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“You are uniformly charming! ” cried he, with a smile of associating and now
and then | bowed and they perceived a chaise and four to wish for.

Random sentence generated from a Jane Austen trigram model

TR XERT, JCHRTTARA, LA — )75 Z B B Pl . (H A0 ] i — Lo R A 5
i, HeanFE B RE W L) iE A aWe? i, TS5 ia] T BE <3 BRAE 5 1 -

Please turn your homework ...

A BRI R Z HAS 450, — MRITRER IR JE in BE over, {HTAJREANJE refrigerator B4 the. 7E
FETREL R, JATREE SRR, YR TTRER) T — B E E — MR, RIEX M E .
7] (AR T AN G) o BOMESe . i, SRR n] DATSUIN DL R 7 9102 AR A o 0 A 2 B vy

all of a sudden I notice three guys standing on the sidewalk

(FRRATZ B =A NuhE NATIE B

XA AR ) B 1m A A [F] R e

on guys all | of notice sidewalk three a sudden standing the

TE A 2 BTN RLR: LA BR], B A) 1 O AR 2 ZEAR A AT 200 2% 1) AR PR A N R
BR RS, HaiBE SRS, MR LA T ETE R UM S8 E IR BB A2 “1 will be back
soonish” T4 “I will be bassoon dish” , XH BT [ fi# “back soonish” Lt “bassoon dish” H 4 7]
REHIL. X THEAR. EEARESETR, RANTFERIIFAESER R, A Their are two
midterms”, H 7 “There” #% 1% $T N “Their”, B¢ “Everything has improve”, I /1 “improve” & [ i% f&
“improved”. #i1f “There are” tt “Their are” A HEHIL, “has improved” Lt “has improve” H
ARATREHI I, IXAEFRATRENS A AT 2 1E I LA R T B T 7

N AR A 4 BORE R AE ML A R e AR S BOARA T IEAE BH e — A rh SR A

fis | EH AT FE HE

He to reporters introduced main content

PERIXAN IR —3 5y, BATITRE AL T LU T — B RIS 5515 0 3

he introduced reporters to the main contents of the statement

he briefed to reporters the main contents of the statement

he briefed reporters on the main contents of the statement

BAR] 7 A1) A A5 7R AT BE U\ A “briefed reporters on” [ % kT “briefed to reporters”(— /Ml Jift () “to”
FRAE “briefed” 2 J5 )8 “introduced reporters to”(‘e: {5 FH 1) 2l 1] £ X AN TE B H AR ARGA]), X LE3RATT I
bvivt S A [T =<1 N RET R

20 T B SR A AR LS I R 4 (AAC) AR B 2 (Trnka %5 A 2007, Kane %5\ 2017). W1 AAI7E
JEctA b IR U B 44, ELIE AT DUAE A A2 B B At ey XE B4 A\ 2R G0 0 (S B rp e B B R] U NAT]
2SS AAC Be . B TN AT LUFH oK Dy i B 4E 35 T BE 1) B i o

LR ) e 45 B3R 51 OB FR 18 S 58 (language model, LM). fEAZdr, IRATI 2 B i B
BAL, n JoiB¥k(n-gram), ZARE AL AL 2 5 T 45 ) F R LR T 41 . n-gram S2 H n AN BRI 4 O A
2-gram(bigram) J& B % 4~ ¥R 41 5% 5 %1, W “please turn”,  “turn your”, BE “your homework” ;
3-gram(trigram) & t =~ Bial 4L 7 41, W“please turn your”, 2¢“turn your homework”. FATKFE F4n
{8 ] n-gram #EAY, FE45 %€ BT — D ERAR TGOS, KAt n-gram Ja — SR RIS, ROV
MER ., HTARE LB, BATEE S “BA” —ia, 1M HARTE n-gram(PL % bigram 25) KK /R
] A A By R AR E MR R TS A o JRAV VK AE S5 T A 2 SE R R IE S A, s 9 =P RNN LMs.



26 3. N CiEEiE S Hin
3.1.N j5iE;

IEFRATATT S P(w | h)AESS GG, B R4 i h 20, THEERA w IR . Rl s h &
“its water is so transparent that” , FATAEHITE T — AN HIAE “the” M.

P(the | its water is so transparent that) (3.1)

T XA MR ) — Fh 5 12 R I R A AR T B — AN AR ORRE R, THELIRATTE 2 its water is so
transparent that” (X%, JHiHH B EHERE the XA XinT LLEIZ “HRIERATE 2175 58 h 1IREL
HZ/DWERHRE wW” , W TFPiR:

P(the | its water is so transparent that)

_ Count (its water is so transparent that the)

Count (its water 1s so transparent that) (3.2)

A7 RASREERE, Wweb, AT AT RIXELTHE, FERE A 3.2 i Es. WifE, BRO%E
f5—T, Flweb b, HOWHE— FXMEHEE.

EARIZAN B3 N EORAG TR I RV 215 00 T HRE 2, (HESOEY], ERZHGHT, R
& web A E LA TRATIRME RIFMflih . X2FAES HA0E ) RAOIS—BEEH AT, Mk
WAGE LGt A A 1. RSB A s R R, 7 web BB TTREH I O () 1H £ (] 401 Walden Pond’s
water is so transparent that the 764 £ 1158 E).

ALl 4 R IRATTAR KNiE “its water is so transparent”ix 2 1A FE A A SR EE, FRATTRT LA ) AE BT A TS
BE B HAS ¥R 8, £ A HUE S its water is so transparent?” A1 4115 #| “its water is so
transparent” Witk SRJEBRLAUITA AT REH) AN B3] 5 S0 TH USSR AL — MR KAl T

XA R, AT EE SNSRI VR Al THE S € BT 58 h 24 B 5 w R, Bl AR
T Hw IR . EFRATIN— IR ARSI 48 . N T RoRFE e B /X BUE the 51 P(Xi =“the”)
e, BATEAE AT S 1) P(the). FRATE N AN HIE 7 51288 Wi .. Wi BE win( [ R IA 20 wiina 7R
?ﬁv‘$ W1, W2, ..., Wn-1)o Xﬂ'ﬂ:/ﬁ\—ﬁfﬁﬁﬁﬁ P(X =wi, Y=w2, Z=w3, .., W= Wn)%f?ﬁqu/l\ilﬁj
RIERE M, RATEAER P(wi, w2, .. Wa)o

PUAEFRAT WA TR P(wa,wa, ==, W) IXAE IR EE AN 7 51 (1R RE 28 2B AT T mT DAL FR) — o 2 £l FH AR 236 11
R# N (chain rule)sk /i iX MHEZ:

P(X,..X,) = P(XP(X, [ X)P(X; [X,,). . P(X, [ Xy 0)

= HP(Xk | Xl:k-l)
k=1

(3.3)
byt Rz v WIS A (RE G EI
P(len) = P(WI)P(WZ | WI)P(WS | WI:Z)"'P(Wn | Wl:n—l)
= HP(Wk | W)
k=1 (3.4)

FEAR IR T — A BRI S B AN SR 45 8 1 — > B3] A L T IR SR AR 2 TR B &R
7\ 3.4 R, FATAT DUERDR 2 42 PR AT AG T I A BA] P 21 I A R o (B, i 2K
LT E BIEFE BIARAT Y 25 € — K H AT T 597 P(Wn | Waina),  BATEA AR 777207 DLTHE H — A 5 a]
FIBDIMER . IEIIRA] PR, FATAREASCGE R T S AR B AE B AN 45 BB i T H B RBOR A
it BRUAE S 2A QNENER, AR E ) _E R SCATREBLAT MR 8L

N JCHEEAR B B, 5 AR E A A in] P SRS S SO0 R SRR AR, A infGlE i A S )L
A BRDRAG T 7 S2 DR



3.1 N Jtigw: 27
fpilt, — eV (bigram )L (B BT — /26 2R P(Wo | war) 056 BESORE fD044 52 T A7 5 1T 26
5] P(Wa | Wen) (BB . BADii i, AR B 2K

P(the|Walden Pond’s water is so transparent that) (3.5)
XA 3.5, FATH T MR RAE T BT 5
P(thelthat) (3.6)

R, 3AIME A bigram BRI T — > B ia] (S AR RE RN, FRATT AT DA R 0 R UL
P(Wn|W1n1) % P(Wn|Waat) (3.7)

A B R BT T3] R PR 9 B R BER (Markov (B 8 o By /R A RAR L2 AR A ) —
F, e ATMBE BATTRT AT AL LR R BT R R I A 2 2 3t gl 2 o BATR LUK —oniRiA (AL £ E
AN )HE B = SeiEE (R AP HA), RS HET 2] n JTiEE(n-gram) (7 £ F n-1 A HRE),
R, XA n TR 81 R — S B B 2R A AR A — T R

