comnibi] 5 (gmilbinit g b (gu bivi]

(&) oul ) 90) 0 ifaedl

o g sula
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- T \\\ RN “0:'9

ajija.';Lw @J.’.o
ajb&ib.u &lg&l

Sl o
)b o
Sl o jlycis b
$ 31 9@ les ds 523
(Regular Expression) ssclsb & lLe
Finite State Automata (FSA)
Finite State Transducer (FST)

(Porter Stemmer) 55/ ;999 bidda
Minimum Edit Distance 4ig, 5 o3 slilkaa
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39 0 JuSii (Morphemes) jlgcSs pb 4 5SS slaszly jl OlodS 4985 @

(Morpheme) jgsi ©
ObJ o b= 235 15 05 a=ly (p 5SS @

L 5l 9S5 Suas dicus gu O
Sl 4olS' Lol (5lizo 8351 1) 45 4alS' ol SlgeST (Stems) aady,

DS o0 VLol iy U (5,50 slalize 45 o jlecST ((Affixes) aasg ©
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v oo (S30400 390) 0 3f § il

(Affixes) lasi g ©
(Suffixes/Postfixes) basgms ©

Affix Example Schema Description - -
Prefix un-do prefix-stem Appears before the stem (ij) lS) IOIMS) o
Suffix/postfix look-ing stem-suffix Appears after the stem = I B k
suffixoid'"fsemi-suffix’!| cat-like stem-suffixoid Appears after the stem, but is only partially bound to it (M ) OO S o
Infix Minne(flippin')sota st{infix)em Appears within a stem — common in Borneo-Philippines languages
Circumfix en(lightyen circumfix(stem)circumfix One portion appears before the stem, the other after
Interfix speed-o-meter stemg-interfix-stemp Links two stems together in a compound

Incorporates a reduplicated portion of a stem (Prefixe S ) lA ”9% ¢

Duplifix money~shmoney stem~duplifix L
(may occur before, after, or within the stem)

Maltese: k(i)t(e)b "he wrote" (| ;J.U l3) (o)
Transfix ftce) . s(transfix)te(transfixym | A discontinuous affix that interleaves within a discontinuous stem ) [oﬁ)un
(compare root ktb "write")

Simulfix mouse — mice stem\simulfix Changes a segment of a stem ( AL |/S ) I) Asymmetric O

produce (noun)

Suprafix
P produce (verb)

stem\suprafix Changes a suprasegmental feature of a stem

1]
) Alabama: tipli "break up" o - ) I f l“ 3 ° lm
Disfix (compare roct tipasi "break’) st(disfix)m The elision of a portion of a stem ( n 1X€ S N,U oy o

€ 9 bl aisle (plapb) vs o
(wbwl) Osquitar :Jus o

(Circumfix) »gdm—digam *

=N 9 Wb ;uJLoJT Sibe LLYLY A s a0
(olud) Suie ise &y kabaddangan :Jus o
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(Concatenative Morphology) g4 23 05l gcsalw ©
Dgud g0 Juato ddy) 4 iy ©
P95 0 BOLS — w)ld :Jle ©
Untouchable Notes : ouudSil :Jlio

(Non-Concatenative Morphology) (sa3 g43 yaf 0l g&salew O
3994 50 S )3 Uiy b (5 p503uzm 920 4 Sy @
(3590ke) humingi =um 55 b (y2,8) hingl ads ) —((aekd) PG OLJ 3 e

Templatic (root-and-pattern) Morphology : )55 g5 ©

S 9 e syl o
(3,5 asllos sl =lamad sik) CaCaC = )go & (s 53k = Imd sisle) awls 5 CCC o ©
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(cs59998 590) oslgcidlus = satily]) owlidiylyj b o] N

<

\\\\\

o 905) gt | gy T

Jisl alad (9 ,S Cacuad w4l oasaas o5l gialw as by ju ©
Gl (jSas pa€ Jac o dals <o Alida
ol Jle ©
S+ ol + o+ 5+ sl aislinlids »3 Ml o
sl (58 o alixo wp g YA Dl ‘s susle [D.M)I\_:_)_uw)lé )> 0

S5 e ©

Uygarlastiramadiklarimizdanmissinizcasina o
“(behaving) as if you are among those whom we could not civilize”
(2550 b SuudSSl )o) 15 gl 50 Juos aals K4 35514 L 0
IS e pguo Ex. - - B SBlabl slaass e Jél o
o ol o b slaws Gl e asle slazsl slassg 0953
s o8 o Agglutinatibe slagl) asjls a3 plsie a3 SV gb atb) K a5 5 55 sisle plagl) ©

Sl e

autocyberconceptualizations ojls ¢y 53k ©
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(53958 90) o5lgcdilio — il (ol by b olus] .

