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Abstract
We report on an effort to build a corpus of Modern Hebrew tagged with parts of speech and morphology. We designed a tagset specific
to Hebrew while focusing on four aspects: the tagset should be consistent with common linguistic knowledge; there should be maximal
agreement among taggers as to the tags assigned to maintain consistency; the tagset should be useful for machine taggers and learning
algorithms; and the tagset should be effective for applications relying on the tags as input features. In this paper, we illustrate these issues
by explaining our decision to introduce a tag faginoniforms in Hebrew. We explain how this tag is defined, and how it helped us
improve manual tagging accuracy to a high-level, while improving automatic tagging and helping in the task of syntactic chunking.

1. Introduction tagged corpus we describe here, the approach is lexicon-

This paper discusses decisions taken during our work in eso-”e”ted_: a Iexicqn of Hebrew words proposes fpr _each
tablishing a tagset for Hebrew. The method we adopte(‘{"ord a list of po_smbletags, and the tagged corpus indicates
for this purpose aims to find a tagset that maximizes agre¢h® correct tag in context.

ment among taggers but maintains maximal consistenc@ne of the main objectives we assigned to ourselves while
with morphological characteristics of the words, and consedeveloping this corpus, was to design a specific tagset ap-
quently with traditional perceptions of syntactic, semanticPropriate for Hebrew. We did not assume a priori that an
and lexical resources. existing tagset (adopted from English or from traditional
One of the main issues relevant when tagging Semitic landictionaries) would be appropriate to fulfil the requirements
guages is that the orthographic form of words allows for ag-2n @ high-quality computational corpus. Our first objective
glutination of prefixes and suffixes into a single token. Tag4S t0 maximize agreement among human taggers, in order
gers for Hebrew as described in Adler and Elhadad (200640 ensure consistency of the tagged corpus.

assume a word-based model, the tagset we will design mustowever, agreement among taggers cannot be our only cri-
consequently be word-oriented — that is, we expect the tagi€rion for tagset quality, otherwise the trivial tagset of one
to describe full words as opposed to separate morphemetd (WORD) would be optimal — but non-informative. Most

In this paper, we focus on the case linont forms in ~ meaning-carrying words belong to one of the main three
Hebrew. The issue is holeinonishould be tagged. We categories (verbs, nouns and adjectives). Taggers achieved
consider three main approaches: treainoni(participle) ~ above 70% agreement (between 4 people) on the very first
forms as either verbs, nouns and adjectives according to t&ining round while focusing on these three base cate-
context; treabeinoniforms as verbs; or — the approach we 9ories.

adopt — add a participle tag to the tagset. Existing lexiIn @ minimalistic approach, we would adopt the follow-
cal resources do not include such a participle category. Wilg heuristic: define an OTHER category for all the words
show that these resources exhibit high disagreement on theghere no clear-cut agreement on a category can be reached
POS they predict fobeinoniforms, which causes incon- (if a word is not a clear and well-behaved verb, noun or ad-
sistencies in tagging. In contrast, using the guidelines wéective - tag it as OTHER). We found that such a method
designed, taggers achieved a very high level of agreemerfiid not increase agreement in any way. In addition, this ap-
We also discuss how the presence of the participle tag aProach would have also caused bad learning of a stochas-
fects tasks that depend on the tagged corpus, such as sylit model of context. It is critical to model words such

tactic chunking. as prepositions or conjunctions to correctly disambiguate
verbs or nouns.
2. Corpus and Tagging Process One of the main confusing factor we found among taggers

In recent years, two large-scale computational resourced@s related to the status of what we dzginoni The main
have been developed for Hebrew as part of the Hebred€asoOn is _that thbeinoniform (literally the “m|ddle form”
Knowledge Center initiative: a corpus compiled and manu0f verbs) is a form that shares morphological and syntac-
ally tagged at Ben Gurion University, and the Hebrew TreeIC properties Qf' nouns, verbs and gd.jectlv'es. We gxplam
bank generated at the Technion (Sima’an et al., 2001). Tag2elow our decision to introduce a distinmarticiple tag in

ging in the treebank project is syntax-oriented, while in thegh?_tag_set, and present the guidelines we have designed to
efine it.

