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oy BB B 22 g
BUPHITTE K2

2025-02-01

—
—_—
b =
e
—_

Tt

p




R EEEEEEEEEEEEEEEEEEEEEE——————NN——————————
i
N-grami 4
N-gram i B 24l i1
PPATE 5 R
M F R R ) 1
o [Rr=g R PR A i
| ER R — i EAM R
s WIERIERSP PSS

zjzhang (HZNU) SCATZ I 2025-02-01



HERA
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JBE1EA (Language Model, LM): & —Filas2f o piAl, H 2
AR5 AR OA I R SORFRMAEE TR A . ZBAUCN RN ATRER T
—/NBRES I — MR, AR AN TR R A [, RS
T 0SB A) I ISR, T S Bt HH A [R) 3] P HE 51 1 A L

IPRINEES K AR

s MAERSME: @i AR TR, SRR T BhaY iE

EVEE TSR, W “Their are” 24154 “There are”, BB IEEUI “has

improve” Z KIIARTERIL;

n EERANEHAE: EiEE RN RS, 15T BRI 5K E

UEE SCEORANF B s [FIN, EHBCm RS (AAC) i, Tl Zhae

AR SR BRSO RIEIL R, AR

BIRTUMAOR R IR EAR S (Pt S a. EE D TR,
BERIIGRIBSEBZOMES . HHTVF 23 T M2 M 2% 1) R TR 5 R,
HAIGR B bp 128 KB HIIAE 550K 5% ) £ & 11 5 450 53 Ul
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1. &S

AYPFE LU B B I n-gram 3B SHREB 9, V140 ) A an e R FH [ 5E &
AR E ETRSC CBIn-1M8) SRzt &~ — M R . R & n-grampi
RUARSERILRE ) EBOVRR, B8R AN B St 7%,
NERIIGREE . WREE . W (Perplexity)s SKAE DL J5 25 &2 & 146
HI7EE KIS REZ OB TR 7 IR IEA.

—n-gramilig — NS AN BT A, 0 LEEUE AL
(unigram). 2 (bigram). 3 (trigram), W~ Elfx:

This is Big Data Al Book
uni-gram L N N = N

Tri-Gram This is Big Is Big Data Big Data Al Data Al Book

2025-02-01
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2. N-gram## 7!

N-gram 54!
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2. N-gram## 7!

fEn-gramfE AR, BARZiEat S P syt CRIETTH n-14>
WD, FUMTR—NEIE, BARSKE, n-gramBEAL A T P(w|h) SRR,
Hrfwig N —N i, TfihZn-14N 2 /i B 5L
1. BRGITHNEZEGE
R TALTEP(wlh), —FrEN 75 2@ T BRI St —
/\j(%ﬂ% ERLEE, D7 T Hh B R ECRh JE ERw H BRI E, IR
I X TR AN FE R

C(h, w)
C(h)

Hrb, C(h, w)FRoRFPAIha R RwWIREL  C(h)ERRFPFIh T B

P(uwlh) =

3

SR

zjzhang (HZNU) SCAAZ YR 2025-02-01



2. N-gram## 7!

2. &AM (Chain Rule)

N T AT SR S P(w)) = P(wy, wn, oo wp)s T EALE
FRE TR, 4 KR 5 B M Ay R Sk A O T

P(wy, wa, ..., wy) = P(wy) P(wz|wy) P(ws|wy, wa)...P(wp|wy, ..., wp—1) (1)
n

= [ Plwrwrs-1) (2)

k=1

R EEAREMW, HAEKERNAF, BHTiEF RGN, Rk
P AT BEFANAFAE DR 5 AT RS T R R AL T ik

zjzhang (HZNU) 2025-02-01



2. N-gram## 7!

L RBER BB

1. BIRBXREKR

9T LG, n-gram BRI N T DRRBIEERG, EEEER 0
T FRHE 2 (L8 T RiTn- 1A B . 1001, 7Ebigram AR eh (— B b AR Bk
fBE), TR — A i w i A

P(w|h) = P(w|w,—1) (3)
KERAE, n-gramfEALEE R$) B FSCKEE, b TR EIREL,
A A AR B I s A
2. ¥ REIESH AIn-gram

Hndg R, AR MR E LM LN ERE, EN-gramiEA
(N-1Bir By R BFRAB ), T T — A Bl w i B0

P(wn|w1:n71) ~ P(wn’wn—N—l—l:n—l) (4)
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2. N-gram## 7!

