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ABS TRACT

This study aimed to develop a computational corpus for the principles of the Hanafi
school of Islamic jurisprudence (Usul al-Figh Al-Hanafi). Five renowned textbooks in this
field were selected as source material. The content was tokenized using natural language
processing techniques, with stop words removed. Syntactic and morphological analyses
were conducted computationally on the remaining text. The corpus was then reconstructed
to align its vocabulary with NLP requirements. Token and stop word counts were tabulated.
Word embedding methods were applied to enable utilization of the corpus for advanced
generative Al pre-processing. The overarching goal was to leverage the corpus outputs to
gain deeper insights into various jurisprudential principles within the Hanafi tradition. By
computationally processing these authoritative sources, the study sought to unlock new
avenues for understanding the nuances and applications of Hanafi juristic principles through

data-driven analysis.
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This study aims to improve the retrieval of diminutive words by developing computational
rules that classify and distinguish diminutive forms from other words. It is based on analyzing
the contexts of a collected sample of words to define their linguistic rules, thereby facilitating
their computational processing. To ensure the accuracy of these rules, we validated them
using a raw corpus of over thirty-five million words and retrieved diminutive words. We then
verified whether the contexts of the retrieved diminutive words aligned with the linguistic
rules. The evaluation results showed a 99% accuracy in matching these contexts with the

proposed rules.
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ABS TRACT

This paper proposes an innovative mechanism for monitoring of the Arabic language, inspired
by the theories and techniques used in Chinese linguistic Monitoring studies. To verify the
effectiveness of this mechanism, we first constructed a dynamic Arabic newspaper corpus,
comprising major newspapers representing five major Arabic dialects (Gulf, Iraqi, Levantine,
Egyptian, and Maghrebi). This corpus includes 1 billion words and 4 million news articles,
covering the period between 2005 and February 2024. Secondly, we applied computational
linguistic methods -either adopted from Chinese linguistic practices or developed by us-
to computationally extract general words from the corpus. These words represent lexical
stability of Arabic lexical. Concurrently, we identified words that reflect the spatiotemporal
dynamism of Arabic lexical, such as unique words, which signify culturally specific lexical
usage in each community, and distinctive words, which highlight major political, economic,

and sports-related events on both local and international levels within a specific timeframe.

KEYWORDS

Arabic Language; Language Monitoring; Dynamic Circumstance Corpus; Lexical Usage;

Computational Methods.
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ABS TRACT

Linguistic Code Switching (CS) occurs when multilingual speakers alternate between
languages or dialects within a single conversation. This study investigates challenges in Part-
of-Speech tagging for intra-sentential CS data, evaluating neural architectures and diverse
pre-trained embeddings across four language pairs: SPA-ENG, HIN-ENG, MSA-EGY, and
MSA-LEV. Results indicate merged multilingual embeddings improve accuracy for related
pairs (MSA-EGY, MSA-LEV) but reduce performance for distant pairs (SPA-ENG, HIN-ENG).
Incorporating a multitask POS-language-identification model resolves performance issues for
distant pairs. The proposed methods surpass previous state-of-the-art tagging for MSA-EGY,

highlighting the importance of embedding choice in CS scenarios..
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- Goa Il oLl

