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What is Morphology
The study of how words are formed
Words are made up of smaller meaning-bearing units (morphemes).

Morpheme: smallest meaningful unit of a word. Morphemes can be: stems,
suffixes, prefixes ...)

Co el Books
LS Unliked

Morphology is the identification, analysis, and description of the morphemes of a
given word, including its root, part-of-speech, gender, number, etc.

Types of Morphology : Inflectional Morphology and derivational morphology



Inflectional Morphology (<& ~a3)

Modifying words to express different grammatical categories (gender, number,
voice, mood, aspect, case, etc.)
forming new wordforms without changing its core meaning.

Verbs Nouns
".—‘-‘S Write ej\.c Scientist
(LS (S writes, wrote, cCpalle dalle Scientists
(i (el writing celale (iidlle
‘0 9.!.\54 € u_uS\ Glalle
LS 5 ¢lgiiSans Lilale
Ll

Inflectional Morphology will be the focus of this this lecture (3)



Derivational Morphology (@laiil)

Modifying words to express different meaning and/or part-of-speech
forming a new lemma (i.e., drive lemma from another lemma)

< wr!tg
. writing
AlS writer
il weakness

. weaken

58 reddish

iSa relational
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- testify
EYELN eatable
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English Derivational Morphology (LU @laiy)

Examples of derivational patterns in English

verb-to-noun (agent):
verb-to-adjective:
verb-to-noun:
noun-to-adjective:
noun-to-verb:
adjective-to-noun:
adjective-to-verb:

adjective-to-adjective:

adjective-to-adverb:

er
able
ance
al

fy
ness
en
ish

ly

write - writer

eat - eatable

guide - guidance
relation - relational
test > testify

weak - weakness
weak - weaken

red - reddish

relation — relationally



Arabic Derivational Morphology (4w =L @laiyi)

Derivational morpology in Arabic is
 mostly templatic and follows derivational patters (&daiil oljsf).
e changes the meaning (morpho-semantic category) rather than part-of-speech
* Examples:

Jnd 5

lal jaaa S
RSP s
Jeld anl Aalle S
Js2ie aul - iSa
OSa al 4iSa

S e

Al ol 4uls



Arabic Derivational Morphology (4w =L @laiyi)

Derivational morpology in Arabic can be seen as morpho-semanitc relationships
between lemmas (some are through a sense), as suggested in (Jarrar, 2021).

A large graph of Arabic morpho-semanitc relationships is available at (Jarrar & Amayreh, 2019).
Example (simplified, some relations should be rough a sense):

kutayyib-a
small book

—— AS
[ T } kitaba -to write—
maktaba - library the process of writing

3 i< o
maktab - desk or office f’“’as‘ iy P
- where the process of maktub-thg product BY
writing happens of writing

katiba - typewriter Al o) kataba -write
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Lexeme (4 o 849/ 0au)

Lexeme: lexical meaning for a set of words that related through inflections

Verb Lexemes: {write, writes, wrote, writing}

3 3
{ ‘S :'.:Shnj 0 9{353 ERYLN) ‘lS LI ‘l@ COPTERY. BT O Y T TY . Te 1"1<}
amm s " ’ g Y 3 . y 3 3 - . Y

Noun Lexemes: {scientist, scientists}

{ ch:l.o.LC—j Wldle clade cU}’LoJLC— cu'\,oJLC- dodle c(;JLC-}



Lemma (deozzan ds-u)

Lemma: is the dictionary form (also called canonical form and
citation form) of a set of inflections (i.e., to represent a lexeme).

One of the words in the lexeme is selected conventionally/\>Maws! to
refer to a lexeme.

Verb lemmas: typcially the past singular misculin 3rd form (coldl Sdell 3,800 s0L]l)
{write, writes, wrote, writing}
(oo LS s () ot iy elgaiSlun (leui€ o] iy i€ oiiS)

Noun Lemmas: typcially the singular form (2,20J1)

{scientist, scientists}
{ cUSLA.l.Cg Oldle clode cuu.oJLC- cufusJLC cdodle csoJ_LG}




Issues about lemmas

Since lemmas are chosen (conventionally/\>Maw!) lexicons do not
necessarily agree on them:

* Some lexicons split lemmas based on the common-use (pldscw| £4.i)

* include feminine and masculine forms as separate lemmas, like ( - gl
sligds) (808 - 40B) ... if all are commonly used

* feminine forms if no masculine like (d=ol>, 4>43)

* Plural or dual forms (ut.&iz (Ol ud ¢pg3S) or (ObsT (oS cOMES) if the
singular forms is not common.