3. N-gramiz#!
¥ ()R MIN-gram B3 A (2) R FERITA R FIBEA %, 779
LU V8

n

Puy) = H P(wg| wp—Nt1:5-1)
k=1

N=2Itf, [ HbigramiR, 17 2 1 I & B AT 3 AR -

n

P(u}) ~ H P(wg|wy—1)
k=1
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3. N-gramt& R 4 fli 1

N-gram# B ZH o

zjzhang (HZNU) X i 2025-02-01



3. N-gram5 8 S5 {1t

B AR T (MLE)D

n-gram PR (S5 (RISAS 3R PR B R ) AT DL I e AL AG
i (MLE) skit. XMo5kisd i EiER E fn-gram LSRR, IF
ST I — AL AL BEOR A BIME R A . BRI, RSN R

1. SRRTE

S n-gram, H AR VR B LU
2. )AL

N TR FAR MR, 75 2R B n-gram AR B DU AT — 4> 52
P AR, MR AT A2 ON:

C(Wn— Nt 1im—1, W
P(wn|wp—Nt1:n-1) = (C(T;u t\: 1 1)n)
n— ‘n—

IR, n-gram B RURRE GE U Bl A THRND P 21 R

zjzhang (HZNU)
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3. N-gram& R S 3l it

Bigram 5 7 24t f K AL T 71

i want  to eat chinese food lunch spend
i 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 15 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

Bigram counts for eight of the words (out of V = 1446) in the Berkeley Restau-
rant Project corpus of 9332 sentences. Zero counts are in gray. Each cell shows the count of
the column label word following the row label word. Thus the cell in row i and column want
means that want followed i 827 times in the corpus.

Figure 3.2 shows the bigram probabilities after normalization (dividing each cell
in Fig. 3.1 by the appropriate unigram for its row, taken from the following set of
unigram counts):

i want to eat chinese food lunch spend
2533 927 2417 746 158 1093 341 278

zjzhang (HZNU) 2025-02-01



3. N-gram/##

i want to eat chinese food lunch spend
i 0.002 033 0 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 0 0.021 0.0027 0.056 0
chinese 0.0063 0 0 0 0 0.52  0.0063 0O
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

Bigram probabilities for eight words in the Berkeley Restaurant Project corpus
of 9332 sentences. Zero probabilities are in gray.

Here are a few other useful probabilities:
P(il<s>)=0.25 P(english|want)=0.0011
P(food|english) =0.5 P(</s>|food)=0.68

Now we can compute the probability of sentences like I want English food or
I want Chinese food by simply multiplying the appropriate bigram probabilities to-
gether, as follows:

P(<s> i want english food </s>)
P(i|<s>)P(want|i)P(english|want)
P(food|english)P(</s>|food)

0.25x0.33 x0.0011 x 0.5 % 0.68
= 0.000031
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3. N-gram5 8 S5 {1t

n-gram 5 7 (1 B 5 PR

1. KGR

n-gramif 5 AR V2 N TSR FARE S AT S5, WIHLAS RN
BRG] OARA RS, @ K ESCABIE B, n-gram PR EGS
AR IE S SRR, NSRRI S .

