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1. INTRODUCTION

Thin dommet describes the architecture of WAVvELAR wammion (.804. If is desigoed
for upam wha already hame had day-to-day inberaction with the package and now need
apenifin datailsabout the architeeure of the packags. for eecampla o modify mmponanta
for their ram ressarch.

For an introduction ton WAVELAB at an alementary lewnl, nen About Warelah, Thin
document may ba acceeeed vin WY through the WavELAb Home Paga

Beafera haginning. wa mentinn the main compenents of the WAVELAD padmge, to
standardize tarminology. Fimt, there are the bamie “ayrtem cnmponemds™:

L.
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Snuree. Thera in aounes code, in MaTiap, O TEX Perl and MPW.

Duifid The soures moda in aasemmbled into A standand selsaee The mirrent releass
in .84

Archires. Compresse] archives of the standam] release asmilable for thres plat-
forma, Mac, Unix and PO, which ueers can demmload and install en their ma-
chines,

Weh SITE. A weh home paga (which ean ba viewed uring any web browmer ) and
a neien of postacipt filen which explain what WavELAB in and how to get it
The URL is http: / fwww-etat . stanford. adu/~savalab.

Neoxt thers are the bamie “orer cnmponmta™ of an installed ayatam:

L.

WavELAn Muain Dhimnfory. A mbdirectory /WamLabof the MatlabyfTool box di-
ractary, enmfaining the currently releaned wmion of WAVELAD noftarare, datanats
and dosumentakion.

Seripir. A mibdirectory Mavelab/Fapars of Aavalab eontaine seripte reprodue-
ing figures in warioun articles and technical reports.

Workreie. A subdirectory Waralab/Workoute of /Wavalab amtaine workoute
that eoprcine sarinus aspecks of WAavELAD.
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4 CHAPTER 1. INTRODUCTION

4. Documeninfirn. Both ASCI text in the directory Yavelab/Documentation and
Portacript files ammilabla by WWW ancess.

&. Drmnsers. In the rmurrent wemeion there are twn booweem. YLAroweer ncludes
High-lewal tonls which give A point-and-dicd: interfacs to basic ansalet franaiorm
featuren in WAVELAB. WTBrowsaer anahles reproducing the fisures from the ook
of Btéphane Mallat 4 Waweled Tour of Signal Proverming.

f. Dnforeir. Mumerieal, arcnetic and image data ueed to illustrate sariosun aspecta
af warda; analynin by the aeripta and warkon e,

Tha fallowing dorument deeribes all thess wrious components from A eyshame-
lewnl print of view. An individual oeeding to modify WaveELaB ar add to it would ba
intaremted in thin informatinn.



2. SCRIPTS

We hriefly deseriben the anternta and acchibectura of the WareLah/Fapars aubsdisechory
of WavELAB.

1. Script Phlosophy

The makmip of Wavelah/Fapers in the whole raimm d'étre of the WAvELAB package.
The idan. in that, whan doing reesarch in A cnmputatiomal seisnes, ona works o demlop
maproducible Imowledge abeut the remilte of computational ecperimerta. The /Papars
directory in the end produet of euch an alfort. It males asmilable fo reeochem anound
the werld, via the Inbernet, the computatiome that produesd figures which hase heen
publirhad in hardeopy farm ans technical reports af Stanford University and in fortheom-
ing jurnal articles. (ther researchems can obtain the MATLAB oode which ganaratbed
theen figuren, and ran reproducs the caleulabions that underly the figures. They ean, if
they wish, modify the ealeulations by editing the underlying MATLAB eada. They can
ura tha algorithme on ather datassts. They can try thar own fasorite methods en the
rATA fRtaRats.

{Ohir ides. in that, when dning research. long befors wea write an article, we prepana
aurealves with the thenght that wha me do on #ie compuier il WEimadely be mode
milnhi & nfiemw, for Seir inrpecfion, modificdion, re-ure and crificiem. This implies
paveral things. Firet, that the work product which e are aiming fo coeake will be a
mhdirectory nf WAYEL AR ennofaining a series of seripta that will genecabe, fiom serabeh,
all the firures of the arreponding article Semnnd, that our werk produet in aeé the
printed fignren that go infn the articlas, but the underlying algorithme and eode which
genarate those fguoes, and which will be made asmilable to othars. Thos, it is oo good
tn print & hardopy of a fignre that we ses rn thesrem and sam that for photompying
intn & final varrinn of the papar. Ones we ars bappy with 4 figura we pes on the eeoean,
wa munt gava the aode that ganerated the figure, and then edit the eode tn make it part
of A ayabam that aAutomatically seproduces all the figures of an articla.

Tha philvrphy we are adopting can be tracwd to Jon Clasrbent and Martin
Karrenhach'n articlsa Blenfrnin Dmumenie Jive Beprovducihie Rerearch Newr Meaning
(http://sepwww. stanford . adu). ‘Wa eepenially like & thought of theim which we paca-
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i CHAPTER 2 SCRIPTS

phrasa an follams:

A imdifionally publitied ardicle ir nef fie end product of sAolomhip: i i
the adverfisement for die mhoiordiip. The mrking rofamre ennimnment
thaf prvivrced Hie figurer in e arlick i $he anfual end provduct of #ie rohol-
nrhip.

To work in aseordance with the philosophy, wa must adopt & discipline of how
wm mruchure our aomputational ecperiments in MATLAB. A heneit of this diecipline
in, hopafully, to asnid the sloppiness and arrar that are uhiqitous in mmputational
BLATIR.

2. Seript Archhocture

The architecture of the fPapers diredory i a8 follows. At present, it containe thesa
mibdiractnrien, reresting Sgures in publirhed articles:

fhdapt - figuwras for °‘Adapting to Onknown Smoothmass via
¥avelat Shrinkage'’
fAaymp - figures for °‘Mavelat Shrinkage: Asymptopia?'’
fAlocky - figuras for °‘Swooth ¥Mavaleat Decompoeitions with
Hlocky Coefficient Eernele'’
fCorml - figuras for *‘¥Mavelat Threshold Estimators for
IData with Correlated Noisa''
f1daal - figuras for °‘Ideal Spatial Adaptation wia
¥avelat Shrinkage'’
MinEntSag - figuras for *‘0On Minimum Entropy Segmentation''
MMIFT - figures for ‘‘Mon Linear Mavelet Traneforms
baped on Median-Interpolation'’
Jhipkinaliein - figuras for °‘Exact Misk Analyeis of Wavelets Regression'’
fShaortCouree - figuras for *‘Nonlinear Wavelet Methods for Reacovery

of Signals, Deneities, Spactra and
Images from Incosplete and Noisy Data''

fApinCiycla - figuras for *‘Translation-Invariant De-Noising'®
fTour - figuras for *‘dMavelat Shrinkage and W.¥.I.

— a Tar-Mimte Tour''
f¥illardlelane - figuras for °‘Mavalab and Reproducible Beaseaarch''

These mihdirectorien hasa been coented following sereral rules, which shenld ba
followar] in making future addifions.



2 SCURIPT ARCHITECTURE T

L. Earh article gata ana mbdirectory of Mavelah/Fapers.

2. Earh mbdirectory eontaine: (o) mefa-rootines that mun the whole fgure
gmearating procesn, (b) arripta that generate individoal Sgoures, and () apecialized
tonls, oot presmt in WAVvEL AR proper, for generating the fignoes.

d. The files in A mubdirectory hame atylined names. so that the name indicate the
funetion of the fila.

