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ABSTRACT
This paperconcentrate®n recentextensionsand applicationsof the well establishedSDIF SoundDescriptioninterchange
Format: SDIF selectionis a standardvay to access part of an SDIFfile. It allows usersto selectSDIF framesof a certain
type andtime, andcertainpartsof the matrix data. It canbe appendedo a file name ,makingit easyto usefor command-line
programs. Other applicationsinclude choosingoutputdescriptiontypes, or mappingthemto display modesor actions,e.g.,
whenconvertingfrom untypedlegag formats. Foreignprogramming languageinterfacesallow processingf SDIF databy
languageotherthan C. Interfacesand supportfunctionsfor Lisp (CLOS) and Matlab are presented.Dispatching file I/O is
a new programmingstyle to be supportecby IRCAM’s SDIF libraray Usersof the library specifya setof callbackfunctions
eachwith an SDIF selectionindicatingthe framesandmatricesthatshouldbe passedo thatcallback. The library takescareof
readingthefile, anddispatcheselectedSDIF datato the appropriatecallback(s) Writing worksanalogously The applications
describedn this paperinclude utility programsfor Unix and Macintoshfor corversion,viewing, extracting, and meging of
SDIF, theintegrationof SDIF into the widely usedsoftware-systemadditive jMax, Max/MSR Diphone OpenMusi¢candthe
synepeticeffectsinduced.We proposean SDIF Frame Dir ectory, which allows rapidrandomaccesgo dataata giventime in

an SDIFfile by recordingthefile position,type,time, andotherinformationabouteachdataframein anSDIFfile.

1 INTRODUCTION

Seeing that SDIF, the open, portable, well-defined, extensi-
ble SoundDescriptioninterchangeFormat (Wright, Chaudhary
Freed,Khoury & Wessel,1999),is now well establishedndac-
ceptedwithin the computermusic community this papercon-
centrateson recentSDIF extensionsand applications. Most of
theseare implementedin IRcaAM’s and CNMAT’s free SDIF li-

brariesfor Unix, Windows, and Macintoshthat can be down-
loadedfromhttp: //www.ircam.fr/sdif andhttp ://www. comat.

berkeley .edu/SDIF.

Thefollowing sectionsareorderedto minimizeforwardref-
erencesSection2 presentshe SDIF selectionsection3 program-
minginterfacego theSDIFlibrary, andsectiord new applications
of SDIFE. They arefollowed by a proposalfor an SDIF framedi-
rectoryin section5, andconclusionsn section6.

2 SDIF SELECTION

SDIF files cancontainaggreatesof differentsounddescriptions
for one or multiple soundobjects,hencethe needto addressa
subsetof these. The SDIF selectiondefinesa syntaxcornvention
to specifya part of the dataof anSDIF file. For example,certain
time rangescertainstreamscertainframeor matrix types,or cer
tain rows or columnsof the SDIF matricescanbe selected.This
selectionspecificationcan be corvenientlyaddedto a file name,
sothatcommand-lingorogramgransparentlynherit powerful se-
lectioncapabilities.They only have to usea selection-aareSDIF
library, suchasIrRcAM’s, which takescareof parsingandexecut-
ing theselection. Therearemoreapplicationgor the SDIF selec-
tion syntax:It canchooseheoutputdescriptiortypeof programs,
or canmapthemto displaymodesor actions.

2.1 SelectionSyntax

The syntaxfor a filename,possiblyincluding the directory path,
with an SDIF selectionis:

[filenam@: : [#stream][ : framg[ /matriX][ . columri[-rowj[etim¢]

The startof the selectionspecificatioris markedby thelast': :’
occuring,followed by 6 optional selectionelements. This way;,
thereis no ambiguitywith filenamescontainingthe selectionel-
ementmarkers: The orderof the selectionelementss not sig-
nificant, and the selectionspecificationcan containwhite space
All elementspecificationscan be comma-separatelists of val-
ues.Numericalspecificationganalsobe rangedower-upper, or
deltarangesvaluetdelta selectingherangefrom value-deltato
valuet-delta Theelemenimarkershave beenchoserto minimize

clasheswith Unix shell specialcharactersTheir mnemonicsand
meaningsre:

o #stream-id as with “number” or $stream-id as with
“stream” selectsall streamswith the given numbersor
names.

o :frame'matrix, asin afile hierarchy selectsthe datawith
matchingsignatureslf only theframeelemenis presentall
matricesareselectedIf only thematrix elemenis given,all
matricesof thattype areselectedindependenof theframes
they occurin. This allows, for instanceto view all com-
mentsin 1ICMT matricesn afile.

e .columnasin a C-structand_rowasin alATEX index select
asub-matrixin the selectednatrices.

