Functional Arabic Morphology

Principles of Design

Otakar Smrz

Institute of Formal and Applied Linguistics
Faculty of Mathematics and Physics
Charles University in Prague

Prague, November 6, 2006

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 1/26



Introduction

He will notify them about that through SMS messages, the Internet, and
other means.  .\axky o ANy Saad)l Pl )l 5 b e i carse

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 2 /26



Introduction

He will notify them about that through SMS messages, the Internet, and

other means.

String - - Token Token Tag

Buckwalter's M-Tags

Aaeq g:J_AZ:J[S spad)l Pl 5 b e i (RAF

Token Form Token Gloss

[ -
VIIA-3MS--

" §----3MP4-
. Pe——————-
SD----MS--
S

| — 2R

| S 2D
J— FS2D
.C _________
A 2D
S
3 S 2R

U §----3FS2-

Otakar Smrz (Charles University)

FUT
IV3MS+IV+IVSUFF_MOOD:I
IVSUFF_DO:3MP

PREP

DEM_PRON_MS

PREP

NOUN+CASE_DEF_GEN

DET+NOUN+CASE_DEF _GEN

DET+ADJ+NSUFF_FEM_SG+
+CASE_DEF_GEN

CONJ

DET+NOUN_PROP+
+CASE_DEF_GEN

CONJ

NEG_PART+CASE_DEF_GEN
POSS_PRON_3FS

Functional Arabic Morphology

sa-
yu-hbir-u
-hum

bi-

dalika

wa-

al-internet-i

wa-

gayr-i
-ha

will
he-notify
them
about/by
that
by/about
way-of
the-messages
the-short
and
the-internet
and
other/not-of
them

November 6, 2006 2 /26



Introduction

He will notify them about that through SMS messages, the Internet, and
other means.  .\axty oo ANl Saad)l PL G5 b e i e

String - - Token Token Tag Buckwalter's M-Tags Token Form Token Gloss

o Frmmmme- FUT sa- will
‘o.am VIIA-3MS-- IV3MS+IV+IVSUFF_MOOD:I  yu-hbir-u he-notify
" §--—-3MP4- IVSUFF_DO:3MP -hum them
Wi e PREP about/by
) * SD----MS-- DEM_PRON_MS that
oE I PREP an by/about
YR N------- 2R NOUN+CASE_DEF_GEN tarig-i way-of
Jﬂ"‘ U R N------- 2D DET+NOUN+CASE_DEF_GEN ar-ras®il-i  the-messages
Spadll - A————- FS2D DET+ADJ+NEE§§£§E§§;N al-qasir-at-i  the-short
Ot PR e gggiNOUN PROP+ and
‘ B 2D " ACASE_DEF_GEN the-internet
o G- CONJ wa- and
lans, “* FN--—--—- 2R NEG_PART+CASE_DEF_GEN  gayr-i other/not-of
"' §----3FS2- POSS_PRON_3FS -ha them

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 2 /26



Introduction

He will notify them about that through SMS messages, the Internet, and

other means.

String - - Token Token Tag

Buckwalter's M-Tags

Aaeq g:J_AZ:J[S spad)l Pl 5 b e i (RAF

Token Form Token Gloss

[ -
VIIA-3MS--

" §----3MP4-
. Pe——————-
SD----MS--
S

| — 2R

| S 2D
J— FS2D
.C _________
A 2D
S
FN--mmmm 2R

U §----3FS2-

Otakar Smrz (Charles University)

FUT
IV3MS+IV+IVSUFF_MOOD: I
IVSUFF_DO:3MP

PREP

DEM_PRON_MS

PREP

NOUN+CASE_DEF_GEN

DET+NOUN+CASE_DEF _GEN

DET+ADJ+NSUFF_FEM_SG+
+CASE_DEF_GEN

CONJ

DET+NOUN_PROP+
+CASE_DEF_GEN

CONJ

NEG_PART+CASE_DEF_GEN
POSS_PRON_3FS

Functional Arabic Morphology

bi-

dalika

an

tarig-i
ar-rasail-i
al-qasir-at-i
wa-

al-internet-

will

he-notify
them
about/by
that
by/about
way-of
the-messages
the-short

and

i the-internet

and
other/not-of
them

November 6, 2006 2 /26



By,
Out“ne
© Introduction



Introduction

Outline

© Introduction

Q Morphological Theory
o Incremental vs. Realizational
o Lexical vs. Inferential
o Functional Arabic Morphology

