position-component-layer(RPCL)progressive
pcrl position-component-resolution-layer(PCRL)progressive
cprl component-position-resolution-layer(CPRL)progressive

By default, LRCPprogressive orderingis employed. Notethat theRPCLandPCRLprogressionsare
not valid for all possibleimagegeometries.(See[8] for moredetails.)

nomct
Disallow theuseof any multicomponenttransform.

numrlvls= n
Setthenumberof resolutionlevelsto n. Theargumentn mustbeanintegerthatis greaterthanor equal
to one.Thedefault valueis 6.

sop
GenerateSOPmarkersegments.

eph
GenerateEPHmarkersegments.

lazy
Enablelazycodingmode(a.k.a.arithmeticcodingbypass).

termall
Terminateall codingpasses.

segsym
Usesegmentationsymbols.

rate=
ilyrrates
rate
prg=
nomct
numrlvls=
sop
eph
lazy
termall
segsym
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vcausal
Usevertically stripecausalcontexts.

pterm
Usepredictabletermination.

resetprob
Resettheprobabilitymodelsaftereachcodingpass.

numgbits= n
Setthenumberof guardbits to n.

DecoderOptions

Thedecoderdoesnotsupportany specialoptions.

RateSpeci�cation

All ratesarespeci�ed in termsof compressionfactors(i.e., asreciprocalsof compressionratio) andnot as
actualbit rates! Although imagecodingfolks frequentlyusethe numberof bits per pixel to specify rate,
this quantity is often inconvenientto usewhendealingwith imagesthat have differing sampleprecisions.
Furthermore,thenumberof bits perpixel is not well de�ned for multicomponentimageswith distinctsub-
samplingfactors.Thecompressionfactor, however, is independentof sampleprecisionandwell de�ned for
all typesof images.For thesereasons,JasPerusesthecompressionfactorandnot thenumberof bitsperpixel
to specifyrates.

5.0.4 JPG Codec

For lossycoding,oneof the mostpopularimageformatsis speci�ed in the JPEGstandard(i.e., ISO/IEC
10918-1[2]). In JasPer, theJPGcodecimplementsthis format.

TheJPEGsupportin JasPerrequirestheJPEGlibrary from theIndependentJPEGGroup(IJG).For legal
reasons,the IJG JPEGlibrary sourcecodeis not includedwith JasPer. Thesourcecodefor this library can
bedownloadedfrom theIJGwebsite(i.e., http://www.ijg.org ).

EncoderOptions

Thefollowing optionsaresupportedby theencoder:

quality= q
Setthequality factorto q. This is usedin orderto indirectlycontrolthebit ratefor lossycoding.

DecoderOptions

Thedecoderdoesnotsupportany specialoptions.

5.0.5 PGX Codec

The JPEG-2000Veri�cation Model software employs a non-standardformat called PGX. In JasPer, this
format is handledby the PGX codec. The PGX format can only handlesingle componentsimages,and
consequently, is of limited use.

vcausal
pterm
resetprob
numgbits=
http://www.ijg.org
quality=
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EncoderOptions

Theencoderdoesnotsupportany specialoptions.

DecoderOptions

Thedecoderdoesnotsupportany specialoptions.

5.0.6 MIF Codec

TheMIF formatis notastandardformat.Thisformatwasinventedsolelyfor thepurposeof testingtheJasPer
software. Thesupportfor theMIF format is experimental.It is intendedto beusedfor advancedtestingof
theJasPerJPEG-2000codecimplementation.

EncoderOptions

Theencoderdoesnotsupportany specialoptions.

DecoderOptions

Thedecoderdoesnotsupportany specialoptions.

5.0.7 PNM Codec

OnUNIX platforms,thePortablePixmap/Graymap/Bitmap(PNM) formatis quitepopularfor codingimage
data.ThePNM codecin JasPersupportsthis format. In JasPer, thesupportfor thePNM/PGM/PPMformat
is complete.Therefore,theuseof this formatis favoredover theBMP format.A (nonstandard)extensionhas
alsobeenaddedto thesupportfor thePNM formatsothatit canhandleimageswith signedsamplevalues.

EncoderOptions

Thefollowing optionsareprovidedby thePNM encoder:

text
Useanon-raw (i.e.,non-binary)�a vor of PNM format.

