comnibi] 5 gmilbinit i 5 b (gu ]

($9d 0 y00) 0 Slawed e

@ =9 $ula
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ajl\g&.&Lu @:a.o
ojbc.\.';l.u &b.'.\i

&2 a5 0 jlgslw
SwalSSl o
k_;.JL.\.\)lS o
SRl o fl9cusb
$ 31 9@ les d 523
(Regular Expression) saclsb & le
Finite State Automata (FSA)
Finite State Transducer (FST)

(Porter Stemmer) ;18519 ;9o 2bdda,
Minimum Edit Distance 4ig, 5 o3 slilkaa
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O o0 Jusiss (Morphemes) jlacSs pb 4 58258 slasaly jl OlelS 493

(Morpheme) 3l ysi ©
ObJ )3 Lro 235 15 )5 a9 u.a).a&gs *

a5l 9uS5 Suas dicus gu O
Cawl 4odS” ol (slizo 33515 03 45 4alS Lol jlgST :(Stems) bads, ©

S oo LS| Al 4 (6,55 salize 45 ol fl9S5 :(Affixes) sy
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(Affixes) Lauig ©
(Suffixes/Postfixes) basgms ©

Affix Example Schema Description - -t
Prefix un-do prefix-stem Appears before the stem (kj“’)l-s) IOIM) O
Suffix/postfix look-ing stem-suffix Appears after the stem = I B k
suffixoid ' /semi-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-stemyp, Links two stems together in a compound P f’ Lb . o °
Duplifix ey cer~elrin Incorporates a reduplicated portion of a stem ( re 1X6 S ) »m

(may occur before, after, or within the stem)

Maltese: k(i)t(e)b "he wrote" (‘ 7&0 lS) (o]
Transfix (e . s(transfix)tetransfixym | A discontinuous affix that interleaves within a discontinuous stem ) roﬁ)L’o
(compare root ktb "write")

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

produce (noun)

Suprafix
P produce (verb)

stem\suprafix Changes a suprasegmental feature of a stem

L]
. Alabama: tipli "break up" s . X I f . °
Disfix (compare root fipasli "break’) st{disfixym The elision of a portion of a stem ( n lxe S | b»’u | ... 0 o

o€ 9 bl aile plagb) vs o
(wbwl) Osquitar :Jus o

(Circumfix) g —sigmy ©
2 9 b (ST sisle LAl A, 03 0
(odss) Suso size & kabaddangan :Jue o

4
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(Concatenative Morphology) (su3 943 63l g&adlew ©
Mg g0 Juate ddy) 4 2y ©
PI9™ (s° LolS — aw)lb s °
Untouchable (Notes : oSl :Jl @

(Non-Concatenative Morphology) (sai g1 ;a8 65l gcsalw O
2994 50 anS )5 A ) b (5 5030z 920 4 laaiy ©
(3590ke) humingi =um 55 b (y2,8) hingl 4is ) —(Haskd) B 0L s e

Templatic (root-and-pattern) Morphology : &5 g5
S e 9 e slylb) o
(3,5 asdlas sl =lamad sil) CaCalC w gm0 as (58 3L = Imd sib) awls 5 CCC :Jus o
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(535999 594) o3lsci buo - i Laly ol Ly Ly L]

e."‘f'. ':f".', N
3 o bt | -
oo o F0 ) gkt bnt | iy

JIsci) alad (o yS Gl (s yls suaaas o5l galus as slaglay 4o O

Gl (jSas paf Jac o dals <o Alida
S+ ol + L+ o5+ Ml abBlinlids )3 oMl o
wmawl (58 o alio o) g0 VA1 Dl “ols” _\J.'»Lo[awl\_i_gum)b)s o

EEF NN

Uygarlastiramadiklarimizdanmissinizcasina o
“(behaving) as if you are among those whom we could not civilize”
(3590 b ouudSSl )3) Lo g 50 Juo9 als SH 4 2914 0
Al g0 Exm -+ b SBlaidl slaasy e Jél o
e il o B olaad Gl ede wiile 3lardl laasg 938!
34355 5o Agglutinatibe slagl) as)ls 355 plgic & SV sb aub) K a5 53 sile plapl) 0

Sl e

autocyberconceptualizations ojls y 53l 0

Cai
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(83598590) 83l9cislus - @ldlsly bl b (3Ll

.