P(Wn|W1:n—1)zP(Wnlwn—N+1:n—1) (38)

AL AR TR BRI R, B TAT LUBITR AL 3.7 MRAAK 3.4 T 27
LEZIIGEES

P(w,,)= HP(Wk | W)
k=1 (3.9)
FATANAT A THIX 28 —JeE n JOIEEMEARE Y Al THRER I — P BT ERR B KA SR Al TH(MLE) « 3 AT
i BB ZE R IRET L, IR AT H— 4k (normalize), fFEAIA T 0 B 1 208, MRS n-gram &
HSH) MLE {1t .
Bln, FEL AT — A x BISEAE T, EIHERA y B AMREE I T OniEEMEAR, BATRK R ook
% C(xy)Tt4, i I A RS — AN 518 x BIRTE —ooiBiE e, F T a—1k.:
C(wn—lwn)
ZWC(W“"W) (3.10)

BATAT DA A b 25 5, RN PASE 32 B4R Wit TSR IO BT — JCiBE TR B AL 200 55 1% B ] wing [ —
TUIEVE T B (B3 BOZAE f i (8] 5% b n BAE BH )«
_C(w,,w,)

Cw,,)

P(Wn | Wn—l) =

P(w, |W,.)
(3.11)

EBATH — A=A/ MERHERM— M 7 556, BATHZAEREAN A TR R — MR 5
<s>, VUENEATHRALES — A i) — ik £ N3 BATEH E—MERINGTRIT5< /s >,

<s>lam Sam </s>

<s>Sam [ am </s>

<s>1do not like green eggs and ham </s>

U AR o — e T MR M5

P(I|<s>)=2/3=.67 P(Sam|<s>)=1/3=33 P(am|l)=2/3=.67

P(</s>|Sam)=1/2=5 P(Sam|am)=1/2=.5 P(do|I)=1/3=.33

*FF MLE n-gram Z 504 1t 19— M1 .

C(W n-N+1l:n-1 W n )

P(Wn | wn- +l:n- ) =
N C(Wn—N+1:n—l) (312)



28 3. N LERIEF A

A 32T A 30 3.1 R e 7 471 AR A5 % gk DA 48 AR U0 AT 6 SR 1 n TG B IR
XA R RN AN 2R (relative frequency). FRATE _ETHUEE, R B AR X AR SR AN T ME R 1) 77502
KALRAETHMLE) I — AN 7o 76 MLE H, 45585578 M(RI P(T | M)), 45 RSEEBIIZGE T 1T REM: &
KAk filhn, f#“Chinese” X MALE—ANFH 100 3/ 53] (11F ke (He anAm B iRk ) R B T 400 k. TR
2, MWFHABSCAR A (a0, 100 J5 51 HBEALE H I — AN 5098, I Chinese 32 £ /02 HMEZ 1 &
KABSRAE 1184 400/1000000 B¢ 0.0004. Hi7E, 0.0004 AL Chinese 7 A 51 N &K AL 1 B i-A%
T 75 H A B R EE 8B 5T, Chinese A& —ANANK AT g B3« (H7E — > 100 J5 5118 (115 K}, Chinese
HIL 400 RIATREMER K. 7E26 3.4 1ih, FRATEEH T MBS MLE fhiH 1 —2e7537%, DRSS 58 4F 1A
BAkvho

LRV S — 2] 7, XLk H —ANEL T 14 AN 53 (81 B R IRE R o BAT TR ok
BAE QAN RA e R T I H R, X2 —A B ixhE /K9, BRIE T 0T InE soR & T
I ) (Jurafsky 25N, 1994). X BT —SESCARBE AL F P 251 (1 FE A (9332 A) I REA & TE 3l |):

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

B 3.1 TR 1ok BA TR T I H 19— bigram 8% F B bigram 5. WEER, K2 HUE LR
Hg b, WATEPERIREAT Dy 7 AE BT N 7 S HIa i BEALAR & Pk B R B A IR i

An

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 O 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

3-1: ZIBEIH
ElE: A 508 T 5UE B4 E 9332 4 F 3 8 #17] (V=1446) B9 bigram i+,
K 3.2 on 1 IH— b Ja B9 o BEER ORI 3.1 R ERAS BRLTTRR DA AT B — e TR R, HHERE T4
EAH—ICIHIEMR):

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

i want to eat chinese food lunch spend
i 0.002 033 O 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 O 0.0025 0.087
eat 0 0 0.0027 0 0.021 0.0027 0.056 O
chinese 0.0063 O 0 0 0 0.52 0.0063 0
food 0.014 0 0.014 0 0.00092  0.0037 0 0
lunch 0.0059 O 0 0 0 0.0029 0 0
spend 0.0036 O 0.0036 0 0 0 0 0

3-2: ZRIEEEER
HE: fEE AT R E R E 9332 AN F b 8 AR = TR,
PR A At — 22 F A



3.2 VRAtiE F R 29
P(i|<s>) = 0.25 P(englishjwant) = 0.0011
P(food|english) = 0.5 P(</s>|food) = 0.68
PUAE, FRATTAT D L 7 B R A B — iR A R AE — 2, AiAT iR “1 want English food ”
8¢ “I want Chinese food” iX#hh) 7 1%, 1R FR:
P(<s>i want english food </s>)
= P(i| <s>) P(want | i) P(english | want)
P(food | english)P(</s> | food)

=25%.33x%.0011%.5%.68

=.000031

BAHEE BEAELS 3.2 kit 5" want chinese food" [ % .

X T GBI EUE i R T REAE S IS BT L TGRSR RS T — e R AT AR
R R T ANER S, BN, “eat”Z Ja HABLIEE 2 A R BUE A, B to” 2 5 LN IE H 2 B .
B2 R =12y S i NET) BEEER 2 S 2 SO = o ( G e = ER T 2 o e T =y X (=T S = = N P S F AP
MAEE S B E, e AT TS B i A2 e = a4 .

—RRE . RS THEEE N, ROV 7T —OriEE A, (HAESZERR, R AR =0
A (trigram) B8, B DLFT I AN SRR D S50, AN T — AN Rn], 308 9 H 2 9% 1 23R, {7 4-gram
B 5-gram BiAL, iEER, XTIXEEKK n-grams, AT BAEE LR A TR R AL A WA A B
N B, AT HEAT IS = IIEEMER, AT — A = IniEiEE PN IE (RE P(l]<s><s>).

AT Al A B T AR R FH S SR A MRS . OB (R 2 )/ TEEET 1,
CAFRATTAH SR IRk 2, FRAN AR/ . K 298 2 1) n-gram AH3R 2 T 2T R ik (underflow). 8 i f# A
HMEZT A SRR, TS BB T HATI 4.

D] Sy 6 5% 50 [ A A I &5 [ 1 7 2 PR 25 [A) P AR 3l OR1 e ATl 3 2 A TAH I R 4 65 SO 22 (log
probabilies). TEXJHA MR HAT T A THEAMAE IS 52, AV T ELE &G & ERSE AR, 4
WA e Rl ME 2 SR 5 FRATT AT LLER logprob 1) exp:

P, X P, *p; xp, =exp(logp, +logp, +logp, +logp,) (3.13)

3.2. 7 HMEIESRE

PPl 8 5 B R (1 B R 7 VA B SR N RIS R FE P, 1l 9 P 2 R e R o 3 o i 281 iy (1
Vs FR NS EB TS (extrinsic evaluation). ZMEBVEAG A T M SEAN AR RE E o 2 5 1 i 23 Bh e i3k
R4 BIME— 71k, Ik, X TFABS R, FRATAT DB IZ AT 8 5 TR0 85 ok EL A RS = R R P g
T—FE ST —IK, BEW—FE 5B 5 5 S i

ANFERSE, i B0 ST KRB NLP RGuEH AR B ot . MR, WA —EEE ] DU RSP
SR BRSO, R T . —ANWIETEE (intrinsic evaluation) i &% — ML AR AR
PSSR R 2 ()

XFE S BN TETAS, BAOTHFE - NIRE. SEAVTR A W2 R B8 —FE, n-gram $A
FIREZ R A T e T2 NG REREE, BENIZR4E (training set) S ZRiERHE . X5, FATaT LUEE n-gram
BEAYAE — LA T] UL B (BN IR R (test set) SR TE AL ) ErIvERE kT R I & . AR RITIESBA
FEYNZREE BRI B AR PR O R B (held out)TERLEE, BUONERATH e A 1R B A2 I SR8t 2 5h