We use the Hebreweinoniinstead of the English terpar- ~ OUr corpus is comprised of short news stories. It includes
ticiple since the correlation and definition of these types in the twoabout 40M tokens, in articles of length between 200 and
languages is not exact. However, if not otherwise stated, we magt,000 tokens. Of the full corpus, a sample of articles com-
use these terms interchangebly within this paper. prising altogether 200K tokens was assembled at random,




and manually tagged for part of speech by four taggers (fobaseline for many subsequent tagging projects. The Penn
details see Adler (2007, chapter 4)). An initial set of guide-Treebank tagset was planned with a stochastic orientation
lines was first composed, relying on the categories found imnd aimed to reduce redundancy, and therefore, elaborated
several dictionaries and on the Penn treebank POS guid#he definition of tags to be less lexical and to carry less in-
lines (Santorini, 1995). As many words from the corpusformation that can be recovered automaticaly( past
were either missing or tagged in a non uniform manner inense morphemes). In addition, tags with more general de-
the lexicons, we recommended looking up missing words imotation are less bound to inconsistencieg.( compare a
traditional dictionaries. However, disagreement was foundagset with a single RB tag for all adverbs instead of tagset
in these dictionaries, among traditional dictionaries, bothdistinguishing RB and RN for nominal adverbs). The Penn
for open and closed set categories. Given the lack of a relifreebank tagging process was more syntactic and less lex-
able lexicon, the taggers were not given a list of options tdcal in nature, therefore, the same lexical item could be
choose from, but were free to tag whatever tag they foundagged differently in distinct syntactic contexts. In cases of
suitable. disagreement among human annotators or where the POS
Initially, each text was tagged by four people, and, itera-was ambiguous, a word could be assigned more than one
tively, the guidelines were revised according to questions otag (Marcus et al., 1993).

disagreements that were raised. As the guidelines becamgany tagging projects were influenced by English tagsets,
more stable, the disagreement rate decreased, each text walsich were used as the starting point for design for other
tagged by three people only and eventually by two taggertanguages as well. However, such tagset adoption is not
and a referee that reviewed disagreements between the tw@.straightforward matter, and different language-families
The disagreement rate between any two taggers was infequire careful treatment. Van Mol (2002) presents the
tially as high as 20%, and dropped to 3% after a few roundgroblems of tagging the Arabic language, where words can
of tagging and guidelines revision. Initially, each text wasbe used in more than one syntactic function (an adjective
tagged by four people, and, iteratively, the guidelines weraised as noun), or even two lexical categories (both noun
revised according to questions or disagreements that weegnd adjective for the same lexeme). As in Hebreginoni
raised. As the guidelines became more stable, the disagregr Arabic can be used as adjectives, nouns, even preposi-
ment rate decreased, each text was tagged by three peopiens and verbs. The proposed method tends towards the
only and eventually by two taggers and a referee that resyntactic direction, allowing a word to be tagged according
viewed disagreements between the two. The disagreemetd its specific syntactic functions.

rate between any two taggers was initially as high as 20%,

and dropped to 3% after a few rounds of tagging and guidefor the Hebrew Treebank project, the Penn Treebank tagset
lines revision. also served as a basis, however, due to the agglutinative and
Major sources of disagreements include, prepositionnflective morphological nature of Hebrew, complex tags
phrases, adverbial phrases, modals (Netzer et al., 2007) aggy+PRP) were added and morphological features could be
beinoni We focus in this paper obeinoniforms. added to tags. The tagging approach of the Treebank was

Beside the disagreement among taggers, we also found sigtrictly syntactic, distinguishes for instance the tag CDT for
nificant disagreement among Modern Hebrew dictionariesaumerals in determiner position and CD for other occur-

Table 1 lists the various selected POS tags for words Weences (Sima’an et al., 2001).

identify asbeinoniform, as determined by: (1) Rav Milim - As mentioned above, a tagset design is influenced by the
(Choueka et al., 1997), (2) Sapir (2002), (3) Even-Shoshagyrpose of the tagging process, and therefore, there are var-
(2003), (4) Knaani (1960), (5) HMA (Carmel and Maarek, jos possible measures to test quality. Dejean (2000) dis-
1999), (6) Segal (2000), (7) Yona (2004) and (8) the Hevjnguishes between interndld,, the quality of the tagger)
brew Treebank (Sima'an et al., 2001). As can be seemnq external measures. External quality, méhegxtent to
there is almost systematic confusion between Verb, NoUuRyhich it allows retrieval of all important grammatical dis-
and Adjective tags for these words. We propose guidetinction in the languag¢Sampson cited by Dejean), practi-

lines vyhich remove this confusion, and allowed us to reach;a"y — this was tested by evaluating how a tagset supports
very high agreement among taggers. We also discuss hogective syntactic parsing.