Beware that column, and sometimesrow and matrix se-
lectionscan produceinvalid SDIF outputlacking required
columnsfor a given matrix type or requiredmatricesfor a
givenframetype. However, it is very usefulto beableto do
this for externalanalysisof the datain an SDIF file. SDIF
toolsshouldcheckif it is allowedto selectcolumnsor rows.
If it is, the orderof the columnandrow selectionis signifi-
cant,allowing re-ordering.
Columnscanbegiveneitherasanumberor asaname.The
columnnamesaregiven by the matrix type definitior?.

e @time asin English“at time t”, selectsthe framesin the
giventimerange.

For example,to specifythe part of the SDIF file piano.sdif
whichis containedn streannumberl in 1HRM framesandmatri-
ces,andto selectonly columns3 and2 (amplitudeandfrequeng)
of rows 1 through50 (thefirst fifty partialsappearingn eachma-
trix), betweerthetimes1.999and2.001,you cansay:

piano.sdif :: #1 :1HRM /1HRM .3,2 _1-50 @2+0.001
As a shortcut, if the first selectionelementis the frame, you

can drop the frame elementmarker’:’. So, insteadof file-
name: : : frameoceterit is filename : frameocetera.

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

1. To specify a filenamecontaining‘: :* itself, simply append' ::’,
which meansanemptyselectiormatchingall data.

2. Thedollarsigncanbeusedn URLsinsteadf #, which hasaspecial
meaninghere.Thisis to allow selectionsvith anSDIF-awarevebserver

3. Forthemoment,typesaredefinedin IRCAM’s1TYP frames laterin
anXML-basedlanguage.



plus a selectionis exactly equivalentto remaoving all but the
selection from the SDIF file and then specifying that new
file (which can be empty). Implementingthat semanticsis
made very easy in the IRCAM SDIF library by high level
functions: Opening a file automatically parsesthe selection
specification the SdifFReadlextSelectedFrameHeader® and
SdifFCurrMatrixIsSelected functionsfind selectedframes
andmatricesfor you, andtherearefunctionswhich performthe
row andcolumnmappinggivenby the selection.

All IrRcam SDIFtoolsacceptanSDIF selectiorfor reading.
This works alsowith standardnput, usingasfilename:: select-
specor - : :select-spec

For writing , the selectioncanbe usedto specifythe output
descriptiontype. For example,in IRCAM’s corverter programs
from untypedASCII datato SDIF, you canchoosetHRM or 1TRC
outputfor partial data,or the outputtype of the ubiquitoustwo-
columnbreak-poinfunctionfiles:

bpftosdif glass.f0 glass.sdif::1FQO0/1FQO0

As theseprogramsalsoreadSDIF, weimmediatelyhave an SDIF
type corverter(useatyour own risk).

The selectioncanalsochoosethe display mode of descrip-
tion types. In the Matlab applicationViewEnv (Schwarz,1998),
for instancethex- andy-axisfor frame-wiseplotting aregivenby
the columnselection. Thus,mongol . sdif :: /1HRM, 1TRC. 2,3
asfilenamewould plot partialamplitudeover frequeng.

The SDIF selectioncanalsobe usedfor mapping actionsto
descriptiontypes,e.g.: “Edit this frametypewith thatprogram”.

3 PROGRAMMING INTERFACES

This sectiontreats programminglanguageinterfaces(APIs) for
foreignlanguagesndfor C, thatallow usingthe functionality of
the SDIF library by applications. The advantagesf using the
libary via oneof theseinterfacesys. rewriting the functionality
areevident: The programmeprofitsimmediatelyfrom all the ca-
pabilities of the library, someof which might not be possibleat
all with a foreignlanguageandfrom all future enhancemets of
thelibrary. Interfacedo otherlanguagessuchasPerlor Java,are
beingconsidered.

