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E1-1 BARELESHEIME. AIE’EELAE%E%H’B@%

HY L, BRESUHEXNREFRAS ERZNEX?, EREIEFFEWREEERE
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SRIES M (Natural Language Understanding, NLU ) X AR, HFNLP W EEFAFL T
BErk, LA —HAZAE, MAXHTENIRREN.

e A B S et —HE, BARITE S A — R —RIRA IR, BAET RREATHEE
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A R UFRB R —8, RATREEXIFIIESWERERE. AMEARIES SA LiES#—
TR, HARIIYIARRITE S 222K,

1.1.1 L&

HARWE S P AiaC G BE 5 R e iR £ 5 . ERINABMHERE S b, B G
R EARAESERN. i, CiEF—Aa 240 K|F, Java a5 WA 504, BARRANIAT
LAE AR R . R 24, (HX P FRERIFRE R HREXIMGS ., AZELER,
WA MR N8R, BEAKES B, ROTTLMERRNC]EITS LRM, JLTFRA
B E2MBIMENE, UDGERG], dEZGES XF TEZRSEM (BRIGE ¥ HiE#
(R )) —HPGRT 56 008 il sk. BRULZAb, FRATA AT LR 615 & Fh IR 58T iR, i AL
BRF 44

1.1.2 &1tk

AARES S mn, MamEES 24Miny. Frssitiit. B BB A LS
HWER, WRBESPHERSHA .. BAEEPHERSFER, HTLLESHHOILEEES.
BT, RIDRBERPIMEEXFE—FLRE, —RE e RamEES TS .

class Company (object) :
def _ init_ (self, founder, logo) -> None:

self . founder = founder
self.logo = logo

apple = Company (founder='FF##f', logo='apple')

Fi&, BRI apple. founder Ml apple. logo ¥ IKHUIE 2\ a] 4 1 &5 A FER
e XEE, BFES i class Company X454 (G BARAL T EIR LB, A&
i E TUATFEXHER B, ALEFREHENTFAR, HE i SERAE AT
i, R logo AR, IHEMTHEESMTIL AT ESE .

o XAIPUBHEONRIEIFSG, MOZE SER B GG A 2 77 . E B9 logo 2 SERT
o H—A> “SERT fRMEERAF, WA SERT MR AR logo
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o ERNEI ST HZAIMCRE WA A", S ORSER logo ZIMMXF R “HY
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{£% . XEAE55 HATHHER R AR A AR ALK, T, AKREFHRE R —a5E, ZibitH
PLIR AR H AT

1.1.3 BMXH

FISRIE T A R S, ik sy SORRE ST A A IR i R B0 e i X, L dUE £
SCia], PRSI b R S0P A RS S H & 5L, B ST A FH G 10 S A SUE s R
R, BT E3C SERT i EE A, CEET XMENA ZRE . i, T
7 LAY,

it "X ANAAELAES (funny )." il “REAAABRAELY (funny ).” TAAM
AAMA T EE (wish ), Fibte B EEEE (express). XK T: “HEXKEFAANEE
(thought ) !" LA 5 T “4RMX L 3L A4+ 4 & E (intention) 7" FEAAB: “AAEL
(funny )." A ABL: “A&EZ (nonsense ).” ( RLA (A£FIR) 1994.11.13. oo ) [ X A
%, 1999 |0

AT PR B SR R BOARTR] S0, AT B T b3 eh S AL PROESCRE A

([BAEGRES o, WATFAEE 2. REF R EEPE THE R, mmi R
ML —H, Wh SRR,

1.1.4 HEH

FRIb a9 = R R 00 2 R, AR TEIE e R AR T ELIK I _E A SO
SEINEATE, T E0R ] ABVERPR AT S A AT W Ak, WA —hEREE R, A
g T LA i BRI L . MESMNBRES P, BIF AOIRIEHS4X ER . HkEXT
ML, BB 2G5 MRS RS, BAEREEN bug.

FELE, KATAERHT S, B ARG A SRR SRR T — B R,

O HERK (i HREFGRE).
2 WPREE RO R O O A E LR 0, F HEETE O BRI HTsEEe, Hohon B CAKEE,
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1.1.5 ZEH
EE S RN L RN, AEME, HfEEsECERRRMGZ, MAKES
DA % T I 2 — 2

HEE S B ASRAL I H I si4ed ., LA O hl, EAY& 2 Bjare Stroustrup,
EHREH CHREZRES% . M C++ 98 3| C++ 03, FF| C++ 11 F1 C++ 14, IBEFHRAERNZE
PR DASE R B TR AR, B A KBUME T X HHM AR R a3 A, RA DEUE FIER
LR

M B RE S AR AR R A s Em R . sE 0, B BABE AR
LARILRAEMRE . BARFETEE, WA, ERATE AT A b elE s
R AR A, WAEAEI T RO LU & X, SEGHUDUEMBUCILEMZE K. It
bh, DCEAWTRBCEE R B iESSME PRI, B 7ER i niubility 25 P08, X488l
LR, BRERERAERT, A ERIEF LBk TP . X WA REFHEA
REUIH, HEEFME “AR" HIRHE,

1.1.6 EESMKE

W TSR E VTSR . BEEE MRS, AR S EERR . T4, KA
SEARKRTRARRE R, WIS A “E ", mASEE “EH5 e
B, MFHMLEK, ROSHEERER, kb “T7" “wsiR", BEx &z Emg. mR
ESCHR—ARTRAE TR, NSRRI, EES R RE A BT,
HATREEREATH AL, MEEEECLRA, XA TR, BT A iR
FIA—ESA R, Xt B RTES IR 1R .

R AL RAVBURLEE, HARE S A ERET Ao A 12 R LN EIR
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¥ y
BEIA KEFHFIRA

¥
E MR peyeye XENE | TERX
______________________________ I
v
BT
¥
BRI

E1-2 BRESLENER

AT E TR [ RBF RIS HE S, NEF R,

121 8. BBIOXA

HRIESLARSENMAR LA 34, BiESE. AREXE. H, BHFMERERIE
FhESR B AR CHE, BZH TrAEaRafemEsE, EfMEEEREREAXAZ, 5o,
XFRIE A —BE S EN R UK, BT TRAEHE, 75185k AiEE RS ( Speech
Recognition ) FINZEFFESH] ( Optical Character Recognition ). — B¥L R CA, sinl LT /G
ZEM) NLP 5. Frbd, XAMMRERERPZHE,

1.2.2 $FXHE, @R ENE & LR E]

X 3 MEF IR BESEREETTA T, FrUAGERIRE S, iRk A i ERAE S5 R A
oria A R RE (FpsTaiE ), e B IR R A 2 TR Z B SGHBR (RMERRE ), JFH
PO — e K R Aie) (@2 REGRR ). XM, HEEkarE® _E LRI F
i, FEWKZAT RGP, WSRIERE TS, WEBERIGEAES . Fref, hIaEaH

D EORN—RENEHES - TREMEA, JFHIT— T REMBTREERLK.
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ELEE FU B R, FEASIR R T Tl st i A K

ER— MR ERBREROES, EEMTHEABELEE T hiEaEA. 5oh, hTX
RVEH BRAISE— NLP (L5, EXTIIHIrZABASER, RIEMEME. Hik, 8% ai AL
2 B RE S A ERAAERIAT 55, IR A9 T 2 0k 1 AR R B9 SR

1.2.3 {ERHE
ks hZiE, XACEERHMLEMAES. 20, IHENEINAHE—TEK
BFAT e, RAEXHBRIENE, 3 MRk iiA A et LR AR

XL PR R4, TRATAT AR — 304 PO (R R, AT 500 oo 431 ) ) i 2 30 v 4
B i ocein), WA R FREI LA, HAialif g e (E B Ln] UMBUR D, AT 18 AT LA
WRIEANEZ (B AGETT 05 BRI SRR 2 AT, B ABURLRE A9 SCAST H P B ACEY

[ER—RAE, —&EEMBGEE AR A G LA AR5 9, SAEH N F
A4

124 MNEDRELFRE
HESCRIRA K — RINABZIG , RATE AT LALE SCRE A i R 7.

A I FATI AR E — BOS R GRS, H M — B IR R R R, AR 2 O
SRR —F, BRI NLP AEFFRIEXE S XK.

H—eemiR, WA XA TR &, EHBREEN O, mAGO B
i, SEEREATEAE S PR L AR,

XML 5 E L RIEMLL, 5P L5 R R SR AN R AL IR, FRATT 27 Aal i By o
Gl -

1.2.5 QiEmDHh

Wk HT RAER B FBEICER, ITRILARE G Z 5 C R, £ 2nERg D,
i LA AR LIRS, e AN BE A R IRRR " XA, P LA A )
B “XIBEAE", WAR “AR", R “WA". BIRX =AM AR, HE CEA”
BFNEEMEhE " BaE, ERA AT AR CERT MRS ek, aTel
A 1-3 R miEls .



12 BRESHEHER | 7

MEXF»

« EPRFR
8 WEE A W wE BA

B1-3 AESWER

RAOTEBE 13 PRAARKKOT N “AR” 5 “WA" KREE, HFAERATEMN
ZIEBh B R R Jﬁﬁiﬁ%ﬁﬁ?ﬂfr?ﬁk?ﬁﬂﬁﬁib%?@. VAR AD S B ek ) SE BT ik

AR INVE RGESHERGE, aREHInd 2% AT AT EEVIAS BT, SRS
EHHEF . e, R R BERAMHSURMRE R (R) HEE GER) BRR5
(0z)", PIEFEFARE, BaREi—3.

1.2.6 EMSHSERESH

HIEE TAIR M, 78 SAMTNTE STT R E S, R M (B — AN o i
N, AR AR ), BXARKRTE (EATPRIEESHWRSTER ) RIBEXK
TS (ordra) Frialif 2Z E s LOER ).

MEFAL S Ed i, ENTAMERERES LT, BTENRRNRE., BIERRATEHTTR,
i AR FIERS SE TR . Z4h, NIRRT R LR Ek, KARKELIIRER, FrliA$
3028

1.2.7 EBEt@RES
Brr i “THRE" BEFI, EATFELEEHRITS, SRS B RERE. .

o FEhAE, HRHERIFESCORPEE R NaE, HAHAKE Cortana FIRERAY Siri;
o HEHE, AR A RN
o HLARMIE, AN —FiE = BIFE N —MES.

R, —fIANEBKRE (Information Retrieve, IR ) & X 5T HRIE b3 A9 50 57 225
RBAMERAFMNKE, B IR WEFRREARGE, W NLP M BFREEMES. I, RE
WAL, AaTPUELIEEE ., wrihigh . R EEAERREER. AEPiEF
FER AT SRS S BT 2 R RS 195 5L, el SQL *H iy LIKE,

ABENAITIEY, A2THeXEHRIES, BTHARES LB ERERABT
A HIEF, HAEEL S,
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11.3 BRESHEGRIR

E—WHETHRESSALTESHRRE, BRT ARIESLRORMENE, M8 T &
HWOLE) NLP {E55 . XA AG8E4T B RE 5 AR A JLR AR Fi% .

1.3.1 ETHURNERERES

W, fEER M TR F THEMTEERE. DRERFR B WEHAENREX, L3¢
HLES B S B, HRRE E R HLIN R 5

FEEHRESOMEIERT, BRI ZEGIA MEFE T3 (Porter stemming algorithm ),
EHST - BRFE 1980 4R, JTIZ TR CHE TR, ZREh 2 &AM, 84 H0
HR—FRIIFEER if then KA. Hialifw 2 A HNHITREE R TR, b FEEassR.
R ILH—F o H R B, BORTFER 1-1

F 11 REETFRZEANSE (3459 )

HE MRERH #H UIESY=Ee &2 20 5] BilF2

1 eed WE+ nEREEHN ee feed->feed, agreed->agree
2 ed SEHE =8 plastered->plaster, bled->bled
3 ing EECE K 28 gating->eat, sing->sing

ERRFERBTE X AL B n) e R & WA R B, IF BB LA 410 %5 A A nl g
HIEOL. ERARISSGRMELIM R, SN BCR Y el E 240 H 4 R — D Rgee, HAES
MBS, HANSR 1-1 X MUH 3 RAMME R ARG, M0 | AR 2 HIcA %, 21 feed
SR A B 2 ) B 0 X P R B 2, AT 5 R OF I . e, % 53R G0 R AR LU A £
FeBF M. HohnzE ORI 1 PESE TR 2, uER AL 1 M ZRFeE, T2 AR, JL+
AR 4 AT HESZ, B KRR S P A B N, 75 BB IR S M R A | ORI
Bk, RGP A WBOER, TEmE.

REBEFRARWISGRATERGE, RINCLELLTHT AL, XEEFHREA L
RIARRIALI , WAEm AR, (AR R B AHERE | JEMR S ARE .

© KHFRENEANSHEAR, €L ARG BB EN . RN T 2% s s Fah .
@ TFHEBIFE, feed AYFRIHIL, AREEN, FHITENM. bled I bleed iH)id 230, RRMIT “% ed”. sing T
BAEHATRE, ARRFT “23 ing”.
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1.3.2 BEFHRITNFEILE

AT RERA £ KK, SN RERES R, ARSIk RYLE 3% 50E
Fe T "G, MEREEEE LTS, FrEERE, R ATRENSHS
A, BATSTERET RE/NT IR,

MTARES RELZEZ, MEREF¥EXK, WRLEASHERIAN, BnEeFES
RAHNEE, WELAREE I S AL RTES AR mTFREARFEEMRARES, B
EABEBA 9 A T 5E LA 7 19 7 UL LAS A shoF 21X se R . SRS HLAHE X S AL AR L F B A
Rl E&. FEARESLEMERT, “861" e “HIEERE".

Geitad 2 i S RS F T B0 RFR,  MALas S 1 W2 S B TR RER) £ W2, L
MEIEAREFREP M EEHIERZ K, TLIRARES G BRI N—F R,
AL FRATOUXH “%E 0" KR AR, R KRB ERHREY .

1.3.3 582

BER A RE S BRI F TN HE, B2AMRATEEBMI L, BRESLED
Zh T NERANBGOHRRIE R RZ . B 1-4 5 T P EJLEERREE .

AN 75 ® SitFHE

BRMBLAR "BETR g aBEERRE (F GitEIFENNE. B HEmMBNEN. RRY

3| =  mmwsEz w+ 2| smm) . xsEsEW S| samie. xmnnys 2| . wemsnnit
& | Gk (EFAN) | & “NLU® R, TenE o | msm. EOMRA S
WEENREEE K’
- @ ® @ 2

E1-4 BRESLEMNGE

20 ft4g S0 AFEARRATEAES HRET MMM ZFN, M TIFZEENEN T, Kbk
HAC R B F I 2 - H RTEIE L Computing Machinery and Intelligence & A\ T8 RERY
T HRE—ERMIK, URETFEABIRE (ks ) —iA i) FRIERE R SRS
0K B R R A R, AR, SRR R AR A AR . R Y TS A
2014 %F—£ 1 GB NAFTHFEHLEERELL 70% FUBERAE 5 Mo N ABHRBEHLAR A B0y, RTLX A
RIA TS RES H A L. AR Wik WP A Xt iE LR 2T & 32 i,
e RSP T HAEE., TieR—RATEELREAKEFTLAE, HEEHRETHIRE.

20 22 80 AFACZ AT =W A L ARE N R, hL KT ThSG TAHCHI RN, ABAT
LA RPLE S RIRI A, NS4 AERREEH ., 0%, A R4
PRk fEWE Pt ML e, 1CRMET /A MIT AT 323 % #9 BASEBALL L4 % Sun 23 7] (2009 4F



10 | ®1% WHFLH

B E SCA RO ) B LUNAR, 43004 1] 1] 25 At 56 W R S ¢ ] fedl 401 o] 352 27 48 H 4 1] e ()
BAMREARRGE, X—PAARSBELMWAERSE, B2 EERETFEANNEXEGE. U
BASEBALL Jyffil, JLr (it b AR I i I T score B9 i) . * AR ) - v AN & Hofh 2l
], W score 2—/~ahia], HWREAIE," B ZARGMAE M L AR & f 2 iRk . A 6%
LA RRNREE . REARYARYE AR5 — el EE S EIH T to be Z 5" Z 2R LN
FIWrgtsha) . BEMIEE. R XA A MR Rk X s 5 B Rt = IRt
" s% “JRYES =77 MERMEXT, RRF/RFESHSCR LI M a), BE RIS “# B T
B2 M R AT ED, Wk iz R iR A R fy R e BB EREL ) A 5E R ik
B A BRI R BOZ R G0 R AR B ()41, CIEARER SalAEE A | AR S ETEEL, TR,
XS R WA R “BLR”, KT HERAXFER RN, 1972 £ AR E AW T Prolog
( Programming in Logic ) &5 XM EMIREL L TR RS

20 42 80 4FR2Z 5, GitiERIS A TR BRI A SR iE & A #R AN ok 1 S bE it e ——
M bR AR 2 FH T I & At NLP A5 . 1988 45 25 /) n) KB AU g Fial EARTE . 1990
EIBM AT T8 — TGt VIas SR R4, 1995 48 K L8 — Mo f Ak ot as (T4t ).
JTESRE SRR, A4RSni E KB9IERE ( TREC [ iERHE . CoNLL i SEikiH
B, B XA OPRTE SREEAIETERHE ). TS A IE I S R Y A R SR | AT A
BIAEAL, BT 2000 4F, KEHLAFFIBRB T ZMH, R myLARFELS. AR
WHPEAR ORI R GE, TR WIEEYLEE A s i i, BB AGMERR, S
KR, E2ALZPhRE—LER . M NLP R4 ] LAECH a1 A ER S 241 F5 M
W, HEFIMKREHRZH, BRIEESFRRAGTHER BRI ER CRraREEs b
TEALEFRIER ) BN WEN T, XGE TR “RHE TR", 2010 455F SVM )
Turbo RAFATE AP #S AESEIE TS M A% ( Penn Treebank ) |FHUE T 92.3% #9#EmRY, 220t
TR ARHETENA L HMG TR R, EMDFHER AR AR, 5280
PASERR, FL7ESE AR BT T s f TR k.

2010 4E 2 JE TE R ERLAR . BEA4 T3 ARG 2 TAR KR T, AR 4 i R 4B R T A
(BBt B T 0 AR I, GE TR A o B AR THROR AR I, A TG A A AR, TR
R 2 04 e 20 ) 446 T [E1 DR R 9 3 R IEF . P R 2 AR R T H B A — b, HLBE BEE T 20
22 50 404 4. 1951 4F, Marvin Lee Minsky i1 1 & & 540 22 W 45 O HL 8% . 1958 4,
Rosenblatt 1 K82 i GESE RIS IR ARE 71 iy P 28 I 45 BT —— 3% 24 AR HIHL. 1989 4F, Yann
LeCun 7E D1 /R 5256 %5 P FH 3% el MR SO SE I 4 T 8 MR E G M2 M4, TR F58HT.

@ HEWAEE, RWCHARERUE T 28885 57555 (19 Unlabeled Attachment Score, $F&7E5 12 3404141
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SRR TR AMEEER, MERNS— T 2010 FFEaiEA 8T ZMA, HFEEl “WE¥
27 WFORE, PADOH T Z AR ES, REEESTMBOET, EAFHREIE Kl 2 IR
. MifEHE H shE ] SRR R, e EERTERR¥E . EAATTH, AU
FEIR S — T B — LR S A, AR A BHEIE SN E STREEE T HIBF R

1.3.4 M55t

AR AL R G 4 H Wi, BR T —SERIRIES b, ERFRCEEM T . 20 4 70
AR, EE TR b LR JE A IBM R EF LA F RSN, ¥2FRE.: “REITER
— AR, REEE PN RS A e R — 21" XA A M AR A RIE R A 221
M, BAIEMYF, BEREVLEE T 69 HETR, SRS KA KRN T

SbR TR, EEFRREEA M . RIS BRI . SRR,
TRAEEREENE T RIEE . 9 b, SERRET TR R G B BRI A B AR AR AR 2 I E
—SEFHHN] . SR, WA —LeRraR R 0 B R FraRAL R

AP E TREE, gt hE. BN 7 A A5 B NLP RERHEE

1.3.5 EBHREESREFES

BIRIRIE 7 I AE TSP B GBS T MEAR 9 s, (B7E B SRIE = AL PR U P RO SR AE 55
EERAHAR ZPEERBFA AR, FEREARRE LR, BRI REREE, % 1-2
Wk T (Aot HAR ) ERNE ERIRIPERR AT 55 B miria AEmR 3 .

F1-2 AR EREAITE

RERTR Wiz wx HWRE

TnT R Re kR Brants (2000)? 96.46%
Averaged Perceptron R BAH AR R Collins (2002) 97.11%
SVMTool ZF o BRI ERR Giménez and Marquez (2004) 97.16%
Stanford Tagger 2.0 =AREE Manning (2011) 97.29%
structReg F A% Sun (2014) 97.36%
Bi-LSTM-CRF W e HIE 2 M4 S CRF & Huang et al. (2015) 97.55%
NLP4J R SHARTERR Choi (2016) 97.64%

%1k 2015 4, BR T Bi-LSTM-CRF DLAF, HALRGERRIEGAR, BmEERERN 97.36%,

1 JFiE R “Every time I fire a linguist, the performance of the speech recognizer goes up” .
2 CHEEEE (6" R—FE AR G IS, PHEDZE R (SR A X ) @RI .
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ffil Bi-LSTM-CRF I BAY 97.55%, (UXHEE T 0.19%. 2016 4F, A4t H %5 NLP4J i if
i AN R S S FFIE IR 1, MERR R AT LLIAF] 97.64%.

RUUMTEE B E T ES LR, LUERERE T =M R fEmE NG, k13
iR
% 1-3 MRS AMELTE

RGBT HiEEE :55°4 HAWE (UAS)
MaltParser E2Ei0b UlN Nivre (2006) 89.8%
MSTParser = AREMB +MIRA McDonald (2006) 91.4%
TurboParser ILP Martins (2013) 92.3%
C&M 2014 HWE ML Chen (2014) 92.0%
Weiss 2015 B ML + SR Weiss (2015) 94.0%
SyntaxNet WM L% +CRF Andor (2016) 94.6%
Deep Biaffine A IE BiAffine Attention #4 [ 4 Dozat (2017) 95.7%

2014 4 52 4 3R 3l 8] 35 S B 8 e A W& S8 R SE TurboParser #ER, 400 JLAFA9 4 %
WL T LR 95.7%, WABGA LR 3.4%. X PRSHEEARTRER BEH, BELRKHE
R AR B

B—Jl, EEXIYRKREMNEE, TEMSRITEES (GPU, TPU %) s, H
0T, —&ANGERIR BRI TE 3000 A, — B IR A A (L 50 i f, B{—
BAITGGTR B EETE 5000 6. MM HRE, RiiREGEAPLaE=2 s EiE e /il

sk, MG BRI 2] WL B A T RE — Bt PR R LR ABERT B G R, 1R 23
AR FEARE S RS RS ER S, S, EfMSTEREY ) PR ( i CRF
LB E ). TIeREGBEEL MRS, IR T8 s, RIS
B, AT AR TR TR SZ PR 89 AR M, 38 ] DA A PR R I == ST 4T F IR SC R .

114 B
FERTHEA/NITeh, FRATME T Lol MR, IR T 50 B, BUETRA ki
HT i — THLERF T R BAREE

ABBERERER HRIES LA, ASLMTRLENFRILE Y, ENRSESEN
B A5 ER FROILSREI R, YT R ARG OENRS, SRR SRS E
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FHAR. PARERXATE, EHERNSHAANRS R

141 Ha2HRFES
AT RESUR A FE K Arthur Samuel 7E 1959 4F45 thBHLAR 7 21 5 U : A HIEHMTEHRER
T EVLR/EE BT,

HEI R SO F R 22 B0, TR & REEPIT AT TR HLEREI R TIX
PRERRAER, LA LUE SIS A BRES, MIARERF REATEZIES . XE
T BBt 1 Tom Mitchell £ —N SRR A E L, PLAFFE T 48 00 R S VL S TUE 55 258
B4R T %% ERRES .

W EZ, PLavsT R Ea Pk r k. RTU0EA L0, AmERITAEN K
TS H . BARPE Py TR fERVRMABRA SR (Ra . FERF), THPH—TI
R, KHadk, PLEFEI RN LIRRE “CRE”, ERTHRASEI RS IR
B, AR SC IR . TR IR, ATE R R T R R,

142 12E

BERUE X L PR ECFMER, B — RN BLUE—RISE R #0RENE T,
FATE TN b A A X R P Baserh At ek S () AT S RGE, AR Lk,
A gRR .

FATERAY £ (x) BYE LInF .
f(x)=w-x+b (1.1)

He, wfll b BeREASE, W x RRE) AR, 4, SHARHMZERESEENNED
PREL. AR AAFEANESEx, AATEREMHPEAR., BER x B— 15
mHiR, HFRR— XL AR

e AT LUK (1.1) BAOA R A AR TR, L aT AR s P P T AR, e AR
R B2, AUHLCRER R RYE, FRATEES S 3cph AU 52 B L Se X
O 3E

1.4.3 FHiE

FRUESS A0 P00 AR LA BB, e AORRAESE 4 ZRAE ., 0 DUAE, TS MAFIER 2
Rl 1 XA IRATEERRRBIFEE S, S E AR FFERAR?
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B, MF—ITHEAZ, BRSERNLR, RIEREMKRZEST . Wit ALA kE g
SR, W RA. WRRTERAMRE, AR, B, A -LfBimT (i, K,
i, i) REWFEAK, mA—L (W, M, K T) WEHwHn, &4 2% (X, &,
£, ) MEBGEAKN., iERIMHEAZRARDITEITERGES, T2FERESAKX
BN T RE S RBIMRE. T RKRG D, AR5

String predictGender (String name)

{
if (name.contains("B§") || name.contains("K") || ...)
return "¥";
if (name.contains("#*) || name.contains("f") || ...)
return "$H";
return "AAE";
}

WRAAM “WHEVK”© BE2a7? “HE” Wr ERRFBE, W OCuK” LRt X
ZFHERBHERN. Bk, BIF5B LM EEERA—FEN, ‘" 5B R E
RIFKTF “UK” SLtEMHCERE. XAmRCUFEa LUES “BeR” ok, AadX bl
B TAERZ GV 1. TEPLRR S h, “RAR” WUBEFENERER SR, BINAFE
& X—RIVFRHE, iEFERIEEERE B @ EATWAGERAT 7. AT FETHLE R, {7
W ENRRABEEROFE, X BRFOVSMERN. L “TEREK” AFRERBCY#), 4o
% 1-4 iR .

F1-4 “LREK" B9FFEREL

HIEFS FEF M FHEE
1 _EE "R 7 1
2 BRES "K" 7 1

A2 “UHEVK” A8 TR LIRR R 4 ) ik x =[1,1] , SEYSH0h g E o) Rt it —
HEW: w=[w,w,] . HETIRIEEREAHE L /(") = wx!" +w,xl +b=w +w, +b REKTE
HHI WX FIRE IR T B,

FFIEAYRCE R [ 1Y, 2 MO SR AN I DAHERT 2 FH9PE S, FR{TTRT LA Im & 4 4,
= 1-5 i,

O ERFEEALEN, FHEK, DFITTFL, Bk "SRk B AR,
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F®1-5 HRPEAZRBHERR

HIEFS HERG HHEE
1 _REE "B 7 1
2 =5 "K' ? 1
3 RES "W ? 0
4 BEa "H" 7 0

2 “TCHEVK” 3XA~%5 5000 LA R Ry DU 4E ) B x =[1,1,0,0] , AREIS 0 A4 ) &
RIAER : w=[w,wyw.w,] o ABAREHFIERZ, 20U, FRATAT LR R BITE % H
WF, BIEEFES LFITHERRSH 1988 4 MR (BURIGER HFR), XTRRLE 2500
KA.