the new ‘participle’ tag we introduce is used by a syntactic

chunker. . .
4. Hebrewbeinoni

3. Previous Work As noted by the traditional Hebrew grammarian Gesenius
The question of which tags should be used in a tagset godd976,p.355), the so-calleteinoniform occupies a mid-
back to early work on tagging corpora for computationaldle place between noun and verb. Morphologicddinoni
purposes. The issues that guide and determine the desig@ms are simple nouns or adjectivé®,, they carry gen-
of a tagset may be purely linguistic or to the other extremeder, number, and status inflections, prefixation, definite-
applicative. This distinction has strong connection to theness, and no person and tense/mood inflections. From the
method that is chosen to evaluate its quality. Tagging &emantic point of view, according to traditional descrip-
corpus along with the development of a tagger may influtions, Hebrewbeinoniforms do not denote a fixed state,
ence the tagset design in order to achieve better results afit activities, in contrast to nouns and adjectives.
eliminate weak points of the tagger. The pioneering BrownThere are many occurrences in the corpus where words in
Corpus was lexical-oriented, and its tagset was used aslaeinoniforms could not be assigned any of the traditional



Word Example 5 718
2N DN - NINY ONAT N
"ahub zer dpanim Igibor - 'ahub NI N N1 A N| N
beloved a garland of laurels for a belovégro VIA AN
0N 971 MWYNI N 727N
‘amur hadabar 'amurbmgne togep Al A Al A AlV
shouldn It is said with strength
DWN MPHPNTLN DYTHN DYN Y9N N
'aSem ‘'ulay 'aSemhamedyum hatewizyoni AlV A ": 2 A
guilty maybe, the television medium is guilty \%
nova MINO IDINN NYLA N N N
btelah btelahmefloser samkut \% A AlV
is cancelled is cancelled due to lack of authorization A A \Y;
amwna D91 N0 >T HY GMYNI NN NN
bimutap hi’ hudrkah binsutap'al yedey kamah gupim | A A AT AT AT AT A N
in common she was guided by several groups together ViV ViV
R AN INHNN 1Y
yaSub yaSubb’ahuzto haypeypiyah AlA|lA A AlVI AV
seated seated in his lovely estate R
PN DD T PYOYD NNTO W N| N N N| N N
mazigim yes lid’og I'i Sun neged mazigim Al A Vv Al A A V| A
pests smoking against pests should be applied | V| V V|V
DVOMN S0IN DIWIMIN NN TINYD 1TYN Al al A N NI A
hamulkSarim no‘adu Bafrer ‘et hamul§arimminetel AlV N
the talented intended to release the burden from the taIente&/ ViV Vv VIV
VNI YINN Y3 N9 M N N
hanimna' zeh lo* min_hanimna' A A A A AlA VI N
avoidable it is possible that v \% v V ViV
99wn TPLPL NN YWN ANIN Al Al A
msulal hakoteb rBulal habanah aqfit Al A vivlv Al N|A
bereft the writer is bereft of any tactical knowledge
YN NYNIL NP DN 12D NN
pcu‘ah hi’ éakbahlpcu‘ahqaée br@&ah N A AINININEN Vv
wounded she was lying seriously wounded A VIAIAIVIA
N 15 P2W 19D
Sobeh sepersobeheb N V|V N V| N N A
captures an alluring book v v v
WY PN 09N I VT
- yadu'ki hakol hayahseqer
. it is known that nothing was true N Al N|N
yadu AlA|A|A
Known NV¥ NP A VIA|V
yadu‘ahbacibur
known in public

Table 1: Suggested POS for selecteihoniforms in various dictionaries.

tags, verb, noun or adjective. Consider the following exam+How can we tag the wora»y7 gdelin? (growing-up)?

