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This first sectionpresents Nooand its applicationsakes youhrough the
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necessary to launchasic search in a text
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Introduction

NooJ is a developmeméronment used to construct laogeerage formalized
descriptions of natural languages, and apply them todgrgea,in real time.

The descriptions of natural languages are formalized as electronic dictionaries, as
grammars representeddmganizedets ofgraphs.

NooJ supplies tools to describe inflectional and derivational morphology,
terminological and spelling variations, vocabulary (simple wmaoitsyord
unitsand frozen expressions), séwwzen phenomena (local grammar@tax
(grammars dr phrase and full sentencg and semantics (named entity
recognition, transformational analysis)

NooJis alsoused as a corpus processing system: it allows one to process sets of
(thousands offext files. Typical operations include indexing mesytiactic
patterns, frozen or seifnbozen expressionse.¢. technical expre®ns),
lemmatized concordan@asl the statistical study of the results.
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System requirements

NooJ is a .NET application. It currently runs under Window33 B,
Windows NT2000 Windows XPand Windows VISTAalthough somef its
functionalities (e.g. UNICODENnd XML support) are only available with
Windows 2000Windows XPand Windows VISTAAs for any application, we
strongly advise that you update both your operating system amNEThe
Framework, by downloadingithatestoService Padk

The MONO and the DOTGNUprojecs aimat building aNET computing
environment(i.e. virtual machinépr LINUX, FreeBSD, Mac OSX as well as
several variants of UNIXVe have successfully testedjapply.exe on MONO,
but as of now NooJ.exe does not run yet on MOWOen heseprojecs are
completed, NooJ will run under these OS asheelnore informationee:

http://www.mono - project.com  andhttp://www.dotgnu.org

Minimum requirements for a computer to run Noodmnoalltexts [ess than one
Megabyte) are not very high: 512 Mb of RAM, 1 GB available on the hard drive.

If you plan to use NooJ to parse large corgaradfedsor thousandsf text
files), or to compile largeverage dictionariger{s of thousands @triesor
morg, the minimum configuratioshould be higherPC with Pentium or
equivalen GB RAMor more

If you are planning to use NooJ to deveklnge sets of local grammars
(hundreds ofraphs), a good screen is necessary: at least a 19 inchititigeen,
1600x1024 1Bit resolutionanda minimum of 80 Hz refresh rate.

NooJ after INTEX

| NTEXds technol ogy was bastefostversionmy t h
was released in 1992. Between 1992 and 2002, INiBESKibstdially evolved,

mostlyd o r g a nim respdnde yodhe needs of its uddmseover, ng the

year s, | NTEXds technology has become
monolingial, could only handle one single file format, one text file at a time, no
support for XML, etc.


http://www.mono-project.com/
http://www.dotgnu.org/
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In 2002, Ideci ded to rebuild a onew and be
sever al reasons, including the fact

| NT E X 0 sand$ bfoQu functions were a big mess, and, perhaps most
importantly, Iwas just plainly sick of itdecided to write the new application
from the ground up, without even | ooki

(1) I haveusa my 10year experience asthe NK6s aut hor to re
whole systemma ki ng sure to redesign every
avoiding to make the same mistakes, e.g. when | lackttNTEX to fit in a

new, important functionality that should not be a hack in the first place.

(2) | have madsure that NooJ, although different in its software architecture
and linguistic methodology, was as compatible as possible with INTEX, so that
most linguisticesources could be reused with very little modification. Note that

in general, lingus t s 6 muwoh easier wite NooJ than with INTEX. The
largest differences between INTEX and NooJ are always in the direction of
simplification: for instance, NooJ has no more DELAF/DELACF dictionaries,
NooJds g¢r a-4montaimed (insteac of lsgienade of dozen of different

files), morphological and syntactic grammars are sharing the same linguistic
engine, etc.

To program NooJ, | decided to follow aronentBased Software approach,
which is a step beyond the Obj@ciented Programming paradigrfirst tried

to use the JAVA/J2EE framework; for a number of technical reasons related to
optimization problems with the various JAVA virtual machines that were
available in 2002 ddNIX, LINUX and Windows machines, and alsst
because of personastis| then decided tewitch to the C#/.NET framework
(which is, in my humble opinion, more elegant and mote Tinre .NET
framework gives NooJ a number of great functionalities, including the automatic
management of hundreds of text encodings and t&primanative XML
compatibility, both for parsing XML documerdad to store objects
(XML/SOAP); the ASP.NET library allows NooJ to be easily transformed into a
WEB server application, . NET Services
functionalities todavailable as ieypendat agents that run in parallel, etc.

NooJ is based on a brand new linguistic engine, capable of processing multi
lingual €xtsand corporain over 100 file formats.

N o o dod-destructrelinguistic enginkased omn annotation syfem NooJ, as

opposed to INTEX, never modifilse texts it is parsing (no more REPLACE

or MERGE mode). Therefore, NooJ is an ideal tool to perform anilardper

of operationsn cascader in parallelGrammar writers need no longer to enter
metadata m their grammar to take previous analyses into account, and NooJ
grammar s, as opposed andtruly vMdepekdifsorm s h o ul

-10-
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eachothers | NTEXO s g r atemdexy te betomeal hugehy euickly
because there was no simple way fat #tkam to each particular need).

NooJoOs dictionaries ar e a g r-tgpe t enh
dictionaies as well as lexiegrammar tables NooJ&s di cti onari €
DELASDELAC dictionaries (no more difference between simple and
compound wrds) and can represent spelling and terminological vasiavet

(no moreDELAYV dictionaries NooJ does not need DELAPELACF type

0i nf |detonased because it processword inflection transparently,

including compound word inflection (INTEXddhot process compound word
inflection). Moreover, NooJ generalizes inflectional morpholatgrivational
morphology so that derivatiorereformalized in a very natural wterewas

no provision for drivational morphology in INTEX)

NooJds ion oftneogphobbdy and syntaallows NooJ to perform
morphological operationsside syntactic gramméi® instance, it is possible to

ask NooJ to locate all verbs conjugated in the present, third person singular, and
replda e t hem with t followedvbyrtide vdrbs ritieir Past s 6
Participleform. Now we can write and perform automatic transformations on
large texts!

