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ABSTRACT
This paperconcentrateson recentextensionsand applicationsof the well establishedSDIF SoundDescriptionInterchange
Format: SDIF selectionis a standardway to accessa part of an SDIF file. It allows usersto selectSDIF framesof a certain
typeandtime, andcertainpartsof thematrix data. It canbeappendedto a file name,makingit easyto usefor command-line
programs.Otherapplicationsincludechoosingoutputdescriptiontypes,or mappingthemto displaymodesor actions,e.g.,
whenconvertingfrom untypedlegacy formats.Foreignprogramming languageinterfacesallow processingof SDIF databy
languagesotherthanC. Interfacesandsupportfunctionsfor Lisp (CLOS) andMatlab arepresented.Dispatching file I/O is
a new programmingstyle to be supportedby IRCAM’s SDIF libraray. Usersof the library specifya setof callbackfunctions
eachwith anSDIF selectionindicatingtheframesandmatricesthatshouldbepassedto thatcallback.The library takescareof
readingthefile, anddispatchesselectedSDIF datato theappropriatecallback(s).Writing worksanalogously. Theapplications
describedin this paperincludeutility programsfor Unix andMacintoshfor conversion,viewing, extracting,andmerging of
SDIF, theintegrationof SDIF into thewidely usedsoftware-systemsAdditive, jMax, Max/MSP, Diphone, OpenMusic, andthe
synergeticeffectsinduced.We proposeanSDIF Frame Directory, whichallows rapidrandomaccessto dataatagiventime in
anSDIFfile by recordingthefile position,type,time,andotherinformationabouteachdataframein anSDIFfile.

1 INTR ODUCTION
Seeing that SDIF, the open, portable, well-defined, extensi-
ble SoundDescriptionInterchangeFormat (Wright, Chaudhary,
Freed,Khoury & Wessel,1999),is now well establishedandac-
ceptedwithin the computermusic community, this papercon-
centrateson recentSDIF extensionsand applications. Most of
theseare implementedin IRCAM’s and CNMAT’s free SDIF li-
brariesfor Unix, Windows, and Macintoshthat can be down-
loadedfrom and

.
Thefollowing sectionsareorderedto minimizeforwardref-

erences:Section2 presentstheSDIFselection,section3 program-
minginterfacesto theSDIFlibrary, andsection4new applications
of SDIF. They arefollowed by a proposalfor an SDIF framedi-
rectoryin section5, andconclusionsin section6.

2 SDIF SELECTION
SDIF files cancontainaggregatesof differentsounddescriptions
for one or multiple soundobjects,hencethe needto addressa
subsetof these.The SDIF selectiondefinesa syntaxconvention
to specifyapartof thedataof anSDIF file. For example,certain
timeranges,certainstreams,certainframeor matrix types,or cer-
tain rows or columnsof theSDIF matricescanbe selected.This
selectionspecificationcanbe convenientlyaddedto a file name,
sothatcommand-lineprogramstransparentlyinherit powerful se-
lectioncapabilities.They only haveto useaselection-awareSDIF
library, suchasIRCAM’s,which takescareof parsingandexecut-
ing theselection.Therearemoreapplicationsfor theSDIF selec-
tion syntax:It canchoosetheoutputdescriptiontypeof programs,
or canmapthemto displaymodesor actions.

2.1 SelectionSyntax
The syntaxfor a filename,possiblyincluding thedirectorypath,
with anSDIFselectionis:

filename] [ stream][ frame][ matrix][ column][ row][ time]

