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3apaya: onpenesinTb BepOATHOCTb

A3blKOBble moaenwu

nocneanoBatTe/sibHOCTU C/10B

pacrno3HaBaHWe peyn

CKPUTIKA s1uca vs. CKpuri Koseca

UcCrnpas/sieHne oneyvyaTtok

Kypcosas paboma vs. Kypcosasa poboma
reHepauma TeKkcTa (B Tom uncae cnama ©)

MaLLUMHHbIXN NepeBos,
Kpernkuu Yyau vs. cUsbHbIU Yau

nodemy noau|

noYemy MIOAM 3aHUMAKTCA DU3HECOM

noyemy MHOAM He NETAKT KaK MTULE! MOHOMOT KaTepHHbI

noYemy MHOAM NYTELLECTRYHOT

noyemy MAM 2aBUayoT

noyemy MOM NKaoT

noYemy MHOAM OCBAWBANM HOBLIE 2EMITM OKPYKaLLMiA Mup 4 knace
noyemy MHOAM EOKHT

noyemy naM 3abOTATCA O CKBOpLAX

no4emy MOAM CTAHOBATCA BEreTapuaHLamm

noyeMy Ny NpUoBPETAIOT NPUBLIYKY K KYPEHIIO



"BpemMsa 1 ctekno”

All Videos Images News

& ; About 2,100,000 results (0.30 seconds)
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"Bpems ucrekno”

All Videos Images News

About 291,000 results (0.29 seconds)




[pencKkasaHue cneayrollero c/0Bsa
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Moaenun Ha OCHOBe N-rpamm

* KaK BblYNC/IUTb BEPOATHOCTb HOBOW
nocnenoBaTe/IbHOCTU?

P(S) = P(wy, w,, ..., w,)
* [lpon3BeaeHne BEPOATHOCTEMN:
P(S) = P(w,)P(w, | w,) P(ws|w,,wW,)...P(w, |wW,wW,,... W, )
* [lpeanonoXum, 4to 3To MapKOBCKMUM npoLecc
(T.e. orpaHNYMM BANAHNE KUCTOPUNY)
— YHUrpammHasa P(w, )
— burpammHas P(w, |w, ;)
— TpurpammHaa P(w, |w, ,,w, ;)



Moaenn Ha oCcHoBe n-rpamm —2

* MOAeNNpPYHT s/1IOKAs1bHbIE 3aBUCUMOCTU

* N-rpammbl 60s1e€ BbICOKUX MOPAOKOB: Ma0
NaHHbIX, HET «0bobLeHua»



OLIEHKA BEPOATHOCTEW



OueHKa BeposaTHOCTEN BUrpamm

 MeToa, maKkcMmManbHOro npasaonoaobus
(Maximum Likelihood Estimate)

C(W;_y, W)
c(wi_;)

P(Wi ‘Wi—l) —



[Tonmep

<S>UAy LWarato No MmocKkse</s>
<S>Uay Ha BbI</s>
<s>Llarato 60CcMKOM no yaunue</s>

P(npy|<s>) = 0.67
P(Wwarato | <s>) = 0.33
P(warato |nay) = 0.5

P(mockBe |no) = 0.5
P(no | 6ocmkom) = 1.0




Berkeley Restaurant Project corpus

9,222 npeanoXXeHnm

can you tell me about any good cantonese restaurants close by
mid priced thai food is what i’'m looking for

tell me about chez panisse

can you give me a listing of the kinds of food that are available
i’m looking for a good place to eat breakfast

when is caffe venezia open during the day

[Dan Jurafsky]



YacTtoTbl Burpamm

1 want | to eat chinese | food | lunch | spend
1 5 827 0 9 0 0 0 2
want 2 0 608 | 1 6 6 5 1
to 2 0 4 686 | 2 0 6 211
eat 0 0 2 0 16 2 42 0
chinese 1 0 0 0 0 82 1 0
food 151 0 15 0 1 4 0 0
lunch 2 0 0 0 0 1 0 0
spend 1 0 1 0 0 0 0 0

[Dan Jurafsky]