dudis y ddaa 51 o) suday JaSdln (sla il 9 ST A dals S da il
Morphological Parsing
Give + s @ Gives o
Ole bl Gab)b J> &9 .)).g)ls (Stemmmg) @bw)
Fox @ Foxes o

oL she 2l 2z iy 0351 Oy, anis :(Lemmatization) s jlws jlg
s T Oglise Jalls

sing @ sings, sang, sung o
(Tokenization) jlws=lg

[+am @ 'm o

Llad 51 (851 9 4 gans yu calad alidns sladscs alad (o yS Cucuad
OT Ay rdld b 4olS SO ((Bliedl 9 (6 pm0) cilisro s g0 g5
OB319 3 zold Glals lsaga JA81G ual g5
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(cs59998 590) oslgcidlus = satily]) owlidiylyj b o] N

\S f-.' 57 &
Soumibe gloil | T
o 031 giinlm 2lod

(Inflectional) & i o3 genales ©
NS5 paaii 4olS IS (slizo 9 (5970 Ugho 45 (5)5b 4 A L dedS Ay S 5
J=8 ple) piabs 9 ol 5 posub Glas sisle ©
A5 (6393=el Slass 4 o)l 5 rex JSb Sl - (cat Jolis »s) cats :Jlw o
3510355 (6 s (S5 Ol ) 4l slias 5 (ul) ool (5L, e
—er, -est i 9. -8 ;soml 5 -8, -ed, -Ing : s SIS s Sl S ©

(Derivational) @ikl o3l gcaalu ©
5975 Ugiio Vool 9 39 dgi (S2132 SLio 45 (55b 4 Wiy b olS diy ) S 5 @
(e p3l33) racist s (ssl) racial sube :p)lieS e )b ol juss b ol yo2 ©
olite Slias 9 (o pul blio )3 i) glice sla,liss )L - race ass, G jlosd a8
electricity Jolao ys electric Jio ass sl b baals juss o

re-, pre-, -1al, -1sm, -1sh, -1ty, -tion, -ness, - silo &3 gy 5 L33 gy : walSil ) ©
o & s ment, -lous, -ify, -1ze,
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‘ Full Form ‘ Clitic H Full Form ‘ Clitic

am
are
18
will

‘m
‘re
Y

11

have

Thad ’

would

(Compounding) s i o5l gcaalu ©

(Cliticization) s’y o) gcsales O

(cs59998 590) oslgcidlus = satily]) owlidiylyj b o] 3

.. 05 gl 21t

2o by din) cuS 5 @

doghouse :Jko

(Clit1c) cansnjly b ado) SO S 5 ©
el 03ub ol oS Jb Lol 338 S0 Joe 0)ls K Siile (5950 s jl aF Jlo S5 5 (Clitic) e jls 0
S 50 Juale )03 o)l 44 5

I'Ve : oSl )5 Jlio @

puill s 2 g5 Jlio ©

J Al# | Definite Article

3 wi Conjunction, coordinating

- f# Conjunction, subordinating

J 1# Preposition

- bi Preposition

< kit Preposition

> st Future verbal particle

3 +y POSS PRON 1S/ PRON 1S

! +A | PRON_IP

v +ny | IVSUFF_DO/PRON _1S/PVSUFF_DO
< +k POSS PRON 2MS/ PRON 2MS
“< | +kmA | POSS PRON 2D/ PRON 2D

I~ +km | POSS PRON 2MP/ PRON 2MP
K +kn | POSS PRON 2FP/ PRON 2FP
» +h | POSS PRON_3MS/ PRON 3MS
» +ha | POSS PRON 3FS/PRON 3FS
“ | +hmA | POSS PRON 3D/ PRON 3D

A +hn | POSS PRON_3FP/ PRON_3FP
M +hm | POSS PRON 3MP/ PRON 3MP
u +n4d | POSS PRON 1P/ PRON 1P
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(cs59999390) o5lgcdbs — il (awlid by b ] N

o (i) el OQ'QﬁhT
eSSl Gy 5a ©

0325 b solol (5132 (CauSIlo (12) ‘S 3 (Ro= (5122) S Sguany JUail somel @

| | Regular Nouns || Irregular Nouns |

thrush
thrushes

cat
cats

Singular
Plural

mouse
mice

0X
0OXcel

Regular Noun + s — Plural Noun o

book + s — books o
fox + s — foxes o

22cld <’ ))|9-o :Io.w| @

J=d slesl s gIng ed sssgum Jlasl:Jed o

[ Stem = [RUEIIS merge

_ walks merges trles maps
| Walking merging trying mapping
0 walked merged tried mapped

