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Mazkur xalgaro ilmiy-amaliy konferensiya to‘plami kompyuter lingvistikasining ayrim
yo‘nalishlari, jumladan, korpus lingvistikasi, til ta’limida kompyuter texnologiyalari, NLPda til va nutq
tahlili (lingvistik analizator: morfologik, sintaktik va semantik tahlil, nutq analizi va sintezi), mashina
tarjimasining lingvistik va dasturly ta’minoti, kompyuter leksikografiyasi: ontologiya, tezaurus,
shuningdek, zamonaviy tilshunoslik masalalari kabi mavzular tahlilga tortilgan maqola va tezislardan
tashkil topgan.

Ushbu ilmiy magqola va tezislar to‘plami kompyuter lingvistikasi, kompyuter texnologiyalari, amaliy
filologiya kabi yo‘nalishlarda ilmiy izlanishlar olib borayotgan professor-o‘qituvchilar, doktorantlar,
mustaqil izlanuvchilar, magistr va talabalar uchun mo‘ljallangan.

To‘plamga kiritilgan maqolalar va tezislar mazmuni hamda sifatiga mualliflar mas’uldir.

MAS’UL MUHARRIR:
prof., f.f.d. N.Z.Abduraxmonova

TAHRIR HAY’ATI:
f.f.n., prof. Z. T.Taxirov
f.f.n., dots. A.R.Iskandarova
ped.f.n., dots. D.A.Fattaxova
PhD D.K.Xudoyberganova
PhD Z.M.Kasimova

Ushbu xalqaro ilmiy-amaliy anjuman to‘plami Mirzo Ulug‘bek nomidagi O‘zbekiston Milliy universiteti
Ilmiy-texnik kengashi tomonidan (2024-yil 27-martdagi 3-sonli majlis bayonnomasi) nashrga tavsiya
qilingan.
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COCTAB OPTAHM3ALIMOHHOI'O KOMUTETA:

3aBenytommii kKadeapoit KOMIBLIOTEPHON M MPUKIIATHON JIMHTBUCTUKH HY V3,
I.¢.H., mpodeccop.

[Ipodeccop xadeapsr KOMIBIOTEPHOHN U IPUKIAAHON THHTBUCTUKH, K.¢.H.
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JIUHTBUCTUKH, K.TIEJI.H.

Crapuias npenojaBartellbHINA KaQeIpbl KOMIBIOTEPHOW U MPHUKIIATHON
JIMHTBHCTHUKH.
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JIMHTBUCTHUKHU.

Crapuias npenojaBatellbHINA KaQeIpbl KOMIBIOTEPHOW U MPHUKIIATHON
JIUHTBUCTHUKU.

Crapias mpernonaBaTenbHUTA Kadeaphl KOMIBIOTEPHONW U MPUKIIATHON
JIMHTBUCTUKH, K.(.H.

Crapmas mnpenojaBaTeJbHUIA KadeApsl KOMIIBIOTEPHOH M MPUKIIAIHON
JIMHIBUCTHUKH, K.().H.

[MpenonaBarenbHUIa KaQepbl KOMITBIOTEPHON U MPUKIATHON JIMHTBUCTHKH,
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Maructpant kadeapoit KOMIBIOTEPHON U MPHUKIIAAHON JIMHIBUCTHUKH.
MaructpaHT kKadeapoil KOMIbIOTEPHON U MPUKJIAIHON JINHT BUCTHKH.

A
LN

RAQAMLI TEXNOLOGIYALAR VA
SUN'IY INTELLEKTNI RIVOILANTIRISH
ILMIY-TADQIQOT INSTITUTI

4|


https://www.myscience.uz/index.php/linguistics

MY - International scientific-practical conference: Vol.2 / No. 22.04(2024).
SC'ENCE o «CONTEMPORARY TECHNOLOGIES OF COMPUTATIONAL LINGUISTICS - CTCL.2024».

rdrapeah ,c..,c.n..(. Proceedings homepage: htips://www.myscience.uz/index.php/linguistics