diaaill yosaill § Part-of-Speech Tagging (POS) 4US s e 38,543 80lada &
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A LAk G gmaalsty AL Dl (o Lids sl ws J31 o Laill o le 2a515 25 laa
T Bl 39 48 IS5 LD Cle gl gas e $5-aT5 o3 JF 1 0 Laill e Saaiall
gy dasill el a ¥ ol & alisie Sliadllw) giw (alGhamdi et al. 2016) (uys
395 e Lasaibs (@oall sl ULy ae (alail] 35815501 dyala 1 3)ls 1 Ladi ol
sl Log iy (85 o) La 1 Olimliwd | 0dia Ciiied . SPA=ENGs MSA—EGY : L]
4535 Sl & . (integrated conditions) J—alSCL! el Lo, by (combined conditions)
language) A a1 Coladsa Cails A AU 2 palal lediph Jua i e el bog, oy s
Lasd DLall 3l ate dsly gd55 as Dolomysill s ccaLisie iyl (ID taggers
LAl Gpa ¥ iladipdd| Silation 1 15Ul SVM g3gmad iy & gyl oyl S
S e piate Ll @alsf ardigs Cimpyud Sidalel 1ad 2 LalSEL L Sy all
& (el Gniall G galsd (it L1 () 51 (CS corpus) @ a-alll opLidlly (olsill
sia mpax Cd3aT a8y ()9 (1) Gatalasill @ (ansilal) Ga il sLE1 () sl oLl
FLESVM gl 3 ¢ duwlewd | Lalai¥| e (JalSill ol sl ol glgw) dog il
CALalSE L LAt e peisly Jcad]
344> 4,la4 Soto and Hirschberg (2018) C,T_stl «SPA-ENG gg2lll z95 11 )LIs] ‘“_éj
i) SIS AN e slale¥l ol sl i) lw & dyoaidl el ¥ au sl
G Laregoalll Ll Sy Zadlal S0 labd 1 ST Clgal ,dsl Cdugy ((RNN) Ay, ),SC0
I cada gt o adali Ay Dslae LA pus il o i) sl Aalaif SIS

23l 1A s (el 5T Ay (bi-directional RNN) sl 31 4515 3y, 1,S5 dpunc

—



e AT }:L/*gm'»‘
g_n;njdbnl_a‘usqh.llom W"}/‘L Y1 N ST

Ljlai aglai gi g L@ ity aow] Vg

nal of Computational Linguistics & Arabic Language Processing

4 A lall Sastel a8 ((Boolean) dalaill Sl tl o 3 Laydy . pdiga o5 Lo
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.and Hirschberg, 2018)
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e () AAU B SUAN el o L) e alie 3550 Sllia . Lguans dgprd dasill
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@bl o SE (5 casly &L diaclad A2l 2 palai Gl eI Glad layy Goybs
Godo (e ARl S i (Y ¢ 6,5 ALY il Le 250 Dol iauad sLiadl 4 2l
oyl ydian Aa) Sliaat eliad s fualsi wll du gl Sliaadl (e 3alalwd ]

Al Ly

131315 (CS) @oalll s ity Bl nasiadll gr3Lad (e S ey podicLidee &

Tomed Pl (S Laitly  uslg Sl dia slind & Lgbola | 18 JaT aua Sy 43001
4=l ‘:gl_u“ e L] @ SLadl S &d>| 5-a9 (Conneau et al., 2017) MUSE
JS&I monolingual adaptation 4—&5 J| sLilw¥ Ly (projected bilingual embedding) Lad e
393 51 (supervised learning) <8!,&¥ b £l g ‘q:buﬁl 4 SISeL MUSE jiay . &l dia sliad
S W ps i e Hlaw ¥l Grailws Liwhs Qo . (unsupervised learning) 81,d)

.MUSE _,—s (unsupervised)

pudill -¢
(Datasets) alilull dalegoao -1-€

Baliaie Dlse il dlSal 7o) IS By o e gasma Litalel Linl JoLs
SULdl Slesane 2550 Joaadl by - (embeddings) (aesaill by oy,

et dminsd 2suall

LDC Egyptian Arabic Treebanks e 4wl Jlala &3 Laas i wleaill :MSA-EGY

A)le> Slyaiia (o giai e Lgilily <AL 15 1-5 (ARZ1-5) (Maamouri et al., 2012)

Ciles VY18 sl ada & Jresl dles] by . (EGY) 2yl Amgllly Laslal 20570
CAalS VWV, ATY JlLgilalS sue Jays