Finally, NooJ processlexicongrammar tables withootetagraphs( | NT E X3 s
metagraphs were very cumbersome tq cseld not be nrged withphrasal
syntactic grammaisyd more importantigould not be merged together because
the explosion of the size of their compitach).

In conclusion, | have used my-yHar experiencas the INTEX designer
programmeaswell asasimpleINTEX usertorebuild notonhpa o much bet t ¢
INTEX, but a complete new platforinbelieve that INTEX users should be

able to switch easily to Noaddl hope that the new engine and functionalities

will giveother linguists and NLP developers new reasaiiscover NodJ

Programming NLP applications with NooJ

One can easily build prototypes that contain powerful NooJ functionalities.

In its Standard editionNood $unctions are availablea a commandine
program:noojapply.exe whi ch i s sApp direaiory along No o J ¢
Nooj.exe . noojapply.exe can be called either directly frondSHELLO

script, or from more sophisticated programs written in PERL,J&WA, etc.

-11-
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noojapply.exe allows users to apply to texts and corpora didggsnand
grammars autaatically.

Note INTEX users noojapply.exe provides the same functionalities as the

30+ programs thatonstitued the INTEX package, in a much more efficien

way. For instance, noojapply processes any number of texts (instead of a single
one), it compiledeterministic grammars dynamically, etc.

If you are planning to ud¢o o J 6 s alftimin a prafessional environment
(e.g. build a linguistic research engine), note thatehego available:via

-- a .NET dynamic librarynoojengine.dll , constitutel by a set of public
objectclasses andethods Theseclasses andethodscan beusedby any .NET
application, in anfET programmindanguageoojengine.dll allows users

to build sophisticated applications such as WEB services, and can lmeechuch
to build muchmore efficienNLP applicationthannoojapply .exe .

-- a noojservice.exé noojclient.execlientserver application, based on a
Windows servicg h a't provi des NooJds mor phol o
functionalities in a Muligent System, thaan be used to build a siasly

parallel NLP application.

Text Annotation Structure

NooJds | i ngsasarsannotationesystgiAn @nnotation is a pair
(positignnformatiprihat states that a certaequencef the text has certain
propertis. When NooJ processes a text, it produces a set of annotations, stored

in the Text Annotation Structure (TAS); annotations are alwayept
synchronized with thariginaltextfile, which is never modifie8innotations can

be associated to single word erm( e . g . to annotate otab
of word forms (e.g. to annot atwerd Onot o
units (e.g. to annotate oround tabl eo
(e.g. to annotate otaklk tXhé npoollcemuinn

NooJmorphological and syntactic parsers prdeols to add annotations to a
TAS to remove (filter out) annotations fronTAS to export annotated text
and corporas XML documestas well as fgarse XML documents gimport
certainoftherX ML t ags 1 nTA& NooJds own

-12-
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Computational devices

NooJds | i nigaudessevieral coenputptionak devices used both to
formalizenguistic phenomena andparstexts.

Finite-State Transducers

A finite-state transduc€FST) is a graph that regets a set dext sequences
andthenassociateach recognized sequewd® someanalysis result. The text
sequences are described inirtpat part of the FST; the corresponding results
are described in tlo@itput part of he FST.

Typically, a syntactic FST represents word sequences, and then produces
linguistic informations(@ch asits phrasalstructure). A morphological FST
represents sequences of letters that spell a wordafairthen produces lexical
information g$uchas apart of speech, a set wiorphological, syntactic and
semantic codes).

Finite-State Automata (FSA)

In NooJ, Finite-State Automataare a special case of fustate transducers

that do not produce amgsult(i.e. theyhaveno output) No o J Opgcallyju s er s
useFSA to locate morphsyntactic patterns in corpora, and extract the matching
sequences to build indices, concordances, etc.

Recursive Transition Networks (RTNSs)

Recursive Transition Networks are grammarghat contain moreéhan one

graph graphscan be FST or FSA, and alsoclude references to other,
embedded graphs; these latter graphs may in turn contain other references, to the
same, or to other graphs. Generally, RTNs are used in NooJ to build libraries of
graphs from the bottomp: simple phs are designed; then, they ansad in

more general graphs; these ones in turn-asede etc.

Enhanced Recursive Transition Networks (ERTNS)

Enhanced Recursive Transition Networksare RTNs that contain variables;
these variablagpicallystore @rts of the matching sequences, andarensed
to perform some operation with thé€eng. put their content in the plural, gtc.)
and then produce the resulting output.

-13-
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Because variables can be duplicated, inserted and/or displaced in the output,
ERTNs gve NooJ the power of perfaomg linguistitcransformationson texts.
Examples of transformations include negation, passivization, nominalization, etc.

Regular Expressions

Regular Expressionsnstitute also a quick way to enter simple quétiesit

having to construct gramma¥¥hen the sequence to be located consists of a few
words, it is much quicker to enter these words directly into a regular expression.
However, as the qudsgcomes more and more compasxs gually the case in
Linguisticsone sbuld build agrammar

Context-Free Grammars (CFGSs)

In NooJ, CFGs constitute an alternative mgdn enter morphological or
syntactic grammatrs.

For instance, NooJ includes an inflectional/derivational module that is associated
with its dictionaries, so thatcanautomatically link dictionagptries with their
corresponding forms that occur in corpora (this functionality allows NooJ to get
rid of I NTEXds full form dictionaries

NooJ dictionaries generally associate each lexigalwih an inflectional

andor derivational paradignfor instance, all the verbs that conjugate like

Oai nmerbnked to the paradigm 0+FLX=AI ME
t h @ bdsudfigare linked toheparadigno + DRV=ABLEGS6, et c.

Paradgnrs suh as O Al MERG describédAeBherEgdaphiaathye
RTNsor by CFGsin text files

Linguistic Resources

With NooJ, linguists build, test and maintain two basic types of linguistic
resources:

-- Dictionaries (.dic files)usually associate weat eXpressionsvith a set of
information, such asaatgory( e . g . ode/og mdrdnflegtionaland/or
derivational paradignis.g how toconjugateverbs, how to nominalizben),
one or moresyntactic properties..0 + t r a nos tNOMNYPRBEPN2, one
or more semantic properties (algstributional classesich asb + Hu ma n o
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domai n cl| asses). lexical Propersies cam Beobinaryt, suchsad

o+pluraléd or can be -waluep par,s suehd as a s a
o+gender =pl ur al 6. to e metdarsguage,asuch bseino n g

o+gender =plural 6, to the input | angua
another | anguage, such as in O0+FR=cray

N o o Jidiianaries constitute a converged and enhanced version of the DELA
type dictionaries that werged in INTEX: a NooJ dictionary can include simple
words (like a DELAS)nhultiword units(like a DELAC) andtanlink lexical
entriesgo a canonical forrflike a DEIAV). Contrary to INTEX,NooJ does not
need full inflected form dictionaries (no more DEDABPELACF).