Matepuanbl MeXIyHapOJHOM Hay4YHO-IPAKTHYCCKOW KOH(EPEHIMM, BKIFOYAIONIUE CTaThbH M
TE3HCHI, TIOCBAIICHBI HEKOTOPBHIM HAIPABJICHUSAM KOMITLIOTEPHOMN JTMHTBUCTHKH, B TOM YHUCIIE KOPITYCHOM
JUHTBACTUKE, KOMIBIOTEPHBIM TEXHOJIOTHSAM B SI3BIKOBOM 00pa30BaHWM, aHANM3y s3blka U peun B NLP
(JTUHrBUCTHYECKUH aHATH3aTOP: MOP(POTOTUICCKUN, CHHTAKCHYECKUN W CEMAaHTHUYCCKHI aHATN3, aHAJIH3
peuu u cuHTe3), JIMHrBUCTHYECKUE 0a3bl NaHHBIX M MPOrpaMMHOE 00eCIeUYeHNe MAIIMHHOTO MEPeBOa,
KommnbproTepHas JiekcHKorpadusi: OHTOJIOTHSI, Te3aypyc, a TaKkKe MpoOIeMbl COBPEMEHHOM THHTBUCTHKH.

COopHUK HayYHBIX CTaTed WM JMCCepTalui NpeAHa3HaueH IS TpodhecCopoB U MpernoaBaTenei,
JIOKTOPAHTOB, HE3ABUCUMBIX HCCIICIOBATEIICH, MATHCTPOB U CTYICHTOB, BEAYIUX HAYYHBIC UCCIICTOBAHUS
B TaKUX O0JIACTAX, KaK KOMIIbIOTEPHAs JHHIBUCTHKA, KOMIIBIOTEPHBIC TEXHOJOTMH M MPUKJIaJHAS
JIMHTBUCTHUKA.

ABTOpPBI HECYT OTBETCTBEHHOCTH 33 COJICPKAHUE W KAYEeCTBO CTATEH M TE3MCOB, BKIFOYCHHBIX B
KHUTY.

OTBETCTBEHHBII PEJIAKTOP:
0.¢h.H., npogh. H A6Oypaxmonosa

PEJAKIIUOHHAS KOJIJIET USI:
PhD, npog. 3. Taxupos
PhD, ooy. A.Uckanoaposa
PhD 3.Kacumosa
PhD JI. ®ammaxosa
PhD /. Xyooub6epeanosa

COOpHHK MEXIyHapOAHOW Hay4YHO-TIPAKTHYECKOH KOH(EpPEHLUH PEKOMEHAOBaH K IyOJUKaLUH
HayuHo-TexHuyeckoit komuccuei HarnonansHoro yHuBepcurera Y30ekucrana umMmenn Mup3o Yiayroeka
(nporokon Ne 3 ot 27 mapra 2024 rona).
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This proceedings of international scientific-practical conference including articles and theses deals
with some directions of Computational Linguistics, including Corpus Linguistics, Computer Technologies
in language education, Language and speech analysis in NLP (Linguistic analyzer: morphological, syntactic
and semantic analysis, speech analysis and synthesis), Linguistic database and software of Machine
Translation, Computer Lexicography: ontology, thesaurus, as well as Modern Linguistic Issues.

The proceedings of scientific articles and theses is intended for professors and teachers, doctoral
students, independent researchers, masters and students who are conducting scientific research in such areas
as Computational Linguistics, Computer Technologies, and Applied Linguistics.

The authors are responsible for the content and quality of the articles and theses included in the
book.

RESPONSIBLE EDITOR:
DSc, prof. N.Abdurakhmonova

EDITORIAL BOARD:
PhD, prof. Z.Taxirov
PhD, dots. A.Iskandarova
PhD Z.Kasimova
PhD D.Fattaxova
PhD D.Xudoyberganova

This proceeding of international scientific - practical conference was recommended for publication by the
Scientific and technical commission of the National University of Uzbekistan named after Mirzo Ulugbek
(protocol Ne 3 dated March 27, 2024).
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Annotatsiya: Nutgni tanib olish, mashina tarjimasi, POS teglash, matnni intellektual tahlil
qilish, yangi matnni yaratish va so‘zlarni bashorat qilish kabi NLP vazifalarini hal qilish uchun til
modellaridan foydalaniladi. Til modellari har ganday NLP vazifasining muhim komponent
hisoblanadi. Ushbu maqolada til modellarini ishlab chiqish bosqichlari va o‘zbek tili korpusi
matnlari asosida til modellarini yaratishning n-gramm metodi keltiriladi.

Kalit so‘zlar: til modellari, NLP, til korpusi, UzbNIp paketi, unigram, bigram, trigram, n-
gramm, so'zni bashorat gilish.