BeposTHoCcTU Burpamm

1 want | fto eat | chimese | food | lunch | spend
2533 | 927 2417 | 746 | 158 1093 | 341 278
1 want | to eat chinese | food | lunch | spend
I 0.002 (03310 0.0036 | 0 0 0 0.00079
want || 0.0022 |0 0.66 |0.0011 | 0.0065 |0.0065]|0.0054 |0.0011
to 0.00083 | 0 0.0017]0.28 | 0.00083 | 0 0.0025 | 0.087
eat 0 0 0.0027 [ O 0.021 ]0.0027]0.056 |0
chinese || 0.0063 | 0 0 0 0 0.52 10.0063|0
food ||0.014 |0 0.014 |0 0.00092 | 0.0037( 0 0
lunch || 0.0059 |0 0 0 0 0.0029 | 0 0
spend || 0.0036 |0 0.0036 | 0 0 0 0 0

[Dan Jurafsky]




BepoATHOCTb npeanoXeHuna

P(<s> | want english food </s>) =
P(l|<s>)
x P(want|l)
x P(english|want)
x P(food|english)
x P(</s>|food)
= .000031

[Dan Jurafsky]



O yem roBopAT BEPOATHOCTU?

P(english|want) =.0011
P(chinese|want) = .0065
P(to|want) = .66

P(eat | to) =.28

P(food | to) =0

P(want | spend) =0

P(i | <s>)=.25

[Dan Jurafsky]



[TpakTU4eckmne coobparkeHma

* JlyvLle onepupoBaTb IOrapmdmamu
BEPOATHOCTEN

—n3bexatb NnepenosiHeHUS

— CNoXeHune bbicTpee, YHem YMHOXKEHME

log(p, x P, x P; X P,) =
= log p, +1log p, +1og p, +log p,

[Dan Jurafsky]



OueHKa

«BHEWHAA» OUueHKa: HACKOJ/IbKO XOpOoLwoO
Mmoade/ib NomMmoraeT pewnTb 3a4ad4y

«BHYTPEHHAA» OLeHKa MOAENN :

KO3dPULMEHT Heonpeae/IeHHOCTU

(nepnnekcus, perplexity):

— XopoLwasa moaenb NpUnucbiBaeT 6oaee BbICOKYHO
BEPOATHOCTb NOC/1e40BaTE/IbHOCTU

(npepnoXeHuto), KOTopaa AeNCTBUTENbHO
BCTPEYaeTca B TEKCTE



 (ObpaTHas BEpOATHOCTb

[lepnneKkcunAa

TeCcToBOro Habopa,
HOPMa/IN30BaHHAA
Ha ANHY

CBA3aHa C SHTPONMENn

PP(W) = P(ww,..w,) "

[Dan Jurafsky]



HuxXe NnepnjaekCnia = aydwe Mmoaesib

 ObyuyeHue Ha 38 MaH. cnos, TecTupoBaHue Ha 1.5 maH., WSJ

et e

Perplexity 962

[Dan Jurafsky] -



AOAHHDIE



€ ruscorpora.ru/corpora-freq.html c MMouck g ¥ A A &

‘ HALTHOHAABHBIN KOPITYC
~‘A PYCCKOTI'O
S13bIKA

rnasdas  Y3CTOThLI CNOBOGOPM U CITOBOCOYETAHUI
apxXve HOBOCTEN
Bbl MoxeTe cKadyaTb apXMBbl C TEKCTOBbIMK dhainamMu, cofepHawumMy YacToTel CroBoOpM W CMOBOCOYETAHWA B OCHOBHOM
Kopnyce.
Mpw nogcyéTe yyuTbiBaNCA pervcTp OYKB, a TakKe 3HaKK NpenuHaHwa.
Obwmin obb&m Kopnyca — 192689044 cnoeodopMel.

NOWCK B KOpnyce

4To Takoe kopnyc? Cnoeochopmbl | Zip-apxue (5,5 M, obpezanel no yactoTte 3) | Ton-100

COCTAB U CTPYKTYpa 2-rpaMmmel Zip-apxue (39 M0, obpezaHel no yactoTte 3) | Ton-100

CTATUCTUKA 3-rpaMmbl Zip-apxue (31 M6, oGpesaHsl no yactoTe 3) | Ton-100

rpacmkm 4-rpammel Zip-apxue (44 M6, obpesaHel no yacTtoTe 2) | Ton-100

YyacToThbl S5-rpammbl Zip-apxue (28 M6, obpeaadbl no yactote 2) | Ton-100

mopdconorua G-rpamMmel Ton
obopoTel
cuHTakcne HauuoHansHLIA KOPNYC pYCCKOro A3blKa info@ruscorpora.ru

cemMaHTUKa © 2003-2016
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Google Books n-gram viewer