4. Btylizel namen are basesd cm A mame and A ot prefie The nama should ba
shart but deseriptive, for excample, Adapt for seripta assocabed with the paper
Adapiing fn Unkmmam Fmmihnesr nin Worelef frinkage and the prefix should
b & ralated tag, just tan-charactem leng, for mmple ad.

fi. Tha mbdirectory name oeflects the name you hase choren, for eommple
VamLah/Papars/Aiapt.
2.1. Meta-Routines

Thara ara five mata-rontines undarlying the fguregeerating prosme in tha mrmant
peript anchitecture. For ecample, the Adapt subdirecary eombains:

AdaptThamo - gtarts the Iammetration, inmkas Choices
AdaptInit - eate up data structuras

AdamFig - called from Chaices

AdamIntro - help file, explaine contents of directories

AdappCleanup — clears all globale created by the demn

Hather than a lenghly blow-by-blow ab thin paint, it i suggested that the user wha
amnta to undestand the detailed structoe of thess seripte pick cme of the sabdirechn ries
in the current vermon and ingper: thees files.

2.2. Bpecialised Taak

Theare ara reaveral tools arailable in the Otilities directory o halp you with writing
peripta. For ecample, when ereating a display through sevecal F1ot ealls, it in praferable
o use WAVEL AR funchinme like Lockdxas and OnLockdyes rather than fn use the loare-
leswl MATLAD routine hald. Sea Chaphar 8 halowr.

2.3. Bcripting Hules

L. Oma peript eoeaken one eomplate figure, ot A sarim of figures, and oot juat a mbplaot
af a figura.
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II. If neweral seripts need to work with the same wriahles — for aempla, if you wank &
wariahle to becrented in one ecriph and then ueed in laker scripta — these vaciables
must ba made global (s ection 4 halowr).

IIT. No pausa's or print's in A seript.

I'V. An far as posrible try to ues the tonls in the WAvVELABR OTtilities direcory fo
parfnrm anticma lilke setting axen.

InFpection of axdating seripta will help in following thees rules. If oo obay thess
rulen, then ynur seripta should e upwardly eompatible with seript-running engines
making meora Aophisticated uee of the MATLAR ueer intarfass

2.4. Documenting Individual Figures

Enrch m-file fila for an individual fisure eontaine a help header which is displaged in the
rrmmand window at the fime the figure in ganarated in the plot window. This prevides
a. kind of em-line narcative, or caption. Hera is an sompla from Adapt:

% adfigll —— Adapt Figure 10: VWavelet Shrinkage of object yBlocks in Haar Basis

%
%X (Pamal a) dapicte tha noisy object yHElocks, its Haar traneform (Fanal o},

X wavelet shrinkage reconstruction using tha Haar wavelet (Fanel b), and
% the Haar Transform of the recametruction (Fanael d).

%
% Tha wviawer is supposad to notice that in the Hasr dowain, the

X noiee ie epread out among all coefficients, whila the eignal is
% concentrated in only a few coefficients. Hence thresholding mostly
X affacts the noisa withmut disturbing tha signal.

%

Nete hara the formak of the firek line of the help header. Adbering to thin for-
mat halpa warious antomatic dommentation feakures, mich an the antomabed] Referenne
Manual build.

3. Addive New Scripta

Ti ard naw demonstratinn seripts to WamLab/Papars, having thesame formak and sf-
fart An AdaptDamno, Anymriamo, HlockyDamo, Correllamn, IdesllDamn, MESDama,
MIFTIreen, RigkTramn, SO00emo, Tourlemo and YIAThamo:



4. MODIFYING EXISTING SCRIPTS !

L. Dwrida on A Aame for your demn and & thoré prefis for files implamenting your
demn. For excample, MyQsnDemo and ma.

2. Urenta o new mbdirectory of Wavelab/Fapars. For acampla, MyQwn.
d. Creata the following m-files:

Myenlemwo - gtarte the Demonstration, invokes Choices
MylenlInit - gate up data Etructures

MylenFig - callaed from Choicas

Mylenlntra - help file, explains contente of directaries

MylenCleanup — claare all globals created by tha dema

Sugpeatinn: wopy the aorrempending files in one of the ather mbdirectories of
JPapars intn yur new mbdirectory, giving them thess names; then edit thess
filen to reafer to Four owm oA B pla.

4. Ureata the seripta which implement your demo: sofigl.m mofig?.m. ate. The
ecripta need o followe thee rules mentiomed abowe in sectioms 2.2, 2.3 and 2.4,

4. Maodifylng Exlating Scripia

You might want tn modify an ecdeting seript for several rerRons:
» Th fry it out on & diffarant dakasat;
* Tn try it out with diffarent parametams;

* To inpert & diffarert method in plase of the edeting method, veing the same
GERLE

Char rules for meriph eeentinn should halp malee this posdbla. Some imues 1o esp in
mind:

Fimt, tha seript that generates A cartain figurs might ha depaodent on somputar
tinnA dene in the prosess of geoerating eacliar fgures. Therafore, the eoipt cannot
b apmimed to work eorrectly in ptand-alone mode. If the seript refern o any global
wariahlm then at A minirmm, the areesponding Indit seript has to e run beafore the
indirated seript in ooder fo eet global variables up.

Serrnid, in order to geoerabe A certain effect, it might thecefore e neessacy to
change earlier seripts, oot just the seript formally amociabed with the fgnra o ame
intaremted in. Thachangs might: hasa to bain the Init seriph (to affect global wariahles),
and might posribly hawe fo ba in other seripta ar wall.
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Third, when a et of seripte bas been wall-writhen, it should be oeceeary ealy to
change the Init amriph to produes most changes of the type ueam will want.

An a first eommpla, to modify the mocamplen in AdaptTamo fn werk af A sample miva
RL2 rather than N4% you would adit AdaptInit changing the line ¥=20448 tn N=512.
Thin wnuld then affect awery laber ealeulation in the demonatration.

An a sernd emmpls, ton modify the examples in AdaptDemo to work with
Haar wawalan rather than 88, ym would edit AdaptInit changing the line QNF =
MakaONFiltear [ 'Symmlat’ A7 to (NF = MakeONFiltar('Haar'). This would then af-
fent awary laber caleulation in the demonstration.



3. WORKOQUTS

Hera wa deseriba the eontents and acchitecture of the MSorkout e mibdirestary of Wave-
Lan

1. Warkcuta Phllascphy

f¥orkout e i A mbdirectory of Aavelab that is muech like Papers in that it eontaine a
warinty of mbdirectorien, sach of which sontaing A sequanos of seripts ganaraking fimren.
Hrwewer, Workoute in diffarent, in that ita primary motisabion in seé to reproduce Sgooea
in qur own Articles. InAteard, ita moti wation is for more informal, excploratkory purpanes,
ath

(a) To rdeass rode which produces Sgures that sorrepond tn no published paparns,
but: inateard demonstrabe or et wArious methodologies; and

(b) Tn raleass code that approodmabaly eproduces figures in arbiclm by ofier re
seATchern.

We use /Workouts informally in our own research group to enmmunicate new ideas,
rtill baing profotyped. to athars. Wa alao uee fYorkoute to test oot the ideas of others,
Ao that wa ean undershand the finer paints of their werk and asaid the fain dangers of,
an the one hand, gullibilify, and. on the other band, the “not invented hae® syodrome.

We beliere that by hasing an organizesd plans for “ecperimental”® anrk e will do
hatter wark oumalves.

2. Exdsting Workorta

In the rurrert: reess, wamion (1804, wa disntribute the following workoots:
fReetlrthaBasin — Yorlmute for Best Ortho Basis (Coifmsn—Wickerhauper)

MatchingPureuit - Vorboute for Matching Pursuits (Mallat-Zhang)

11



1 CHAPTER 3. WORKOQUTS

MultiFractal - Worlkoute illustrating soma appects of the Contimuous Wavelet Tras

fToons - Mlartoon Quide to Mavalate™

], Weorkonta Archiocinra

It in & good ides to follow the rime naming practicss and fila organizakion ans in the
directory Yavelab/Fapers.