3.1 Matlab

The SDIFinterfacefor the mathematicaimodellingandprogram-
ming languageMatlab is realizedusingits “me<’ extensionin-

terface,basedon dynamiclink libraries. Its presentversional-
lows to readand write SDIF files framewise. It is particularly
straightforwardto use, becausehe fundamentabbjectof Mat-
lab is the matrix of numberswhich nicely matcheghe basecon-
ceptof SDIFE The mex binariescanbe downloadedfrom nt tp:

//www .ircam. fr/sdif.

For reading, the 1oadsdif mex-functionis called with a
filenameargumentto openan SDIF file, returningheaderdata
(1NVT name—aluetables). An optionalamgumentcan specify a
typesfile with private descriptiontype definitions. Subsequent
callsreadandreturnonematrix atime, alongwith theframetime,
stream D, andframeandmatrix signaturesAn emptymatrix sig-
nalsend-of-file. A furthercall with theamgument’ close’ closes
thefile. Thisfunctionis awareof the SDIF selectionappendedo
thefilename returningonly the selectedlata.

For writing , thewritesdif mex-functionopensafile when
calledwith a filenameamgument. Again, a private typesfile can
be specified.Frameswith any numberof matricescanbe written
by onecall with the agumentsstreamID, frametime, framesig-
nature and one pair matrix signatue, matrix data per matrix. A
furthercall with theagument’ close ’ closeshefile.

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

¢ To checkthe existenceof an SDIF file, andwhetherits file
headeis correct,you canusethefunctionsdifexist.

e To load an entire SDIF file at once, preserving its
frame/matrixstructure,you canuseloadsdiffile. It re-
turns a cell array of matrices,and arraysof frame time,
streamandsignature.

o Forevenmorestraightforwardaccessloadsdifflat loads
all selecteddatafrom an SDIF file into one Matlab matrix,
concatenatinghe SDIF matricesvertically, the frametime
beinginsertedasthefirst column.Optionally, it alsoreturns
arraysfor the streamlID, frame and matrix signaturesand
indicesthatlink framego theirmatrices.For thisto bepossi-
ble, theuserhasto makesurethatall selectednatriceshave
thesamenumberof columnswhich canalwaysbeachieved
usinga columnselection.For example

m = loadsdifflat (’piano.sdif::/1HRM.2,3_1’)
loadsthe first partial of ary additive analysisdatafoundin

file piano.sdif into thematrixm. Its columnsare: frame
time, partialfrequeng, partialamplitude.Similarly,

f = loadsdifflat (°f£f0.sdif::1FQO0/1FQ0.1°)
plot (£(:,1), £(:,2))

loadsandplotsthefundamentafrequeng break-poinfunc-
tion overtime fromfile f0.sdif.

e writesdiffile andwritesdifflat arethecounterparts
of therespectie loadfunctions.They write acompleteSDIF
file, usingthe samerepresentationf the datato be written
asis returnedby loadsdiffile andloadsdifflat. For
your corvienience the streamlD andsignatureparameters
canbescalardf they staythe samethroughouthefile.

3.2 Lisp
Thefunctionsof IRCAM’s SDIF library have beenmadedirectly
callablefrom the Lisp dialect CLOS (CommorLisp ObjectSys-
tem) on Macintoshby CarlosAgon. Thisformsthebasisof Open-
Music, describedn section4.3. The functionsallow readingof
frameheademndmatrix data,searchingor dataaccordingo the
selection,accessingndsettingfile headeidataneededy certain
IRCAM applications, andwriting framesandmatrices.
CLOSallows callingthefunctionsof adynamicC-library di-
rectly. It canalsoaccessll scalarC-types,including pointers(it
cannotdereferencehem, though). Becausdhe IRCAM SDIF li-
braryfollows anobject-orientediesign all manipulationsarecar
ried outonthelibrary’s basicobjects(SDIFfile, frameandmatrix
headersselectionlist, hash)by calling accessunctionswith the
objectpointers.