N o o ability totype pieces dhformation( e . g .ulinddma sc a val ue
0 g e n praperty allowsit to procesdexicongrammairables as welllndeed,
NooJ can display any dictionargdlistd form or in adtable form.

-- Grammarsare used to represent a largagaof linguistic phenomena, from
the orthographical and the morphological devgl to the syntagmatic and
transformational syntactic level

In NooJ there are different typesgrimmarsN o o J 0 dypets bf granemars
ae:

(a)Inflectionaland derivationarammarg.nof files)are used to represent the
inflection (e.g. conjugationi) the derivation (e.g. nominalization) propeofies

lexical entries. These descriptions can be entered either graphically or in the form
of rules

(b) Lexical orthographicalmorphologicalor terminologicarammarg.nom
files)are used to represent sets of wionins, and associate them wakical
information, e.g. to standardize the spelling of word or term variants, to
recognize anéd) neologisms, timk synonymous expressions together

(c) Syntactic or semantic gramn(arsg files) are used to recognizedan

annotate expressions in texts, e.g. to tag noun phcases) syntactic

constructsor idiomatic expressions, to extractaperexpressions or interest
(name of companies, expressions of dates, addresses, ®tadjsambiguate

words byfiltering out some lexical or syntactic annotations in the text.
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NooJO £€ommunity

NooJ can be freely downloaded fronttp://www.nooj4nlp.net Most
laboratoriesand academicentersuseNooJ asa research or educational tool:
some usersare interested by its Corpus processingtifunalities gnalysisof
literary textresearch and extractformation from newspapers or technical
corpora, etc.)pthersuse Nooxo formalize certain linggic phenomena (e.g.
describea language morphology), others for computatioradplications
(automé&c text analysis), etc.

Visit Noob WEB site athttp://www.nooj4nlp.net and Nood dorum at
http://groups.yahoo.com/group/noeinfo to lean more about NoqJ its
applications and its users

Among NooJ users, some are actively lgethanNooJ project, by giving away
some of their linguistic resources, projects or demos, labs, tutorials or
documentations. These users, who constibe sommunity, should be
considered as NodJ® caut h dhesCGommunity Edition of the NooJ
applcation (which islsofree), is an extended version of Ndlodf givesfull
accesso its internal functionalities well aprivileged access spurces oits
linguistic resources.

NooJ uses meet once a year at tNeoJ conferenceNooJ tutorials and
workshops are regularly organized during the year.

Structure of the book

This book is divided into five parts:

Thi s S @Gettingi Stanted 0 p r e s e nOj, sakeNyoo drough the
installation proce$8), and thermelps yodaunch a basic search ix Q);

The s eRedularexpressions and graplis s hows you how to
simple searches in texighwegular expressiordy, (howto use lexical resources

for linguistic request§){ and how to use NooJOs gr arg
complex querie®)

T h e s dextProoessing explains how tomport andprocess textd), and
how to comtruct and process corpofd.(NooJ can import texts in over 100 file
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formats (all variants of ASCII, EBCDIC, I1SO, Unicode, etc.), documents in a
dozen formats (all variants oSIWORD, HTML, RTF, etc.)NooJ can also
process XML documents ($Beln the latter case, XML tags can be imported
into the Textds Annotation Structure,
back to an XML document.

The se t i daxical danalysi® dibes d\poJ dictionarie), NooJds
inflectional and derivational tool3, @nd productivemorphological grammars
(0). NooJ uses these tbréools to perform an automatic Lexical Parsing of texts

0).

The s eSgntactioAnalyéiss pr esents | ocal grammar
libraries of graphs in order to build a bottgqmrdescriptin of Natural languages

using dcal grammars and remove lexical ambigQjtes NooJds par ser d
is complex; we explain how it processes ambiguous and empty sequences, and
how to set its prioritie®)( Finally, we presemorepowerful grammars, such as
enhaned RTNsused to performautomatic transformational analyses
translationg0).

The s eReferenca® présents a number of tools aimed at teaching
Linguistics, Corpus Linguisticsda@omputational Linguisticg).( We then
describeevery menu item and functionaligrréur! Source du renvoi
introuvable)) . Finally, we pr esenline pogram] 6 s st
noojapply.exe that can be directly used from a commandn e 0 DOS 6 Wwi n
or a UNX Shell environmen@ is the bibliography.
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Installing NooJ

You can freely download NooJ from the NooJ Web site:
http:// www.nooj4nlp.net

NooJob6s installation i s XEORYaodglhsimpho r wa r d
copy NooJds application OSEOURdeE any on Yy o
modificationo f Wi n d o wis riecessadoresvery ypu do naieed to

have OAdministratived rights on a c¢omg
able to copy it, anywhere on the computer.

GotoNoo0oJds Wb waniltoa@dsd page, t he&nzidpdrvnl o
Uncompress it, for instance into your desktopnto the usual application

fol dePr ogcam fil eso, or i nirt tbe resulting ot her
ONooJ6 folder, there is a oO0_Appo6 fol
applicati on f migh waotomake alserteuetd this ¥, and

store the shortcstither in Window®St art 6 menu, or on the

IMPORTANT: NooJ is based on the .NET Framework technology. Before
proceeding any further, make sure that .NET Fram@wjde above)s
already installed on your PC.
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Noo Jfoisl esd® extensions

fyouwish you can associate NooJds filesbo
that doubleclicking these files will launch NooJ and open them automatically.
The following file extensions can be associated with NooJ:

.DIC (dictionary)

.NOC (corpus)

.NOF (inflectional/derivational morphological grammar)
.NOG (syntactic grammar)

.NOM (productive morphological grammar)

.NOP (project)

NOT (text)

Installing new modules for NooJ

The 0 No pgckagenciugestwo languagenodules: the Engh and
Frenchstandardnod ul e s . Members of NooJd&s com
other modules for NooJdncludingmodules for Arabic, Western Armenian,
Chinese, Hebrew, Italidratin, Spanishetc.Look for http:// www.nmj4nlp.net

(thengo to theCommunity page) for the latest resources.

