ok & il gl b
(Part-of-Speech Tagging)
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(POS Tagging) P (slje) (i 2 =il (mlidls b U8l

s '] 3
. Q
B &
. \ @
TRNEEN Y .
.
RN A R
“ ! E S (]

Part-of-Speech (POS) :aMs /3l S a0
(POS Tagging) ais /il &5y
l.b))..a)ls
bl
s $lial (Pocen  slagay,
(Rule-Based POS Tagging) sacld o oo sd s,
JUe 0
(Probabilistic/Stochastic POS Tagging) sl slabs,

s e o8l s (HMM) o5 )l oo J3w ©
(Transformation-Based Tagging) Jssw , o b3

s 15l O omn p slagiows (b))
(aol8) (o o 4 9ad aleaacs
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(POS Tagging) P (slje) (i 2 —stilly (il b bd] |

... Part-of-Speech (POS) %8 ! 3l T

als Blad O ds dals ya S (590 alga Sl O
Sliss glaals O
part-of-speech(POS), tags Jexical tags .word classes e
JGs O
Lo 3398 p3g )3 cp393) 1) 1o B3 (30w sS (OUST S {a o9l g5 o opof

POS Tagging - (Tagging) & jcwa 1 O
o 25 U3 elS 2 4 (s970 Ugie Ll 3l
el gasad ous) O
p-3 ) e 3 Thrax buwss duws A sleii ©

noun, verb, pronoun, preposition, adverb, conjunction, participle, article o

(5)9)“" Caad ot u‘S 25 aslawl d)90 ‘sl.bw).o 4;[,\.“ °

lnoun, verb, adjective, preposition, adverb, conjunction, pronoun, interjection o
\J c
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(POS Tagging) pMS" (gl (S p — bl (oolid b b &L&T N 7

.. Part-of-Speech (POS) 4% sl5al | =&

(Pronoun) jue.s
she, who, my, others, ... o
(Conjunctions) b, & >
and, but, if, ... o
(Auxiliaries) SwS Jleil
(can, should, are, ...) o
(Particles) Gy >
up, down, off, in, out, ... o
(Numerals)s jloi

one, two, three, first, second, ... o

697
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(Noun) el °

Ali, IBM, Book, ... o
(Verb) J=b o

Eat, Make, Draw, ... o
(Adjective) ciwo °

Good, Beautiful, Young, ... o
(Adverb) .8 o

Slowly, Very, Fortunately, ... o
(Preposition) 4lsl &b ,>

on, to, by, from, with, ... o
(Determiner) i y5 & ,>

a, an, the o
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(POS Tagging) pMS” (sl Jjermmz =sbly (oulidlj b 2b8]

... Part-of-Speech (POS) ¥ slipl | ==

QgJJngflsﬁébngPOS Gl (Sas 3 aylS o s O

(Noun) el °
o Noun (person, place or thing) . _
Singular (NN): dog, fork (Plural 5 Singular) gea 5 8 0
Plural (NNS): dogs, forks . . .
Proper (NNP, NNPS): John, Springfields (Ad] ectlve) (WIY- V- B
Personal pronoun (PRP): I, you, he, she, it . . o
e Wh-pronoun (WP): who, what (Superlatlve L COInparathG) L;JLC L g;l*-'a-"-‘ o
o Verb (actions and processes) a o
*  Base, infinitive (VB): eat (Verb) LJ”
Past tense (VBD): ate Main L Modal L. Lol O
Gerund (VBG): eating ( - ) o) =
Past participle (VBN): eaten P
Non 3" person singular present tense (VBP): eat (Pronoun) ,
3rd person singular present tense: (VBZ): eats (Possessive L: Personal) . __Ill.o l_; =l O
Modal (MD): should, can
To (TO): to (to eat) PS

39y oS 4 Sgldte slacun p Sl (Sas ad (5 laSdkads asdle (gl 0 O

697

Hadi Veisi (h.veisi@Qut.ac.ir) °




(POS Tagging) pMS” (sl Jjermmz =sbly (oulidlj b 2b8]

... Part-of-Speech (POS) .p¥& ! 3! T

(POS: Part-Of-Speech) a)s i 52l gl 931 ©

232 slacl o3 = L 89,5 = (Content/Lexical Words) glgizo sdajly ©
w&)w@obwﬂ)uﬂok}gb o
(Pl puwl) Suas slael g5 (el sisle) 351> Haliuels sbacl Ladins 3 2 )3 ©

cat Old9290 Ol (pwl)Noun

forget Lol o b slaug) Ol (J=8)Verb A%

yellow Iy (cawo)Adjective

quickly > Sdoe > (sx8)Adverb
oh! Sl (Is & ,>)Interjection

ol 9 39350 slacl = diww 29 5 ((Function Words) i saajly ©
olalS ol b (s o3 adsl) plo sl oslaiwl 9 (oo 93 Jalw SIS 9 IS5 5 0ligS O

E N T R I
and

Ol so35a5 Jgm (k) & ,>) Conjunction Conj

the 039 wslid (50258 askine (i p=5 U ,>) Determiner Det

J¥ from = (5% ( Sloj Ll (48Lsl U ,>) Preposition Prep
she o a5l gl (Jwess) Pronoun Pron = FYTs) ‘




Fart-Or=sneecn 1t FFuUsS)