€ ( @ https:;//books.google.com/ngrams/graph?content=monoaoii+ ¢  Q rouck w B8 ¥ H d @

Go gle Books Ngram Viewer

Graph these comma-separated phrases: ‘ MONO0i YeroBek, MMNOCTUBLIA rocyaaps ||:| case-insensitive
G+ Share 0

between 1800 and 2000 from the corpus ‘ Russian ~ | with smoothing of. Search lots of books W Tweet

Embed Char

0.00120%
0.00100%
0.00080% 4 MOIoaoi Yyernoeek
0.00060%
0.00040%

0.00020%

’—«//\’; MWNOCTUBLIA rocyaapb
0.00000% =}

1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

(click on line/label for focus)
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Google Books n-grams

Russian

Version 20120701
total counts

i orale ]l e e e e e e ced e e e e e Lo hih ha bhd b BFf e L L b Rl B e e
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i) @  https://www.microsoft.com/cognitive-services/en-us/web-lang C  Q fouck w B O 3 A 4 @ =

A

=. Microsoft My account Q

Cognitive Services
Home APIs v Applications Developers v Pricing

B

=
L'

Web Language Model
AP|

Automate a variety of standard natural language
processing tasks using state-of-the-art language
modeling APIs.

Get started for free




Conditional probabilities

P=-0.50
Given a sequence of words, calculate how often a ' i
particular word tends to follow, natural £ ¢ processing
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CTNAXKUBAHUE NTANNACA



HoBble nocneaoBaTe/IbHOCTU

* A3blKOBaA Moaenb A0/XKHa obobwames (a He
NOBTOPATb) AaHHbIE, HA KOTOPbIX OHA
obyyanacob

e Bcerga byayt HoBble NOC/eA0BATENbHOCTH
C/10B, KOTOpble He BCTPe4YanCb B Kopnyce Ans
obyyeHus

* KHOBbIE» N-TPaMMbl (B TECTOBbIX AAHHbIX, HO
He B AaHHbIX 418 00y4YeHMA) «TOMAKOT»
MOAENb



Crna)kmnsaHune

* «3ape3epBMpPOBaTb» YaCTb BEPOATHOCTHOWM
MaccCbl AnA cObbITUI, KOTOpPbIE eLle He
BCTPEYa/InCb



P(w | denied the)
3 allegations
2 reports
1 claims
1 request

7 total

P(w | denied the)
2.5 allegations
1.5 reports
0.5 claims
0.5 request
2 other

7 total

[Tonmep
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CrnaXusaHue Jlannaca

AN CTNaXusaHue «+1»

[MpeanonoKmnm, YTo Mbl BCTPEYaANM KarKayto napy
C/10B HAa OAUH pa3 bonbLie

OLleHKa MaKcuManbHoro  p (. |w. ) = C(W;_y, W,)
npasaonoaobums: c(w,)
c(w._,,w.)+1
OLEeHKa «+1»: PAdd—l(Wi |Wi—1) = é(\'Nl )'_2\/
i—1

[Dan Jurafsky]



1 want | to eat chinese | food | lunch | spend

1 5 827 0 9 0 0 0 2

want 2 0 608 | 1 6 6 5 1

to 2 0 4 686 | 2 0 6 211

eat 0 0 2 0 16 2 42 0

chinese 1 0 0 0 0 82 1 0

food 151 0 15 0 1 4 0 0

lunch 2 0 0 0 0 1 0 0

spend 1 0 1 0 0 0 0 0

1 want | to eat chinese | food | lunch | spend

1 6 828 1 10 1 1 1 3
want 3 1 609 | 2 7 7 6 2
to 3 1 5 687 | 3 1 7 212
eat 1 1 3 1 17 3 43 1
chinese 2 1 1 1 1 83 2 1
food 16 | 1 16 1 2 5 1 1
lunch 3 1 1 1 1 2 1 1
spend 2 1 2 1 1 1 [Danlugafsky] |1