Regular Verb stem + ed — past verb o
walk + ed — walked o
beg + ed — begged o

(5,90 YD« 593>) 03cls o 3)lgo s Jmd
cut/cut seat/ate Jss aupdS JSb )> wolas 0
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bl gy 40 O

ik O guo O — (U9 Géae) amar Jed glpo ©

Present Imperfect Future Preterite| Present Conditional] Imperfect| Future

Indicative| Indicative Subjnct. Subjnct. Subjnct.
1SG| amo amaba amarée ameé ame amaria amara amare
2SG| amas amabas amaras amaste ames amarias amaras amares
3SG| ama amaba amara amo ame amaria amara amareme
1PL| amamos amdbamos| amaremos| amamos| amemos| amariamos | amaramos| Aamaremos
2PL| amais amabais amar¢is amasteis| ameéis amariais amarais amareis
3PL| aman amaban amaran amaron amen amarian amaran amaren
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B b ya O
2L 9 )M UN-W-)

il slaasd 9 LOL) L Jod iy juas Cilise oS ©

(0) oz S1955 JLai o
Ol o :pl+ 3,0 0
oblas : ol + 185 o

&b 8 : l+ A »8 0

(51) s »S5 1oy Jlasl
63)5:6“' Sy O
Sl s sl + 185 o

Slah 3 : sl + ail 8 ©
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coJad pué alals ©

ol ads (oD ¢

CJ“U[P- - 5 - (v-i GL.)‘) (@

el P (uii ‘UZ\) o + ol

.L‘ .L>.- . .
Qs Olenisy (Ole) Ol
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Jasd jaé calals ©

(e eV ¢

ool
(C.va‘) e + o

(Lg L) W
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(539999 )90) o3lgeidilos = il (ouolid b5 b 2l N ::‘\ il §
vooomibl 33 il gl ;0 5F 9 il T

(Indicative) oyl /s Lal Jasl o
Canwl 52y 53109, paiso 9 23S g0 SIS |y od (b 55/ oy S plonil @

o, Infinitival e

2259 :PresentParticiple e

ad ) :PastParticiple e

p9)s0 :Present o

o8 :Preterite o

09 00 :Imperfect o

plad, :Perfect o

p39: 4, :Pluperfect o

plad ) 0 :Compound Imperfect e
plosgs 4d, :DoubleCompound ¢

) palss :Future o
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(839358 90) oflgciileo = b)) il b s] |

e ol 30 bt ] 0 gk |

(Subjunctive) g,/ ool il Jlasdl ©
3 o Jo o] iabl iy eadlys g0 9 3135 Culy J2b plonil 65 3950 S 4 Sloj
(523 9 2Blgb ygal) eaiS Ol 1) OT 5k 9 raalgs ¢)giaw

s :Present o
il a8, :CompoundPast ¢

(Imperative) s ! Jlasl ©

9)s° s L QT 2ol 9 L;’LMMJ I W c&»',ﬁ)) ‘U“'MP ¢ ) 9w D uLu 6')‘.’ .
£93 Swlids 45 Oglis 1l b 59 00 4l OT jl 9 Canwgol jll a9 jl slasli o

9 0 :Present e
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(cs3999)90) o519 lis — il (ol s b olut] |
e e o w. 3‘3‘9““ T \
e S UBERS

38 9 o pomnl o J3 ) Calises (SLa i gituny 9 W igany JLas] @

Nominalization

$9) Il pwl >l compute + ation — computation o
oo/ Job un + believe + able — unbelievable o
‘ Suffix H Base Verb/Adjective ‘ Derived Noun ‘
-ation || computerize (V) computerization | Suffix [ Base Noun/Verb | Derived Adjective|
-ee appoint (V) appointee -al computation (N) | computational
-er kill (V) killer -able ||embrace (V) embraceable
-ness || fuzzy (A) fuzziness -less || clue (N) clueless

o) gcalis Alise slatsy g S 45 O

autocyberconceptualizations Sl »jly o5k ©
auto- S3laubl 36 guiy ©
(395 5o gy ) Cyber Lol5 sis o concept s cyber) sslosus S )5 0 b a5 adn) 93 0
(-ual, -1ze, -ation) 3laubl 35 gm 4w O

-stb»|g5|)aa.oak;m).:oo._\oyw0
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Qf"‘"»)l'é SERS
b 9 Lo couwl U Ciliteo (GBS gl 9 IS gury JLail @
N ) F+)850
Sdouiisls — s + il ©
olfiuls «— olf + yisls o
o)) oo+ o
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(Morphological Parsing) 65l geivke & o T

O daiay Jasiii (sla ) 9 du dalS Su dajal O

Sl gcalos 4 yad slagais jlia ©
LT 3,90 43 FleUbl ol por 4 axss 9 OIS sladin ) jl sl4egoxo :Lexicon o
(punl) LS 0

2 4 Juasl B slaxsy £95 4S (S59)98,90 (puiled I (slac goe :MoOrphotactics o
35S g0 Ol 1y Lo T Jbasl s 5 9 ity

(ol | )+ ([N*") A B el gon JSib ©

) IS (ol )3 jusss £95 45 2 Yol (yuilsd Sl (sl4e some :Orthographic rules o
5S o Ol 33y Juas! plSin
(cities - city)ie * ¥ : owilSil )s ©
(Ve ' alued) S 1 o 5w)ld ) 0