To add a module for NooJ, simply downloaattimeespondingap file from the

Community pagthen extracits content ito the NooJ folder, so that the new

folder is at the same levelat he st andar d.Thenmwfoldend ofr
should containthe three sudf ol der s O Le&jiFcraolj e &4h aby sa
oSyntactic Analysiso

RegisteringNooJo6s Community Edi

NooJds st aned notrdquire dny tegistrationcired can loefiesdy.
NooJo&s community edition i S mai nl vy |
Community, i . e. people who actively h
NooJds proj ec us (forsmalizey eatuyal leanguédgesin i tloe
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orthographic level up to semarntiteere are many ways to hedplf you do
wish touse theCommunity Editon y ou wi | | need to regi
author

max.silberztein@unfeomte.fr
for more information about the Commurattion.

To run NooJ inthe Communitymo d e , g o Info6o mehneu, 0 c | i
O0About NooJo, select thed Co mmu n i t thén emtgy tyouroinforation
(contact, institution ciense key).

Personal folder

NooJ software is storedfo 0 J 6 s a p p | .iIN© @ thé&rsonalfolder! d e r

is the default folden which NooJ stoseall yourpersonaldata. In general,
Windows setgour NooJpersonaf ol der to be | ocated in
folder:

My documents \ NooJ

Your personal Windows settings may \Foy.each languageu are working
with, NooJ createmesubfolder( e . g. Ehegnd G sfthqr 0fr 6 for F

My documents \ NooJ\ en
My documents \ NooJ\ fr

in which it storethe correspondiniinguistic resourceBach language folder in
turn containghreeembedded sutolders one to stoe lexical resources, one to
store syntactic and semantic resouatebs,one to store corpora, projects and
texts.e.g.:

My doc uments \ NooJ\ en\ Lexical Analysis
My documents \ NooJ\ en\ Projects
My docum ents \ NooJ\ en\ Syntactic Analysis
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Preferences

NooX Behavio is based on a numbafr default parameters that are set via the
Info > Preferencescontrol panel. There, you can geur default working
language, default foritsdisplaytexts and dictionarieghatlexical and syntactic
resourceare appliedor each language, etc.

Updates

NooJds comput at iaadn nguistid resoordesreoupdated t i e s
regularlyTo upgrade the software, just replace the Hpplicatiorfolder (the

one youmay havestored on your desktop or @1\ Program files ), with

the latest version available at the NooJ web site:

http://www.nooj4nlp.net

Your own data should bestored in yourpersonalfolder, by default:
0 MBPocumentsN o o NBVE R, EVER store any of your data the NooJ
application folder, as it might be lost at the next update.

All thefileswhich nametarswi t h a scoresharGctenvid lee uplated
or deletedt each new upgradeor this reason, newgork on files which name
starts witlthe prefixd _. 16 you do so, make suxerename the filewhen you
saveghem(File > Save A$so that they do not get destroyed anthe
upgrade

The nooj-info forum

Check out the NooJ forum regularly at:
http://[g  roups.yahoo.com/group/nooj - info

to be kept informed abouatajor updates, availability of new modules, as well as
FAQs, tips, etc.
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If you subscribe to this group, make sure to set the list to automatically send any
messages ymur regular email addressather than the new Yahoo email
address that Yahoo gives you when you register

NooJds Web site contai nsDOWNLBACspager v pag
in which important new functionalities are regularly described.

Uninstalling NooJ

If you wish to unirtall the software, simply delete the NooJ application folder
(i.e. the one you createdantyou installed the software).

Note thatyour datas stored in your user folderof in theNooJsystem folder),

thereforeit will not be deleted. If yowant to déete alNooJ 6s | i ngui
resources as well, you can deletethe wuser folder (usually in

My Documents \ NooJ).
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First we learn how taseone of Noo& mostbasidunctions: the ability to locate
words and expressions in a text.

Loading a text

If you have noyetdone so during the installation process, make sure to create a
short cut, on your desktNop.ex® Olodatad y our
in NooJds O_Appd6 folder, e.g.

c: \ Program files \ NooJ\ _App\ Nooj.exe

Launch NooJNow clickthe nenu itemsFile > Open > Text. You shouldsee

a fewtext files, witht h e e xt e nds i (oNmpJd dex@iN)Sdlect the file
0_The Portrait Of A Lady.noto (the novel by Henry James). The text will load
and you shald see a windolike the one below:
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o NooJ Community Edition - [ The portrait of a lady.not] = | B
o) File Edit Lab Project Windows Info TEXT - |[&f %
- 1 +| J4B4ETUs Characters Languag:e iz "Engli=zh (Unitezd Statz=z](zn]". .

Tokens Tewt Delimiter is: yn [(NEWLINE) -
Digrams Taxt contains dF4E Text Unic=s (TU=). i
Annotations Tent contains 1246729 characters.
. Unkrowns 27T021 wokens including:
[~ Show Text Annotation Structure 226621 word forms -
The Portrait of a Lady -

by Henry James, 1881 B
CHAPTEE 1

Under certain circumstances there are few hours i hife more agreeable than the hour dedicated to the
ceremony known as afternoon tea. There are circumstances m which, whether you partake of the tea or
not--some people of course never do--the situation 15 n itself delightfil Those that T have i mind in
beginming to unfold this simple history offered an admirable setting to an innocent pastime. The
wnplements of the little feast had been disposed upon the lawn of an old Enghsh country-house, m what
I should call the perfect middle of a splendid summer afternoon. Part of the afternoon had waned, but

ek mf it wras 16t and wrhat weas 1eft wras of the finest and rarest analite. Beal dusls wroaild not arewe far ™

Figure 1.Loading thetexto The Portrait of a | adyao

At this point,defaultlinguistic resources haakeadybeen applied to the text.
NooJ producesome indicationglisplayedaboveand to the right othe text

window:
Language is  fAEnglish (United States)(en) 0.
Text De limiter is: fi\ no (NEW LINE)

Text contains 4646 Text Units (TUs).
285993 tokens including:

233102 word forms

1249 digits

527659 delimiters

Text contains 1013374 annotations

First of all, a few definitions:

Lettersare the elements of the alphabet of tineent languagPigitsare the
ten digit c¢har actBankn Ngod reprvesents dnyp t
sequence of spaces, tabulation characters, NEWLINE and CARRIAGE
RETURN.Delimitersare all the othaharacters

O

o
©o
(@

From these definitions, NooJ usesftiiewing definitions:

Tokensare the basiinguisticobjectgprocessed byooJ. They are classified into
three typedVord Formsare sequences of letters between two delirDitgits;
andDelimiters Digramsarepairsof word forms (we ignotbedelimiters
between theijn
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Note thatNooJ processeahgits and delimitel®thas characters and as tokens.