3.1. Naming

In tha BestOrthnBars workout, we use filenames libe BEFigl]l .m, BEFigl?.m abe. In
the Tonnn workent wa urs name like toonl121.m. We try fn number figures in an
abvinus way and to stick with names no longer than eight charactam.

3.2. Beript Contends
Each fila sheuld genearate cne figuee, and should asmid the uee of ©lg, figure, prinot
and pausa. Thin in the same sat of rule that we adbere tn in Yamelab/FPapars.

a.2. Mata Routimes

By following the abom il it in ey to write weapper mode fio print all fgore or
tn nyele through all figures. Such wrapper aoda fypically han suggetie name lile
BEFrintAl11Fige aor BAShaowAllFige.



4. BooKs

Thea Books/WaveTour directory sontaing A eolection of eeripta which reproducs the
fignren in the bank of SiEphane Mallnf, A Warelei Tour of Signal Proesming. Wa
are hoping in the future, as part of teaching And research. fn develop more eeripta
maproducing the werk of athar.
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5. DATARSETS

Thea arripta we hase juat discuseed make uss of pavecal datasets, which Are made awmil-
abla in the directory WaveLab/Datasets. In thin chapter we describae the aschitecure
af our dakasat library.

1. Dataset PHlacsophy

We malkes amnilabla dataseta through cenfrdized rendere. The idea in that the knowledge
af how fn Aoneer A dakaset shenld be coneentrated in A single plass, and that the sonees
tn any datanet sheold ba made in & sterectyped way, throngh & simpla fonetion eall,
nnt thremgh ecplicit input and autput routines.

In thin way. if A dataeet i asadlable in the Aysbem becausa it has bemn ueed for one
peript, it antomatically heermen ammilabla throngh oot the gyatam for any other purpess
ana wild wish, withrnt atham nesding to know the formak or losation of the data

If, in the future, the datase: needs to e moved to some other location in the file
ayetamn, or if it needs to e etored in me other format, oo eeripta that uese the daka
for waselat demonstratinne will nesd to change. Inetend, one changes enly the aoda
implamenting the asceen method rather than the seripta which want to uee the datanet.

(The altearnative is, of soume that any much changes in the foture require rawTihing
all eodrting meriptal)

Tha rama philorophy applies for datassts which are aynthatic — thoee created by
MATLAB formulan. They are amemed in A shaentyped way through accees to A cen-
fmiized symiferizer. In thin way. A synthetic signal designed for one ueein one seript
antomatically beenmens amilabla for ather purpases.

2. Dataset Directory

Tha Contente.m fila in the Datasets directory aentaing the following informakion. It
ahem that there are several fools for accesring daka, 1-d datasets and 241 dakasets.
It in poaribla that ak perme timea in the futiure weawdll also hase 31 datanets (probably

mowien) ar snllechinns of sl images.

1k
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CHAPTER . DATASETE

Iiata Beaders
Broweelmages - Broweer for Image Datasats
ImageFig - Called by Hroweelmages
Band Imaga — Oniform Interface to Image Dataseks
Beaddignal - Oniform Interface to S3ignal Datasets

Iata Fabricators

MakaBrownian - HMake Fractional Brownian Motione

Makelantor - Becureively generates a Cantor distribution.

MakaFractal — HMale fractal signale

Maka Imaga - Mahp artificial 24 pignal (evhancement of MakeZ2dSignal)

MakaProcess - HMake locally stationary pmrocess

Make3ignal - HMake artificial eignal

MakaZdSignal - Make artificial 2d asignal

makadiag - Malm diagonal pattarn (used by MakeZ2dSignal)

1-d Signals

CATUE0.8BD - 0ld recording by Enrico Caruso

@ECA . AAC - ESCA epectrum suppliad by J.F. BibY'erian

gTeABY.REED - recording of the word *‘greasy'' from
Mallat and Zhang

Hoch¥MR . aBc - NMA Spectrum supplied by Jeff Hoch

1ady . a8¢C - Sae in Bodke/MWaveTour/WTChOS/wtlEfiglT.m,
stlEfiglf.m, wtdTLfigld.m, wEOTHiglT.m

lapar.aBc - Tima Series competition Laser series

meignal .asc - Artificial sigpal in the article of Mallat & Zhong

Baph¥MR . aBC - NMA Spectras supplied by Adrian Maudelay

gaiomic .aBc - etandard FROMAL test seiomic signal

Sconlemy . aBC - Vocaliseans

BUnEpOLE . AT -  Bunspot numbers

traneiente.asc -  artificial eignal of Mallat and Zhang

twaat .aBC - recording of a bird minging



3 DATASET FOREMAT 17
%

X 24 Imagas

%

%Y  barb.raw - Barbara

%X barton.raw - painting of seashore commressed by

X Jan-Mov Stromberg

%  canaletto.raw - painting of Wenice processed by

% P. Parona and 1. Malik

X coifman.raw - photo of B.R. Coifman

% dauhachies.raw - photo of Ingrid Dauhechies

X fingerprint.raw - someona's fingerprint

%  lenna.raw - Lema

% lincoln.raw - Hooest Aba

¥ mriscan.raw - pomaona's brain

%X peppare2S56.raw - Saee in Booke/WaveTour /WTCh10/wtl0fighs.m

%X phone.raw - pomacna’s phona

%

%

% Orilitias

%X makediag - Mahe a disgonal pattarn

% mat?raw -  MAT?RAN(filenams,x) srites matrixz 'x" imto file '"filenama' in
% 'row' form.

% ras?mat - mat = BANPMAT(filenama ,lines,codlumns] loadse a '.raw' file into
% matriz 'mat' of giza '"limes' * 'columne'.

X

3. Datasat Format

Diatanan rurrently oncur in one of twe formads:

L. 1-d Rignnle. Hera the fila in destined o beome A 1-0 signal in WavELAB, ia
an array of m mmham, whers n in dyadic. | is sored as & singla olumn of
ASBCII text, cna number par line  The acfual fila in locabed in the diredory
Yavelah/Datasata, with suffix txt.

2. #-d Imnges. Hera the fila in destined fio beoome s 240 image in WAavELAB, {6
an array of m by n numham, where v dyadic. Doa o rather large sigs of mch
arraye (g G12 by H12), they are stooed a8 arraye of bytes, which can ba pead in
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raw fnrmat uning the Mafklab I/ routine fread. The anfual fila is locatbed in the
direchary ¥avelab/Datapete, with mffix .raw.

4. Datsaot Accosg

Diatanaa rurrently ars anceseed in one of fao ways:

L. 1-d Signnir. The{ragment ig = BeadSignal( ' Nama ') causes WAVELAB tn lonk
in the eorrect directory, read the eoreesponding ASCIT fila into an array, and
rhapd it tn the comect formatk for A 1-d signal. For s list of curcantly assilable
namen, Ben the documentation on this funeticon. Examples indude * Aaphael MR,
‘Sunepate’ and ‘Oarusa’.

2. #-d Imnage. The fragment sig = BesdImage (*Mama '] cauees WAVELAR fo lonk
in the rorred directory and read the eorceponding rame format file inko an ® by
n mafrix. For a lisk of eurrently asmilable names. res the documentation on thia

funetion. Exnmples include ‘Dauvhechies', ‘Canalatto’ and “Fingerprint’.

A mide dfect of the Accees mathaods is that the correeponding dosumeantation fle of
the datasnt in dirplaged cn the MATLAB ronRale an the fila in read.