Jr Hadi Veisi (h.veisi@ut.ac.ir) °




\\\\\

(cs3999)90) o519 lis — il (ol s b olut] e

(Regular Expression) pdise/oaskily i ylns T

Ladtiahj 3 shie gamme las 518 S ©
s jl yasin (bsSl) sbdlos Ol sle ez IS UL o9 ©

Ao yd §adcaa i yayls O
Q,M d 9w —P....S |)..u O c.i.a J> |) «9&5» LIS M"’G‘ @
«IDJ_LIS» w)go b dlaolish w)go 4 PR 5 ¢Sy ) g0 &y PR O

sz Sl By Coolhe OT 2l jod 4 45 0uiS oy 1) o 33c dod ealgsny 51 o
$395000 L, $2.3 sile o

e (TRIA (FIA (A 1 3ubl ASle5 e 533 ) kg slass o
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S OLJ s S cwl Perl ol 4 by p pille

2315 3929 i D)0 4 (Ol 25L) )5

(c559958590) 0519 lio — gatilyly gl b (L] N

RE Example Patterns Matched

/woodchucks/ “interesting links to woodchucks and lemurs”

/lal “Mary Ann stopped by Mona’s”

/Claire_says, /|“Dagmar, my gift please.” Claire says,”

/DOROTHY / “SURRENDER DOROTHY™

/v “You've left the burglar behind again!” said Nori
RE B> / Match Example Patterns

/ [wiw] ocodchuck/
/ [abecl/
/[12345678901]/

Woodchuck or woodchuck
‘a’, ‘b’ or ¢’
any digit

“Woodchuck”
“In vomini, in soldati”
“plenty of 7to 57

O il ol bl

GJLC AJ‘}O
o O ye/r jl aslaiwl

(Disjunction) Jladl

(Sl O )g0

3190 il (S

«L_:.» U.a.?.o L «l ) Caole

o

/[0-9]/ b Cansl ol 45 /[0123456789)/ (55 ,n
/[ABCDEFGHIJKLMNOPQRSTUVWXYZ)/ &, 3 G9,> b »SLIS 2

RE

Match

Example Patterns Matched

! /[A-Z]/
=/ la-z]1/

/[0-91/

an uppercase letter
a lowercase letter
a single digit

“we should call it ‘Drenched Blossoms™”
“my beans were impatient to be hoed!”
“Chapter 1: Down the Rabbit Hole”
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(cs59998 590) oslgcidlus = satily]) owlidiylyj b o] N

... Onebil i ylnb

(Negation) 0

RE Match (single characters) Example Patterns Matched
["Aa-Z] not an uppercase letter “Oyin pripetchik”

["ss] neither ‘S’ nor s’ “] have no exquisite reason for’t”
["\.] not a period “our resident Djinn”

[e”] either ‘e’ or **’ “look up ”_ now”

a"b the pattern ‘a"b’ “look up 2~ b now”

[Moske] g ©
N eo)bey ja 4 (S )d Hise O

o 4 > 95 (il jut )3 9 do> Jgl Gire 4 /MY O le/ O jgo 4N Colle 1zl @

Gl N S1)IS 395

(Optionality) ;o e s Laal ©
[?/ OYgo L °

=2 b (8 SLE peea o
Sld DI S Sy o ©

RE

Match

Example Patterns Matched

colou?r

woodchucks?

color or colour

woodchuck or woodchucks “woodchuck”

“colour”
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(59358 90) oflgcdlo oy (ulidls b 21l | ST
» l b, N2 (2
e o0 m H T

Kleene * o

1905 45 82eBl Ol )le s3ia3 Slgidny el Kleene
[O)lbesk/ O jgo 0 @

259300385 0 b piuo Slaw 4« ler Y3 3k I JB SIS 1SS e
la*] : e o

..@282 .48 Jio a DI Jl soc ja L a0 slass 0
/[ab]*/ : ke ©

...bbb .ababab .aaaaa sik o

e dae i ©
(/[1-9][0-9]*/ : puo pu slel) /[0-9][0-9]*/ uwly ©

Kleene + o
/C))Lﬁuﬁ-l'/ l_))}.pcb °
25933085 2 S sl 4 JS SSLIS IS e

A L R e VI
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™\ 7277
o NN\ V2727 of
o * =
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e @ O oY

RE

Match

/beg.n/

any character between beg and n

Example Patterns (Wi 1 d car d ) e e ‘LUJ:‘ ‘9-.-\ O

begin, beg’n, begun

/./ Oygo L °

(3232 jhw jl e ) G SLE o slizo s @
Cawl (dads Coley .)3."> e L «\..» L.))LA-C °

25b 83 1SS OT )3 Ol b 4lS b 95 45 SILSIL 8L :Jle

/L')I)-.‘.I .*()|)._>_|/ éwl.) (o)

(Anchor) g o
/MO )le/ haw Jol @
aloa Jsl s Hi kas /AH1/ :Jwo o
/¥ )le$/ b OLL
\b :&)le b aodS Gl,bl o
other sl ilels a5 5 the acls kas /N\bthe\b/ :Jus o
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(cs59998 590) oslgcidlus = satily]) owlidiylyj b o] N

a
s X
¢ o
& s
\ n ” L
AR €%
RN A
oo 5 <
e oo %

SlasScu gl ol 9 (su90 9,8 () 1Al 43 O

B Oole 1 LST N Sl e 4 (N S g0 4 @
8 O ylee ST M BN oslasy jl pre 4 {N, M Ojgo 4 ©