Kirish

Tabiiy tilni gayta ishlash (Natural Language Processing, NLP) dagi til modeli — oldingi
so‘zlar asosida gapda berilgan so‘zlar ketma-ketligining hosil bo‘lish ehtimolini aniqlaydigan
statistik model. Ushbu model asosida matn konteksti asosida mos so‘zni bashorat qilish imkonini
beradi. Til modellaridan nutgni aniglash, mashina tarjimasi, imloni tuzatish va boshga NLP
vazifalarida keng foydalaniladi. Til modelini ishlab chigish odatda katta hajmdagi namunaviy
gaplarini mashinali o‘qitish (ML) gqadamidan boshlanadi. O‘qitish jarayonida model so‘zlar
ketma-ketligi bo‘yicha ehtimollik tagsimotini hisoblaydi. Kontekstdagi so‘zni qo‘yilgan NLP
vazifasiga muvofig bashorat gilish uchun unigram, bigram, trigram yoki n-gram usullaridan
foydalanish mumkin.

Til modellari

Til modellari tabiiy tilni gayta ishlashning asosini tashkil giladi. Til modeli matn hagidagi
ma’lumotni mashinalar tushunadigan miqdoriy ma’lumotga aylantiradi [1,2]. Bugungi kunda til
modellari asosida moliya, sog‘ligqni saqlash, harbiy va shu kabi turli sohalardagi NLP ilovalari
ishlab chigilmogda [3]. Kundalik hayotda mobil telefonda bashoratli matn kiritish yoki Google
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gidiruv tizimida til modellaridan foydalaniladi. Demak, til modellari har ganday tabiiy tilni gayta
ishlash dasturining ajralmas qismini tashkil qiladi. Ushbu maqolada til korpusidagi
strukturlanmagan matn asosida unigram, bigram va trigram til modellarini yaratish va ular
yordamida keyingi so‘zlarni bashorat qilish usullari keltiriladi [1,2,4].

Til korpusidan matnni o ‘qish

Til modelini ishlab chiqish uchun o‘zbek tili milliy korpusidagi 2024 yil mart oyida kun.uz
va galampir.uz onlayn nashrlaridagi post/magolalarni yuklab olamiz. Strukturlanmagan matnlar
yuklab olinganidan so‘ng, matn faylidagi belgilarning umumiy sonini aniglash lozim.
file = open("UzbCorpus.txt", "r")
rawReadCorpus = file.read()
print ("O'qgitiladigan ma'lumotlar to'plamidagi belgilar soni: {}".format(len(rawReadCorpus)))

Toshkent davlat o‘zbek tili va adabiyoti universiteti kompyuter lingvistikasi va ragamli
texnologiyalar kafedrasi ilmiy tadqiqotchilari tomonidan ishlab chiqilgan UzbNIp paketida o‘zbek
tilidagi matnlarni tahlil giluvchi bir gator funksiya va metodlar mavjud [5]. Ushbu paketni import
gilish lozim:
import UzbNIp
from UzbNIp.tokenize import uzb_word_tokenize, uzb_sent_tokenize

Strukturlanmagan matnni boshlang ‘ich qayta ishlash
Birinchi navbatda, matnlardagi barcha ortiqcha qgatorlarni va maxsus belgilarni olib

tashlash kerak [6]. Buni quyidagi kod bilan amalga oshiramiz:
import string
string.punctuation = string.punctuation +"“'+"”"'+'-'+"'+"“'+'__'
string.punctuation = string.punctuation.replace(’.’, )
file = open('UzbCorpus.txt').read()
# yangi gatorlar va maxsus belgilarni olib tashlash uchun ma'lumotlarni boshlang ich gayta
ishlash
file_new =
for line in file:

line_new = line.replace("n", " ")

file_new += line_new
preprocessedCorpus = """

Join([char for char in file_new if char not in string.punctuation])

Yangi qatorlar va maxsus belgilarni olib tashlaganimizdan so'ng, UzbNIp.tokenize dan
uzb_sent_tokenize va uzb_word_tokenize metodlari yordamida so‘zlar va gaplarni ajratib olish
uchun korpus matnlarini parchalash mumkin [7,8]. Quyidagi dastur kodida korpusdan olingan
dastlabki 5 ta gaplani va birinchi 5 ta so‘z chop qilingan:
sentences = sent_tokenize(preprocessedCorpus)
print("Korpusdagi birinchi 5 ta gap: ")
print(sentences[0:5])
words = word_tokenize(preprocessedCorpus)
print("Qayta ishlangan korpusdagi birinchi 5 ta so"z/token: ™)

print(words[0:5])
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[Bilgil va ogoh bo ‘Ig ‘ilki dunyoda ilm o ‘gimoq va ilm istamoqdin g ‘araz-u maqgsud ikki dunyoning
saodatiga yetmoqdur.]