$0.31 g it | 30 |

ddia g ddaa jI of Baliay Jasdin sla’l g du dals <o dujad
Morphological Parsing
Give + s @ Gives o
OleUbl oL Js gawy 3,018 (Stemming) b ais,
Fox @ Foxes o

ELI e 819 Mz ) 09 OLSy Hausis ((Lemmatization) s jlwsjlg
sl Oolae jalb

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

[+am@'m o

Llad 51 (851 9 4 gans yu Gilad Alids sla s alad (o yS Cuuad
Cacal 4..\4@.1'“ J.:\.C. Sblas

OT A HREID b 46lS S5 ((Blidl 9 (b o) ciliseo S )00 S5
OBy ) zuld Glals jlsuga Jadls wal ¢a
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\\\\\\\

(639999 554) 85l9cislus - (dlyly (qulicaosly b (L] N

L\ \e:‘\f f" :'\
Sl ok 2f IT
o 03 giinb 2lgd

(Inflectional) & yal o5 genalas ©
MST S 4olS' (S Glivo 5 (5950 Ugdo 45 Su9b 4 29 b dlS Loy S 5 ¢
Jss ube) pidls 5 )ledd 5 posub Gllas Sisle ©
A5 (63930l Slass &4 oplbl 9 gex S0 HSLy - (cat Jolao yo) cats :Jls o
2102, s (S Ol )S) g glins 9 (ewol) ol 5)l2aS0sl,y dsda
—er, -est giawo 9. -S ;soml 5 8, -ed, -Ing : s Glaiss : wlSil )s 0

(Derivational) Wil o3l gcsalu ©

975 Ugiio Yotz 9 39 3udgi (53032 (SLino 45 (5 9b 4 3ig b 4alS i) S5
(e p3l3s) racist s (soljs) racial sule :pliaSo )b wl s b ol o ©
Siglate glias g (Cam-pul Jilas 5 ciae) ciglata layliaSe,ly - TACE Aoy S 5l ouss 418,S
electricity Jslao oo electric Jio ass slmls b baals juss 0

re-, pre-, -1al, -1sm, -1sh, -1ty, -tion, -ness, - silo &35 g 5 L33 gy : wadSSl )3 ©
o & 9 ment, -lous, -ify, -ize,

Cai
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‘ Full Form ‘ Clitic H Full Form ‘ Clitic

am
are
18
will

‘m
e
s &

pil

have

Thad ?

would

(Compounding) s i ojlgosales ©

(Cliticization) éﬂ-«%%‘ﬁ ajba.&l.‘.u (o)

(639999 554) 85l9cislus - (dlyly (qulicaosly b (L] N

.. 05 guaivhe 2l el

2odea by din)cuS 5 o

doghouse :Jlw

(Clitic) cunsnjly b in) SO cuS 5
sl 03ub ol oS Kb Lol 335 5o Joe 0)ly o Siile (595 ybas Jl aF 195 G :(Clitic) wuwsejls 0
Sgdbse Juaie 580 oJls 4 5

Cai

J Al# | Definite Article

5 wi Conjunction, coordinating

- f# Conjunction, subordinating

J 1# Preposition

- b# Preposition

< kit Preposition

- s# Future verbal particle

$ +y POSS PRON 1S/ PRON 1S

! +A4 PRON 1P

& +ny | IVSUFF_DO/PRON _IS/PVSUFF_DO
< +k POSS PRON 2MS/ PRON 2MS
“< | +kmAd | POSS PRON 2D/ PRON 2D

< +km | POSS PRON 2MP/ PRON 2MP
£ +kn | POSS PRON 2FP/ PRON 2FP
° +h POSS PRON 3MS/ PRON 3MS
“ +ha | POSS PRON 3FS/PRON 3FS
w | +hmA | POSS PRON 3D/ PRON 3D

o +hn__| POSS PRON_3FP/ PRON_3FP
a» +hm | POSS PRON 3MP/ PRON 3MP
u +nd_ | POSS PRON 1P/ PRON 1P

I,Ve :uaﬂ.;‘lgjl J)> dlio 1

M':Gg).c))d&o @
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(35d98590) 83lscd b -l (obidiolsy b (L] |

o (onie] g o(;lguahT
eSSl Gy a ©

23l b soluwl (510 (CuSIlo (51 9) ‘S 9 (Roz (51 1) S gmmns Ll 2ol

| | Regular Nouns || Irregular Nouns | Regular Noun + s — Plural Noun o

Singular | cat | thrush mouse | 0xX book + s — books o
Plural cats | thrushes ||mice |oxen

fox + s — foxes o

2acld <’ ))',.o :'o.wl @

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

Regular Verb stem + ed — past verb o
B Gl O Re Regularly Inflected Verbs g p
Form Classes

_ walks merges tr1es maps beg +ed — begged o
0 Walking merging trying mapping
0 walked merged tried mapped

()50 YD+ 393>) 03cld o 5 lg0: =8 ©
cut/cut seat/ate J=d aubis JSib ) wslas o
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Sl 5Ly 4u O