2. ek

- BUBRRHRIEE: n-gram B — N B A EUE, iR E O E
FERAn-gram i, FEAISIG “THESR W8, BR8] P 5 HER N
T ONTHIRIGXAS TG, FEHREERAR (Wlaplace™ i) SRR
fliths BhAh, BN EUE R, 15 5 B R I T AT
fits SRR Aol FH R BB R

- SRR E S R E: FEEnIIIEIN, n-gramfA SR S
IR, SRR RIEAMAEAE TR BT, 0l E A3,
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4. PHAbE S A

m O
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4. PPAGTE S

VPGS B AR A AR H AR

1. N EFR

PPN IE 5B 1 B 28 H B2 0 W G AR En s i il g g, BIASEAY
TETH AR W B i, Be ARyt “3LE 7 Fods . BALmmsa &
IR EE oy FC A R A, AT AR H B U vz AP RE o

2. RNESIINMETFN

SNETENY (Extrinsic Evaluation): #4155 A ax NBISEFRN A,
PP A BARAT S A IR XA PEAN 7 2B B s ik 1 B 7 AR e 8
Yy A A R, (EE T R B VT SR RS RN K B 11 S B A AR

B, BEEATERDAFRRESER, —MEH R Zbigrami iy,
F—MEH B & trigramBi A . FEEFIRAAESH, BRATHIX B 5
N HBNE SRR RGT, R RAERZE,

RZEFE (Intrinsic Evaluation): 875 AR T B4k B FH IS
T, G RR B A E B SR AR S R, XK
PR A — bR PPl FE AR, W ERE (Perplexity) %5
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4. PPAGTE S

IZREE. ML, k%

YZE (Training Set): A T2 IS ANERZE. Flad,
fEn-gramif S A g, A RRUA G T, R UIZREE F Hn-gram 1144,
2k H— AR FAS BRI AL (R 28 504

X EE (Test Set): —HSIIGEAEZN. MALRFER, HTF
AP B LRz A RE T ISR — MR I 2548 LRI EE, 2
EMREE RG22, W BIEL R v] et LS N2 80ds, BikiE R Tk
RN .

F&&E (Dev Set): HLALTE LR FE A R A B B2 £ b FH T
W2k, ZRREAENMRE LAY, thn] fe i 2 fe IS B2 L 4
oA . BRI, E W AERRTT KB B S — N AR, RRRY
T e MR _ E#F T — R IR .
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4. PPAGTE S

gk 73 1 Js )

SUFIESE: BN N AE IR S SR H b R A AU S R Bl .
AR A E R A TR, AR RN R B A A R SCOAS . A
WA SR, IR N o 2 A A ) SCAORE, 8 B — 1 B
— SO PRA 5 A A I

BN AANGOU R, IRURM 2R, LRI LR
RVERPEOT MR E M (HOCARBEIE K UL E T/ E I 2R 5 1 &

Small dataset

=0
. 60% 20% 20%
Big dataset

I

98% 1% 1%
[ Train set [ Devset [ Testset
F 10 HR AR 4 g

zjzhang (HZNU)
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4. PPAGTE S

WERVPA TR R

1. EZRERTFNEI

R (U EEAAE 5552 v s I SCAS 7 =R, A A ik £
T AR, RO IR Tl e, AR REmtIR . SR10, HE%
FEBGINA SR IR S R A — DR SCAR#K, BRER)N, AMET
P SO B AR A LA

N T HERSCAR KRG BER A2, I “EZRE” (Perplexity)
RV bR, BN B A R AT A — 1 GEH R HINIK
MR, SEHL T AN BLAA [T B TR ROR S B

=8 NAREBIRE W= wuw ... wy, BEEEZE N

Perplexity(W) = P(wiws ... wy) Y/

zjzhang (HZNU) 2025-02-01



4. VEALE S A

pliibuRiiSwe ) ESA SR

N 1 1/N
Perplexity( W) = (H )
1 P(wz\wl e wi_l)

RRW], WA FURARMILATEAE, M S5RE
M3 82 AT AE AR 1 AR R EE -

2. HRRE R B ERE

AN R AR AR A X IR A B T e P 2 AR
2, NIAE AR AT ER IR S B v, HLABISSOBN AR i ) PR 2
Bk fESLhrvPird, HAEREERIESRUMENERER, WK
(RS TN — A B3] A 0 SE 9 AER AN E
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4. PPAGTE S