* Some lexicons split lemmas if they are semantically very different, like in
SAMA (d=ol>-1, university) and (d=s\>-2, league) while Ghani consider it one.



Lemmatization Examples
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Lemmatization

Lemmatizer: a program that returns the lemma of a given word/sentence

https://sina.birzeit.edu/alma

\ SinaLab

ALMA ()
Arabic Morphology Tagger

News Team Resources

Lemmatizer, POS tagger, and root tagger.
Accuracy: POS (93.8%), lemmatization (90.48%), and speed (32K tokens/second). Outperformed all other tools (see article).

AS S i)y oSy Rpenaal) ALl 30 oy il - g flaa 5oy i Lo Sy By yall Ayl Ul
oaill G

Morph Tagger Lemmatizer POS Tagger

= Downloads J

Download SinaTools (Morph Module), you can also access ALMA memory (morphological solution ordered by @

fractiency) which iec nart of SinaToanle


https://sina.birzeit.edu/alma

Lemmatization

Lemmatizer: a program that returns the lemma of a given word/sentence

https://sina.birzeit.edu/alma

:@: | SinaLab

ALMA

Arabic Morphology Tagger

Lemmatizer, POS tagger, and root tagger.
Accuracy: POS (93.8%), lemmatization (90.48%), and speed (32K tokens/second). Outperformed all other
tools (see article).

News Team Resources

oy papaadl il 3aad o seadl gl Jaa ga g A0 a1 By 0l A pead) S g
el A UK S0l 23S0

MorpBTagger  Lemmatizer  POS Tagger

= Downloads

Download SinaTools (Morph Module).


https://sina.birzeit.edu/alma

Qabas
Open-source Lexicographic Database

https://sina.birzeit.edu/qabas
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[ Search for a term ...

Most Commonly Used Words:. ju1d. pago. dals
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Qabas

Open-source Lexicographic Database

% 2
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Open-source Lexicographic Database
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Root and Stem

Root (y4=): is the primary lexical unit of word, and which
carries aspects of semantic content.
* Roots in Arabic are decided by linguists (who sometimes disagree).
*Some words may have more than one root, 4w (S O o )( 9 O )

Stem (BWw): is the part that is common to all its inflected variants (no agreed
definition), thus it depends on the stemming algorithm.

Roots and Stems in English are most likely the same, but in Arabic Roots and

Stems are not the same. Word Lemma Root Stem
S B ol S

Examples: S s | ood | e

(S C38a oo k|

QUS &GS ool ols




Inflectional Affixes (4 ~o J5193)

Prefixes ((89w): attached before the stem to form a word form.

cuL&JSchT cu&_g c;.Jl.'JSJ\ (oS 9 Soww ¢ . i

Suffixes (@>!¢/): attached after the stem to form a word form.
books, booked, happiness, usually, helpful, ...

CO-@-.AISCL&.JGS“QSJ’;S “SH.";S ‘L@.{.’S( - ...S

Infixes (dawlgl): inserted inside the stem to form a word form.
.ol ez

Stemmer: a program that returns the stem of a given word, after removing affixes.

(23)



Prefixes (33 ¢w)

attached after the stem to form a word form
cuh&]g cs_,uST cg,uSE cuhi]\ cu&.«uﬁ u_,u.i*..w cg,u.i:
In English:
* There are no inflectional prefixes;
* English uses suffixes to generate inflectional forms.
* Prefixes are derivational prefixes thus these words are new lemmas, not-inflections,

such as (unhappy, asymmetric, demotivate, bilingual, cooperation, disappear, illegal...)