When processinggertainAsian languages, NooJ processes individual letters
(rather than sequences of letters), as tokens.

Some unusual examples:

For Noa] , t he s e g u econstitutedof dhdee tokensk theimples
foomo o6, f ol Ideiwmiterd6ob,y ftohl el cim@edfornboyc It chcek 6 .
Si mil ar | yapriotde iasd vireardbmkens(planksfdo rotveaunt).

The sequence upd@ onkdlgld, omeselimiter,dard then two
digits, that makef o ur tokens. The sequence o0PD
simple foom o0 PDP 6 , f ol dDetimiterdd / by floé | digied by

(which makéour tokens).

Our text has 233,102 word form249 digits (that low number is characteristic
for litterary texts) and 52,765 delimiters (i.e. roughly one puncthatiacter
every 5 word forms).

Double clickn the Resultaindow(the littleareaabove the textjo display the
| i st s oGhardacrgTokeesandBiggams:

[/ Nood Community Edition

=1 E3

File Lab Project Info Edit Windows

ﬂgtharacters in _The Portrait OF A Lady
Text has 75 characters.
Froq [ char [ ype] vatcou. | Ho R Y
2159484 Elk 3z 10753 tokens ﬂgRenc. Digrams in Text: _The Portrait OF A Lady
124550 e Let 101 Freql Tokens 23781 reaccuring digrams / 91342
85878 ¢ Let 1la 7575 the
76128 a Let 97 7295 +o Freql Digrams |
74300 o Let 111 6202 of 281 of the
63170 h Let 104 5392 a T34 don t
620859 n Let 110 S5Z86 I 7Z3 she had
61738 = Let 115 4337 her 717  in the
56952 1 Let 103 4092  and 641 I m
53908 «r Let 114 3921 she 536 I don
41502 d Let 100 3757 that 465 to he
38119 1 Let 108 3660 you 450 he had
28579 u Let 117 3473 had 449 of her
23912 m Let 10% 3457 was 441  had been
20842 o Let 3% 3236 in 435 Madame Merle
°°°°° = = 3083 it 430 to the

2709 he 4za I wve

2584 = 413 that =she

1954 + 412 it was

1210 as 402 she was

Reset Select all Filter 402 te her
Feset Select All Filker Export |7
Cancel I

Figure2.Sever al

resul

t s:

t he

text ds

charact
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The most frequent charactarethe space character (it occurs 219,484 times in
thistextand the | etter o0edé6 (it occurs 124,

The most frequent tokein thistextarethewo r d f o 7,6V5 tintdsaerdd
otod6 (7,295 times)

The most frequent digramarethe sequence of theti m®BV) and 0
(734 ti mes) . tTch e c drirgegsapmo na@d o nt o t he S
apostrophe o0dondtoéot hHooWwodadeégrams ¢dm
Hapaxes, i.e. digrams that only occur once, are not displayed.

Digrams are sequences of word forms, i.e. delimiters are simply ignored |n
digrams.

The thredists(characters, tokens and digrams) can be sorted atjatigietim
left to right, or from right to lefor accordingp the frequency of each item.

Based onthe previousdefinitiors of characters antbkens, NooJ defines
Atomic Linguistic U nits (ALUS).

NooJprocesses four typesAtbmic Linguistic units

-- Affixes(prefix, proper affix or suffix) aitee smallestequences of letters
included irvord formsthatmust beassociated with relevant linguistic data, e.g.
re, -izationln NooJ, hey aralescribedy inflectional rules, derivational rules |or
(productive) morphological grammars

-- simple wordarewordforms that are associated with relevant linguistic
information, e.gableThey are usually described in dictionaries;

-- multrword unitsare sequencestokensword forms, blankslelimiters
andor digits) associated with relevant linguistic informatiorgseagmatter of fact
They are usually described in dictionaries

-- expressionare potentially discontioussequences @ford forms that are
associated with relevant linguistic informaéigtake ... into accodihiey are
describeeitherin dictionaries or isyntactic grammars

Do not confuse thetwoteem owor d f or ms)é a(nad toyspiempo fe t
wor ds 0 éatamiclinguiste undgdpresented in a NooJ linguistic resguyce

For instance he twoword formso THE 6 a n d differenttakens. Bheye
are usuallyassociated with a unigégeomic Linguistic Unit sfmple word)
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because theis only ondexicale n t r y deott ehremi Nhoeor didtiGnarnes
thatmatchedothwordforms.

However, thesingle French word fordPIERRES might correspond to two
differentALUs cimple wordsbecause Noahn linkthe tokerto two dictionary
entriedpierred  ( NMmae w@m i n g), ad dPieEn(a-ench firshame)

Note that the word fon O pi er r e 0 tonthel ohly dickonaty ienirk e d
operre, N6, not to the firstiiseame NohhiJdls
case conventionstine dictionary section

NooJhas inserted annotations in this Tebj>
Text conta ins 809111 annotations.

An annotation is a papdsitigmnformatipthat states that certain sequenice

the text(located at a certain position) is associated with some information.
Annotations can be added to the Text Annotation Structure by three
mechanisms:

-NooJ0ds | e xdfauraypes pfannatations ta thedtext, corresponding
to the four types oftomic Linguistic Wits (affixes, simple waanultiword
unitsand expressions).

-NooJds syntactic par s errremave amimotatoasn add
from, the ExtAnnotation Structure.