A, FABEAT LA B BWIMARHMES, ki “BBEUBFER", RIETLUHAE
PP BIRTOARGE, thin “REDTFLRIF BEEE A%, R AL “Phl]
" XML TR, TMAZETRE NR" “BEEB" RBA—iK,

T L, BIATFEZENTFHGRE, EE X —ERFREIUFE, g2} name
BiE, WE SRR A name [1]  + name [2] 2323, RERNTEH L2844, W name [1]
+ name [2] A GEH &M AAFIES AT 7. XFh B s BUSIE BB PRV S AEARAR

AT HEEAE , TR R, SXAERET IR, NS, SHONE, S¥HE,
B AR 2 HTR 0 AR I 4 S MR O, e T BB, BRSO S
F—Ah A,

1.4.4 #iEEE
LML E Ehae S, USRS A BRI AT B, S RETE
REFE () MRk (M AZMEIRRS, RITHEAEEH2EMGFZRENE), FFURIE

& T REGIT (N4 x BRI y ) fERTI4E, fHaaples s\ IR HE P EAA
HRAE. Hf, "Bl — e

XA ST AR AERL AR ) PR R IR SR, 76 A ANE S AL ER U FRE IR, 27E 15 WiF
MArR . BARENREERNZ, RIEESFOARRTAR, £ 1-6 i 785 OB E.



16 | #1% WHFLE

F1-6 HBMEINEE AN EE

iRk £% bk ] AL

MNIST FERFIRR  6HKIGRA, 1 FRM A CCBY-SA3.0 o
ImageNet E{RIRT MO FRF LT PEDENBR R FHLEHASBEEYN
TREC ot o Z0EH, HRER e B

SQuAD BahE%E 1076 "Eil+ BE" CC BY-SA4.0

Europarl LE3 RS ZEMETERE, 23EFNLTHETEF 7 h A R

B RN, WATANCEL B E R, PRiEFE, 0% B e . K
HEREAR R, PSR T 1OURA AR BB =, A 17T LA 18 A 1 7R

1.4.5 HWEFS

NS A S A M AR S y . W 22 ) AR B 5], B 22 ) kil L
Fel—mi, REEPRMEERIEIE, BARIEREN ERRER, REHHFIL T, %9 —
WIREAAGE/N, TEREFET, REWE., WieEER—fEHEE, 8R4
FfE—igf. WEFIEHIRPERE “BiidH 0 28", BER “AEff¥]", @ik
PRMEE SR, ARfEH THRBNGEHR, 4 T EMRNME.

[ E SR BBk, R EBEEEP BT AZEERR N (0,0, y e+, -1}, +l
AHRERR L, —F A MEBEIBEAT OIS RS R B, g R R
L, SR eRECE A, ARNMZEm L IEREN, BAXFMBER T EADR? EREX
f(X)=wx, +w,x, +-+wx, +bH, BHx (0,1}, BHEME () AT ERE, REHx =]
XTRLE w R —EgERT LA T . X FERR M, R bR EOWF, wEFRE. i,
R x, =1 B w, B/N—LEgi 7T LA T . b 7ERUR SR H A 2548, BHER T AR EAE
MR, Mat®HFAOFENERSE/ . RITTHEN AR sEskbEkT, Mk
TR A BN s e s 4wEs

XA TR AR SE _E T M RO gR, VISR BB E PRI, 1%
WZRE—RINISH (FFIEACE ) siBRL. FIFER, JA1TLOMER — R ITTR—1ME,
RAE UM EG B YERIENE, B I LENEE. X IR A,

BT, WESNHRNE 1-5 .
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FFEBBIR

LR R4 6

B 1-5 KBES=IMNRE

TEPER RS ) 48] 7o -

o |EESHLBARRIFZ KM K" T BAA;

o Lt ATAMERSIISMFZ RN WK =5" “TH =4&" HARMIREERESE:
o Rl ISR AR B — MR,

o fR/m FI XA, RATATATMEAT 47 (A0 “FhEI") stEsl.

L A 2% 7 A —5E H BERE S P, (B RERARER TR HS L3196, FFERaiitE
. FELHIER, A MRERTT AT — 88 B e R

A, B 1S RERPREBE RS R RS EEE . R TESHATHRERRA, A
PRAE “REHHE" (gold data ), SHERITMA . A —EREMGRIERARKEANE

AR 3 B IR TN —LL NLP PR E# I ik

146 THEFS
MRBAT RGP, WAERESEHESR, VAR AR IR ?

AlLL, BT S PRE R B E D), A bR A S A S B SR g FRVE CHRIE (unlabeled )
RS, TWBEIE BiERERE “BEhie LER”, B “WHEBRKN¥S", BRAEZIF
F38 S, PLas HEBIR AR A Z BIAEE R, M IR 5B R 2 R L8,

T ) — B TR, PIE AT AR B

REXCAE 12PN ALT, WOAEIGE, EHEIGRBIHET b, mRRATEEE—
RIIANARMW 2 MR, “FARA" B A" RATREE R E, ‘MR f1 "SR
TS — R, R FEAS Z (8] AR U AR DR DR E 1, (BRI BB RAR
B RICE LM, MR LG A IRIX Y
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B 448 45 14 S K R AR DA v 2 25 [ 6 B (I 4R 2 [ ) il A o BILAS = =) v B R IS L EE B
HCANTERE SRS B Fob , LAR RIDUF RAFAERE, FROEECRER S WIS T 2000, QREEA R
£ n NHEIE, WIREAISRIE n+1 423 R —ai, 2RI 4R R 45 {3 R Ky AR BEFIAY
SRR B R A AT AR, WAZTOH SRR AR el — s ). A —SERRAE R LA
DB, B4R RBABKER, SUE BLIEREAAERYE 2 0] b 4E R LAYy 22 3R .
WA — TR RG] il E B EiEE —FROME, FXERE N TUm AR 4
il b, BMEEEWEEETRALRE. EEdE EWNERESE 8, TAFHAGS. T
RWEFET .

A — ST B 7 ikt RT LARIR RN b 3CAria] . AR . AT RS . i TR L
% T EEMIESMAREE, TR B, AmELEIn, SESHFZE
BA RZAEAEME R AcH, XM BB (55805 ] S BRI CIE R A P Ao srdE, SR Bl Ay
ZREESHPOCHPRERABERM LT, AT, JRTEF T8 NLP {5 69 a3 6 H
FAMFIABILANES R, KRB ER,

AP AESR 10 TEVRAN A 41 RS 60 [ A S EE

1.4.7 EfthZEBpRFEITE

IRRATIGS MR, REHF—DLBPRITH, 2ERBILER. NRXEERE
BB, MIAT LU BIRES SRBCR — A AR IR, HRY FEUIGRSE . SRk B
PR MBS, th T4 o AT LAGE & A bRV R 5 B R PRERUE, BT LA EZERA
TSR

LR PRFYZEEEARIAORRGE. AOTEESR BT — RPN BB AT R,
AR BB AR BR . XA T B — A B, — D ARIEFFIE Y SRR Pk, XK
REEFHOBILES, RFETE LY RV TR PE R SR, thnEshSH, dF
et M R G

ABERATTEY, FEHEAXLHTIRE. B 7 X Z0FE, ABTHEZEN
HRER.

@ FREREEMEES, RAA PR 5 kb e 5 B e —Fh
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115 iExlE

RV D A ARIE = AL BRSSP RS, R I TBL AR EEAR A S A AT BRI T AR . 7
XA, AR T M T b SCAb B P AR ILERLEE , DL RGERHE R R AL

1.6.1 XD EEFE
OCAHAE R SR R, I A TIEMYI G ] FHEE .

PAZEAZ Y 1998 4E ( AR HIR) iBREE RG], BN ERILE KFTEETFRNEKGE
@RS & A BRA R, 7EAR B #AbH EE B S0 miFRT R, M 1999 4F 4 HiEF 2002
A4 A, EEBREEMN. ERHIELED) 2600 TTILF, TN 1998 4F FRERIIERES (4
nmﬁ$=%noﬁﬂy

1E 2005 4E (958 i E PR S0 e BE R, WA AT 1 A A B enER . HdM—ake
il A -

AABEWIKT I, BABEEHR K,
M) R SR AR IR R D, EAUE S AR, AR . o @Rk 2

—ANE], T T R A AFAEE? X BB R AR 5t R — BRI, R
(I RAE R LT P A L, e AR N ENR . RIS, AR T .

AL, PIHEERVERRBEAZL, BIRAEAD, BRATHLES 3 T T i Liims
R, TESMHEM.

1.5.2 EAEIREENE

EASRR YIS I N B REEE AT . B, ROTEENSTHA, RITHE
HBLEB R4 HRALL CAR BAR) IBRUERHI, 1998 460 (AR AHR) —3&H 43 Fhid
e, XMEATMERMARES. ORI — R

By FTol/v H2/n H/u F/a B2 /n —/w —HAANE/L FHE/L WS/ (1w Bi/v BR/
n 1/m 3k/q ) /w

i B A B 0R) i T AL R F A BE R AR, DT R Rhia i B 7R 7 IS
A, XAEPEMEERR, “AE” MiAER A" (n), E£R R, “HE" EAIL
fF hzhial.,
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1.5.3 #RERRBIEFRE
X FPIERHE A THRE T 3CA WA HIEE X0 Sk 2R Ll R e, i (ARHR)
WEED G/ AL . a2 3 Fhar s Lk,

EWEmnr /v ,/w BH%/n0s /4 B/p [BEABEMt HR/v FHik/ne XNED £451%/n Rin
#il/a EBRAL/M) nt Y4/v KF/v /v o/w

XA F PR IERE R A L . A AP, PRESERRMEE W, &1L
WEER . AWHMEYLG 2 2 A RESHAE KA, X ks ggnT
i 2 S UM B S

fin 2 LR R RA 2Bk THRHERIEHR 04, FEARSE 8 Birh, JRA T 5 tn i bx
E— 3 TRk PR FH R S BN A 2} L 25 FR A

1.5.4 GESERE

POE P a0 E R A CTB ( Chinese Treebank, 1 3CH & ), X G EHER #1E
TAEWGT 1998 4F, THARAERIERY: ., RP R Z KA Ll KA 5Tk, —HERKREA
BURA . LA CTB 8.0 AW, —EZAKEHME. T HEMEKME 3007 &, it 71 369
AMF. 1620 561 1~ HLIAH 2 589 848 NFAF . WA FEBGRL T 40iA] . ialEAR HE AV AR ARTE .
Hrp—AMa o] YAk )E i 1-6 Bias,

ABE AR 5 &% g Ek7

B 1-6 CTB®p— HFre

Bl 1-6 P, HOCHE E S SChR SRR iatE, Mk #a A IRER R KN g, BRI
PRI AR 7k LR RN . KT aREMrE R T AR, 2% 12 TR A4,

1.5.5 NAEDEEBFRE

EHRATIRE T B 0280 SCREFM AR E . BT L4169 4 Fui s, SOk
ARERENBE R BEARE . LIEEZ MR XA DGRBS B, — I ERE, e,
IT, 5. K&, Jikle, 8. WM. b, FF 10020, 505 F F4 8000 FHMH,
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KA.

Fgh, —SeRE MG R A2 T AR T TR, MEZEM R R, WalfEhl
SCA G R TE R . VIR S S TR P U SCA - RIE R FE B — A T4E, BARRFEHIRE A
“IEE” CHURT SFWe .

A SETER PR H | MR ELIRTR, RITETLHET A1ThrE. fREfdR
SERR ERURAE T 2 SCR R B S R AN R A S e R

1.5.6 EMERIR
TR BAR A R AR — DR PR R, A RIRERIE . AR A TAREX 3 BB,

BT 5 48 B0 L th i 35 2F T 20 Rl i — BPRERLE, X OV REIRERE L., B
FSEHETT . 2 SCOMAFIRIVERREE G,  PEBEE & A A LU RE S # R A
(9 CBACDUETEBHE I TS —RliE Ul SialtEdri: ) M EEZRECERZ R 2R
({5 B At B A ACDUE R R IR ).

A GBI B RS RTE B BRI i T A BT URAO PR, ) RG-S AT RV Y R [
—Ht A KEERETEEREZ ADRIIRE, X8R E AR EFELIAR B, Tl
SFERE R AR, R R R

HAARERAES, AMPFREIFZIRERE, Hp B A A — 32 brat ( brat rapid
annotation tool ) ", B ZFFIAMEARTE . M SRR BI AR T EES . brat EILRIAY B/S 484,
il % i Python 4’5, & P UmisfT TRIVERS. AREE T HAWAR K, brat AT AEZ AW
EFRIEINRE. Ak, 8BRSt A brat Wi (o R0,

116 FEIR

HATFEA T TiFZMME N NLP TH, EMThRITIREE T ZREEe, tndEs A
NLTK ( Natural Language Toolkit ), 34 #8 2% I & ) CoreNLP, LA K [€ S T KJF & i LTP
( Language Technology Platform ). &% ) HanLP ( Han Language Processing ).

1.6.1 E& NLP TRLER
- TRA, RINEEZENREA . e, FE. S8, WFERE. TR,

D ¥ W http://brat.niplab.org/.
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R EZAUFIAE X PG BRAR B . 2% 1-7 W T 4 A FE AT NLP T H A,
#£1-7 THRERSSHETEMLE
Eisg oo NLTK CoreNLP LTP HanLP -

Thae WA, GEMT, FESW. KL BT, X WESMT. A% WEAS. 9% S. X
WX XEHEE R, BRER. XEASES . BXSHT @EGRER. XEANEF

BE Python Java % C++. Python% Java. PythonZ%

EE @ L33 4 LS4 IR

AE 4LE% =pikeilE A HAE ARF

BE B AE AE %3

B *x Lucence x Lucence #1 Hadoop %
X2 8000 6400 2100 143 100

i Apache-2.0 Apache-2.0 [PiEk ARE - Apache-2.0

KT XETFE T B R, RIE GitHub |- Star B 0 #4%, HanlP 2 & JERIIEN,
mE 1-7 Fis,

T HRERES TASStariy
15 000 1

HanLP

12 000 -

9 000 4

6 000 -

3000 4

0 I 1 L) T L
09-07 08-14 09-12 10-12 11-09 08-11
2009 201 2013 2015 2017 2019

E1-7 4aXERBARBES THAEH Star &

@ X F HanLP 5 LTP @9 HAK¥EEXT b, W 2 % @zongwu233 A9 %5 = 7 JT I ¥F 1 . hrtps://github.com/zongwu233/
HanLPvsLTP., X%F HanLP S5414F%5[ . IK. Stanford. Ansj. word 76/ HAb Java FFIR4FRIBEAIHERER e, W&
] B EL AR A7 1 )1 | 958 = A FFURAFI ; hetps://github.com/ysc/cws evaluation., T8 AMRIESS = F FF 0% 44 o 1
S0IE, EARGEMATER . A SR EHCE PR 41 T AU FAS 3 0L NLP AE %5 ROREE

@ #% 2019 4F 8 AMTE GitHub F#) Star %l .
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A, RGO IT RS H e R, S8 T HPEFERRT. BEREEACEHR
PR EIE R, FrLASRA LA SR B E, BUGEEIT HanlP {E R4 HHLHL,

1.6.2 Python 0O
842 T Python ik Hiit, HHX131&EEF AR HanlP &4 FADEE., TP ES
ﬁ'ﬁﬂ Pyﬂ'lﬂn. #ﬁﬁ—ﬁo

HanLP ] Python 4% 1 i pyhanlp il #flt, H%% Af—a4 .
$ pip install pyhanlp
XM HCER Java F JPype., Windows FH /i SR i8 3) 40 F 54% .

building '_jpype' extension _
error: Microsoft Visual C++ 14.0 is required. Get it with "Microsoft Visual
C++ Build Tools": http://visualstudio.microsoft.com/visual-cpp-build-tools/

W AT LA H 7R 4246 Visual C++, AT DA% B 43 it 92 %) Miniconda. Miniconda Ji Python i
BRI, REEE I ENEE, REAEIE 1-8 FrafgmA S EE.

_ ANACONDA  customize how Anaconda integrates with Windows i

B1-8 REFE
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RIGPITUIN T a4 .

$ conda install -c conda-forge jpypel
$ pip install pyhanlp

SR B Java FH G HY ) .

jpype._jvmfinder.JVMNotFoundException: No JVM shared library file (jvm.dll) found.
Try setting up the JAVA HOME environment variable properly.

IHE3E Java iz TEREED, HanLP 70 H R Java FF %, FTLAT % IDK 8% JRE, 5% A H
fbesiR, MOMETET H TS X2 I n) 5,
—YIA 3G, EmASTHEAM T &GS, Al LIIIE e, 5.

$ hanlp
usage: hanlp [-h] [-v] {segment,parse,serve,update} ...

HanLP: Han Language Processing v1.,7.5
positional arguments:

{segment, parse, serve,update}
which task to perform?

segment word segmentation
parse dependency parsing
serve start http server
update update jar and data of HanLP

optional arguments:
-h, --help show this help message and exit
-v, --version show installed versions of HanLP

n 2R Linux P 38 B ALPR 7] 81, W% BT sudo hanlp., B HES — KE 76,
pyhanlp & H i F # HanLP (1) jar il (SR ) MEdRE (B&EFLER) 3 pyhanlp i
RGip1E

it 4T, AT LERE A AR T AL A HanLP $24E69 % WIhfE.

ffi H#ii4 hanlp segment HEAZH /AR fiA—16) T FI%E, HanLP 24t 437
gL

@ B’ (http://www.oracle.com/technetwork/java/javase/downloads/index.html ) ##21E4E IDK 8 LA |- hfi4< .
@ V¥ hitps:/github.com/hankes/HanLP/issues, % 24 % i A< [ & — 1.
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$ hanlp segment

B e F0 AR %

Hdh/n #/cc BRFE/vn

ERN P TR Y s -

L/p TMX/n #@/n BK/n #5/a & /a
FERNWEET

F&/nr #/cc /I\BB/nr E/vi T/ule

7E Linux T8 a] DAEEE 8] PP R 1R Ml A .

$ hanlp segment <<< 'IRIDHEIHERFAE"
Wil/v Hi/a #/a HE/n AT¥/vi BE/vi

Windows R L HFH $ ) <<< 28, A FHH/A.
X HERAAT T iEdERsYE, IROTTLIBHE

$ hanlp segment --no-tag <<< 'IDFEHERTRAR
Wil B ZE WE BIK BRR

(R S8R E ] SO /8, FEan IR — A/ NEAFSE A input.txt ;

$ head input.txt

% B

HANABERABIOPEX LT, WRARLASEENOEXE "RE", RBP—FHREL,

X FROR, M7ERCATER B 2 5 AEMHE/IVIEERS, HEEMRAT S B SRUTHRREHN—BHE,
w4, XA, X OESHESR, /LFibfb—EE T i it a 2,

TERFEMET, FUNATFEE.

NERFRETWANE M, MBETEX, EENKNA, BRILZAE: "EABTAS, FIHE,
R EM, FRINZARE!"

RE, EF—R, HHEsSPHNETEERERRDN LR, URMBWR, "B N—FREml,
EEfFE,

REIBTENE, KTr%k, BREKATE—LRER, . " DURNETT, BRERNNTEEST ¥R,
EPMRAE

BRYFRNRTXNKNA, BRERRIFHAL, F#, FE!"

FARIRT —Bt, WAERIFEBR)LSHEREMEET K, —HE EFEER, HRMELRTLTH,

WL EE R, R — &SI LA /N .
$ hanlp segment < input.txt > output.txt -a crf --no-tag

Meabifiit -a 2BEEEFARZE N CRF. X TZRE, RITSLESL 6 HIEMANA, AL,
AR BRI EE— T CRF JHalA9BCR -
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$ head output.txt

F— 5 B

BOR BF B B PE XL+, th RB HS EiE O AR " R ", RSP — K B
X BF Dk, ft & B0 & T ¥ B &8 & S0 F Jvh 85 8% , HSX 8 /R
T %58 28U F &8 2 &9 —F ¥hE o

wsd , X R #MA, X 4@ 0 ME B& , LFE L b — BE 5 T itk & 88 .
Z‘ﬁi!ﬁtli&ﬁ?.%iﬂﬁ@)\_{?‘“‘&;o
fJ\JEﬁ*%ﬁi&?ﬂﬁiﬂ#}ﬂm,ﬁ&iﬁi&‘fﬁ%,ﬁﬁﬂ%ﬁd\ﬂ”ﬁﬁﬂ:)\iﬁ:
A EfTT K&, FIAE ﬂ%!ﬁﬁf&'ﬂﬂﬂ:Aﬁil“

WwE , fb BF — 8, ﬁJE?EE & o lﬂ&xﬁ&&ﬁﬁﬁl'm"tgﬂj".{mﬁ
fth Bue , " 8" aq——rswnﬁ , € B M FE

REBTENMNE , AT 2%, BEHR B E — £ WX , 6 - "DUHROEST, &
X BFENNT ER FF — £ 2, B R HE .

BF8 &= BT 21 KR , BR 8 R 28 88 AL , T8 , & |

AR OFT—#k , & R% /M BRIL 5 # /8 & BX & 8 7 %k , —8 L FE £
A, H T NE xR 4T H,

-

BORLFEST, “"RE” “ERIL" “LEQ)” “HRIT" FEEHIESMYIEET . B
AARIMAERIMTT . i “gemh ™ 0T —BE” A ABCSE N7 X EbR e R
SHARAEE RIS ? X BRI SRR R E e

RARES T RE LR —REE R, — &) ar 4 BT

$ hanlp parse <<< 'REAXERGKFEBHMLHE T RERE. LRAOKEEHZTHNER.

1 R%EE #HR%EE nh nr ~ 4 FiBXE R &
2 23 % d d ik 4 Kepiih . i
3 Rk A% a a 14 4 Kep i 2y -
4 wBh ®B v v - 0 BoLER » ¥
5 it fth r rr B 4 ¥iE & 3
6 BE ®WE v v = 4 PRXR = K
7 E § 7 u ule - § 6 HHtHXFR &
8 i £ p pba X 15 RKepLEHa =
9 & & v v % 8 TREXAR p
10 1B brid ] n n 2 9 MEXR . -
7 T - wp W . 12 BRFS i &
12 ®BR @ #R = n = 10 HIXF X
13 A0 A0 c cc B 14 EMx® )
14 [HKE W n n ' 10 HFxXF _ 'Y
15 {EH (=) p p [ 6 MEXFR % .
16 FWH FH v vn (s 17 EPXF n 3
17 B B n n s 15 MEXR oy 2
18 o o wp w 4 BREFs

XA S AP S S %, X LLEY - -help SHOKAF o B F .
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$ hanlp segment --help
usage: hanlp segment [-h] [--tag | --no-tag] [-a ALGORITHM] [--config CONFIG]

optional arguments:

-h, --help show this help message and exit
--tag show part-of-speech tags
~--no-tag don't show part-of-speech tags

-a ALGORITHM, --algorithm ALGORITHM
algorithm of segmentation e.g. perceptron
--config CONFIG path to hanlp.properties

ER KBS HanlP J5, HKFH W7 Python I8 HanLP A% FHEEN ., XBEAHE—TK
A4 6896 F -

from pyhanlp import *

print (HanLP.segment ( '{R4¥F, Ril#ErPython® il HBHanLPAIAPT "))
for term in HanLP.segment (* FHRXMEFK') :
print (' {}\t{}'.format (term.word, term.nature)) # KNHFS5HEM
testCases = |
"SRR E,
nEAEAOFO R RS IE N T KE TR MIE
"SKRAGRUEEREEHES,
"hENEHRIELER",
BVeUE B ALER e Sk -
"ITEALTEEALETRABEHEFRORZR 24 OXMINERAMSIHNRELE",
"BRAS TURPSR TN TUNEE, MET A mBEMNRTTAL T, BXROTRET SRR
for sentence in testCases: print (HanLP.segment (sentence))
# XEEFRE
document = "KFIEAKIRS S KPR o B 20 HEESHEFEASETHFELHASEER " \
IRIEBRIMSEAR T KA REEFENEE, FRASERET ILGER," \
BN EEE A LN R, N—ERBETLNY, BBEERRE, M—ERAKGE#T
B MPRHAE, " \
" PG b T 17 7K BRI UE RO R 2KV o] B HEE
print (HanLP.extractKeyword (document, 2))
# BEIWE
print (HanLP.extractSummary (document, 3))
# WFQEST
print (HanLP.parseDependency ("#R £ £ T RATBIBTHE T ISR, RABEEDETHELF))

HanLP )% FDhAE AT LA T B2 Hanvr SRR, MATEQIELH. 3 FHAE2HE
HIIhEE 43, 1 Z % GitHub |9 demos H 5% https:/github.com/hankcs/pyhanlp/tree/master/tests/

demos..
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1.6.3 Java &M
Java FH P ] LAl of Maven 7 {8 #15] A HanLP PE, HFE7E0 H 69 pom.xml 7 &5 b & F i
T ey .
<dependency>
<groupld>com.hankcs</groupld>
<artifactId>hanlp</artifactId>

<version>portable-1.7.5</version>
</dependency>

WA, AILAT A & 4R 61 https://github.com/hankcs/HanLP/releases 2k BUH B it i A< 5
SRJE AT LA —4) 3% 8 ] HanLP T .

System.out.println(HanLP.segment ("{R%f, 3RiD{EHHanLeXiBHEE ")) ;

WA APLARAREHAEAE T 22 HanLpe P, K0T https:/github.com/hankcs/HanLP | fiff 4%
ORI, MR, FRtun] IMEEARBEPHRE, 2508 XhiE.