CrnaXxeHHble BEPOSATHOCTW

Pﬂ:(wﬁ‘wn—l) —

C(Wrr—lwrr) + 1

C(wp—1)+V

1 want to eat chinese | food lunch spend
] 0.0015 0.21 0.00025| 0.0025 0.00025( 0.00025| 0.00025| 0.00075
want 0.0013 0.00042( 0.26 0.00084| 0.0029 0.0029 | 0.0025 0.00084
to 0.00078 | 0.00026| 0.0013 0.18 0.00078( 0.00026| 0.0018 0.055
eat 0.00046| 0.00046| 0.0014 | 0.00046| 0.0078 0.0014 | 0.02 0.00046
chinese || 0.0012 0.00062( 0.00062| 0.00062| 0.00062| 0.052 0.0012 0.00062
food 0.0063 0.00039| 0.0063 0.00039| 0.00079( 0.002 0.00039| 0.00039
lunch 0.0017 0.00056| 0.00056| 0.00056| 0.00056| 0.0011 0.00056| 0.00056
spend 0.0012 0.00058 | 0.0012 0.00058| 0.00058| 0.00058| 0.00058| 0.00058

[Dan Jurafsky]




BoccTaHOBNEeHHbIe YacToThl

Cﬁ:(wrf—lwﬂ.) —

[C(Wﬂ—lwn) T 1] X C(Wn—l)

C(Wrr—l) +V

1 want | to eat chinese | food| lunch| spend
1 3.8 527 0.64 6.4 0.64 0.64 | 0.64 1.9
want 1.2 0.39 238 0.78 2.7 2.7 2.3 0.78
to 1.9 0.63 3.1 430 1.9 0.63| 4.4 133
eat 0.34| 0.34 1 0.34 5.8 1 15 0.34
chinese || 0.2 0.098| 0.098| 0.098| 0.098 8.2 0.2 0.098
food 6.9 0.43 6.9 0.43 0.86 2.2 0.43 0.43
lunch 0.57| 0.19 0.19 0.19 0.19 0.38 | 0.19 0.19
spend 0.32] 0.16 0.32 0.16 0.16 0.16 | 0.16 0.16

[Dan Jurafsky]




CpaBHeHune

1 want | to eat chinese | food | lunch | spend

1 5 827 0 9 0 0 0 2

want 2 0 608 | 1 6 6 5 1

to 2 0 4 686 | 2 0 6 211

eat 0 0 2 0 16 2 42 0

chinese | 1 | 0 [0 |0 |0 ! 0

food 151 0 15 0 1 4 0 0

lunch 2 0 0 0 0 1 0 0

spend 1 0 1 0 0 0 0 0

1 want | to eat chinese | food| lunch| spend

1 3.8 527 0.64 6.4 0.64 0.64| 0.64 1.9
want 1.2 0.39 238 0.78 2.7 2.7 2.3 0.78
to 1.9 0.63 3.1 430 1.9 063| 44 133
eat 034 034 1 0.34 5.8 1 15 0.34
chinese | 0.2 0.098| 0.098| 0.098| 0.098 0.2 0.098
food 6.9 0.43 6.9 0.43 0.86 . 0.43 0.43
lunch 057 0.19 0.19 0.19 0.19 038 0.19 | 0.19
spend || 032 016 | 032 | 0.16 | 0.16 0.16[Pan Jyratskyl 16




Crna)kmBaHune «+1»

* N10XO paboTaeT ANA A3bIKOBbIX MOAENEN
— bonee MArkMmM BapmaHT «+oux:
C(W; 4, W) + &
c(w._,)+aV
* ncnonb3yeTcAa and I-(I'IaCCI/I(I)I/IKaLI,I/II/I TEKCTOB

PAdd —1(Wi | Wi—l) —

— N TaM, TAe meHblle Hy/1eBbIX OLUEHOK



OTKAT U UHTEPNONAUUNA



OTKaT 1 UHTEepnonAumnA

* OTtKat (backoff)

— nepexo, K ¢ 6onee HU3KUM n, ANA KOTOPbIX
10CTaTOYHO AaHHbIX (322—2>1)

* NHTepnonauuna

— CMeCb YHUTPaMMm, BUrpamm, TpUrpamm



JInHenHasa nHTepnonAUUA

p(wrr‘wn—lwn—Z) — klP H‘”?’! 1Wn— 2) ) I
+7L2P ‘Mn 1) z i
‘|—7L3P(H’n) |

e A MOTYT 3aBUCETb OT KOHTEKCTA

P(Wrr‘wn—Ewn—l) =M (W:;:é)P(WH‘wﬂ-—ﬂwﬂ—l)
‘|‘7L2(W;;:%)P(Wn‘wn—l)
—|_A'3(M;E:%)P(H;FF)