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 3 /26



Introduction

Outline

© Introduction
Q Morphological Theory
o Incremental vs. Realizational
o Lexical vs. Inferential
o Functional Arabic Morphology
© Implementation Design
o ElixirFM
o Paradigms, parameters, . ..
o Elixir Lexicon
o FM Generic

Otakar Smrz (Charles University) Functional Arabic Morphology

November 6, 2006

3/26



Introduction

Outline

© Introduction
Q Morphological Theory
@ Incremental vs. Realizational
o Lexical vs. Inferential
o Functional Arabic Morphology
© Implementation Design
o ElixirFM
o Paradigms, parameters, . ..
o Elixir Lexicon
o FM Generic
@ Extensions
@ Encode Arabic
© MorphoTrees

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 3 /26



Introduction

Outline

© Introduction
Q Morphological Theory
o Incremental vs. Realizational
o Lexical vs. Inferential
o Functional Arabic Morphology
© Implementation Design
o ElixirFM
o Paradigms, parameters, . ..
o Elixir Lexicon
o FM Generic
@ Extensions
o Encode Arabic
© MorphoTrees
© References

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 3 /26



Morphological Theory

Outline

O Morphological Theory
@ Incremental vs. Realizational
o Lexical vs. Inferential
o Functional Arabic Morphology

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 4 /26



Morphological Theory

Inflectional Morphology

Morphological theories can be classified along two dimensions (Stump 2001).

association of word’s morphosyntactic properties with

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 5/ 26



Morphological Theory

Inflectional Morphology

Morphological theories can be classified along two dimensions (Stump 2001).

association of word’s morphosyntactic properties with

inflection is a result of operations on :
morphosyntactic properties are expressed by the rules that
relate the form in a given to the lexeme

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 5/ 26



Morphological Theory

Inflectional Morphology

Morphological theories can be classified along two dimensions (Stump 2001).

association of word’s morphosyntactic properties with

inflection is a result of operations on :
morphosyntactic properties are expressed by the rules that
relate the form in a given to the lexeme

words acquire morphosyntactic properties only in connection
with acquiring the of those properties

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 5/ 26



Morphological Theory

Inflectional Morphology

Morphological theories can be classified along two dimensions (Stump 2001).

association of word’s morphosyntactic properties with

inflection is a result of operations on :
morphosyntactic properties are expressed by the rules that
relate the form in a given to the lexeme

words acquire morphosyntactic properties only in connection
with acquiring the of those properties

association of a with a word licenses the
introduction of the exponents into the word’s morphology

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 5/ 26



Morphological Theory

Inflectional Morphology

Morphological theories can be classified along two dimensions (Stump 2001).

association of word’s morphosyntactic properties with

inflection is a result of operations on :
morphosyntactic properties are expressed by the rules that
relate the form in a given to the lexeme

words acquire morphosyntactic properties only in connection
with acquiring the of those properties

association of a with a word licenses the
introduction of the exponents into the word’s morphology

Evidence favoring inferential-realizational theories over the others is given.
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Unmotivated Choice

Exponence is between inflectional markings
and morphosyntactic properties. (Stump 2001:11)
TV3MS+IV+IVSUFF_MOOD:I 77  3MS+IV+ SUFF_MOOD: I hbir

An uncompounded word’s morphological form is
from its phonological form. (Stump 2001:12)

DET+ADJ+NSUFF_FEM_SG+CASE_DEF_GEN (qasir-at))-i 7?7 ((al-qasir)-at)-i
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Functional Arabic Morphology

Most computational models of Arabic morphology are in nature. As
they are not designed in connection with any syntax—morphology interface,
their interpretation is destined to be

Functional Arabic Morphology endorses the views.

It re-establishes the of inflectional and inherent morphosyntactic
properties and distinguishes precisely the of their use in the grammar.

Definition of can include the derivational root and pattern infor-
mation if appropriate. Modeling of the language as well as
dialects is expected to be methodologically identical.
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Implementation Design ElixirFM

ElixirFM

ElixirFM is a high-level implementation of

ElixirFM uses the Functional Morphology library for Haskell and extends it.

Morphology is modeled in terms of , grammatical :
and word . The computation of analysis or generation is con-
ceptually from the linguistic model.

The lexicon of ElixirFM is derived from the open-source Buckwalter lexicon
and from the . It is redesigned in important respects.

Otakar Smrz (Charles University) Functional Arabic Morphology November 6, 2006 12 /26



Implementation Design Paradigms, parameters, ...