Ciliseo 2900 O+ —(032))9 Gie) AMAT Job (gl °

Present Imperfect Future Preterite| Present Conditional] Imperfect| Future

Indicative| Indicative Subjnct. Subjnct. Subjnct.
1SG| amo amaba amaré 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| amaremos
2PL| amais amabais amareis amasteis| ameis amariais amarais amareis
3PL| aman amaban amaran amaron amen amarian amaran amaren
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=B Gl yu O
2L 9 m&b -V

il (5o s 5 BOLJ b Jab Uiy puss Cilih (sl S ©

(O1) oz Sl9ess JLasl o
Ol e :pl+ 3,0 0
oblas : pl+ 155 o

Oib 8 : ol + A 8 0

() Jwo S jlasT Jlasl @
6)).0:6|+.)).o (o]
S l+ 185 o

Slaidh )8 : sl + aih »8 0
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Oldls e

oolals
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oLl

oloal=

L Jad yad alals ©
(e el ¢
(Co ) &
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(Dloy) O
(o) O

(le) ol
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\\\\\\

(535798 594) 83l9ees L -l (ol b (L] g

coo bl 90 ol el ;0 5F § iy b T

(Indicative) oyl 8/ s, Lal Jlasl o
Cawl g;f?jb L;Lm)b.g.)) ua.».?aog )"‘SG‘ U‘.:’JU? ) LA‘” u..S)ga/uaS)f |ol.‘>u| e

ox9, Infinitival e

»59, :PresentParticiple o

ad ) :PastParticiple o

p9sso :Present o

o8 :Preterite o

o800 :Imperfect o

elas, :Perfect o

e 4, :Pluperfect e

ples ) o :Compound Imperfect o
plosgs 48, :DoubleCompound ¢
) ealys :Future o

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




(35d98590) 83lscd b -l (obidiolsy b (L] g

.

\\\\\\

\\\\\

ce e e’au a‘ !* ! .i :03'9““ T & e.\,'.'h-.-,

(Subjunctive) 9o/ ol 3l Jlasl ©
388 oo oo (ublnsy palas o 9 3135 Cosaily J2b plonil oS 39,00 S 4 Sloj ©

(23 9 s2Blob gel) @uiS Olu 1) OT 35k 9 Hhalys ¢ giws

e9 2 :Present
el 48, :CompoundPast

(Imperative) s ! Jlasl O

9)s° s L QT 2ol 9 q_;.’.l"";'“l) )l c&.mb?')) cdh.m|9."> ¢ ) 9w > ul.u le).g
£93 Swlids 45 D9l I b 594 50 43l OT jl 9 Canwysol sl 429 Sl (slasLi )

9 0 :Present
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\\\\\\\\

(639999 554) 85l9cislus - (dlyly (qulicaosly b (L]

. Mdal 0 g |
eSSy O

Nominalization

$9) )l pawl il compute + ation — computation o
Cauo/ J28 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) gcaliy Alise slaty g aS 45 O

autocyberconceptualizations awdSilsjlg op sk ©
auto- 3Ll 35 gubuy ©
(a5 5o N3 sids [y cyber Lall six ;o concept s cyber) asloaudh s 55 P2 L as &) 93 0
(-ual, -1ze, -ation) 3laubl 25 gm aw ©

'S‘L;.ohulg5|).>(v:o;\;.o.)).m..\oﬁuu0
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(639999 554) 85l9cislus - (dlyly (qulicaosly b (L] N

B ) (547
o . & "e - gl
ol .0 il gunile |
[ ]

@.«4}5 SERS
39 9 Catwo ol U alito Sl giun 9 IS gy Jlasil @
N5 — 5§+, 0
SdouiSls «— sdwo + Hisls 0
olfisls «— olf + Lyisls o
o) oo+ o
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(535999 594) o3lsci buo - i Laly ol Ly Ly L]

.

(Morphological Parsing) &5l geivke a i T

O duiay Jasdii (sla’) 9 da dalS Su dajal O

SHgeal wiad slagase ylus O
LT 3,50 43 FleUbl ol o 4 sy 9 OIS (sladiy ) jl slc oo :Lexicon o
(punl) LS o

2 4 Juasl B slaxsg £95 45 ($T9lsd90 (puilsd Jl (sl4e s0e :MoTrphotactics o
338 g0 Ol L T JLasl e 5 9 4

(O | W) + (puavl) aisa) Lo ousl gox JSib ©

) IS (Wl > juuss £95 45 Yol (Hwilsd I (slee sommo :Orthographic rules o
28 50 Ol sy JLasl plBia
(cities '+ city)le * ¥ : ouulSil )s ©
(OSlnod = lned) S o ow)pld )y 0