The startof theselectionspecificationis markedby the last ‘ ’
occuring,followed by 6 optionalselectionelements.This way,
thereis no ambiguitywith filenamescontainingthe selectionel-
ementmarkers.1 The orderof the selectionelementsis not sig-
nificant, and the selectionspecificationcancontainwhite space
All elementspecificationscanbe comma-separatedlists of val-
ues.Numericalspecificationscanalsoberangeslower-upper, or
deltarangesvalue+delta, selectingtherangefrom value deltato
value delta. Theelementmarkershavebeenchosento minimize

clasheswith Unix shell specialcharacters.Their mnemonicsand
meaningsare:

stream-id as with “number” or stream-id2 as with
“stream” selectsall streamswith the given numbersor
names.
frame matrix, as in a file hierarchy, selectsthe datawith

matchingsignatures.If only theframeelementis present,all
matricesareselected.If only thematrixelementis given,all
matricesof thattypeareselected,independentof theframes
they occur in. This allows, for instance,to view all com-
mentsin matricesin afile.
columnasin a C-structand rowasin aLATEX index select

asub-matrixin theselectedmatrices.
Beware that column, and sometimesrow and matrix se-
lectionscanproduceinvalid SDIF output lacking required
columnsfor a given matrix type or requiredmatricesfor a
givenframetype.However, it is veryusefulto beableto do
this for externalanalysisof thedatain an SDIF file. SDIF
toolsshouldcheckif it is allowedto selectcolumnsor rows.
If it is, theorderof thecolumnandrow selectionis signifi-
cant,allowing re-ordering.
Columnscanbegiveneitherasanumberor asaname.The
columnnamesaregivenby thematrix typedefinition3.
time, as in English “at time t”, selectsthe framesin the

giventimerange.

For example,to specifythe part of the SDIF file piano.sdif
which is containedin streamnumber1 in framesandmatri-
ces,andto selectonly columns3 and2 (amplitudeandfrequency)
of rows 1 through50 (thefirst fifty partialsappearingin eachma-
trix), betweenthetimes1.999and2.001,you cansay:

As a shortcut, if the first selectionelementis the frame, you
can drop the frame elementmarker ’ ’. So, insteadof file-
name frame cetera it is filename frame cetera.

2.2 Applications
The SDIF selectiondefinesa syntax and a standardseman-
tics for programsreadingSDIF files: Specifying a file name

To specify a filenamecontaining‘ ’ itself, simply append‘ ’,
whichmeansanemptyselectionmatchingall data.

Thedollarsigncanbeusedin URLsinsteadof , whichhasaspecial
meaningthere.This is to allow selectionswith anSDIF-awarewebserver.

For themoment,typesaredefinedin IRCAM’s frames,later in
anXML-basedlanguage.



plus a selectionis exactly equivalent to removing all but the
selection from the SDIF file and then specifying that new
file (which can be empty). Implementing that semanticsis
made very easy in the IRCAM SDIF library by high level
functions: Opening a file automaticallyparsesthe selection
specification,the 4 and

functions find selectedframes
andmatricesfor you, andtherearefunctionswhich performthe
row andcolumnmappinggivenby theselection.

All IRCAM SDIFtoolsacceptanSDIFselectionfor reading.
This worksalsowith standardinput, usingasfilename select-
specor select-spec.

For writing , theselectioncanbe usedto specifytheoutput
descriptiontype. For example,in IRCAM’s converterprograms
from untypedASCII datato SDIF, you canchoose or
outputfor partialdata,or the outputtypeof the ubiquitoustwo-
columnbreak-pointfunctionfiles:

As theseprogramsalsoreadSDIF, we immediatelyhaveanSDIF
typeconverter(useatyourown risk).

The selectioncanalsochoosethedisplay modeof descrip-
tion types. In the Matlab applicationViewEnv (Schwarz,1998),
for instance,thex- andy-axisfor frame-wiseplottingaregivenby
the columnselection. Thus,
asfilenamewouldplot partialamplitudeover frequency.

TheSDIFselectioncanalsobeusedfor mapping actions to
descriptiontypes,e.g.:“Edit this frametypewith thatprogram”.