R, @R ERATE — N SCARE R E, I BARZE R N AF n-gram BEAL,  BATTE s 2 Bl 22k
FIPREE, (GRS LI MR S5, AR5 BRI i i RS iR SR L B FE S 207

fHA2 CEAMARE” &2 = B 22 ZEAR A7 5 25 IR A A 58 1 (PO M 36 (R R ' e o v A b T 000 000
TR ) PR B A B o 45 5 IR Y, A (A A S B T P 5 B R, B B8 B L L T
DU EHE GRS, TR 5 s FAARE 2367 T 4 IR B4R



30 3. N JGiBRIE F A

KR FRATTH VPl FE A5 A2 B TR MR 2R 1, B DAA BRI A) P N IR B R AR B o (i FRATTIE
FEZATHRR e I A A . W RTINS TR INGERER —#5, 4, e IEll
R, AT RS — DN NN E MR LS . AT S RN IR BRI, e
AT T N— R 2, XM R ZE ST E MRS EREd s, HERBE ERBE RS, I
TR A I P T2 0 BE B T7

A, AL TIE AT — MR e KA, DAECT AR S A % 7 E e, A5, RATHE
— A EINREE, —NEIEREA RS . EXFEL T, FRAPEIGENRER NI KR (devset).
AT AR HAm R 2 SRy E R FNIRER 23 AT 1A B ERAT M AR R T AR, TR — AN/ B IR 4E v] R
BAMIA BAREN, ARIMEAER RIS, 20, TAIHEEFR/NRE, FRITA
SR G RE SR ANE A 2 (MRt B R 2R RS, TATEHE R R R AT HdE
9 80%HIYIZE 10% B FF KA 10% B 45 € AT R 73 YN 2R i i) KBS E R, mT LT R}
PR — SEE SRS A SR BN E S, 0 mT DL TE R (R BE AL 3858 70 BRI “ 2617 SUAR IR
HA FFdE NI EE o

3.2.1. FEE

TESEE A, FRATTASE B R 46 8 A A BRATVF Al 15 5 B 0 R e An o, T 2 5 B — oy g A =
(perplexity) 13z & . KSR bR 15 5 AR 0 W 2REE (7 I R AR PP I 4 3 e R, fl i (1 40 1
—e XTI W = wiwz...wn, A

1
PP(W)=P(w,w, ..wy) N

1
=N
\/P(wlw2 W) (3.14)
FATAT DL B I Sk T W R
Mo
PP(W) = y
i PW, [wWwy wy ) (3.15)
BRI, G SRBATH — ool 5 AR W IR, JRAT175 21
W) \/lﬂ[ 1
PP =nN||]—
i=1 P(w1 |Wi»1) (316)

EE, BTaR 315 RREEL AR I PSR SRR, W R AR . R, AR S
M, BUMENRZ SN TR EM R . HAEF A2 3.15 5 3.16 A #3751, 2R
RSB S, T RS BERYE 2 A T A, IR RS BB R T S h BRI AR N S5 SR ) T A
ie<s>MI</ s>, FATE T EAERITFFICH B N PO T4 AbRC</s>(EA R TR <s>).

AT 53— P B2 I R 5 AR — s = BT 2 (50 S o 16 5 1920 SCR T AR ] #4R] Ji Ti
FTREHBLR R — AR B . B R — N IRBISECHT(0, 1, 2, e )RS - B (TERLE I ZhiEerh AN
FELEIM LR )X 10 DT AR DM A DU SR MR P = 1/10 WL, 04X/ NS 5 I RS PR
F 100 N TRAEE — i, BE KA N BT, B E A e R AR
. BAN 3156 AfH, R



3.3 2H5% 31

1
PP(W)=P(w,w, .wy) N

~10 (3.17)

ER T O M BUR L AR B 7 =15 2 o R O AE ISR B 91 W, ooy 4> B 1
o MAETATE R FHMNALE0000030000 o FATROZTUR B A MREE K H LT, BN
REHIHE N —MUr 2%, XRRESTN, Bt iARmIBRE. B, 85879 ZHT155 10,
{EL DR 28 S BRINAL 23 SR/ e BATHEX AN KE B BT R 45 2550 12

BAE 3.7 Tl B R, Nt 5RE(E B B S E UG,

5, AERATEE Wil R 2R R LB R n-gram #E8Y. FRATTH (HE/R#5 H AR 1) 3800 54N
W (BAEA)TILAFC) SR T —Jo. oM =Jeifiz i iy, 7 — D &a 19,979 i fiaiE k. 24
Jes BATH A 3.16 £~ 150 73 a9l il S B S MR N E . TR B R T ARYE R
150 J3 A5 1] WSJ MR EE I R 2565

Unigram Bigram Trigram
Perplexity 962 170 109

IEANFRATIAE A 21/, n-gram 3R 445 1A 14 ¢ 5 7 IS B2, I R s (B A I A 3.15
s, DR RE 5 MR A A R Ak 81 AT e A LE )

TR, (BT INEEERS, n-gram B8 P WAEAS TR RS L P iiE, AT R
TR ER AR DGR (A AT S RS R e B R A OB PRI S AR I = A A A
FAH R B A4 B m] LA

PR BB (N AE ), FEANORIETE 5 AL B A 55 (A1 & R 0 BB 28 B0 R ) PE AR IO (SME I ) 5 . R I
U, i T R X S AR, el I FA I AR B . (HOR, FEXMARLREAT VR A,
A} S BT 55 AT S 255 (KD VP A, LU R AR DR 2 5 ) et o

3.3.;Z1t5F

n-gram R, ARV LG RER —RE, RO T I ZRIERE . — RN, BERIEH S5 A e
SRR PR AT . N — MR, BEEIRAINM N B8, n-grams X5 I 2505 R 47 5
5 THRLAS R R

TATAT LLIE £S5 % Shannon(1951). Miller #1 Selfridge(1950) AN [H] f) n-gram 55 %4 o A= B B 1 ) 1
I FEAR NG X PR ST AL o 3 18T 5 () TR T R e A R — ok g Wl TARR . B RIE AT (1)
OB S5 A 0 B A Al s () vh, AN BT o 1) IX 1) 5 2 A e b9 o FRATIAE O 31 1 2 )ik 4%
—ANBEHUE, SRJEFT B (A4 B BT ade (B (0 ] o FRATI Ak S BB ML A= i im], B BIFRATIBE AL A R —
M FEE R AL </s> Ak FATAT LUE A RIFE AR RAE il = JoiBvk, B A li— > BA<s>TF L BEAL
TOGHEERIE T I O EER) . R GBI S N R we B2 RO, FRATERE DL w TSk BE
WL JC V2 (FF ORI . —eiB b R ), K2R3t

N BT fEE MY n-gram fSREKIIAE, 1K 3.3 T T HRE VL EE WAE BRIl 8 1-gram, 2-gram,
3-gram #1 4-gram # R A B BEALA) 1.

BATIGAAL B R CA, A)FIOE S st 78— o8k a7, B 5 5o 2 8], B
AR bR RN BT 28 & o Z JGEVE I A) - FLAT JR 0 110 B3 B3] ()32 B4 (O H 2 2R A 1A o b
RS EAE—ANA) . = IeiBEA Y JCiEE I A) T ARG I5 L LR i 1o B SE, P IX A DY iEiE



32 3. N JCIEVEE S A

AT AR R RN, EATEERAE SE 75T, “It cannot be but so”iXAJifi/& ik H EH E4 M. X
SERR, AEXRFETTI L, /e S E R E EIA R 1R K (N=884,647, V=29,066), Ifi A1/ n-gram
MERIEBEIE R B . 1T AEM —JCiEvE A V2 = 844,000,000 4>, FIRERIVLJCIEILZ V4 = 71017 4. [A,
— HAE AR IE R T 5 — AU iE (It cannot be but), B A FUF AT HE I AESE (that, 1, he, thou, and so); 5
Sk, ﬁ?ﬁ% Vonifig, KA —ANEsE.

1 —To him swallowed confess hear both. Which. Of save on trail for are ay device and rote life have

gram : _Hil he late speaks; or! a more to leg less first you enter

2 —Why dost stand forth thy canopy, forsooth; he is this palpable hit the King Henry. Live king. Follow.

gram —What means, sir. | confess she? then all sorts, he is trim, captain.

......... N

3 —Fly, and will rid me these news of price. Therefore the sadness of parting, as they say, 'tis done.

gram : _This shall forbid it should be branded, if renown made it empty.