Ol Sl (e dpuma Gl st past Lied eyl dawedl Sliealll sbinds
oyl Aol pLsdl (og i) Sidy Lal. X diain e 4 pall Lalall Oluas ol
Cay e By peall 2L Sladeill Zsue 2 5Y 1 yaluall e Cgal wl o sb

®—



o Lo &ijasll alolsll alisoAi wiyagi go3oll o cla A sanll osa
g2l ugliill alilul digaill :Ij;iJI pLwigi Lylai 1alglai gi L1d)g @iy aouj g

aSL Al plgll @ e sl dpma Olooys’ ¢(Zaidan and Callison-Burch, 2011)
O—s £>=>¢(Solorio et al., 2014; Molina et al., 2016; Aguilar et al., 2018) g2 J} 50U
41531 LDC Arabic Treebank Ligas 3| 4801« MSA Gigaword (Parker et al., 2011)

.(Maamouri et al., 2004; Diab et al., 2013) MSAL

Laus i wl . EGY 9 MSA (r (tokens) dogalll Slas ol (goiwa e Ll dga iy
2.3 (AIDA2) Automatic Identification of Dialectal Arabic (Al-Badrashiny et al., 2015) 3l

LBl & AalSI G oiuin e Goall Caiadll

(MSA) semill dpyall G o il go-alll Ju Sk @ Liseic! :MSA-LEV

«(Jarrar et al., 2017) dde 18Tl 4o y2tl 213 Curras Corpus e (LEV) dual il dsgllly
O 3p3le LgaumitdalS oV, e o & Aigull ot el 1 & pyall Slogd G| a0
Facebook daiaS 4 cgila sslunn oo, 3¥1 Ca il Gy Lasd e do3ali malin gyl
Aol Lidyas Aol Caih aBs . s oully X Gaaia Coluy,ads 2ylgadl hluuiills
L3 . s ,wall ARZ dia gy & Biaiall lgai Silsliy¥ | 585 (Eskander et al. 2016)
B1a¥ 1y Slaldy ¥l s dsiis 42U 456 MSA-LEV o Ao sl ol dc gans essgy

.(Diab et al., 2016; AlGhamdi and Diab, 2018) L”_% 4>t

cdpald dale Gl d Sl o Dl el lieas oyl da wll Sla T clid,

Al Slada il g tbaaeia jolas e dpalddly raally pls (osuai J) BLSYL
«COLABA ((Diab et al., 2010 GUgas ((Zaidan and Callison-Burch, 2011) Zao,031 Jle
dcgama (o o lddl ¢3a) (Cotterell and Callison-Burch 2014) ‘“_% Olayedly Glade)
Jd! 3\3\.‘4\ (Parker et al., 2011) MSA Gigaword _ys ¢3> « PADIC (Meftouh et al., 2015)

.(Maamouri et al., 2004; Diab et al., 2013) srweally s ls3I LDC Arabic Treebank OLigaa

digua e Al Y e Al wd | (i oalll i SLiLy 8 Lidaicl :SPA-ENG
el G5LS ndlsda o U is Slylgs e §ylie a9 (Miami Bangor (MB) corpus)

A ran A33loes 071 Al aial . iy old ¥ olns & Osmesdy (Aul£ ¥ 1- ALy )
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AIS¥YY,219) LIS TET.8V0 b8 0950« (Soto and Hirschberg, 2017)13:\.>JA AL sa el
4854 Saall S i o delw Yo w\_a_“.uu_xs_;_.“(ﬁs,umum olwds>laie
sy isallada @ Zels JSI 28l yga Coawi