ple: Morphologically, @51y can be tagged as a masculine-
plural adjective, or as patrticiple inflection of the véntnbo
ligdol (to grow). From a syntactic point of view, both
these options are not possible: assuming this is a verb,
the present tense cannot be substituted by future or past,
without adding a covert relativizebT» 192v ©9900a

[ #7199 ©190na bmisparimseyelku wyigdld bmis-
parim yelku wyigdlyin numbers thatvill grow / *in num-

bers will grow). Assuming»>7» is an adjective, then coor-

(1) ,©o5m YT 90N DINIY DPNII OPN

NDDON NN VIYPY

hayom nkonim yi&lim, bmisparim gdelinwholkim,
liglot 'et hasisma’

today ready Israelis, in-numbers growiagd-going,
to-accept the-slogan.

Nowadays, Israelis are ready and willing,
in growingnumbers, to accept the slogan.

2Transcription according to Ornan (2002).



dination requires the word>»s5n holkim (going) to be an 2. Fixed noun or adjective (in case there is a lexicon entry
adjective as well, which is definitely not the case. Since we  for such noun/adjective), participle.

require categories to include only words that obey the same o ) )
morphological and syntactic constraints, we conclude that 3- Noun or adjective in construct state (in case there is a
in cases like this, these words must be assigned a distinctive  1€Xicon entry for such noun/adjective), construct state

tag. of participle.

WE usg the terrbeinonito denote various forms of Hebrew 4. Noun or adjective with possessive pronoun (in case

tokens: there is a lexicon entry for such noun/adjective), par-
1. ‘Present verb like’ forms, with optionalw,y w,$,hpre- ticiple with accusative pronoun suffix.

2.

3.

fixes, e.g, mmwn weSomrot (and are guarding/and

guard/and guards). 5. A Lexical Category for beinoni
) ) We are interested in the classification of the ablogmoni
o onYuN holmim (dreaming/dreams) forms. Rosen (1977pp.106-107) argues for partici-
¢ v Samur(being guarded/is guarded) ple category, which covers the participle and present verb

forms. Blao (1966p.186), on the other hand, treats the
participle forms as either noun, adjective or verbs.

A similar disagreement is found among modern analyzers:
e m>nn hatolemet (that are dreaming/that Rav Milim and Yona have nparticiple categoryi.e., all the

o MV SenBmarot(that are being guarded/that
are guarded )

dreams) verbal interpretations are classified as verbs witeioni
e Mwn msumar (is being conserved/is con- tense, which is the tense of the present forms as well,
served/a conserve) e.g, ooown o Somrim, mgulgalim(are guarding,

are being rolled). Participles are classified in the lexicon
into three categories: (1) ‘exclusively’ nouns/adjectives,
with no possible verbal analysig,g, 190 , 7291 ,on

‘Present verb like’ forms, witho55,1 b,k,,m e.g, tapur, mlumad, sopefsewn, scholarly, writer), (2) nouns

o mwa bdomrim(at guards/at (those that) guards). @nd adjectives, which have a verbal interpretation as well,
e.g, vann v 239mn mgulgal, Somer(rolled/is rolled,

e OMWa bSomrim (at guards/at (those that) guard/guards, terrorists/sabotages), (3) exclusively verbal
guards) forms,e.g, 901 990 ,79Mwn is broadcast, counts, curses

e M2 bsamur(at (those that) are guarded) The Hebrew Knowledge Qenter m'orphological analyzer

. (hereaftelKC analyze) defines garticiple category, gen-

o MW lanismarot(to (those that) are guarded) gra)ly composed of theeinonitense verbs of Rav Milim

o Mnwnod knmBamereias preserves/like a sifter) and Yona.

This categorization decision is related to several issues: can

the list of nouns and adjectives in the lexicon be extended

by all participle forms? What is the correct reading ofithe

o DWW wiaSomrim (and for (those that) are p prefix of the abovéseinoniforms: definite article or rel-
guarding/and for the guards) ativizer/subordinate conjunction (see Rosen (19p7107,

2 i .
Construct state forms of nouns and adjectives, inCIudfootnote 92))? Is there a conceptual difference between par