3.3 DispatchingFile /10

For more efficient usageof the library, and better shielding of
the programmeirfrom the detailsof readingandwriting SDIF, a
callback-orientedAPI will be madeavailable as part of the Ir-
cAM SDIF library. It supportsan alternatve programmingstyle
for readingand writing by usinga “read/write manager”. Users
of thelibrary specifycallbackfunctionsassociateavith oneSDIF
selectioneach. The library takescareof reading/writingone or
morefiles, and dispatcheselectedSDIF datato the appropriate
callback(s)Writing worksanalogouslyeachcallbackis calledin
turn to provide datato be written to one or possiblyseveralfiles
by thelibrary. Thecallbackscanbe from independenmodulesof
asystemeachhandlingdifferentpartsof SDIF files.

4 APPLICATIONS

4.1 Utilities
Theseutilities for Unix and Macintoshare part of the IRCAM
SDIFlibrary:

4. This functionwill later makeuseof the SDIF frame, directory de-
scribedin section5, for directaccesso selectedrames.

5. Thiswill in futureautomaticallywrite the SDIF directory(section5).

6. Name—aluetablesin 1 IvT framesfor spectralernvelopesandbook-
keepinginformation,streaminfo tablesin 1 IDS framesfor Chant




querysdif Displaysa summaryof thedatain an SDIFfile, and
the ASCII headerinformation,in 1NVT name—aluetables
andotherse.g.:
Data in file piano-res.sdif (4792 bytes):
1 1REB frames in stream 1 between time 0.0 and\
0.0 containing
1 1RES matrices with max. 174 rows, 5 columns
1 1CHA matrices with max. 174 rows, 1 columns
4 1N0I frames in stream 2 between time 0.0 and\
1.3 containing
1 rows, 2 columns
sdifextract Usesthe SDIF selectionto outputpart of the data
of an SDIF file. The outputcanbein oneof the 3 formats
SDIF, multi-bpf (text lines of frame time and all selected
columns),or in the frame-orientedext format of Additive
For example to view the confidencef a pitch estimateover
time, pipethe outputinto the bpf-plotterXSedit

sdifextract -bpf mongol.sdif::1FQ0.2 | XSedit

sdiftotext, texttosdif Corvertsto text form andbackto SDIF,
while preservinghe frameandmatrix structure.

pmcorvert Corvert betweenAdditivetext andbinary formats
andSDIF, deducingthetypesfrom thefilenameextensions.
It is the basisof a Macintosh drag&dr op cornverter, dis-
tributedwith Diphone(Rodet& Lefévre,1997).

formattosdif, fmttosdif, picstosdif fOtosdif, sdiftoformat,
sdiftofmt, sdiftof0 Aliasesto pmcornvert with fixed in-
put/outputtypes,SDIF input allowing SDIF selection.

4 1DIS matrices with max.

CNMAT's SDIF library providestheseSDIF utilities:

spew-sdif Printall datain anSDIFfile, checkingit for validity

copy-sdif Copy an SDIF file by parsingit and writing each
frameheaderandmatrix to the new file (pedagogicaéxam-
ple program)

sf2sdif, sdif2sf Cornverta soundfile to anSDIF file with 17TDS
frames vice versato oneor moresoundfile(s)

dotformat2sdif, fOtosdif, FOtosdif, pics2sdif i2sdif, res2sdif
Corversionutilities from legag/ analysisresultformats

merge-sdif Combine2 or more SDIF files into a single SDIF
file, renumberingstreamsf necessary

4.2 SoundAnalysis—Synthesis

IRCAM’s additive sinusoidalanalysis—synthés packagesAddi-
tive, Partial++ , andHmmall readandwrite pitch andpartialdata
in SDIE So doesDiphone which also analysesandsynthesizes
resonancenodelandFOF datafor Chantin SDIF.