-- NooJ canprocessXML documents, in whicbasecertainXML tags can be
importedasannotationgnto the Text Annotation Structure

Note that at his stageNooJds | exi cal p alrlevelrof has |
ambiguity (233,000 word forms produce 809,000 annotayipicg) for English
texts We will need a gosgintactic componetd lower the level of ambiguities.

Letds | ook at t he raboseuthettext wmdowloultlee | e x i
cli ¢ k Anrotationsd (to display the information that is being associated to

the text)and tha theoUnknownsd r e(te didplayshe word forms that have

not been associated with any annotations)
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[/ Nood Community Edition

=1 E3

File Lab Project Info Edit ‘Windows DICTIOMARY
™ untitled [Modified]
‘Wocabulary containg 34793 entries
I untitled [Modified]
Unknowns are 266 entries
# NooJ V1
# Dictionary
# # NooJ V1
# Input Language 1s: en # Dictionary
# #
# Alphabetical order is not reqg|# Input Language is: en
# #
# Use any mmber of inflectiona|# &lphabetical order is not required.
# Special Command: #use descrip|#
# Special Command: #use descrip|# Use any number of inflectional/derivatio
# INFLECTICNAL AND DERTVATIONATL [# 8pecial Command: #Huse description. flx
# # 8pecial Command: #Huse description.nof
# Special Features: +NW (non-wo|# THFLECTIONAL AND DERIVATIONAL DESCRIPTIC
# +FLE= (infl[#
# # Special Features: +NW (non-word) +UNAME
# Special Characters: "4" *nv " |# +FLE= (inflectional pa
i #
a, a, DET+Dind+= # 8pecial Characters: T\ ""T T+T Tt THT
a,a, N+s #
3,4, %T Alban, UNENCWN

abandon, abandon, H+=
abhandon, abandon, V+INF
abandon, abandon, V+PR+1+p
abandon, abandon, V+EPR+1+s=
abandon, abandon, V+PR+2+p
abandon, abandon, V+PR+Z2+3
abandon, abandon, V+PR+3+p
abandoned, abandon, V+I+1+p
abhandoned, abandon, V+I+1+s=s
abandoned, abandon, V+I+Z+p

Algiers, UNENOWN
Alhambra, UNENOWN
Almanach, UNENOWN
Amy, UNENCWI
Angelo, UNENOWN
Anne, THNENCWN
annie, UNENOWH
Antinous, UNENOWH
Apennines, UNKNOWN
applausive, UNKNOWN

j

abhandoned, abandon, V+I+Z+s aren, UNENOWN
abandoned, abandon, V+I+3+p 2T=“ TTRTE MICTTRT |
abandoned, abandon, V+I+3+=
ahandoned, abandon, V+EP
ahandoned, abandoned, A
ahash, abash, V+INF

abash, abash, V+tEFR+1+p
a:‘rl'mﬁh. ahash. V+PR+1+=

Cancel I

Figure 3.Lexemes and Unknowns

NooJ displays these two lisisthe native NooJ dictionary format. These two
windows can be editetypically, in order to replace the coded N KONWN 6
with something more useful

We will see later the signification of the codes.

Locating a word form

In the TEXT menu, clickoLocated. The oLocate Paned window willshow
up. In the fieldoPattern is:0 , stree lomianda NooJ regular &pressiond
(you will enter a regular expression), thendyeiaps 0 in the field (A).
Then clicka colored buttonn the lower right corner (B) of tkeéndow for
instance the red ondhesearcloperation is launched.
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Locate a pattern in _The Portrait OF A Lady

—Pattem iz

& sting of characters:
" & PERL regular exprezsian;

f* a Mool reqular expression:

A/ Iperhaps

i~ a Mool grammar:

I j Set

—Index Lirriitaticr
" Shartest matches £+ Only: I‘II:II:I matches //

{* Longest matches &l matches

L

Al matches [T 1 erample per mats
i |

Figure 4.Locate a word

NooJletsyou know thait found 100 matches for your query, and then display

concordanca the selected color

[/ Nood Community Edition =] B3

File Lab Project Info Edit ‘Windows COMCORDAMNCE

F®_The Portrait OF A Lady.not

I 30 /9289 TUs Characters a| [Language iz "Engli=h (United State=]ien)".
Tokens Text Delimiter iz: "in"
ﬂ_l j Digrams Text contains 9289 Text Units (TUs].

265992 tokens

[T Show Annatations Lexemes =

[ K

"Perhagg zome one might feel for you," said the younger man, laughing.

"
Oh, T [/® Concordance for Text _The Portrait OF & Lady.not

I 20 characters befare, and 60 charactsrs after. Display: W Inputs ¥ Outputs

"Oh ve Clear Concordarig
Ry ¥ Textl Before | Seq. | After =
el Uto come whicg  pethaps  the chief source of one's enjovment of such a scene at such

ell tll T feel " Dethaps  some one might feel for you," saic
tary silence marked perhaps  on the part of lis auditors a sense of the magnanimity of t
our broader still, " perhaps  after all, she's not worth trying onl"CHAPTEE. 2While th
"Ves, t uchett had asked.” Perhaps  it's Mrs. Touchett's niece--the mdependent voung lady," Lo
edto be gracious. " Perhaps  she hasn't had so good an excuse as I Tell her at any rate
umbed frut. Itwas  perhaps bz want of magmation and of what 12 called the historic

,alittle too firm  perhaps i her graver moments, had an enchanting range of concessiilLI
PR . . . R . X , -

smootl
50 USE

1 |

RE =perhaps 1005100

Lancel I

Figure5.Concordance of the word oOper hapg
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Doubleclicking one entry of the concordance makes NooJ display the
corresponding mattiy occurrencwithin the text.

Theconcordancef a sequence is an index that representstalltierances in
contextNooJconcordances are displayefum columns: eachcourrence

being presented in the middle column, between its left and its right Eantext.
corpus (i.e. a set of text files, rather than a single text) is being indexed, the first
column displays the text file name/hich each match occurs

You can var the size of the left and right context, as well as the order in which
the concordance is sorted.