English el 3yl ¥ls dblewd! e U0 3a ) Sliacadl (gl
McDonald) Spanish UD corpus ¢ Universal Dependencies (UD) corpus (Silveira et al., 2014)
ia# 4oyl u8s5 I Cdugy Universal Dependencies (UD) &9 dna 5L Lale etal., 2013)
Ll 2l T Ul Lidediel (LT3 J1 2351 ] . LAl e (treebank) G4 _wia Gy
les Opula 50 5 Lgams g Lo G epila jaluns e (Apl=)

gl o Gaalll Ll Ao st (treebank ) ST 8 o 1l it HIN-ENG
SLall paaals Os3iomia LedS (CS) @at Jyid e o Dilayya5 J) il s
399 Lusay By A1 e . (Bhat et al., 2017) (aigll e pogied2) Gl ¥1s Gy tigll
U X daie e 83g sl Ly dgall s .(UD) Universal Dependencies 1o Lasa
.(tokens) dygal 8>3 57,05¢ Lo ©aixf 3 yy25),A00 (pa

Uil Ayl ¥ s ayaigl o ialll e USY oyt Ad e wa Slipadal sl ds¥s
Hindi UD (Bhat et al.; Palmer et al., 2009) < 9 9 English UD (Silveira et al., 2014) 4590
CSLiad o LaT 65 Ao gila saluma e Cu e A ZAU1 A ks T ULy (il J)
.\_::.».39_5 LoS (negative sampling) (lud! (apnil! o Skip—gram 393 plasiiwly SLedST)
- SLalll 2 eI FastText daj> g:%

(Baseline Results) guluadl ha ailii -v-¢

POS) dyg>ill el g5 485 | (baseline performance) ool o s elsT iy

(CS) ot lll Yyl Sy Lo pols cayyt3 B9 sl Ayals¥ 1 2 3La il & (tagging
e slaie¥ b 3 5udl & prmall GIS 1 iled Lad cdles . Lipal as L els¥ ) Lins
Jb> ‘“_éj LS L”_% oulaw¥ g s o (monolingual embeddings) A ysl>¥1 &l iiaiall
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i Liruo &ijasll aloldll alisoAi g gonall go eIy B el osa
gl glitll alilyl digaill eljalll pyagi b 1glas g [4yg @y 20 Jg

el ¥ Slass Lo ddls] dygns &l (CS data) @o—alll ool il SLLy 7ytad o)
€ ool peogy . ela¥ G oiunn & S Lol e b SLb Aall Zysla¥1 3 panill
795 IS L3 | Sy e Gl 1 (POS) dygomill el3n ¥ esns dalai] Calisia clo
sOlsasya OLallsi o5y Goa)
Solipaia’d plasiial die A0, 607 353 (ul w¥1 i eill J5 wMSA-EGY 358 -
JIBILSTM=CRF 735 il Laaic AN,V 7 Joplia ccuyyaill A4, wlI MSA
iy Aa W EGY Sl
SPA- 5 MSA-LEV Lalll £163¥ (ulw¥l bogtas £LI a0 &5 Lgild dymgilly -
S Joaadl @ (it 58 LaS (HIN-ENG 5 ENG

¥ Agalll 2o DLl Dile gosna g (V) Joi

(Datasets) Sbilud| Sle gae Train- o) Dev- okl Test- HLds|
ARZ (MSA-EGY) 133,357 21,146 20,464
LEV (MSA-LEV) 45,167 5,749 5,779
Miami Bangor (SPA-ENG) 268,464 67,114 67,114
UD-HIN-ENG 19,695 3,339 3,190

Qiliill -v-¢

dmgias Apuasd| SISGdd) il plasiwly Linld L5 (o yei ewall lia &
N et ewdll @ 5alel SULI Dl sana le slale¥l ¥ ewdll & 4l Slipaadl
§ Jood) sy Liils e Oolipaall A Lgd die S ppime 3Ll S350 elal G yal i LS
A LB ¥ Joidl dogy s 3o BLal 21551 apasd (POS) s3SIl ely ol g 350

(LID) 42814 50
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PP dadl Sle gad| e (7) POS f)\s.”;‘j:.-ip.mg 493 du (F) Jou>

Embedding - (raadl > |\ 1o\ pov | MSA-LEV | SPA-ENG | HIN-EN

Condition

BiLSTM-CRF Tagger (1) +

» 89.12 88.90 95.33 69.87
Random-Initi-Embed
(1) + mono (MSA/SPA/HIN)