In Arabic:

Very complex and rich - 174 prefix types (115 un diacritized) in SAMA, such as:

5 IR JGA I 5 1 I TP TG ER LR WD I T IS TS g L JPAEI I (I WO g AT ST Y I POy YO
“LIY cu\y Y c\\)f ) c;\)f cd 4d\5 & cuj b (Lod c‘_,_’_ué (Caud cd.wé Luad ci.».né cdé Ilad cd\.d «ilad cO\.Aé Ilad c“.aé
‘db._j (g 4d\_5 c\j cij <9 ol (o cLLlu ™ Lo GLuA 1) Jla cLﬁLA il eo\..a Jla ‘i\.q cy ‘QA el cul cdj JY ‘Lﬁy

cq;\.c\j “LLAJ 6OLAJ c\La_j ch.a_j cyj c&j cdﬂ_g ‘L.)jj cdb c]\ﬁ} cgyj “La‘zfj ‘Oyj ‘\YJ ciyj c\)!_g ‘;\2(_5 cdj cdlsj uﬂj (8

_____ ¢l “«s c\} R g ‘L.\.u} et ¢ g ¢Cpa g CL\.M} ‘L“} ¢y ‘“.A}

(24)



Suffixes (3>19’)

attached before the stem to form a word form.

books, booked, happiness, usually, helpful, ...

‘O-@élsém“gs."',s ‘(sll.‘"‘s CL@.g.isc - ...5
In English:

* changes the grammatical properties of a word within its syntactic category

8 suffix types: Verbs{makes, booked, eating, eaten}, Nouns{girls, oxen}, adjectives
and Adverbs {larger, largest}.

* Irregulars: sheep, children, ran, drunk, ....

In Arabic:
Very complex and rich - 416 suffix types (208 un diacritized) in SAMA, such as:

(964 56l 56 ag 9¢lag 56 g 56 560 56l 56 selad 5o secseliaSalaSae (S pe el Ainaiclginagindeg e g it agadlagae g

°U‘€AU‘L‘“}’U‘wu‘d}‘é‘w‘@‘m‘&‘u‘@‘?@‘u@‘O@—."A;.""‘L“‘?“‘L“A‘L}“‘J"J“ﬂ)‘("s‘ﬁ‘l‘“s}‘US}‘O}‘UJ‘&J‘ES:‘}‘L‘S’}‘OS}‘&}‘

Qcae_nﬁcLaﬁﬂcug_.ﬁ“ﬂcesc\.AScésecucuuc@ucaucuuceﬁucmucL}ALA‘U}“‘“;H}A‘ajasuyc@ycbﬁyc@ycdc\juﬂt\céﬁsw\jcQSUcaUc\

(o 540 el saica saielad 5a (b paie i Lieliie e el e mg e Lag e (e i L Lagie e el oS ieLaie e e el

\4/\c'écQcUcéUseSUcuSUcQSUcQUcUUc@Ucoﬁchﬁc@ﬁcbﬁﬁcdhﬁcgﬁc&ceSScLASBcQﬁcéchﬁsﬁbﬁc@bﬂcobﬁc&ﬁc&ﬁcLAALASGQALA&U}AS

cuﬁ\cgﬁ\cm\cﬁ\c@\ca@i\‘M\cogj\c‘g\uﬂ\ces\sLAS\cQS\co\cU\uﬂ}\ceSA\suﬁ‘cdﬁ\cm\c@}\cﬁ\s@\‘@\cu@\cw\c@\co\cu\ca&\6\4&»\6[)&8\‘95
. cQ‘uﬂ'jcPS:JcLaSﬂcQﬁ]c\.’xﬂsﬁict@jce@jcu@jsw‘céh\c&l\\“ﬂS\ceS:\\O
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Part-of-Speech (X! pLudl)
Also called word class, lexical class, and lexical category

a category of words that have similar grammatical properties.
Words have the same POS have similar syntaxic behavior, and sometimes
similar morphology

In English: In Arabic:
noun (e.g., book) noun
verb (e.g., booked) verb (PV, IV, CV)
adjective (e.g., ) Letter/Functional words
adverb (e.g., very, quite) words that are not nouns or verbs)

pronoun (e.g., he, them)
preposition (e.g., in, of)
conjunction (e.g., and, but)
interjection (e.g., ops, alas)
numeral (e.g., one, two)
article (e.g., the, a, an)

Next Lecture
=>» Part-of-Speech Tagging @D
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