(POS Tagging) pMS" (gl (Jjeam 2 = (ol (il b ] N

At &1 ol

Open class (lexical) words

Nouns Verbs Adjectives
Proper Common Main Adverbs
Numbers . more
Closed class (functiorn
Modals
Determiners Prepositions
Conjunctions Particles ... more
Pronouns Interjections
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Jua
and
two
the
there
omerta
over, but
yellow
better
best

might
rock, water
rocks
Joe
Red Guards
all (all the girls)
's
1
Mine
Quickly
higher
highest
up (take up.)
to
hey!
choose
chose
choosing
chosen
jump
jumps
which
who
whose

when

Penn Treebank

ot
22> Mgy by U,
slod 332
oy % Sy
there xsls 5929 O)le
ZI> soily
9 by Sy Lol O >
o
Sl lio (ido
G i gulis
79 J=d
o> b 3 de cpunl
22
3 pho i yol> oul
&% aAS =
Oy T S,
o sLEs
o prod
oSl e
I
lulio 23
)
To
135 &>
43S oloj e Jod
el S b ol poil Jod
oo Lo (Job
> Oloj yased pom ok 3 bo o J2b
o Oloj 3 b0 gasd pow oJad
Wh i 5 S >
Wh i
Wh (Sle e
Wh .3

Z

LS

z

N
N
NNPS

Z
o}

POS

PRP$

RBS

<

e}

=

= <l <l <l 2l <l <l ols = e 2| ol g
ol =l = 5| =l Kl ke
HE”"EN%Q?JEWEO g = % @ = = Execoi

gw:\ﬁ‘ (tag Set) S 1 de gane O
w2 FO Jols Penn Treebank slacuus o @
&) a0 VY G Lials sl o
oz o AY Jols Brown Corpus slacws o ©
—alio Sl 1) S 0duy g B+ - )l GlawelS Yoo Sy 0,5, O
oz 2 71 Jolds C5 sz 0 ©
Lancaster UCREL project’s CLAWS Ls o

(O o iss) eyl (L) (A 0 Sy 0 O
CanZ N P 393> ©
Sgo & 393a & L o dlasws s o

Jan
Y
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... Part-of-Speech (POS) 038 ¢! 3! T b

(POS Tagging) pM (sljel (jecumsr 2 =il (mlidls b 18] |

(sl ju maly) Penn Treebank slacus o

Tag  Description Example Tag Description Example
CC coordin. conjunction and, but, or  SYM symbol +,%, &
CD cardinal number one, two TO  “to” to

DT determiner a, the UH  interjection ah, oops
EX existential ‘there’ there VB  verb base form eat

FW  foreign word mea culpa VBD verb past tense ate

IN preposition/sub-conj of, in, by VBG verb gerund eating

JJ adjective yellow VBN verb past participle eaten
JJR  adj., comparative bigger VBP verb non-3sg pres  eat

JIS adj., superlative wildest VBZ verb 3sg pres eats

LS list item marker 1, 2, One WDT wh-determiner which, that
MD  modal can, should WP  wh-pronoun what, who
NN  noun, sing. ormass Illama WP$ possessive wh- whose
NNS  noun, plural llamas WRB wh-adverb how, where
NNP  proper noun, sing.  IBM $ dollar sign $

NNPS proper noun, plural ~ Carolinas # pound sign #

PDT  predeterminer all, both “ left quote ‘or“
POS possessive ending s ? right quote “or”
PRP  personal pronoun I, you, he ( left parenthesis LG <
PRP$ possessive pronoun  your, one’s ) right parenthesis 1, ), }, >
RB adverb quickly, never comma s

RBR  adverb, comparative faster . sentence-final punc . ! ?

RBS  adverb, superlative  fastest : mid-sentence punc  : ;... — -
RP particle up, off

697
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Z
o

©OCoO~NOULA,WNPE

Tag

ADJ
ADJ_CMPR
ADJ_INO
ADJ_ORD
ADJ_SIM
ADJ_SUP
ADV
ADV_EXM
ADV_I
ADV_NEGG
ADV_NI
ADV_TIME
AR

CON
DEFAULT
DELM

DET

IF

INT

MORP

(POS Tagging) pMS" (gl (Jjeam 2 = (ol (il b ] N

Fart-or=mneecn (r°'uUS) .o A 9l

Description
Adjective, General
Adjective, Comparative
Past Participle
Adjective, Ordinal
Adjective, Simple
Adjective, Superlative
Adverb, General
Adverb, Exemplar
Adverb, Question
Adverb, Negation
Adverb, Not Question
Adverb, Time

Arabic Word
Conjunction

Default

Delimiter

Determiner
Conditional
Interjection
Morpheme

(esl8) Ola (s 0 Sy slacaa

No

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Tag
MQUA
MS
N_PL
N_SING
NN
NP
OH
OHH

PP
PRO
PS
QUA
SPEC
V_AUX
V_IMP
V_PA
V_PRE
V_PRS
V_SUB

Description
Modifier of Quantifier
Mathematic Symbol
Noun, Plural
Noun, Singular
Number
Noun Phrase
Oh Interjection (lx<s)
Oh noun (s:t)
Preposition
Prepositional Phrase
Pronoun
Psedo-Sentence
Quantifier
Specifier
Verb, Auxiliary
Verb, Imperative
Verb, Past Tense
Verb, Predicative
Verb, Present Tense
Verb, Subjunctive
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(POS Tagging) P (slje) (i 2 —stilly (il b bd] |

(POS Tagging) piks $I 30! ol jepimip 5 A

.
.
.

e o OlalS G 3 (5380 O

A Single Best Tag of Each Word

VB DT NN .
Book that flight .