[Lekin gancha mulla va gancha olim bo ‘Isang ham dilingdan axloqi zamima (buzug xulglar) va
yomon fe’llarni chigarib ul dilingni axloqi hamida va axloqi pisandidalar (yaxshi va magtovga
sazovor xulglar) bilan ziynat-u oro bermasang hanuz ikki dunyoni saodatiga yeta olmassen,
nechuk?]

[Zeroki ko ‘ngul bir podshoh va o ‘zga a’zolar fugaro manzilindadur.]

[Agar ko ‘ngul durust bo ‘lsa, boshqa a’zolar ham durust bo ‘lur.]

[Va agar ko ‘ngul buzuq bo ‘Isa, o zga a’zolar ham buzugq bo ‘lur.]

[Bilgil], [va], [ogoh], [bo g ilki], [dunyoda]

Keyingi gadamda, korpusdagi nomuhim so‘zlar (stopwords)ni olib tashlash kerak.
Stopwords — bu gapga hech ganday maxsus ma’no yoki ahamiyatga ega bo‘lmagan '‘va',
"birog", "ammo" kabi keng qo'llaniladigan so‘zlar. O‘zbek tili uchun nomuhim so‘zlar
ro‘yxatiga namuna quyida keltirilgan:

UzbNIp.download('uzb_stopwords')

from UzbNIp.corpus import stopwords

stop_words = set(stopwords.words(‘'uzbek"))

filtered_tokens = [w for w in words if not w.lower() in stop_words]

Unigram, bigram va trigram til modellarini yaratish
O‘zbek tilidagi matnlarga mos n-gramm giymatlarni UzbNIp paketidagi metodlar
yordamida yaratish mumkin [5]. N-grammalar korpusda uchraydigan n ta ketma-ket so‘zdan iborat
ketma-ketlikdir. Masalan, "Men kitob o‘qishni yaxshi ko‘raman" gapida ""men®, ""kitob™,
"o‘qishni", "yaxshi" va "ko‘raman', so‘zlari unigramlar, "men Kkitob", "kitob o‘qishni",
"o‘qishni yaxshi" va "yaxshi ko‘raman" esa bigrammalardir. Quyidagi kod yordamida
korpusdagi unigramlar, bigramlar va trigramlar aniglanadi:
from collections import Counter
from UzbNlIp.util import ngrams
unigrams=[]
bigrams=[]
trigrams=[]
for content in (sentences):
content = content.lower()
content = word_tokenize(content)
for word in content:
if (word ==""):
content.remove(word)
else:
unigrams.append(word)
bigrams.extend(ngrams(content,2))
trigrams.extend(ngrams(content,3))
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print ("n-gramlar:n® + "------mmemmmme oo ")

print ("--> UNIGRAMLAR: n" + str(unigrams[:5]) + " ...n")
print ("--> BIGRAMLAR: n" + str(bigrams[:5]) + " ...n")
print ("--> TRIGRAMLAR: n" + str(trigrams[:5]) + " ...n")

UNIGRAMLAR:

[ ‘Bilgil’, ‘va’, ‘ogoh’, ‘bo‘lg‘ilki’, ‘dunyoda’, ilm’, ‘o ‘qimoq’, ‘va’, ‘ilm’, ‘istamoqdin’, ‘g‘araz-
u’, ‘maqsud’, ‘ikki’, ‘dunyoning’, ‘saodatiga’, ‘yetmoqdur’]

BIGRAMLAR:

[(‘Bilgil’, va’), (‘va’,‘ogoh’), (‘ogoh’, ‘bo‘lg‘ilki’), (‘bo‘lg‘ilki’, ‘dunyoda’), (‘dunyoda’, ‘ilm’),
(‘ilm’, ‘0 ‘qimoq’), (‘o‘qimoq’, ‘va’), (‘va’, ‘ilm’), (‘ilm’, ‘istamoqdin’), (‘istamoqdin’, ‘g ‘araz-u’),
(‘g‘araz-u’ ,‘maqsud’), (‘magsud’, ‘ikki’), (‘ikki’,‘dunyoning’), (‘dunyoning’, ‘saodatiga’),
(‘saodatiga’, ‘yetmoqdur’)]