4 -King Henry. What! | will go seek the traitor Gloucester. Exeunt some of the watch. A great banquet servd in;

gram —It cannot be but so.

& 3-3: A n-gram BEHLE B AY/\NEIF
HE: RESRERHATHE, TAEFHAWEBRE NG, FEFTHALER, HEHFIEENAT, URETEHR,
N T BRI G E RN, AEIRAE B £ 2 A FRERE EIZRE) n-gram 8% (/R
HARY (WSJ)iRat. 1Al (Ae/RET HR) #OREE, A DAIRATAT B2 KR ILIX P Al A1) n-gram 77F
SHES, K34 55 TH (EREHR) #4000 754 B 1I125 )5 ) unigram. bigram F1 trigram 15
AR )T

1 i Months the my and issue of year foreign new exchange’s september
1 were recession exchange new endorsed a acquire to six executives

...............................................................................................................................

2 i Last December through the way to preserve the Hudson corporation N.B. E. C. Taylor would
' seem to complete the major central planners one point five percent of U. S. E. has already old
| 97@M | M. X. corporation of living _on information such as more frequently fishing to keepher

i They also point to ninety nine point six billion dollars from two hundred four oh six three
i percent of the rates of interest stores as Mexico and Brazil on market conditions

gram

& 3-4: =4 n-gram =& N E R =1NEF

BiE: =/ n-gram AN (ERE R B 4000 77 B35 FREALA BT 3 AN T, BIR FRAENE, FRREENE
HAE, HEMERFIEENKRE, UEETEE.

HIX L] 1 5K 3.3 RIS L HEAE AL, EAREATE N “English-like sentences” 5, {H7E 2 pE
AR RRA RS, ERA/NNOETRILPRAES. GitEMNa g L2, FOYIZREgEmm
TREE A TN 25 (predictors) 55 L LL AT (HE/R87 HARY ANIF .

HIRATESL n-gram BRI, FAT 12 A0 AT A0 BHAX A 1] B2 55 — 0 R DR A FH 5 A Tk I 58 e A 554
MR AR R . Oy 7SR SO PR RiE SR, AT — MR N gRib R . T
SLIAE RGE SR, BN ZRE R

[FIREEE R, IRBE 275 5 BRI R, el Je A2 AL BEAL A2 AR 7~ B SOA I - il
— LU R 1 AR 25 [ TE 5 (AAL) B R IE——3F 1 6 36 [ HE XS 1 7 218 5 A2 4R 1 44 Pk (King
2020). iX LR A AL HEAR finna XA 1A - & 2 — b Bhzh e, H TR 10 S R R i 25- B4 then "Hf B den”,
kA5 BE R HEER (Blodgett A1 O’Connor, 2017):

(3.18) Bored af den my phone finna die!!!

SR, ok B )8 H AN B M 4R, 5ok B 56 B35 1ia VA n-gram B4 B 5 AN [ (Jurgens
2N 2017):

(3.19) @username R u a wizard or wat gan sef: in d mornin - u tweet, afternoon - u tweet, nyt gan u dey
tweet. beta get ur IT placement wiv twitter

VLHECHI AR AT F U0 R AT BA TR AT REVIIRAFAERRBR L 1) X AR AR T 208 KL
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n-gram, FATHVEA] AR GF MG THE FIMESE . E2 i TARfTE R R AR 2 AT IR K, DRIt — € 23 /b — L858 4
A DA (R SeiB B e ol . Wl i, AT AR 21500 B I M3 n-grams” sk bR bR iZ BA — L
EFMH. HE—T (EREHRY Treebank3d ifklFEH, fE“denied the” 2 Ja 18 LE i) Kz Hoit44:
denied the allegations: 5
denied the speculation: 2

denied the rumors: 1
denied the report: 1
AR, BRI E A LU S
denied the offer
denied the loan
PATHRE AL 457 Ho il 11 P(offer|denied the)/& O!
XEE () —fEilgGEP A, HEMRKEhSHIM—ZARE, AW ERE.
B, EAIRAAE BB TRAMCAS 1 %] 58 B Frl AR, IR0 35 A 1 A BE AR X Se il g
A7 B AEART R F R B PR E
Fok, ARG 2 AR AT — A R R Dy 0, TUIIAAR Y REAR R 20 0. AR E 3, IR R
TR NER . B, InREERIRERAE, Ba, BONERAIARERREL 0, FrURATIETE
P 2 !

3.3.1. FKRHIHiF

R8T eiB A NE R g 22 1 S e B ] 1) (v 8 (E R AT T AR DL 3o %) 1) A 2R ) 3L 6 4 A B W2

AR EIRATE SRS, EMIERA KA, BTN EE A 0] 68K R IR . fEIXFE—A 3
177 (closed vocabulary)f] 24+, WA R GEE & ARV ZE i 58], ANSH KRR IR . 15 R4
() v E R B LA R ), RSB RER, EX s, AT e 1R A e
&, FHGE S BA B8 % 0A B R R P 1 ]

FEFABNEOL T, AT AL BEFRA 1 A Wk B im], FRATIRR 2 Aok s, B3R 41MA (OOV)HiA]
OOV HaZE MR AE A B B 4 LR OOV . — AN FFIGAIIC (open vocabulary) i) R4 & X FE— 4 &
G, {EXNRGH, B, FNARE 2 R e AR AN, BATRIN—A 2 A<UNK>IthiE; SR )E, Bl
Xof S e o SR AT A

AP E 7RI GR AR R TR AR <UNK> [

B NIRRT — N [ E MR ER, XA 1) AR il — AN 5 P )RR

1. B FRTER (CRR SR )

2. TESCARHVECE RS, BGPTSR S8 (OOV) F 4y A K LA FF Id<UNK>.

3. ARAE<UNK> Bl T MES, I 2R o (0 AT AeT JFE At 5 38 S 0m] —#

MO, A FRBA BRI RS R, 2R IR RIR, En R BT
FAIA] R, I <UNKS> B 3l SR8 (0 sl . an,  FRATTAT BUAH <UNK> 5 # BT 76 I 248 P H I IR 3L
AT n RG], Hod n 2 —ANRUNOECT, BRSO AR AT IE B ERR K/ V(B 4D 50,000), AT A
BTV AN, AR IIH UNK & o FEARAT—FE B0 R, FA1HCKE 4k AR DURT —FE I 2505 5 AL, K <UNK>
P 3 F ]

{HE R 1 30 93 <UNK> A5E 2R T i o 138 20 PR 8 58 S5 i s 7 2 R il o 3 o 32 38/ 8 PR IR) VI B AR 7 ey R 3 F R
AT, B S A AR SR R B . TR AN R, R R R AE B AR [FRVE R 15 S A
[E]33E47 EL % (Buck %5 N, 2014).

3.4.5¢B

AT Ak AR 2 A ) FRAR] CE AN T AR AR AN B ), EEATHIE —NE AR _E R SCRIIR SR 2
(i, AT B — DM ENZR R PR LI R 53R 22 JR) 20 1 Bl 1R T 5 AR A DX s A ) ISRy B
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B, A TEATFA I — L8 T 4% R AR 1) F 4 o B — LeA 2 i & (probability mass), F£44 H 4B 45347
M I IS . X RS O FR 2 (smoothing) B 3 (discounting) . 7EiX — 5 A% R JLA
BAVHEA PSP E: RO —) i kP R ELRF Kneser-Ney P .

3.4.1. FEhEREE

R Ak 2R ) B Bl B VR R AE A IR EA AR E R 2R, K5 T4 1 bigram 450 1. BLATN 0
FITA THEOIAERRAR Y 1, 1 BTHECR O 2, DL . XM SRR b 5 87708 (Laplace smoothing).
PR TIE E DU n-gram SRR RIS AL, EEIRA G N TV 2 BAEHAD-TIE VA A 2
M, a7 — AL, RN THMES (SR N K, 58 4 F)SLRRIEEE.

AEFAT AL AL P AL — JeiEE R P R AT A6 o [BIAR—TF, 838 wi ) — IR MR (1R T B
RAIRAG TH A T ¢ (A — (N 2 BRI AP T 2 4 -

P(Wi)zc_]\i[

P13 B I O AN TN — (PR 3L 4% FH & R D — (add-one) i), I FIail A VAN #A,
IF HAFA AR ARG N 7, PRI ERATIE 7 2B B LB BRSO V DEE . (RARG I &, A4 P
HXEF?)