. . . ticiple tense and present tense? Is there a hidden person
ing those which are not part of the lexicang, » W o -
. . mark for present and participle verbs? How do participles
Somrei(the guards/(those that) guard). . g

relate to generics formation in Hebrew?
o M Somrei(the guards/(those that) guard) In our analysis, we conclude that a distipeirticiple cate-
gory should be defined. In contrast to the KC analyzer, we
propose that present verbs should be assigned to the verb

e MW weSomrot (and are guarding/and
guard/and guards)

o MWHNN mhansumar (of the (one that) is con-
served/of the conserve)

o 1MW Somerefthe guard/the (one that) guards)

. Noun and adjective forms, including those which arecategory, and distinguished from participles.

not part of the lexicon, with pronominal suffixpmw

Somrab(his guards/(those that) guard him). 5.1. Morphology

From the morphological point of view, theeinoniforms
o YW Somral(his guards/(those that) guard him) are inflected and affixed as nouns, as shown in Tafle 2.
According to Rav Milim, which has nbeinonicategory,

There are four possible tags for these forms: present verlye verh category contains tokens with status property, as
participle, noun, and adjective. Each form may be tagged

by different subsets of these tags:

1.

3http://mila.cs.technion.ac.il.html

. . .. . “One might distinguish morphologically between nouns and
Ver? In _prese_nt tense (with _reIgthlze_r/subordlnateadjectives by the existence of a pronominal suffix, which is some-
conjunction), fixed noun or adjective — in case thereng, garbled for adjectives.g, mawy pmon tpuraw, ‘acubeyah

is a lexicon entry for such noun or adjective — (with (his sewns, her sadness), but we decided to consider such con-
definite article), participle (with definite article or rel- structions as adjectives and not as nouns - see Adler (2007, section
ativizer/subordinate conjunction). 5.3.2).



well as preposition prefixation. The KC analyzer, on theExplicit Subject

Noun/adjective usages do not require an

other hand, combines participles and present verbs, whicexplicit subject. Beinoniin verbal usages require an ex-
have a different affixation mechanism and status markingplicit subject, which can be absent from noun/adjective con-

under the samparticiplescategory.

structionsj.e., the tokern»vovn mapsim(climbers) in the

phrasepwvin ooasvn mapsim h&qu(climbers were given

5.2. Syntax

water) can only be interpreted as a noun/verb usage but not

From a syntactic point of view, certain noun/adjective as a present verb.

beinoni forms, cannot be considered as verbs nor as
nouns/adjectives.

5.2.1. Noun/adjective usages that cannot be

considered as verbs

5.2.2. Noun usages that cannot be considered as

nouns

Complement A complement is not necessarily required
for nouns in contrast to noun usageshainoniform of

Tense Affinity Noun/adjective usages have no tensetransitive verbs (Shlonsky, 199@p. 27-28).

affinity, in contrast to present verbs (Blao, 1968,

186). The same surface forrbginon) can be used as a (5) nfupn i >:'ur3 NN [verb]
noun/adjective or as a present verb. How can we distin- hi manhlga}h et hagbucah
guish between these two usage types? Present verb usagesShe !s-lead_lng ACC the-group
are bound to present tense, while noun/adjective can occur she is leading the group
in any tense context. Aspect is not relevant to this distinc-
tion —beinoniin verbal usage can denote both progressivge) AP NN [noun]
and simple tenses (in contrast to the English present partici- hi’ manhigah
ple which is bound to the progressive aspect). she a-leader
The following examples indicate simple syntactic tests that she is a leader
distinguish between verbal and noun/adjective usages:
(2) ywoy DOINRNN DYOINN = [verbal usage: (7 YN T NN [verb]
*OMNN DN DYMPNN  present progressive] hu’ loked ntaSim
hahayalim mit'amnim ‘akaw=- he traps/is-trapping snakes
*hahayalim mit'amnim 'etmol he traps/is trapping snakes
the-soldiers that-are-training nowt
*the—.soldlers that-ar.e—.tralnlng yesterday (®) 1915 NI [beinoni]
the soldiers that are training now -
*the soldiers that are training yesterday hu IOKed. .
*he trapsl/is-trapping
(3) oN D1 IR D9IPNHN = [verbal usage: *he trapsfis trapping
*DNN D)1 DMNNN OY»NN present simple]
hahayalim mitamnim byamim "ele- Genitive el Noun usage obeinonicannot modify the