HanLP I8ERESBFE2EE ., AT /) jar AR, portable it R &4 D REEE. T
— R IhAE (CRF M8, A8 iias ), IR E TR\ a8, i 8 o iR
AL B & VFZS HanlP,

R e H E A pyhanlp 935, MIHIERMECE CHFE L% EmeE. AT LLES 0 F 4y
IR ENTHIEERE '
$ hanlp -v
jar 1.7.5: /usr/local/lib/python3.6/site-packages/pyhanlp/static/hanlp-1.7.5.jar

data 1.7.5: /usr/local/lib/python3.é6/site-packages/pyhanlp/static/data
config : /usr/local/lib/python3.6/site-packages/pyhanlp/static/hanlp.properties

5% J& — 47 hanlp.properties ${ 2 T B A E X, BMNEBHEEHR BN mMEWEHEE #
src/main/resources Bl ] ( &A% H R MG, Fahl&E —1 ). SLHT HanLP 52 M /usr/local/lib/
python3.6/site-packages/pyhanlp/static fi1%%, data, L2185 pyhanlp 2[R — ¥R

ISR B ¥t pyhanlp, 0 i B EHANSLAY data, WIFAEME. R Vim0 E 30
https://github.com/hankcs/HanLP, T #k data.zip H-H HAHEH]—4~ H 3%, HA0 D/hanlp. #RJ5 T #3F
fi# JE hanlp-1.7.5-release.zip, #413%fY hanlp.properties "5 —1T root i% 4 data SCFJEIAC H 5%

root=D:/hanlp
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Windows Jl P ikiz &, B25FMAF%—1EA44 “/”. Windows Bikéd “\" 54K %
HEALE T ALK, de “Dinlp” P& “\n” % FRL&4K Java o Python 2 #% 4
BATAF, Bl A M.

fixJ& , ¥ hanlp.properties #3h 3|7 H 9 resources H & EI7],

i T A BEEA JE#E HanLP BOPERSCE, FFLLAHERRIEH 2 GitHub 884y % (fork ) I
k% (clone ) —{IRRS. RRASFEHHCFLEHINT

—— data
| b dictionary
| L—— model

PR T SCIHARL, A PIRR A & 5210 model {43, TWEM P TREGEAMACE 4.
FE XA B S TR, A4 Java RERBEZTHS B3 TRIFRE, AIMHP WAL
BT M, EEATmIEEA ek, G2 resources H F I ¥ hanlp.properties LA, RIF
¥ FEEFA) data/model A RRAFERIARR B R BIW] , 52 MR ABEEWT

—— data

I |— dictionary
L—— model

I

| | —— dependency
| l —— perceptron
| | L— segment

| I-— java
| L—— resources

| L—— hanlp.properties
L— test

ok, AT LLETTABEEARE T (BRERILALT sre/test/java/com/hankes/book ).
PAEFRA K2 17—~ Hello Word ( 7. ch01/HelloWord.java ) :
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HanLP.Config.enableDebug(); // ATERAESEN, FetEXRAt4
System.out .println(HanLP.segment ("FEHEFMBESHR")) ;

BAT—TF, 2BAUNT a8 -

£%: #PHanLP/data/dictionary/CoreNatureDictionary.txt.binfi&4% BHjava.io.
FileNotFoundException: HanLP/data/dictionary/CoreNatureDictionary.txt.bin (No
such file or directory)

58: B IFMEAEE 153095 28R 25126631, #E 341ms

B8 B a8t 153095 MK, TARSEAEE -

f§8: HanlLP/data/dictionary/CoreNatureDictionary.txti#ilLh, 153095 ™alsk, #EHT 33931ms
M .

ozl ]

: [E, £E)

: [E)

: [4E, 4EfD)

: [#0, FOBR)

: [BR, PR, BRE A

: [%5)

: [R)

2109

0 ~J O oW N

HASR(EE/n, %F0/vn, BFEH/nnt)
AZHENR [ K1AL1L][EE X232L3 M0 L2Vv1z1]MBREFT K141 KLAL]
ABReiRE: [ /K EE/X BF/v BRER/K , /K]
IRAMH AL FTEY%E xD

453350 .

02 E"]

: [EEH, EE4S)

1)

: [4EF0)

: (70, FOBR)

: [lRFR]

0

A

: [ ]

@ <1 0 n & W

[(EE%/nr, F/cc, BRFHHA/nnt]

BT E—BF, ENELTRAX.,

o FRAFTIF T, BUl Soffas Tl Y o] 45 5 i 2142 1 5

o KATEFTH R GitHub BPERR, TZRRA ) i) S BT SCATE . HanLP rh ) i) it —
A AR SR MAIER, ENTRRREMU TR . 4 _H#HAfF7ERf, HanlP
SINEICA R I B hZE A RFE 20 . —Rans L CAZERRE, @ERE S
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fimE e, g b E e, g ScARIE 7 341 ms, {HEUGETTEINERAE R A 2t ]
HAET 64 ms. ETEEVLEI RN E S 10 $#100, HanlP 7L REEHYE IS shishl L
RN, AR R E AR THORREF],

BREAEMAEL, B g dodEmasdi. odBngRE (25
/n, #A /vn, BRFR /nnt], XRAEAGHEY K, XMETARZKAFEE. TREMD
S, FRHET T AZRG, BET “ERE4" XMEE. EERERES (ZEA4 /nx,
/cc, BHR /nnt] @IAZL T, TREEHMENRELGR,

TENEEAFZET, BRINESA TEFHRS. RAEAKSFHERTR, REIEM
SR, HLLEIREEREL .

1.7 B4

AFHH T AR, LA 05 ARG S B2 R4aNs B 5 2 RRRT A1 Zk . Hlakf T2
ATHEGERFR, mARESLCHENEATEESESE. IMRIBENE. XTREER
AN, ERMERERRAK. BT LB AKETXNREGER, AKX THRNARSLE, HEEE
FERI BT KGR BRI G ~ RS

PR TR ET A, BT MR B &) B & R L AR RS — A NLP [8—p
XariEl. AT SEMMMNRGEA T, NMR—LRMARENR R, REZEL LR EMAERS
R,

DO FHE “AEE" e “AER" MFRER, RIOEEHREETFOERBAE—TIMTHER, BmEE—
SAEFBREA, AEBAAY AR R AR AR TR AR5 61 . (HIXFRTErEIE R R, L P AATAER A



*@Jwﬂi
‘Hanl.P
E’?j{lm milg

%28 ARSA

H 35 A48 B R — B YF - — R 5 iR a7, 3K 2 R PR IS 4 TR A
TEN 3R BAL BRI — 3, H B IOMRAE 200, SRR EMEREN AT P Ciran
KRB W TR SN SR T HLERF T X RIRS] . AR SN RFMIATF, HiEENHA
— BRSO 1] ST R BY 32

RS RRERAR, RELNMAES, (iR —Eaim i m e, &4
HEHAT GE AR, (RS R R — A B9 A S R R G S5 1 AR
HARE T AT RIS, XA TR A A ik i 20 2 AL HERB Ef, BEAES KL
A—REZ b, 1834 T ASAARTE T oMa A S, M7E TS iR LA SRS, 08 X e H iR 45
fa, BARMERATSN NLP TG, (HEDRBERATR NS TR,

AR RN E X SR, REHIE—ES, O TH AR T M, TR 3 F
VCECHRI, PUECHLN HR/NR—BE, MESTETBERS N, MO FERCR SN, Xrge s
BEGHSRIEEY T . AEEENBEFHEELSH, EN—AH—E, & HanLP SHERERY
Wik, HERRES Y —OiEtr, MERREE, 58, ARG E R T
R . BU5, AR EREREH AR TN, EEREAZARIT TR
£ g ) R M 3R Bh b R R I

121 4R

2.1.1 ENENX

E%ﬁ%t,ﬁ%%%lﬂﬁ%ﬁiﬁlmﬂ$$ﬁo%Tﬁﬁlﬂ?ﬁm Tkt it
BAKEE, e, AARSG 2" R, AARRRIESE v+, 3T dEil
iﬁﬁﬁﬂﬁﬁﬂ—¢ﬁ.ﬁkﬁﬁiﬁﬁﬁ¢%$$&amfﬁﬁ%~mﬁﬁ.%uH¢$%
R0 RE SOUE LA S

FEZET I IAGH SCM A, RARYE CERER L (@Mrh s Rl 2im, I8 A iiZE
X, RZIEFARMARE T XPNMERSFART G EE MR, (HS kR i g7 i sf
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M55 . F L, BEPARICER RS0, Tk AEARRE R, 5 R %%
TER REZEALE), AEAaT v SR SRR I ]S s B ) — SRR AR

2.1.2 ERME—FEKER

WHB R, REMBRFETFZING - £0F - FRT 199 FREHFKER, —1
FLR Y148 T A TRRHE S AU Lt shoci 2 ik, MSROGERHE (O MR BEERE )
AGETHES RIGIE TiX —@& A, Wk 2-1 FoR (WK Python 975, TTIEFT tests/book/ch02/
zipf_law.py 138X 5K & ).

160 000

140 000 A

120 000 ~

100 000+

1854

80 000

60 000 -

40 000 +

20 000

- 195
D BARE T/ RPHPR ‘94'?%"?’ W YTHE . @*3'*9@%

2-1 MSR iFEEERT 30 4% Biagyasmait

7ER 2-1 'T‘. i A B P TR R Y HE B (R A 30 A0 A, AR AR AR . X Skl 2k
y = s y—-— , B R ( power law distribution ), WFRECRAN . — /RN, DA

VA ﬁlidl::%ﬁi, BRFAERZ AR, (HBSEE B/, &ET o, FRENS, E0%E
WIOLRiERAYYIor b, FeATTah BAT LA il — i 17335

SR S R RS — IR, MRS iR T
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122 g

HEM BB FL N TERH SCia] S, b and® A S50 = & A6 A K i) JE ( SogouW, H
A 15 ALK, WHRAETCPCERE (THUOCL )2, LR IR & T 77 4% B BIILE iE
(FI%kianZ% )2,

2.2.1 HanlLP ig&d

B RN B ¢, X B UL HanLP B B9 2R 0504% 0o ] 81 4 1], H % 4% A HanLP/data/
dictionary/CoreNatureDictionary.mini.txt, A& — oA, ALE#HARY TG, Al LIREE 3|
VIS

FE v 386 n 96
BE a 1

FR v .|

#FH ns 19

HREHFE ns i

HanLP P #) AR — M AE R REREIE, B3 RRRAS, ZFEMII55
FNEAPE SRR R, A TR A" XA LI ShE M St BT 386 K, A4
RS GrHELT 96 Wo 2R, WALRIIABURTER AR B0, FEiRI RS, el Anin)
PR AL, A7 2% .

MR BIEARGFH M, IZEAE? 4l iPhone X, Macbbok Pio, SR (9 SE
SR csv #EK

iPhone X,n,1
Macbook Pro,n,1

5, GRA P EAEEGR AR, sEASLIAMERRE, AL R A

2.2.2 1aHRINE
AL IR ERGX i 8, F|F HanLP, HFE—17 Java {8#% ( 2 UL com/hankes/book/ch02/

@  PEUL hups://www.sogou.com/labs/resource/w.php .,

@ ¥R http:/thuocl.thunlp.org/,

@ I http://www.hankes.com/nlp/corpus/tens-of-millions-of-giant-chinese-word-library-share.html .
@ Windows H P i#{# H] Notepad++, H%#AY notepad.exe B H, BIFH.
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NaiveDictionaryBasedSegmentation java ) ;

TreeMap<String, CoreDictionary.Attributes dictionary = IOUtil.loadDictionary
("data/dictionary/CoreNatureDictionary.mini.txt") ;

iyl 1oUtil.loadDictionary, {1135 T —1 TreeMap. ©MRBZEHRIAAE, M{E
/& CoreDictionary.Attribute, XE—EEFFEEFFRMAGLHE, SiAMMERITR, B
Z0E . BTERE B RS RS, LR e B U HES 5 — A ]

System.out.printf ("a# KX/ . $d™ME8%F\n", dictionary.size());
System.out.println(dictionary.keySet () .iterator() .next()) ;

ik .

F# K/ . 85585 PiEK
+

fE Python 1T ERI A — T HcH (S W tests/book/ch02/utility.py ) :

def load dictionary():

AO#HanL Pt fminiis R
:return:— T setH I M5 E

nnn

IOUtil = JClass('com.hankcs.hanlp.corpus.io.Ioutil') # @

path = HanLP.Config.CoreDictionaryPath.replace('.txt', '.mini.txt') # @
dic = IOUtil.loadDictionary([path]) # @

return set (dic.keySet())

JClass PR %M Java I Python BN, FHHARYE Java 72418 8] —/ Python K. @©
WA aclass B4 T HanLP ) Toutil T HE, @4MEE T HanLP AL E I config
i ) LR AR FRATTS FE AL SO A B IRA S R A AP, He e B XS E
CoreDictionaryPath=data/dictionary/CoreNatureDictionary.txt, % fic & ¥
#1% A HanLP.Config.CoreDictionaryPath, iX B TAEZE M mini 78, K HARH
B, IR TR, TR X AR mini WA KT, EOATRITERX T8
Python T K —FERAHT toutil MIFFA % loadDictionary., &k FH# 24 ik
AR — ey R FEEAEA—1 list, TiRFA— Java Map X%, fimEsEld, IR
Kool> Map HRO(E, TR HEREMNE keyset, I8 HEH N—1 Python JF4: i set X%,
EEERE PR IEEEA LIRS Java 922 H., Python FH P ML MIE] T A & BRI,
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123 98%

EERS, A REE AR R REE, BN ARE S, B R AL
MPRE o LEFRATIRME — LRI A iRl i, 6 HT B9 MU A LE o) SR B PR | 306 i g 4 TG Fg 740 0L [) A
KICES, EfEETELMER.

2.3.1 =205

TEVSENE, Rill—BOCATRITA i, XIFARFRER X ERsrin, 48 AKX
A FRRFR AR, HSE AR .

AEERCRIIE, RN T 2V HER AR S, N2 SCR R ES TS, &l
PP REEFES PRI, & R dic, AN text, MAAFRNI BN 1, LS
B “thES” WF (0 tests/book/ch02/fully segment.py ) :

def fully segment (text, dic):
word_list = []

for i in range(len(text)): # iMoBHEltextBRE—NFH TR
for j in range(i + 1, len(text) + 1): # jFiBA[i + 1, len(text)]X[d
word = text [i:j] # BUHESXE (1, ) NEBHFHS
if word in dic: # WRERERD, WIAAR—E

word list.append (word)
return word list

X KPR _E & — Bt Python {05, Python fURSFHA “nl@fTHIthin” Z6FK. M P BIEAZ
Python €%, WNIZAEB I . FATAT LI —RAR

dic = load_dictionary()
print (fully segment ('B&MRE', dic))

B«
[Iﬁl' 1%&:_’ 16?1:' qiﬂu’_ 'ﬂ'ﬁ': |Hﬁr’ I&%I’ r%-]

Has T ITA TRER BAl. h TIREEP S A T, TSR Pt B T e

ERWEIT R, A TELH M Java X[ T#AEF . HanlP EZMH Java &, W44
Python #2110, ZA&45LL Python 5 “fhi%”, {H7= SR Java, FHH 47 Python H1 1)
20, AFE[FA A Python fl Java SEBRFI—HHE, HfE HERE AT MEENRE S —Fik
B IEARR, BEEME, ARAERIEEFRNERNTES.
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i B R Java SERLANF (£ W com.hankcs.book.ch02 NaiveDictionaryBasedSegmentati
on#segmentFully ) ;

/**

* TEYMNANPXARRE

*

* @param text HFMENHXE
* @param dictionary 158

* @return %i53%

o

public static List<Strings> segmentFully(String text, TreeMap<String, CoreDictionary.
Attribute> dictionary)

{
List<String> wordList = new LinkedList<String>();
for (int i = 0; i < text.length(); ++i)

{

for (imt j = 4 + 1; j <= text.length(); ++j)

{

String word = text,.substring(i, j);
if (dictionary.containsKey (word))
wordList .add (word) ;

}
}

return wbr&l’..i.s_t;
L FRATEIE— TR -
System.out.println(segmentFully ("#iEILFHKAEE", dictionary));

5@”“ H

ook, M, &, db, dER, dERKE, R, K, K%, #

2.3.2 IEE&IKILE

b AR e SO A, RATE R E R BB FS, AR B R s
PR RIEAAT R RER. N, BATAER “JERR%¥E” y—8AE, AR “JLat+ K%
ZERBEER . R TIEBEXA A, TETE - TRITABN, % B8 i 5 iR Rk 50 7
£, TREBITE SCRITRRMEARME . BAGUE, BURELIIEATHRONE s 217 Ko
e, (Uoek B A §UE, XL Oy BB RIE . &% PRI R ARTTESS
MFREERKEE, Sz MFRE &K ILA.
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IE M B VCEE OIS HGAR I T (V£ tests/book/ch02/forward_segment.py ) :

def forward segment (text, dic):
word list = []

i=0
while i < len(text):
longest_word = text[i] # SHHBENET
for j in range(i + 1, len(text) + 1): # FFBIRENERE
word = text[i:j] # NYIUBIERNERFHS
if word in dic: # TEiESP
if len(word) > len(longest word) : # HEEK
longest word = word # 0 EEGE AR
word list.append(longest word) # WHEKE
i += len(longest word) # E@EE

return word list

X B A thS, FH Java SEELANF (¥ WL com.hankces.book.ch02.NaiveDictionaryBasedSegmen
tation#segmentForwardLongest ) :

/**
RSP X Ma R

@param text a3 A
@param dictionary EH
@return BiR5E

* * * ¥ *

wi
public static List<String> segmentForwardLongest (String text, Map<String,
CoreDictionary.Attribute> dictionary)
{
List<String> wordList = new LinkedList<Strings();
for (int i = 0; i < text.length(); )
{
String longestWord = text.substring(i, i + 1); // @
for (int j = i + 1; j <= text.length(); ++j)

{
String word = text.substring(i, j):
if (dictionary.containsKey (woxd))
{
if (word.length() > longestWord.length())
{
longestWord = word;
}
}
}

wordList .add (longestWord) ;
i += longestWord.length() ;
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return wordList;

(DAL longestWord 4 LA 2 /i {7 B 3k A B Bin], SR UG 76 24RO B R4S 35 1 3
MALSHR .,

VBSOS, SRS R STl T .
System.out .println(segmentLongest ("#iEILF A%, dictionary));
§a 4 -
(B, ERKF)
Ait, BFZaTFaH TRITGER:
System.out.println (St;zgmentForwardLongest ("HFREGERK", dictionary));
it .
BRE, &, &R

WREEMRHRET, ERSKILEAE, “BFRAE” PMUERRERT “BIR” M, B4k
BRIX S A7

2.3.3 POl

e andan v | | &

TRAKANFNE, EmCERATT, ARHYE TR, @ m R ICae, meE SGRELE
MG EERTHEMa R g, REEKYIE, & 5I1En AR MM —XHETHM 7, H Python
fEARWF (PEI tests/book/ch02/backward_segment.py ) :

def backward segment (text, dic):

word list = []
i = len(text) - 1

while i >= 0: # PRUEENES
longest _word = text[i] # PRSP
for j in range(0, i) : # WA, 11REEAFENSENES
word = text([j: i + 1] # B, 1IKEfEAFESER

if word in dic:
if len(word) > len(longest word): # HKEERES
longest _word = word
word_list.insert (0, longest_word) # e, BlEsEHNEEE
va-dw % 3=
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i -= len(longest_word)
return word list

[, KFHH Java WL (3 W com.hankes.book.ch02.NaiveDictionaryBasedSegmentation
#segmentBackwardLongest ) :

/**
WERKEREAPXMIEE

@param text FHEHI XA
@param dictionary ig#t
@return BiFY%

* % » * »

-f
public static List<String> segmentBackwordLongest (String text, TreeMap<String,
CoreDictionary.Attribute> dictionary)

{
List<String> wordList = new LinkedList<Strings();
for (int i = text.length() - 1; i >= 0; )
{
String longestWord = text.substring(i, i + 1);
for (int § = 0; j <= i; ++3)
{
String word = text.substring{j, i + 1);
if (dictionary.containsKey(word))
{
if (word.length() > longestWord.length())
{
longestWord = word;
}
}
}
wordList.add (0, longestWord) ;
i -= longestWord.length();
}
return wordList;
}

XKAUBEERSGERT: (AR, £4 , &), R, PHEHXEEXAXT: “HHK
WI” B 1R, BE , BTR], TIHEERICAT, FREIEFMRIER RA |, &, ] . Wi
Bk, MTAT R EHEZABSGRN, A 7HERNE, a8,

5 —Se A\SRIMERE PRI, SRR EN U AMEL, BRI i < ITAC,

2.3.4 WEsiclEc
B BIFARE, i 2-1 X T —L BB EBE AT, Heh i 4 g b 5
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F®2-1 IEf/EERKEEE XX L

e  ExX ERBKEE B ER TR

| 8 # 5t (RE, §, T (5, B89, B3

2 BRNEE (i, FORR, %1 (&, F, B

3 BREHEHR [BH3ek, o, ) (W5, £, i

4 STRERMERK (%, WX, &, K] (%, FAE, Wl Bk]

5 LEESHTIN RGN (85, 05, ROk, %, 4496, 89 (456, 0, B0, Mk, I8, 1)
6 RHEWLMRAE (%W, 5, 2V, B0, K, R UK OF, 2, L, HIK, HE)

M 2-1 Al LI, AETIEFEPCECIER (15 ), ARHEECEELY (2~55), {HES
EIVCACRE R BCE £ . TR RE I PMA S8R 2ot Fei ™, EREPLPEER) 3680 Ma)FH,
A 1) D PS8 5% 1 33 (] D'C e (6 49 ) F o BE 9.24%, 1 1] DG TC 1 6 T 335 [ D P 68 15 A A7 150 ) 8 A
#egeit B, (A, 2 2-1 A7 7E I 1) A ri) PC AR 0 T BRBE CRYTE L (65 ).

HAEZIE 6 S0, FEAREEDMMREERPPE—FELFAIR? AL, AMTLREEAR T
AL, T B B VERD . ORI R ICEC T R RS, WA .

(1) [R)E AT TE ) Rt (o) SR AP AC , 25 PAE B IR ], U [l iR 3 A R — 4o
(2) B, R [EIFE P E AP SRR, DRYER el e R I PE RS R

AR HLIN 4t K2 s0K F i o B R R —— DU R i SR TR R, B
B, RN R B R P R, (R E SRR, SRR BREREE.

A THIR AR, AU ItAc EAE R ENTR %, Python MUIHLANT (7K tests/book/
ch02/bidirectional _segment.py ) :

def count_single_char(word list: list): # ZitEFRENITE
return sum(l for word in word_list if len(word) == 1)

def bidirectional segment (text, dic):
f = forward segment (text, dic)
b = backward segment (text, dic)
if len(f) < len(b): # APEMEERES

D Sun M, Tsou B K. Ambiguity Resolution in Chinese Word Segmentation[C]. pacific asia conference on language information
and computation, 1995: 121-126.

2 FAAAFRMER WL ZHFEN], REXEPTEE WL PR —HERE MBI, B IARIC L 2T
TR PEH —EHIH, 7E ACM-ICPC P47 — 2RI H 4 “BUUE", “BUOE" ARrEH T siermin, RWikEA
Pofin R S BLE AL BT “HLRUET R KB sY BT, RERAHHEAR SR AEH.
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return £
elif len(f) > len(b):
return b
else:
if count_single_char(f) < count_single char(b): # REFEVRERES
return £
else:
return b # HESHYLCREESES

Fib, Java BEEFLUF (10 com.hankcs.book.ch02.NaiveDictionaryBasedSegmentation#se
gmentBidirectional ) :

/i*

*

GitMBERPNETFHE

-

* @param wordList JMEAEHR

* @return BEEE

A
public static int countSingleChar (List<String> wordList)

{

int size = 0;
for (String word : wordList)

{
if (word.length() == 1)
++8ize;

}

return size;

] F

/*t

* WEBKERN P XMARE

*

* @param text FoEH AR
* @param dictionary iE#t

* @return LAEPIES

*f

public static List<String> segmentBidirectional (String text, TreeMap<String,
CoreDictionary.Attributes> dictionary)
{
List<String> forwardLongest = segmentForwardLongest (text, dictionary);
List<String> backwardlLongest = segmentBackwardLongest (text, dictionary);
if (forwardLongest.size() < backwardLongest.size())
return forwardLongest;
else if (forwardlLongest.size() > backwardLongest.size())
return backwardLongest;
else

{
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if (countSingleChar (forwardLongest) < countSingleChar (backwardLongest))
return forwardLongest;

else
return backwardLongest;

BAELEIRATHESR 2-1 690 F A s KL ECE i —, —F B, 55RW% 2-2 Fin.

Fe EX ERRKIR FERKTRE WARKETE

1 RENTR (RE, #, T [, B8, §5 (%, B8, Hi5

2 WRREE (B, FIBR, %1 (&, B, % (&, %, S

3 BRAEGER (GRS, &, KR (5, A, ) (§5E, 4, iR

4 STWEAMTRK (5T, WX 0E Bk (4, FRE BE Rkl (5T, WX, 8T, 8K

. GEMIERGE (B8, 6, s, & S5, (A9, 0, T, Nk, GIF, S5, 0, T, g%, S8,
o 8] B B

s ROWEWENE URQ. W, EW, E0, K, DR OF. E, Bk, WK, DR 0K, E, 5, WX,
B S8 HE &

22 Bn, AWEHBAKICEHFE 2. 3. SXIMERATERLTRENGER, BE4S

m¥tﬁ&T%ﬁM%%.Eﬁﬁ%mﬁ%%ﬁwm$ﬁm§ﬁ@m%gomw.mM§%m
WS AT L — B MU A A T R A R P AR

’ Lo I b= =t ==y R 11 )
2.3.0 ZEEWN

AR, R AR A AR SR, HERURA . R R O EREE
THE, METEE. & FRFAELHF, RITEAMA Python Y set g S MIAM, EA
{#F Java #) TreeMap. #fEIE S AHIRNTREE T BT LBOBHES ., B ENABER {7

IERADRET— TR LT, ZEA KA Python Ml Java FFE FAYIER | i, MR
PLE, Hoate ik F. WMMBZRETIITG, BUEFUFEFRAE, BFEEHNHE
rfe] . Python PEMIBIAS AR ( /L tests/book/ch02/speed benchmark.py ) :

def evaluate speed(segment, text, dic):
start_time = time.time()
for i in range (pressure):
segment (text, dic)
elapsed time = time.time() - start_time
print ('%.2f H¥/#' % (len(text) * pressure / 10000 / elapsed time))
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if _ name == "' _main ':
text = WITEMMTHR, PEERNRKATHAAER"
pressure = 10000
dic = load_dictionary()

evaluate speed (forward segment, text, dic)
evaluate_speed (backward segment, text, dic)
evaluate speed(bidirectional segment, text, dic)

Java PFIM AR FF AN F (% W, com.hankes.book.ch02.NaiveDictionaryBasedSegmentation#evaluate
Speed ) :

/**
* VR
*
* @param dictionary g8t
*)
public static void evaluateSpeed (TreeMap<String, CoreDictionary.Attribute> dictionary)
{
String text = WLIBEEATHE, PESRKEKHERLKER";
long start;
double costTime;
final int pressure = 10000;

start = System.currentTimeMillis();

for (int i = 0; i < pressure; ++i) -

{ r
segmentForwardLongest (text, dictionary) ;

}

costTime = (System.currentTimeMillis() - start) / (double) 1000;
System.out .printf ("%.2£55F/FM\n", text.length() * pressure / 10000 / costTime);

start = System.currentTimeMillis();
for (int 1 = 0; i < pressure; ++i)

{
}

costTime = (System,currentTimeMillis() - start) / (double) 1.000;
System.out.printf ("$.2f5F/F\n", text.length() * pressure / 10000 / costTime);

segmentBackwardLongest (text, dictionary) ;

start = System.currentTimeMillis() ;
for (int i = 0; i < pressure; ++1)

{
}

segmentBidirectional (text, dictionary);
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costTime = (System.currentTimeMillis() - start) / (double) 1000;

System.out.printf ("%.2f5%F/M\n", text.length() * pressure / 10000 / costTime);
}

ERBAANRRY Eailizafy, 3625 RWE 2-2 Frs.

200 198

1754

150

EM® i 1) e
E 22 SAEAEHIHRFEEN L

BARBFMIAA RAE L IHRE R F AT, (BLLT SRR

(1) F%&MF, Python HZTTHEE L Java 18, BUREA Java B)—F A3,

(2) IEmPCRFS A PCRAEEEARZ, AR MPRT, XAERBZ S, B Atk T
PR T A

(3) Java SCHLAY IE (v P AC Headf o PE AR, IABRAAFEYR ER, BIEmit, WAL
Python R,

EBIEITRENEE, ZiY Python F] P {# Cython, C/C++ shBEE SIS B4 ™
HHE .08, F G4 oclass i A HanLP 4 Java 11, Python B3 7 TE & —
MREOROKET , EESRRHE AR S ORERGEd. IEW ARERIE45 “Write it all in
Python, then write only those parts that need it in C” Ff 5, pyhanlp TIE2MH Java {8 T CiE.