§. Datmsot Doomentation

Earch datarat in the syetem han A dommeartation file, with mffix .doc. Hers in an
axmple of A documentalion fla for A 1-d signal:



4. DATASET DOCTIMENTATION

caruec.asc —— Digital signal of Caruso einging

Accans
Emrico = ReadSignal (*Carusen');

Qiza
50,000 by 1

Sampling Hate
4152 H=

Description
In MATLAB, the command pound(Enrico,8152) will play this sound
back at tha right pitch.

Qource
(Hained by anonywous FIP from the xwple package
devaloped by B.R. Coifmsn and Fazal Majid at Tale Onivereity.
You can get this I-windowe adapted waveform analyeie
package by anonymous FTP to math.yalae.adu.

Hera in an example of 4 documentation fle for a 2-d image:

canaletto.raw —— Gray-scale imapge of Canaletto painting

Accans
Canal = BaadImage (*Canalatto’);

Qiza
512 by 512

Gray Levels
256

Description
Thie image was used in an article by P. Perona and J. Malik,
"3cale-Spaca Filtering by Anisotropic IMffusions,™ IEE FAMI.

Sogurce
(Hainad from Jobn Canny and Jitendra Malik, of EECS at
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O.C. Berkelay.

Yo will notics the fallowing felds in tha dosumeantakion:

L.

s oR WM

Tifle. A oneline header ab the start of the fila, giving the filaname, and, after
twn hyphmn, desmriptive b,

Anneer. A codde fragment indieating the pteractyesd ascen mathod.
Size. The rize of the signal ar image.

roy Lewelr. Applicable for Images cnly.

Snmpling HAafe. Applicabla for Saunds anly.

. Sruree. Indication of the origina seenres of the data
. Dercripfion. Additirmal deseription of the data

g. Synthatle Slgmals

Synthetic data are currantly aosemal in cne of tao wagm:

L

. 1-d Fignalr. Tha fragmert: sig = MabaSignal ("Nama',n) cannes WAVELAD to

una A builtin formmla o ganerate A ayohhetic dgnal of langth ® in the aorreet for-
mat for & 11 mignal. For alist of currently asilable names, ses thedocumentation

on thin fonetinn. Example include *Buspe’, 'Doppler’ and 'HeaviSine’

£-d Imaper. The fragment sig = Maker?dSignal ("¥ame' ,n) cAanses WAVELABR
una A built-in formula, o generaba o aynthatic image in an ® by » makrix. For a list
af surrently awailahle name. ses the dorumentation on this funetion. Fxamples
include *Circle’, *StickFigure’ and “Mondrian’.

7. Addivg New Datasata
T ardd new dataseta to WavELAB, da the following:

L. Inrinflndion. Plaos the datasat, in sherentyped format, in the Datapate direstory.

Mndify one of the edeting assess functione to read in tha dataset. (Yoo ean, in
A pinch, plars the dataret Aeewhers, or keep it in A nonstandarcd format).

2. Documeninfion. Innert A .doc file in the Datasates directory to ecplain the

datane.
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Th arld & new syntheticrigonal or image to WAvEL AR, pimply madify the appropriaba
funchion, MakeSignal or Make2dSignal, by inearting A new caes in the “compaund if™;
the new raea teatn for A new, previoualy unieed name, and entaine A forrmla defining
the mignal in that caea. It i heat if the formula is designed tn wark the rama way the
ather fnrmulas work — fo produce an autput at any given Agnal length or image achant.

8. Dataset Scurces

We would likke tn taka this cpportunity o thank the sourees of our datassts. We eprint

hera frnm the file THANES. m in WavrelabTocumentation.

¥ Comtritutors of Data

Lot ol o S S o o o L L

Jaan-Faul BibY'erian, Oniversite de Marseille, Liminy

Chris Brielawn, Los Alamne Natinnal Lahe
Jaohn Canmy, OC Barkeley

B.R. Coifman, Tale (niversity

Ingrid Daubachias, ATET Bell Labe

Faul Dwonoha, Charron

Jeffrey Boch, Bowland Institute

Iug Jones, Univ. I1linais

Jitendra Malik, OC Barkeley

Stephane Mallat, Courant Institute
Adrian Maudeley, YA Medical Center, San Francieco
Chrie Haphael, Stanford Oniversity
Jan-0loy Strosbarg, Onivereity of Tromeo
Zhifeng Zhang, Courant Inetitute
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6. DOCUMENTATION

Thera has hean ectanaize neern for the dorometation of the code in WaveLan, Wa
try to upaall the features of MATLABR an wall an other features to producs & mberant,
undamtandahle ayatem.

1. Halp Haadara

Each funchicm in the WAVELAR system han documentation enofained infide the .m fila
with its MATLABR rowle. Thin dosumentakion ean ba asceeesd on-line by typing halp
Hawa whars Name in the nama of the function. For ecample, typing help BestBasis
given:

function [basis,value] = BestBagis (trea,l)
X BaptHasis — Coifman—W¥ickerhauser Best-Basis Algorithm
% Osage
[(btrea,vtrea] = BastBasis(etrea,l)
Inpute
ELraa ptat-trea (output by CalcStatTraa)
I maximum depth of tree-saarch
Outpute
btraa basis-trea of best basis
TLraa valua of compments of best basis
vtrea(1) holde value of best bagis

Deecription
The best-basis algorithm is used to pick out the *‘bast'*
bapis from all the poseible bases in the pachket tabla.
Hara °‘bapt'' masns minimizing an additive maasure of
information, called entropy by Coifman and Wickerhauser.

(nce the stattree of entropy values ie created, BestBasis
pelaecte the bast basis using the pruning algorithm described in
Yickerbhaurer'se book.

EE B o i L S o o o o S o O

Pl



e

Lo ol ol S B L o L o L i B L

CHAPTER 8 DOCUMENTATION

Exsmnlan

[r,I] = dyadlength(signal);
quf = Maka(WFilter('Coiflat’ 3);

wp = WPAnalyeie(eignal I}, ouf);
gtrea = CalcStatTraa (vp, "Entropy');
[btrea,viraa]l = HagtBaeis (etrea,l);

Algorithm

Yale University has filed a patent application for this algoriths.
Comwercial Development based on this algorithm should be cleared
by Yale Oniversity. Contact them for licensing irmformation.

Sea Also

WAnalyeis, Calc3tatTree, (FTour, WPTour

Refarences

VWickerhauser, M.¥. _Adapted VWavelet_Analysis_. AR Feters [1584].

Thir illustrates the main cmponenta of the fhrmat we hase adopted: 8 one-line iz ip

hender, and sentione for Urage, Tnpude Quipeie Side Effecis Demripfion, Esompler,
Algorithm, Fee Alm and Referennens.

L. Header Tha firat line of tha halp headar in called the H1 lina by the MaToam

falkn. It in rpedal o MaTiab, and to WavELAR. When you uea the lookfar
cmmmand, MATLAD emmines this line for ech .m file in its path fo find feech
matehing the request. When a rdeass of WAVELAR in built, thess lines ara
crmpiled and morted in alphabetics]l order tn male files in the documentakion
directary. Formab: 4 peroent mign, A mingle blank, the name of the functinn, a
blank followed by double hypheos and a blank, and a short demeription of the
funeticn. The deseription ehonld entain an many halpful aywonds an poariblea.

. Urnge. Hera indicabe the ealling prototype. Formab: the output argument(s)

[rncloperd within square brachets if there in more than ome output Argument), an
erualn mgn, tha fuonction namea followed by thainput argument(n) ancloaad aithin
parantheses. (ptirmal input arguments are ancloned within equare brackats.

. Jnpuis. Here, nne line par input wariahle, indieating the name of the wariable, the

formal data type and the intarpratation. Al indicabe if the input is optional by
encloaing it within square brackoats.
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4. (hépiir. Hera one line par output variable, indicating the name of the wriable,
the formal data type and the interpretatinn.

fi. Side Effeci. Hara indicaba any mide afects the rontine may hase (graphics, sound,
ate.]. Omit if the funetion has oo Ade efects.