The cursor (generally an arrow) becomes a hand when it hovers above the
concordance; if you click on a match and the text window iNoodalisplays

the matching occurrence within the teXbte that clicking the header of the
oBeforedo context makes NooJ sort t he
preceding word forms.
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QuICK start

Regular

expressions
and
grammars

The secongart shows you how to carry ocbmplexsearches texts wth
regular expressions (chap.hbw to use lexical resources for linguastecies

(chap. B and how to usBloob s migar editor to describe mongowerful
gueries (chap. 6).
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REGULAR expressions and grammars

Disjunction

Load the textfil®@ _ P o r tar d iddite ydpeli > Text). Displaythe locate
window Text > Locate). Now typdn the followingNooJ regular expression
(spaces are optional)

never | perhaps

In NooJ the disjunction operator (also known as the UNION, oo thérisd
symbolized by #0| 6 charactet.

Thedisjunctioroperator, introduced MooJas the charactéy 6, tellsNooJto
locate all of the utterances doeveob or operhap8in the text.

Make sure there is no Allmatches inithen t o
Limitation zone, at the bottom of thé.ocate panel Since these adverbs are
very frequent, we are expecting a high number of matches. If we had left the

1 NooJ accepts the operaterd alsoto denote the disjunction. In this manual, we will only use
the O0| 6 operator, since the 0+06 operator is ¢
properties.
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REGULAR expressions

option 6Only 100 matches, the search would have begmtéd to the firstQ0

matches.

File

Edit Lab Project Windows

Info

Locate a pattern in _The portrait of a lady

[E3]

—Pattern is:

™ a sting of characters:

™ a PERL regular expression:
% a Moo reqgular expression:

Inever | perhaps

" a MooJd grammar:

—Index
{~ Shortest matches

* Longest matches
= All matches

Limitation

e
= Only: M
= Al matches

[T 1 example per match

¥ Reset Concordance

Figure 6.Enter a NooJ regular epression

no limitation

Now clickone of the colored buttons at the bottom of ltheate panelithe
search is launchetffter a few seconds, you should get a concordance with 696
entries. Click on theAfteré column header in order to sort the concordance
entries accondg to their right context (if you are interested by what occurs after

these adverbs).
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REGULAR expressions and grammars

ﬂgNooJ Community Edition - [Concordance for Text _The Portrait OF A Lady.not]

ol File Lab Project Info Edit  Windows COMNCORDANCE = |El|i|
Clear Concordance | I 20 characters before, and B0 characters after. Display: W Inputs W Outputs
Textl Before | Seq. | After H

her's grave: he did  perhaps  a better thing than he knew when he put it inte my power to
nds she had slipped  perhaps  alittle too mistrustfilly and with an effect of plumage by
tive ""Aren't you perhaps  alittle too tuch in a hurry? Balph encuired. "Den't yout
submut!” And it was  perhaps  a sign of submuzsion that a few munutes after she had left
Iy, because this it pethaps  a supetficial view of the matter; since on perceiving the g
en she had mdulged- perhaps  atnfle too freely-her critical genms. Poor Osmond, who w
hing, right or left- newer aword to a creature, if you can believe that of e on my
I know that Butl never accepted any such rule as my own. I warned you that you sho
over. Isabel would  never accuse her, never reproach her; perhaps because she never w
"Tt's true that you  never accused me of being a comfortable fit," Madame Ierle went o
erdo it. Izabel had  never admitted this charge-had never indeed quite understood it,
T wanted that "I never adored you," said IMadame Merle "Ah, but vou pretended tol
d never meet again, perhaps  after all t would be as well Happy things don't repeat th
out broader still, " pethaps  after all, she's not worth trying on!"CHAPTEER. 2% hile th
's conversation had  never again appeared so briliant as that first afternoon in Alba
nd's wife she could  never again be his fiend. If in this character she should enjoy
d to her she should  never again feel a superficial embarrassment Poor Iy, Bantling,

ion that she should  never again see Madame Merle. This impression carried her into th
just alittle, I'd  newver agath spealks of vour husband save as an angel. ""The mduce
ever come agan " MNever  agam®™'T'm affaid I'm going away."" Oh, I'm =0 very sor d|
Ruery 696596

Cancel I

Figure 7.Concordance for the expression: nevepgerhaps

Parentheses

We want to locate the sequences made up of thedwesdbr ohis, followed
by the worddv 0 i c e 6 . diSplay thek docate lindoiekt > Locate),
then enter the following regular expression:

(her | his) voice

Click ona colored button (not the color you already selected for the previous
concordanceNooJ should find19 occurrences of the sequeheg,voeor his
voiceLaunch the search once more but this time do not use any parentheses:

her| his voice

This timeNooJrecognized 4,4%8terances:
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REGULAR expressions

ﬂgNooJ Community Edition - [Concordance for Text _The Portrait OF A Lady.not]

ol File Lab Project Info Edit  Windows CONCORDANCE = |ﬁ| |i|
Clear Concordance | I 20 characters before, and B0 characters after. Display: W Inputs W Outputs
Text' Before | Sed. | After ]
f without memories.  Her little sharp face looked tragical She told her niece that
ad lost an admirer.  Her imagmation had traversed half Europe; it halted, pantmg,
, ot to lose you"  Her voice was as broken as his own and full of tears and anguis
tly in want of one.  Her errand was over, she had dene what she had left her husband
1ed by her wisitor.  Her aunt had evidently proposed to Lord Warburton that they sho
victim of idleness.  Her attitude had a singular absence of purpose, her hands, hang
te she had heard in  his woice  a moment before reappeared, and mized with it now was an au
the place, to hear  his woice | to feel the warm, sweet air. How could he have lnown® What
| roach: the sound of  his woice  reminded her of the beneficence of nature. Yet for all that | ﬂ
4 »
Query 449504495
Cancel I

Figure 8.Forgotten parentheses

What happened®@oJhas i ndexed two sequences: 0
blank spee, called a concatenation operator, used here between thkhisvords
andvoicdakes priority over therd operator| o.

In the former regular expression, the parentheses were used to modify the order
of priorities, so t jundtiontogemtorsbe inptexl toof t h
heror his

In regular expressions, blanks (also naorezhtenationperatory have
priority over the disjunction operator. Parentheses are used to modify the order
of priority.