VBZ DT NN VB NN ?

Does that flight serve dinner ?
Penn Treebank
POS tags

e Input: Plays well with others

o Ambiguity: NNS/VBZ  UH/JJ/NN/RB IN NNS
o Output: Plays/VBZ well/RB with/IN others/NNS

S Sasdi faa |y (i ylSs aadle 99 yS Jlo i | (e wals luial ©
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(POS Tagging) pMS" (gl (S p — bl (oolid b b &L&T I

123 5 JLE 036 S1 501 (o Jepienid 5 [¥

(- 9 OLSS (ol jls y) (Alsj giludas ©
SIS S S o oolatwl @

3T ppeid b ol aslal <5 ya Jjl 3 Ygasmo w)ls )3 0

dalS Su aaio Ladlh o gan vy g0 yo (Sledbl s gla i ylsS Y O
obJECT (verb) s OBject (noun) =) s0 & LwilSl ) object aols Laals :Jle ©
(J=8) “s 0" Lposl) “3 50" ) 900 &3 G )ld )3 “3 " Aals Laals ©

(e g3 age Gilals 7 Al 4o Sas :ale Ml byl O

‘r“\l;\.:.e ?Le'f‘ c.éJ (o)

(e 9 2oz )5 (S ptianaw 3 D3liw]) 2 lino pleul R 4 SWS @
w3 )8 ALlS 9 SuwadSl ) watch aels :Jlis o

(PArsing)s gas 4yl O
Sl OledS (5956 dglio (pmils 4 jlo VL @ ol 4 5 ) @
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(POS Tagging) pMS (slje) (i 2 =stilly (bl b sl | 4

o« gl 9B S1 501 (ol Septmp 54 A

a3 ,la (ol (g 9an dl gl wia s Gilals ) a2 O

* e

.
.
.

Siamd oz 20 Sl i s> Brown » ;S (Token) olds 170« 593> o

302 5o JuSidis 1 0, v aus) LI & (Word Type) wlels glosl JI 7110 393 ©

Original Treebank
87-tag corpus 45-tag corpus
Unambiguous (1 tag) | 44,019 38,857
Ambiguous (2-7 tags)| 5,490 8844
Details: 2 tags| 4,967 0,731
3 tags 411 1621
4 tags 91 357
5 tags 17 90
6 tags 2 (well, beat) 32
7 tags 2 (still, down) 6 (well, set, round, open, fit,
down)
8 tags 4 (s, half, back, a)
O tags 3 (that, more, in)
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(POS Tagging) pMS" (gl (S 2 =(oill) (il b U] N

4 | IF ST 3D EPN : o _y T B, NN 5
-« gy 93D SI 301 (gl o)

08 g 53 o plel 5 Jle

® Mrs/NNP Shaefer/NNP never/RB got/VBD
around/RP to/TO joining/VBG

® All/DT we/PRP gola/VBN do/VB is/VBZ go/VB
around/IN the/DT corner/NN

® Chateau/NNP Petrus/NNP costs/VBZ
around/RB 250/CD

® | know that he is honest = IN (relativizer)
® Yes, that play was nice = DT (determiner)
® You can’t go that far = RB (adverb)
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(POS Tagging) pMS (slje) (i 2 =stilly (bl b sl | 4

.
.

oo (Mg 51.0) Giakothdal gibie 9IS ST 501 ol ey o4 T N

Ca S culdicd) () 93 o0 aUS 1l (S ua y ) g (Sledbl aa 51 O
(2l L) wdS 595 ©
o Word the: the » DT
(MDWYJﬂ)Af)}.}JP (o)
o sl i dlas Jol SlalS el Lol 855 0 035 o 1 (Lol3) sl lgic s Yoaso o5 gl by> by clals

295 syt o o S8 By
Lowercased word Importantly: importantly - RB

Prefixes unfathomable: un- —» JdJ

Suffixes Importantly: -y - RB

T PN (N S PR T ENREIN BN
Capitalization Meridian: CAP —- NNP

(w)le) asds Hlalew ©
Word shapes  35-year: d-x — JdJ

697
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* e

(POS Tagging) ‘9)‘5 dl}?‘ IS p —u.ﬁlg‘l ) uwwatg)’ 1.3 ngm‘i n :

Ga S culdinul ) g3 o0 AUS (sl ) (o jreun ya §l 2 (Sledol aa 51 O
OldS dlis 9 Gluod OldS
o Bill saw that man yesterday

o NNPNN DT NN NN
o VB VBMD) IN VB NN

2R3 50 Fo pieS (=8 )l Jud oy y25 3 a) DT VB (s )5 . Jle ¢l 0s ©

Qw/h%){ dlob| ®
ol o Sl 3L (VB) Jub Man asls asil Jleisl 0
ro.my».;@hé.umksm%)goul ro.Qs).w_xdem;| o
Canl 68 o] e Lol Canl 3l o €Cao? oy €D 5| say 4] Lozl 2 gun)b
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(POS Tagging) pMS” (sl Jjermmz =sbly (oulidlj b 2b8]

g 45 5130 ol Sttt |

(8
.