6. Dercripiinon. Here, describewhat the funckiom does in as much debail as possible.

T. Eznmplks. Hera, ligh cocamples of hewr the functinn ia called in practics. This fiald
in ophicmal.

£ Algorithm.  Here, describe the algorithm ueed by the funetion.  Thin field is
aptirmal.

9. Sec Abrn. Hera, menticm cther routines which this rutine ealls ar which call this
one or ratines with A speial relaticmehip o this function. This fiedd i opticmal.

10. Referenrcs. Hara, lint refaranes from which the ueer may obtain further informa-
tinn abaut the functinn. This field is opticnal.

Tha Wairelah Reference Manua in built antomatieally from the halp headam of
aach WAvELAB function. This adbering fino the abow format will s the funchion
in properly dommented in the referencs mamal.

2. Docnmentation Divectory

The directory Waralab/Documsntat ion entaing A variety of information abeot Ware-
Lan. Thare ara o mumbear of ganeral files, which deseribe warious tarme and eonditions
and goaln. The cnnbenta of any of theees files may ba ecamined by typing ita name.

% ADDINGNEMFEATORES — How to Add Neaw Faatures to Wavelab
% BOGREFOAT - How to report buge about WamLab

% CHAMGES - History of Changas to WamLab

X COMCEFTS - Concepts used in the Wavelab package
X COPTING - Wawelab Copying Parmissions

% DATASTRAOCTURES — Bagpitc data structuras in Wamlab

% FEEIRACE - Gimwm feadback about Wavalab

% FIIME

X FUTORE - ¥Wavelab Future Developmants

% GETTINGSTARTED - Ideas for getting started with Wavelab
% INSTALLATION - Inptallation of ¥Wavalab

% LIMNITATIONG - Yamlab Enown limitatione
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%X FATMENT - Yo Charge for Wavelab Software

X REATING - Sowrcee far further rmeading about wavelets
% RECISTRATION - V¥WameLab Begistration

% SOPPOAT - Vavelah Support

% THAMES - Thanks to contributors

¥ VEASION - Part of Wavelah Varsion vVERIIONY

¥ WARRAVTY - XNo ¥Warranty on Wavelah softwara

In addition, thara ara paeral fles aompiled aotomatically during the build proosss:

%X VLAIphaHalplisting all help filas arranged by function name
% ¥LAlphaSynopeielisting - one-line synopses arranged by function nama

X ¥VLOmtentelieting - al1l Contente.m files

% WLFilas - lieting of all ¥Wavelah filee arranged by directory
X VLHalpHeadars - lieting of all firet lines of help baaders

X VLHalpListing - al11 help files arranged by directory

To add ar modify the firt group of fles, vary little in cequired. Simply add oew
filen. The semnd group of files, heing an tomatically generabed At build time, should oot
ardinarily e modified. Instead, modify the sounes from which they are antomakically
rrmpiled .

Berauen of the an tamatic build process, it in impeortant to maintain the integrity of
cartain files. Thesa include:

* Urntents filen. Every directory should hase A Contente.m fila. When adding a
new funchinn fo A directory, be mos to add it to the directory's Contents file as
wall.

» Hl Lines of Help documents. Every .m fila shonld enntain A hep header, and the
H1 lina of the help header should followr the rules specified abeos.

» S§VERSIONS marker. Every Contents.m fila han, in the H1 line, A description of
what the directory antaine, an well an A vacrion markar. The tect SVERSION %
in replanad, Automatically upan build, by the current vemion oumber.

3. Workouta Diractary

Anather usaful somponent of the sysbem documentation in the fYorkoute directory,
whirh rrntaing more than & hundred seripte that eoarcies the oftware in wricns waym.

Thea vear ean lonk through the graphics genarated by this dorumentation and, upen
peping romething intereating, inepedt the cormponding aeript to ses how the graphic
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wan eoafedl. Thin gives, in affect, bundreds of worldng eemples of how WaveLab in
sl

Currently, the Aorknute directory eentaing foor mibediventoriees:

+ BaptOrthoBaein given axamples of the Coifman-Widerhanesr “Best Orthogonal
Banis® paradigm in operation, on both real and syothetic data

+ MatchingFursuit gives acamplen of Mabehing Purmit in operatiom . on bath real
and synthebic data

+ MultiFractal gives acamplen of uring the emtinuous anrda; traneform fools,

+ Tomme gives more than 100 ecamples of aaralete and time frequeney analymis in
aperaticrm, bath in explanatory meoda (Ag. showing ammplen of waralets and
wamnlet pacdeta) and in analyrin of Mgnale and images.

4, TpX Dacuments

Tha systam alen comen with seweral documents, writhen in TEX, which funchion as
manuals fnr ueem and for aystam-maintenancs peopla.

We uen the Marintoerh program Tesfures for demlnping our TEX ende. The fila
YaveMacros .tex within Wavelab Master:ocumertation eontaing macros that define
the current wermen of WAVELAD, filmamen, file mizen, fila beatione, et This file
ahould b mesdified appropriately for new relesees of WAVELABR. It is included by all
the documerts deseribed belowr An alisas fo this file ghould beingtalled in the Taxturas
directory Tel Inputs. The jeep. sty fila should alsn be placed in this direchory sines
it in oot ineluded with the rtandand distribution of Tesfurer.

4.1. About Wavael.ab

Afrui Waselah helps & new usar with installing and getting atarted with WaveLan.
Tha sorrasponding poataeript dorumeant in asnilable via
http: //vww-etat. etanford . aduf ~wamlab/ftp/Aboutdavalab.pa. 2. The soures i
writhen in EIIEK . uaing the Jeap atyle firmat. It in enntained within the About Warelab
foldar in Wawelah Master:Docusentation

Bectinne that may nesd to be changed with a new ralarraara: section 2.2, Aeckion 2.4
(tha Contente.mfila), sentinn 2 & (the fla liskings of the top-lewl WaveELAB directory).
pactinn 2.7 (the startup seresn), section .11 (if Orthogonal/Contente.m changes).
pertinn £.1.4 (update MLA1phadynopei elisting and WL.EelpHaadars .m), sertinn 3.3 (if
the hrewmer changen) and eection & (if any of the files in loouseantation are modified).
Alnn, although the verion number of WAVELAB in generally oot hard-eoded in this
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document (through the ues of the WL¥ereion maem), there are cartain ingtancm (ag.
in the FTF amAnn and Contenta .m filem) that sheould be manvually replaced.

4.2. Refarance

Tha Wnrelah Heferenne mamal in generabed antomatically by the build procsss seript
BuildMavalwc; littla manual intarvention in required. The sorresponding postaeript
dacumert: in asailable via

http: //www-etat. etanford . aduf ~wamlabyfftp/Wavelablaf .pa.Z . The oumes in
writhen in BTEX, but mainly generated from the WAVELAR mumee oonde by
Huild¥avalwoc. It i mntained within the ¥Mavelab RBafarenca fulder in Wavalahb
Manter:Iocumentation. The BEATHE file in thin directory autlines the mamal stepa
that mmnt be talen after Build¥avaloc in run.

Bersuen Buildiaveloc ganerates BTEX aoures film from WarEL AR .m filen that
are ineluded veing the INTEX Ybagin {varbatim} and }end{verbatim} direcives, oo
eaAionally page braals in film that exbend more than one page are oot aeathebically
plasring. The Mamial Fermanant Files folder within the Warelab Beference folder
rrntain tarealied wRminne of the few files that fall infn this cabegory, in BTEX form. I
any of tha .mfilm cmmeapending to thess documentation files are changed. the e
rpanding files in thin direchory oeed to ba changed as well.