TRIGRAMLAR:

[(‘Bilgil’, ‘va’, ‘ogoh’), (‘va’, ‘ogoh’, ‘bo ‘lg ‘ilki’), ... (‘dunyoning’, ‘saodatiga’, ‘yetmoqdur’)]

Keyingi gadamda, korpusdan ko‘makchi, bog‘lovchi yoki olmosh kabi nomuhim
so‘zlarga ega bo‘lmagan unigramma, bigramma va trigrammalarni shakllantirish lozim. N-
gramlardan nomuhim so'zlarni olib tashlash uchun quyidagi koddan foydalanamiz.
def stopwords_removal(n, a):

b=1I
ifn==1:
for word in a:

count=0

if word in stop_words:

count=0

else:

count=1
if (count==1):
b.append(word)
return(b)
else:
for pair in a:
count=0
for word in pair:
if word in stop_words:
count = count or 0
else:
count = count or 1
if (count==1):
b.append(pair)
return(b)

unigrams_Processed = stopwords_removal(1,unigrams)
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bigrams_Processed = stopwords_removal(2,bigrams)

trigrams_Processed = stopwords_removal(3,trigrams)

print ("Korpusni boshlang ich gayta ishlangandan keyingi n-gramlar ro"yxati:")
print ("--> UNIGRAMLAR: n" + str(unigrams_Processed[:5]) + " ...n")

print ("--> BIGRAMLAR: n" + str(bigrams_Processed[:5]) + " ...n")

print ("--> TRIGRAMLAR: n" + str(trigrams_Processed[:5]) + " ...n")

UNIGRAMLAR:

[ ‘Bilgil’, ‘ogoh’, ‘bo‘lg‘ilki’, ‘dunyoda’, ‘ilm’, ‘o‘qimoq’, ‘ilm’, ‘istamogqdin’, ‘g‘araz-u’,
‘magqsud’, ‘ikki’, ‘dunyoning’, ‘saodatiga’, ‘yetmogqdur’]

BIGRAMLAR:

[(‘Bilgil’, ‘ogoh’), (‘ogoh’, ‘bo Ig ilki’), (‘bo ‘g ‘ilki’, ‘dunyoda’), (‘dunyoda’, ‘ilm’),

(‘ilm’, ‘0 ‘qimoq’), (‘o ‘qimogq’, ilm’), (‘ilm’, ‘istamoqdin’), (‘istamoqdin’, ‘g ‘araz-u’), (‘g ‘araz-u’
, ‘magsud’), (‘maqsud’, ikki’), (‘ikki’, ‘dunyoning’), (‘dunyoning’, ‘saodatiga’),

(‘saodatiga’, ‘yetmogdur’)]

TRIGRAMLAR:

[(‘Bilgil’, ‘ogoh’, ‘bolg ‘ilki’), ... (‘dunyoning’, ‘saodatiga’, ‘yetmogdur’)]

Yugqoridagi natijalar asosida korpusda hosil bo‘ladigan har bir n-grammning sonini yoki
chastotasini aniglash mumkin. Ushbu natija n-grammlar asosida kontekstdagi keyingi mumkin
bo‘lgan so‘zning ehtimolini hisoblash uchun kerak bo‘ladi. Quyida keltirilgan
get_ngrams_freq_dist funksiyasi orgali har bir n-gramga mos keladigan chastota aniglanadi [9].
Ushbu funksiya orgali korpusdagi barcha unigramlar, bigramlar va trigramlarning chastotalari
hisoblanadi.
def get_ngrams_freq_dist(n, ngramList):

ngram_freq_dict = {}
for ngram in ngramList:
if ngram in ngram_freq_dict:
ngram_freq_dict[ngram] +=1
else:
ngram_freq_dict[ngram] = 1
return ngram_freq_dict
unigrams_freqDist = get_ngrams_fregDist(1, unigrams)
unigrams_Processed_freqDist = get_ngrams_freqDist(1, unigrams_Processed)
bigrams_fregDist = get_ngrams_freqDist(2, bigrams)
bigrams_Processed_fregDist = get_ngrams_freqDist(2, bigrams_Processed)
trigrams_freqDist = get_ngrams_freqDist(3, trigrams)
trigrams_Processed_fregDist = get_ngrams_freqDist(3, trigrams_Processed)