DecoderOptions

Thedecoderdoesnotsupportany specialoptions.

5.0.8 RAS Codec

One popular imageformat on Sun workstationsis the Sun Raster�le format. The RAS codecin JasPer
implementsthis format.

EncoderOptions

Theencoderdoesnotsupportany specialoptions.

DecoderOptions

Thedecoderdoesnotsupportany specialoptions.

text


26 CHAPTER 5. CODECS



27

Appendix A

SoftwareLicense

TheJasPersoftwaremayonly beusedunderthetermsof thelicensebelow.

__START_OF_JASPER_LICENSE__

JasPer License Version 2.0

Copyright (c) 2001-2006 Michael David Adams
Copyright (c) 1999-2000 Image Power, Inc.
Copyright (c) 1999-2000 The University of British Columbia

All rights reserved.

Permission is hereby granted, free of charge, to any person (the
"User") obtaining a copy of this software and associated documentation
files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge,
publish, distribute, and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so, subject to the
following conditions:

1. The above copyright notices and this permission notice (which
includes the disclaimer below) shall be included in all copies or
substantial portions of the Software.

2. The name of a copyright holder shall not be used to endorse or
promote products derived from the Software without specific prior
written permission.

THIS DISCLAIMER OF WARRANTYCONSTITUTESAN ESSENTIAL PART OF THIS
LICENSE. NO USE OF THE SOFTWAREIS AUTHORIZEDHEREUNDEREXCEPT UNDER
THIS DISCLAIMER. THE SOFTWAREIS PROVIDED BY THE COPYRIGHTHOLDERS
"AS IS", WITHOUTWARRANTYOF ANY KIND, EXPRESSOR IMPLIED, INCLUDING
BUT NOT LIMITED TO THE WARRANTIESOF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSEAND NONINFRINGEMENTOF THIRD PARTY RIGHTS. IN NO
EVENT SHALL THE COPYRIGHTHOLDERSBE LIABLE FOR ANY CLAIM, OR ANY SPECIAL
INDIRECT OR CONSEQUENTIALDAMAGES,OR ANY DAMAGESWHATSOEVERRESULTING
FROMLOSS OF USE, DATA OR PROFITS, WHETHERIN AN ACTION OF CONTRACT,
NEGLIGENCEOR OTHERTORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION
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WITH THE USE OR PERFORMANCEOF THIS SOFTWARE. NO ASSURANCESARE
PROVIDED BY THE COPYRIGHTHOLDERSTHAT THE SOFTWAREDOES NOT INFRINGE
THE PATENT OR OTHERINTELLECTUAL PROPERTYRIGHTS OF ANY OTHERENTITY.
EACH COPYRIGHTHOLDERDISCLAIMS ANY LIABILITY TO THE USER FOR CLAIMS
BROUGHTBY ANY OTHERENTITY BASED ON INFRINGEMENT OF INTELLECTUAL
PROPERTYRIGHTS OR OTHERWISE. AS A CONDITION TO EXERCISING THE RIGHTS
GRANTEDHEREUNDER,EACH USER HEREBYASSUMESSOLE RESPONSIBILITY TO SECURE
ANY OTHERINTELLECTUAL PROPERTYRIGHTS NEEDED, IF ANY. THE SOFTWARE
IS NOT FAULT-TOLERANT AND IS NOT INTENDED FOR USE IN MISSION-CRITICAL
SYSTEMS, SUCH AS THOSE USED IN THE OPERATIONOF NUCLEARFACILITIES,
AIRCRAFT NAVIGATION OR COMMUNICATIONSYSTEMS, AIR TRAFFIC CONTROL
SYSTEMS, DIRECT LIFE SUPPORTMACHINES, OR WEAPONSSYSTEMS, IN WHICH
THE FAILURE OF THE SOFTWAREOR SYSTEMCOULDLEAD DIRECTLY TO DEATH,
PERSONALINJURY, OR SEVEREPHYSICAL OR ENVIRONMENTALDAMAGE("HIGH
RISK ACTIVITIES"). THE COPYRIGHTHOLDERSSPECIFICALLY DISCLAIM ANY
EXPRESSOR IMPLIED WARRANTYOF FITNESS FOR HIGH RISK ACTIVITIES.

__END_OF_JASPER_LICENSE__
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