Paradigms

A is a function which, when applied to the
root of a lexeme L paired with a set of morphosyntactic
properties appropriate to L, determines the word form occupying
the corresponding cell in L’s paradigm. (Stump 2001:32)
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Instead of feature—value pairs for encoding the morphosyntactic properties
(Stump 2001), we use of distinct . The use of
is essential in the system (Forsberg and Ranta 2004).
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deriving (Eq, Enum)

data Mood = Indicative | Subjunctive
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deriving (Eq, Show, Enum)
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deriving Eq
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representation of the linguistic data in an abstract and
that encodes both orthography and phonology, and whose
interpretation is

organization of the lexicon so that there is preferably of
information and so that the lexicon can possibly be divided into
separate units, as well as be interlinked with external

definition of such format of the lexicon so that editing and
understanding the data is not inappropriately difficult, and using such
data whose syntax is either , Or can be

edited /verified with some , or both
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FM Generic

The linguistic model and the data of the lexicon can be compiled into
or used as

FM Generic implements the compilation of morphological and
(Forsberg and Ranta 2004). The method used for analysis is
deterministic parsing with tries (Ljunglof 2002).

FM Generic also provides functions for and pretty-printing the
linguistic model into XFST, Lexc, SQL, XML, ATEX, ...
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Extensions Encode Arabic

Buckwalter Transliteration

e D2y Mas liag 355 .55t 1y GESIT 5 G slals ksl U1 28 dy

Ayl sy L s ol O
yuwladu jamiyEu {1n~aAsi OaHoraArFA mutasaAwiyna fiy
{lokaraAmapi wa {loHuquwqi. wagado wuhibuwA EaqolAF

waDamiyrFA waEalayohimo Oano yuEaAmila baEoDuhumo baEoDFA
biruwHi {loIixaA’i.

prles Loy Sae lsay 23y Geidly LIS g uslade L1l QW) aepr Ay
SV g Lany erany Jolay O

ywld jmyE AlnAs OHrArA mtsAwyn fy AlkrAmp wAlHqwq. wqd
whbwA EqlA wDmyrA wElyhm On yEAml bEDhm bEDA brwH AlIxA’.
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Extensions Encode Arabic

Notation of ArabTpX

ey Luoes sliz e g 85055l GEKIT G goaledl s 0T oo Ay
AN gy Las wdany s O

ordes LeePy Mas lgmg 439 .Geadly LIS g orsbels LIl Ul oo Ay
Yiladu gamru 'n-nasi »ahraran mutasawina fi 'l-karamati wa-'l-huqiqgi. Wa-qad

wuhibii <aglan wa-damiran wa-<alayhim °an yu<amila baduhum ba<dan bi-rithi 'I-
*havi.

\cap yUladu “gamI‘u an-nAsi ’a.hrAraN mutasAwIna fI
al-karAmaTi wa-al-.huqUqi.

\cap wa-qad wuhibUA ‘aglaN wa-.damIraN wa-‘alayhim ’an
yu‘Amila ba‘.duhum ba‘.daN bi-rU.hi al-’i_hA’i.
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$encoded

Implemented in

encoded
encoded =

encoded =

[cmd] decode ArabTeX < decode.d |

Otakar Smrz (Charles University)

and available on CPAN as Encode-Arabic:

encode "buckwalter", decode "arabtex", $decoded

encode("buckwalter", decode("arabtex", $decoded))

and available along with ElixirFM:

encode Buckwalter $ decode ArabTeX decoded
encode Buckwalter (decode ArabTeX decoded)

(encode Buckwalter . decode ArabTeX) decoded
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encoded = encode Buckwalter (decode ArabTeX decoded)

encoded = (encode Buckwalter . decode ArabTeX) decoded

[cmd] decode ArabTeX < decode.d | encode Buckwalter > encode.d
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and available on CPAN as Encode-Arabic:

encode "buckwalter", decode "arabtex", $decoded

encode("buckwalter", decode("arabtex", $decoded))

and available along with ElixirFM:

encode Buckwalter $ decode ArabTeX decoded
encode Buckwalter (decode ArabTeX decoded)

(encode Buckwalter . decode ArabTeX) decoded
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Extensions MorphoTrees

Morphology Disambiguation

Arabic is a language of rich morphology, both derivational and inflectional,
with orthography.
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Extensions MorphoTrees

Morphology Disambiguation

Arabic is a language of rich morphology, both derivational and inflectional,
with orthography.