4.3. Architecture

You are mirrently reading the Warelah dmhiferiyre domment. It sontains sysbam-lewl
infrarmaticm abaut the WAvEL AR disfributinn. The arreponding posteeript documeant;
in ammilable via http: / fSsww-stat. stanford . adu/~wamlab/ Pt pf Varelabdrch . pa . 2.
Thea soures in writhen in BTES, uaing the Jaap style format. I in eontained within the
Vavelah Architecture folder in Wavelab Master:Documentation

Bectinnn that may neel fo e changed with A new reese are: beginning of s
tinn 2.2 (lint of papem). beginning of section 32 (list of workonts), sedion §2 (the
Contente.m fila), Aectinn 3.8 (thanks to dakasat eomributom), sechion 6.2 (if any files
in Bocumantation change], sectiom §.3 (list of workonts)], section & (if any film in

Otilitias changa)
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In the current release of WAVELAD, wermen (1.804. ¥avelab/Broweers armbaing o
subdirectories, /0ne-TF and AlaveTour. /0ne-I aontains the browser SLEroweer which
allomm point-and-click Aceeas o A number of interesting faatnres in wase o transforme,
rrmpraann And dennirng. AaraTour aontaine the brewser WTHrowsar which in-
wmben the seripta that seproduce the fgures from the book “A Wamselet tour of mgnal
procerring” by 5. Mallat. At the moment there in oo dommentation for thin padage.

We hopa tin install further browsems and systamatize rles for browsers in the fo tura.
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8. UTILITIES

Beveral utilitien areasmilablein WAVELAR mainly for the purpossaf cetralizing wrious
programming idinma. If WavELAB in ewer to be ported to Octase for mcample, thess
allow eme tn modify cnly the utilities to the new platform and achiee the desined atfect
of platform-independent scripts.

Thea currant Contente.m file for Vavelab/Mtilities gom an follows:

%X AppendTitle

Otility to Build Titla String

X Autolmage - Automatic Scaling for Image Dieplay
% CutDyad - Trumcate eignal to Dyadic length
% Graylmaga - Image dieplay of Gray-ecaled digital images
% HitinyEey - Tool for peausing in acripts
X LockAzan - Yareion-independent arxis command
%X MabaTiledFigures - Tile the screen with figuras
% PadDyad - Zearc-fill eignal to Dyadic length
%X RBagisterFlot - Add legend with file nama, date, flag
X ShapeisBow - Heshapa 1d vector as row
% ShapeLike - Dephape first argument like second argument
% Onlockdxas - Varpion-indepandent aris command
% ¥aitlntil - Hurn up CPO cyclee until sec seconds elapee
X ¥hiteNoise — Vergion-independent white noise generator
X ifprint - Conditiomal printing to postecript file
% logZlin - Traneform log-scale image to linear-scale image
X pic256 - 8hovw image of 256 gray scale
% rmehift - Circular right ghift of 1-d signal
%X waraaplot - VYarpion-indepandent plot routine

The function e of thess utilities can cureently be classified into the eategories: Graph-
int, Random Numbers, Shaping Armyr and Senipéing.

1. Garaphicsa
There ara semeral graphica utilities.

3L
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For imaga dirplay; the baic image rommand shipped with MATLAB does oo sealing
af itR Angument, nor any Apedal choies of colormap aor axes. AutoImege (img) provides
antematie sealing of any image and A simple eolormap,. For cases whens memeory eom-
rirainta ara present And the imaga is a gray-seeals digi tal image taling salue hatwean (0
and ngray-1. GrayImage (img,ngray) displays the image rn A gray enlormap without
any mpenial pealing.

For Axin eemtrnl, Lockdyaes and Onlockxas provide vecminn-in depandent axdn wom-
treal.

versaplot bundles togather axis, Aubplat, and other commandns into A Ringle mult-
purpces meminn-indepedent plotting eommand.

MakaTiladFiguras in A tonl to fll the prean with non-overlapping figuren.

2. Randem MNumhbara

Vhite¥oise (x) in A wemion-indepandent Mormal((l.1) raodom mmbe geoecafor. It
maturns an array Ahaped lile x filled with normally-distribubed perudo-random numbers.

Upa of thin routine asmids warning meseagen dueto the change of eomeantinne ameon g
different warrions of MATLAB for ganerating random numbers.

3. Shapiny Vaectora

Twn routine axdst fo eoeces vectom to hame the Rhape ecpecked by warious algnrithma
in WavELABR. Mrat of thees moutines wera firet writhen ammuming that mignaln wera
rew wanhom, which in ineonweniant from eome painta of view. o now, at the antry af
menAt algnrithme, the argument in rerbaped ar A tow wector, aod at the aod of moet
algarithme, the remult in rerhapead to be in the rame form s the input had originally.

ShapeAshow(x) reshapes A l-d westor (row or mluomn] to ba A mowe weetor.
Shapelike (x,7] reshapen the fimt apgument to eonform fo the shape of its reond
argurment.

Two additional routnes, Cuthyad and Padiyad either truncabe A mignal to hase
dynadic length (16, A peower of twe ), or add secos to the end of it to enfooes thin retriction.
The fast algorithme in WAVELAB depend an the length of & signal being a power of
i

4. Seripting

Theara ara sewmeral rontines to belp with aeripting.
AppandTitla tacks on actra informatinn to A title string, such ar parametams par-
tirular to & particular figure.
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RegisterFlot allows the tools in fPapers to indicabe in emall priok af the bottom
af the paga, the daba a plot wan eoeated and the .o fila that eoeabed if.

HitAnyRey pannem aopention, aaking the ueer to respend with & ey strole. Option-
ally, it san print the mrrent gra.phic bafore continoing,.

VaitOntil (tice) burms up CPTT ayeles Ao that seripta don't run by ton quickly.



CHAPTER & T'TILITIES



. SOURCE AND BumD

This chapher describes hoar WAVELAD soures is enmpiled into archives for distribution.

1. Devalopmant Systam

The soures for WAaELAD development han several components in different, directories
on & Macintosh aompo ber:

L.

2

3.

4,

Nfadnh Sowrce in A directory named fYamalabinaids the Yavelab Mastar folder.

{f §rwve in A direciory name] MEIL:Mex Source inside the Wavelah Master
frlder.

TeX Soume in a directory named Docusentation inmide the Wavel.ab Master
folder.

MPW Snurce in A directory namesd MPY Toole inAidethe Mavelab Master fnlder.

Crmpilatinn of the master rounes into an archive in affected uring four main toals:

L.

MPW. The Macintosh Programmer's Workshop (MPW) in a [TNIX-lika anvioon-
ment in which one can write seripte tn compile, eopy, mom, deleba and rename
files.

. Perd Tord in o Marcintosh applicatiom that alleme MPYW f0 ecemite seripis wTithen

in the Perl programming lanmiage.

. FiuffE Deluwe in A Madntosh application that allows one to build self-eedracting

archiwen that demmpress and ingtall thamealves on & bMae with only & mooee dicds.
It ran alan hinhar thoea archives o they lonk like atandasd N files and ean
ha made asnilahle cn A TMTX fila parvar for aocees cmer Intarnet.,

Féufli Deluwe alan allomm one to dicectly eoeaba [Tnix tar archives in eompreased
.tar.Z format.

. P Exphange in & Man application that allows one to aopy Man files fo a PO

finppy dink.

o
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f. pkap i a DOS application that alloem one fo build a compressed archive on &

PL.