. 85.40 83.25 50.30 63.30
(Baseline)
(1) + mono (EGY/LEV/ENG)
. 81.06 80.21 71.21 67.11
(Baseline)
(1)+ Merged Bilingual CFM 90.00 89.41 95.40 85.98
(1)+Merged Bilingual PCS 89.06 88.94 94.22 83.31
(1)+Merged Bilingual PseudoCS | 91.96 91.92 96.55 86.01
1)+ Merged Multili 1

) efge .u e 92.81 9291 94.81 85.87
Embeddings(pivot)
(1)+Projected Bilingual 89.24 87.60 91.31 83.02
MTL-POS Tagger (2) +

. 89.91 90.02 92.89 79.51
Random-Initi-Embed
(2)+Merged Bilingual PCS 90.01 90.51 93.21 84.30
(2)+Merged Bilingual PseudoCS | 92.90 92.92 94.14 84.33
MTL-POS+LID Tagger (3) +

. 88.96 89.79 92.65 78.51
Random-Initi-Embed
(3)+ Merged Bilingual CFM 90.00 89.01 95.42 84.01
(3)+Merged Bilingual PCS 90.41 90.48 95.29 84.41
(3)+Merged Bilingual PseudoCS | 91.89 91.92 96.50 85.91
(3)+Projected Bilingual 88.61 88.09 92.91 82.39
State-of-the-art 90.56 -- 96.63 91.90




i Liruo &ijasll aloldll alisoAi g gonall go eIy B el osa
gl glitll alilyl digaill eljalll pyagi b 1glas g [4yg @y 20 Jg

cAalisie dllydie yody plasiiial il (ues e gl apill Jousnll ;glay
oyl oS3l Juy s 3 LiplE e m s Jiadl ) SLall el da S i
Jb_a)j .(state—of=the—art) oo 2 olai¥| e B34 Aoyl Jundl L le adsg
“plile SL2POS uwss ‘4_\.1.7_3 &I MTL-POS Tagger d!9 () )= BILSTM-CRF Tagger
a1 A sm oy 5 POS i (e SIS 5150l olaly I MTL=POS+LID 15 . (§)
S ladie 3ligl! CoM il 4y undid Random—Initi—-Embed Lai. (¥ )

JS & 281 (st s1s¥) o ially .MTL-POS+LID Tagger plasiiul dic 755 JSI

Sl o 795 IS 5 Lgaud LS | A pama e dpymndll dog Bl ppass ilas
MSA-LEV (| &4 willis (MSA-EGY 5L is| &egasa e FLII p 15 MSA-EGY I
J ﬁ\ji_é-thiamiBangor g,y lisl dcgasa le SPA-ENG Iy La,lisl dcgama e
MSA=- sMSA-EGY 53 (ibs el . UD=HIN-ENG ,Lis¥1 ic gasms e HIN-ENG
{s MTL-POS Tagger plasiwl Liaad 4 8y JIs D1 Le 745,85 5 /45,4 CL 2L LEV

.Merged Bilingual PseudoCS &L icaia’

dan)¥ ) Al Sle gond | 8 (7) (LID) il dyga yusf 285 (¥) Jou>

Embedding - (rewad! 4l

MSA-EGY | MSA-LEV | SPA-ENG | HIN-ENG
Condition

MTL-POS+LID Tagger: (3) +
» 80.71 79.29 96.42 78.41

Random-Initi-Embed
(3) + mono (MSA/SPA/HIN)

. 77.41 78.08 88.11 71.46
(baselines)
(3) + mono (EGY/LEV/ENG)

. 71.51 76.37 85.09 74.80
(baselines)
(3)+ Merged Bilingual CFM 80.06 78.39 95.49 92.54
(3)+Merged Bilingual PCS 81.33 79.28 95.02 93.20
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Embedding - Graadl B> |\ 161 poy | MSALLEV | SPA-ENG | HIN-ENG