Boundaries of syntactic units, tokens, are obscure in writing—orthographical
words, strings, consist of up to four

Disambiguation encompasses subproblems like tokenization, full morpho-

logical tagging or its simplified versions, lemmatization,
or restoration of the structural components of words,
thereof.
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Linear Lists

Suppose you can list

Extensions

MorphoTrees

for a given

Morphs Form ‘ Token Tag ‘ Lemma ‘ Glosses per Morph
[1laY+(null) °ala ‘ VP-A-3MS-- | °ala promise/take an oath + he/it
[1iy~ 2alty A= 2alty mechanical /automatic
[1liy~+u aly-u A-—--——- 1R | 2aly mechanical ... + [def.nom.]
[liy~+i 2aly-i A 2R | °aly mechanical ... + [def.gen.]
[liy~+a 2aliy-a A 4R | =aly mechanical ... + [def.acc.]
[1iy~+N Aly-un | A-——---- 11 | ~aly mechanical ... + [indef.nom.]
[1iy~+K Aly-in | A-——---- 21 | 2aly mechanical ... + [indef.gen.]
11+ al 23l family/clan +

+ iy -T T + my

Tilay i3 P-——————- Sl | to/towards

Iilay + silay P-————-——- %3 to/towards +

+ ya -ya S----1-S2- | ya + me

Oa+liy+(null) a-If VIIA-1-S-- | waliya | | + follow/come after + [ind.]
Oat+liy+a a-liy-a waliya | | + follow/come after + [sub.]
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Extensions MorphoTrees

MorphoTrees

organize the analyses into a hierarchy with the as its root

/uy/\\\

|1Y J‘ |1y Jx 1y ! Iy y ¢ J‘ Oly J\

| | / N\ -

IlY dn |1y H,n 1 dl y L__; 1y ! Ily k";l 'Y Oly d‘
| | | | |

uﬂ *ala J‘ alty J‘ 3l uf| T JJ ilg JJ il3 ¥ |ya Jj M|/a/iya
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Extensions MorphoTrees

MorphoTrees

organize the analyses into a hierarchy with the as its root and

the as the leaves

/AlY 4

|1Y J‘ |1y Jx |1 y IlY ull
| |

IlY S Iy JI |1dl yL“; 1y !
| | .

Jl-ala Jhaty Jal g1 il

PZZANSNE I

........

Otakar Smrz (Charles University) Functional Arabic Morphology
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Extensions MorphoTrees

MorphoTrees

organize the analyses into a hierarchy with the

the as the leaves, grouped by their

/AlY 4

|1Y J‘ |1y J‘ |1 y IlY u”
| |
IlY S Iy JI |1dl yL_.g 1y !
| | L
J‘ *ala J\ ally J\ 3l L__5 T Jlila

AN l

........

Otakar Smrz (Charles University) Functional Arabic Morphology
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MorphoTrees

organize the analyses into a hierarchy with the

the

Extensions

MorphoTrees

as the leaves, grouped by their

B
|1y gn

J‘ alty

TN

Otakar Smrz (Charles University)

(0 H

J‘ 3l

........

yte

E; I

A1Y J\

as its root and

IlY u” Iy y ¢ J‘ Oly J\

/N -

Iy J) Ily L";l v Oly Q‘
| | | |

JJ ilg J! il3 Sya Jj waliya
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Extensions MorphoTrees

MorphoTrees

organize the analyses into a hierarchy with the as its root and
the as the leaves, grouped by their , and

of the string into such forms:

/AlY 4

IlY J\ |1y J\ 1 ydd\ IlY u“ Ily yddn Oly J\
| /N |

IlY S |ly S 1 dl y L__; ny g nyyl o vy o1y i
uﬂ *ala J‘ alty J‘ 3l ST JJ ilg JJ il3 Sya 45 waliya

pZAN
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Extensions MorphoTrees

Multi-Modal Annotation

£ hm s O T fhm o
/ SN 1
\ L i |
£ hm oa fhm (“9’
| / | \ R PEENENG
P . B ST - - ! S
b fa é_i hamma é.& hamm (Js hum f;"’ fahima P.‘J fahm ‘;.;: fahhama
J fa and, so
T ? T T T T T T ‘;n hamma to be ready, intend
i o i i | | i & @& hamm concern, interest
i & i | i | i =] 5
! ! = 5 8 = ] - @ hum they
(W B N S S B BN 3. ﬁs fahima to understand
# g g g g g g g ﬁ; fahm understanding
3 3 3 3 3 3 3 *
3 3 3 3 3 3 ‘a.;s fahhama  to make understand
o = L = g S . . . . . X . . X
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