Bigram va trigram til modellari yordamida keyingi uchta so ‘zni bashorat qilish

Til modelida gapning ehtimolini hisoblash uchun zanjir qoidasi qo‘llaniladi. Wiwa...wn
gap, undagi wi, w2, Wn alohida so'zlar/tokenlar bo‘lsin. Ushbu gapning hosil bo‘lish ehtimoli
quyidagi formula bilan aniglanadi:
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P(wi,wy ..owy) = l_IP(Wi|W1,W2 e Wi_q)
i

Masalan, ""Men kitob o"gishni yaxshi ko'raman' gapining ehtimoli quyidagicha aniglanadi:
P("Men kitob o'qishni yaxshi ko'raman"=
P("men")P("kitob"|"men")P ("o qishni"|"men kitob")

P("yaxshi"|"men kitob o qishni")

P("ko'raman"|"men kitob o'qishni yaxshi'")

Yuqoridagi formuladagi individual entimolliklar quyidagi usul orgali aniglanadi:
P(men) = Count(‘men’) / umumiy so zlar soni
P("kitob"|"men") = Count(‘men kitob”) / Count(‘men’)
P("o'qishni"|"men kitob") = Count(‘men kitob o qishni’) / Count(‘men kitob")
P("yaxshi"|"men kitob o qishni")
= Count(‘men kitob o'qishni yaxshi’) / Count(‘men kitob o qishni”)
P("ko'raman"|"men kitob o'qishni yaxshi'")
= Count(‘men kitob o'qishni yaxshi ko'raman’)
/ Count(‘men kitob o qishni’ yaxshi)
Bunda,
Count(‘men’),Count(‘men kitob’),
Count(‘men kitob o qishni’),
Count(‘men kitob o'qishni yaxshi’) va Count(‘men kitob o'qishni yaxshi ko'raman’)
giymatlar yuqoridagi get ngrams_freq_dist(n, ngramList) funksiyasidan foydalangan holda
hisoblagan tegishli unigram, bigram va trigramma chastotalaridir.
Yuqordagi formulalrdagi ehtimolliklarni hisoblash uchun bigram modelidan foydalanganda, har
bir yangi so'zning ehtimolligi fagat oldingi so'zga bog'ligligini gayd etish mumkin. Ya'ni, oldingi
misol uchun, gaplaning ehtimoli quyidagicha hisoblanadi:
P("Men kitob o'qishni yaxshi ko'raman"=
P("men")P("kitob"|"men")P ("o qishni"|"kitob")
P("yaxshi"|"o qishni")P("ko'raman"|"yaxshi")
Xuddi shunday, trigramm modeli uchun ehtimollik quyidagicha hisoblanadi:
P("Men kitob o'qishni yaxshi ko'raman"=
P("men")P("kitob"|"men")P ("0 qishni"|"men kitob")
P("yaxshi"|"kitob o’ qishni")
P("ko'raman"|"o qishni yaxshi")
Trigramm modellashtirishni quyidagi diagramma bilan yaxshiroq tushuntirish mumkin:

Berilgan gap 3-gramm model
P("Men kitob o'qishni yaxshi ko'raman")= P("Men kitob o’qishni yaxshi ko'raman")=
P("men") P("men") ——» P("men")
e P("kitob"|"men") e P("kitob"|"men") —— P("kitob"|"men")
e P("o’qishni"|"men kitob") e P("o'qishni"|"men kitob") ——» P("o’qishni"|"men kitob")
o P("yaxshi"|"men kitob o’qgishni") o P("yaxshi"|"men kitob o’qishni") —— P("yaxshi"|"kitob o’qgishni")
o P("ko'raman"|"men kitob o’qishni yaxshi") e P("ko'raman"|"men-kiteb-0 qishni yaxshi") —» P("ko'raman"|"o’qishni yaxshi")