2. MPW Taals

About tan dosen small MPW seripts hase bemn programmesd. along with master seripts,
to ameint in the build procme. The seript InitWamYarsin called by the high -leve seripta
tn initialize global variahle and vAually needs to e modified whean modifieations aoe
marde i WAVELAD: for eocample when newr directories are added. Hers is an up-fo-date

lint of the high-lewel film:

Build¥avaloo -
Build¥avaliE -
BuildiavaMex -
Build¥avelalaasa -
FdlderCompare -
InitWavra¥ars -
List_¥WL_HelpHeaders -
ListWavalahFiles -
Bespel1Buildbir -
BaspallWavelab
Saarchdavalab -

Build Refarencea Manual from function headars
Build I8 wersion of Wamlab

MA C—compile all .max files

Mastar Huild

Cmpare Folders to look for differences
Initializa build variablas

Compile a listing of all Help Beaders
Coapile a listing of all Files

Bename a function throughout Huilt source
Bename & function throughout Warelab source
Saarch Wavalab source for function nama

Thess can be used outside of the Master build process; for ecample, Saarch¥amelab
may be used to ses which WAVELAB functinng eall A eertain apecific funetion .
Hera in an up-to-dabe listing of the low-leml MPW Scripts used an part of the buoild:

AlphaBalplinting -
AlphaSynopeielisting -
ShowHel pHeadar -
Show3ynopeislina -

Build alphabetic list of all function balp headers
Build alphabetic list of all function synopeis lines
Show help header without comwant markers

Extract synopais nama from function headar

Theee aeripte in turn call A variety of stressedit aripts. etreamedit in an MPW
tonl with featuren mimilar to the UNIK command sed Thess seripts enpy the shandand
input ton the standard cutput, meodifying it appropriabaly:

IubleFilaliet -
Dropl.aafNama -
PrintZndCal -
Jalactlinald -
StriplomsertMarkers -

List files in two-column format
Strip leaf nama

Print specond of two columne
Print third lina of tha f£ile
Strip comment markers "%"
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StriplonHelpHeader - 8trip lipes above header section
Strip¥onHelpTail — 3trip lines below haader saction
Synopeie_of_PathWama -  Print pathnames of file

In addition, thera ara dictinnaries, ueed by the MPW tool canon to respall sounes.

Wea taln adwmntage of the Madntorh eolor labaing featiure to organize the files in
MY Toole. We molor files palating tn the DOS build blue, and files malating to the
Eefaranca Manual build gresn.

3. Complling: .wex

In the interest of eocecntion spesd. sesaral of the core .m files hase been rupplanted by
.max filen, which express the rame algorithmea an the .m files, but ececnbe more rapidly.

Thadirertory Waralah Master:MEL:Max Source containg the following O-languame
filen, mrrespanding tn WAVELAR .m files:

FMIFT.c Madian/FHIFT.m

IMIFT.c Madian/INIFT.m

QuadMediaf .c Median AQuadMadief .m
dot_ii.c Mayer/dct_ii.m

det_ii.c Mayar/det_ii.m

det_iffi.c Mayar/dot_iii.m

det_iii.c Mayar/det_iii.m

INT_Pd.c l:ll"l:]:l.ll:lgll:I:I:l.B:l_.lr INT_Pl.m
F¥T_Fl.c l]r‘l:hugu:ua]fF'iT_Pﬂ.:l
INT2_P0.c Orthoganal/NT2_PO.m
F¥T2_Pl.c Orthoganal /FNT2_PO.m
Uplyaddi . o Orthoganal /OpDyadlo .
Oplyadla.c Orthoganal /OpDyadlo .
IwnlyadHi .c Orthogonal /DosnDyadHi .m
e lyadlao .o Orthogonal fDownDyadlo .m
dot_iv.c Packete/0ne-I/dct_iv.m
WFAnalyeie.c Facketsf(na-I/WFAnalyeis.m
CPAnalyein.c Pachetef0na-I/CPAnadyein. m

FaptAT1Sag.c Fapars/MinEmSeg/FastAlldeg.m
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FastEntProfile.c
off_filter.c

Fapars /MinEmtSeg/FastEntFrofile.m
Fapars/MinEmtSeg/off filter.m

FCP3ymthasis.c
FWP3ynthesise.c

Fursuit/FCPSynthanin.m
Fursuit/FWFSynthesic.m

FYT_TI.c Invariant /FAT _TI.m
INT_TI.c Invariant/INT TI.m
FYT_FR3.c Biarthogonal/FVT_FES.m
INT PES.C Biorthogonal/INT_FES.m

The MPW seript BuildiaveMex ermpiles all theees files into .mex inmbking the
MATLAD MPYW Beript cmex. The eompiled files are placed in the directory MEL: Mex
Fat infide the main WaELABR directory; the diredfiory s called Mex Fat hecausas
BuildMaveMex rreaten “fat hinaried” which eentain bath 68K and Power PO mode.

The C-sures filen uss the O #includa directioe to indude the following suppart
filen, linterd along with the main programe which eall them:

dct dot_ifi, det_ii

dotiveub CPAnalyeis, FOPSynthasin

dht det_ii, det_iii, det_ii, det_iii

downhi DownlyadHi, FWT2_P0, FWT_ PO, FWT_TI, WFAnalyeie

downhipba FWT_FH3

doenla DosnbDyadlo, FWIZ_P0, FYT_ PO, FYT_TI, WPAnalysie

downlaphe FWT_FBHS

det det, idet

idct det_ii, det_iii

idet det_iii

maisag FastAllSeg

matiny maisag

mak moy mainag

mirrorfilt DoenbDymiHi, FWFSynthenio, FWTZ_FA0, FWT_PO0, FWT_TI,
INT2_PO0, INT_PO, INT_TI, OpDyadHi, WPAnalyais

mirrosymeaf ilt FWT_PH3, INT_FBS

uphi FwWP3yntheein, INTZ_PF0O, INT_PO, INT_TI, UplhyadHi

uphipha INT_FBHS

upla FWPSynthaein, INTZ_FO, INT_PO, INT_TI, OUplyadLo

uplophba

INT_PHSE
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In anticipatinn of a TINIX build, the C-language filen are shored in 4 dizes
tary MEXISourca. Twn aeripta, installMEL and inetallMEX.ald, atored in Wavrelab
Master:MEL are alsn included within thin archive. Sinee thers are no fewer than nemen
platformea on which the Unix verrion of MATLAR runs — Sun-4/SPARC. HP 900 feeriem
200, HP $000/ peries T, DECStakion, Silicon Graphics, IARM RS MO00 and Nex T — the
Unix ueer of WAVELABR will run one of them (installMEL.old if he in uaing an older
wmion of MATLAB] tn eompile and install the .mex files when he ingtalln WaveELAaB.
Thur tha Unix dirtributinn of WAvELAB han an axtra top-leval directory — BEEISourca
— that the Marintoah and PL distributicns do not. For the latter distributions, .oex

4, Standard Realaasa

The MPW DIMaster Huild seript is BuildWaweRelease which builds a direchory

Waralah vers, whers mars in raplased by the wamicn — supplied a8 the argument tao
Build¥aveRalaasa — of WAVELAD baing built. A eomplete copy of the WavELAR pack-
Age in ammembled in that divectory, which is locabed acsnrding o the Buildir variable
within the InitWave¥are seript. BuildiaveReleass then analyzes and processes the
filen andl directaries to produm the “shandasd releass®

Thea prowess of building & “standard® meleass for the Macintosh involves:

L. Appanding enpyright notices and dabe of-modification information to all files in
the library;

2. Compiling .mex filen s needed;
d. Arpambling linte of all filanames intn Documantation/WLFilag,

4. Arpambling rorted linte of all ome-line hea p headers infto
Iocumantation/WLHalpHeadars .o

f. Arpambling sorted linte of all one-line synopem into
Iocumantation /WAl phaSynopeislinting;

. Arpambling Documantation/WLEalplisting, & linting of all on-line halp headars,
by diractory and by alphabatical arder within directory;