Cai
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\\\\\\\

(35199390) s5lacs L il ulihiols b sl

(Regular Expression) pdke/oaskily i yles T N

Ladiah ) 3 shie gamme (las 518 S ©
s jl jasin (eSdl) sdlis Olo sl w ez IS UL o9 ©

Ao yd gadiua i yayls O
Q,M 9w _P“S |)uu o & »l «..,JL:S» LJS f""M”G‘ e
((roJ_LIf)> )90 4 b laolsy w)go 4y PR 5 ¢Sy o) g0 &y PR O

Tz Sl (B Caalle OT ol jod 4 45 S oy ) (2 33c dod eudlgsy ST
$395000 L $2.3 sl ©

o (TR (I (A 13l Blg5 (S (sde yo gy slass o
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0bj 2> &S cwl Perl obj 4 by jo @SUe

3513 3929 Wlio Oyg0 4 S sl

(535999 594) o3lsci buo - i Laly ol Ly Ly 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 > / Match Example Patterns

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

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

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

Onb il i + b

(54‘.9 JJ‘&O
O yle/y jl aslaiwl

(Disjunction) Jlad

[(O)le] O jg0 4

3190 Jl (S

«l..o.» L;..zo L «l ) caole

o

/[0-9]/ b el ol 45 /[0123456789]/ (s35¢
/[ABCDEFGHIJKLMNOPQRSTUVWXYZ]/ &, 3 9,5 b »SLIS 2

Match

Example Patterns Matched

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

/10-91/

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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(639999 554) 85l9cislus - (dlyly (qulicaosly b (L] N

\\\\\

ll. .
¢ S
s e
s s

ho N2 a7y

o * -
0“ H S \
e o o

(Negation) 0

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

["ss] neither ‘S’ nor s’ “I 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 a” b now”

M osbe| g0 v @
Vempley a4 (S un ) (Si=o O

2o 4 > 95 (pl k) 9 dox Ugl (pio 40 /V O e/ D)go 40 Ciolle g @

Gl A SIS 345

(Optionality) e s Lial o

[ & yg0 40 @
T2 b (S SLE pee s o

Sud el I S5 L ko O

RE

Match

Example Patterns Matched

colou?r

woodchucks?

color or colour

woodchuck or woodchucks “woodchuck”

“colour”

4
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(535158 195) 5192 Loy bty b il

...oulihuglpT

1905 3 23eBl Wl)le s3ia3 Slgidny el Kleene

Kleene * o
[O)uek/ O yguo 4 ©
)Sooolasws ,a b jdo slawy L« yler s 1 8 SIS 1SS
/la*/ :Jlw
..288a .aa Jio a DI jlssc ;o L a0 slass 0
/[ab]*/ :Jle
.. bbb .ababab .aaaaa sil o

o doe b
(/[1-9][0-9]*/ : yiu0 pu slael) /[0-9][0-9]*/ zuwly ©

Kleene + o
/& )bet/ OYgo L °
230005 pa b SO slawi 4 Jud SIS 1SS e

o scm xS Gé*’. ‘é?:: [é&-l‘] :du& ®
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(83598590) 83l9cislus - @ldlsly bl b (3Ll N

A
\
s :
: S

] s

S o) (77 &

% * R

O bl i o
e & O

RE

Match

/beg.n/

any character between beg and n

Example Patterns (Wi ]- d car d ) e le ‘\-U-‘:\ ‘9-.4 O

begin, beg’n, begun

/./ Oygo L °
(2232 pbuw jl jat 0) G SLE o slizo v @
Cawl (dads Cole) .)9.5 o L <\ L.J)L.C- °

oL o YLSS QT)) Wl b 4ds L 9)45'5“)?')2 oL il °

/L')I)-.‘.I -*Ul)—_‘_l/ (-Ewb o

(Anchor) g o
/MY Ojle/ haw Jgl @
aloa Jsl vs Hil kas /AH1/ :Jbw o
/¥ )le$/ s OLL @
\b :&)be b 4l Gl,bl o
other sl ilelS a5 5 the aols kas N\bthe\b/ :Jus o
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\\\\\

(3592 59) 83lgis lue - (Lol (ulid o b (L] o

a
S
s .
.. .
C ™ L

SN (P
b No0e) (2757 o

% . » o
CL -l
e o o

SlaSCu gl gl 9 (sa130 955 () 4o 1 sl g2 ©

S Oyl jl LSS N slaw bze 4 {Df Ojgo 4 ©
&QJQ‘)U')SJIHUn:IWJI‘qu{n, m} &jgo 4 ©

k8 Ol SIS N JBlas slass jl gize 4 {N,f Ojgo 4 @
Mlmmg_gunlw,_\.,;;,UAroi;daqaf);:|)l:_\,|_\gs)guma,_/.*d.{1,}/ :Jlo ©

it 4 Sl ©
sl @
{}+*¢wa)@ °
S o alss o
| L Jlasl
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\\\\\\