Condition
(3)+Merged Bilingual PseudoCS | 82.15 81.32 97.20 94.92
(3)+Projected Bilingual 78.17 79.11 90.01 87.69
State-of-the-art -- -- 98.78 97.39

a1 uaill Glegasd] 3 (7) (LID) sl Gypa yasd 2550 F Jousdl gy
syl sl oy Aalisie Adlsdic yodn iyl (et e gl gl (i
o131 Jadl oy Gyl Lo sy Ly Linp L (s Gl bl o Le 5Ll
£ 231 0wy @iy @I -MTL-POS+LID = 353 1 505 .ot > ¥ A Las¥L 25, laa
Random— — Liadys . (¥) 03,0l = (LID) asly OT & Anpalll dsgll uyas s POS dygsill
Lty die Lgilssl Ligh 1 Oolizasaldl Initi-Embed

AlGhamdi et al., 7§ gy Aakai¥ 1 sl L le MSA—EGY J Jad¥ 1 Lis3gai Gaaly
Buckwalter pgsws Jug= L2y MSA-LEV &Ly de gasea e Ayl dalail Lialy. (2016)
BiLSTM—CRF+Merged Bilingual s Liaa$ Lol 3, dils 23,Laa ely | 5 daT UD gy JI
SPA=ENG g 35— slsl &Ly 3[tHIN-ENG  SPA-ENG (&35 ga 155 o lel oy, gl PseudoCs
5w Laip  787,1Y (Soto and Hirschberg, 2018) ou sl pllaill oy cay® 529.737,00
daga $s.7.9),9+ (Bhatetal., 2018) Jad¥l plLaill s 3oT &l ZAN, - VHIN=ENG 73503
Lpas e Aalail GLual |, Lo e 31 2 alai¥ 1 65T uae 093 LisSled gsas Sogl > LID
o ad ulw¥) g o Lielsl U518 (MSA-LEV s MSA-EGY (93]

o & qu II _0
(= 9m Lua L) ELL J 2e (multilingual embedding) L Lalll 33 iaill Slipeiall oguuss
EGY/) @Jmljl _9.” 4l SIS Sallt ;‘.)l uﬂ_a.u_ﬁ éMSA LEVQ MSA-EGY
SPA/) 3eliis Colad ga Joalaill die slisgiall (o 5B A5Lil 1 6355 (e & (LEV

@—



o Lo &ijasll alolsll alisoAi wiyagi go3oll o cla A sanll osa
sgelll ugliill alilul digaill eljalll pruwgi Tl adglas gi uag iy pous Vg

dylate DL (POS) pdISI elsal ey Lo S ddl cyyadll 4 glii e Jills . (HIN
£L5 Cls i 181 5oLl SLaUL 35550 MSA-LEV s MSA-EGY (o) & 455 Jad]
O3 10 G5nlg Ayl Dlslae ¥l asan e asdl) Lol oIl gl 431
@\_ﬂ,m@iw@@-m ALl SLaASI a SOl saall ) sy 31 e
sl Sl Gy @ b LATS