B 7 4a il S R ERRSh, RATAER R L E m O ia 8RR e HETF R, R
TS5 R, WA Rt %k TR,

D AL : Macbook Pro (Mid 2015), 2.8 GHz Intel Core i7, 16 GB 1600 MHz DDR3.,
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124 =l

EFENEIZ —FETABES (W) PERSAFMFH. WRAAFES
(TreeMap ) Y15, B2 R Ologn) ( n R ML K/ )y R MY £ (Java 1Y) HashMap.
Python Y dict ) MYiE, WK bR IBEBRFRET, BNFERERN LT, ABA®E
BESUHR . PIAF A B SR A5 F e

MRA, MERE S RORBOARERL I EA TROR, AT A QLB RATER =
TR, BATSRE L, MRS S TR,

241 fHAaEFHEN

FREPIRSH AR (tie® B, AIEH ) 776, XR—FFRR LRMIE RS, F
YR B SR AR R — P2, WARTY R T B — 74 B . IR R BT S
LA AT, TR lE SRR SRR R Z M ) — 2R B8 AR, JFEL T (6 ) B
MRE “EN ARG R". TR R, B, AR R
MR G T WERAEEBIRFBRARIC A A, WZ TR R EEE D, BUGREHAEE.
— LR SR AN A 2-3 PR

@ A retrieval, HH /trar, 5wy ZFHHMIE .
@ —HABFROIEE LMo, RTREEET .,
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He, BAfmicEZ T AR—TANGR, HFRANNGES . XM P06 A iR 5240
7 2-3 fiR, RAT A —FEINEZE 2-3 FRigeE, FaET AR N A,

#2-3 FHERPEESERE
HiE _ _ f&é& - il
NG - 012
RS 0-3-4
BAA 0-3-4-5
BRIES 0-3-4-8-7
8i8 0-3-8

AHRES (set), FHRAATLILHIBS (map), KT (EREERNZE LT R
FBIAT (A 2-3 B AT SA—ERM TR o

Lim KK n B, BIRBIAEOL T 3 ) B S RO O(logn) (BT 1 A I EE
ARV BARAEAERE, PR RERRR T ), (HEMSEhRE Bt " A iRk, XRFE VMR M
BITRA, BURICACRBHFETR, FIEA L T8 BRI

A " == i gl s 2 e T
2.4.2 FHBRT RS

i 2-3 B, N AR R ME B QWA R SR, DR ACEER N —
AN, WRELHMH T AZESNE, AREFEBCHMNNE. RI129EFAEH None %
AR KR, SRR A REH AN None RO T, (HSCHURRER Y. AT HH
SEELA Python fiR 40T (1L tests/book/ch02/trie.py ) :

class Node (object) :
def _ init (self, value) -> None:
self. children = {}
self. value = value

def add child(self, char, value, overwrite=False):
child = self. children.get (char)
if child is None:
child = Node (value)
self. children[char] = child
elif overwrite:
child. value = value
return child

ff _add child Kk, RITEKRERTCLFETA char XA child, RERHE
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overwrite XREREEE child M{H. X THE, MWATLHEF I RUEEAILH A L&,

2.4.3 SHEMAEHA ST
BT WA R, REREIERRY Ak, ROTRAEE 7R
R EHLOR—NEEY S, AAREE T —mmHPOAT k. EEOHEAE, RS

LAk H YE T A VAR R 5, FRATEIE T8 . ST, 8% TR ER
BEEAE,

‘B HIR—FISHE, RN MERBETEREL QB EEA None ML, Bk
YERAE R EMEB R — AT o HR2 40 fa] 95 BB O Ry 2 i) Ve 7

MiER FRREE 3Pl (DFA) MM Bk, BN EEE—1TRE, KELRYSHICE
WRIRRTZ. M 2-3 FIRE)F IR G RER N R AT I 2-4 Fow.,
R24 FARRSSHENS
we
e
A
Al

2

B
BRA
BAE
BAES
81§

MACHT G BIFA RS B LLE F— YOS . ek TR RSl
BN @ LRPRE TR S F AR RR (—5il ). WIRW AW 2 K80, AR
SHBB WA BNUZEEMY, ERASE. YMRIhEE T 28R, RINMED TR
ARZE, ARZRERTRA SRS (HE ), R, MED TRER, SNZRERFET
g

“WhnEMERT" HIGEREN, RALTERREHBRMEnHE, FRAITCIEMPIN F1a, {7
UERRE AT ; ETMAMME, NS G & LR,

FHP O SER LI (W tests/book/ch02/trie.py ) :

]
© N O O A W N = O
i1y
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class Trie(Node) :
def _ init (self) -> None:
super () .__ init__ (None)

def _ contains__ (self, key):
return self [key] is not None

def getitem_ (self, key):
state = self
for char in key:
state = state._children.get (char)
if state is None:
return None
return state. value

def setitem_ (self, key, value):
state = self
for i, char in‘enumerate{key}:
if i < len(key) - 1:
state = state. add child{char, None, False)
else:
state = state._add child(char, value, True)

SERIVEFE T WM EE" X8, AHATERKNE . Java KRR
172, PRFRRE, HiEHE AfTaR, 79 com/hankcs/hanlp/collection/trie/bintrie/BaseNode.java.

BAELEIRATTE — Lol

if _name_ == '__main_ ':
trie = Trie()
4 1%
trie['B#'] = 'nature’
trie('B&A'] = 'human’

trie['BAES"'] = 'language'
trie('Hi8'] = 'talk to oneself’
trie['A[]'] = 'introduction'

assert 'BH#' in trie

# W

trie['BfA'] = None

assert 'B#' not in trie

# M

trie('B#A¥ES'] = 'human language'
assert trie['B#ES'] == 'human language'’
4 F

assert trie['Al7'] == 'introduction'

oI FIRATESR T Python B “MEARTE", FrLART LURXIFE dict ARFESRIET- LM
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XS 7 S AR A5, AbB A SCHT, AVFZ SR BN E BT

244 BFEPIER"SHNFHEN

A QAT LT BT SRR, AR R (FRORBIBUME ). 1 R M 20 2 Y
BHATRE: MRHMAR, #IHELHMER, mREMBINEAR, BEHEEARR, WFRETERE
HFl. AERMEI2FBES M NRERF IR —MIE, FHERT|. BMERTEEET], o
REBOUEAESE, WIEELBIWE AL RS | 2B RALF, TP RM S SE R . —F
DR INEE R AN S B0 BB WS i S S (E, (HaX Bl KRBT . AT, GRE)
PRECBOTA S, NESIRKAFSENE RS A R,

E—THREP, BIIER Python HER dict ENES £, BIENFER, HIENT
W BT Python WA char 58, FRAEMAEREN 1 HFRFE, ATLIECRRE R SE str
T R E 64 L RG L, str FIEFREUE ] 64 7HI# % . {H Unicode F4F bt A
136 690 M, ZaL/NF 2% . X FPENNFRAETIFHE P IBAAEEE, ATEEIMEEIHH 2T 5 .

$ python3

>>> hash('#i') - hash(';L')
2668313623312284569

XFER B R BEARE A, AES AT EIRS . 1 Java o 8 £F ] R 5000
BRIF—88, Java PERF %S K UTF-16, %%?ﬁ%ﬂwﬂm;ﬁ 16 AT B EEBE,
B RSERBI . A~EIITF .

System.out.println(new Character('il’') .hashCode() - new Character('iL').
hashCode()); // $ti1

X523 A3 oR 5k HH AR X IR] [0,65535) Y IE AL, FRRSIFHAEAERLT.
FARME R B — K0 65536 BURCH, H7 77 st X B i T4 8 BUE PR T AR AL B4
BT, REEFYCRERBE, RTHRINME THEHT T, XEFMRRES PEHRRIG (N
b ERAE TS84, AIHFE CPU f# ).

RTMX AP RHE LAV A, SRS aiaE R 1, MBS IR 5
IZHBAFRZAN 0(65536') . WAHERUIEH, AHEL. FEIDUES —FiARkE, —E

3 Y 7 EE R A AR S SERE T SRS . SRR O SR S H A ] 2-4 BT

@ %% Unicode Standard version 10.0.
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2.4 EEHHKEHA

HT XA AEHG, HanLP SCE 7iZ AU F IR AR, AR RIS N T AR .

public class BinTrie<V> extends BaseNode<V> implements ITrie<V>, Externalizable

{

private int size;

public BinTrie ()

{
child = new BaseNode [65535 + 1]; // (int)Character.MAX VALUE
size = 0;
status = Status.NOT WORD 1;

}

Hrf1, BaseNode ¥l &, Wil SR RABAZKEN, AAN child ZEFHEKMN
ANAEAMTE . AHRI M, 558 155 child SR RE B EE NS B FhR, W leder $id
B4 P, SRIG R BT Ak, LML, child T LA Java #4LH) TreeMap, B
EREERA TEM AR, B4, BFACE _oaRISBALEHE —FR, IR
BEA MBI 5P P AR E R, 8 ASA S Python MU —3, HER T FE /MRS
AR, B2 T S, PPk, RIFFHerfCs, R, XBEAFES, UolX

D fEdRny TR, WAL AT @8R aA i . X R WiF A K™, lﬂﬁ&?ﬂfﬁﬁﬁﬂ‘—ﬁﬁﬁﬁ‘w‘l#o
UL Java B HABEIR S A T 22 HE S TR, AFE T ENRMEER. &2, HanLP pfCH KR
M%EAL, JLFEAME ] HashMap
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TR BRAYBEH A 174 com/hankes/hanlp/collection/trie/bintrie/Node java, A2, —{ T H[
FHARISE L 5P 2 IE Z S 28R

BAELEA 1M — F LG/ BinTrie #K T 2 KMMEEFA . Hi15—1 Map &% —
F BinTrie, EH L—HIFEN A2t (10 com/hankes/book/ch02/BinTrieBasedSegmentation.

java ) :

TreeMap<String, CoreDictionary.Attributes dictionary =
I0Util.loadDictionary("data/dictionary/CoreNatureDictionary.mini.txt");

final BinTrie<CoreDictionary.Attribute> binTrie = new BinTrie<CoreDictionary.
Attribute> (dictionary) ; '

Map<String, CoreDictionary.Attribute> binTrieMap = new Map<String, CoreDictionary.
Attributes> ()

{
@Override
public boolean containsKey(Object key)
{
return binTrie.containsKey((String) key);
}
}

evaluateSpeed (binTrieMap) ;

TEFRAY Macbook Pro FizfT45 RN 2-5 frs.

213 210 ‘TreeMap
200+ WBinTrie
175
150 140

A, BinTrie AY#JEH TreeMap tR—2E, FE5IfEY A PLACFHIAURIUCACH , DOFPOLS el .
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2.4.5 BIEERIAOELE
T F A TreeMap, FIHTE M containsKey i4ria, B|EREE] T 1 4%
BN e, (RS A R T 4 oy, BRI B2 KXY,

F S0 A, FRATA oT LAMSAS B tR, SR SER 2 —BRATR . PRI, 158
AT R B ARt TRl — A1 sl Hedn, REER 23, “ARN” M “ARERT #A
HRIMATER. TRENMGILAESE “0347, —HBW A 4 WMEEA HEGE.

SR AT AR 2R AR A ALE R, MRS
#il] BT AR CAKE CAREE SRERAEEAMh, BELE, MR CART XK
BAT A AE T AT, AT AR SE —ILL B8R TRk MOiTE AR AT REAEAE . AR,
RAFERE SN (IR AR CHTL BT R AR KRS ), RETARAT R L
O PP, TR A ]

EER U “BRIIEER” BN WM, BinTrie 4L THNIE O, 25X 5
parseText fl parselLongestText, P parseText M|, TRXFEFHRTEMEAREHE
) ( 1¥ M com/hankcs/hanlp/collection/trie/bintrie/BinTrie.java ) :

public void parséText(String text, AhoCorasickDoubleArrayTrie.IHit<Vs processor)
{

int length = text.length();
int begin = 0;
BaseNode<V> state = this;

for (int i = begin; i < length; ++i)

{
state = state.transition (text.charat(i));
if (state != null)
{
V value = state.getValue() ;
if (value != null)
{
processor.hit (begin, i + 1, wvalue);
}
}
else
{
i = begin;
++begin;
state = this;
}
}
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iXH state 2 Y HIRE, begin B YETHMME R, i EREHBIHESZ TR xR,
processor £— /" FIAEE. MBI A this TFEh, RAOVFEFERS, R5SBY 1 #HTRE
B (if 03X ). —BHREHEBKIK (else 473K ), XL begin Ik #YiRliE M1 L BIZ |,
begin i, /e EHIFHEFATR M.

%4 D214 BB AN F Ar R (3 W com/hankes/book/ch02/BinTrieBasedSegmentation.

java) :

public static List<String> segmentFully(final String text, BinTrie<CoreDictionary.
Attribute> dictionary)
{
final List<String> wordList = new LinkedList<Strings>();
dictionary.parseText (text, new AhoCorasickDoubleArrayTrie.IHit<CoreDictionary.

Attribute>()
{
_ @0Override
public void hit (int begin, int end, CoreDictionary.Attribute value)
{.

wordList .add (text.substring(begin, end));

e
Al

return wordList;

FIRT TRASEEREAHE TS, TS a0 1 A BLE A Ok, AN 2-6 Fioi .

1200+ e ANELT 1176
==BinTriei® 0

1000+

800+ 741

213

v -

wetns NAGE 3.3
B 26 HEIHMERERIRISEHEELE
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A hERE N T ERAEE, DFmEKICE M, SdEaRiEs. SR
W TREOSE M, RITATEBinTrie A4 O D3I T 1000 J7 5@
[E——H% T Python KRAY 64 JiFFk, R TR,

125 WEEFm

1000 J7 FRAPSURMRS? A, FRATRFIETHIM, RITEIEMIR.

FHEESHT—T BinTrie MS5A, BR TARVAMSERESISL, HARW SHEMN 2R
MIFTE e T 1, BUCREFEBIE IR Ologe) - 4 c R, MRKAMRM. REASIEMH
AR SHAE B VR ?

Al Lk, A 8B ¢ Double Array Trie, DAT ) 52X B —FoR S5 & 245 0 ¥ B8
gk, SO A iy A Jun-Ichi Aoe™ T 1989 4E4 1 , ‘B i base fll check BN
iR, MRFREA .

2.5.1 WHEEREN
AR E], R SRR DFA. BUBAH T L RHK AR & DFA, DFA P HPIRE H base 5
check TIICEM Fhrka., BRI, MRS b HEZFR c HREIURE p iF, SUEEH R .

p = base([b] + c
check[p] = base[b]

HA RIS, MAREHBRY. 20601F, HArREN a8 CREH—MBETIRE
., FlE), RITEMBEZG TR A AA, BARKN AT A AA =base BRI+ A,
SRIGHKIAE check [ AAA J==base[ A& | BEHEM, WIFINHBERRI, R, &
AR T— Ui A — Y S MO B REHE RS HE RS, R RTE 2% T it ]

PR T8 U . PRAELLTRATE L — 1 XUEEH tests/book/ch02/dat.py :

class DoubleArrayTrie (object) :
def _ init_(self, dic: dict) -> None:
m = JClass('java.util.TreeMap') ()
for k, v in dic.items{() :
mlk] = v
dat = JClass('com.hankcs.hanlp.collection.trie.DoubleArrayTrie') (m)

1 1-I Aoe, "An Efficient Digital Search Algorithm by Using a Double-Array Structure.,” IEEE Trans. Software Eng.. 1989.
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self .base = dat.base
self.check = dat.check
gelf.value = dat.v

X B IRA T R B A B HE LS HanlP, HiZ SRS S5C A base . check L
P ME0E value 4.

2.9.2 REHERE
i b3CHTiR, Python BRIABIHE R EAIE & F4F. BATATLIEH Java 9 hashCode Fik:

def char hash(c) -> int:
return JClass ('java.lang.Character') (c) .hashCode ()

MR IEAFFRE T —4 Java ) Character X4, it Java 31 %81 hashCode F =%
2| T HEE.

FBRBIARIA T S RO EA gL, WA IR P A2 G0 4 (BN ) AR —4
Wif. A TXAEN, B EATUMEE ClF T, EENFARRBRI—MESIHS
Fory\o. RN, \o EETHAWAMMAE, XHEHETARATEMAFRCAS
MBE T . ZIRBIHFMARSCAEPHBATRESA \o, HTE8ESHIRE, R CAFH
hashCode M—®ifT 1o — 1A \0 MFEE REAILBLAT .

def transition(self, ¢, b) -> int:

REED

:param ¢: F#F

:param b: ISR

:return: ERBENKE, -1 XFEM

nen

p = self.base[b] + self.char hash(c) + 1
if self.base[b] == self.check([p]:

return p
else:

return -1

BRT “@WiShn—" BB, X BRSSO T SR i SR AR

2.5.3 &Hig
A THRRE, M key NEHMIEZE L len (key) +1 YCREFHER, £ 1k — 0 E
X \0s
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FEH I, value ¥ 0 DIFFAEAEMTERIAY AT G, AU R4t i F Y . T EEMRT
f&e, SeARFIRNTITF, REHT T FRE value SEHPERIE. FAMIERA 7 HTFME
J1 EIRBOR T4 0 SR S R A ARLE T 81, IR AAE B L Anfay A7 g ix 2 ) SR %R 2

AT WERT, BRIOIALAHITF IR, RRAEYSIRE p e base[p] < off, &K
AXR LS, H¥RMTHFN -baselp] - 1. ZFHUE—2EANAEMN - 1,
WAHRBR—F5 7 0, W% HRE.

FIEWENE, RAOTAATLLG RS T .

def _ getitem (self, key: str):
=0
for i in range(0, len(key)): # len(key) XIKEBEHE
p = self.transition(key[i], b)
if p is not'-1:
b = p f
else:
return None

p = self.base(b] # HFEFH \o FTREER

n = self.base[p] # Eifbase

if p == self.checklp] and n < 0: # KEHBAEXNNEEER
index = -n - 1 # N@BFHF
return self.value [index]

return None

i — FROR

if _name == '_main_':
dic = {'B#': 'nature', 'BZAA': 'human', 'B#AES': 'language’', 'BiF':
'talk to oneself', 'Af]': 'introduction'}
dat = DoubleArrayTrie(dic) :
assert dat['H#'] == 'nature'
assert dat ['B#AIES'] == 'language'’
assert dat['f '] is None

Java 92 81l 5 Python 25 {8, % # 7] 2 % HanLP £ £ " Y com.hankcs.hanlp.collection.trie.
DoubleArrayTrie#get(java.lang.String) 77#k ., X B AHHGE,

.‘.J =

DAT {4 it J2 0 38 7 s (U BE DA G P (R L. Ay 7 SRR 9 1 A S B — - RO o
BFER, AP IERE. WER ORI, WT 7R,
D ARSI REA I, MR LR
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(1) AWPT LB TR0, #iE1k base [0]=1;check [0]=0;. LAY & A i 4
RN AR, R AERFANEGIE (ICE code, Java 124 UTF-16 4f% )
FHHES.

(2) #9%€ check [1]1=0 AR i TN, BELXVWA p B FWEINRs, --s,], FHRTELE Fix
b, {18 A check[baselb]+s,code]=0 . KR, RF|n T2 H FIRBAXRET
W AT check[baselb]+s,.code] = base[b] , W EIKFIX n >33 A2 (G 4HHEC 03X BE 710 i
XHE n TV 54 baselb] +s,.code LD T LV b, WL T FEHREM IEKE.

Q) RERIT TR, FEEEET, WsHEE 23 M- 7448 (356 ), NPT base i%
RUE, LATFEEE B % 58 49 F BT index , BJ base[base[b] +s,.code] = —s, index -1 ;
HEAET, WHEALIER Q). BHEMEA. ics T HANELE Fish . 47
base[base[b]+s,.code]=h . XFEIL N 45 base[b]+ 5,.code FERERER] T T 15 didfi AR F
b (BATFHARE), BT -HEHXTXR,

HIR (2) FREHTHR, 4P check B, @7 TFHLEX—MAR. L5 3) 4P base
BeH, BURXST—XMEBRER. FRCRIR—AT, FWREE S, FBiHERE base i
PRI TR AR, RGBT LRI check BAIKK FALKR.

B, [ 2-3 PRTFIBHEA \o 1 UE A 2-7 Fras.,

B 2-7 g8 DAT =788
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X AT S FE A T A h gl B FARBIRE ANk 2-5 BT,
# 2-5 WEEFHABRMRIRF

w"S FH WEB THR
0 - ) _ 0__ _ -
3 \0 38378
2 i 38379
1 A 20839
6 \0 38381
8 \0 38382
7 A 58536
11 \0 38384
10 B ) 38383
9 £} 74203
8 % 38380
13 \O 38385
12 = 45219
8 33260

x
1

WG 2-5, FRATAT LAY UES 2 A3 19 M R —— @R B AW X, A ARSE A BL e Tl 119
BILAHIT, ERENGSE “1-2-3" L, SERIFRMARE “3-2-1"; TS SRR
b, ECFFRZ (6" “8-7" “11-10-9” iX 3 RMM T A TR T AR B2, WERER
TS .

citrs G N B AT I 8k o D s B 0 e B A R

i = 0 20839 33260 38378 38379 38380 38381 38382 38383 38384 38385 45219 58536 74203
base = 1 2 9297 -1 38378 38381 -2 -3 38384 -4 -5 38385 38382 3054
check= 0 1 1 38378 2 9397 38381 38382 3054 38384 38385 9397 38381 38381

IERMIERIE—TUHARSHWEBER, LI “AR" WEHIE. MBRETH
b=0, “H" # UTF-16BE % 5 F 33258, %% i IR & ¥ ¥ p-base[0]+33258+1=33260, ¥ &
base [0] ==check [33260] BHHMOL, KHMMEERE 1. TREBRET, FHAPRE T4 b=p=33260,
BEMETE, "R B4HEH 28982, RS p=base[33260]+28982+1=38380,
¥ # base [33260] ==check [38380) B H M, KHABHEAME 9397. TREBKREHR
R, BEIRAET #5 b=p=38380. XNREREMM —HiF7 RI1=EE \o #iTH
B, \0oMEBRHE Mo HEFM— (JFEHE K L L), p=base[38380]+0=38381, H I E
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base [38380] ==check [38381] , T/@&REHEBNY) b=p=38381, XiIFHATE M EERISS
B, BIEAE, 4RIREH base[38381]=-2 f{# -index-1, FRKIH index=1. KR
“AR" MFIER 1, TRIU value P TR 1 (970K natural fFA “HAR" BICHKE.

TESCRRM TR, BRE s EHAE . VERE, RAXZH FIREES. Kk Java
& Python T, fURSERHLAEITIC. BRF MU, #5i%# H 174 % com/hankes/hanlp/collection/
trie/DoubleArrayTriejava, %K (2) HIZEER (3) RS BRI insert Jrik, B TEAITER, I
B 2L T com/hankes/book/ch02/DoubleArray TrieBasedSegmentation.java 1.

2.5.5 =V)nSmi<iiic
AUBCH FRBRRE —RF M, %2 55 M8 —Y) 2 fE. HanlP A9

DoubleArrayTrie FHESEH T £ V)4 parseText fliE [i] it | VL fif parseLongestText .
{5 BinTrie RMIMIEI Tk, 7ER—AYLEE LMECKR, 45FE 2-8 fix,

A BinTrie
500 “uw DoubleArrayTrie
3000+
2500+
% 2000
R 1606
1500+
1176
1000+
741
500+
D- =
2N Eagi
B 2-8 BinTrie 5 DoubleArrayTrie i& 1]

i T R B 3, FRATIR9 S iR B SERE T 3000 J1FEAY

126 AC

B DAT B URREF Bt A Z a0 EHE K, H2U 0 KER o 830k, Zi
EROon). BAHRMIED, WEAWBMaE R, KEFHOEM. 2ETHRIAELT B
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. B R T A BRI AT, AN Ak (1237 AWM —HEET 6K
RAEFE. 1, 12, 123;2, 23;:3. M7k, XA “123..n" AW —-FEEET

,,+(,,_1)+(,,_z)+...+1=‘"; D% _ 0n) UeARASHERS . (UtIisE, DAT 2U1SMEASEN O(n?) -

HETS — U i B2 Rt i A e B A9 BRI ? WTLL, AC ( Aho-Corasick ) H ShtLai/E X H
—FP O(n) B A BEW 3%, 2 m DURES = 1) Alfred V. Aho fil Margaret J. Corasick F 1975
FEATE, BfEHT ZHTZ2 TS8R,

WEZAAE (WARAESCER, pattern ), MBESCASThICECEA T 0 PR N B ITE ( multi-
pattern matching ). # IR ZHEICARH LR T AC BaiflZ4b, i£4 WuManber?, FETHESE
TMRPIRE, JFERESEBREG R, MEP ey, WFERER WAEiRa . Hik,
AC HEhLER X ARE S BP R HEZ, AN EEERE.

2.6.1 M3 um =i

O B 30 o - A R AT A, IR TR AR R A AT, A “AARER
AT X g, HA “HRT #BREIhe, "ARET" “ARESLHE” A ATREFE. fﬂﬁi
EULCHT ERAEM CAT AR CTAKE" “HRBEFLAEAN" &, XEELRT
ST g CRIET CREET e

WARRESAETWE “HAET" WRNENERE, “RETFT BT T EAET AN
. IR ABLAT LA BRI 3 KA M), WMEE— FX 3 DFREH, ENAEE#NER, gREY
WG ("FT CHEET CHEAT) BT LS RIS RS, SRENRRR. AC HELIERT
FREAIETE b, OVATERR ER R GRS RS, T T RBER.

A TP ERE, iERITE#EA AC AL RAEET. AC HahPlH goto %, fail FHl
output FLM, 7 HIZERLTIRAN TR AR A0 5 280
26.2 gotoFE

goto FlLFf success £, HIMERATER, ARG MECRES BIMER L. ATH
SH O3, XK A2 ushers E N304, BiXH4ESH (he, she, his, hers}.
At Ay goto FUNE 2-9 Bk,

1T T http://www.hankcs.com/program/algorithm/wu-manber.html ..
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B 2-9 AC H#EHLA) goto &

ERWESHIERN B, FEER. AR, R EAETE h Il s 55, E4&
SAEFHAFH, HBALAMEAC ., IHBRT —1T8, E65 R —RE A HE.
XA EOET, AMZB2EEHE n ik s 6, RS ERFFIHIRE.

ACHERETHSVNARE, B THAEARE. BT XKH TR, #TREIVIRE
A CRE” KPR, TABERLY A . THAZEBARE.

2.6.3 output F*

BHE—DTRE, BOTHEREZARSR BT DAL, DA GE R 754 e
PABCK R BME . X B B KRGS BEFR A output K. M 2-9 FiRBIFF4, output &
RS R & P IR IE Y R, XFRLAY output AN 2-6 7R .

x 26 output FE

RS  output

2 he _
5 he, she

7 his

9 hers

BAAWIER, BAELHETURERSSSM—TRAZE, 0E 2-10 BRIES IR,
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N o {hel {hers}
@ﬁ;ﬁ-h{ 1 (2 ~(8)(0)
l I\-{’rs‘\\—s—@ {his}

s

\_{ ’3\,_h—~( ,h—"'@ {he,she}

# 2-10 7 goto Fi E output &

output RFPHITTRA MR, —FRMIIHRER]LAREHES SR NARAS (1
2 SRE ), H—FEBEHERIRARKES (s SRE ). TREMHE BT IR
¥, BB E5FHEEM, MRICFTEBEXT MBS, BN RR A BEERR
HAH, X —BaT Y £f4il REOMIEFRDHTT.