1. LEERARIHREY

F TR (1 PR 2 P AR A o TR R TS Al R g, AT AN EHE
BUfE AR AR, NS A AT AT L

2. WKESKFRMES R

WA — RN SR bR, AT (o A SERR R
R, 1 BAESE T B RER L S R RTE 5 e S SRR . BN
P 5N B E U DA BRI UK, EE
REMNKEN—EREERE U ALIRMESURIIEF -

3. BRI EK

AR SR A, WARBREINGETBDE; Fi,
Un SRAEAS R I B R A I AL T DA SR AT VA, T e T ERE IR 2,
PN R, PP E R R

zjzhang (HZNU) 2025-02-01



5. IE & B R A1) 1

MAE F R AR T
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5. IE & B R A1) 1

KAE (sampling) 128 A AR

1 EX

SKAERIAR A BE 00 AT BN L R B A B FHRAE LT — AR TA)
F EGRTAD MR A, SR R i R A ) T SR S
WUERCE) T R0 TR DA, A 1 A B

2. BH

i AR 5 SRR A T BE U EURE A, AT RL “AERR” R
HIEIT, BEMMBHIYCATRLE ) T EA AT AR L, T T AR BLXE
S EEMANIRFRIBIBIE R, RS A SO E BT A& M . X
F R RFER AT 5 B8 /7%, i 5L H Shannon (1948) %5 A\fEH .
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5. IE & B R A1) 1

RAEA) TR AR 2

1. L Unigram &Y J545)

w BAREBANTHBERNCYSE XA [0, 1] 404, BN TS X A E S
FLAE U GRIE R R R AT I L 5

w B BEALER [0, 1] AE—ANEL, R BN FLIE LRSS SR R AP,
I A= B 1% B3]

w FRELHHATIX R, ERIBEHLA B R AR S < s>, TR R
— A EEWA) T,

polyphonic
however P=00%%18
the of a to in (p=0.0003)_
[ oos T o003 Jooz]ooz]o0e[] eve ‘*ﬂ T
} 1 L1 1 1 s 1 s
.06 .09 .11 .13.15 .66 .99
0 1

A visualization of the sampling distribution for sampling sentences by repeat-
edly sampling unigrams. The blue bar represents the relative frequency of each word (we’ve
ordered them from most frequent to least frequent, but the choice of order is arbitrary). The
number line shows the cumulative probabilities. If we choose a random number between 0
and 1, it will fall in an interval corresponding to some word. The expectation for the random
number to fall in the larger intervals of one of the frequent words (the, of, a) is much higher
than in the smaller interval of one of the rare words (polyphonic).
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5. Wi F R P RAEA) T

2. ¥'BZ3 Bigram #=#!

B — MRS (B AERTS <s>MERATS < /s>) Mg
WA BN B SRR 0 A, BT 2R 34306 2 X 44 B 3K 1] 13— 1k
B, ¥R, Plam|I) = 0.8, P(like|l) = 0.2+

m He, MFRICNAIERIRRRT S <s> TR, R <s> a5 51
bigram M RAE A Bl EE AN FLA

w FEROR, R NIAR B B AR g, RN UZ AR D RTZR Y bigram
3 AT SRR T — AN B

n EEERE, HBEAERARTS </s> Ak, NI BGEERA

zjzhang (HZNU) 2025-02-01



6. i 5 AL

@ 55 R
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6. 1F 5 B Az AL

1. ZHRENIR AL

— MR HE S BN R LGS, S E RN A
AR DB A e T, ROR R BB AZARE ST B
R T AR sy, Ul B T B 7 D5

2. HEEE IS INGEE

n-gram FEALE R T IZRIE RIS TS BIRIMER 70 A1, H S EHCRIR
TIERPH n-gram T4 B, BORADURHR S —BAE S R, ik
ATl g it R ED T IZE R I B E LA ERR

B n-gram BrAuiig e, Bindek, BEARLRERI T BE KA BT SO B
A5, CEE 2 RARNEFE S, IR ZREe BRI 5w A T v
e, HENEESBAZINEG, RS KBTS ERFRER
B, FEAEM LS SdE ERIALE.
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6. 1F 5 B Az AL

{EBHREY (ZA unigram. bigram): A RAIHFAEESZETIME, T
R A

SRR (40 trigram. 4-gram): ‘ERTE)TTE RGN ERONE
U AEUBIR I RO S, AR AT RE B R IGRE R
FE, BB MAEIS .