*hahayalim mit'amnim bayamim hahem
the-soldiers train at-days these
*the-soldiers train at-days those
the soldiers train these days 9)
*the soldiers train those days

(4) oy oMNIN =
WNN OINNRTN
mit'amnim magi‘im=-

[nominal usage]

mit’amnim higi‘u (10)
training are-arriving=-
training arrived
trainees are arriving:>
trainees arrived
(11)

Shlonsky (1997, chapters 2-5) claims that verbainoni

is a participle, and Hebrew has a null auxiliary. Shlonsky
employs Chomsky'gjovernment and bindingpproach in
order to present tense sentences on a par with compound
tense constructionsbeinoniis a hybrid form, a verb whose
agreement features are participial but raise@toln spite  (12)
of his elegant word-order and clause-structure analysis, we
prefer, for our purpose, to avoid modeling syntactic move-
ments, and formalize a definition which is based on the to-
kens as they appear in the text.

genitive b¥ Sel or be suffixed by possessive pronoun, in
contrast to regular nouns (Shlonsky, 1983, 27-28).

NP OV NN NN

hi’ manhigahsel gbucah
she a-leader POSS a-group
she is a leader of a group

[noun]

DN NN

hi’ manhigatam
she a-leader-POSS
she is their leader

[noun]

FMNIPNN TIWN 5Y 117 NN
*hu’ lokedSel mi

*he traps POSS ministry the-agriculture
*he traps of the agriculture ministry

[beinoni]

*0T70 NN

*hu’ lokddam
*he traps-POSS
*he traps of them

[beinoni,
possessive pronoun]



On the other hand, accusative pronoun suffix, and/or act17)

Gender | Number | Status | wSh | bkIm | suffix
Noun \Y V V V V \
Adjective \% \% \ \% \ X
Present Verb \Y V X V X \%
Beinoni \ \% \% \% \% \Y

Table 2: Morphological classification of patrticiple forms.

cusative modification by a prepositigw Sel, is possible
for noun usage of beinoni form.

(13)

(14)

Construct state Construct state of regular nouns can be

DT N

hu’ lokddam
he traps-ACC
he traps them

[beinoni,

DYN) HY DT NN [beinoni,

accusative pronoun]

hu’ lokddamSel nfaSim  accusative pronoun]

he traps-ACC snakes
he is a snake trapper

OOYINN Y MWD
OOYaNN 2Y MWD =
DOYINN 2y INVY
merselhamip‘alim
mer _‘alhamip‘alim=-
SeSomer ‘alhamip‘alim
the-guard POS$he-factories
thatguards PRERhe-factories=
thatguards PRERhe-factories
the guard of the factories
that guards the factories
that guards the factories

haso
haso

Note, that for this construction, quantification is not possi-
ble for a definite article, in contrast to relativizers.

(18)

either possessive (as nouns) or accusative (as beinoni), in
contrast to construct state of benoni which is always ac-
cusative.

(15)

(16)

Definite article, Relativizer
a definite article for regular nouns, and a relativizer for

OOYaNN MM

= DOIYINN JY OXIMVYN

= DOIYann 2y 0XINMN
Somrei hamip‘alim

= haSomrim3elhamip‘alim

= haSomrim_ethamip‘alim
guards factories

= the-guards POS®e-factories

= that-guard PRERhe-factories
the factories guards

= the guards of the factories

= that guard the factories

[noun]

DWYNIN >T0N
= *DWUNIN JY D>TOON
= DWYNIN DX DTN
lokdei hanfaSim
= *halokdim3elhanfaSim
=- halokdim 'ethanfaSim
trap snakes
= *the-trappers POSfe-snakes
= that-trap ACCthe-snakes
the snakes trappers
= *the trappers of the snakes
= that trap the snakes

[beinoni]

The prefixn h represents

beinoni usages.g., can be replaced by wa 5 relativizer).

Adjective modifier

PN NN YTV YYD HY WD 92

YPPAN NN YTY DYYINN Sy MWD 99

*kol haSomersel hamip‘alim yode' 'et tapgido

kol haSomer ‘al hamip‘alim yode* 'et tapgido

*all the-guard POSS the-factories knows duty-his
all thatguards ACC the-factories knows duty-his
*all the guard of the factories knows his duty
whoever guards the factories knows his duty

An adjective modifier is possible for

noun usgae obeinonj in contrast to present verb (Shlon-
sky, 1997 pp. 27-28).