(Rule-Based POS Tagging) cueld 3 iss sla gy O
&) Sl 0 suiled 9 WlS 2 (sl pUS izl () o L OB Jlg SO il aslisunl @
ple!
(Constraint Grammar) EngCG :Jke °
ouls 3§ pSuls 53 (e slagag,y ©
(Probabilistic/Stochastic POS Tagging) o1 ©
L s e sl sl Jlaial I oslaiwl 0

LQdeo.:A' d.u.ul.za 6|).> U o 6|)|b 0).:;_,3 \_Q 9 LS)LOT 6).5.)[.) LSLQL)Lj) )| oalaiwl ©
HMM Tager :Jus o

(Artificial Neural Network) ,cguao suac 4 ©
(Transformation-Based POS Tagging) Joasd o Abse: iS5 0

(03B o siseo sa b)) pleol @) (sl 2elgd jl osliunl o

0 0 S il oiled 395 gl il (1 cpublo (5 1S 3L il o3kl @

Brill’s tagger -
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(POS Tagging) pMS” (sl Jjermmz =sbly (oulidlj b 2b8]

. 0aalh 3 it 5 NS S 30T St |

Lagaae jlas O
WIS Sl Koo S Cwnz b o 9 OIS (g9l SB 1y ©
LS SO 0 vab 251 Oluil Slal svcwns o B3> gl o (Suilgd dcgoxo @

a9y yBalw O

$399 do>
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(POS Tagging) pMS” (sl Jjermmz =sbly (oulidlj b 2b8]

... Ontlh 5} g 9y WS S 30T (ol Jupiemiy 51 &

PRP
She

she:
promised:
to:

back:
the:

bill:

VBN
VBD
promised

Jle o

She promised to back the bill : 659,9 o>

VBN VED bz 22 b O Sly *
TO
VB, JJ, RB, NN
DT
NN, VB
Owyoﬂugb%)g%bgwh\ 'olf °
NN
RB
JJ VB
TO VB DT NN
to back the bill

l
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(POS Tagging) P (slje) (i 2 —stilly (il b bd] |

. 0nald 5y o 93 NS 131 Sttt |

Jbs 0

.
.
.

Wz 2 | 5502 B3> sl oilsd Jloc! ¥ oIS o

E.g., Eliminate VBN if VBD is an option when VBN|VBD follows “<start> PRP”

NN
RB
VBN JJ VB
PRP  VBD TO VB DT NN
She promised to back the bill

et

E.g., Eliminate VBN if VBD is an option when VBN|VBD follows “<start> PRP”

NN

RB

JJ VB
PRP  VBD TO VB DT NN

l She promised to back the bill
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* e

(POS Tagging) P (slje) (i 2 =il (mlidls b U8l

Oadlh i oiind A9 W SIS0 (ol i 5)

Word POS Additional POS [eatures E C ( ; EN( ; r I 1‘ N ]O L &
smaller AD]J COMPARATIVE ng u—u 3 J (@)
entire ADJ ABSOLUTE ATTRIBUTIVE

fast ADV SUPERLATIVE _ .

that DET CENTRAL DEMONSTRATIVE SG & o o o . & . aee PY
all DET PREDETERMINER SG/PL QUANTIFIER ) or L’ (@ Lg} |9 ._S_. )l 5.5 Ll

dog’s N GENITIVE SG

furniture N NOMINATIVE $G NOINDEFDETERMINER

one-third NUM 5G

she PRON PERSONAL FEMININE NOMINATIVE SG3

show v PRESENT -SG3 VFIN

show N NOMINATIVE SG

shown PCP2 SVOO SVO SV

occurred PCP2 S5V

oceurred v PAST VFIN SV

SlolS 4 bz o wlusl gl Lexicon FST G s S50 @

Pavlov  PAVLOV N NOM SG PROPER . .
had HAVE V PAST VFIN SVO Pavlov had shown that salivation . . . alea sl o
HAVE PCP2 SVO
shown  SHOW PCP2 SVOO SVO SV
that ADV
PRON DEM SG
DET CENTRAL DEM SG
cs
salivation N NOM SG

Lz o SalS (sl e (0B YYIF) Cudgaze (65L) (solaws jl aslawl

ADVERBIAL-THAT RULE
Given input: “that”
if
(+1 A/JADV/QUANT): / = if next word is adj, adverb, or quantifier = /
(+2 SENT-LIM); / # and following whicl is a sentence boundary, » /
(NOT -1 SVOC/A), /+ and the previous word is not a verb like = /
/+ ‘consider’ which allows adjs as object complements « /
then eliminate non-ADV tags
else eliminate ADV tag

4
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(POS Tagging) P (slje) (i 2 —stilly (il b bd] |

oo s S0l 19y PSS 3T ol eptemy 5 I

owl O
uth@(ngwa,)bw,@@dbplua,?,.bp ¢

S
.
.

‘‘‘‘‘‘

Sosb L T=t ..t ez o Ulis W=w ... W, OllS dlss ozils (o8 L o
39 dindey P(T|W) 45 305 15y

T =argmax P(T |W)
T

Srui P(W) Q3>

P [T)P(T) LA “j;“” »

P(W)
=argmax P(W |T)P(T) =arg max P(ww, ---w, [tt,---t )P(tt, -1 )
T T

T = argmax P(T |W) = arg max
T T

Likelihood Prior
Q‘l.u»l.‘zo d 9.79 °
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(POS Tagging) pMS" (gl (S p — bl (oolid b b &L&T N

oo Skl gy NS S 5! (ol Sy 51 I

S
.
.