T. Arpambling Documantat ion/VLAIphaHelplieting & listing of all halp headars,
by alphabetical crder of the funetion name; and

£. Amppembling DocumentationNL.Oontentelisting. & lisking of all directory eon-
tenta film, by alphabatical order of the directory nama
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5. Complline .pe
5.1. TRX Bource

Tha Documentation directory within WarelLab Master arntaine one folder for ech of
the WAVELABR documents: Afowd Wavelah, Warelnh Reference and Warelah Archi-
fenfame. Thees foldem emtain the INTERX aode for the docoments, which are eompiled
intn .pa film uning the Marintorh program Fewfums Thesa .pe film are then made
axnilable oo the WWW mta

5.2. Wavael.ab R aference

Tha ¥amwLah Refarence directory mmtaine a further sub-directory, Mamal, which
amtaine A falder and BTREX include file arresponding to anch direchory of WavELap,
Each folder rontains A .tex wemion of ech .o fila in the ormponding WaveLas
directnry. The include fila named] dirname.tex where dirnamas in the correspond ing
WarEL AR directory name, amambles all the .tex film for 4 given directory intn a
chaptar of Warelah Referenns.

Tha MPW seript BuildWaveloc roeaben thin Manual directory antnmakically from
the WAVELABR amures uring the Perl seript Matlab2Tex, found in MPY Toolse. A few
manual atapa Ak requined hafora thin peript s run; they are outlined in the AEATME fla
within the ¥avelah Referance directary.

Bersuen Buildiaveloc ganerates BTEX aoures film from WarEL AR .m filen that
are included vaing the FIEX Ybagin{varbatim} and jend| verbatim} directives, oo
eaAionally page braals in film that exbend more than one page are oot aeathebically
pleaning. The Mamal Fermanent Files folder within the Waralabh Beference folder
wmtain taeale] warainne of the few filen that fall inte thin cabegory, in BTEX form.

ThafilaWamLahlaf .tex coeakem the Referenne Manual by including all the chaptars
from the Manual sb-directary. It also createn tan ather chapbem, Data Structores,
uning DataStructures.tex, and Notes for the DOS Version, waing SNotes.tex
WaralabRaf .tax muet ha onmpiled twies after the firet mn, the Tesfures program
NMakelndex must e used to geanacate the index that i induded in the sesond eompila-
tinn.

. Marintash Dltrdhindon

Thea artual Marintoeh distribution in made by running §aefiE to ereate an anch iws narmed
Waralah(fA04. paa.hgx Thin in A hinhexed relf-mdracting aschiwe that may be plased
rn the Interoet an & TTNEX fila, downloaded by usem, and then mnwercbed by Binber to



¥ UNIX DISTRIBTTION 41

& fila Wavelabhl804 . sea which in a4 Mac Applicatinon. When ane double clicls cn the
rarreApomvling ieon, it unenmpresae and inetalle itealf.

The fila MavalahdB04.pes.hay in frandferred tn eww-stat. etanford . edu using
ame fila tranafer utility (ag. ZMODEM) whare it in marde asailable for WWW s
by plaring it in the directory fhowaffrp/pub/warelab. Public fila parmisdons need to
tws pat for this file, ag. chmod 774 Wavelab0804. sea.hgx

7. Unix Distribition

Thea antual [Tnix distributinn in made by ereating A aom pressed archive of the shandasd
raleane with the addition of the MEISource directory deseribed in sectinn 3 of this
chapter. Uning Siuffii we eraate A mmpressed tar archive named Mavelabid04 . tar.Z.

The fila YamLablAl4. tar. 2 in tranafarmed to wew-stat .etanford .adu uring romea
fila transfer utility where it in made ammilable for WWW aocess by placing it in the
directory fhome/fipfpub/wamelab. Public fila parmirrions need to be et for this fle,
ag chaod 774 Wavelabhld04.tar.Z.

B. PC Diatribinion

The DS filen are enpied to a DOS Aoppy uaing Macintosh File Exchange and installed
an A PO, where & compreseed archive can be built veing phzip. Same of the files
anporiabed with building the DOS raleas are linbed bl o

AlphaDiS Index - Build alphabetical liet of all IHIS files
Alphalaafaman Build alphahetical list of all INS laaf nawas
Build8harMaman Map all filenamas to their #-character aquivalents
Build¥avalilq Master build script for M3 version

ChackINSha epall Parl ecript to ensurae no filenama hits during remap
M9 ata Generated during build; containe date of D08 build
IHEMomaliet Genarated from [HE0varridas to mova filanaman

A0 verridelict Generated from HE0verrides to move filanamss
HEOverridas Supplied by opearator to override certain remappings
Irmublelict Sed script to gemerate double-column dictionary
List_INIS_W¥I, Filas Liet all filas in tha IHE wersim

LowerCasalict Generated during build; liete lower-case filenamas
LowarCasaFiles Genarated during build; lists lower-case filenamas
MakaMorafChar Bemape & filenama to ite #-character aquivalent
Omerride2Mora Generates list of filensme remappings

Bespel1Buildbir

Apply respall to each file in DOS build
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ebortlonglist - Generate liset of shart filenamwes
StripMuffix — Bewove .m extension
StripSharplines - Bewove percent-eign (%) headars



10. DISTRIBUTION AND MAINTENANCE

Thin chapher describes how WAvELAB in distributed and maintained.
1. Archive Diractory

The Archive directory within ¥avelab Mastar in & depository for old vemione of the
mftamrs and dommentation. I eome caeem, FEuffiE archiven are uned fo organize files
and sATR BpAsA.

2. Devaloper Chocklats

A oollection of files meart to aseist dewelopers are ept in the Checkliste folde of
Waralah Master. For ecample, Adding a New Wamlab Folder describes the necies
of mtaps that sheuld e follvwed to add & new top-lawsl directary fo fMavalab. Wa
hopn that A rompleba library of mch chediista will e demeloped an WavELAB evolve.

3. Wavel.ah Account

An artrunt named savalab in maintained on rgmillee. All membem of the WAvELAR
devalnpmert: team share its pasmard. The acsnunh sarees sevaral wacied purpases:

L. Tha sub-directory incoming in ueel an A cmtralized losation to distribute files
amnng membera of our deveopment group.

2. Tha mb-directory public_html holds the files ueed to maintain our Wab page

d. Tha current wemicn of WAVELAB in alwaye present on thin acsount in the mb-
directory Mavelab.

4. Tha aub-directory FereionBuilder haolds mex hinaries for the two most popular
Unix platforme: Spare and DEC. If someone rune intn problems eom piling the
WavELAR .max filen uring instal IMEL. wa put up an awhime of one of thee di-
rectorien for WWW ances. W do oot inc ude thesa directories with the standard
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dirfributinn beranee .wex flm tmd fo faks up A relafively lange amount of disk

Hp A,

fi. Feardback — questinos, mmments, mggestinon, ate. — may e amt to the dewal-
opmemnt tem by a-mailing savelabdetat .etanford..edu Currantly a forevard
fila in the WaveLab home direcdory leepa 8 copy of any amail eent in Mavalab'n
el mailhex an well an forwarding it to all mambers of the tem.

4. Wah Paga

ThaJRL of the WAvELAD WWW pagain bt tp:/ /vww-stat . stanford . adu/~waralab.
Tha HTML files for the haome page are stored in Mavalab Master: Documentation :WWW
an the Marintosh. We use the program Page Wl to edit cur ‘Web doruments. When a
HTML. fila in rardy fur publication, it in transfarred from the bae to the public html
directory of the Mavelab amnunt on rgmiller. stanford .adu.

Tha homea paga i ronstantly changing and evalving. New wamions and updates aos
always announeed on the homea page.