8 Oyle LSS N Pl slasws jl pire 4 iNLf O g0 4
;u»lqbﬁs)guiqgle\_QOT)luuﬁg_\,9..1,0.‘»[01';da.gd.\’).xfl)lfsl_\ss).qujs,ode/.*d\.{l,}/ :Jle O

Gy cuglgl ©

sl e
U+#0bdles o
S 5 adlss

| L Jlassl o
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RE Expansion Match Example Patterns
\d [0-9] any digit Party,_of 5
\D ["0-9] any non-digit Blue_moon
\w [a-zA-Z0-9_] any alphanumeric or underscore Daiyu
\W ["\w] a non-alphanumeric m
\s [LAThEANnANE] whitespace (space, tab)
\S ["\s] Non-whitespace in_Concord
RE Match Example Patterns Matched
\ * an asterisk “*” “KEAFPFLAARN"
\ . a period “.” “Dr. Livingston, I presume”
\? a question mark “Why don’t they come and lend a hand?”
\n a newline
\E a tab
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L Jle O

IC 1 a-zA-Z]) [t TThe(['a-zA-Z] | $)/
—alizxe SO ) g0 4 the s e=ima 0
oz by b aor gl )5 O]
Sas5 b S o sl
other 5wl X5 LK 4 Jlasl pas 9 ol 4 the L

\b[A-Z0-9. %-+\-]+@[A-Z0-9.-]+\.[A-Z]{2,\D e

oo 2 S Jueal 3T somims ©

9 g2 | |2 s 2l L - Cole

dgu asine — Caolle 395 Cawl jli

697
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[~ (https?:\/\)?([\da-z.\-

(cs59998 590) oslgcidlus = satily]) owlidiylyj b o] N

IHN.(Ja-z\.]{2,6 ) ([N \w . \-]*)*\/?$/ o
(URL) 6 50l ()3T (s g=xima ©

Matching a URL:

y

The begmmng of the line...

L.

//\(https'? \ /\/)’?
Q .the letters “http”... @

..numbers, letters dots, or hyphens...
( [\da-z\.

..any number... 7

Dressions

..the letter

9] | @

.adot.. —

delimiters - required for regular e

‘ \
..letters, numbers, underscores, dots, or hyphens...

- - ol A
® -
~ P
(14

..any letter, number, or hyphen...

...COlOn and two ‘OrWard Slashes...
I ( Zer L 0.

-18)\ . ([a-z\.1{2,6})

u,,,

([/8w \.-1D*\/?8/ o

— ..aforward slash...

..and finally the end of the line.

S

‘,,* ..letters or dots...
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...(FSA)gﬂnuﬂbglihgilT

Finite-State Automaton (FFSA) aluie cula sk gil ©
blogsl 95 ol Giules sl o9 (Regular Expression) ebis/sscll ojbe ©

b ol

(start state) g9 b <> (final/accepting state)

aidia 68 (5,88 L) ;e ©

baa! e

a baaa! e

baaaa! e
baaaaa! e

(Trnasition) Jusl

/baa*!/ :phie &)le Usloe ©

C'L Hadi Veisi (h.veisi@ut.ac.ir) °
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(cs3999)90) o519 lis — il (ol s b olut] e

<

... (FSA) phlise calla ghitegll | &2

(JEs 4a) Lils 43 0 Slac O
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(Accept) Cuwl o 458 o3y 4l « SLL Sl G O 3,19 S ygu0 Y

4B jo 3y (6399 Wby  SLL Cll> 4 0o 3)lg pac 9 b SIS (8L OLL ygo > @

a

(Reject) cul 2o

<> Jusl Jgs=

i

(State Transition Table) Input
State ||b a !
do) (A1) (d2) (d3) (93) (qa) 0 100
blajaja| 2 ! 020
2 0 30
- [ }[ 3 10 34
4: 000

ajbjlal!|b
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State

L=
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S W WM S|,

S e s S|-

, N1 sl Noslawi b ol degome SG:Q @
53909 S SIS (59l alio sl gome X
(£354) 43l <l g,

F € Q (5Ll OV dcgosma :F o

clo adgs 91 € T (53909 02T L q € Q o ji Yl -l JUast g :5(q,1)

q' € Qsx%

‘J..\g J‘:\A JJ (@)
N=4 9 Q:{q0> 41> o5 ds; q4} ’
X={a, b, !}
F:{(M} ¢
> Jsl Jgaz =0(q,1) ©
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(Deterministic) gebs ex sl ©