(19)

(19)

NONT NN NN [noun]
hi’ manhigah dgulah

she a-leader outstanding

she is an outstanding leader

2 NN [beinoni]

*hu’ noheg hagun
*he acts decent
*he decent acts

5.2.3. Adjective usages that cannot be considered as

adjectives

Certain adjective usages bé&inoniforms do not stand for
the adjective tests, suggested by Doron (2000).

Negation The negation prefixnya bilti modifies adjec-
tive, in contrast to adjective usage of beinoi.

(20)

THOM dNYa
bilti musmak
uncertified
un certified

[adjective]



(21) *varnn
*hilti batel
*not unemployed

*not unemployed

[beinoni]

Complement of verbs Adjectives can appear as comple-
ments of the verbsmy ,nx7 nir'e, notar in contrast to
adjective usage dieinoni

(22) 9oy NMN [adjective]
hu’ notar ‘ayep
he remains tired
he remains tired

(23)  *va M NN [beinoni]

*hu’ notar bael
*he remains unemployed
*he remains unemployed

Gradability Adjectives are gradable and can be modified
by words such a®n, 9n» yoter, haki(more, most), in con-
trast to adjective usage b&inoni

mYNN SN NN =

YO8N 31 JNINN NI
hu’ mnahel maclin=

hu’ hamnahel haki maclih
he a-manager successi

he the-manager the-most successful
he is a successful manager

he is the most successful manager

(24) [adjective]

(25) HvaHma NN =
*Hv2 N KN NI
hu’ po‘el bakel =
*hu' hapo‘el haki bagl
he a-worker unemployeg-
*he the-worker the-most unemployed
he is an unemployed worker

*he is the most unemployed worker

[beinoni]

5.3. Semantics

6. Our Guidelines

In our final version of the tagging guidelines, four differ-
ent POS tags can be proposed for the various forms of
beinonj by the morphological analyzer. The tagger must
select among the possible tags based on the context:

e Noun - should be suggested by the analyzer for any
form which is listed in the lexicon as a houn. The noun
list should be extended by arbeinoniform of the
verbs in the lexicon, if the corpus contains instances of
these forms in a noun role according to lexicographic
noun phrase construction tests (listed in Adler (2007,
Appendix B.1.1)).

Adjective — should be suggested for any form which
is listed as an adjective in the lexicon. The adjective
list should be extended by arbeinoniform of the
verbs in the lexicon, if the corpus contains instances
of these forms in a role of adjective according to lexi-
cographic adjective phrase construction tests (listed in
Adler (2007, Appendix B.1.2)).

e Participle — the participle option should be suggested
for any of thebeinoniforms.

Verb — a present-tense verb analysis should be sug-
gested only for absolute state forms, which have no
suffix orn 9 5 2 b k| mprefixes.

7. Experiments

With these guidelines, an agreement of above 99% was
reached among 4 human taggers with respect to the defini-
tion of participle, verb, noun, and adjective categories. The
ambiguity level of the analyzer.ge., the average number of
analyses per token, was not significantly changed.
Following Dejean (2000), we use Hebrew Simple NP
chunking (Goldberg et al., 2006) as an external application
on which to test our tagset. Chunking NPs is advantageous
for this task as participles and NPs are closely related. Our
chunks definition is based on that of Goldbergl.,(2006),

with the exception that chunk boundaries are not allowed to
break orthographic token boundaries. We trained 3 SVM-
based chunking models (Goldberg et al., 2006; Kudo and
Matsumato, 2000), each with a different tagset on the same
data. We used the same feature set and SVM configuration
for all models®

As mentioned above, according to Gesenius, in contrast tgp,o tagsets we used were: (1) bélinoniforms are tagged
nouns and adjective, participles and verbs are connectegl Participle Part), (2) beinoniforms are tagged as ei-

with an action or activity. This claim does not stand for

ther Participle or Present VertPGrt + V) and (3) each

nominalizations. In any case, in contrast to present tensgeinoniform is tagged as either Noun, Verb or Adjective

verbs, a participle can be the agent of a predicatg,
waInn ©9nnn hamlarpim hitnaclu (the curses apolo-
gized), nwony W oamo kotbim yac'u llupSa (writers
took a vacation).