—t
77
4
¢
i~
e

LAJSJA.:J:\L‘.«O

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 “*” “KFEAFPFLFYAFN
\. a period *.” “Dr. Livingston, I presume”
\? a question mark “Why don’t they come and lend a hand?”
\n a newline
\E a tab

4
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(535999 594) o3lsci buo - i Laly ol Ly Ly L] N

IC | ["a-zA-Z))[tT)he(["a-zA-Z] | $)/

ciliseo o )g0 4 the g ©
alons buws b alon Jsl o3 w3l 0
SeS LS dsl s 0
other ,s sile )5 LI & Juasl pac 5 RUis 4 the laas o
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(35152258) e3lpcidln i)y alidols b bl

L @
Q
& S
. -
< R ee, <

R i) (577

S i oy

v, o, o3

Sene®.
e ¢ 0O

Finite-State Automaton (FSA) .aluie cudls slile g3 ©
blogsl £95 ol Jiules sl o9) (Regular Expression) ebiis/sacll ojbe ©

L I
(final/accepting state)

(start state) Ea o >

Wiy 68 (5,l88 5L :Jlie O

baa! o

baaa! o
baaaa! -

baaaaa!

/baatl/ :ebie &jle Jslo ©
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(35199390) s5lacs L il ulihiols b sl

... (FSA) hlite caller slitogll &2

(JEs ya) Gle i) o ,Slac O

394 (50 JoIld M (9 (SS9 S e Sl D) U ($3909 S SLES @

398 o0 Lul> blogil WVl> o da SIS OaeT b cwlizo @

(Accept) Cuwl oo 48 o3 4t ¢ SLL Cll> 4 O 3,19 S ge0 > @

B p 39 (53909 Wby « SLb Cdl> 4 o S)lg pae 9 SIS 8L GLL Oy ) ©

a

(Reject) cuwl o3

Il JUs! Jga=

(State Transition Table) Input

State [|b a !

do) (A1) (d2) (d3) (93) (Ta) 0 100
{lblalalal! ; N
2 0 30

m [ }[ 3 0 3 4
4: 000

ajbjal!l|b

Cai
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, A1 sl Noslawi U ool degome G Q) @
$2909 s S g9l alin slac goro D, e
(£9.0%) gl cdl>:qy

F € Q (5Ll &Vl> degosmo :F @
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(Deterministic) ek ox 93l ©

A S)9d y Al mbd Hob 4y 53909 »2 L Nls 0 O
S)Hlas A*}Mg%h&;@é}))ﬂg.\o]’b 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 q
return accept do) 31 933

else l
return reject E blajaja|'! 2

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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(Fail/Sink State) wia/cuusd olla ©
%0y SB(639)9 doz I (39,9 £ 4od U0 4> Fwly Slml o

@ @ @ @ @ 1
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one

three
four

SIX eleven fifteen
Seven twelve sixteen
e!ght thirteen seventeen
trgr;}e fourteen  eighteen

nineteen

\\\\\

Q06D slasl aad s ;e ©
FAAY O 5l o

twenty sixty one SiX

thirty  seventy two seven

forty  eighty three eight

fifty ninety four nine

five
(Ol gs wliw) Dollar s (Ju, ulis) Cent & )le 5,5 4ilal o
i YA 9 ¥ YO sisle ©

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

five

twenty sixty
thirty seventy
forty eighty
fifty  ninety

twenty sixty

thirty seventy
three  eight forty eighty
four nine fifty  ninety
five

ifteen

one siX
two seven

three  eight
four nine
five
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(NFSA: Non-deterministic FSA) cats ,ué slils g3l ©

(edl> 5 0 0d) 82909 Ol L o Cdl> Ol y> Cushd pae @

Input

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

S koS gl
S oo S oM

0301 b &> SOl i Olssl

a (§3909

R ORI

e-transitions

4 Q3 > jlsd9)9 4 495 Oy
p29.0 42 >

3,5 Joas s2bd sUlogil|) (o2bd e SLLogsl o Olgs oo ©
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\ Kleene * (closure) e

S e e -

bl g3l 95 (concatenation) Juasl

——————
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LT 350 13 Slelbl ol pon 4 sy 9 OIS (sladin ) jl sldcgems :Lexicon o
(paul) SLS" ©

22 4 JUasl L (slasss 95 45 (S59lsd 9e (yuilsd jl (slacseme :Morphotactics e
S go Ol ) LT Jasl a5 9 4y

(0l | 1) + () asiis) A&oud pox JSib ©

) 4lS (Wl )3 junits £95 4S (Wl (1uils I (gldeg0e :0rthographic rules o
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