‘‘‘‘‘‘

el 0a1aS ouls slaye 8 s jLa daulas (5l 49 O
T = argmax P(W,w, -~ W, |tt, -t JP(4t,---t )
Ab)ldﬁ.&m)CM»|41~Q|94°50T%).3Qhﬁéw&.&ﬁgdl‘o&ﬂ:dﬂ&)@ .

! Cowl OT BLbI Sz u 9 OlolS
P(W1W2"'Wn |t1t2"'tn) zHP(Wi |ti)
i=1

(Bi-Gram) cawl awwly o1 8 U Bl g SO 0N 390 29 °

P(tt,---t)~ H P [t.,)
i=1
te2 )l ol lo e

P(W1W2 Wy |t1t2 "’tn)P(tltz "'tn) z1_[ P(Wi |ti)'H P(ti |ti—1)
i=1 i=1
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(POS Tagging) pMS’ (gl (i y2 = oitill) ol lj b ol N

o Sotel gy AUE 150 ol Sy |

(Tag Transition Probability) P(t; | t; ;) Jlaisl a g¢de ©
(Fi1) 2523 ozl 32 (1) oz o2 S 00T Jloi>] @

Caw U (DT) ()25 D> jl ay (JJ) Wty U (NN) «|o.w|» Q.)uoT Ji>| o
The beautiful story o
P(NN | DT)=0.49 :e;,1s Brown » S ,5 ¢

(Word Likelihood) P(w; | t;) Jlaial s g4 ©
2L Wy 4olS O 48] Jloiz| couiamd by a2 b (s140dS JLis 31 @

(> po B P9 Ji> J=9) VBZ» > L 4SSl Jlos>| =P(iS | VBZ) °
.)-awl.: dS» LY
P(Gs | VBZ)=0.47 1o0)ls Brown o ;% »s o
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r ~N (POS Tagging) pMS" (gl (S p — bl (oolid b b &L&T L

e skl s AUS 5130 e |

L Jladal daculas ©
25l ez o SIS OledS O )3 45 @ ls gito 8,50 U 4 jls ©

(Tag Transition Probability) P(t; | t. ;) bl dulxe ©

P(t; [t,) = Clit)
C(ti )
. J
el 03T 116,454 slass & DT s 50 -(Brown o 35 »s) P(NN | DT) aswlxe sl s :Jle ©
ol 03T NN T 56,509
P(NN|DT):56509 _0.49 O | ool LaT )l >)s0 00, 5l 3= as
116454
C(w,t) (Word Likelihood) P(w; | t;) Jlx>! duslxo @
P(w, [t;) =——=

C(t)

Jlas 0awT )b 21,627 slass & «VBZy waws 1 -(Brown o ;8 »3) P(is | VBZ) auwslxs :Jls ©
P(is|VBZ) = —— =0.47
21627

l 10073 O -l @8y aels 10,073 slass LT pbw
Y
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(POS Tagging) pMS’ (gl (i y2 = oitill) ol lj b ol N

o ol 03 SN S50 sty |

Cren ja w3 (it (g s adlin Jlaial daclas :Jls ©

(NN) pwl o 9 236 (VB) Jod 2195 00 paTaCE 40dS ©
o Secretariat/NNP 1s/BEZ expected/VBN to/TO race/VB tomorrow/NR

Jol doz> )3 TACE Camnz o s (Sl 0 DY dlis jl Cdl> 95 28,8 b y5 @

S Sk S

ol Joi| 1 e @ @ @ @ @ @

a)

Secretariat is expected to race tomorrow

Jla=l Hlade Vs > 9> ugl.n.:

, ) -(m) -4 o))+

Secretariat is expected to race tomorrow
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(POS Tagging) pMS" (gl (S p — bl (oolid b b &L&i N

oo Skl gy NS S 5! (ol Sy 51 I

S
.
.

Cren ja w3 (it (g s adlin Jlaial daclas :Jls ©
o Secretariat/NNP 1s/BEZ expected/VBN to/TO race/VB tomorrow/NR

()2 (@) -(10)-(B)~(hR) oo
(a) P(VB|TO) = .83

Secretariat is expected to race tomorrow P(NR|VB) = .0027
P(NR|NN) = .0012

[

o
o
o
=
-

@ @ @ @ @ @ P(race/NN) = .00057
(b) P(race/VB) = .00012

Secretariat is expected to race tomorrow

P(VB|TO)P(NR|VB)P(race|VB) = .00000027
P(NNITO)P(NRINN)P(race|NN) = .00000000032

)§.3.) |DLQJ| ))|9-o @
6L (VBN) Jgsie ol b (VBD) 4wt 35 Jsb (JdJ) waw s5lg5 50 excepted o
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REPYR FYSRPIICRITINN L

L o j) ddlin (o FHdaiae dawlas ©

U290 4 S b Jloio| duslne 9 Joizme UGS plod (38,5 5,5 boy (2 5odlw @
(Brute Force Search) sas ol

395 50 3dgi Banz o jl A NT SIS T 9 camnz o N s (2,8 L @
L) sy lusle ©

= sy, ©
(HMM: Hidden Markov Model) -85 )lo oo J3wo ©
(CRF: Conditional Random Field) b yi 35bas plawe o
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e el s S S50 i |