264 fail &

fail REFIRIREE X —HRKR, FREREEIMUE N Y LR ARERE. SER
AHRHRAEICEC ISR EAFA R BRI RE . tetn, ICEC she ERBIRE 5, #
F—NFER, goto KM, WREA R fail MBAERBFER? MATICE DN FAH N she, B
K40 he, XRIMZ 0-1-2. ik, RE 2 MWERE 5 fail MREEE. fail FRE 2
ZJlG, HWLCET he, 80F TH5Z v MESR . FHW, VORAC his GRFPRE 7, Fk—1F
fF, goto kM T . his MIRIIGHEN is, AMERAXEKE; KEGB N s, SRHKE 0-3,
RIHARZS 7 i fail Bl 3,

BT MR Fail ]2 E X S HYHIRE; s.goto(c) IHBE, B S HFMF cER
R, null EREBKIN; s.fail K fail #, KEEBLMATARE s FHBHEIRE.
fail EOMBFHEITF .

(1) PIHRIRFE R goto /EMAY, AKIEAZKM, HKER fail f5¢. SWHRESEHIEM
ERFTARE, I fail SEEFAMRRMMMRRTS, W 2-11 FABLRATR,
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[ ¢

\ o, = %
\~( 3 -h—( 4 ,}—e@ the,shel

B 2-11 HERSTH) fail g

() NIEREFF R BEMRE A ( BFS ), # 4IRS s 25/ c HEMRERN T,
M s Y £fail $R4HEIW, HERWPIE T AIRE F, {#78 F.goto(c)

I= null., ¥ T
B9 fail 85N F.goto(c), tHEP:

F = 8.fail

while F.goto(c) == null
F = F.fail

T.fail = F.gotol(c)

GQHTFHBERTHMAENGER, LHEM T —EMNEF, HIMTM output LN E F
B output., TREH .

T.output += F.output

K 2-11 N ES5ERE fail RIS, HahPLWE 2-12 Fixw.

B I fail REBK, WEHERE, AC HaWLHIFZEEMME. Hrb—HRmkE 2-13 Fix.
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{he}

Or(1r-)

]
I

]
L]

(8 )2 }—e——@{he.she}

A B ohil th il =G
Al =guky _{'I'! FH ) I{{-: %‘!

FHMREEBATRELM, LMEHEESHELGTE—T, EHEMH. W7E AC BEIVLF,
% goto RFEBEMITHIE fail ##, KiAL%kn, FEit BFEai—i A,

=1
—_

AC H#h#HL7E HanLP #9337 T com/hankcs/hanlp/algorithm/ahocorasick/trie 3 F . Tl
53 H LR BB/ SEBLACHS .

public class State

{

/:*&Et$8<]-l;@§. R X PREGRE

p:'itected final int depth;

Jrx

* fail®¥y, WREHEED, MWHEDRKE

p:ivate State failure = null;

[

* QBERXPRETE, MiEREXS

p;ivate Set<String> emits = null;

/::gctoié. WHEBEY, REFHSHT—ITFHRBIT—TRE

private Map<Character, State> success = new TreeMap<Character, Statex>();

il fail FEAYMEIFL{I T com. hankes.hanlp.algorithm.ahocorasick.trie. Trie#constructFailureStates
dr, WO BfTEER. PRFRRE, HAMUAAEHEED. THEA Java ISR T ushers X%
s (10 com/hankes/book/ch02/AhoCorasickSegmentation.java ) ;



66 | ®2® FIHE

String[] keyArray = new String[] {"hers", "his", "she", "he"};
Trie trie = new Triel();
for (String key : keyArray)
trie.addKeyword (key) ;
for (Emit emit : trie.parseText ("ushers"))
System.out.printf (" [¥d:%d]=%s\n", emit.getStart(), emit.getEnd(), emit.getKeyword());

FHREE Python fEHL{L T tests/book/ch02/aho_corasick.py :

words = ["hers", "his", "she", "he"]
Trie = JClass('com,.hankcs.hanlp.algorithm.ahocorasick.trie.Trie')
trie = Trie()
for w in words:
trie.addKeyword (w)

for emit in trie.parseText ("ushers"):
print (" [¥d:%d]=%s" % (emit.getStart(), emit.getEnd(), emit.getKeyword()))

P A A -

[2:3]1=he
[1:3]) =she
[2:5] =hers
parseText & HNELRTIRE “2157, ENIATLLY BinTrie Ml DoubleArrayTrie fif
A ELRRAIRAME 2-14 UK.

1600 1606
1400+
1200+
1000+
= 894
—_
g; 800 741
rd}"m
6004
s,
400+ ﬁ”ﬁld
-
- = ¥
1 -
0 —
BinTrie DoubleArrayTrie AhoCorasick

B 2-14 JLFEESH A T2 aa0#Ex Lk
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Al i, BMERA A EFEET MR “FE A" NTESA, M TreeMap %
A AC AEHLINFARHEERAZERT BinTrie.

12,7 EFWEEFIME AC B

AUECH F AR RELE O() (1 RAECEHCE ) BRI R ESER S BICE, B AFHEERNE,
SRIMTERANTE T 28R, R EILR LS, LA RER, REHMERPOAE
JGEE AT Z VR, HAn ushers, shers, hers---- X HE—{ XAZEELHRH LR, HEEEIK.

H—Ji, M EEENE 2-14 X8, KEEREEK AC A SHHLEKAAR DA 7 4t
Rk, BESR AC HEIHLI goto RA SRR —IRFHRS, RETHIFHIXUEL 7 IR LI ER?

405 BB FH AUBUAH F Rk AC Bal, SEEEEMENMA, B3 —FuE-FEXrEEE
Z5H). 7F HanlP fC ¥, 308 HFR h AhoCorasickDoubleArrayTrie ( i #f ACDAT ),
WA H PRz AR AL, AW EENY ACDAT 953, SCHMIEAEEN,

2.7.1 JRE

ACDAT {34 JUHR 2B AC H Bl goto &, Hia] B {E N —HXUEAE 7 Bt i iR
E (FHr) M E@sMafE R, EYWHE], AC HIMLE goto KRBT IR, HAE AC B3I
HE B £ T output % f1 fail 2. A4 ACDAT MR FEHEL R H B IRE (base [1]
check[i] ) & output [1] [] Fll fail [1i].

Aikiyik, R348,

(1) HE— B A I, TR s X AR E ST

(2) FIRERUVEU IR, e R A BIXUEER R, e B C AT PR TR,
(3) W AC [EhHL, At fail RPIFEAIEREN TR,

2.7.2 £
ACDAT {£ HanLP 7 % 52 8 1 W, com/hankes/hanlp/collection/AhoCorasick/AhoCorasickDoubleArray Trie.
java, fR7AYHSEE R
/**

* @— N HEF S fimaptl
s
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public void build(TreeMap<String, V> map)

{
}

new Builder () .build (map) ;

XEAET —ANNEAE, HEH T N0 build Ak, 48R A Bk 6 3501 gt — sty
B, i Hixser U THREE. R ENEHRN AhoCorasickbDoubleArrayTrie [
G, MeERAFRR S ARG Y. Bk, fERit EEIE T A#H2 Builder 1541,
KA Rl 2s B Rk, IFEMERE G AR, Hi, #E{tiny.

/**
* B—PHF Y maphl 2
xR
@SuppressWarnings ("unchecked")
public void build (TreeMap<String, Vs map)

{
// RERETx
v = (V[]) map.values() .toArray(); // 18
1 = new int[v.length]; // FRERNKE
Set<String> keySet = map.keySet();
// B HF R
addAllKeyword (keySet) ;
// 5 st B R A DA 4R < s
buildDoubleArrayTrie (keySet) ;
used = null;
// ¥BfailFkIH HEHoutputk
constructFailureStates () ;
rootState = null;
loseWeight () ;

BN EAERWERAR, &G—581 loseWeight TR 7 28004 . Mk se
1) ACDAT A] L #| H com.hankes.hanlp.corpus.io.IOUtil#saveObjectTo JFFI {3 @ 4%, AHR A9 L
94k 77 A com.hankes.hanlp.corpus.io.IOUtil#readObjectFrom..

AhoCorasickDoubleArrayTrie /MM KSR KK HEN parseText, Java 1
P HIZR BN (PN com/hankes/book/ch02/AhoCorasickDoubleArray TrieSegmentation.java ) :

String[] keyArray = new String[] {"hers", "his", "she", "he"};
TreeMap<String, String> map = new TreeMap<String, String>();
for (String key : keyArray)
map.put (key, key.toUpperCase()) ;
AhoCorasickDoubleArrayTrie<Strings acdat = new AhoCorasickDoubleArrayTrie<Strings (map) ;
for (AhoCorasickDoubleArrayTrie<String>.Hit<String> hit : acdat.parseText
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("ushers")) // —FTFHENEHER
{

}

System.out.printf (" [¥d:%d]=%s\n", hit.begin, hit.end, hit.value);

X HEFEA1EE— TreeMap, HHEIST HAEILA. AEHE—/ AhoCorasickDoubleArrayTrie,
%f A ushers 17254,

Xt 071 Python SE¥L A (i I tests/book/ch02/aho_corasick _double_array _trie.py ) :

words = ["hers", "his", "she", "he"]
map = JClass('java.util.TreeMap') () # fETreeMapLf
for word in words:

map [word] = word.upper () # FAREN

trie = JClass('com.hankcs.hanlp.collection.AhoCorasick.AhoCorasickDoubleArrayTrie')
(map)

for hit in trie.parseText ("ushers"): # WHEHLER
print (" [$d:%d]=%s" % (hit.begin, hit.end, hit.value))

bR TRY, AR K, IMERIAEEERZ, RIAHFE—T Fald8— 550
KEyas o3&, 1wt o] LL{# ] parseText (String text, IHit<V> processor) # M
( s A28 —/ Bl R AT, AR EH ) .

acdat .parseText ("ushers", new AhoCorasickDoubleArrayTrie.IHit<Strings>()
// BEAAEERER

{
@Override
public void hit (int begin, int end, String value)
{

System.out.printf (" [¥d:%d] =%s\n", begin, end, value);

}

}ra

— T HO R AR

[1:4] =SHE

[2:4] =HE

[2:6] =HERS

PAELEFRA TR — F 0o, [FRRFERARE, RIREERE 2-15 FiR.

U T JPype A EFF overnide Java #9411, FTLL Python 0 (i FH (9] U8 sl 24
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1600 1606

1400+
1200+
§E1000— -
fr 8001 741
600 |
400
200
0-

BinTrie DoubleArrayTrie AhoCorasick AhoCorasickDoubleArrayTrie
2-15 4 BRSNS EERT L

ZERGIPAFHRMAMELET . FEFEFRELGEPHIALCHAK, AREZEREFAL.
XAEFFRTRM BIPEFE THRALE, AC AL fail Pl BA K KRR Z M. WERF 2
DIy B A RIS I B R, o 2s i IR ]

FRATRARA AT, WRFE RN AS BEXT W& DE AT B . & 5, Xohia) S b in) i A9 1< BEA—
A~ BRI

/ * %

*

POEIE R, HREIEEE
*
* @param minLengthfi{E{<E
* @return TreeMapft/z\iidst
* @throws IOException
public static TreeMap<String, CoreDicticnary.Attribute> loadDictionary(int minLength)
throws IOException
{
TreeMap<String, CoreDictionary.Attribute> dictionary =
I0Util.loadDictionary ("data/dictionary/CoreNatureDictionary.mini.txt");
Iterator<String> iterator = dictionary.keySet().iterator();
while (iterator.hasNext())
{
if (iterator.next().length{) < minLength)
iterator.remove () ;

}

return dictionary;
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PREANERE SN 1 310 7, HEREEERMH LR, (HhEmE s, miis
AIEE R 2-16 Fin .

—DAT
35 000 | —ACDAT // N =l
30 000 /
w’\‘r‘
% 25000 _
R / /
R 20000

15 000 l’/ /
10 000 1 ,—/'/

2 4 6 8 10
B K

E 2-16 DAT 5 ACDAT [CHci® & Xtk

Al L, AR, ACDAT MEHA#AS T ik, B2, YE5HERAH
i, fL5cH DAT, BIM{L%EH ACDAT.

128 HanlPiRissasem

FEEARBERERA, TP SFEFENTERE. B THRES 14D, HanlP FA7
A AR H sSegment IXANEESE . (AISLIMA FHIE IR —4~ 3¢, WP 2-17 FiR,

@ DictionaryBasedSegment 1

- — %

& DoubleArrayTrieSegment \ \ﬂ"»AhoCoras‘ickDo.ublBArravTﬁaS_afgment_

E 2-17 HanLP )4 E82 K%
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2.8.1 DoubleArrayTrieSegment

DoubleArrayTrieSegment 4} if] 7 f&= X DAT & 1< VU B2 49 £ 25, 2R A i £ hanlp.
properties /' CoreDictionaryPath 5 (9ia L, Java 75 &1 F ( 3 . com/hankes/book/
ch02/DemoDoubleArrayTrieSegment.java ) ;

HanLP.Config.ShowTermNature = false; // /MAGRAEREM
DoubleArrayTrieSegment segment = new DoubleArrayTrieSegment () ;
System.out.println(segment.seg (" LFAERATR, PERKXAKBELKER")) ;

P TR mER, RIOERTFRISECH TRMERR, SR, FRAaT L4
hanlp.properties Hf ShowTermNature k% [FEHEHIRR -

XFIE A Python fEFS AN T ( 1L tests/book/ch02/demo_acdat segment.py ) :

HanLP.Config.ShowTermNature = False
segment = DoubleArrayTrieSegment ()
print (segment.seg ( LEEPEEHE T, FESIEKHTMLATER))

A 5 S A A

[Ide, WM, T4, ,, PE, BK, &HK#, T, XER)
EEMATLMEA B YRS, 7E Java P HIZEEAZ I IBESE

String dictl = "da_ta/dictionary/CoreNatureDictionary.mini‘. Ext"™;
String dict2 = "data/dictionary/custom/ L #i® . txt ns";

segment = new DoubleArrayTrieSegment (dictl, dict2);
System.out.println(segment.seg (" EiBHIIORX KEHIE ss50 Ss150") ) ;

fE Python ', T22HH 1ist FHEA

dictl = HANLP DATA PATH + "/dictionary/CoreNatureDictionary.mini.txt"
dict2 = HANLP DATA PATH + "/dictionary/custom/LEHi%.txt ns"

segment = DoubleArrayTrieSegment ( [dictl, dict2])

print (segment.seg (' LB HIIOX KZEER 550 Ss18U1) )

LR SR
(E#&d, WMOX, KEAXE, 5, 5, 0, B, 8, I, 8, U]

LA EER P SO IT, AR SERRESR, — NS 5 iRl 8RR B TR L5
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B Z ek iG . #F DictionaryBasedSegment %W, HFH LB G I SRAMIREENE
A~IhRE, "TLLi#iid enablePartOfSpeechTagging HJd, Java BN F .

segment .enablePartOfSpeechTagging (true) ; /] BEEFFOEIRS
HanLP.Config.ShowTermNature = true; // TRERR—TEM
System.out .println(segment.seg (" LM OX K& 550 Ss18U") ) ;

Python AN :

segment . enablePartOfSpeechTagging (True)
HanLP.Config.ShowTermNature = True
print (segment .seg (' LA O X KEFHEE 550 8S1SU'))

G5 AR -
[t /ns, UOK/ns, A&FE/ns, 550/m, B/q, SISU/nx]
X A IR AR TR R R A TR S Y, AR (8] R LS A SR — N EtE . BB, ARA
P AR sIsUbRic i ntu? 193E, R TF data/dictionary/custom/ 4 .txt
BhN—47 s1sU ntu 1. MOMEFVECLEES, N PHEESELB]BY .txt ns,

BERZA P A EERIAR ns, WHPEEERT L7, A FiAsRaBAaE, HAEA
WBREIRNE T . 5h, IR E BRI R R .

ST S BRI AL b 9iR)EE S, Java FHP AT LA seg iR [AI#Y List<Terms :

for (Term term : segment.seg (" L#@H4l0X K% 550 SS1SU"))
{

}

System.out .printf ("#i5:%s M :%s\n", term.word, term.nature);

Python ] F tis AT AT #RAE -

for term in segment.seg (' E#@HIIOX K#EFER 550 S8I180") -
print ("#i8:%s @M:%s" % (term.word, term.nature))

2.8.2 AhoCorasickDoubleArrayTrieSegment

AR ET, WRHPeaE SR K, A4 ACDAT 2. HanlP #3 73T ACDAT

(M SISU £ i shEIE R E TR, nu 2 (ARHR) FREEPHTHERD, AR “RE", EZEEIHE2% com/
hankcs/hanlp/corpus/tag/Nature java.
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#55 Bl AhoCorasickDoubleArrayTrieSegment, %15 DoubleArrayTrieSegment (.
Java /R flAN T ( 34 com/hankes/book/ch02/DemoAhoCorasickDoubleArray TrieSegment.java ) ;

AhoCorasickDoubleArrayTrieSegment segment = new AhoCorasickDoubleArrayTrieSeg
ment () ;

System.out.println(segment.seg (" IEEMEMATH, PERBICHERXER")) ;
Python i 4 tests/book/ch02/demo_acdat_segment.py :

segment = JClass ('com.hankcs.hanlp.seg.Other.AhoCorasickDoubleArrayTrieSegment') ()
print (segment .seg (" LEEMMN T, PEBRAKRAKBHERKRER"))

fi tH A RARIRAE

MOEETREAIL, XEFRFEIEH DAT 1. iX/2H % HanlP ) CoreDictionaryPath
PRNG AT T DAT 43K, DAT Zrialds gk, IAJEP N ACDAT 55 DAT #57ial i B A A
AKMESR ., WFEHHEEFFMARMAR, HERTHFERX R, 40§ — )i
FHRRRERRE

12,9 Tl

W RARG LB, RO M S s R ) T LT 0 F AR 4. R ROCTE
— T Arim AR AR ERR AE T . AU WO T LA T L 3 R VCECRI Y oA, SR
PRI R R AT ER . MPEERRAN—5EEME, XHERNREET .

o HBAREEERAN, AAIE;
o WH KA, WatahK;
o HLM PRI KK, —A)iE HA T — T LA 0 47,

AN BHNEAIFN %, DLEARR A T RSB

2.9.1 HEBW=ER

WA HYE, #EFIE (accuracy ) JEHRM AL — 1 REMHETFLIE (accurate ) MIfH, o LI
fith—FZ IR PR, AR NLPAES S, RH T ARBWFHEFR. B R B2 A B
fi, B BVEGEH EHER R X AR e SO (A~ AR SOfERY A) 744 ) ( A Fast and
Accurate Parser ), H3L48[0] “fRiTAMERRFEZ D", 5%,
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FERSHBUE, YIS R A RO AR, R RS AR R GTM 8 R R LAB Y
A i Z AR I R R 100 A 3Z20E, U5 A | (IS E, JFHSHE
EFEYE, R RA 99 AEZIITE, HEBERATE. 84X RERHERRZ 100% . &
PR H4 K2, REATARMEE T —EBIGEE, ARRIZ&T, MIA ARRSE

Pitk. xafEE AR, ROGREAETF A %=99% o KR R B AR BA ULIR 69,
FA 17 E E A IERPFIFER
fErh U E S, — Rl R FE PR R S L IRTRSUN R R . A EIRYE F R

RS EMER R . X 3 AREEH B BRR S AE, W AR R R T R KIS 1
FRREE. RIRFENIOHRrk, S eI IRA R RIREE .

2.9.2 BiEEMS TP/FN/FP/TN

SR F, BEGI%E, AR G R T RRERRAR R 4 MR RIRER,
R LASS 1 B b it ik 24 1 ) T ) A ), AR R MES SRR R, DIRTIES R EB R L,
A 22 =4 R G, ICBEMRIEZE (positive, FIFEKP, BIPHME), Lt AH2 (negative, fi
FEN, BPRAtE ), AERAH SN2, WA 2-18 Bk

=% 3
P N
T
P TP Fp
N FN N

M 218 SEWMINSERN4MES

FE 2-18 o “YRAPR" W FISER, “HIARRR" bREE R, WA 4 RS MRIT .
(1) TP ( true positive, FLFH ). Hiillj2 P, ZHERLAREEM P,

(2) FP ( false positive, {EFH ). & P, FFEEN, HILEHEL P.

(3) TN ( true negative, FLBA ). FRE N, BREREEM N,

(4) FN ( false negative, fRBf ). FillE N, ZREP, FHHEEN N,

BRI R AEHLRRE S P L FRB B 4ERE ( confusion matrix ), IRt /3 245 RAR BRI .
MRS HIMBERSE, & XU NIz Rer, WIRHEAERA T
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e AL = TPUFPUFNUTN;
o {H— AR THRBRT 4 MESTH—, SRR ENEAZE.

EANGF, B EERAIANBES 2 M SR, BEF. HEE. KMEE, B
B, BREMERY. =5 ¥EFr=-&, AFxE-T. KBE=-%&, #EH=-9. B4
P 2-18 pYs T R A 2-19 fhs.

P N

o | TP=1 | FP=1
g1 | 8E¥

FN=2

N | wEE | IN=

@ 2-19 MRSy AERFPRHER

RERWBEME T, 3 HERIE R aReE 1.

293 1BH=E
X 5 % (precision, AR P{H ) 1582 WM 45 R p EFE L 2SR LR, B

_-TPTEFPO Eﬁ@ﬁ%rﬁ]@*a PZ%; Eﬁﬁﬁiﬂm%ﬁuqn’ Emﬁk‘lﬁiﬁiﬁiﬂﬂtﬂﬁ%, B

P=0, — FFikthE =M T,

HEEA RO EZ T RES A, Qn R ATHGEE A9 P R B A L Z R il — T, $E A5 #AEI N
M P, teEt TP=EFAME =99 A, PEAHIET 99% 757 sk, LK CHEERPERE
¥, HEEAGORZHEA, TIEEE—TmE; mmARARE L, HESERAT, A

R SRR AME RIES ., FHMTEERT ISR, 2FMITA{T%, HXMITTHERA
10 5%, BB AESC R BURERT 2 fE N IE2E

P

29.4 HE=E
WX recall F “[EAGE" RER, EAIEREAT, AR LAMERER Y, %

Mok, TEIH (recall, BFKR () 3500 IEAREA TR M 9 Ho %, aux:TP‘;"FNO ek

ﬁ@ﬁ%ﬁ@¢,R=%;Eﬁﬁﬁw$ﬂ¢.Rﬁﬁmﬁooﬁﬁﬁmﬁwm¢.B@$%ﬁ
O FHEMAME NIRRT R EAEAR T, 2 H AR S RN TR,
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F M TR R B A .

FEX o P{EA RAEEYRTIR, KT CEME S FARRMAOERS, RAE PENMERE
PR PR B, T R (ELAY MR SR P RO S .

295 F. 1B

ﬁ&%ﬂﬁ?lﬁﬁ?%ﬂ%,ﬁ&ﬁ%ﬂ%mﬁ.%zﬁﬁR=%ﬂm%,P=£Eﬂ%.
B bR 2B, — T, RO R 7 28 e T, 73 (B 3 B R e A R T A1
2R

TERGHEAR, AT HJRE R — 6RO TR R AR 100% KA ERMER, X
1% HHS B FRBET AR, ROITE N EROHERERR, LUK R M A B R TR F, E:

F = 2;}:’;}2 o IXFE P IR AR RGES, AREEEIEEM F,E. £ ERRERRNEGP, it

FAT BRI F, N F ~2%.

296 HFNSEFHN P, R, F iTE
AT TR B IR VR R AT AT B BB R S MRS, i s 4. 100 MZidE

——Xf A ER ST, FEP O, SRS RMMRASRA R HA —EMRE. mEHRE
FEREEE X R 28 M), T SO AR — 703 ( chunking ) [BJRE,

Bk, RATFGEE LR, H RIS H KRB FTFRA n FFAFR, R
RRE— RN, BRI AP AR L B AT (4, /], HP I<isj<n, B4
PREBREITA XA R— TR A4, ENIER, HESZIMIPTA KEHRA— 1T EE (4
BIRME AD ), fERf2E. [FER, iD/MAZRFTA IR EWRES B . 4.

TPUFN =4

TPUFP=B

TP=ANB
iR, P, R #HHE AT

AN
3]
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tetn, LA “Z5ESRORiRESIRY” R, MRSk 2-7 R,

£27 “EEHTNESEN HEEBRR
- sapm P BAPMTR
eI y 11,20,13,31,14,41,15,61.(7.,81,(9,9)
AEER G 00 T RIS 0 B [1,21,13,31.14,5116.7,8,1,19.9]
BAWS G5 o) FomReE 0 ANB 11,213,31.9,9]

Hit, s+d “HEHE" N

P===60%

3
5
R=2=50%

6
_ 2x60%x50%
L 60%+50%

GRWA LA IE—8)E 207 REHERBINA 3 MES, TR KPR,

=55%

2.9.7 =3

BAELRINGE — 1 oRE, AREERMESRE U2, Sidi P, RMF {H. 20EM
Bt ——X 0L, AE4EL. H Python SEELANT (7L tests/book/ch02/evaluate_cws.py ) :

def to_region(segmentation: str) -> list:

B orinl s R AK 8]

:param segmentation: @idn 1 R

sretuxmy [(T; 23),. (2, 2), (2, 3)]

LR

region = []

start = 0

for word in re.compile ("\\s+").split (segmentation.strip()):
end = start + len(word)
region.append( (start, end))
start = end

return region

def prf(gold: str, pred: str) -> tuple:

wmun

it#p, R, F1
:param gold: PRAEZEENH, LB 0 RS
:param pred: MESERXH, tbaode Fik Ho
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sreturn: (P, R, F1)

o

A size, B_size, A cap B size = 0, 0, 0
with open(gold) as gd, open(pred) as pd:
for g, p in zip(gd, pd):
A, B = set(to_region(g)), set(to_region(p))
A size += len(A)
B size += len(B)
A cap B _size += len(A & B)
p, ¥ = A _cap_B _size / B_size, A_cap B_size / A size
return p, r, 2 *p *r / (p + x)

AR R Y Java 18 % {7 F com/hankcs/hanlp/seg/common/CWSEvaluatorjava 1, H 4 1 5
Python “fhfi%" —34.