3 PROGRAMMING INTERFACES
This sectiontreatsprogramminglanguageinterfaces(APIs) for
foreign languagesandfor C, thatallow usingthefunctionalityof
the SDIF library by applications. The advantagesof using the
libary via oneof theseinterfaces,vs. rewriting the functionality
areevident:Theprogrammerprofitsimmediatelyfrom all theca-
pabilitiesof the library, someof which might not be possibleat
all with a foreign language,andfrom all futureenhancementsof
thelibrary. Interfacesto otherlanguages,suchasPerlor Java,are
beingconsidered.

3.1 Matlab
TheSDIF interfacefor themathematicalmodellingandprogram-
ming languageMatlab is realizedusing its “mex” extensionin-
terface,basedon dynamiclink libraries. Its presentversional-
lows to readand write SDIF files framewise. It is particularly
straightforwardto use,becausethe fundamentalobjectof Mat-
lab is thematrix of numbers,which nicelymatchesthebasecon-
ceptof SDIF. The mex binariescanbe downloadedfrom

.
For reading, the mex-function is called with a

filenameargumentto openan SDIF file, returningheaderdata
( name–valuetables). An optionalargumentcanspecifya
typesfile with private descriptiontype definitions. Subsequent
callsreadandreturnonematrixatime,alongwith theframetime,
streamID, andframeandmatrixsignatures.An emptymatrixsig-
nalsend-of-file.A furthercall with theargument closes
thefile. This functionis awareof theSDIF selectionappendedto
thefilename,returningonly theselecteddata.

For writing , the mex-functionopensafile when
calledwith a filenameargument. Again, a private typesfile can
bespecified.Frameswith any numberof matricescanbewritten
by onecall with theargumentsstreamID, frametime,framesig-
nature andonepair matrix signature,matrix dataper matrix. A
furthercall with theargument closesthefile5.

Somesupport functions have beenwritten in the Matlab
programminglanguageitself to furthersimplify usingSDIF:

To checktheexistenceof an SDIF file, andwhetherits file
headeris correct,youcanusethefunction .

To load an entire SDIF file at once, preserving its
frame/matrixstructure,you canuse . It re-
turns a cell array of matrices,and arraysof frame time,
stream,andsignature.
For evenmorestraightforwardaccess, loads
all selecteddatafrom an SDIF file into oneMatlab matrix,
concatenatingthe SDIF matricesvertically, the frametime
beinginsertedasthefirst column.Optionally, it alsoreturns
arraysfor the streamID, frameandmatrix signatures,and
indicesthatlink framesto theirmatrices.For thistobepossi-
ble,theuserhasto makesurethatall selectedmatriceshave
thesamenumberof columns,whichcanalwaysbeachieved
usingacolumnselection.For example

loadsthe first partialof any additive analysisdatafound in
file into thematrix . Its columnsare: frame
time,partialfrequency, partialamplitude.Similarly,

loadsandplotsthefundamentalfrequency break-pointfunc-
tion over time from file .

and arethecounterparts
of therespectiveloadfunctions.They writeacompleteSDIF
file, usingthe samerepresentationof thedatato be written
asis returnedby and . For
your convienience,thestreamID andsignatureparameters
canbescalarsif they staythesamethroughoutthefile.

3.2 Lisp
Thefunctionsof IRCAM’s SDIF library have beenmadedirectly
callablefrom the Lisp dialectCLOS (CommonLisp ObjectSys-
tem) onMacintoshby CarlosAgon. Thisformsthebasisof Open-
Music, describedin section4.3. The functionsallow readingof
frameheaderandmatrix data,searchingfor dataaccordingto the
selection,accessingandsettingfile headerdataneededby certain
IRCAM applications6, andwriting framesandmatrices.

CLOSallowscallingthefunctionsof adynamicC-librarydi-
rectly. It canalsoaccessall scalarC-types,includingpointers(it
cannotdereferencethem,though). Becausethe IRCAM SDIF li-
braryfollowsanobject-orienteddesign,all manipulationsarecar-
riedoutonthelibrary’s basicobjects(SDIFfile, frameandmatrix
headers,selection,list, hash)by calling accessfunctionswith the
objectpointers.