(Markov Chain) & ¢s L 0 juasy 0

Jlszl S edls G &S > 4 01 )5 45 (FSA) alie cll guile jl gols g95
390 50 8315 Capunss

el o (Simly 58,8 5 s o

ol atwals Jud s 5 & Lis o o «(first-order Markov chain) Jsl as)s o

X1. XQ. XB. X4.

wanl Aunls Jud ol 93 &4 s a8 (second-order Markov chain) e9s ax)s o

Xl. XQ; Xgi X4;
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09 s g S Jlie i $ S yle 0 jaan y O
il (state) cll> W 8 ks s e
(WL b <8 ») ST35b (S« o
G2l :(Sy) ¥ =l o
ST :(S3) ¥ s o

(state transition probability) acdl> Jlsl Jlexsl 6,5 b s @

0.4 0.3@
AN

A={a;} =02 06 02
(0.1 0.1 0.8

) ol o) Jloio!
(8T ¥ > 4 (S 25,L)

2 Og0 w03 o)V slen 4Sk) Jlois| ! SLBT jo ol 451 (2,8 L) Jlgaw
{ 2T sl ( BT OLL OlL ( oLST ( SLET) SCaml yaiz (il
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(POS Tagging) pMS’ (gl (i y2 = oitill) ol lj b ol N

o Sotel gy AUE 150 ol Sy |

...‘yaz\a.ua‘gﬁuﬂﬁd&a:dgsJLaoJ:\.?a}O
04 03 03
A={a}=|02 06 02
0.1 0.1 08

I3z abb i g0 v o jo) V slen aSul Jlosl caml HLST jg pol 1) Jlgaw @
{ 2T s 0l 23T OLL OLL ( BT ( SLST) Sl
(U3 Do) @ o) ro wasb9) \ ax )y SSuwls Jl oslaiwl 0

d i

\ / T o BLI 9 redl> Jolss

P(O|Model) = P[Ss, S, S, S1, S1, S, S, Ss|Model]

4Jsl > Jloxo| = PIS3] - P1S3|Sal * PIS5|S;] - PISy(S3]
(initial state probability) [\ - PISi|Sil - PISs|Si] - PIS:ISs] - PSs|S))

dyy * d3y * Ay * dqq " dqz T dyp C dx

l = 1 - (0.8)(0.8)(0.1)(0.4)(0.3)(0.1)(0.2)
™ = 1.536 x 10~ ‘ Out.ac.ir)
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198 Cuad g Suaphug Jlie 1B gS Hle 0 juad
35590 QLSS Lo salive b bedls :ab olo 0giSU 4T o
St (S Do s> b o saliv s )15 | ol 3
3,5 bl LT 1) bosnliv 3L 9 siwd b0 ol slacl>

- « o e DS )lo i%o Je
N Hidden Markov Model
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(POS Tagging) P (slje) (i 2 =il (mlidls b U8l

.
N
.
[\

oo Sokol GH9y S ST 30T (o jepenpy %T

SRR SR WO 0 | V- P Vg = Wy V-
ﬁ)b@Uh&))Q'ﬁNﬂM)ﬁisub)é

313 3929 S5, M Jolis < S5 (555 (63U slass OIS o
el o yo Jleial Jlode b sl lalS 58 )3 )3 555, bl 0

URN 1 URN 2 URN N
P(RED) = Dby(1) PI(RED) = ba(1) P(RED)  =Dbyi1)
P{BLUE) = b2} P{BLUE) = bp(2) P(BLUE) =Dby(2)
P(GREEN) = by(3)} P(GREEN) = ba(3) P{GREEN) = byl3)
P(YELLOW) = b,(4) P{YELLOW) = by(4) PIYELLOW} = by(4)
P{ORANGE) = by (M) P(ORANGE) = by(M) P(ORANGE) = by (M)
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BRPYY FONFIR IR

.
.
.

Ol 9 598 Jhe 1 b gsyle Aas Jus O

&)M 9 Q|.)J§N oy

i1 )3
33 o bl S83bas ) g0 &3 1) OIS S S (s 05 Lo a5 361 )3) sas S ©
S oo el [ 0T <K 5 03,5T Yo 1 555 < o bl Ylals Jals Jl o

S gl 50 ol (s YIS (Sled YlaS & sy Sdsbas solase ulwl o 0

35im IS Syt w250 & 399 Jale ©

(bS5)) gsS Ulos panlie dlos

0= {GREEN, GREEN, BLUE, RED, YELLOW, RED, ....... , BLUE}

(Canl o 535S 232l 393 jI) OIS :edl>
LolslS Obsl au T8 slacdls Juasl o
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e Sl gy AUE 13 i |

silis 189S Lo 8as Jus O
s N> jl GV gilgi osaliv ©

(it | si5e0) Mians 32 Lko S8 rdl> dllss @

Jol 425 (Samly 428 ©

350 30b 4 4 9 Siimd Limuly LEJ> 4 hid osaliv ©

Zn—1 Zn Znt1

o saliv

697

Hadi Veisi (h.veisi@Qut.ac.ir) @




P [5,)
P(v,|S,)

Py, |S)

Lol polie 145l Aaae Jao O

S:{Sl,"‘SN} CAJ‘?N)IG"LC,WO
LUl :plads 5 55 V> ©

P(v,|S)) V:{VI,VE,H-VM} saaliv sls M I Slcgone @
P(v,|S;) L) :plals 5 595 V> 0

az’f - P(qr — S_r' |Q.r—1 — S;) Lacdl> dLn.ul dLo*>| (3)
)i_;_.) Olals & plads G ==l :ULA.LT) 6; )3 0
(tzl ole)) caalie ool s Lyylads il fo|._\5).Qs._>l:Uu| Jleial :U|A.1549.5; )3 0

b.(k)="P(o,=v.[q,=j) phcd>)splk sl glp gis @b ©

el olals Jl plk (555 Dbl Jloisl :gladS 5 555 Vs ©
qt:j oIl )3 0=V e3dlie Sul g5 Jledal —(u.wglf ih.o) Lo aliw (Q_.;)}x aal.» o
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.
.
.