A )9y Aigla mbd Hob a4y G390 )R L IS 50 O
Mlas gﬁgﬂ@g&ﬁl.&g@_\,)»ﬂzouTb o

function D-RECOGNIZE(rape, machine) returns accept or reject

index — Beginning of tape
current-state — Initial state of machine
loop
if End of input has been reached then
if current-state is an accept state then
return accept
else
return reject
elsif transition-table [current-state, tape[index]] is empty then
return reject
else
current-state < transition-table[ current-state, tape[index]]
index<— index + 1
end
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one

three
four

SIX

seven
eight
nine
ten

eleven fifteen
twelve sixteen
thirteen seventeen
fourteen  eighteen

nineteen

\\\\\

QG dlasl aad s ;G O
FA Y O ol o

twenty sixty one SiX

thirty  seventy two seven

forty  eighty three eight

fifty ninety four nine

five
(Olegs wlin) Dollar s (Ju, alis) Cent & le o,S délol o
i YA 9 )¥s YO sisle ©

one  six ten sixty eleven  sixteen one  six ten sixty eleven  sixteen
two seven twenty seventy twelve seventeen two seven ftwenty seventy twelve  seventeen
three eight thirty  eighty thirteen eighteen three eight thirty eighty thirteen eighteen
four nine forty ninety  fourteen nineteen nine forty ninety  fourteen nineteen

five

twenty sixty
thirty seventy
forty
fifty

eighty
ninety

twenty sixty
thirty seventy
forty eighty
fifty  ninety

ifteen

one siX

two seven
three  eight
four nine
five
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Input

SRS No)
S S b S|e
(8]

S koSS -
S oo S oM

0301 b cll> Sl i ol

a ($39.9

R ORI

e-transitions

4 3 > jl 5399 © 4295 U9

3,8 Jrow =S (Ulogil|) 2hd e ULyl ja Olgi 0 ©
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(Regular Languages) s2clb slapl) i po5 ©

S e e -

-———
- - -

Kleene * (closure) e

blogil 95 (concatenation) Juasl
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(0l | 1) + () asiis) A&oud pox JSib ©
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35 o Ol iy JLail pliin
(cities * city) 1e ' ¥ ;S )3 ©
CULS—"LM I i.ll..u.u:.ﬁ) R L \_'J"‘”r)b )30
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ssltamorphotactic ;aluw 6 gai ©
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=2
reg-noun plural -s

Irreg-pl-noun

Irreg-sg-noun
PER IR R SV LY P W
3yl 1,8 OB Sl

reg-noun ‘ irreg-pl-noun irreg-sg-noun plural
fox geese goose -

cat sheep sheep

aardvark mice mouse

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




23 39> 90 Ole bl
@l b Jledl o8 jlg

s oacld < Jesl
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\\\\\\
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irreg-past-verb-form

| 3sg (-s)
irreg-verb-stem
reg-verb- | irreg-verb-| irreg-past-| past| past-part| pres-part| 3sg
stem stem verb
walk cut caught -ed -ed -S
fry speak ate
talk sing eaten
impeach sang
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adj-root -er -est -

y big, bigger, biggest, cool, cooler, coolest, coolly
happy, happier, happiest, happily red, redder, reddest
- unhappy, unhappier, unhappiest, unhappily real, unreal, really
clear, clearer, clearest, clearly, unclear, unclearly

€

dhappy real ssb glds

... 9 cool big

smally g unbig sile g, 5L OldS sdes @
TJKie Ja o9=xsi ©

<l -7 5 (happy sreal sub) 1,8 -1y sun- a8 Ll -\ atws 95 4 ladds, 035 s

(small sile) sz 95 ol 8,5 4,26 aS
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| reg-noun irreg-pl-noun irreg-sg-noun | plural |
fox geese go0se -
cat sheep sheep
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GO 95399 (s Adoul) oy )23 1 55T 0 VS a9 xREd 9 e K Jb ) s = O

> )15 glgil
G L A9 5o bl 0 &y ALl Hausds 9 Ab) ks K w8l :(Recognizer) o3uigs  yousis 0
G plsie 4y Al ) wes G Al g3 ((Generator) osuis adgs ©
G wlsie 4 )5S Al ) S aes 9 6399 Ay S bl (Translator) osuis aoa 45 0
Al 9 ¢y adoul) auwl=e (Relater) caias Jis o
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b

€

ab 2
Q

aab

(2b5 12) (Jlgio = Udwo gugSno

$39)9 © =95 0,5 CudlSS 1o (inversion) Ur e ©
s3> 4 ol Juasl 9 JLL > s Lol aud )y S5 adgi :Subsequential Jowo ©
(aub) P 3 93) P-subsequential :aub) G I b 3Wg5 0