_ ¢ +1
N+V (3.20)

PLaplace (W i )

SGEBUI SN G a1 K3 S 1787 o U N> W b L [ G 7 S8 =20 s 1 MDA 1 e S0 1
B XA THECE A 5 %S MLE THEGAT LR I T BLdE s N IR — R L O R T MLE
THEURRBER . Dy 15 SUHTHEG DRER 701 224, BAIBUE S 1707, HOL T Zoe LA — AL 7 N/(N+V):

N

Cf =(c; +1)
N+V (3.21)

BUAERATAT BB N A — L3 o 2 R Py

BRI — RN R, AT RS TA TIPSR, 174 (discounting)(F(5)—
R I, RAVRRS AT G, TR AR T do KA TS0, EIUTAIFECS B T
Lo

d:C

C

C

BAEFRA TR unigram 15 60A T EME) T, EIRATFEE wRE T OE 1 bigrams. & 3.5 &R 1Kl
3.1 1 bigrams ¥ in—FIg %

i want to eat chinese food lunch  spend
i 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 1 1

E 3-5: in—¥F bigram 89 8 1A
EiE: AV = 1446 #) 7 FIE T T EERER 9332 M T
K 3.6 for T 3.2  bigrams FIil—FIg#E. FAE—T, 1 bigrams M 2& i@t H unigram
THBUE— R — AT TR T B -
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PO, |w,) = o)
W) (3.22)
XEFHI— 1 biggram 18, 17 BB ITICA V i A4 ORI N unigram T
N Cw, w,)+1 _ Cw, w,)+1
PLaplace (Wn | Wn_l ) - Z ( C‘(l;;’ n\?V) +1 B ((j(wnl ):_)V
WO, -l (3.23)

BRI, B —"545 K4 — > unigram THE0HT 7 200 V = 1446 Skifn, HE R AKE 3.6 T
bigram ¥,

i want to eat chinese food lunch spend
i 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

3-6: HN—3Fi® bigram R 8 MR
EVE: 78 9332 /NE T8 BeRP &£ E F, 8 A28 (A V = 1446 ) 89w —-F7F bigram L&,
A THEOE FEE R 8, XA T LG 2P i B R G T A O AR R . IR R R S 1R T
Al Pl A 3.24 tHE k. K 3.7 o T EE T
[C(w,, W, )+1]xC(w, )

C* (W n—lwn ) =
Cw,)+V (3.24)

i want to eat chinese food lunch  spend
i 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

3-7: ¥ 8 NRIFMM—EZE I
EE: 1 9332 A8 F Y BeRP AR E F, 3 8 AN (A V = 1446 F) iy e —EEZ T
HEVER, T BOE T TR KA E M. C(want to) A 609 A5 238! Al Tt i] LAZE AR 2% ) vh
BEX— R P(to | want) AP T 1 0.66 18/ FIF 1550 T ¥ 0.26. 207G Hr4m d(HT IH T4 1] i
L) Al LLE AT i o b 15 2 2415 N . bigram 1 want to 373152 0.39, T1fii Chinese food ]
i 0.10, 2 10 fIfiF %!
RATHERIRER (1 2UR AR RN R Z MR R 2 8 T 2%

3.4.2. N k 3Eg

IN—F 00 53— Rl %, & A AT ILZ A4 3R ] ISR R 5 s B A AR D — . BRATAS AT
A, R AN BB k(5. 052.01?). B, R ERR AN k(add-k)FH .
Cw,,w,)+k

P; w |w =
Add—k( n’ n—l) C(Wn_1)+kv

(3.25)
B0k PSR IR T B K 76, X A] DUEIE AT K R (devset) KR SEEl . RE N k £ —L84T
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ZHIRA H (B3 SRS K), (HEVAARIR A T15 5 @8, A BB AR ZE N ZME A
21137 $1(Gale A1 Church, 1994).,

3.4.3. [EliBFNiEE

BAT—EAE S AT I o] LTS Bk TR n-gram B )8, (HIRATTIE 7] LAF) T 55 Ah— S SR ke d o
WERBA T P (Wn | Wn2 W ESETRATT A — /MR E [ = 01875 Wae Wi Wa 7, 84, 3R A T0T BLIE
THE A G IEVEMEEE P (Wn | Wt )SRAGTFFHEMESR o [F)RE 0, a0 R IRATT A THECR T P (Wn | W), BB A FRATTH]
PLER —JCiBER P (Wn)o

B, A RE R BN SOR — g, nT DAFE B AR E 2 AL A K TR RS A PR
JPER LS B XA n-gram* 2R 4547, (2[R (bakkoff)r, i SRiEHE 784, WA =J6iEdk, &S0 H —ciE
%, BWEH— B Haine, ARG EEA IEIEIE &M n-gram 260 T 4 &4 BHE BME
n-gram. fHLLZ T, fEfE{E(interpolation)H, @it AL FIZH 4 trigram. bigram. A1 unigram 140177
X, BATBRIEERENE n oiBE 2 rstR kit

TE TR 2R AR A, FRATIE I X B A B AR g AT S VAR B R AL & AN RIBY ) n-gram . (R, @RS
unigram. bigram A trigram i3 K& 6 B TIIAL A 28, A1k 11 trigram B2 P(Wn|wn2 Wio1):

P(wn | Wn—ZWn-l): 7\’IP(vvn | Wn—ZWn—l)
+A,P(w, [w, )

+AP(w,) (3.26)

:/E\EP’ A’S:é\*ﬂﬂ‘j’]!
> =1
i (3.27)

FE— MR R A AR RS T, B ML R I RSO SR . XRE, i SRIRA T — My
SE [ —JCiEVE B AR ER AT B AR AT A N2 112 = iRk I = ek T ek SE el 5, DAk
AT LUR L = Juifvh i M s B, AR SR B A i = etV AR E K. A3 3.28 o 7 BAT E°F
SO BUE A A 3

P(w, [w, W, )=A(w .0 P(w, [w W, )
+A, (W o) Pw, (W)

) P(w,) (3.28)

IXEEME UNAT B B 2 ] A (B A 25 A (B A 782 AR BE (held-out)iERLEE TR 22 ST 1Y) o IR B VB REEE & —Fh
AN ZRiB Rl P, FRATTAT DA 2 3 e R A IR B 1B R 2R ALLR B M SR v B X SeME 2 RIS .
UL, BAEE n CIEEMR, SR EMECYEA AR 3.26 IS IREER KIIMR. HIRZ HiE L
KB MR MES . —F7E2 A EM Bk, X2 —MIEiT 5 8 s s B ) Bk (Jelinek
Mercer, 1980),

76 [BEE n-gram B, WHRIRATTE B n-gram HHECNE, A4 FRATIEL 318 FI(N-1)-gram KL
e FATERSHESE, BEIEP R HEE ) LR TG

T AR REE AR Y — AN IER KRR 0 A, AT A BB n-gram #EATFT 37, NIRRT n-gram {#8 —
S MER . RN — AR, WA B n-gram BEATET . mERATRAE T TR ITIR ) MLE ME,
M R EERATE B A T n-gram B 3N n-gram, FeAl Tk v LA IR i B, G5 iE SRR Tl
AR A R AT /0, SRR R T 1! B TR BRI, ATETF E AR« kK
XA 23 B 2P n-gram.

X RRFT 3T (0 9158 4 FR O F % 5] 5B (Katz backoff) . {E Katz [F5E H, Wi AT o5 & x4
n-gram(BP, W RIRATEIEZ L), WIFRA VG T FTHrRER P75 7500, FRATE U3 Mok [R1%: %6 7 52 (N-1)-gram
FIREMEE . Kk, THHE IR n-gram 1 Peo MR U0F

+ A (w

n-2:n-1
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P* (Wn | Wn»NJrl:n-l )5 lf C(W n-N+Ln ) > 0

Poo (W, | W Niima) = { )
W Nt )P0 (W | W Ni2ng)>  Otherwise.

(3.29)
KR FLRIEE 5 —FFN “UF B R 7 (Good-Turing) g kg &1 —it . &) Good-Turing [F[1B
SRV R B S AT 5, XM RO N T Al Good-Turing ~Fify . PRl a {H.

3.5.Kneser-Ney ¥ig

B i AN e B U Y n-gram T35 51 2 — 2 #fifE i) Kneser-Ney 7% (Kneser £1 Ney 1995, Chen 1
Goodman 1998),

Kneser-Ney i+ —FF AL T IR 75 FIAE—TF, 5% n-gram BT8P0 1754 — s R
e WER), DMEEFIE LSS E A WK n-gram.