.+« (HMM) g tol gagy 0345 150! ol Jepiunip 51 T e

S il (Pon 1 53 DS9S le (Ade Jue O
oz 1 SO Sl > o = > Nl glacgome ©
LUl :plads 5 55 V> ©
WLlS SO L5l saaline ya = saaliv sl M I slacgome ©
LQ&) :ULA.LT)Q;;).) o
655 31 3% oz Sy 989 Join| = bbedls JUisl Jlois! ©
)i_;_.) Olals & plads G ==l :ULA.LT) 6; )3 0
ML €A1 a0 42 4alS sl 4Siy] Joiol = Wl 4yl Jlaisl ©
(t=1 yl)) caaliw ool s Lyylads il lOL.\S).Qs ol Jleial :plaks o 6; )d 0
280 oIk 40l plj annzz 4] Jloiol = plj o 3 oK 0 30lies 5l @1jss @ ©

el olals Jl plk (555 Dbl Jloisl :gladS 5 555 Vs ©
q=) s > 0=V o38bite 3ul g3 Jleial - (w9lS Vio) Lo salive 2295 b ©
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p(bit | VB)
p(saw | VB)
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p(hit | VB)
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0.1
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0.1

)
.
.

LLLLLL

0.05

0.5

0.9

0.5 PropNoun 0.1
(I 01 0.25
l start) John bit p=0.4*0.1*0.8*0.07*0.25
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p(the | DT)=0.5
p(a|DT)=0.2
p(an|DT)=0.1
p(that | DT)=0.05

0.5 PropNoun 0.1
(I 01 0.25 p(the | Det)=0.5
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LLLLLL
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0.1

(8
.
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0.05

0.5
0.9
0.2
0.1
0.5
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(8
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.
w
~
Seas®,

HMM (a9, L a3s sl (S josma 2 ©
Ubigel JB

(s 22 N) 00 Sloun 0 dcgozo 5 aals M L oy K 33,5 pbs s 0

(s N) o o slaws b yule slaesdls slass L HMM (G (438 ,5 505 ) 0

wlolS Sl e Sial o p SIS it 0,5 < il el b Jwe sladleial duslxe ©
(i K el o 1yliie N) el adl oz
(NFN oo le ) 505 Sl &y (G ) s S 51 Jlis! Jloss!
(MFN o ple 0) 48 y2 (dlp oy o 2l Jlots|

(o3lazwl) OgojT j16 o
ladS )l Aoy S wsbys o
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.o . (HMM) kol 529 3 038 61 30T onl jepiumniy i T

S
.
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HMM (a9, L a3s sl (S josma 2 ©

\\
\J NNEAIN
John g\akle the é’og é‘n@
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(POS Tagging) P (slje) (i 2 —stilly (il b bd] |

GoSz A B IS saso o 9 O=0,0,...01 (0ldS) ssaliv dlss publs b e
3,91 Cawo |y caml

HMM 5 KusSos dlus @

s T o iy Sl 9 Son s> Al plod gy oo 1JelS Jool,) @
Losabive allss Jobo T 5 (s ) et slass N as O(TNY) as jw 1 wple) sl ©

90 4 S 2 Jlais] dplna 9 Jaione (SO pl (88 53 1 o) g sieske *

Lt ju 5l adliia (50 balans dailaw ©
(Brute Force Search) sas ols

39bn 35 az p J lis NT i1 el T 5 oz N g2l (28 #

Al A cld s @

(HMM: Hidden Markov Model) 35 Ao ike Jao 0 (Dynamic Programming) Loy g 4ol o o) S O

(CRF: Conditional Random Field) i i ésbes glase o
Minimum Edit Distance o5 alis
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(POS Tagging) pMS (slje) (it —silly Lomlidls b ld]

... (HMM) 6 skl 46 A () 3] o iy 5t T

39 pda,y el O

function VITERBI(observations of len T,state-graph of len N) returns best-path

create a path probability matrix viterbi/[N+2,T]
for each state s from 1 to N do ;initialization step

T irerbils. 11— ag s & by(o1)

. € s > 4dsl Jlozs|
backpointerls, 11— S

for each time step 7 from 2 to 7 do ;recursion step
for each state s from 1 to N do

0, 4olS aSiy| Jlosi>|

. . N . o/
viterbi[s,t] «<—max viterbi[s'.t — 1| * ay s * bs(or) < |RENTHERISET
=1 :

: N . .
backpointer|s,t] «— argmax viterbi[s',t — 1] * ag' 5

=1
. : N 0o .
viterbi[qr, T]«— max viterbi[s,T] * as g, : termination step
s=1
, N L L
backpointer[qr , T] — argmax viterbi[s,T| s gp ; termination step
5=1

return the backtrace path by following backpointers to states back in time from

l backpointer[qr, T
N Hadi Veisi (h.veisi@ut.ac.ir) °




(POS Tagging) pMS" (gli2! i » = (ol (olid sl b 1]

(HMM) & skol 9 0368 51301 o jepionip 5

TN
' "
Teng [ ena )

RV

a3

G2

G

G0

I \
i end |
v ’

v,(4)=.041 x 0=0

v1(2) x P(VBIVB)
0x.0038 =0

N
5>
o P
‘,\\“t ®”
e

/
4

N
’ .
{end
\ ’

/

want

2T
‘ s
Lostart
v .