Sets of forms

We will now locate all ofetutterances for the vebbeln theText menu, click
on Locate to reload the locate window. Select the opi#omNooJ regular
expressiord, then type in (A):

amarelis|was| were

In the lower left hand corner (B), unténitation, make sure the radio bar
O0All matchesdis selected, then click arolored buttoto launch the search.
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REGULAR expressios and grammars

CEE e

File Edit Lab Project Windows Info

Locate a pattern in _The portrait of a lady [E] A
Pattern is: _—/

" a string of characters:
(" a PERL regular expression:

* a MNooJ regular expression:

|a.m|are|i5|was|were j
" a MooJ grammar:

-

Indesx Limitation

{~ Shortest matches ¢ Oriy:

atches
{*+ Longest matches {+ Al matches
{~ Al matches [ 1 example per match

[v¥ Reset Concordance

Figure 9.Locate a set of forms

The disjunction operator allows you to undertake several searches at a time; in
this example, the forms are all inflectional forms of thenganahebut one could
also locate spelling variations, such as:

csar | czar | tsar | tzar

names and their variations, such as:
New York City | Big apple | the city

terminological variants:

camcorder | video camera
morphologically derived forms:

Stalin | stal inist | stalinism | destalinization

Or expressions, terms or forms that represent similar concepts:

(credit | debit | ATM| visa) Card + Mastercard
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REGULAR expressions

Disjunctions therefore turn regular expressions into a powerful tool to extract
information from texts.

Using lower-case and upper-case in regular
expressions

In a regular expression, a word written in loase recognizes all of its
variations in a text. The following expression, for example:

it
also recognizes the faouordforms:
IT, It it, iT

On the otheihand, a form that contains at least one uggser letter in a regular
expression will only recognize identical forms in texts; for example:

It

will recognizenly the formalté. If you want to recognize the foind only
when it is written in low@aseuse the quotation marks:

fiit o

will recognizenly the formaito.

Exercises

Study the use of the wogdlin the novebThe portrait of a lady How many
times tlis word is used in the plurai?How many differenhultrword units
does thisvordform ocurs?

How many times the formeatloccurs in the text; in how many idiomatic or
metaphoric expressions?
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REGULAR expressions and grammars

Study the use of tlveord formsupanddownhow many times teeword forms
correspond to a particle; how many times do they correspone positon?

Locate in the text all occurrences of names ofldaysldy ... Sunday

Special symbols

The following regular expression:
(the | a)< WPkis

finds all of the sequences made up of the viard 6thed or 6ad, followed by
anywordform (<WF>), followed bythe formaiso.

All NooJspecial symbols are written between angle brackeindo>06. Do
not leave an blank space between the angle brackadsrespect the case
(uppercase for the symbolWF>). If you applyexactiythe former expression
to the textyoushouldobtainaconcordancthat looks like the orieelow.

Egm:o] Community Edition - [Concordance for Text _The Portrait OF A Lady.not]
o5 File Lab Project Info Edit Windows — CONCORDANCE == x|
Clear Concordance I 20 characters befare, and B0 characters after. Display. W Inputs W Outputs
Textl Before | Seq. | After =
of course never do--  the situation 1z m itzelf delightful. Those that T have m mind m begmn
it over his knees. " The fact is I've been comfortable so many years that T suppose I've got
seems to prove that  the allusion is to one of my aunts. There there was a question as to whose
wintered abroad, as  the phrase 1 , basked i the sun, stopped at home when the wind blew, wen
to whotn the ear of  the world is more directly prezented than to their sisters i other land
en the necessity of  a thing is generally felt they usually manage to accomplish it; but th
Her cousin used, as  the phrase 1z . to chaft her; he very soon established with her a reputati
. The expression of  a button iz not usually deemed human, but there was something m Iss =3
| One's noht in such  a matter 13 not measured bv the time. Wizs Archer: it's measured b ti’lﬁ hd
‘ »
Ruery 327132
Cancel I

Figure 10.Apply a query witha special symbol

Note the importance of the angles; the following regular expression:
(the | a)WFis

represents the twitterals e qu e n WS s Ot RWFd s 6 are is@dl h e
much chance of you finding that sequen
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REGULAR expressions

IMPORTANT: <WF> is a special symbol. NooJ allspecial symboése
writtenbetween angle brackets

Following is a list dlooJsymbolsas well as their meaning:

Special Meaning

Symbol

<WP wordorm (Sequence of letters)

<L>? word form, with length 1

<LOW wordorm in lowease (sequence aidssviatters)
<W> word form in legase, with length 1

<UPP> wordorm in uppErsegguence of upgme letters)

<U> word formuppecase, with length 1

<CAP> word form in capatalifpecase letter followed kyakevetjers

<NB> Lquence of digits

<D> one digit

<p> delimiter (one character)
<h>3 Beginning of a text unit
<$> End of a text unit

<v>* a vowel

Following are a few expressions that contain special symbols:

We arelooking for all theparagraphshat start with avord form in capital,
followedwith a form in lowecase, and then a colon:

<> < CAP < LOW

Apply thisqueryto the texThe portrait of dady: you should get55matcles

2, At the syntactic level (i.e. frahe Locate panel) the symbotd >, <U> and<W> match

word forms of length 1. At the morphological level, they match single letters inside word forms.

3, Text units are defined by the user, when the text or corpus is opened: they can be paragraphs
(by defalt), sequences of the text delimited by a certain PERL pattern, a text zone delimited by
an XML tag, etc. At the morphological level, linguistic units are word forms.

4 This symbol is used with this meaning only at the morphological level. At the exeidhis

symbol is not a special NooJ symbol. We will see that it gets another meaning (usually "verb").
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REGULAR expressions and grammars

Now we want to locate theord forms in uppecase thabccur athe beginning
of paragraphsr after a comma, and are followed bytivef or m o0 s ai d ¢ :

(<> | ,)< CAP said

(there aré® occurrences in the text). Now want tolocate all sequences of two
consecutive forms written in upjoase letters:

<UPP> < UPP>

Figure 11 Search for a sequence of two uppease forms

Now locate thavord forms thatoccur betweendatd o r oind and oof
should be 142 matches):

(@ | inN)< WP of

Special characters

The blank

NooJ processeany sequence of spaces, tabulation characters, and line change
(codesoNEW LINE and 0CAR RET0) characters ddanks. When entering a
regular gpression, blanks are usuatlevant and are therefore opéb

Generally, one does not searcltbfanks

In morphologythe range of the searhlimited to the wordorm, in which
there is no blank, by definitjon
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