aa
@ 2-subsequential
b a
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English ‘ ‘ Spanish a . °
Input Morphologically Input Morphologically Gloss 15’ 9752909
Parsed Output Parsed Output cats - cs o
cats cat +N +PL pavos pavo +N +Masc +P1 ‘ducks’ "S55
cat cat +N +5G pavo pavo +N +Masc +Sg ‘duck’ cat+N+PL (D92 O
cities city +N +P1 bebo beber +V +PInd +1P +Sg ‘I drink’
geese goose +N +P1 canto cantar +V +PInd +1P +Sg ‘I'sing’ &= ‘p‘*"
goose goose +N +Sg canto canto +N +Masc +Sg ‘song’
goose goose +V puse poner +V +Perf +1P +S¢ ‘I was able’
gooses goose +V +1P +5¢g vino venir +V +Perf +3P +5¢ ‘he/she came’
merging merge +V +PresPart vino vino +N +Masc +Sg ‘wine’
caught catch +V +PastPart lugar lugar +N +Masc +Sg ‘place’
ht tch +V +Past S P
caugh catc as R g slEils S o3
http://stepl.nlplab.sbu.ac.ir/stemmer/Stemmer.aspx
o
| 2045 0
559J99,90 o
SyLel J Jod tule; Si9)ed,90
380 paz.w Jol gy v pgw 5Sho jes + sliaai Gas Colle + s gy
XOr esin; s>lg w90 e - S-n>
5000 e solow maktub HE ) |_5\-.'>|3 O )g0
30 patd £33 198 W i slgeio el ULJSE L:‘:‘"_:_ :‘"E
Gttt e
d
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Wol 3> 59590 pmaic u.ul.a
OB 19 )3 35> 90 paic L

reg-noun

irreg-sg—noun@+_N_@ + el +N o
- 0392 o> 9 3 de TPl 9 +5g o
irreg-pl-noun ' )
! a2 i€ Coolle @
@ 7 M TR
23 33290 (S pasl 4o (Bol) Jlgs Jl aolawl :'o.g.)b..i Jot )3) WIS j H ole o
345 (50 I8 L2l OB S (Wl )|9.: ol aolawl .o..a)l)u Joe 13) JlaST j o N Cole
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Sl (OLS (SVL) =95 9 (VLS k) 3908 O FST & Jsles 0:€

reg-noun \ irreg-pl-noun irreg-sg-noun
fox N goeoese goose

cat sheep sheep
aardvark mo:1UuEs.Ce mouse

reg-noun

#
irreg-sg—noun@ +N _fq\+Sg
2 e O #

irreg-pl-noun

cats — cat+N+PI

c:ca:at:t +N:g +Pl:"s#
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T 5 90 13 (Sledbl ol o 4 Wasss 9 SLaIS sladin ) jl (slegeme :Lexicon «

22 4 JLail L slasig £55 45 (SJslsdise (wilsd jl (s1acsems :Morphotactics «

) 4adS (Yl )3 panii £35S kel (yuilsd I (slacgazme :Orthographic rules «

$5l9eilos 433 glagarajlis ©

() s 0

23S g0 Ol 1) T ISl (a5 9 Aty
(| 1) + (pul) ads) Lol goas JSib ©

S o Ol sy Jlasl .oliu
(cities = city) le " ¥ : =Sl )3 ©
(OB3uaty ' ajlunat) I o uls Js ©

\\\\\

S8l ©

Orthographic Rules 4 L5 °

FSTU > *

{
5) Lexical FST

‘ Name ‘ Description of Rule Example
Consonant 1-letter consonant doubled before -ing/-ed | beg/begging
doubling

E deletion Silent e dropped before -ing and -ed make/making

E insertion e added after -s,-z,-x,-ch, -sh before -s watch/watches

Y replacement | -y changes to -ie before -s, -7 before -ed | try/tries

K insertion verbs ending with vowel + -c add -k panic/panicked
Lexical 3 f|o|X|[+N|+PI

Intermediate S flo|x|"]|s

Surface 3 flo|x|e|s

g DOrthographic FST
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. sBe 3 Gablet (FST) ol Galler Jane | 0

Orthographic Rules gl s Juso ©
39 g0 4Slo FST G oo gsls jlplaS ja sl0 @

€ damn g € sl v

xlesy {X,S,Z} o= € Al

E sertion e added after -s,-z,-x,-ch, -sh before -s watch/watches
| | € g9yt Jase O
X & o & S % o o wS |V e el
N R S)',&,Z,S‘XQDMP..:)|9&)|A£3€O~»|)S:U9.:[9 i
z e B9 hid 45 323 g0 Olwebl Cll> oy

&le.ml{w)aﬁaﬁwazlf
931 508 O j1sS0 jl 32 45 8,Z,X 4 o2
S9b 503y N Ghasy

2l S jlass e gy jl sy 2L

LL Cdl> = g9 b CIl> o
— : 2L # 4alS 0 01 jlam g

Y JEs! a5k /

State\ Input s b 4] z “ : #

qo: 1 1 1 0 - 0 0
q1: 1 1 1 2 - 0 0
q2: 5 1 1 0 3 0 0
a3 4 - - - -
as - - - - - 0 -
qs 1 1 1 2 - - 0
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LEXICON-FST 9
: 4L B
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z TT 5
QCE rthographic rules g
o FS T, . .g .p . FS Tn
T
flo|x|e]|s
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e 3 bl (FST) cpiia ke e |

S 93/ g Je ©
foxes 4 fox +N +PL eSS (o u3y ©

/ @ +Pl \

° @ |
AL
9 (o} o s e +N . +Sg
eisieisieield ) . 000000
oo O s e+N # )/'

Intermediate E flo|x | N s | # f

\
Te-insert @ <0> <0> <1 ., <4 9

Sun‘acez f orx e s E
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(Tokenization) s jluaalg ©
LS o
do> ©