91) 3imilly coaglly « Jun 5T Al ausd L5 (CS) gaalll plifll STol o i
sl 5l O 650 I3 e ELiy 63 e il 1310l SLallly (LS
lw¥ 1 asi 58 HIN-ENG 5 SPA-ENG SLalll (595 & el ULy Sle sasa (genre)
of (multilingual embedding) 3231l ygalll L (s Logialai wl paal 4 Leisdl
&4 = MTL-POS-LID Tagger ,gla) 4 aill Lo .POS tagging dagl &1 Sl ‘e_w(:_ﬁl
(language id) 221l 3,54 5(POS tags) Ajgsidl pMUS Il cl} > ugd A1y O & P_L,_L“,
SLall 45,Laa (SPA/HIN) bae Lill SLall , STEAS1 — tagging POSdage (rows Cdug
J1s w2 8lsll Laliely @oalll Jyail/ (oslilll boLai (85 a5 .(EGY/LEV) dlayl il
G ABI 3 LinLas LELah) LilasY 0By Syslond) (o iedSIN Al Lgud ca L 501 dlend]
LLas fwd @ Lgslll (olax ¥ g a G5 & (ulw¥l Jaladl O 3539 ¢ SPA-ENG Lise
Olegama 3700, \Vo /Y N YA VA dwdd) Cealy G & (77~) goall Coplisdl
A (ol e 5T LaS . Jlg 3 Lo HIN-ENG3 MSA-LEVs MSA-EGY (ya JS Uiy
ol olifll o o s Jalali STV 3leidl x50y SPA-ENG digute & coslidll Lol as
BiLSTM-CRF+Merged BilingualMerged) J—ia — (inter—sentential) (| asJ! & giwn e
u_l.:i s 4% | = MTL+Merged BilingualMerged Bilingual CFM) s (Bilingual CFM
sl e /80,885 790, 50 Coaly 3 A5 @ FLI

Olieatly (Merged Bilingual PseudoCS) Silieual OLinygsa OLisa L,_L>._T_|”
e Ll et aly LoLET Gy e Zalaill Cliveaill Ko Lgil do¥ 1 ulalll 3aatll
e 22 IS Bl @ AalSI Jleniwl do 5 Ll 1 p  Aabisie il e SIS Gy
ASTE Zaalll e ) 3001 O3 SLS Cosliall qulll e S (gl 416 Bus
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(00V) Lus-alall & Wga il e CLalSI Jina s US (adsiy G SagTip 231 s
MSA- s MSA-EGY (5930 SLalllbaliaill Slieaill plasiwl aind . DLl (ngads
F9) & CeadF eSS (sl Gle 7NV g A L 7Y 7N e OOV I A S| ,SLEV

o3 e 79 7.8 31 7109 7S s HIN=ENG 5 SPA-ENG

Ggalll 7193¥ presnd delai¥ | Jiadl 8 18 gudd sllas¥1 ST (1) Jgui
(Gold-POS > Predicted-POS)
MSA-EGY MSA-LEV SPA-ENG HIN-ENG

Error Type % Error Type % Error Type % Error Type
ADJ >NOUN 19% ADJ >NOUN 21% NOUN >ADJ 10% NOUN >VERB | 27%

VERB >NOUN | 15% VERB >NOUN | 19% NOUN >PRON | 8% VERB >NOUN | 24%

NOUN >VERB | 11% NOUN >ADJ 16% VERB >NOUN | 7% NOUN >ADJ 19%

NOUN >ADJ 8% NOUN >VERB | 9% ADJ >PRON 5% ADJ >VERB 19%

lolis Lasli. @oad 93 IS & Aalai¥) Jundl gt leguds cllas¥1 ST Jpumdl i)
sllas ¥l (4 L Laly (MSA-LEV 5 MSA-EGY (&5} (o Lasdl LLai¥1 & pls i
HIN=ENG 5 SPA=ENG {55} & Lyuu ZaiLi!

&1 (intra-sentential) &, Lsall $sius (e (CS) @olll Coplisll asl i) LLai¥ | as

L ol lia e sliy. (insertion patterns ) zhadl o siga LiSbLy Slegase g“é Laldasy
GrSH AU A JShs Le 28t (a el (iS5 0550 S 9 Gomma yuaie phal &
ol pladay o La Lidie cJa ot e 551 Guly3y @ uaily . (Muysken etal., 2000)
oo Juaaia slaial yaol 450 CSF Lidjes . Ay ol Ja21 3 CS Fragment (CSF) o2l
s Jo-bo Lo digia &Ly (Soto and Hirschberg, 2018) a2t cslid 4ud ,glay LIS
I e Lain €071 55 SPA-ENG o & s, Lis Y degana & (CSF) @aalll oplilll
MSA-LEV dcgama §0,) Jotall la lipia Ly Jlall 35 HIN-ENG dcgama 1,
131 8 8yl Bypimy 555y Syl pladia Jodo OF Lo > o] MSA-EGY dcgana 30,5
Gt 435 DLl 15T ppe & el Jadl Ly 5 La LD Byl plolal s la il