~ A
Y B

-~ o B o = = i NI M0
2.9.8 FBEEFEFXoETE

AN APl — T iR o i O MER R, Zh T Z AT, e S ER ). R A [ L
IR Z A 8, HanLP L4EM TR A, (H X L6 ia] S0 4 W) bR KAHARE, L 40 HanLP o 9
CoreNatureDictionary.txt TR R A, HEUGET “BEIWSCR" Z2EM5E; 1 mini 8] 32K
£ H 1998 4F 1 Afr (AR HMR) tiebEE, BOhigE/MRZ, RREERMD> TIRZ . [ HRUR L
R i) S AR ORI TR O, S EUMERIR, JoHE RN R R HER R, R4
FfEEFE i, A A IR BN A B

AP H A G =AM S s E R p 3438 7 U ( Second International Chinese Word
Segmentation Bakeoff, fj# SIGHANOS ) #{itif) MSR 1B} LA B AR i im) S, 33X {3 iBfet e ] G
THTOR EE, 32#8 R#IZE1T tests/book/ch02/evaluate cws.py Bl 7 7 data/test/icwb2-data % ¥
Hah FREERE (X T Python HIF, $R4T hanlp -v & BRI 485 H LAY data f§42 ),

MSR & ¥} 1417 #1143 T data/test/icwb2-data/training/msr_training.utf8, K& BT data/test/
icwb2-data/testing/msr_testutf8, FRifEZ ST tests/data/icwb2-data/gold/msr test gold.utf8. ¥iill
TR Se iR A s sy iEl A% . AR iR T o], SR A R SRR e, K
Python SEHLUNT

sighan05 = ensure data('icwb2-data', 'http://sighan.cs.uchicago.edu/bakeoff2005/
data/icwb2-data.zip') # @

msr_dict = os.path.join(sighan05, 'gold', 'msr_training words.utf8')

msr_test = os.path.join(sighan05, 'testing', 'msr _test.utfg’)

msr_output = os.path.join(sighan05, 'testing', 'msr_output.txt')

msr_gold = os.path.join(sighan05, 'gold', 'msr_test_gold.utf8')
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DoubleArrayTrieSegment = JClass ('com.hankcs.hanlp.seg.Other.DoubleArrayTrieSegment')# (2!
segment = DoubleArrayTrieSegment ( [msr_dict]) .enablePartOfSpeechTagging (True)
with open(msr_gold) as test, open(msr_output, 'w') as output:
for line in test:

output.write (" ".join(term.word for term in segment.seg(re.sub("\\s+",

R s Ene) )y

output.write ("\n")
print ("P:%.2f R:%.2f F1:%.2f OOV-R:%.2f IV-R:%.2f" % prf (msr gold, msr output,
segment .trie) )

D 4h ensure_data {F UE & K E H 5% icwb2-data fE1E, B ATELE, W 2 A4H 5 MaE T 2
M. ZJERM T MSR i, WX CA, A4 R S mEERMIERE. EEEQLAE
DoubleArrayTrieSegment 7ifl#r, FTH T “TEPEARTE" FF3&, BORERD Al LY 5l 457 fr e
Xo SRBRFATVIFNASCA, PR Rh. s pre REGTR P, R, F, JFREIBAL/)
AL T

Java RERFS TP IE—LE | 41 com/hankes/book/ch02/EvaluateCWS. java Ff 75 :

String dictPath = "data/test/icwb2-data/gold/msr_training words.utfs";
Segment segment = new DoubleArrayTrieSegment (dictPath)
.enablePartOfSpeechTagging (true) ;

IOUtil.Linelterator linelterator = new IOUtil.Linelterator ("data/test/icwb2-
data/testing/msr_test.utfs");

String pred = "data/test/msr output.txt";

BufferedWriter bw = I0Util.newBufferedWriter (pred) ;

for (String line : linelterator)

{

for (Term term : segment.seg(line))

{
bw.write (term.word) ;
bw.write( " “);

}

bw.newLine () ;

}

bw.close() ;

CWSEvaluator.Result result = CWSEvaluator.evaluate("data/test/icwb2-data/
gold/msr test gold.utf8", pred, dictPath);

System.out.println(result) ;

P OGS RS «

P:89.41 R:94.64 F1:91.95

HELRUL, HanLP HYim 88577 MSR i8R E L HMER R RZ 91.95% o X145 544 AT LU it
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SIGHANOS ‘B 77 143 4% icwb2-data/scripts/score B 3E ( Windows JH /' 7 & cygwin %5 i 3R 55
AHEiETT ) !

$ cd icwb2-data

5 chmed +x ./scripts/score

$ ./scripts/score ./gold/msr_training words.utf8 ./gold/msr_test_gold.utfs
../msr_output.txt

TOTAL TRUE WORDS RECALL: 0.%46
TOTAL TEST WORDS PRECISION: 0.894
F MEASURE: 0.919

OO0V Rate: 0.026

OOV Recall Rate: 0.026

IV Recall Rate: 0.971

wmonon
I
1l

I
I

AEZMAMMKRT=17, TAABM R=94.6%, P=894%, F=91.9%, SEATAIHE
—F. AR Perl 5, VAIRSEHN diff FFHEPRESEMIRHY . b TRS aiff
REART, TEfiE—3 4R, B4, HT SIGHANOS 269 E ME 2, Wik SRR
AP HRITI N . i msxr_test.utfs 5 1951 fT45REAT 5 .

KER&EELIB %M E,

il msr_test_gold.utfs8 X—fTWH—15]F:

R X %k 95% WE

Al RERE A — 22 iR 25, XA ERGERIEN “BEX". "BF" WALENE, HREs
PUREEHAMIE “BEH". A TERXEEIARRTTHRAITAOIT, HanlP SCBL T HER AT/ R %K
CWSEvaluator.evaluate. % pR¥U7E P E BUPRHEZS 2 010 L L3 25 48 U5 1 O 4301 2% A
A, TR T RS, A4650A NS BUAZEHOHE, ZRREFA/NUR . REIK
FRERHABTFE&—-BHRG, (UCEZHAERRSE,

WAL AR . IS5 MF7HY 0OV Recall Rate fl IV Recall Rate B4 & EIg?

— o

299 00V Recall Rate 5 |V Recall Rate

00V {52 “FKEFiA" (Out Of Vocabulary ), SUEBFRAY “Frial”, o BPia) R i g5
L. WfESR YIS ooV, ThEIRFIHIE X, A8 NLP Fi% 0Bz —, FHHAR
AT 28 SBR[ A9 OOV AL 5 Tl OOV 14 2.6% , 156 B 17 $433a) XoF 3 17 (0 73 [l E 1 JLF- W&,
TP HLA ) 2.6% e B 87 IR A HanLP S2 B AY3E OB 3R]
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IViEH 2 “BFi8" (In Vocabulary ), #57[Y IV Recall Rate 4 % J& i) S v fy il j1 9 1
AR, EEhIRCE R a2 a a0, SRR RN TEERE DAL B Y
T CFIART CHRSST ERAEIESLH, SO ERIR P AR RIS AR 5T

%k OOV Recall Rate 55 IV Recall Rate #1 2P MEH HAIE R, HAELRITIRE—T pre
R, ibEmsMESZARIAS, THRXENME:

def prf(gold: str, pred: str, dic) -> tuple:
nun
it#e. R, F1
:param gold: FRAEENH, @& 0 RS
:param pred: JMASRIH, btnv@s FR S
:param dic: g8
:return: (P, R, F1, OOV_R, IV_R)
Hwn
A size, B size, A cap B size, OOV, IV, OOV R, IVR =0, 0, 0, 0, 0, 0, O
with open(gold) as gd, open(pred) as pd:
for g, p in zip(gd, pd):
A, B = set(to_region(g)), set(to_region(p))
A_size += len(A)
B_size += len(B)
A cap B size += len(A & B)
text = re.sub("\\s+", ", g)
for (start, end) in A:
word = text [start: end]
if dic.containsKey (word) :
IV #= 1
else:
OOV += 1

for (start, end) in A & B:
word = text [start: end]
if dic.containsKey (word) :
IV R += 1
else:
OOV_R += 1
P, ¥ = A cap B size / B_size * 100, A cap B size / A size * 100
return p, ¥, 2 *p *r / (p + ¥), OOV.R / COV * 100, IV R / IV * 100

% 2.9.8 Yy Python RIS MR SG —1T24Hh :

print ("P:%.2f R:%.2f F1:%.2f OOV-R:%.2f IV-R:%.2f" % prf(msr_gold, msr_ output,
segment.trie))

it segment . trie SRR T /Al Y F I, R FMER—IFiA M, B1T/RMBISE.
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P:89.41 R:94.64 F1:91.95 OOV-R:2.58 IV-R:97.14

X5 SIGHANOS B A A REA —8, WAFIFG, RITiICFRERMAREMHERZE, JIA
7 2-8.

F2-8 PUSREELE MOSR ERE _FYFREL TS R
Wit P R F, Roo R,
BKLE 89.41 94.64 91.95 2.58 97.14

R, RITESEBFZHN AT E, HERRXENEMENRRE, &
{7/ e

1210 =PEuiMAYELfhRF

TR T AT o3z st, b n] AR TR Z A L-5 K ILACAY4E 55 . 7€ HanLP
W, TR Z TR AT UE . R SRR PR e R 5 o

2.10.1 MR

DB — KA LR LHELE, anshia “g9”, &R LR, BlE EET ESA
IR, OB RE. — TR T ERA R g, 8RR R S AR R AR
HAEME RY0h, —SARA A BURIA AR B AR R, S RTAL IR — 1 LAY T4k

HanLP 24 7~/ I5 g8 fialial i, &4 F data/dictionary/stopwords.txt., % i $#LI§ % T
WL RSO SGRIE (A EHURIE), 87— Wik, mElnT.

;9

i
9T
HE
HNmE
45

FA17l LA A BinTrie, DoubleArrayTrie ¥ AhoCorasickDoubleArrayTrie 1)
fER R s, B RNZE s S i, RSB 7 IR RIS, Java RRUAY INZK
fEE5 1 F (£ com/hankes/book/ch02/DemoStopwords.java ) :
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/t*

*
L
*
*

*

B2W HASE

MBS 3 P 0 ER % AR 3

@param path iF#EEE
@return WEHT S
@throws IOException

wy
static DoubleArrayTrie<String> loadStopwordFromFile (String path) throws IOException

{

/**

* % ¥ * *

>/

TreeMap<String, String> map = new TreeMap<String, String>();
I0Util.LineIterator linelterator = new IOQUtil.Linelterator (path);
for (String word : lineIterator)

{
}

map.put (word, word) ;

return new DoubleArrayTrie<Strings> (map) ;

MBS A& FE 7 R

@param words &M iE5A
ereturn NEAFHHE
@throws IOException

static DoubleArrayTrie<String> loadStopwordFromWords (String... words) throws IOException

{

TreeMap<String, String> map = new TreeMap<String, String>();
for (String word : words) ;

{
}

map.put (word, word) ;

return new DoubleArrayTrie<Strings (map) ;

%f i (Y Python Ki W tests/book/ch02/demo_stopwords.py :

def

load from file(path):
o
MiE 8 X hi#DoubleArrayTrie
:param path: jg#ERFE
:return: MEHEFHRE
nun
map = JClass('java.util.TreeMap') () # €|ETreeMap®{l
with open(path) as src:
for word in src:
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word = word.strip() # E#¥PythonEA#I\n
map [word] = word

return JClass ('com.hankcs.hanlp.collection.trie.DoubleArrayTrie') (map)

def load from words (*words) :
nnamn

MARET A3 IR 4E = SR
:param words: — RFiEE
treturn:

map = JClass('java.util.TreeMap') () # I@TreeMapscfi
for word in words:

map [word] = word
return JClass('com.hankcs.hanlp.collection.trie.DoubleArrayTrie') (map)

mEERER, S8R0 FRE. REHMASR, BHEMNEGE, HEFE
Forsupfch, MMER. A Java SCELANF

/**

* ERMESRPHERSE

®

* @param termList FMFER

* @param trie & 3 8

*
public static void removeStopwords (List<Term> termList, DoubleArrayTrie<Strings
trie)

{

ListIterator<Term> listIterator = termList.listIterator();
while (listIterator.hasNext())

if (trie.containsKey(listIterator.next () .word))
listIterator.remove() ;

FIRE Y Python SEFL i —47:

def remove_ stopwords_termlist (termlist, trie):
return [term.word for term in termlist if not trie.containsKey(term.word)]

{EiUn i BERY R R, BT B EURIE B RONFFE AT S, Hn #x, geEf el LU A
&, ] IASrE, FJH parseLongestText % 0 AEARBEURFAIFERER, &L
FFREA, BeREE, H Java SCHLANT

/*t

* {EREEE
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*

* @param text 53N

* @param replacement FHEGH—BMHZFEHS
* @param trie 5 F 18 18) s

* @return R

*/
public static String replaceStopwords(final String text, final String replacement,
DoubleArrayTrie<String> trie)
{
final StringBuilder sbOut = new StringBuilder (text.length());
final int[] offset = new int[]1{0}; // @D
trie.parseLongestText (text, new AhoCorasickDoubleArrayTrie.IHit<Strings ()
{
@0verride
public void hit (int begin, int end, String value)
{
if (begin > offset[0])
sbOut .append (text.substring (offset (0], begin)) ;
sbOut . append (replacement) ;
offset [0] = end;

}
by
if (offset[0] < text.length())

sbOut . append (text .substring (offset [0] ) ) ;
return sbOut.toString();

(DALH) of fset BB T CiE S FRARET, HTH tait 200 hid 3 25070 By 8 .
B F Python JEH: 3L Java $: 10, B AT Z{di F 9 — NS a04E 1 g'e:tLongestSearcher :

def replace_ stropwords text (text, replacement, trie):

searcher = trie.getLongestSearcher (JString(text), 0)
offset = 0
fegult = !
while searcher.next ():

begin = searcher.begin

end = begin + searcher.length

if begin > offset:

result += text [offset: begin]

result += replacement

offgset = end
if offset < len(text) :

result += text [offset]
return result

getLongestSearcher iR [0 — Mg T RZIREN “£ il # " searcher, searcher.
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next () Wa) F— KR RFZHELRETD., %R [ True A, it searcher.begin
searcher.length R ES A8 5 FHCEE

BRI — TR MRCR , Java AT EANF .

DoubleArrayTrie<String> trie = loadStopwordFromFile (HanLP,Config.
CoreStopWordDictionaryPath) ;

final String text = "EHAENEXENHS EXEER,";
HanLP.Config.ShowTermNature = false;

Segment segment = new DoubleArrayTrieSegment () ;

List<Term> termList = segment.seg(text);
System.out.println("/HEER: * + termList);

removeStopwords (termList, trie);
System.out.println (" ESEREXEEMRE. » + termList);

trie = loadStopwordFromWords ("8, "fEXfms", “En);
System.out.println ("FHMEEEEMIE: * + replaceStopwords (text, "**", trie));

FHIV Y Python KA

HanLP.Config.ShowTermNature = False

trie = load from file(HanLP.Config.CoreStopWordDictionaryPath)

text = "EAENEXENMSLTXEER"

segment = DoubleArrayTrieSegment ()

termlist = segment.seg(text)

print ("HESER: ", termlist)

print ("/MBERERERE. ", remove stopwords termlist (termlist, trie))
trie = load_from words("#j", "Hxmz", "IEn)

print ("FHEEREHE", replace stropwords text (text, "**", trie))

P BB TE R AR -
MR (B, i§, 0, BX, BX¥Ts, EXRE, B, o

HEGREFERE. (BFH, &, BX, TXREE)
THEERERE. SR BT XEE+,

AR P 2 X A ia a5 AT B A S . AT LA HanlP 35025 0945 FH i) A] 8 com. hankes.
hanlp.dictionary.stopword.CoreStopWordDictionary & it ] apply % 1. V8 FH A 6143 51467 F com/
hankcs/demo/DemoStopWord.java Fil tests/demos/demo_stopword.py 77

2102 et

il FERASA R B SR R b SO B RS2 A E AR, X S RAMRA F AT %, IR
Wi, WEANLUOR/NER, HFFARHAT T . HanlP WR X HEAFMNE LB CharTable,
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RRPITFAHIEMM (Bh-RE, %M, K5—/N5), Java il

System.out.println(CharTable.convert ("E#4 G")); // Wl EU4g

Python 75 {5 4 -

CharTable = JClass('com.hankcs.hanlp.dictionary.other.CharTable')
print (CharTable.convert ('EM4 G')) # W EF4g

b, DGBHREA, WEREE, RRESTEFHYINGFE M ZHE” M —%x
ZH” BIME; BN EAAE R ¥B0a", EERESMNEE iR AR B
Ole TCIeMPFMEOL, TeF5emabs e, A, HanlP SEELT A" “FEK” “ZWER" “F
WA WA R HINRE, ) I fa) SR R B L

HanLP ¥ SCor Ak s, B0k €. SEMIEHY cw FIFH M ni ;X 4 %1, IF ZFHEE PR
@31t P(4,2) =12 Fhfede ., Hrp, ¢ @REAE Y FAEE, ASWKEH, i tw 5 hk W2
MHARRR TR, tehn, MR U mBAR CURST, Ut U, (RN I A
= RS, XMBLEFRCNE TSR,

AEh, —A TR REX NI BT, TR AR R Bl E sk
K" MIEFREAN YR BRI, W KT BEREAR, MREE BB R A
57, WRPRE SRR . MUK —ENSE, KUNEA—RXNSE.

R IR R TR TR R, R S e, HM, HanLP o5k 4
gﬁ%ﬁiﬁ]ﬁ-

data/dictionary/tc

—— s2t.txt
—— t2hk.txt
— t2s.txt

L—— t2tw.txt

R “PIES 2 HIRIBES " s, i iwixt IO SARIE VS IER. 2 3UFR
B r .

PN#S=PNIETH

SQLF A=SQLIRHE K %
RS- iR
THidlk=TH#E
W E=-F{T518



210 FHARHRBSE | 89
HoAth S5 peia) en] DU X 4 S A S, i cw2hk A3 FHLN R .

o iifk totw 4% twat

o FlIH twat 4 t2hk 145 tw2hk

M T2, WAENEEIF R ERE? X5 30—, KA LUBERKILA
Nk, HanlP UL 4S8 M CHE 0, Java ¥ 7% B4 F com/hankcs/demo/DemoTraditional
Chinese2SimplifiedChinese.java :

System.out.println(HanLP.convertToTraditionalChinese (""DIGHREL2E, MEXLE
BERN T, KHE—WBKXR"));

System.out .println(HanLP.convertToSimplifiedChinese ("AHE B SEHanLD") ) ;
// BEREEERE

System.out.println(HanLP.s2tw("hankcs& &BFERE")) ;

/] BEEEENE

System.out .println(HanLP.tw2s ("EEBBERAE"));

/] BREEERK

System.out.println(HanLP.s2hk ("EFHERE")) ;

/! BRAKEEEHE

System.out.println(HanLP.hk2s ("EHEBRE"));

/] BEAREELZRE

System.out .println(HanLP.hk2tw ("hankcsEERBRE")) ;

/] BEEBEEFRARNE

System.out .println(HanLP.tw2hk ("hankcs&EFEREAE")) ;

// BHH/EEEEHan LA E AN B
System.out .println (HanLP.t2tw("hankcs?E EREAE") ) ;
System.out .println (HanLP.t2hk ("hankcs#E EBRAE")) ;

System.out .println (HanLP.tw2t ("hankcsZEERBENE")) ;
System.out .println(HanLP.hk2t ("hankcsE & BBRE\B")) ;

Python Kfii T tests/demos/demo_traditional chinese2simplified_chinese.py :

print (HanLP.convertToTraditionalChinese (""DIGHME LR, MEZEFTEN T . RU—
wRELE"))

print (HanLP.convertToSimplifiedChinese ("BAH#¥ R BESE\HanLP"))
# EHREESERG

print (HanLP.s2tw ("hankcs#E&BSRHE"))

# BEREEHE

print (HanLP.tw2s ("hankcsE EBBEE"))

# EREEERE

print (HanLP.s2hk ("hankcsfEHFHS/KE") )

# FAREEEK

print (HanLP.hk2s ("hankcsEFH AT KE"))

# FARAEESERK
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print (HanLP.hk2tw("hankcs# ERBKE"))
# BARERREEYK
print (HanLP.tw2hk ("hankcsEHEHBEAE"))

# FA/LBEAENHanLPfERENE
print (HanLP.t2tw("hankcsEEBRAE"))
print (HanLP. t2hk ("hankcsZE ERBRE"))

print (HanLP.tw2t ("hankcs#E BB RBERE))
print (HanLP.hk2t ("hankcs? & BB RE"))

EABL TR APET

[ AESHRELSE, REEESEBNT |, ER—-RoEE
RIEECABREFR FHanLp
hankcs#H ERREERE
hankcs# &8 5 R
hankcsHEBHHERLH
hankcs?E &4 5L
hankcs/E B BREAE
hankcs#EFHHR RHE
hankcsEEBREXE
hankes#E & BB RE
hankcs7EHBE RS
hankcsZE BB R RE

EAI, HanLP BRI BFEIRC LR 712, HER AR “fk” BEa%k
R TERE D ‘

2.10.3 HE%ER
PEEFBAR BRI IUFR AP L B (DR H DU IR A BT R a0 SR, A
EABEEZE ). FFHRPREEFWNE, RATER . RS miE R S
{6, TS A28 ) J 4 VG e 0 0 5 P R &85 W U 7T LA R S B 2 4 o0 B B 57 A . e
WORBET —ACiA) i, HanLP " 8 iA) 880 T data/dictionary/pinyin/pinyin.txt ;
#=zhong4, chong?2
FE#H=chong2, zai3

#FiR=chong2, fan3
#8943 T-yal, lud4, jiangl

BAT AR = BRI ADUF SR, AP BORE TOUEROR, WRREEF. L5780

@  Hehn 2016 4 NGA Bra A K7 ([ St Jsteam FERIRIUE 07/28 ( £ BB SAGERIA ).
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N — N, BRAEPTEC 1) 87 K AYia)E

A, HanlP ESZRiF# . B8, ., S AEE FEH 55556, HanlP B
R ZFET ., WhES B PR . MR B15> 3147 F com/hankes/demo/DemoPinyin. java Fl
tests/demos/demo_pinyin.py, PR-FR, & BT R, P#E L E W« 2-9 Frx,

F 2.9 HanlP P SsmThat

Bx 5 # ® 2 E |

;}{%_( HBFEA ) _ c_hong2 zai3 bu2 ‘ ;1:1 - zhong; rend noneb N
HE (FSEAR) chéng 24 bu shi zhong rén none
HE (ZTEHE) chong zai bu shi zhong ren none
B 2 3 2 4 4 4 5

B ch z b sh zh r none
B ong”’ ' ai u i ong en none
BNk ch z b sh zh r none

l2m s

fEX—F e, FRATEH 75 Rt . B FEIZ )G 1 BinTrie, W4 FHM . ACH
BN BB T XA F IR ) AC A Bl HE T XS i G BAR s, FRATTRE 119 4315] A i 3 4
o T T AFHREEE. AMURE, REEERS MR TR u8 . ) AP
Fei, JAMASE 7RSS B4R i, AE R MBI MIUUE—1 NLP TRITA A
My, geitBHEMLES ] A4 & NLP fUEL .

FeATT I B A Al B iRl A ME R R A, BE R R, kR REE, Tk, A6
ZF A AR G F o B HER) NLP #4¢.




W3IFE —wmiEESPNSi

%2 BIRATLI T RMARER R B3R, 725 R ATERZE 51 Hr 15 1R 1e] DC I TH B i 435
B, HEMFIMALTR “REM MR 557 LA R AR, iSRS e B O

(HARRAEW K AE, “Fodh MRS " I EREAKGEZ . AREMAEIR? AT/
BIREREA T, R RS XA B T CRyah MR %57, R, FRATIE
SE T IEWR A

BER LR S X R AR ? MR AT L, BUTEIBIESE K ST iR — F RO unfarfi.
RABNZN T HE AL R R IR, RIGHEDEMARERIR? R, HREREA GRS,
TR AREF A TR, ROMEFHEEACEIXFHAR, BERMZHE B E,
B AT ERFAR, REGH— T A4 7 0 H B EE? 288 EX T, Wil A
i1t B SRR AL ER A Bk

Geit B RE T MBS Z —, R AR AT Tk xhiE S . AREEIRATHRE
B, WRERE RN —FEITHE SR,

[31 ESmE

3 1 1 1+[A;£lm:| -bkj_

BWRIE RN FHYBECEMSR, IBAESHEE ( Language Model, LM ) f8HELEXTIE F #H
REBEEMS . WYUK, SE—TETw, 18 miﬁﬂﬁ%ﬁﬁ’“)%ﬂ‘ltﬂﬂﬁﬁp(”)l‘:"ﬂﬁﬂo
AT BB AFKAET L, MAEMRERAERWITA A, REERE—/NWEEAZN, FR
ERE, TR, X MRS HEME B A A TR AR E R

ERER B AE AT AN TR, L, MEMILRIDRS) Fhridk— AR E my
cws_corpus.txt, HREEAHMFEWT 3 A+
e 1 RS

Midn FOBR ISR ER
BR% 0 2&H
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SRR R ENTNER A T4 BT IR I R, AT
i A T B . p( & A JR2)= % P AT A A )= % pORE Ao 5
ﬁk%.H%E%m&%ﬁwomw%ﬁ¢§mkmﬁs.ﬁz&ﬁﬁ?ﬂﬁ%T3¢@?.

muﬁmmmﬁmwgn%mzmmmﬁzmwn,mzﬂmﬁ%wm$aﬁw070ﬁﬁ%
EEHE, H TR, BRRAGRAGE LR, HEAa AN RREAZS T, MR
S A TG, — AT TR T SRR AR . 1 T4 NLP
RILALTIE, RS (A% = BE)>p(F% #I £5), SHTSRIER SR
LES HLES BRI S M A0

BRI p(w) BT REAE R ME: A FRORETT R, Ektt. BMERARIERE, WHE “&
3" HROBE AT WRBIFANE, —AFEPILFRAZ ARG F. XE
R LB A o A F IR AR |, SECENTREERE—F, SRR Z
SR )T BESE, T S PRIE B 4] F AR A AR ZE TR R EE 22 S —— R E TSR AR B M 0,
RS VBIRIRE . MR, RIOTWE—FIHHRMN .. TRk,

FEP G A, TR, fERRNFERENREARN, RERAFILFAE
2, piEH-HEEEMHE. TERMARENREGFIAELREEEGT, LaTRRh
RN w = wow, ow, , B w e[ BB —N R, ARG E SORFRA.

p(w) = plww, W)
= p(W[wp) X p(Wy|wywy) X+« X p (W [Wowiw, ... W) (3.1)
k+l
= HP(“’} | WoWy = W,,)
1=1
H, w,=BOS (Begin Of Sentence, AL <s>), w,,=EOS (End Of Sentence, #H}

HH </s>), RAXGICHFEROMWRR “HiE", 7 NLP Ui T ARBHE®
HEL.

gt 2, 15 S AR ATREINR . SEE Lt O MiEERFS, BT —MEiE
B RRBER . — iR — i R, RITMEMAITHES —aiaMm=E. tkin “%
an FARSST BUEERANTHOT .

p(# & Fo JRF)=p(# & | BOS) p(#2 | BOS 7 &) p(ik % | BOS # & #v) p(EOS | BOS # & #= IR 45)
KA EmB R R E RG], FRE—F s MRS MR, AR KBRS
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( Maximum Likelihood Estimation, MLE )® ¥t 881 FI0HE%, ).

c(w,w
p(w‘|wu---n;_i):~pm(w,|w0—--w.,_1)=——_( 9 )
c(wy---w,_,)

b, c(wy-ow,) s wy -ow, I9THEL (count ),

o p( & |BOS) BT Rl kb “wiah” fE R — A!ﬂﬂ*hﬂﬂﬂnﬁkz
Je B L B A B a4 S 58— B il i) (s BRYCRL 3 B AT, B p(7 &% | BOS)= 5 . p(#= |BOS # &) i
%Eﬁ‘ﬁ “BOS # ¢ A" AYHBLKEC 1. FRLL “BOS B " Mﬁmzﬂnrﬂ Bl p(#= |BOS
w)— 7 [A B p(fR 4 |BOS # 5 #=)= % p(EOS|BOS & o #o k%)= - . ¥ FHEEL
m#mﬁﬂ

l 1 1 1
g0 Fo H&ﬁ“ S=X=X=X-==
AR &= 2 l 1 3

SR LS RIETT 3. 3 A "Iri‘f%—. SRIMBE A 7 FREEAINR, HEHRES
WG PN R

(1) BB, $5 002 KRR 5]l AL, TR P A T RELE T A B ) 1 (1 4
K, FEp(w, |ww,-w,_ ) N0, Il p(F & F 5% F)=0, FREE—F, SERRHHIE
RRRIR A 15 BN Z B .