¢¢lamorphotactic ;s

sJﬂal:\ o

Lwo3;30
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. 03 gl g0 hkiie Gl Shilogl] |

s=atlSal pan 90 80 coleul 4 gady (5] yo Ble g3l <0 O

e
=3
reg-noun plural -s

Irreg-pl-noun

Irreg-sg-noun
2>03eld o 903clB L oll
3513 )18 OB Slg

‘ reg-noun ‘ irreg-pl-noun irreg-sg-noun plural
fox geese goose -
cat sheep sheep
aardvark mice mouse
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oo 059Gk g2 phlie Gallay Uil ol T s

oSOl JLadl 4 4339 (gl 4 LGile 93l S O
e

irreg-past-verb-form

irreg-verb-stem

23 39290 Ole Wbl
w3l L Jledl : o8 jlg

> 03el o Jlesl reg-verb- | irreg-verb-| irreg-past-| past| past-part| pres-part| 3sg

2acls o Jledl axl3S stem stem verb
walk cut caught -ed -ed -ing -S
fry speak ate
talk sing eaten
impeach sang
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oy

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 sl Jlls

... 9 cool big

smally g unbig sslo w5 SllS g5 ©
TJSde Ja og=xi 0

8,8 4 538 4S Ll -2 o (happy sreal wl) wixS o —1y s UN- 48 LT -1 diws 93 4 ladday 63,8 s

(small wisle) wiius 95 oyl
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-able/A -i

-ness/N

verb @
-ative/A —fuIlA

-er/N

-IylAdv

Sl (o8 paa5 89l 4 Cns (5 )50z SULogil LI Slidl o jlgcsln ©
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(FST: Finite State Transducers) caliis cdla Jass ©
S bl (5,505 by 0 1) did ) S Sl 3B S 39350 Cl> SLlogsl jl se g5 ©

BRI 963909 oy Adoul) iy ye5 19 5 5T Jo B a9 xR 9 9 e K UL D S 1 O

FYPPILY &|,5| *
QG L 35 gy 50 M&ﬁzmmlmgm)m&&b)s :(Recognizer) o3igs  yousis 0
oA Vlsic & aid) e S ad g3 ((Generator) osuis ades ©
G wlsie a3 )5S Aih) S el 9 3909 ALy S bl s (Translator) osuis aoas 3 0
aib) 95 ¢y adoul) auwlxe (Relater) oaias Jas o
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(pleal O 23ib Cll> SOl e (7905 Sl §Seo) G € Q s

0%Tb9q € Q > 10 EA s29,5 sdgs — 29,5 sdgs Jisl @b :0(q, W)
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ks :(Sequential Transducer) Jgis Jass ©

2SS adgi Hasiv Z9 3 SO hid Sl o (63909 22 Sl U S (2hE Jowo ©
Qb Al € (6399 236lg3 god Lol 2L s € o>9 )5 2ilgi 0 @

€
) )

ab

(528 ps2) (JIgio pu = Urso yosSiao

$3909 4 =95 03,5 bl 1w (Inversion) jwsSwe ©
>35> 4 ol Juail g LU el o ol awd) S adgs :Subsequential Jawo ©
(aub) P 3 s3) p-subsequential :aub) G I i SWg5 ©

aa
@ 2-subsequential
b a
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. shlgal S s oalw O

English ‘ ‘ Spanish la . o
Input Morphologically Input Morphologically Gloss Lf, I)=529))9
Parsed Output Parsed Output cats - ca o
cats cat +N +PL pavos pavo +N +Masc +P1 ‘ducks’ "5=575
cat cat +N +5G pavo pavo +N +Masc +Sg ‘duck’ cat+N+PL 29N 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’ o= ‘p-w‘
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’
It tch +V +Past =y =
caugh catc as R g sl S o3
http://stepl.nlplab.sbu.ac.ir/stemmer/Stemmer.aspx
o
| 2045 0
559J99,90 o
Sl U Jsb 1olo; EEhE
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
\J
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(Tapes) La,l g3 ©

Wl S il sl W jleSs Jlas]

Lexicalz cla|t |[+N[+PI 2

IS S =ly Wl sl (5 b 3STIS JLas]

Surface§ cla|t]|s f

Yol )3 59590 pmaic 1yl
OB jl9 )3 39> 90 paic UL

reg-noun

irreg-sg—noun@+_N_@ + el +N o
) 039-3&«-?93).6.9:+P13+Sg o
irreg-pl-noun . )
! o £ Uc o
@ Z MR e
23 39> 90 Sl don (Bl Jlgs )l d5 Ll |o-')|)u J-o-c- ))) N LY I )0 H Cole @
25 52 S L2l 05 Jls (Ll Jlgs jl ookl 2o 133 Jos 3) S19eS j o " Caolle @