Birog, bunday modellashtirishning o°ziga xos jihati bor. O‘quv namunalarida (dataset)
mavjud bo‘lmagan, ammo joriy matn/korpusda mavjud gandaydir bigramma bor. Yuqoridagi
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hisob-kitoblar asosida ushbu bigrammaga 0 ehtimol belgilanadi va gapdagi umumiy ehtimollik
giymati 0 ga teng bo‘ladi. Ushbu muammoni bartaraf etish uchun “silliqlash” (smoothing) amalga
oshiriladi. Ba‘zi ehtimollik gqiymatlarini hisobga olimagan (ko‘rib chigilmagan) hodisalarga qayta
belgilash uchun parametrlar tartibga solinadi. Bunday yumshatish usullaridan biri Add-one yoki
Laplace smoothing bo‘lib, yuqoridagi til modelini ishlab chiqgishga joriy gilamiz ushbu maqolada
foydalanamiz. Buning uchun barcha bigramm giymatlariga 1 va barcha unigramma giymatlarga VV
(korpusdagi unikal so‘zlar soni)ni qo‘shish lozim.
Awvvalgi baho:
c(Wi—1, wy)
Pyre(Wilwi_q) c(wi_1)
Add-one baho:
c(wi_,w) +1
c(wi_) +V
Silliglangan bigram va trigram modellari haqida ma’lumot hosil bo‘lganidan so‘ng, modelda mos
o‘zgarishlarni amalga oshirish kerak. Bashorat qilish uchun gayta ishlanmagan bigramm va
trigram elementlaridan (nomuhim so zlarga ega matn) foydalanamiz.
smoothed_bigrams_probDist = {}
V = len(unigrams_freqDist)
for i in bigrams_freqgDist:
smoothed_bigrams_probDist[i] = (bigrams_freqDist[i] + 1)/(unigrams_fregDist[i[0]]+V)
smoothed_trigrams_probDist = {}
for i in trigrams_fregDist:
smoothed_trigrams_probDist[i] = (trigrams_fregDist[i] + 1)/(bigrams_fregDist[i[0:2]]+V)
Keyingi gadamda, hisoblangan bigram va trigram tili modellari yordamida keyingi uchta
so‘z bashorat qilinadi.
testSentl = "Qolaversa, durustgina "
testSent2 = "Har bir odam uchun”
testSent3 = "Aytmat bobom qo‘li gul usta edi"
Berilgan namunaviy gaplarni tokenlarga ajratilib, ulardagi oxirgi unigramlar va bigramlar
aniglanadi.
token_1 = word_tokenize(testSent1)
token_2 = word_tokenize(testSent2)
token_3 = word_tokenize(testSent3)
ngram_1 = {1:[], 2:[1}
ngram_2 = {1:[], 2:[1}
ngram_3 = {1:[], 2:[1}
for i in range(2):
ngram_1[i+1] = list(ngrams(token_1, i+1))[-1]
ngram_2[i+1] = list(ngrams(token_2, i+1))[-1]
ngram_3[i+1] = list(ngrams(token_3, i+1))[-1]
print("1-gap: ", ngram_1,"2-gap: ",ngram_2,"3-gap: ",ngram_3)
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So‘ngra, yangilangan bigram modelidan foydalanib, berilgan namunaviy gaplarga mos
keyingi 3 ta so‘zni bashorat qilish funksiyalarini shakllantiramiz.
def predict_next_word(last_word,probDist):
next_word = {}
for k in probDist:
if kK[0] == last_word[0]:
next_word[k[1]] = probDist[k]
k = Counter(next_word)
high = k.most_common(1)
return high[0]
def predict_next_3 words(token,probDist):
predl =[]
pred2 =]
next_word = {}
for i in probDist:
if i[0] == token:
next_word[i[1]] = probDist[i]
k = Counter(next_word)
high = k.most_common(2)
wla = high[0]
wlb = high[1]
w2a = predict_next_word(wla,probDist)
w3a = predict_next_word(w2a,probDist)
w2b = predict_next_word(w1b,probDist)
w3b = predict_next_word(w2b,probDist)
predl.append(wla)
predl.append(w2a)
predl.append(w3a)
pred2.append(wlb)
pred2.append(w2b)
pred2.append(w3b)
return predl,pred?2
print("Silliglashtirilgan bigram modeli yordamida keyingi 3 ta mumkin bo‘lgan so‘zlar ketma-
ketligini bashorat qilish:")
predl,pred2 = predict_next_3 words(ngram_1[1][0],smoothed_bigrams_probDist)
print("1a)" +testSentl +" "+ '33[1m" + pred1[0][0]+" "+pred1[1][0]+" "+pred1[2][O0] + '33[Om’)
print("1b)" +testSentl +" "+ '33[1m"' + pred2[0][0]+" "+pred2[1][0]+" "+pred2[2][0] + '33[0m’)
predl,pred2 = predict_next_3_words(ngram_2[1][0],smoothed bigrams_probDist)
print("2a)" +testSent2 +" "+ '33[1m' + pred1[0][0]+" "+pred1[1][O]+" "+pred1[2][0] + '33[0m’)
print("2b)" +testSent2 +" "+ '33[1m" + pred2[0][0]+" "+pred2[1][0]+" "+pred2[2][O] + '33[0Om")
predl,pred2 = predict_next_3_words(ngram_3[1][0],smoothed bigrams_probDist)
print("3a)" +testSent3 +" "+ '33[1m" + pred1[0][0]+" "+pred1[1][0]+" "+pred1[2][O0] + '33[Om)
print("3b)" +testSent3 +" "+ '33[1m" + pred2[0][0]+" "+pred2[1][0]+" "+pred2[2][0] + '33[0m’)
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Yangilangan bigram modelining bashoratlari:
1a) Qolaversa, durustgina baxshi ham edi
1b) Qolaversa, durustgina rassom ham edi
2a) Har bir odam uchun dunyo ostonadan boshlanadi
2b) Har bir odam uchun hayot juda go zal
3a) Ahmad bobom qo‘li gul usta edi
3b) Ahmad bobom qo‘li juda chiroyli edi
Xuddi shunday uslubda yangilangan trigram modelidan bashorat olamiz.
def predict_next_word(last_word,probDist):
next_word = {}
for k in probDist:
if K[0:2] == last_word:
next_word[k[2]] = probDist[k]
k = Counter(next_word)
high = k.most_common(1)
return high[0]
def predict_next_3 words(token,probDist):
pred =]
next_word = {}
for i in probDist:
if i[0:2] == token:
next_word[i[2]] = probDist][i]
k = Counter(next_word)
high = k.most_common(2)
wla = high[0]
tup = (token[1],w1a[0])
w2a = predict_next_word(tup,probDist)
tup = (wla[0],w2a[0])
w3a = predict_next_word(tup,probDist)
pred.append(w1a)
pred.append(w2a)
pred.append(w3a)
return pred
print("Silliglashtirilgan trigram modeli yordamida keyingi 3 ta mumkin bo‘lgan so‘zlar ketma-
ketligini bashorat gilish:")
pred = predict_next_3 words(ngram_1[2],smoothed_trigrams_probDist)
print("1)" +testSentl +" "+ '33[1m" + pred[0][0]+" "+pred[1][0]+" "+pred[2][O] + '33[0Om")
pred = predict_next_3_words(ngram_2[2],smoothed_trigrams_probDist)
print("2)" +testSent2 +" "+ '33[1m' + pred[0][0]+" "+pred[1][0]+" "+pred[2][O] + '33[0Om")
pred = predict_next_3_words(ngram_3[2],smoothed_trigrams_probDist)
print("3)" +testSent3 +" "+ '33[1m' + pred[0][0]+" "+pred[1][0]+" "+pred[2][0] + '33[0Om")