3. EFIWE

N T REEZARRE YT, RO S EFRN AAEAEIIZGIER, IEE
BEEIRNZAEM. B, M TS BRSO AL B E AR, T
IR AR 2 A RIS AR 6 B ECH

b T IR A E IR, N GRE R E SIS EAES,
IEREAR LI IR, AT BOE S TR B A -
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7R CTMERT — T AR

R TR —TFH . AR R
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R I

BT INZRE R IR, JELAE N EE T e & B BT n-gram 721
P ARE MBI, H MLE 8%, ARANEAERE B SRR 0,
TEEA A FHIBER Y 0, SFEUNREZSEIEN R R R I 2%k
P MR A R 3R R

w FiE BTN B B Cin— Bk, A W R T

R, (HATRET ETIH .

w HHE: SO AFEGE n-gram FIER, MAREAE R AN TS SRR K

AR, I R B EROR 5 2] A& AR EE ) A

n [@iR: M n-gram AP AT EEGETTN, EARELR BRI, Jf

e UL 5E HZE IR T, LASE I —Fr ] B O R Al

RETTRAANS, (HE S LA R ARl T, 52
i AR AR AR AL RE T
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7R CTMERT — T AR

*F#F (Smoothing)

1. EAXBE
T HCHAT PR, A — 0o MRS ot 2 A\ O WA B R WA
Laplace (ii—) Fig: XA n-gram FHE0In—, BREEHECR
N1, WA ¢ A e+ 1.
T unigram:
c(w;) + 1

PLapIace(wi) = 7]\7—}- %

XFF bigram:

C(wn—l wn) +1

PLaPIace(wn|wn_1) - Clwn—1)+V

Horp vV ONTRNER KN
BRRME: BRI R EN, (HAEESN MR E, SECE R
FAF AW R F PG, TR A e

o
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7. R MR T EAEE

Add-k FEiB&: H5n—FHR0eL, EAZN 1, mEaN—AN8/NHE
Bk (F1700.5800.01), LA & WA B BEAZ IE .

Clwp—1) + £V

IMER: FEAHITKE (Dev Set) Ky e —Eid@m kh.

P:&dd-k(wn‘wnfl) =
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7.k CEMR” —PE . AEANEE

#H1E CInterpolation) A

1 gziglp NN

2B n-gram WITHEC BB, BT BRI FAEFTY n-gram (A0 unigram.
bigram) {5 EXTHHATHN R . F(E 7 il IS A A AR AL n-gram
PINER, “FithEES B SUERE, AR SR AT

EIEALEMEHRIE: X T trigram B4, FIA unigram. bigram #il
trigram MERFEITAE, HIELA:

P('wn’wn72wn71) = )\lp(wn) + )\QP(wn‘wnfl) + )\3P(wn’wn72wnfl)

Hr A+ X+ X3 =1,
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7. R MR T EAEE

ETXEEEE: NEEEERE, TSEN N BEERBT LN
X, Bp:

p(wn‘wn—an—l) = )\l(wn—Q; wn—l)P(wn)
+ )\2(wn—27 wn—l)P(wn‘wn—l)

+ )\S(U]n—% wn—l)P(wn|wn—2wn—1)

Ta7 B (B AN BN SCHRAE A NS I AR MO AR B 1E R (held-out
corpus) b RAISR R EICK 22 >, A HE v FE/Y) n-gram 4 BE = AL EE .
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« JEAEAN ]

A3 (Backoff) HiAK

1. #AEME

Ll n-gram (10 trigram) EIRA AT SR GE LT (flniHEOA %),
LB SUCHMBLE (40 bigram), F35 LA E (O SERA T, LISKHL—
i T2 B A R A

2. Stupid Backoff &%

IR n-gram (HFBCRT%, WAL MLE (it S0, 454

R B NEAR R BUE 2 3fe DA — N[ S e R+ A (192 0.4), 314
[B[iE % unigram.

count(wj— N41:7)
S(w; | wi—Ny1:i-1) = § count(wi—ny1:-1)
A S(w; | wi—nt2:4-1), otherwise.