A generalSDIF reader/writethasbeenintegratedinto jMax
(Déchelle,Schnell,Borghesi& Orio, 2000)by Patrice Tisserand.
The reader/writerfor Max/MSP(Wright, Dudas,Khoury, Wang
& Zicarelli, 1999)hasbeenimproved: An SDIF-kuffer may now
hold ary numberof SDIF streams,and MSP can now look up
datain anSDIF streambasedn "relative” time, aratio from zero
(the smallesttime-tagin the stream)to one (the largest), rather
thangiving an absolutetime in seconds.CNMAT’s OpenSound
World (ChaudharyFreed& Wright, 2000)realtime synthesisand
processingervironmentalsoincludessupportfor SDIF

The Analysis—Synthesis Comparison panel session at
ICMC 2000 hasbeena majorimpetusfor the adoptionof SDIF
outsideof IRCAM andCNMAT. Theideaof the panelis all partic-
ipantsanalysethe samesetof input soundfiles with their various
analysis—synthes software,writing resultsas SDIF files. This
allows a meaningfulandinterestingcomparisorof subtleandnot-
so-subtledifferencesamongthe differentanalysigechniques.

Hereis thelist of participantsn thecomparisorsessioratthe
time of writing this paper:Additive(Rodet,1997),Hmm(Depalle,
Garcia& Rodet,1993),Loris (Fitz, Haken& Chirstensen2000),
MDSynth (Wakefield, 1998), Partial++, SINOLA (Peeters&
Rodet,1999),SNDAN (Beauchamp1993),SMS(Serra,Bonada,
Herrera& Loureiro, 1997). All have committedto supporting
SDIF inputandoutputwith theiranalysis—synthessy/stems.

4.3 Computer Aided Composition
OpenMusigAssayag,Rueda,Laurson,Agon & Delerue,1999)
is an object-orientedsisual programmingervironmentfor music
composershasedn CLOS (section3.2). Objectsaresymbolized
by iconsandoperationsare performedby dragginganicon from
a particularplace and droppingit onto another A multitude of
classedmplementingmusicaldataand behaiour are provided.
They are associatedvith graphicaleditorsand may be visually
subclassetly theuserto meetspecificneeds.

SDIFfiles andaccesgunctionsfrom the Lisp interface(sec-
tion 3.2) arereifiedasgraphicalclassesndmethods Theseallow
high-level accesso SDIF data(seefigure 1), editing,andwriting.
An applicationof SDIF in OpenMusidor synthesids described
in (AssayagAgon & Stroppa,2000): generatiorof control data
for the Chantsynthesizer

O —=read sdiffle==—=—0H8
< Dpen an SDIF file
’ Ilif'-] - - and create an
inztance of class
'SD'iF”'E Sdiffile
-] ?? Get the third
Edif] oo Matrix
getﬁix of the first
L1 frame.
[ o
a4 i ﬂ Visualization
J«L\JL_LrW i
7 columns.
Double-click
to edit.
a |
© © =
] [«]»]~

Figurel: Readingrom anSDIFfile with OpenMusic

5 SDIF FRAME DIRECT ORY

Many applicationsvould benefitfrom rapidrandomaccesso data
at a giventime in an SDIF file, without scanningthe wholefile.
We proposeaway to adda framedirectoryto an SDIFfile, which
recordsthe file position,type, time, andotherinformationabout
eachdataframeoccuringin thefile.

The SDIF frame directory is bestrepresenteds a normal
SDIF descriptiontype. Thus,programaunavareof this extension
canignoreit completely However, assoonasa programusesa
directory-avare SDIF library, the framedirectorywill be gener
atedandusedautomaticallye.g.for SDIF selection.

Accordingto our proposition,an SDIF file with a framedi-
rectorylooks like in figure 2. The directory pointeris the first
frame of thefile, containingthe file positionof the directory so
thatit canbefoundimmediately The SDIF directorycontainghe
streamlIDs, signaturestimes, andfile positionsof all SDIF data
frames.

SDIF Header

Directory Pointer

Data Frames

SDIF Directory

Figure2: Schemaof an SDIFfile with framedirectory

5.1 Representationof the Dir ectory

An SDIF Directoryis representedsa 1DIR SDIF frame.lts time
is thetime of thelastdataframe,to presere thetime ordering,as



stipulatedby the SDIF standard.The SDIF directory consistsof
directoryentries,onefor eachdataframe. The directory pointer
is an SDIF directoryitself with a singleentry, recordingthe file
positionof the SDIF directoryframe.