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




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

cat sheep sheep
aardvark mo:1UuEs.Ce mouse

reg-noun

irreg—sg—nounﬁ\ +N _fq\+Sg
NN

irreg-pl-noun

cats — cat+N+PI
c:ca:at:it +N:g +Pl:"s#

697

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




- sBet i bt (FST) cohbiie Galle Jous | 4

(535999 594) o3lsci buo - i Laly ol Ly Ly L]

\\\\\\

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 « jLi *

FSTU J> o

{
ED 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 <§ f|o|X|[+N|+PI

Intermediate S flo|x|"]|s

Surface 3 flo|x|e|s
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(35d98590) 83lscd b -l (obidiolsy b (L] #
co o g Sl vl (FST) ohbiie allbay Jame T

Orthographic Rules gl Jass ©
39 g0 Sl FST SO byeile i ‘obS sl o

E msertion e added after -s.-z,-x,-ch, -sh betore -s watch/watches
| | €z Iy dase O
X & e & w2 & o o wa V@ . el
e—erd s Vs S)l)&QZQScXQbMPO)b&)')&geL‘,.u»'.)S:ule g
Z

2l S 19SS € gy Jl = 2k

LU s = g9 08 cll> -
il & 250 # 4SS o Ol jl o g

# State\ Input s:s X '.' t #
qo: 1 1 1 0 - 0 0
qr: 1 1 1 2 - 0 0
qa: 5 1 1 0 3 0 0
a3 4 - - - -
as - - - - - 0 -
qs 1 1 1 2 - - 0
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il (FST —
Qe Q@ o % 3

ol 98 9 o859 sLFST cus 5 0

flo | x|+N|[+PL
nills
LEXICON-FST N
| I X
-25 flo|[x|A|s|# *qé
QCS rthographic rules g
& FST, . .g .p . FST,
T
flo|x|e]|s
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\\\\\\

\\\\\

Al 95/ 4l yady 1 Jlie ©
foxes 4 fox +N +PL eSS (o udy @

-

9

ESN

o X
o g X
ff
[ a - t +N
® 3 a ¢ 5 €#
©
g +N +Sg

(o} o S e
O OO OO

+P

£

~

Lexicalg flo| x|+N|+PI

e ) T @0OOOQ

Intermediate E flo|x | N s | #

\
Te-insert @ @ © X2<3 <4

0

Sun‘acez flolx|e|s
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.

... (Porter Stemmer) ol 3p 99a ety |

(FST) saliis clla Jass b Sasja3 ©
(oWl 9 Silacaslw) puilsd e oo + OB jlg jl skl ©
Sbdin) = OllS 4y gl sl

Ol B 5 slas gano bt 138 9 8519 9u (badii, ©
(97imz 593 9o ko) OleMbl HLJL Y3 58 @
Ol 3 9 wolsdiwe )l S8Lal slaasss 83a 0
Ol99 Jl (slac goxo jl aolawl ©
ATIONAL— ATE (e.g., relational— relate) o

ING— ¢ if stem contains vowel (e.g., motoring— motor) o

Errors of Commission |Errors of Omission

organization organ European Europe xS L;o-‘ Jo-c D w L
doing doe analysis analyzes (P OI’t er) )-’)9-’ u» 9) °
generalization generic  matrices matrix :

numerical numerous noise noisy

Cai

policy police sparse sparsity
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(Porter) 5,5 wlsad, ©
Martin Porter buwgi1 QA+ ,3 058 &1yl o

http://tartarus.org/~martin/PorterStemmer/index.html : jw s ©
—alizo sLAVL) L A5 9 ylgd O

Step 1a Step 2 (for long stems)
Sse€s — sSs  caresses — caress ational— ate relational— relate
les — 1 ponies — poni izer— ize digitizer — digitize
ss — ss caress — caress ator—s 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 _, g - @ activate — activ
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fooedoad Julug U9 > ©
TYA (s Oledbl b )o sile) JSine dul i )3 23b ol Ogie > @

LﬂdJ-:\J'.S o
Ol luwgd Ogio i @

JLS),-& "° & o ‘Sh o A ‘5?9)5 d&bl @) ®
(OCR) 6,95 wlsa aungs ©

Lallkad ©
OldS ol ol (gl @
l (Context) cdb 5,5 Blx) b jaukis — peace g plece xisbo vlive OllS slalhs o
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Uod youdds gl ys:da ol O
SladS oMol w3 JSuib ($9l> ) K 3d Syl o5lisasl @