TR RET|, ERAMAE.

3.1.2 S/RA[kESImEE

AT MBOGX A, TE DR R RIER A ILE SR AERME A — P EY
W A4, a0 AR RBORE TR — D, 2% 88 3400 nl ) B S e g PR 1
O/RAI k4% ( Markov Chain ).

TEESEESD, BN FHEORME w EAE M EEHA, R, SR REREE
A5 A R LR TR — > 1] «

(W, | wow, ---w,_ )= p(w, [ w,_)

D R —RG R 280 ik, BRI RS 8T S B 0% (likelihood, fEL2X ). HotnidfE
MRRES RN “EERRE", IBAREEALAMH, ZABA RSB P(x=IF) = % =04, HATEEREEZ
BECF AR RECH lik(p) = lik(0.4) = 0.4° x (1-0.4)" =0.034 56 . XFERIZAUIR BB A, PIFRVER UK.
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EFmEiE, X 7F—TFF2ETAL, HTFESRITERY RESEMNA iR —ooikss,
TS & SRR b — T i®%E ( bigram ) Y.

p(w) = p(ww,---w)
= p(w, | W) p(wy [ wy) %= p(wy W)

=TTp0w 1w)
o 5 e o — TR 0 T B B T ) T OB, AR T SR 0
B, B4, e BRI N R T, KN, (A E T .
FUH =GB | ERITETIE T A RS Ao,
P Fo E)=p(R &% |BOS) p(Fe| B ) p(R4+ | 4=) p(EOS | B4r)

zmmmﬁwxmméﬁm—$.@?mmﬁﬂmngw?*ﬁﬁ%ﬂﬁz%Mﬁm$
p(F 5 K0 B ) SIS T

p(R) & Fo 3 )= p(# & |BOS) p(#v| # &) p(% T | #) p(EOS| ¢ 1)

E%ﬂ?%%ﬁ&%?%ﬂﬁZ%%ﬂ%.Eﬂ%ﬁ$%?$%0T.E#ﬁﬁﬁT—%
B R B )

3.1.3 nImEE
FIFZEL0 BB, ATLATS %] n TTIEZE (n-gram ) B9 5. 454> Sl AR R SRR Ti% B i)
ZBTAY n A~ Hia) . ol

k+n-)

p(w) = I:IIP(Wf| Wecnat - Wiat)

e, 24 n=1060 n CIEERR N —J o (unigram ) 3 Y n=3 BFp9 n JCIEEMR N =T
ik (trigram ) 3 n=>4 BPEAER R AT RIUH LS B EREE, LR TRPILEAER. 5B,
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WRBE2E 2000 T — R I 2 M 4415 5 1% (RNN Language Model ), ¥t | A] RAic {2 T PR~ 5
i, ATLAEE IS ICEE" ( co-gram ),

3.1.4 HEWIERSFiERES

KT o TIEEARRY, n UK, BCEW BRI B TR, R TSR
BHERSGT AR, i ERERES “fism 5m" s A%, FEEMRH » T E
B, — BRI ZRER REN 2 TiEE PRS2 T, FHEEE., 2T
EREE.: O STBESIRAITEFR iz, RINTAFE STk "M M7 B8R
BRBIF, HILH—JmiREk “RaT M () "W BRI E.

RIS R S RO TR, AR MF 2 HER, W) R 2L AEE
( linear interpolation ), ‘&% SURTH) —JuiBi A3 0 .
p(wrl Ivf——l_) an APML(“{‘l “1-1)‘1" (] = A)p(“’:)

Hoft, Ae(0) MAECPRET, WA, SPEHERRHEFROBIREIE, i 2R
A NFFRBUOBIR, p (w) ) BRI, pOw) RAESHAL WTAE, A (%)
“TEEEI— R (B ) MRS EhE 2RI, TR (RSB ) 00— 5C
LM AR IR — TR, RS TROE. (5% WIS eIt SR E I
TR ARG , ARG B O R, PR
HefblH, —TC L AT B R T
POK) = A () + (1= 2)

Hrp, N RERHE BRI,

3.2 hXsiEiEklE

BRI AR R R, KB SHETHEEEERE LA R, 8 TR SR
TERTE, —MRE&. HREMNERELAT D, X1 H L5 SOl FE
AR S EG T HE A .

G0 A 20 42 90 E{URRES, BB T —LAREHRRVE, i T orialtrfEdE A5
—, FRAFHATRAN S L6 T H O RS AR, 53—, b Crial sk ey
NLP {£55, BF3ERE . XLERAEAR b SO ialiE R R I RPN M FR TR KRAVIE



32 hxsEERE | 97

IBEHEIEEA AT TR, SFBRATERTIIF . SR PR IEILE Bl 5 % L 5,
WHEKEADY A, EE R, B TR SEsh, 3ok mtb it 20 1ata
ERHILAT L A

3.2.1 1998 £ ( ARBR) &% E PKU
CAR BAR) BEE I RAME B SR, PTRERRE AWM X AERET . 5IHE
Tl AR B M AT

AFEXFHHETFHL A EBHLALPCAHRLSE, HIAARDRAAHHZLE P
SEIHF T, M 1999 4 A AL, EFE HIAE 1998 F o5 2600 HiIR Fa [ AR HIRARIEERE |
X R KAL) 5 F AR AE 2002 5 4 A R VGAHT B

ATRAZIAEPTASHFESEG TARDIRITEEHE | 922, APfFLEL
By KB E RO TR, FELAT—F L EEA M REEHE, REAE, FLBEAAR
BRAZFAZALAERT, FLHFREZHEMA, 2001 F8 A 28 8L, HEAFAL
T E) 1998 - EFH65 [ AR BRAFEEHE | (41,300 FF =% 730 71 ), »~FEEHFR
T K. HRAFLAF 1998 F4246 [ARBRIFEERE | ATETANTH ARBIR
WiEEHE |, ZAERAHASEAMABELRAT I AN [ ARBIRIFZEMNE |, RS
XHFEAR B ETFH.

(ARHR) BREBRM—EATF T 64 H, H1 A 6 i PKU9IS iE K& & 1 K
SIGHANOS b€ R bR HERRE A TF, IRAESE S5 2 Eid B B4 T #d icwb2-data.zip X4~ X
{4, f# 1% )5 B AT 159 3 PKU i $1H% : icwb2-data/training/pku_training.utf8 F1 icwb2-data/gold/pku_
test_gold.utf82 B~ 3CfF. Hb, pku_training.utf8 ZilZksE, FRIIGHBMNSE (Git n ook
AR E A SRR ) 5 pku_testutfB ERREE, ADRMIGHR M B ER R, EF2 &, &
A FGHER, FEEA VAR . 2ad, a0 A T IR b B SR iad ml i 6]

# training_words.utf8 .

FHAT B ali e A58 88 1T FF pku_training. utf8, A LAIRZEBIANT JLAEER .

£ & AWK T , B F KR FEH Wik

BT B SARE B OB BB

2000F AR £8B% 5 EF REBEX 22—

Xk BE # T K . 0B W . W OR®W . #H R R .

L Z L http://www.fujitsu_com/cn/about/resources/news/press-releases/2001/0829 html ,
2 %F L pku_training.utf8 J& 1998 4 1 Ay (ARBIRD. BREXHAEHERN, pku_testutf8 FFH3 7€ 2000 FF2ZJ5 .
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WEGXJLAPRERER, AHINTF LA SR AL
(1) AUEPREAR—3, “EREEK™ fEA—Na, W @R AEAME.
(2) VI RLEE R/, "R REE™ Y1 T .
(3) fFEM BARIERAR, tin "%/ E",
(4) T f AR AR AT, ARSI,

X ) AT B R R S AR HE R BT AT & AR IR, 55— 28y BB PRI D3 Y R R
WREVPATE .. AEA—EAIPRES T ERRRL = BIEFS , MERIRC. TR MFITik. PKU IR
JE b RHERR R T AR . BB RA B mm A= PR RPIE, ¥ PKU fE R i k.

3.2.2 REXIMIARBIEEE MSR
ANFEARFAEAREARE, Tk A s TiRiE, MSR R th O N B 78 B br e T
A4 SIGHANOS F08J5, RATC /S 2 Wi T, X FEZEMILE: —~ F MSR 5 PKU.
(1) briE—EbE | MSR B4 T PKU, 30— g m] LA i 7 sk ScikH 2 % vl 34/ iE.
(2) VISR I MSR ZAKF PKU, MSR BIHLBAFRA FUI4r, 11 PKU NI 1.
(3) MSR PERAEN— B, TG T,
(4) MSR R PKU P

g LRIERE, 4436 MSR 16 7 iaif iy & ik, ﬁiﬂi%ﬁﬂﬁfﬁﬁﬁﬁ PKU.

3.2.3 ZFHEPNHEIERE

SIGHANOS 3% T a9 M fn &2 R SGERE, /3R F ki 2R IR CITYU MG
R IE BE R LR AS. A SIGHANOS A4 ~118t, UIZREE 735711 icwb2-data/training/cityu
training.utf8 Fll icwb2-data/training/as_training.utf®; il i £ 43 % Xf 17 icwb2-data/gold/cityu test
gold.utf® Fil icwb2-data/gold/as_testing gold.utf8. {H7F{F AR, H b el A X% L) test gold.
utf8 5, A AS Wi HE LA testing_gold.utf8 &5, I GERMIEERIKRIR.

— i, SR SO P A B R B R SO Rl , AT LART HanLP 424179 5
TFIEMAL” DIREHS SEMF AT R TR, SRR IR FF Ay (A — e R P BLA 64 oy (st B T
Ak, e 2.10.2 WS, MEMEKRZERRFEADER . @HLITRARERE, X4
Mo AR 2 IRE. B2, EFRERROTEAT G B SGE B R, JBR
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FEC 8 T 5 AR M R

3.2.4 ERESLT

TE R B R E ML, JRATZEAY 5 — AR AR TSk A . XHEREm =, RS
R TR RIS R S . B AT REMERENEERETREZ D
AATEEAYELE ;] RRSRE R PT A ELE AR M. RE IR, 4 R R R e
FHE Y 7 P BE AR /N

M2, frgeit MSR BIFF 87 H Python AT XM TR SEAL T, BT (R
tests/book/ch03/sighan05_statistics.py ) :

def count_ corpus(train path: str, test path: str):
train counter, train freq, train chars = count word freqg(train_path)
test counter, test freq, test_chars = count_word_freg(test_path)
test oov = sum(test counter([w] for w in (test counter.keys() - train
counter.keys()))
return train_chars / 10000, len(train counter) / 10000, train_ freq /
10000, train chars / train freq, test_chars / 10000, len(test_counter) /
10000, test freq / 10000, test chars / test_freq, test oov / test freqg * 100

def count_word_ freqg(train_path) :
f = Counter()
with open(train path) as src:
for line in src:
for word in re.compile("\\s+").split(line.strip()): # @
f [word] += 1
return £, sum(f.values()), sum(len(w) * £[w] for w in f.keys())

if name == '_main_ ':
sighan0S = ensure data('icwb2-data', 'http://sighan.cs.uchicago.edu/
bakeof£2005/data/icwbh2-data.zip')
print (' |ERE | FHE | EER ) 2095 | FE 1 | P8 | EETRE | £1595 | $1984€ | oov| 1)
for data in 'pku', 'msr!', 'as', 'cityu':
train path = os.path.join(sighan0s, 'training', '{} training.utf8'.format (data))
test path = os.path.join(sighan05, 'gold',
("{} _testing gold.utfs8' if data == 'as' else
'{} _test_gold.utf8').format (data))
print (' |%s|%.0f77|%.0£7|%.065|%.1£|%.0£5|%.0f5|%.0£75|%.1£ | %.2€%% (' % (
(data,) + count corpus(train path, test path)))

D HEE R e RIEE R 200" ZRBEMNEE, SHRAMIETEERLT 2, WEIXRHE.
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DAL Al FHIE N FA \\s+ (\s BAREH, + B2 —4) G —1rE 2 HiE5 %,
ARG T AR REFREOR GORT, SRR DA R AR B E R, e Y
00V FiykER AR 4 SR8 3] OOV i, E1T/F1851% 3-1 fi 3-2.

*= 31 A EERE S £

BRLE FHREY RIEFE 2iasm FEHigdc
PKU 1837 6}'5-_ - _ 1_1;75 _ ;5 -
MSR 405 H 9h 237H 1.7

AS 837FH 1475 54575 1.5

CITYU 2405 15 146 h 1.7

#+ 3-2 HanEEEBES T

EE S FEAE i FHEAK OOV

PKU 1758 5 105 1.7 - 5.76% o
MSR 1874 1A Ma 1.7 2.65%

AS 208 2/ 128 1.6 4,33%
CITYU by VA 47" T 7.40%

SRS AR R ARAE, ATRAS AN R4S ie .
(1) 1EEHERIAE ASSMSR>CITYU>PKU.
(2) M OOV [ B, Bk EEHIMERE CITYUSPKU>AS>MSR.,

(3) DUBFHHEIEREA RN 1.7, AR T artE, Ffh4 MSR #95ria BURLE K,
PR AIAIRIR? EICfR I R 7 RIS AR, %P il R AR )

(4) DUEH HIRCEZATE 10 HiXA22%.

BARIEAZ T, RMNMEH DX 22HHNER. TRAERBERREALE, BAHCH
Bl S Ak

13.3 illigk

R Z )5, AT DO GREERY 1, 3 sl 2 sl D R s VI 2R G, X 28t E Y
E X o G (train) AL, HEREALE (dataset, IZFTHBFEARER DINGE ) fGiHR S
B e NG BRESRTS (encoding ), PHA2E 2 B FHR LI 28U 4% FY ( encode ) E|
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BRI X FARRR TR R, IR LR T —OuB K A R —CiE K. BT
WO, R AL SR T BT s, R AT AT LA TR B AR A, ARBIAE R T

AT LR CARER my_cws_corpus.txt A, ERIBIERE /N, ABMEETHR, X2
REGHIAMT R IE, SR/ EERERE, REVRBCRESE, #ERE—i{. A
K A/NEIERE MRS, BSIRITHE7E MSR B4 I 3E i AR 4k ShnEfbiEm, 5
ji] B4R ) 2 SR — T HO R

3.3.1 INELERE

FHEFIER AL AE NLP TREIMH % T/EZ—, HanlP 4t THFZHEGFNHTH, T
Z K SRR 43 i) iR R R VE, AT RARI A HanLP #4569 CorpusLoader.convert2SentenceList HlI#%.
Java RBIANTF (3 com/hankes/book/ch03/DemoCorpusLoader.java ) :

List<List<IWord>> sentencelList = CorpusLoader.convert2SentenceList (CORPUS_PATH) ;
for (List<IWord> sentence : sentencelist)
System.out .println(sentence) ;

iX . cCorRPUS_PATH 0] Af§ [ MSR, PKU 5Bk, (Hitab il &4 @ is# 4n i my
cws_corpus.txt #42, H¥ convert2SentenceList iR[f] List<List<IWords> 28, 44
List<IWords #RE—a]F, B Iword #p— >,

XF I i) Python RRANF

gsents = CorpusLoader.convert2Sentencelist (corpus path)
for sent in sents:
print (sent)

LERADIE .
(Bd, 0, BRE)

(@dh, FBE, V=GR
(BR%, #, %M

3.3.2 Hit—miB&
—ICH SR A, WURIE R 5 E Al AR, WER T -MiEasiEak. A
SEERE A N CARIERIATE, PHoial s X i A B 3 iaE, X2 HanlP iR 8848 XY
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RitVIE.

£ HanLP H, —JCiE¥EMS 1T IIBEH DictionaryMaker 24, iM% i ThiE
 NGramDictionaryMaker #fit, EFHEM B —miBEHEM 0B E M, At HanlP $#

At 55 & 1Y) £ % 2 NatureDictionaryMaker, Java i 7~ & ( i W com/hankcs/book/ch03/
DemoNgramSegment.java )

/t*
* YIB S TIEHER
*
* @param corpusPath ERERE
* @param modelPath HREFHFREZ
"/
public static wvoid trainBigram(String corpusPath, String modelPath)
{
List<List<IWords>> sentencelist = Corpusloader.convert2Sentencelist (corpusPath) ;
for (List<IWord> sentence : sentencelist)
for (IWord word : sentence)
word.setLabel ("n") ; // BRF¥GITHE—TRANE RN
final NatureDictionaryMaker dictionaryMaker = new NatureDictionaryMaker () ;
dictionaryMaker.compute (sentenceList) ;
dictionaryMaker.saveTxtTo (modelPath); // data/test/my cws_model

Python #&FHACHSANF ;

def train bigram(corpus path, model path):
sents = CorpusLoader.convert2SentenceList (corpus_path)
for sent in sents:
for word in sent:
word.setLabel ("n")
maker = NatureDictionaryMaker ()
maker.compute (sents)
maker.saveTxtTo (model path) # tests/data/my_cws_model

mEiERE, teAbk T HEZ HanlP fYia) A, FRATR T 7 84 5 — 4 408 n in k.
AFEHAIMEAE S8, AREPRER. 56188 T NatureDictionaryMaker X4,
A4 T1EA compute HEZEMAIT. FiitasRLL axt #URF ] modelPath 455 MIREIE T .

BTSRRI A3
(1) my _cws _model.txt : — TG ZEARRL,

(2) my ews model.ngram.txt : —ICIHEAER,
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(3) my_cws model.trtxt : SiEMEPREFA K, 2.

fTHF my_cws model.txt, 2FHNINFHE:

fin-2

FBR n 1

fidh n 2
Yh##Es begin 3
fR%E n 2
A##A end 3
YVENEE n 1
kM n 1

X FERARUER HanLP ia] LR, BRAT40 500 8in] a4 mtEpsinR . Hdb ¥ #4# #AREF
3k, X ## RACERA)FLER, 53 LA BOS/EOS 1EHIHE .

U SR i R, 0 PA# # NatureDictionaryMaker # B (A5, 7F compute
¥, NatureDictionaryMaker W T DictionaryMaker M9 add Fik. &% HK 547
in®|—fRZ A BinTrie<Items 1, 1l Item BLEAF6E A HERIAMAYEEH) . HanLP AY7Z BYi%
THEERE T RERESH 5 525, (REFERAEMIKE T EENA.

3.3.3 #FHit—miEk
NatureDictionaryMaker BLASEM T —miikgil, HEAF TR IIGER (1F
I, my_cws_model.ngram.txt ) :

fefRs 1
fletim 1
Fifre® E4 AR 1
Bsefl 1
didefifE 1
paustbeliSh 2
io##tcalRF 1
fRFefl 1
BREeFk##A 1
PEMBaF#EE 1
thek#gR 1

X @ fF5 2RIt Uik e P a2 RS R ek BRI

%4t 145 B tH NGramDictionaryMaker 37, KU T (7 W com.hankcs.hanlp.
corpus.dictionary.NatureDictionaryMaker#addToDictionary ) :
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// HlfenTtiEkiE s

for (List<IWord> wordList : sentencelList)

{
IWord pre = null;
for (IWord word : wordList)
{
if (pre != null)
nGramDictionaryMaker.addPair (pre, word) ;
pre = word;
}
}

Java I A]LITE for (IWord word : wordList) &b F—1-Wiski, #4EF| wordList= [+
## 4 /begin, WMee /n, #/n, MRFH /n, K ## K /end]. Al NatureDictionaryMaker
C1Ea] 1 &8 BRSNS IS 5.

I, TATBGER T ouif AR R a NS, X REF GRS — AL, RO T 2 iR 4
giit, RBOALESTHAT. RRNEHIE R EERIER o, & EXMIAMREH 2P, 6
i, GoitdikmpLERE TR ARE, XWRAIIE HanlP — E1B5#9 8.

BRI EAE R EAARME, BAEXNKX). HanlP 5 B ok ook
fEAfoEIE R, BN TR RS AR . A0 15 7 30K B, AU S AR At
IR FRIEEA ]

P& T RA R Q0T FI ] eI Rk 1A

134 @

FEPLES AT M ARIE S HE AR T, T (predict ) #8A9 2RI BRI A (A7)
FrHEMT A R, 78 P SCARIAE 95 vt S0 02 1) P ASE 25 3 Dk o 1) e %) A 000 b, A Ay fie A
(decode ). FEFFICAMAMES T, RIATE LN T B iRy, Eanfaigegee?

HanLP ¥ —JCiB IS viterbiSegment 4l dbdiflt, AW —i M HEEHEME, —
N7 viterbiSegment ) TFRSCHI,

3.4.1 fnEktany

B-HLURELEZE EOERMBERAF D, X F —oo il kR, HanlP £ {1t
CoreDictionary 2, XfF _JCiFZME RN & CoreBiGramTableDictionary., Hi T 51l
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Bt AT 88, IrLIEN RS TR, MR AR, f AR E
s, HF e ne 8 S AR R B AR B AT, Java W1 (1L com.hankcs.book.ch03.

DemoNgramSegment#loadBigram ) :

HanLP.Config.CoreDictionaryPath = MODEL_PATH + ".txt";
HanLP.Config.BiGramDictionaryPath = MODEL PATH + ".ngram.txt";

System.out ,println(CoreDictionary.getTermFrequency ("B&")) ;
System.out.println(CoreBiGramTableDictionary.getBiFrequency ("@ida", "Fiv));

Python 7= {4 & ( 7% L tests.book.ch03.ngram_segment.load_bigram ) :

def load_bigram(model path):
HanLP.Config.CoreDictionaryPath = model path + ".txt"
HanLP.Config.BiGramDictionaryPath = model path + ".ngram.txt"
CoreDictionary = SafeJdClass('com.hankcs.hanlp.dictionary.CoreDicticnary')
CoreBiGramTableDidtionary = SafedClass('com.hankcs.hanlp.dictionary.
CoreBiGramTableDictionary"')
print (CoreDicticnary.getTermFrequency ( "ﬁ_éﬁ':" ))
print (CoreBiGramTableDictionary.getBiFrequency ("#id", "Fi"))

£ main eRECP IR PBACH ., Fiape

WAL FR (1 EL 3% 18 CoreDictionary.getTermFrequency 3K T “Widh” RO,
H CoreBiGramTableDictionary.getBiFrequency 2REU T “Ridn A" B9 _JCid ik,

CoreDictionary N #f % H DoubleArrayTrie 3 17 it ia] &, ¥EfHEM &, CoreBiGram
TableDictionary HIRHTHAEFIFRIE A0S, iR ScH#E CoreDictionary #ifliElIER) id,
RS ARAE P RE Y id AR TR R, A T WA NTE, REBGHT —FESAR S, Bk
S TR REH (1) com.hankcs.hanlp.dictionary.CoreBiGramTableDictionary ) :

Jax
* pair [{8#in] ¥Fkey,pairn+1]FXTfrequency
*/f

static int pair[];

/**

* ik T ia&Epair P ASEE, R{&iRE¥E<br>
* Z85F—/MEidA, Mpair[start [idA] ) Fisfstart [idA + 1] - start [1dA]#R 7 —2ER4E6050K
*f

static int start][];
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H, pair AP EMNELEICE D HIEMERE 1B DASIIK., (B ciBd st i &5 —
AMAER 1A, TIAETE start BB, ZHE LT AR

(1) index = pair.search(pair, from=start[idA], to=start[idA + 1] -

start [idA], element=idB)
(2) ¢c(A,B) = pair[index / 2 + 1]

P—H1E pair BN EL X B AIEER idB, B3] TR index., %%EZE X W) (#:E 5 =
start [idA], &SR start [idA + 1] - start[idA]. HEHEEEHIH RS T .
BBER A S R AR AR, S RBEEW T (£ com. hankes.hanlp.dictionary.CoreBi-
GramTableDictionary#binarySearch ) :

/**

ZHER, BT SR —MEEEN, E—MEtkBd, T thERESRES0MAE
@param a B#R$E

@param fromIndex FIAT#r

@param length 1</&

@param key ia#lid

@return FHIFX

* * % ¥ ¥

w/
private static int binarySearch(int[] a, int fromIndex, int length, int key)

{

int low = fromIndex;
int high = fromIndex + length - 1;

while (low <= high)

{

int mid = (low + high) s>> 1;
int midval = a[mid << 1];

if (midval < key)
low = mid + 1;

else if (midval > key)
high = mid - 1;

else
return mid; // #HFlkey

)

return -(low + 1); // & Flkey

BB index BT AeB MWK pair [index / 2 + 11, SEH0EAFH S HR
BAiE®, fAEWF (i com hankes.hanlp.dictionary.CoreBiGram TableDictionary#getBiFrequency
(int, int) ) :
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/**

* TRERSETSIOR

* @param idA ¥—/NFHlid

* @param idB ¥ —/iEMid

* @return LMK

*7
public static int getBiFrequency(int idA, int idB)

{
int index = binarySearch(pair, start[idA], start[idA + 1] - start[idA], idB);
if (index < 0) return 0;
index <<= 1;
return pair(index + 1];

MARTS BT A B L VF, il id SPRAFRER D FR KA b . BRI RN, WK
Y R H A T FEAURE s (R] . P RRAS A9 HanLP H #{4 H DoubleArrayTrie {7 —JCik
%, NEGHRA., BEEAS. S -FEE, KEBBEHEH. ERFNBELEELL
T, WANAEG ], HanlP A GEAEI Tk R0 ERE. ARESEAEERERF/NR, @
A PR R L R PGER LB, HEEE4RA¥ARR, BAOXLEBCE, E4H
FEH 4GS SR04 dict Ml HashMap, A WdLIE.

ViterbiSegment ¥t il X P~ T HASEREERY, XTI EREEGE, ARTEXOHE
SO T JEZ0 R SRS .

3.4.2 AEiEK

i) 48 1 S 0) A R A — i i A R S5 4, 2 HanLP TR FAOMES. e “Rshfn
R4 XAAF, RaE—Jcifkiad, ®A4MEaFharg iRk, B0 E (offset) F[F]
(RS E—FT, SRR ™ .