3.3 DispatchingFile I/O
For more efficient usageof the library, and better shieldingof
the programmerfrom the detailsof readingandwriting SDIF, a
callback-orientedAPI will be madeavailableas part of the IR-
CAM SDIF library. It supportsan alternative programmingstyle
for readingandwriting by usinga “read/writemanager”.Users
of thelibrary specifycallbackfunctionsassociatedwith oneSDIF
selectioneach. The library takescareof reading/writingoneor
morefiles, anddispatchesselectedSDIF datato the appropriate
callback(s).Writing worksanalogously:eachcallbackis calledin
turn to provide datato be written to oneor possiblyseveralfiles
by thelibrary. Thecallbackscanbefrom independentmodulesof
asystem,eachhandlingdifferentpartsof SDIF files.

4 APPLICATIONS
4.1 Utilities
Theseutilities for Unix and Macintoshare part of the IRCAM

SDIF library:

This function will later makeuseof the SDIF frame,directoryde-
scribedin section5, for directaccessto selectedframes.

Thiswill in futureautomaticallywrite theSDIFdirectory(section5).
Name–valuetablesin framesfor spectralenvelopesandbook-

keepinginformation,streaminfo tablesin framesfor Chant.



querysdif Displaysa summaryof thedatain anSDIF file, and
the ASCII headerinformation, in name–valuetables
andothers,e.g.:

sdifextract Usesthe SDIF selectionto outputpart of thedata
of an SDIF file. The outputcanbe in oneof the3 formats
SDIF, multi-bpf (text lines of frame time and all selected
columns),or in the frame-orientedtext format of Additive.
For example,to view theconfidenceof apitchestimateover
time,pipetheoutputinto thebpf-plotterXSedit:

sdiftotext, texttosdif Convertsto text form andbackto SDIF,
while preservingtheframeandmatrixstructure.

pmconvert Convert betweenAdditive text andbinary formats
andSDIF, deducingthetypesfrom thefilenameextensions.
It is the basisof a Macintosh drag&dr op converter , dis-
tributedwith Diphone(Rodet& Lefèvre,1997).

formattosdif, fmttosdif, picstosdif, f0tosdif, sdiftoformat,
sdiftofmt, sdiftof0 Aliases to pmconvert with fixed in-
put/outputtypes,SDIF inputallowing SDIF selection.

CNMAT’sSDIF library providestheseSDIF utilities:

spew-sdif Printall datain anSDIFfile, checkingit for validity
copy-sdif Copy an SDIF file by parsingit and writing each

frameheaderandmatrix to thenew file (pedagogicalexam-
pleprogram)

sf2sdif, sdif2sf Converta soundfile to anSDIF file with 1TDS
frames,viceversato oneor moresoundfile(s)

dotformat2sdif, f0tosdif, F0tosdif, pics2sdif, i2sdif, res2sdif
Conversionutilities from legacy analysisresultformats

merge-sdif Combine2 or moreSDIF files into a singleSDIF
file, renumberingstreamsif necessary

4.2 SoundAnalysis–Synthesis
IRCAM’s additive sinusoidalanalysis–synthesis packagesAddi-
tive, Partial++ , andHmmall readandwrite pitchandpartialdata
in SDIF. So doesDiphone, which alsoanalysesandsynthesizes
resonancemodelandFOFdatafor Chantin SDIF.

A generalSDIF reader/writerhasbeenintegratedinto jMax
(Déchelle,Schnell,Borghesi& Orio, 2000)by PatriceTisserand.
The reader/writerfor Max/MSP(Wright, Dudas,Khoury, Wang
& Zicarelli, 1999)hasbeenimproved: An SDIF-buffer maynow
hold any numberof SDIF streams,and MSP can now look up
datain anSDIFstreambasedon ”relative” time,a ratio from zero
(the smallesttime-tagin the stream)to one (the largest), rather
thangiving an absolutetime in seconds.CNMAT’s OpenSound
World (Chaudhary, Freed& Wright,2000)realtimesynthesisand
processingenvironmentalsoincludessupportfor SDIF.