@—



o Lo &ijasll alolsll alisoAi wiyagi go3oll o cla A sanll osa
g2l ugliill alilul digaill :Ij;iJI pLwigi Lylai 1alglai gi L1d)g @iy aouj g

A8 Sl Gseate ol sly amas puaie le Lged Juadll il S Jrasdl @ Laas O
LD 53] e & Lol ol 13 ¢y a LgiuiinT s ul

baseline) ywlwd | Lo s 2 obail Lo 15545 22l 2 510 Sl iadalll plasiwl , gla)
Sl zlo5T & 3 Ao lall 2 3leidl Lgilsw S ZLI el 342 3 4l ut (systems
Laclga LSTA LSS Dlipaad yslal o ety adgd dl gyl FLIN s Loaax
sense) Glall m 355 &SIl oL alll ) sgny sls¥ 1 1ia & cuwd| O 1 dials .CS plogl
Omasali SV a5 lly (mono) Sl Y gl G A3V 1 Bsdete SLoISU (distribution
bank 418 oy Sy L S 25 . Merged Bilingual PseudoCS J-ia 45,1 die S iaS
10l bue Jos ol

(ool el dass ]

il A Lo

— iy o Ol bank— Jlealwl clad 2l wd | Lgde asgy 50 of dlex & Lal
Faidhe e Ay Leall A BLAN O lipacaill O Lagae Linyld s aad (1) sall e
oo Sy o Aalaill Slipaadll o tasd 31¢(CS) @ssll coslidll plgl Lagec

(Pratapaetal., 2018) 4l Juog5 Lo za Gy La gty ¢ Jua8T3151(CS) gpalll

doilall -1
s Aigay Aalall OolimShiawd | (e sdal Z i Swlys Liaad 48,00l ada
cidsa) zlesl e (C8) @aslll uslidll SUily & (POS tagging) dggmill oY)
POS taggi;lg glal e (pretrained embeddings) ;31 48wl Clieaia ST L ATl
5 MSA-EGY Jia) dplaill 2 0salll 1o5¥1 &1 (isid .(CS) gaalll coslilll Sl &
Eilipeiai plasiiul 3] 251 POS tagging dagl &1, e Laill (e 1t i (MSA-LEV

Sliaialy 85 2y La ol «(merged multilingual embeddings) <sLall 33 2is dsanll
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Jia) Bue Ll dpalll 21939 wat s Jlall 3 ¢(pivot embedding) &5 ssdl (rimasal!
L=y (multi—task learning model ) pLgl! 51 a%a o La3 73503 ;s (HIN-ENG SPA-ENG

.(language identification) 32U 3_yaa 4 y1< o POS tagging S . M riaga

153 a5l 85l r3Laill oy Lig L oy 3550 Ligys 33 e So3le
e LiSlains 3545 Lind (HIN-ENG3 SPA—ENG5 MSA-EGY i35l £155¥1 & Zygaill
4_%; Cel> Lain ((AlGhamdietal., 2016) Silalae ¥ S ‘:%MSA—EGY ‘5 lb.\_aj.l\ lﬁLE:.LH
Soto and Hirschberg 4 das L] 4 lilea BILSTM-CRF+Merged Bilingual PseudoCS 735}
Al Sloand) Balys 5T Gy GualE ) 3 SLAL s Joall Jiolyiws .(2018)
61 Dlagdal & Ao iall Sl Adlad Caylisis ) Luis | Lesils « Slipaalll wlall
Jelly (segmentation) g gsidl e Jia cdymdall &palll A stlall S¥ Lowe a
.(parsing)@_ASjU\ Go>J|
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