[Dan Jurafsky]



[1na oyeHb bonbLLIMX KOpnycoB (Beb)

* HawuHbIN oTKaT (stupid backoff) [Brants et al. 2007]
* Mcnonb3oBaHME OTHOCUTENbHbIX YACTOT

count(w.,.,)
S(W; | W 5e,p) =+ count(w, ;)
0.4S(w, |w ., MHa4ye

ecam count(w'_ ) >0

.

count(w;)
N

S(Wi):

[Dan Jurafsky]



CINAXKUBAHUE TYOA-TbIOPUHTA



oesa metoaa: pbibarnka

npumep Josh Goodman

Ynos: 10 kapnos, 3 okyHA, 2 cura, 1 popenb, 1 nococs, 1 yropb
=18 pbib

KakoBa BepOATHOCTb, YTO caeaytowas pbiba — dopens? 1/18
KakoBa BEpOATHOCTb MOMMaATb HOBYIO Pblby (coma nnam wyky)?

— [lpeanonoxmm, 4YTo BEPOATHOCTb NOMMATb HOBYHO PaBHaA
BEPOATHOCTM NOMMaATb Pblby, KOTOpas A0 CMX NOP
nonaganacb ToNbKO oguH pas: 3/18

Toraa KakoBa BEpOATHOCTb NoMmaTth dopenb? < 1/18

[Dan Jurafsky]



[Tpnmep

* N c+DN
PGT (HYJIeBa}I BepO}ITHOCTL) =1 C* = ( ) ¢+l
N N,
He Buaenu (com unu . BUOENN omHaXL! (hOpenb)
LLlyKa) S e
- ¢c=0; « MLE p=1/18

— MLEp=0/18=0
» C*(dbopernb) = 2 * N2/N1
— P's7 (He Bugenu) = N,/N = _ %13
3/18 o/

* P'sr(cpopens) = 2/3 /18 = 1/27

[Dan Jurafsky]



AnnpokcumMmaumnsa HU3KNX YacToT

* B obnactn 6bonbwmnx k N, nayt He noapaAa, (BbiCOKMe
4acTOTbl — peiKMe) U He NO3BOJIAKT NCMNONb30BaTh

dopMyny HanNpPAMYIo
* Annpokcumauma ana 6onbinx k c nomoubo
CTeNeHHOMN PYHKLU MU

[Dan Jurafsky]




[Tpnmep

Countc |Good Turing c*

e [Church and Gale, 1991]

* HOBOCTHOW KOpnyc 22 M/IH. C/I0B 0000270

0.446

1.26

— (C+1)Nc+1
N

C*

2.24

C

3.24

4.22

5.19

6.21

7.24

IO PB[IW|N|IFL]|O

8.25

[Dan Jurafsky]



[pyrne noaxoabl

* Witten-Bell:
y4yeT pa3Hoobpa3ua Npoao/IKeHUA
(HM3Koe pa3Hoobpa3mne cnoB, KOTopble cneaytoT
33 «BUCOKOCHbINY», NO CPAaBHEHMUIO C «}KAQHOMY»

- HoBaA bUrpamma ¢ «MamMoTUYeckuim» bonee
BEepOATHA)

* Kneser-Ney:
«B APYryto CTOPOHY» — Y4EeT BEPOATHOCTM C/I0BA
ObiTb Npoao/KeHnem (burpammol),
pPa3HOObpPa3nA KNCTOPUNY



OueHKa

Perplexity for language models trained on the Europarl corpus

Smoothing method bigram | trigram | 4-gram
Good-Turing 06.2 62.9 590.9
Witten-Bell 07.1 63.8 60.4
Modified Kneser-Ney 05.4 61.6 58.6
Interpolated Modified Kneser-Ney 045 59.3 54.0

[Philipp Koehn]




HEUPOHHbIE A3bIKOBbIE MOAENW



[lpenmyLlecTBa

* He HaJo CraXmBaTb
* yyeT 6os1ee O/INHHbIX KUCTOPUNY

e 0bobueHmne
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