The Analysis–Synthesis Comparison panel session at
ICMC 2000hasbeena major impetusfor the adoptionof SDIF
outsideof IRCAM andCNMAT. Theideaof thepanelis all partic-
ipantsanalysethesamesetof input soundfiles with their various
analysis–synthesis software,writing resultsas SDIF files. This
allowsameaningfulandinterestingcomparisonof subtleandnot-
so-subtledifferencesamongthedifferentanalysistechniques.

Hereis thelist of participantsin thecomparisonsessionatthe
timeof writing thispaper:Additive(Rodet,1997),Hmm(Depalle,
Garcia& Rodet,1993),Loris (Fitz, Haken& Chirstensen,2000),
MDSynth (Wakefield, 1998), Partial++ , SINOLA (Peeters&
Rodet,1999),SNDAN (Beauchamp,1993),SMS(Serra,Bonada,
Herrera& Loureiro, 1997). All have committedto supporting
SDIF inputandoutputwith theiranalysis–synthesissystems.

4.3 Computer Aided Composition
OpenMusic(Assayag,Rueda,Laurson,Agon & Delerue,1999)
is an object-orientedvisualprogrammingenvironmentfor music
composers,basedonCLOS(section3.2).Objectsaresymbolized
by iconsandoperationsareperformedby dragginganicon from
a particularplaceanddroppingit onto another. A multitudeof
classesimplementingmusicaldataand behaviour are provided.
They are associatedwith graphicaleditorsand may be visually
subclassedby theuserto meetspecificneeds.

SDIFfiles andaccessfunctionsfrom theLisp interface(sec-
tion 3.2)arereifiedasgraphicalclassesandmethods.Theseallow
high-level accessto SDIFdata(seefigure1), editing,andwriting.
An applicationof SDIF in OpenMusicfor synthesisis described
in (Assayag,Agon & Stroppa,2000): generationof control data
for theChant-synthesizer.

Figure1: Readingfrom anSDIFfile with OpenMusic

5 SDIF FRAME DIRECT ORY
Many applicationswouldbenefitfromrapidrandomaccessto data
at a given time in an SDIF file, without scanningthe wholefile.
Weproposeawayto adda framedirectoryto anSDIFfile, which
recordsthe file position,type, time, andotherinformationabout
eachdataframeoccuringin thefile.

The SDIF frame directory is best representedas a normal
SDIFdescriptiontype. Thus,programsunawareof thisextension
canignoreit completely. However, assoonasa programusesa
directory-awareSDIF library, the framedirectorywill be gener-
atedandusedautomatically, e.g.for SDIFselection.

Accordingto our proposition,anSDIF file with a framedi-
rectory looks like in figure 2. The directorypointer is the first
frameof the file, containingthe file positionof the directoryso
thatit canbefoundimmediately. TheSDIFdirectorycontainsthe
streamIDs, signatures,times,andfile positionsof all SDIF data
frames.

Directory Pointer

SDIF Header

Data Frames

SDIF Directory

Figure2: Schemaof anSDIFfile with framedirectory

5.1 Representationof the Directory
An SDIFDirectoryis representedasa SDIF frame.Its time
is thetimeof thelastdataframe,to preserve thetimeordering,as



stipulatedby the SDIF standard.TheSDIF directoryconsistsof
directoryentries,onefor eachdataframe. The directorypointer
is an SDIF directoryitself with a singleentry, recordingthe file
positionof theSDIFdirectoryframe.

To representthedirectoryentries,weproposeaflat represen-
tation,whichstorestheentriesasonelist of tuplesof frametime,
signature, streamID, position. Althoughintroducingredundancy,
it offersthemostefficienthandlingandaccessof thedirectory. A
detaileddiscussionof therepresentationcanbefoundonIRCAM’s
SDIF pagesat .