, if count(w;—pn41:.4) > 0;

Stupid Backoff AL — AN 5e B MER I3 A, H 322 H 10524k
AR TR aﬁzﬁﬁ}ﬂﬂ;zﬁﬁ&ﬂ%w%ﬁ R L, AR 0.4,
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B H 2 SRR
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8. IR SHfIC &

J B0 E AR R & AN

1. rYE X
LERENAR R X RHMRD AT p(z), E N

H(X) = - pl(x)log, p(x)

TEX

TR T RN R E Y, EW B UEEREE GRS
[ f /P14 LA $ (bits)

S X FORBAANEIN, RS TGS BT % R AN E s

-4 X TR W= wi, w, ..., w, B, RS TEAES
O E G %T?%%U’l‘iﬁ]ﬁ‘]jﬁi’ﬂﬁﬁﬁamﬁ Al DL SUEEER, Bl

1
—H(wy, wa, ..., wy)
n
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8. WAEZ SRR

T L BESEERKEI, Wn o, % LKA
RS RIBEHLITRE, i 2 ORI T B X4

1
H(L) = lim —H(w, ws,...,wy)

n—o0 N,

1
= - hm - Z p(wl,’wg,...,wn)logp(wl,wg,...,wn)

2. Shannon-McMillan-Breiman EIE
WR—AMEIERE (WHES L e — e e &4, B, BEF
Sy, A

1
H(L) = lim ——logp(wi, wa, ..., w,)
n

n— 00

X EU], R ISR SRR AR P 406 Aot 5 T LU UL+
T FESRE, TR AP A TR SR A T BT
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A2 X 5 R PR Afy

1. RZXIEHIE X
AAFIER LA p I, WA m RITAL. 28 X 5E A
H(p7 m) = lim _l Z p(’LU1, R wn) log m(wh R wn)

n—o00 n
WeL

X0 A2 LR AR A I BE LIRS, R BN PP BRI AL 132 UK -

. 1
H(p,m) = nlggo —?llog m(wywy . .. wy)

2. RNIBEESHERXR

SEXNE H(p, m) BRAMETHLR Hp) (B Hp) < H(p,m) ), H
Wi 2 A G e T AR m OVERRAR B . DR, 7ERRARERASH, B X
S0 AV (P RS 2R3 5 At A XS 5080 2 A R AL B R T
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ERIERS BB IESA

i — AN KB (V) B AR FPF W, B BE Dy Nl E
SRATA TSGR 5 LS 73 A1 AT A8 MRS, A2 SO B At - 23 AT A
5%,

HW) = —%logp(wlwg . W)

PR 2B R VA 1 5 A ARG DI EE 00 e 77 A, o SOl 4R
BRE B (A — A (R4

=z~

Perplexity( W) = P(wyws . .. wy)
Rk, R BLR IR
Perplexity( W) = 2H(W)

PN RS 558 R TE) R 9% R U0 A R IR 3 1) P 2505 B8R
i, MR XAEHAR, HEREREAR, U2 T ae ) eE .
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8. WAEZ SRR

AT G A ASAE TR T MRS 22 SO L IR 3R IR R
NG R R AR DN P I S AR TR RE RO AR SR 715 DR Jhtt. HLAAHi:

- EIE XOE S REE, TS B AN E P

- FIF Shannon-McMillan-Breiman 52 ¥E, FK 74111155 EohE =%
T8 5 I

- BN T AU, IEER A UG R E S B, HEE R T
TBE R IR FiE

- BV XS N, B

Perplexity( W) = 2H#(W)

— R YN EIR R AR 7 PR =R R A DN SRR (¥ 9 — A 2]
B, PN SAE ORI RZR, A8 S SR A A R A A L A5
HigtriE. Hit, AREEERBRIERNESHIUNGES, REEIES
RAUFIR EE AR
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