(FST) spbie Sl Jowe jl aslitwl :eue) Ko )3 5 4odS siw s Hansis (sjlwosly ©
WIss 9 AL U S laa s g s ) S9a g0 wlelS Slass yuals o

G Ol S as Sl o i) 039331 L i) (i x5 4 3uaa aelS 39 38l s Blasil skl 0
S g 50 031 b gy VSN g0

od resanas gl 4 O
58 glol 1) OT Olgs g0 4698z s Gausis g0 )5 ©
giraffe, graf, craft, grail .graffe acls ¢s 5 #Mol 0
OT 4 S0 35 G edS b b 46dS 03,5 S0l o
S SlolS 5 ol aolS -y alols dulxe O
(minimum edit distance) sl s abold aiges Lo ybs) Jl 5% ©

Cai

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




\\\\\\\

(35158590) 85155 L -y ulidoly b sl

. Minimum Edit Distance - %ol b biad T

L O3>z )3) 4y 95 Hw sl 9 S gil ul Slasd (o jieS = duold ( i0S ©
SR 4 d) S i ¢le (G5l

INTE+«NTTION
REERERRRR @i 95 o (alignment) ji5 «
*xEXECUTION

Levenshtein sy, ©

D= 355 Jlie »3 i o by 09 bl Uad aw I plaS 0 0

23:(Y 0is= B3 K5 703 K= Gl ) G Sl slba i8S Hb5 S pac NS 95 O
A= B3 Jlo

(dynamic programming) bgs s 954el o jo9, b (silwasly ©
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... Minimum Edit Distance - %ol wiliad T

Jls O
execution s intention g jl5
ui-_g)fgl;pa).)uj_'\;ibi&ym o

intention
delete i -
substitute nby e _ ntentilion
substitute t by x etention
insertu _, € X€ention
substitutenbyc . € X € u t 10
e X e C u 1 O

intention

Del - 'f!S \Sub
— v ~

ntention eintention entention
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... Minimum Edit Distance - %ol wilibaé T

(Minimum Edit Distance) il 1 9 4ol disas als , 9<If O

(Edit-Distance Matrix) duols juw sl G slxl @

wsiw s (Target) o aub)y wals )8 o

(o) @y 2050 42

s )3 (Source) suie ab) wals )3 o

duglia o solaiw! 3 yg0 did,

#H || Z|A(m=z|4H| —|O|=2

#

E X E C U T I

o] N

(Source) guo :
J

dold s jilo olic 03,5 u 9 lUgw 9 )l )3 &S > @

ol gaio A LIS J b Saa ik Jol pis )l 1 akols )ik, edit-distance[l,)] jaic s 0
Ol & S8 aic aw Jl S a )3 odub Sl Hladie aigeS ubwl . paic & alold auwslxe 0

distanceli, j] = min {

distance[i — 1, j| + ins-cost(target; ;)
distance|i — 1, j — 1| + subst-cost(source;_1,target;_;)
distanceli, j — 1] +del-cost(source; 1))
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... Minimum Edit Distance - %ol oibibad T

(Minimum Edit Distance) il s g alold disas als , 6 O

N

0
ﬁ I
9 |u . g
S |E function MIN-EDIT-DISTANCE(target, source) returns min-distance
o B Wi,
80
= I n— LENGTH(rarget)
= . m«— LENGTH(source)

# [E x JE Jc Ju [T Jr Jo |N Create a distance matrix distance/n+1,m+1]

(Source) guo j Initialize the zeroth row and column to be the distance from the empty string

distance[0,0] =0
for each column 7 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,j] + ins-cost(target;—1),
\ distance[i—1,j—1] + subst-cost(source; 1, target;_1),

distancel[i,j—1] + del-cost(source ;1))
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... Minimum Edit Distance - %ol wibibai |

\\\\\

Levenshtein ai, 411 ©
V=g d °
)= Bl>dojd °

(B> S5 9z )V = Gl dm o

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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Viinimum Kdit Distance - el uumT e

. Jlie
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e Base conditions: Termination:
D(i,0) =1 D(0,3) = 7 D(N,M) 1s distance
* Recurrence Relation:
For each 1 = 1.M
For each J = 1.N
D(i-1,73) + 1
D(i,j)= min<d D(i,j-1) + 1
D(i-1,3-1) + 2;{if X(1) # Y(3) [substitution
0;11f X(1) = Y (J)
LEFT
ptr(i,j)= < DOWN
; DIAG |substitution|
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R Spokesman confirms senior government adviser was shot
H Spokesman said the senior adviser was shot dead
S I D I

DNA aw) 95 03,5 jlys o

-AGGCTATCACCTGACCTCCAGGCCGA--TGCCC———
l TAG-CTATCAC--GACCGC--GGTCGATTTGCCCGAC
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