The list of directoryentriesis representedin two SDIF Ma-
trices and as shown below, with their datatypesand
columnnames.Oneentry is constitutedby correspondingrows
from thematrices.

5.2 Mor eDetailson Representation
File positions are representedby the numberof bytescounting
from thestartof thefile, useablewith .7

Thedir ectory pointer is anSDIFdirectorycontainingasin-
gleentry: thefile andtimepositionof theSDIFdirectoryit points
to. Evenif wedon’t write theSDIF directory, eachfile shouldin-
cludeanull directorypointerright after theheader, whichcanbe
usedasthestandardplaceto storethesizeandendtimeof afile.

Extensionof theSDIF directoryis possibleby addingmore
informationaboutthe framesasadditionalmatricesin the
frame,or additionalcolumnsin the matrices,which are ignored
by otherprograms.

Updating and consistency:Whenthe frametime, type, or
streamID getoverwritten,thedirectoryhasto be updatedor in-
validatedby settingthedirectorypointerto null. On re-writing a
file, thelibrary would regeneratetheSDIFdirectory. To catchthe
worstcasein whichprogramschangeor addsomedata,andpass
the rest through,not beingawareof the specialmeaningof the
directory, somesanitychecksareperformed:First, thetargetpo-
sitionof thedirectorypointercanbecheckedif it actuallycontains
theSDIF directory, if theframetime is correct,andif it is thelast
framein thefile. Second,every accessthroughthedirectorycan
bevalidatedby cross-checkingif theframefoundat therecorded
positionis really of therecordedtype,time,andstream.

5.3 DesignDecisionsto be Taken
Beforeour proposalof an SDIF framedirectoryis standardised,
somedesigndecisionshave to bemade,basedon questionslike:
What is the most frequentaccess/queryon a directory? It will
probablybesomethinglike: Whereis theframeof stream with
type closestto time ?

How oftendo updateswithin a file occurversusappends,or
do files normallygetrewritten whenthey areedited?This deter-
mineswhetherto supportmultiple SDIF dir ectories: Thedefini-
tion couldbeextendedto allow lateradditionof datato anexisting
SDIFfile, withouthaving to rewrite its framedirectory. TheSDIF
directorywould thenendwith a directorypointer, containingthe
file positionof thenext directoryfor datathathasbeenappended,
sothatwegeta linkedlist of SDIFdirectories.

6 CONCLUSIONS AND FUTURE WORK
The synergetic effectsof the interchangestandardSDIF are al-
readyvisible: OpenMusicgeneratescontrol datafor Chant and
jMax, Diphoneeditsdatafor jMaxandsoonwill workasageneric
SDIF dataeditor. All applicationswill immediatelybenefitfrom
directaccessthroughtheSDIFdirectory. NotablyDiphone, Open-
Music, andall applicationsusingtheSDIFselectionwill onlyhave
to berelinkedwith theenhancedIRCAM SDIF library.

An importantextensionis the SDIF Stream Relationships
Language, discussedin (Wright, Chaudhary, Freed,Khoury &
Wessel,2000),a formal languagefor describingtherelationships
betweenstreamsin anSDIFfile, basedonXML.

Weareworking to defineanXML-basedformalSDIF Type
Definition Language for defining descriptiontypes, to replace
IRCAM’s frames.It woulddefinethematricesthatmustap-
pearin a frameof a given type,definethe requiredandoptional
columnsof a givenmatrix type, includingname,units,andlegal
ranges,anddefinethelegalmatrixdatatypesfor eachmatrixtype.

The extensionsdescribedhere constituteconsiderableen-
hancementsfor SDIF users(utilities andselection),programmers
(foreignlanguagesandAPIs),andexistingandfutureapplications
(framedirectory),thusacceleratingtheproliferationof theSDIF
formatin amultitudeof fieldsandapplications.
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In 32 bits, we could thenhave files up to 4 GB in size. As soonas
this will be not enoughfor a future application,we canuse frames
with 64 bit file positions.