To representhedirectoryentrieswe proposeaflat represen-
tation,which storesthe entriesasonelist of tuplesof frametime,
signatue, streamlD, position Althoughintroducingredundang,
it offersthe mostefficienthandlingandacces®f the directory A
detaileddiscussiorof therepresentationanbefoundonIRCcAM’s
SDIF pagesatht tp: //www.ircam .fr/sdif.

Thelist of directoryentriesis representeth two SDIF Ma-
trices IDIR and 1DIR asshawn below, with their datatypesand
columnnames. Oneentryis constitutedby correspondingows
from thematrices.

IDIR double {time}
1DIR uint32 {frame-type, stream-id, filepos}

5.2 More Detailson Representation
File positions are representedyy the numberof bytescounting
from the startof thefile, useablewith fseek ().”

Thedir ectory pointer is an SDIF directorycontaininga sin-
gle entry: thefile andtime positionof the SDIF directoryit points
to. Evenif we don't write the SDIF directory eachfile shouldin-
cludeanull directorypointerright afterthe headerwhich canbe
usedasthe standardlaceto storethe sizeandendtime of afile.

Extensionof the SDIF directoryis possibleby addingmore
informationaboutthe framesas additionalmatricesin the 1DIR
frame, or additionalcolumnsin the matrices,which areignored
by otherprograms.

Updating and consistency: Whenthe frametime, type, or
streamID getoverwritten,the directoryhasto be updatedor in-
validatedby settingthe directorypointerto null. On re-writing a
file, thelibrary would regeneratehe SDIF directory To catchthe
worstcasein which programschangeor addsomedata,andpass
the restthrough, not being aware of the specialmeaningof the
directory somesanitychecksareperformed:First, the tamget po-
sition of thedirectorypointercanbecheckedf it actuallycontains
the SDIF directory if theframetime is correct,andif it is thelast
framein thefile. Secondgvery accesghroughthe directorycan
be validatedby cross-checkingf theframefoundattherecorded
positionis really of therecordedype,time, andstream.

5.3 DesignDecisionsto be Taken

Before our proposalof an SDIF framedirectoryis standardised,
somedesigndecisionshave to be made basedon questiondike:
What is the mostfrequentaccess/quergn a directory? It will
probablybe somethindike: Whereis the frameof streamn with
type 1ABC closesto time xyz?

How often do updateswithin afile occurversusappendsor
do files normally getrewritten whenthey areedited?This deter
mineswhetherto supportmultiple SDIF dir ectories Thedefini-
tion couldbeextendedo allow lateradditionof datato anexisting
SDIFfile, withouthaving to rewrite its framedirectory The SDIF
directorywould thenendwith a directorypointer containingthe
file positionof the next directoryfor datathathasbeenappended,
sothatwe getalinkedlist of SDIF directories.

6 CONCLUSIONS AND FUTURE WORK

The synegetic effects of the interchangestandardSDIF are al-
readyvisible: OpenMusicgeneratesontrol datafor Chantand
jMax, Diphoneeditsdatafor jMax andsoonwill work asageneric
SDIF dataeditor All applicationswill immediatelybenefitfrom
directaccesshroughthe SDIF directory NotablyDiphone Open-
Music andall applicationsisingthe SDIF selectiorwill only have
to berelinkedwith theenhancedrcAm SDIF library.

An importantextensionis the SDIF Stream Relationships
Language discussedn (Wright, ChaudharyFreed,Khoury &
Wessel 2000),a formal languagédor describingthe relationships
betweerstreamsn an SDIFfile, basedon XML.

We areworking to definean XML-basedformal SDIF Type
Definition Language for defining descriptiontypes, to replace
IRCAM’s 1 TYP frames.It would definethe matriceshatmustap-
pearin a frameof a given type, definethe requiredand optional
columnsof a given matrix type, includingname,units, andlegal
rangesanddefinethelegal matrixdatatypesfor eachmatrixtype.

The extensionsdescribedhere constituteconsiderableen-
hancementfor SDIF userg(utilities andselection) programmers
(foreignlanguagesandAPIs),andexisting andfutureapplications
(framedirectory),thusacceleratinghe proliferationof the SDIF
formatin amultitudeof fieldsandapplications.
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7. In 32 bits, we couldthenhave files up to 4 GB in size. As soonas
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