0p

to

03

JUis 13 yin g pda 5 o301 ©
4.0.15\"9&.&0))“ e

Transition probabilities: P(t;|ti—1)

VB TO NN PPSS
start 0.019 | 0.0043 | 0.041 0.067
VB 0.0038 | 0.0345 | 0.047 0.070
TO 0.83 0 0.00047 | O
NN 0.0040 | 0.016 0.087 0.0045
PPSS || 0.23 0.00079 | 0.0012 | 0.00014
Observation likelihoods: P(w;|t;)
| want to race
VB 0 0.0093 0 0.00012
TO 0 0 099 |0
NN 0 0.000054 | 0 0.00057
PPSS || 037 |0 0 0
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Sl 5l it 9 9D S 50T (ol jpleni 5) T

(Transformation-Based Tagging) Jaasi ju ise 4hig, O
(TBL: Transformation-Based Learning) Joaw p iiae (5 3L 239l Gwlwl o @
oo ybs 9032l e sl b9) S 5
)b sl o (plwlish sl e 2clgd )l oslaiwl :oacld o e ©
Solol i) b odls ) Il V3o )9 &y (yuiled (5 S 3L 1T 0

e sl e
(ulf)b )| o.)LQJ.mD LNy O D 3 L)-’)-’ULQ-*ZO \_>Lu.u.)| (o]

owled Guliwl o awun o juss ©
“if word-1 is a DT and word is a VRB then change the tag to NN~
(2895 o b &y Ydaww) b) @) oS 1SS ©

Lasine (templates) sedB jolwl o selgd Sl ©

The preceding (following) word is tagged z.

) ) L Change tags
The word two be fore [.aﬂm Jis tagged z. . From | To | Condition Example
One of the two preceding (following) words is tagged z. T Ve v e s 10 TR

One of the three preceding (following ) words is tagged z.
The preceding word is tagged z and the following word is tagged w.
The preceding (following) word is tagged 2 and the word

two before (after) is tagged w.

YBP | VB | Oneof the previous 3 tags is MD | might'MD vanish/VBP —+ VB
MM VB | Oneof the previous 2 tags is MD | might/MD not reply/NN — VB

L L -

697

VB NN | One of the previous 2 tagsis DT
YVBD | VBN | Cmne of the previous 3 tags is VBZ
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(POS Tagging) pMS” (sl Jjermmz =sbly (oulidlj b 2b8]

.
.
.

o3 4 130 it |

*»

Sl 235 03 ) oz 0 Caw )3 45 SLodS w05 @
x 100 )

(Test Set) u,.o)T 4c 9o0x0 (59 szls duwlxo ©
_WL)J6|)|AO)LJ._\J0).)‘J' G- lJ)JI)JO

(Lagh gy ) B ) sy s ©

o 2 2P Jeizme gulwl 2 03) a0
A :ulf 8> O
10+ : ool oledS (s59) i 0

(Trigram gladlx> L) HMM o, ©
/QOUK 8> O
100 : ol wlelS (59) 3> 0

(VL ol,S) ol @
78N 393a ©
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syl pAS Gl il (s 3 O

200K () = bcwuz o slawd) OB omu S @
LOM

2.587M

10K Bt

(Artificial Neural Network) e gion (suoc aSub ©

(MLP) &Y sy (5400 2
(Decision Tree) (aoual =33 )3 0
bigram , e — (HMM) 855 )le iz J3o O

Train 3

DT 9 ANN sl (S 39) Oledbl o
=8 dlS o
S8 aelS o

i _
| | | | ul&SMJfk5|)JLQ\_mL)JMJLmA|O

88 90 92 94 96 98 100 L A IS 6|)._>L¢Zs_ S ) Aol Jleial 0

Train 2 .

Train 1

J\ # Neural Network =HMM 11l Decision Tree
\Y °
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.
.
~

(o shh) o 8 1 301 o Sty |

DeseSy

HMM § crae asud praat o508 ;o yl8 aMS 320 (Hjcssa 2 ©
oz B L OB o (51 4olS Ogaleo ) ¢ 8,8y @
(OOV wlels 75 A 5932) 1€ = 9oo)T 9 7/.€ = mim el JAY = Gbjgel ©
MLP 5 (4 ,b95 9 46,b 5) LSTM puae aSois
Word Vector 555 Jls » 0
(Bigram) obgs HMM g, ©

== @= "HMM ==@=—BLSTM

©
1

©
~

([ §
96.30 45.46 95.82
< 93 - -
IBEVBUING 94.91 65.0 94.67 5 RN
< 92
5 e o
SO s diee 9523 66.0  95.00 Z 91 S Sl

3
/
°

ULSTM 95.54 50.48 95.16

0]
©

9.5 13.7 17.2 19.9 22.3
l HEiNE | 95.60 50.79  95.23 00V Rute ()
J
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