1) Qolaversa, durustgina omadli biznesmenga aylanishdi
2) Har bir odam uchun eng yaxshi kun
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3) Ahmad bobom qo‘li yarador holda qaytdi

Xulosa.

Tilni modellashtirish (Language modeling, LM) kontekstda so‘zlarni bashorat qilish uchun
korpus matnlarini tahlil giladi va tabiiy til modelini shakllantiradi. Ushbu modellar gapda ma’lum
bir so‘z ketma-ketligining yuzaga kelish ehtimolini aniglash uchun statistik va ehtimollik
usullaridan foydalanadi. NLP kontseptsiyalariga asoslangan ilovalar va dasturlar audiodan matnga
o‘tkazish, hissiyotlarni tahlil qilish, nutqni aniqlash va imlo tuzatish kabi vazifalarda til
modellaridan foydalaniladi. Til modellari matn ma’lumotlarining tahlil gilingan qismidagi so‘z
ehtimolini aniqlash orqali ishlaydi. Ma’lumotlar ushbu tabiiy tilda kontekst qoidalarini qidiradigan
mashinali o‘rganish algoritmiga berilgandan so‘ng qo‘llaniladi. Ushbu maqolada o°‘zbek tili
kospusi matnlarini n-gramm usuliga asoslangan til modeli ishlab chiqgildi va namunaviy gaplarga
qo‘llash usullari keltirildi.
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