NTEFX— A, FATATLAE H Church A1 Gale(1991) 10— MR AEEE . BRE—NTHECN 4 1
n-gram. FATHTEX X NTHEAE L2474 . HZRATIBIZITH 200 ?Church #1 Gale MR F E 2 A FH
—MRERERE, REEFEENGETIHECN 4 KA bigrams Kt 2 2 /0. AT SEBAL ) 2200
JiAEaa B T bigram 1Bk, SRS TE B4 2200 SN HGE PR A T AR bigram TR PRI
&, {EHT 2200 34N H A I 4 R bigram fE f5 2200 54 R R I 3.23 k. ] 3.8(Church #
Gale,1991) &2/~ T ¢ /T 0 2] 9 Z [8] ) bigrams FJi+45.

Bigram count in Bigram count in
training set heldout set

0. 0000270

. 448

- 25

.24

. 23

.21

. 23

> 2l
- 2l

. 26

& 3-8: JIZEFMREER bigrams T3

BE: YIRS A FHALH E A&7 2200 7 %17, H bigram W 4 AN 0,1,2, -+9; A, REEFHNEMCE
2200 77 #15, * bigram it# 4 %4 0.0000270, 0.448, 1.25, ...8.26.

1EE] 3.8 HiEE R, Br T O A 1 OREA AL, HFHMINZREE P i)t Brbiat 2: 0.75, wirl DUR LT Hb
il 5 H DR B A AR I BT A e iEVE T 4% 4T HT (absolut discunting) & it BRI B IR — A
i 58 PRI (ZE T AT 40 o SRESIX M B . B2, BT RISEX EE S0 8eE TR b, —A4
NI d A2 BATTA R KR ITREN B ZAB BN THE, AT X L HERATA — 5 BEARAE AL R
Kl 3.8 %M, TESCERH, XFHrHnseBr EXTTFEON 2 2] 9 (1 bigrams J& —AMBLF I, & A T bigrams
20 A 0 A A 2 1

O 3O Ul W= Wi — O
N O Ol W= O

e
0]

Cwi,w;)-d
2. Cvu ) (3.30)

TP bigram, 55 U AR A EANT unigram. AT LUK A K d (AR E N 0.75,
WA DO 1 (1) bigrams BUAREF 0.5 4T HIM{E . Kneser-Ney #7#11(Kneser il Ney, 1995)LL— 5
5% 1975 AOR AL BEBARBY B unigram 73 A1, AT 58 1 280040 BRBCIRAT IEAEXS — > bigram A1— 4>
unigram AR RUBEAT IR, 25 R — T IR X AN A A R — A BUA R AR

| can’t see without my reading .

FEIX L, “glasses(lR4) X AN 1A BhF- Lt “Kong (FL) X AN BE 28 th B, BT PAFRAT] i B2 3RAT T unigram

P (W, [w,)= +Mw i P(W))

AbsoluteDiscounting
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WAL = X “glasses X AMA . HEFESL B, B A& “Kong”, K N“Hong Kong (& i) /& — /N E T m i i
e —MRvER) unigram FEALK IR T “Kong” tL“glasses” B m HIME SR . FATARE R A E &, BAR“Kong”
FEEA, (B EE KR EE“Hong Kong”, Bl“Hong”—if 2 J& . glass XM ({40 A Ju BB )15 % .

Per) g, TATEE)E— DA Peonmuanon 1 unigram #8412 68 P(W)e Peovmuanon 1125 T “How
likely is w to appear as a novel continuation?”[nl &, 1 P(w)E% 7 "How likely is w?"[nl @l . 7£— A
AN B SCz R, AT AG T w 3X AN R 8T ZE2E (novel continuation) %6 ? Kneser-Ney [ B %
5, B RATXT Poonmmuaron AR 11, 257 7E“number of different contexts word w has appeared in” |, El'&
SERH) bigram KR EE . & — P BESRAAE S — IR BN H & — M e s: . WA R, X HIE
WL BRSO, WA R IR BRSO B w AR B A S I T AR R N

Peonmmuarion (W) o [ {v:C(vw) >0} | (3.31)
RNT XA EEEN R — R, FAVER bigram KA LSBT IH—1k. BITE Z:

Peontmvuarion (W) = [{v:Cvw) > 0} |
[{(u', w"):C(u',w') >0} | (3.32)

FTAE B A RGR IR AR w 2 BT B iR 2R A s (EE A 3.31):
Pontmvuation (W) &< [ {v:C(vw) > 0} | (3.33)

FEFTAT A I T A B A G AT R A, W PR
[ {v:C(vw) >0} |

P =
contmvuarion (W) Zwl (v:C(vw)>0}| 5.34)
—/MiiAE] (Kong) B AEAL — > bR SCH (Hong) Ky B A AR I ZE S0 2%
T, &%t bigrams (K3EE K Kneser-Ney T8 (5 & 5 FE A -
max(C(w. ,w.)-d,0
Pey(wi [ wi )= X(Cw W) ) + MW )Peonmvuarion (W)
Clwi) (3.35)

NE—MNE—FEEL AT RN CLT IR R

d
= - Hw:C(w, ,w)>0}|
2., Cw,,v) (3.36)
I d /X C(wir V)& H— 40, 2B I {w: C(wir w)> 0} |72 1T LAEREE wiq B 5L 3R] 28R 1 5,
HE SN, RATCEITI i Ria R s #a)ihil, S RATE HHE— e drdnik B 2z .
— i HE A

Mw, )=

mMax(C gy (W) - d,0) +

z Co (W v MW i )Py (W [ Wi0i0)

v ~KN i-n+1L:i-1 (337)
Hordr, THE Cun 8 SCHLHE T FRAT 72 T 55 0 4 7 19 5 = T n-gram (491 4, 4n 2R JATT 1E 72 4 48 1) 2

trigram . bigram # unigram, M2 trigram), it & —AMEF 1 n-gram (40 5 3411 1E £E 36 45 () /& trigram . bigram

F1 unigram, TJJ2& bigram 2§ unigram):

Py (Wi [ Wi i) =

count(-) , for the highest order
Cn ()=

continuationcount(-) , for lower orders (3.38)

IESETHEUR () e — S B3R BRSO B
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TEBIALE RIS, 214045t unigrams #HATHE{E, Hh S el s 7/ 5.

max(cyy (W) -d,0) Y 1
ZW'CKN ') © \ 3.39)

R BATEE S — AR ATA<UNK>, B4 REEA—MHECAZ IO H . B 20
FENIBE 21 3 AN E)V

Kneser-Ney ~F ¥ 7% ¥ & ££ 1 B8 iR A B % 4 12 IE ) Kneser-Ney “F 1§ %5, X J& 1 Chen Fl
Goodman(1998)#z Hi 1. i) Kneser-Ney FEAE A AN € Hr40 d, 2% n-gram A8 FH = AN [F] 1)
40 d1.d2 A1 d3 +, Hat B mixf il 1.2 A1 3 252 £ . ¥ W, Chen 1 Goodman(1998, p.19)=k Heafield
2 N\(2013).

3.6. EXRIESHREHE/NOIE

T T A FH Ok 9 2 B H AR B AR G B SCAS, W DU SZ AR RIIE S8 . Google K AT Web 1 /i
¢, 5-gram 15k} FEELFE S FORI n-gram ££45, BLFE A 1-gram 3| 5-gram ¥ BT 1138 (five-word ) J3 471 B3] ,
XL B Y IE 2 /D 40 AR Fd, XLk E&H 1,024,908,267,229(%) 1.024 Jifl, BE#FF)H
WS, X EESCASK H A FFRAT ] U 3] (4 92 5C W 51 (Franz 1 Brants, 2006 ). %#ki4 k4 T Google
Books Ngrams iE#} 4, Hrp A& ML EBUoE 3BT n-gram, S3EkEHC. 908, dEiE. EiE. 4
fERAE . BRRRE . HABE MU EE S 15 1) 53 4k 8000 141 n-gram #Fid(Lin & A, 2012a). BE/MEEE RGO 5
R FE1E n-gram THEHEALFER B COCA( AR 3 [ FeiE 15 K EE) ) 10 42 5030 (1) 35 [E 5515 75 kL (Davies,
2020) 5 H1 1 100 54~ n-gram. COCA & — /NP B KBHE , X WA © A KEOH R 1)k B A
R I)1R:1990-2019 B 45 HRAR. R E ISR ADUEE, AR n-gram 1) L F3C, BUEE
A AL AR ) o

Google Web 1} (1] — 1% 4-grams 74 :

Py (W)=

4-gram Count
serve as the incoming 92
serve as the incubator 99
serve as the independent 794
serve as the index 223
serve as the indication 72
serve as the indicator 120
serve as the indicators 45

FER A F QR I n-gram 22 & (118 5 B, AORFIEIEE HE . AR A ia A 6d o 7R 8,
1M AETENAE RN 64 AL 5, HIA A S PG RS o MR 5 U 4-8 (A2 8 FT57F s 4)
AT EAL, n-grams A TE BT AT (reverse tries)H .