5.4, Summary

(NoPart).

Looking at the train and test sets, theinoniforms appear
in less than 3% of the tokens. Of theinoniforms, 90% are
present-Verbs. This leaves about 50 non-Verbiihoni
forms and 297 Verbidbeinoniforms in the test corpus.
The resulting chunk accuracies (F) were: 91.0%u(t),

In summary, we recommend to introduce a distinct tag forgy 23 (voPart), 91.31 Part + V). While the number

beinoniforms specifically to avoid the systematic confu-

sion that would otherwise occur between noun, adjective

and verb tags. Our main motivation is tHainoniforms

>We looked at a 5 morphemes window surrounding the word to
be classified, and considered the lexical form, POS and construct-

have specific syntactic features, which overlap only parstate information as features. We used a polynomial kernel of

tially with each one of the major categories.

degree 2.



are very close to each other, our proposed tagset performderve Dejean. 2000. How to evaluate and compare
marginally better for this task. Considering the low countof tagsets? a proposal. IRroceedings of LREC 2000
beinonioccurences in the corpus, and the even lower count Athens, Greece.

of non-verbabeinoniforms, one can not expect to achieve Edit Doron. 2000. The passive participldebrew Linguis-
bigger improvements on an external task. The experiment tics, 47:39-62. (in Hebrew).

verifies that distinguishing present-verbs from participlesAvraham Even-Shoshan. 200Even Shoshan’s Dictio-
improves chunking, and that noun and adjectival uses of the nary - Renewed and Updated for the 200@sn Oved,
beinoniform should be grouped together. The experiment Kineret, Zmora-Bitan, Dvir and Yediot Aharonot. (in
verifies that our proposed tagset does not harm chunking Hebrew).

performance, while being linguistically justified and greatly Friedrich H. W. Gesenius. 19764ebrew Grammar The

improving the agreement between human annotators. Clarendon Press, Oxford. Edited and enlarged by E.
_ Kautzsch, English edition by A. E. Cowley.
8. Conclusion Yoav Goldberg, Michael Elhadad, and Meni Adler. 2006.

This paper illustrates the issues faced when designing a Noun phrase chunking in hebrew influence of lexical
tagset for POS tagging for Hebrew. Our objectives are to and morphological features. Froceeding of COLING-
ensure high consistency among human taggers, to offer ad- ACL-06 Sydney, Australia.
equate linguistic description, and to verify that the tagsetf@akov Knaani. 1960.The Hebrew Language Lexicon
allows us to perform precise machine learning for syntactic Masada, Jerusalem, Israel. (in Hebrew).
parsing. We specifically investigated the decision to intro-Taku Kudo and Yuji Matsumato. 2000. Use of support vec-
duce a distinct tag fobeinoniforms in Hebrew. We have tor learning for chunk identification. IRroceedings of
verified that with proper guidelines, and an adapted lexicon, CONLL-00 and LLL-OQLisbon, Portugal.
this participle tag allowed us to reduce inconsistent manuaMitchell P. Marcus, Beatrice Santorini, and Mary Ann
tagging errors (increased internal tagging quality). From Marchinkiewicz. 1993. Building a large annotated cor-
the linguistic point of view, we justify the addition of new  pus of English: The penn treebanRomputational Lin-
lexical category Jarticiple. In contrast to Rosen (1977)  guistics 19:313-330.
and the KC analyzer, our new category excludes presertlark Van Mol. 2002. The semi-automatic tagging of ara-
verbs. bic corpora. IPArabic Language Resources and Evalua-
Although evaluation on chunking did not show significant tion - Status and Prospects Workshop, LREC
improvement, it does verify that the addition of such cat-Yael Netzer, Meni Adler, David Gabay, and Michael EL-
egory does not harm chunking. Besides linguistics argu- hadad. 2007. Can you tag the modal? you should!
ments, practical considerations.q., the easiness of tag- In ACLO7 Workshop on Computational Approaches to
ging, agreement among taggers and dictionaries) strongly Semitic Language$rague, Czech.
support the usage of this category in the Hebrew tagset. Uzi Ornan. 2002. Hebrew in Latin scriptL&Sorenuy
LXIV:137-151. (in Hebrew).
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