(Case Restoration) (g o (oS Sa9s 9 S 58 (uyS Sy O

@ Mars:Marsf9.62.® man:man/7.28
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... (Porter Stemmer) gt 319 98 (bl ai T

(2ol 9 (Slacusl) oyuilsh degoseo + OB g jl asliwl o
Pbade) = OlelS 4y zl 5wl

Ol B 5 slas gano b 138 9 8519 9us (badwis, ©
(st 5l ys350 255Le) Sl SU 5L 43 3 )18 @
O e 9 wladiuwe )l S8Lal slaasyg B3a 0
Oled Jl (slde 9o jl aolaswl @
ATIONAL— ATE (e.g., relational— relate) o
ING— ¢ if stem contains vowel (e.g., motoring— motor) o

3909 X9 b 53909 Fog gl
(Porter) 25093 P9 O

generalization gener Europe Europ

numerical numer analysis analysi

policy polici noise nois
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Martin Porter buwgi) AA« 5 02 &1yl @

http://tartarus.org/~martin/PorterStemmer/index.html : ow jws ©
—alize slOYLI L IS 9 yuilgd O
Step la Step 2 (for long stems)

sses —> ss caresses —> caress ational— ate relational— relate

ies — 1 ponies — poni

izer— ize digitizer — digitize
ss —> S8 caress —> caress ator— ate operator — operate
S — @ cats — cat
Step 1b Step 3 (for longer stems)
(*v*)ing — @ walking — walk al — @ revival — reviv
sing — sing able — ¢ adjustable — adjust
(*v*)ed — ¢ plastered — plaster .. — @ activate — activ

http://9ol.es/porter_js_demo.html :bs ., asus
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w3 BlalS 5 i )b AolS -y aliold auwlxe O
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d S s
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23:(Y wig= B3 K9 70 = Kb p0) SiSh slbd i T pas )d pac N3 g5 0
A= 98 Jln

(dynamic programming) bLgs s s54eb w ;9 b silwosly ©
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intention
delete i -
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substitute t by x etention
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e X e C u 1 O

intention

Del - 'f!S \Sub
— v ~
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distance[i — 1, j| + ins-cost(target; ;)
distanceli. jl = min<{ distance[i — 1, j — 1] + subst-cost(source;_1,target;_;)
distanceli, j — 1] +del-cost(source; 1))
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function MIN-EDIT-DISTANCE(farget, source) returns min-distance

n<— LENGTH(target)
m+«— LENGTH(source)
Create a distance matrix distance/n+1,m+1]
Initialize the zeroth row and column to be the distance from the empty string
distance[0,0] =0
for each column / from 1 to n do
distance[i,0] — distance[i-1,0] + ins-cost(target[i])
for each row j from 1 to m do
distance[0,j] — distance[0,j-1] + del-cost(source[j])
for each column 7/ from 1 to n do
for each row j from 1 to m do
distanceli, j] — MIN( distanceli—1,] + ins-cost(target;_1),
\ distance[i—1,j—1] + subst-cost(source;_1, target;_1),

distance(i,j—1] + del-cost(source; 1))

return distance[n,m]
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Initialization
D(1i,0) = 1
D(0,3) = 3

Recurrence Relation:
For each 1 1..N
J

For each

Termination:
D(N,M) 1s distance

D(i1-1,73) + 1

D(i,3-1) + 1

D(i-1,3-1) + 2; 11 X(1) # Y (73)
0; Lf X(1) = Y(3)
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. Jtie

dold J9a> duwlxo

N 9

O 8

I 7 D(i-1,j) + 1

T 6 D(i,j)) = min JD(i,j-1) + 1

N 5 {D(i-l,j-l) + | 2; if Sy(i) # S,(§)

- 2 0; if 5,(i) = S;(4)

T 3

N 2

I 1
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N 5 0; if 5,(i) = S,(4)
E 4 3
T 3 4
N 2 3
I 1 2
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*EXECUTION
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i 7 16|/~ 7| /18| /19|10 19

t 6 — 11

n 5 1 10
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Base conditions:
D(i,0)

i

= D(0,3) = 3
* Recurrence Relation:
For each 1 = 1.M
For each J = 1.N
D(i-1,73) + 1
D(i,j)= min<dD(i,Jj-1) + 1

D(i-1,3-1) +

Termination:
D(N,M) 1s distance

deletion
insertion

1if X (1) | substitution

1f X(1)

2;
0;

ptx (5,3)= < own
DIAG |substitution|
.................................... Y
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distance(i, j] — MIN( distance[i—1,j] + ins-cost(target;—1),

distance[i—1, j—1] + subst-cost(source; 1, target; -
distance [i,j—1] + del-cost(source
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—AGGCTATCACCTGACCICCAGGCCGA--TGCCC——-
TAG-CTATCAC--GACCGC--GGTCGATTTGCCCGAC
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R Spokesman confirms

H Spokesman said

S

senior government adviser was shot

the senior adviser was shot dead
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