N-gram 0] PLEIEAE BTk 4E /N, B a7 fig v BOF A BRE (B 0, FH T Google n-gram KA ¥t
H 15 Jy 40)1) n-gram,  BAE RS BT R n-gram(Stolcke, 1998). 7 —ANik #5214 FH A i e a8
(Bloom filters)z 25 i) R Sk ¥ 1 LA 1E = i %Y (Talbot #1 Osborne 2007, Church %5 A 2007). /)5, &
RiE S A8 T B AL, 1 KenLM (Heafield 2011, Heafield 25 A\ 2013), i HFEF¥, A Sk %0
LR A FH B HAMET, FHEHAIEHET, Pl b i EuE s RBUERLE, A Rt R R .

ST A X 2 T2 A9 ] DU 52 22 1) Kneser-Ney ~F 1 1244 & web 22 1118 5 1544, {H Brants % A\ (2007)
KW, WTEERKMIBESERY, —ANEERRNEETRER L 7. XAFIEERER )N E E (stupid
backoff). RJNELREGE 7 EEE 5 B 08 UM AL . SR A rin. R —1sEk
n-gram [ HCNE,  BAT 50 Bt AR B — MK n-gram,  FE B € ARE (55 B SRR IR, %5
S MR A, IR TR EE Brants 25 A (2007)FIA AL, K HFRA S:
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count(w' . ,
O count(W ) il_'lk“) ,if count(wi,.,)>0
S(W, | W) =1 count(w,, )

i-1 :
AS(w, | wWi,,, ),otherwise (3.40)

[A[iE LA unigram 53, H AR S(w) = count(w)/N. Brants %5 A (2007)& 8L, AFIMEEL 0.4 FiF.

3.7. B4R E™: HERESHRIXER

BAE 3.2 W I TR, (BRI L n-gram #8—F 077, I n-gram #E78
2 A A 73 C B v R (PR, T ] R AR MR )V — A AR o IR i S BB YT 58 S
M5 BERMES, EMRE T A2 A (B, A AB TR ? ) R EHCR . (entropy) 2 1E
BWERE. e — MRV E X, HEEDEEA TN P E (RiE . 75k, w28, B X ESR), A
AREE MR A, ML p(X), BOFEHLAR & X HIR =2

H(X) =" p(x)log, p(x)
= (3.41)

JRI E, X% (log)n] LATEAEA] i (base) N it 5. anRIATME A CL 2 SIREL XS4, 43 30 0 05 (0K
PLLCRERE 2. — M BB 7 0% R mid &b, J52 4 hs AN v 5 55 BT 75 B0 LR
HE) RS

2 Fe— K | bR iE(E B FL EBLH Cover A1 Thomas(1991)[#1 1. 28R —F, HAVEX—HFEL R
¥, {HZ2FEES Yonkers 43 K0 1, FrbAIRATRR R # ki — 4 0AE, & VR ZEHB0E R )\ U 5 s
—UC. YmhSbbyE B0 — oy v U S UL 7 i) 3 R R T A E 0 ARE s Rk, 51 Mgmid 2 001,
2 /& 010, 5372 011, fRKUL2EHE, I 8,2 000. MnSRIATIERSE, mHEILSEH 3 Agmid, P
LB S, A1 K K% 3 .

PATOT DA LS 2 i i 22 (spread) & AT FyE I SERR 3 A, AT H R NEEIE S e 1082,
W PR

Horse 1 1/2 Horse 5 1/64
Horse 2 1/4 Horse 6 1/64
Horse 3 1/8 Horse 7 1/64
Horse 4 1/16 Horse 8 1/64

i e By I REALAZ B X RN BT SR 0 1A B R, O

HOO = - 3 p(0)log p()

1 1 1 1 1 1 1 1 1 1
=——log———log———log———log— —4(—log—

2 g2 4 g4 8 g8 16 g16 (64 g64)
=2 bits (3.42)

— /PR HL R 2 A7 (bits) ARRE T LA BB R i R Rn T 2 10, HE KMk ERRE DK
B, fFlhn, JATAT L A TR S90S 0, HaRrS9wts oy 10, 48572 110, 1110, 111100, 111101,
111110 A1 111111,

WR SN AR S 2R A E R ], WRATHE K it sk Rom S H, BT
B E 3Rk, FrLAFME R 3. MR —FEME2EX PG T, BILS MR 1/8. X IER
LRI -

B101 1 .
H(X)=-) —log—=—-log—=3bits
=8 8 8 (3.43)

FIHATCAIE, BAT—EAATE BRI (HRIATHBERE R > S H L 2F5 . i,
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NP B, BATETE ST W = {wo,w1,W2, ..., WnlJTFII. — RSBl g v 2 AR 878 501 7 410 6 B Y
B Flan, FATATLATHESEROE S L K ER n BIFTE A R P A R NS = R, W B
HW,, W, W, )= D p(W/)log p(W')
wrer (3.44)
FATAT LUK 2R (entropy rate) (1] LUKE AW A BEAN 18] AR ) 2 SO T F1 B A I DA 1] 2

1 n 1 n n
—HW,)=-— Zp(wl og p(W,")
n Mwre (3.45)
{HRN T IE—FE S RS, RAFEFZRILRKERN Y. WRBAEES EE— LT E
L, EFEE—A a5, FE R WARE B wiwe, ..., wa 8, R4 L IR H(L)E XN :

.1
H(L)=lim—HW,,,w,,...,W,)

n—>0 n

.1
=—lim— Zp(wl,wz,...,wn)log P(W,, W,y W)
"N wer

(3.46)

Shannon-McMillan-Breiman & ¥ (Algoet 1 Cover 1988, Cover fil Thomas 1991)45 !, WEiE S1E
ST TR U ) (R DD e, B A ) s 1) O T 1), A

H(L)= lim—llog P(W,, Wy, W)
o (3.47)

ok & v, IATA BLR A ZE® KW BEA T, WA R X B A AR AR
Shannon-McMillan-Breiman & H 1) B 5t &, & 8 K 8] 77 510 AE a8 vV 2 A B i e 31, 9F H
XL IR PP 41 P B g — AN R AR A R AR K 1) P 41 b B H B

Un SR BE LR 3 BC 45 7 51 R RE AR 0 T 8] 28 51 AR AR AR 1), MIFRI A 2 (stationary)id 2. 4t
FTEYL, LA ZERS E] t R AT SERTE] t + 1 MR AT A R B /R AT RAEAL, i3I n-grams, &P A
M. #an, 7€ bigram H, PAXHGRT Piao B, RBATKER HZR I3 x, W P ISR ELR T Piaxato
{H2 HARE S AR TR, BOAIEWIRAIES 12 Srh TR R IGARAE,  RITKE B 300 5] M 26 T REER b
TAE R IR B AN [ A OC S DRk, AT ST BEAUN 25 H B ARAE 5 11 IR0 20 A7 ARG 1 AU

S, T AN TR R T R A A R s, FRATT AT DAH S A ML AR A0 (i B — MR B AR AR
Frt B350 B2 1 75 K)o

BUALE, FRATHER AR X (cross-entropy)e 4 FRATIAS 138 7= A= SR LE H0HHE (1) SEFRMER 70 A p B, 22 X
WAEH. ERTFRAEH 2 m, B2 p WERED p FITPUE). m#E p ERZE SURE SR

H(p, m) = lim—— 3 p(w,, W0 W, log MW, W5 s W)
r Mwel (3.48)
WA, ATRIEMER A p R 75, (EARYE m RS AT AHE SR i 5% Bk 47 R A0
Ik, % Shannon-McMillan-Breiman &, 347 R4l im i F2 -
H(p,m) = lim—llog mw,,W,,.., W)
e 1 (3.49)

KB, TR, BATA AR A SO I A P FOR A THE A m AR A p B AIASOR, TiAS
FEXT AT R RE I FP HISR A A2 X5 2 Jir LA TS RO 32 3OS H(p,m) 24 H(p) i L5t X AR AR m:

H(p) < H(p, m) (3.50)
X R AT AT A A — L fi Ak S A m SRS B Al v (IR A MEZE p SRR AT 5 77 51 1) LSR5 . mBk
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FEHf, A2 SO H(p,m) st iir BSE Hip). IR, H(p,m)AT H(p)2 18] ) 22 55 A& o A5 0 ff R 1 i
TEP/NEEEY my R mg o, 28 SO PR B ERAERf . (A8 XORKIE A AR T H S0, R B AR 2 PR A
HSERE AL - )

AV T LG B N S RIS X 2 A 58 &R, inFRATE A K 3.49 B BIMIRAE . W53 1) 5 1]
P AN BEIR B TE 55 ORI, 28 X e SCRMRBIR « FRATDH 75— AN I AL A SO, st T~ — A i K BE Y
(WK XA PP A W IR M = P(Wi | Winet ... Wier), SXRRIBLAI A RN -

H(W) = —ﬁlog Pw,,w,,..,wy)

(3.51)
—ART B W R H AR P IR, BLLE I e O ANAE X 2R 1A
Perplexity(W) = 2"
1
:P(wl,wz,...,wN)—N
_ \/ 1
= N
Pw,,w,,..,wy)
e
= N,
i1 PW, | W, ,..,w, ) (3.52)

3.8.!
ZS

&

IR T A ARRIE S A R )2 1 T A2 — n-gram.
B ERARAE T — Bl 7ok N — AN a) T E A SRR R B S FOARE R, I AN RITTH] (14 B v TR — AN ]

en-gram J& SR BFHAR T, M —NE 2 B I RTELGE SRAL T E]. n-gram MEER AT DLE IS L TE R it
RN — b (B ARG )Rl it

*n-gram iZ 5 B BU/E FL LT 5 g A IR VTAS , B TE N S R R

o PR 35 5 A 2R X P R 8 e P A 2R A e 1 S R M 6 1) J LA P 384

NG ERIRAL T — M AR 15 kAl 1 n-grams IREZE . FH ) n-grams “F R S AR T i B
B EAEE 1KY n-grams ()45 .

o [e] 1B 14 B 0 % ZEAT R i 2 40 AT

*Kneser-Ney V-5 &b 3R H T 5 ia] & B a2 (1) AT REME . H{E I Kneser-Ney i B0 T IR 51K
B BRI A A — i

¢

M Ik

3.9. k¥ BB

n-gram 3 A 5o 3 g L i R BER (1913) 3 HY B, At 4 F BAE Bk A 5 JR B K 8 (bigrams Al
trigrams) ) J5 LS TN 75 41 (04 - B2 4:) (Eugene Onegin) LK B K 7 RER T3 b 24 . 5
IREBFR K 20,000 NMF B2V EL C, FRUHE 4G BN T — AN B AN B S 0 & 1) bigram Fl
trigram 3 . Shannon(1948)N i n-gram it 5445 #uid] F¢ 51 I UME . 3£ T Shannon LA, % 1950
AR, DRATREERIC T 2 T TR, SN0 TIET, BT8R F 547 28, M Chomsky
(1956) 7144, f1#5 Chomsky(1957). Miller 5 Chomsky(1963)7E N ) — Z 514 EL 520 /18 Sc 4, Noam
Chomsky W\ g, “f3 FRARZS Ty /R AT Ko 2" B AR AT B2 F ) T2 ja ko, (EARERCN N ZBER AR T 768
NIRRT, X ig ST 218 5 F XM EIE S 5 LR 20 7 gt @ oy H it TAE .
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n-gram BN H T Jelinek FITE IBM 85 - IR AR AT 78 PO I RIS, A ATT52 8] 7 &/ R MR N
FEHFIE A DL T (B, T Baker X 2% 7 Baum At [R] F RS20 . 33X PIAS S 5 20 ) B L AE Ao AT ] 6004
FiRA RS #EH T n-gram (Baker 1975b, Jelinek 1976, Baker 1975a, Bah % A\ 1983, Jelinek 1990).

Ii—"F¥EVR B P4z B (Laplace) 1812 Sl 4k & i: ], 2 Jeffreys(1948 )R HiE Johnson(1932 4F)
BRI Kk EUCE UK AR 9 TR 07 RN H T F A 0 J 1 . Gale F1 Church(1994) 145 1 n—
CRFRIIIEF s

£ 80 EANH 90 FARSR T HFhA[E )8 & @A ER, H 45 Good-Turing #r41--tH Katz
RN T IBM 1E n-gram | f°F 1 4L 2 (Nadas 1984, Church #1 Gale 1991) --Witten-Bell 37 f[1(Witten
and Bell,(1991). VLR FHiAI2515 B 1 & FhET 20 KM n JiEiE(class-based n-gram) iy

M 1990 AL I UG, Chen Fil Goodman 4T 1 VF 2 K5 L4625, A T ARMTINEE. 2%
TR FE T3 AR R A 5 = 158 2 % (Chen Al Goodman 1999, Goodman % A\ 2006). fthfi1/E
78 T B Kneser-Ney B AL £, B8N n-gram 18 5 @B OFRAEIRLE, 5592 I Al 26 W 22 45 A0
BT 03 R R R TN A Gk o X 2830 B HEFE LR AR A0 n-gram 15 & @A 2 — P I
SRILM (Stolcke, 2002)F1 KenLM (Heafield 2011, Heafield 5 A 2013)5& Fl T n-gram & = H R [ A JF
AT R,

DUARTE & @ AE (A2 W ZHE SRR TE R, BRI T n-gram I E [ B n-gram BT
W, SR EEBOEK, n-gram TIEE M INGRRIMERI B IEE . M, EIE SR B 5 5
Bl —AES R, AP B AARLE S SO ER B AR RN RATHAES 7 EHR A ARTmiE S
1% (Bengio 2 A 2006, Schwenk 2007), L% 9 & i/ 48 3% & L% (Mikolov 2012).

3.10. &3

3.1 Write out the equation for trigram probability estimation (modifying Eq. 3.11).

Now write out all the non-zero trigram probabilities for the | am Sam corpus on page 32.

3.2 Calculate the probability of the sentence i want chinese food. Give two probabilities, one using Fig. 3.2 and
the ‘useful probabilities’ just below it on page 34, and another using the add-1 smoothed table in Fig. 3.6.
Assume the additional add-1 smoothed probabilities P(i|<s>) = 0.19 and P(</s>|food) =0.40.

3.3 Which of the two probabilities you computed in the previous exercise is higher, unsmoothed or smoothed?
Explain why.

3.4 We are given the following corpus, modified from the one in the chapter:

<s>|am Sam </s>

<s> Sam | am </s>

<s>| am Sam </s>

<s> | do not like green eggs and Sam </s>

Using a bigram language model with add-one smoothing, what is P(Sam | am)? Include <s> and </s> in your
counts just like any other token.

3.5 Suppose we didn’ t use the end-symbol </s>. Train an unsmoothed bigram grammar on the following
training corpus without using the end-symbol </s>:

<s>ab

<s>bb

<s>ba

<s>aa
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Demonstrate that your bigram model does not assign a single probability distribution across all sentence

lengths by showing that the sum of the probability of the four possible 2 word sentences over the alphabet {a,b} is
1.0, and the sum of the probability of all possible 3 word sentences over the alphabet {a,b} is also 1.0.

3.6 Suppose we train a trigram language model with add-one smoothing on a given corpus. The corpus
contains V word types. Express a formula for estimating P(w3|w1,w2), where w3 is a word which follows the bigram
(w1,w2), in terms of various N-gram counts and V. Use the notation c(w1,w2,w3) to denote the number of times that
trigram (w1,w2,w3) occurs in the corpus, and so on for bigrams and unigrams.

3.7 We are given the following corpus, modified from the one in the chapter:

<s>| am Sam </s>

<s> Sam | am </s>

<s>|am Sam </s>

<s> | do not like green eggs and Sam </s>

If we use linear interpolation smoothing between a maximum-likelihood bigram model and a
maximum-likelihood unigram model with 41 =12and 42=1/2, what is P(Sam|am)? Include <s> and </s> in your
counts just like any other token.

3.8 Write a program to compute unsmoothed unigrams and bigrams.

3.9 Run your n-gram program on two different small corpora of your choice (you might use email text or
newsgroups). Now compare the statistics of the two corpora. What are the differences in the most common
unigrams between the two? How about interesting differences in bigrams?

3.10 Add an option to your program to generate random sentences.

3.11 Add an option to your program to compute the perplexity of a test set.

3.12 You are given a training set of 100 numbers that consists of 91 zeros and 1 each of the other digits 1-9.

Now we see the following test set: 00 00 0 3 0 0 0 0. What is the unigram perplexity?