71 ]

: [ dnl

£

: [¥0, FOAR]
: [AR33)

: [$]

o

ok W N - O

HA R (170 AT 6 ) /3 5IXT N4 ## R #4 K, HWESESH.

i) ) f14) )  HC 9 3 2 1 ] DoubleArrayTrie i) searcher {4 iH A F Fr & 69— Tif
ERHATEWE, S et RS2, A TGRS, $FRIH Python BN (3



108 | #3® —TiEES5PXHT
I, tests.book.ch03.ngram segment.generate wordnet ) :

def generate wordnet (sent, trie):
nmnn

A A1 15

:param sent: GF

:param trie: WH ( —TEE)

:return: i8M

"

searcher = trie.getSearcher (JString(sent), 0)

wordnet = WordNet (sent)

while searcher.next () :
wordnet .add (searcher .begin + 1, Vertex(sent [searcher.begin:searcher.
begin + searcher.length], searcher.value, searcher.index))

# RFME, RIEBEE

vertexes = wordnet.getVertexes()

i=0
while i < len(vertexes) :
if len(vertexes([i]) == 0: # BT
g (e S O
for j in range(i + 1, len(vertexes) - 1): # SHE-TEST
if len(vertexes[jl):
break
# HEL, j)ZzEN=ET
wordnet.add (i, Vertex.newPunctuationInstance(sent(i - 1: j - 1]1))
i=3
else:

i += len(vertexes([i] [~1] .realWord)

return wordnet

[HRHEERR, AMOA GRG0 A R sl B4 . AOmEE kS
K, 115 W% R—ICEREDEA R, U 1 ORIk W% 8 1 80 i o i

£ HanLP A9 Java 8RS+, 1] W A9 S5 8L 2 wordNet, B[ f N ialiE {76l M Vertex., SCHL
F (UL com.hankcs.hanlp.seg. WordBasedSegment#generateWordNet )

/t*
* & —ITiE M

* @param wordNetStorage
*/
protected void generateWordNet (final WordNet wordNetStorage)

{

final char|[] charBArray = wordNetStorage.charArray;
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// BivasiEs
DoubleArrayTrie<CoreDictionary.Attributes.Searcher searcher = CoreDictionary.
trie.getSearcher (charArray, 0):
while (searcher.next())
{
wordNetStorage.add (searcher.begin + 1, new Vertex(new String

(charArray, searcher.begin, searcher.length), searcher.value, searcher.
index) ) ;

}
[/ BFaE, RIEEEE

LinkedList<Vertex>[] vertexes = wordNetStorage.getVertexes();
for (int 1 = 1; 1 < vertexes.length; )

{

if (vertexes[i] .isEmpty())

{
int 3 =31 + 1y
for (; j < vertexes.length - 1; ++j)
{ Lg ’

if (lvertexes[j].isEmpty()) break;
}

wordNetStorage.add (i, guickAtomSegment (charArray, i - 1, j - 1));
i=13;
}

else i += vertexes[i].getLast().realWord.length();

FA%EET Python iR, Java SEERERGA—LE, FIR | A%l BT EIRE. HAnAE@ET

SER R, WEZER SO — MR . EENBTF RN A — 1 RE . XS BN 4316
( 7L com.hankcs.hanlp.seg.Segment#quick AtomSegment ) ;

protected List<AtomNodes> quickAtomSegment (char[] charArray, int start, int end)

{

List<AtomNode> atomNodelList = new LinkedList<AtomNodes () ;
int offsetAtom = start;

int preType = CharType.get (charArray[offsetAtom]);// €))
int curType;

while (++offsetAtom < end)

{
curType = CharType.get (charArray[offsetAtom]) ;
if (curType != preType)
{
// FREARA
if (preType == CharType.CT NUM && ",,. .".indexOf (charArray
[offsetAtom]) != -1)

{
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if (offsetAtom+l < end)

{

int nextType = CharType.get (charArray[offsetAtom+1]) ;
if (nextType == CharType.CT_NUM)
{

}

continue;

}
}

atomNodeList .add (new AtomNode (new String(charArray, start,
offsetAtom - start), preType));
start = offsetAtom;

}
preType = curType;
}

if (offsetAtom == end)
atomNodeList .add (new AtomNode (new String(charArray, start, offsetAtom
- start), preType));

return atomNodeList;

RIBOLAR FIFA THE CharType KB FAFAER, WRFAEER -FONEHH—
AR TH A, BRI AR 5 B0 T Rk, SRR P A HA R ( Hon g o A
. ISBN. URL, E-mail #9408 ), ATLL override XA HEHS H O AA M. B2, NLP
AUSERR th B2 (dirty ), EERASEHEFES LTI gal. Ak, HanlP #1777 & EHHR
feriit, DAL PR .

A b R3] I A R B B AR, R A A X s Tt . TR S R
— AR YER, RS i FTHOIRHE w 55 i+ len(w) 47 I BT A 18] 1B M i #RBEA B JTiE L.
BT o174 #4 HEESK, KER, HRS%E 1 TH R SHEER R i
# e Wd; FHITMHRRKEN2, ESHRITHNIARIEMAEMNN _TiEETRef . &
5o @ Fe oo ABESEHE, RIS i A7 1 BRI S 5 i+ 0 AT AT A SR B SR, R —
“wWE", nE 3-1 Frs.
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s (0 )— (o)
& BB =®)

31 \E

MRS s B2 s i B AR i A AR A T — R il oy 38, TOniiik Tl SRR A AR A 55 R 4R
HE AP RS ANIEREEE (F 3-1 okl “fd MRS B ).

34.3 TAEMEETE
GnSRIRA TR T LR ia B SR DL e iE R B MR, BB 4 R SCMEN T % i oA )
TCIAE | Y B A< AR ()

LB AR AT LAF A MLE #LIFR eSS R, R UNARSEERIT2BRANK:

(W W) _aye(w)+1
. +1 ,u]+(l A) = (3.2)

Hr, A,ue0,) APADAREFHEEF, Wi EXmAME T —0FE . o —Hscd g —
PR RRG, FROAVIM— PR BRI &

ZIEFIZA (0.) Z[E 77 ABOELEMRZ G2 ETEE (57 0), HETHE L
RIATE, WP L BOREEF AL R S X B [a) B ek «

k+1 k+1

]__[;6(“’: | W) — _Z log p(w,|w,_,) (3.3)

=] =1

FARIHE, W AR R LR R B Y R e . 7E HanLP A9SCEE {7 F com.hankes.
hanlp.utility. MathUtility#calculate Weight :

plw, | w,.,) = A[,u

/**

* M—PMaEE—TENER

* @param from BidE&IE

* @param to [5EENE

* @return ¥

»/
public static double calculateWeight (Vertex from, Vertex to)
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{

int frequency = from.getAttribute().totalFreguency;

int nTwoWordsFreq = CoreBiGramTableDictionary.getBiFrequency (from.wordID,
to.woxrdlID) ;

double value = -Math.log(dSmoothingPara * frequency / (MAX FREQUENCY) +
(1 - dSmoothingPara) * ((1 - dTemp) * nTwoWordsFreq / frequency + dTemp));
return value;

}

He, dSmoothingPara /i 1-4, dTemp Xf/ 1— u

Fo B 3-1 iR B R A 3-2 i,

0\ Gw—-@os—;@

E3-2 WELMEEREE

WMEEE 3-2, A “BEd B AT 5 CRIIRT BIMIRS ZIEIERERR 0.8, BUEMREIEK
RIARRZ A TIRIEA S "R #4# R7 BIE1-89., T iﬂéﬂ‘]ﬁf:?i%ﬁ CoHbEEFR IR, AR
e ENE L,

3.4.4 EE CROBSFLLEX

dndeR g L B R AR R (BRSO BE g, W64 2" FEI Ay K, POA T2
T EERA 2 Fhiede . DIsiAY), R DB ERER 02"), AT,

IR A AN BT, ERINEE S, fiicRREH AR NRERE,
MATLAY BT ZEH ., B ENREREREA TS, N YO SEH IR L1 Bellman-
Ford 1 Dijkstra H¥5 . 7 HREF LSS, ROVEEKREN—FFH: S /R0T FEEH
BIRARTE, 2R L R B B R oV E4F B BIE ( Viterbi Algorithm ) 7,

@ A RERHAY AT RE S FRE : AN FUIN R 2441 ) SRR B SR P R (HMM) S BRI K S BB AR 132
IR B, AR WA, XA, A ookl e bR B /R ] SR e i) EJﬁﬁﬁlv
WAERRE, ARPREERERRE, RAH IV BRED BREMEFEFER | 2. o, EdG L)
w, AT OOV /T | BACHHIER, A » JCIEERER HMM T, BB, §E% 5 EREp A
SRR (T R AR SRR TUERE T ), LU H A4 REMmPLEH R KB A% Graham Neubig
HE2 P L NLP Programming Tutorial 4-Word Segmentation.,
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AERF LAY M) (forward ) ST (backward ) PR,
(1) B il sl iR NATEE R T 5 8, S G s BINZYT i B/ DE B DL AT IR 18 1 -
(2) /58 : HZ& R MNEERT RIS RTIRAE S, RS RART,

F Python iR 40F ( 1. tests.book.ch03.ngram_segment.viterbi ) :

def viterbi (wordnet) :

nodes = wordnet.getVertexes ()
# BUMmiE A
for i in range(0, len(nodes) - 1):

for node in nodes[i]:

for to in nodes[i + len(node.realWord)]:
to.updateFrom(node) # RIBEBEARTEDEES, HEPREREZ LN
XiEstErom

4 EEEW .
path = [1 # BRERE
f = nodes([len(nodes) - 1] .getFirst() # MAS[EH
while f:

path.insert (0, £)

f = f.getFrom() # IZATEIESEromEX)

return [v.realWord for v in path]

B HEHIE thib BN, ABEEA. EE—RAE, 81 node H4EFENELEIH

O AR/ N ET, LI RAHRN BIRTIRIS S from. updateFrom g4 X L, AL BEA TERCHS
PIER, BB EEE T 2% Java (L%, £ com.hankes.hanlp.seg.common. Vertex#updateFrom.

%of 74 Java FELANTF (). com.hankes.hanlp.seg. Viterbi. ViterbiSegment#viterbi ) :

private static List<Vertex> viterbi (WordNet wordNet)

{

[/ BREMIR, HILEE

LinkedList<Vertex> nodes[] = wordNet.getVertexes();
LinkedList<Vertex> vertexList = new LinkedList<Vertex>() ;
for (Vertex node : nodes[1])

{
}

for (int i = 1; i < nodees.length - 1; ++1)

{

node .updateFrom(nodes [0] .getFirst());

LinkedList<Vertex> nodeArray = nodes|[i];
if (nodeArray == null) continue;
for (Vertex node : nodeArray)

{

if (node.from == null) continue;
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for (Vertex to : nodes[i + node.realWord.length()])

{
to.updateFrom(node) ;
}
}

}
Vertex from = nodes [nodes.length - 1) .getFirst();
while (from != null)
{

vertexList.addFirst (from) ;
from = from.from;

}

return vertexList;

PRTE A B, TN 17E my cws corpus.txt FUISREERY | kg & A AR 55 6 &t i) P |
RGBT e L . Python LS A (1L tests.book.ch03.ngram_segment ) :

def load bigram(model path) :
HanLP.Config.CoreDictionaryPath = model path + ".txt"
HanLP.Config.BiGramDictionaryPath = model_path + ".ngram.txt"
sent = 'B&HFMRE :
wordnet = generate wordnet (sent, CoreDictionary.trie)
print (viterbi (wordnet) )
return ViterbiSegment () .enableAllNamedEntityRecognize (False) .
enableCustomDictionary (False)

if name_ == '_main_': ,—
corpus_path = my cws_corpus()
model_path = os.path.join(test_data path(), 'my cws_model')

train_bigram(corpus_path, model path)
load bigram(model path)

LT
RS lﬁ&l' lﬁl‘ Iﬁ%l' Ni S1
Java U8R (3K com.hankes.book.ch03. DemoNgramSegment#loadBigram ) :

public static Segment loadBigram(String modelPath)

{
HanLP.Config.enableDebug() ;
HanLP.Config.ShowTermNature = false;
HanLP,.Config.CoreDictionaryPath = modelPath + ".txt";
HanLP.Config.BiGramDictionaryPath = modelPath + ".ngram.txt";
System.out .println(CoreDictionary.getTermFrequency ("@am")) ;



34 F@M | 115

System.out .println(CoreBiGramTableDictionary.getBiFrequency ("#am", *Fiv));
Segment segment = new DijkstraSegment();// D
System.out.println(segment.seg ("EHFBRE")) ;

return new ViterbiSegment () .enableAllNamedEntityRecognize (false).
enableCustombDictionary(false) ;

Java fCRSTEDAL R FH DijkstraSegment JNEL —JCiEHAEAL, i X DijkstraSegment
{# /] Dijkstra WikRifREME, ENEKGEREEEE. 7R

HAEBE: s=zcc===ft R Hzm=====

to: 1, from: 0, weight:04.60, word:ib##ites &
to: 2, from: 1, weight:00.80, word:i ekl
to: 3, from: 1, weight:00.80, word:f saeflfR
to: 4, from: 2, weight:00.80, word:fefR%
to: 5, from: 3, weight:00.11, word:flfked
to: 6, from: 4, weight:00.80, word:HBFex##x
to: 6, from: S, weight:08.88, word:Fek##k

HASR [H&R, 0, RE
(@idu, %0, AR%)

WIFEH A XA AT, R SEEREP L E R & BREXTHEARAT,
i, BIVPERE—FHA. sent =' % F#fiR% 'k segment.seg (" K TS "), £
WA (5, Ao, RS 1. GEFYKRSREIERR, TR OTERBIR R A —E iz st

it FRAVE® THERRE . UIRER, MRS e T8 NR, JFHP KR T4t
ER/STEERISLLi] PR

3.45 SHIFEHERNSERN

WRETEATARE, MBLEIEAR, gk ke —olEERAT AR, SBORAM
PARAARTREL B OOV, FARTIIER, EHMERNARZ, SBULTFHRANELAE, M
oRTEERLl OOV, 45 —Iuikik mia ok T B K PkiR .

iR AR 515, WERFE. FASHERMIEERE S, FLAH PR BERE, 2
i i) aR e AR A A RO . EMHIRRZ AT, HRLAM A, WRARTERN, X—HRE
SAEN 2 TR, b PR IR

{E HanLP 1Y) Issues [X, %47 H P EEDY 4 REMBFRYEE “2AHE". XREIRE

ARIUER SRR — g ik, R ERARFEEXFEMNT L. REAFHEBFXARE, 2
JR A e Rl —E S R, B L, XPTOREBEFEN, HMEE - THEHA.
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fRAnA] PRl g —4t 3 AME)E . W, AR, RS, B4R AR A2 KE AV A BB X
L W7 TCiREasrinal, X 3 ANl A A R E B

A4 HanLP H il 803 2 24 EFWE? HanLP 89 FFA 231l a5 #B 2 3 o ial il F 4%
2 B4 PR g e g%

(1) IRIRFER T, Srialds & SCAEAH B R MEY oL T hGei PRI iRl a5 8, )R
RSB PRSI, HGE T riAEs R W e A RS R, PRSP A AR S AR 4
RWANE, IBPARHETRAE & F IRF-5, BMEA PR SR IE A, & IFE
4% F com.hankes.hanlp.seg.Segment#combineByCustomDictionary, 3 # /8% 24 # (1) i °]
PABE—E. FH P i) ] e S m) s SC i Anah 254 Ui A oy 200 5 | Al . HI P
iA] #1317 com.hankes.hanlp.seg.Segment#enableCustomDictionary J¥ i3, BRIAMEAL 2.

() BIEERT, iAdHMLEEERM A, BEASHGMEARTEATIGE. £ Iuf
BAriAlEY viterbisegment il DijkstraSegment H, KTl il A s Ay A =CSE B .

/**
* &R —IT1E M
*
* @param wordNetStorage
*y
protected void generateWordNet (final WordNet wordNetStorage)

(
/) BiERE

// SEFIHFiERER
if (config.forceCustomDictionary)

{

CustomDictionary.parseText (charArray, new AhoCorasickDoubleArrayTrie.
IHit<CoreDictionary.Attributes ()

{

@Override
public void hit (int begin, int end, CoreDictionary.Attribute wvalue)

{

wordNetStorage.add (begin + 1, new Vertex(new String(charArray,
begin, end - begin), wvalue));

}
1)
}

/1 BFHE, RiEEER
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Wt R e — i e S, KA i B BT R P IRE AR M . TR, R
2% T i) ) o] BB A P iRl SR AR RN P RN 8 — iRk R e th P fR R, B T oTiE
SRR . T 2580 HERINER, BN otk mr il 5ol
PEDAR ] o R P S AT LA it el At it A T B P B e R

AR RSN T SRR B, RIS R rh SR 2T, i LT A
ahn cNE”, I H PR S S SR i, AT LARRAR AT R BN EEET XA
T (AEEEREEDIM )T, AEZEM N EEE" Sl A - £
( AZR—AA) ) )Tk ERR. HanlP RFFR LIS 0 £, MNGEMCHER R RS, h4
RPN REIRL AR, DBARBERC A U E N XRRRIRCR o

MAEEFRATIC S — F A~ 38 B @9 65 ., Java 5 Al 10 T ( 3% W com.hankcs.book.ch03.

DemoCustomDictionary ) ;

Segment segment = new DijkstraSegment();.

final String sentence = "HELEFEHRHSE;

segment .enableCustomDictionary (false) ;

System.out .printin("THIHIFM. » + segment.seg(sentence)) ;
CustomDictionary.insert ("#£#&", "nz 100");

segment . enableCustomDictionary (true) ;

System.out.println ("KLK HiE. » + segment.seg(sentence));
segment . enableCustomDictionaryForcing (true) ;
System.out.println("SA%BiTH. » + segment.seg(sentence)) ;

Af 13 Python it tests/book/ch03/demo_custom_dict.py :

segment = ViterbiSegment ()

sentence = "HEEWEHIRALSE

segment .enableCustomDictionary (False)

print ("FHE#HFM. », segment.seg(sentence))
CustomDictionary.insert ("#£#", "nz 100")
segment .enableCustomDictionary (True)

print ("R{E%ELRiEM]. v, segment.seg(sentence))
segment .enableCustombDictionaryForcing (True)
print ("E{L ARG, v, segment.seg(sentence))

P AR .
FEHEMN. (tE/n, BE/v, 8f/v, &2/n, 8/v]

KLk HiEe. (HE/n, BE/v, BR/v, 188 /nz]
BiEEREE. HEE/nz, B/v, BM/v, H2#E/nz)
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AT 0L, FH PR S R R SRR A R AR 4 %, HanLP #f i J11 P i) LB IAROE A, 0 H B
WA TR LR U RSO0 T ARIE PR R AT R ML e s, R iR P Y RS — e
B RmSET (iR E T amE sk ), AT LUT R R0 edt. s 2 i b i e i
REBK, ARZEBNFRT, BAYHRERILEX.

135 iFEm

208 NLP AR5 1 — MU RE, WIS LM T kb AR RNk, A fri)q—iE T
¥ . bREALIEI

3.5.1 tREMHIFEL

HARFI T SIGHANOS $4HAT MSR i8R FE BEAT AR EAL RO . DRI 2 N 2k, F808 | 53
W% 3 2, Python VEIFEF 4 tests/book/ch03/eval bigram cws.py :

train bigram(msr_ train, msr model) # ill%

segment = load bigram(msr model) # f0%k

result = CWSEvaluator.evaluate (segment, msr_test, msr_output, msr_gold, msr_
dict) # FUWITH

print (result)
Java P FEI¥ 7 com/hankes/book/ch03/EvaluateBigram java :

trainBigram (TRAIN PATH, MODEL_ PATH) ;

Segment segment = loadBigram(MODEL PATH) ;

CWSEvaluator.Result result = evaluate(segment, TEST PATH, QUTPUT_ PATH, GOLD_
PATH, TRAIN_WORDS) ;

System.out .println(result) ;

PR 1B L AR

P:92.3 Ri196.6 Fl:94.4 OOV-R:2.6 IV-R:89.1

3.5.2 REDM
A TGk RIS R R RR AN 3-3 R .
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F 33 PUHMANERE MSR IEEE FRFREL TSR

Wi P R F, R, R,
BICA 89.41 94.64 91.95 2.58 97.14
Bk 96.70 94.49 2.58 99.26

A F IR, “OTHATERIR, QERE IV B EE EemEd, 5% FERE T
2.5% , WARHRS R Z BT B D RIRE . RIRF, RATRERS 00V A EIREA (EfTiR

Fto BCRE AR S LE A A SCEEER B TIIZRERE, BRI A R,
i K & — T 1M 45 1 msr_bigram output.txt 5 bR #E 25 5 msr_test_gold.utf8 ¥ 2= 5.

Linux 1 macOS /7 o] LAFFH dif £ A4 LBGX PIAS CA U, Windows FH - ] #1| i —2£ GUI
TH, B AL IFEARTIAZE 34,

# 34 IiBEEETE MSR Al ERKRES

e

ey FEER
FTER,B,1949FE 108 %, TER, B, 1949F108 %,
LWEECEEEREARRERH OXBE X WHRESE ERE BRH Q4 BRE

B A $E ZR Rk PE XL AR HARA o
BNOWXBEBR X
IERWSEiEIE

WA PEZRAHREPEXLTHRR HRA o
BNo XY EBEX
IR S EiE IR

WHES 3-4, BT 4 DHAMKIRD M AL, Wy HHEE S OOV Bk FGER, Hf5—
AR EEIR . X IE T A b A 2 R, THBZRE M AT, OOV 4 [RlRE /1 KiK.

3.5.3 EREE

LR 4 AEEAER AT DL kB P el sk kb, BIFE data/dictionary/custom/CustomDictionary.

txt A ;

EER nr 1
EFR# ns 1
BEH ns 1
BBE nr 1
FEZATHRBRPEXUTRFF nt 1
BEEEL i1

i A B i) T Y TR R SRR 7 BETRARY A, R iR K, TRV S T A
KEES VG, BN -/, HASHEERN, AR5 MERZESF data/dictionary/
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custom/CustomDictionary.txt.bin, }-i3 153 i8)28 89 FH S ] segment . enableCustomDictionary
(true), FIVERFEMFRAGFERAR, 1AL, HARERATLUE FikiE &in A [H
74 HanLP )5 P i5) S FIAZ.0 18] AR 5052 A ]

8% 34 a5 5 M PRGBS —uRgka g, Fh W " gl 3 MAEC 4 s
BoiRst e, RERAHMEMNE. &I UEES T8i# DijkstraSegment, 4TI
AR, BEMNAERE. Java A/FIIF (PR com.hankes.book.ch03.DemoAdjustModel#main ) :

Segment segment = loadBigram(MSR.MODEL_PATH, false, false);
System.out .println(CoreDictionary.contains ("&il")) ;

String text = "{tRBMSEEIR";
HanLP.Config.enableDebug() ;
System.out.println(segment.seg(text));

Python /R0 F ( P, tests/book/ch03/adjust model.py ) :

segment = load bigram(model path=msr model, verbose=False, ret_viterbi=False)
assert CoreDictionary.contains ("&idi")

text = "JEFMSEEIE"

HanLP.Config.enableDebug ()

print (segment .seg(text))

1 0% AR -
HAAE: ==m=====fR R G fTHl=m=n====

to: 1, from: 0, weight:04.60, word:¥s##i8edt
to: 2, from: 0, weight:04.60, word:i&##isedts
to: 3, from: 1, weight:11.55, word:jteR

to: 4, from: 2, weight:11.07, word:iERet
to: 4, from: 3, weight:11.47, word: e

to: 5, from: 4, weight:11.55, word:{eXx

to: 6, from: 4, weight:11.55, word:HeS®
to: 7, from: 5, weight:11.54, word:Se®

to: 8, from: 5, weight:11.54, word:Se®id
to: 9, from: 6, weight:11.61, word:SEail
to: 9, from: 7, weight:11.50, word:Eaeid

to: 10, from: 8, weight:11.60, word:®iel
to: 10, from: 9, weight:11.45, word:ifiel

to: 11, from: 8, weight:11.60, word:Eiliel %
to: 11, from: 9, weight:11.45, word:ifel
to: 12, from: 10, weight:11.54, word:Te#

to: 13, from: 11, weight:06.40, word: L#Eaek##*k
to: 13, from: 12, weight:11.60, word:&Eek##Ek
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X oy vl R A M P BT IR S5 to BRI, 5 from BAMES, B
=% weight JEHAIIEDE, F0UF] word B "ITifrk. A IHEHAMSES I M R BE T
B OXRME, EMREE N OnERM A

to: 4, from: 2, weight:11.07, word:iL7eH
to: 5, from: 4, weight:11.55, word:i§eX
to: 8, from: 5, weight:11.54, word:Se®i
to: 11, from: 8, weight:11.60, word:®i#elit

MiFERGT AR “dUHT f VR " AN .

to: 4, from: 2, weight:11.07, word:itHe#
to: 6, from: 4, weight:11.55, word:feSE
to: 9, from: 6, weight:11.61, word:SEeid
to: 11, from: 9, weight 11.45, word:#el#®

MERMEHMAZOET 8" BKE “]” ELRE "SE” E, UK HOERE
Z1155, REREPRENCEZAET "BTHeTHA" K "HeTHR” WERLKE
(11.60-11.45=0.15 ), 1ii “R @ Hil" Ik “SEei&” HHR/NATEL11.54-11.61=-0.07
FAEERT— B84, IMNZ X R4 FaE o2/, RIEX 3.2) fik 3.3), %S5~
TCIEHESR AR, bt T S T iE AR ngram.txt, BN G BIK .

e 1

SeFiE 1
TifeTE 1

SR T M B Xt 57 14 28 7 34 .ngram.txt.table.bin BJ W, — 0% BBIRY A4 ¥4 4% AT LAl i HanLP.
Config. BiGramDictionaryPath $RHX, {33 v LIATEDZ7E 6E75 8 SO B . FRKGETTEEABTS 3 IE#
GERT

WARNING: EH#BAEFXffmsr_bigram model.ngram.txt.table.bin® 4% F¥ [java.
io.FileNotFoundException: msr bigram model .ngram.txt.table.bin (No such file
or directory)]l, FEEHABRXUHHBHES -

MW : ========BR R H===m====

to: 1, from: 0, weight:04.60, word:ts##ibeit

to: 2, from: 0, weight:04.60, word:i&##tselt®
to: 3, from: 1, weight:11.55, word:jtei

to: 4, from: 2, weight:11.07, word:itF e
to: 4, from: 3, weight:11.47, word:ReM

to: 5, from: 4, weight:05.04, word:ie=

to: 6, from: 4, weight:11.55, word:feSE



122 | #3% —miBE5PXHE

weight:11.54, word:Se®
weight:05.25, word:Se® il
weight:11.61, word:SEeil
weight:11.50, word:Eeil
weight:11.60, word:®iHeL
to: 10, from: weight:11.45, word:jifieL
to: 11, from: weight:03.77, word:®ifel
to: 11, from: 9, weight:11.45, word:ifel#
to: 12, from: 10, weight:11.54, word:IlefE
to: 13, from: 11, weight:06.40, word:TiE@k##k
to: 13, from: 12, weight:11.60, word:Eek##*k

Los 7, Exrom:
to: 8, from:
to: 9, from:
to: 9, from:
to: 10, from:

m D w3 B n
- m w e & & 0a

HAZERHAER/n, W/n, 5/n, EiE/n, ITE/n]

MG, RBUES R L SR mER C SRR 08T, AN TR T
B2, REAMENTIERBSR, A5, MRIUEEERPESFERS ik, HElE
BRI K — st il LA, R K2/ — S =i,

(EERHME MRS ER AR SE K EY, HanlP M4py “ A TIRSAEAL" $o05af LAZEA BRI 25
BRI OL T R TIRE L AR /iR R . B b, R A TR SRl g 2 —%
B RIMNEERVEDHIE—4) < EE TR JFEHRIZ%, hEsdxe -8 _ous
R, ATHBAARNGIEX M ERER, SAERME . MHAHPRE _Suikse,
AR R BT & P B SURI, (BAEfT “PRBEEL" #ABAG . A TR ok m R —
U EAREIER, HPRENFR RS ST, ATRE™ 4 —LefIfEA,

B, BIEARED, 70 FERERE S50H 7 Pk A58,

13.6 HiEHiHE

AR, Gt rEERTHRAALES . YA AVH B3R, HanlP a] I3 %
3. H g

HIRATLL, RERAXNAER, HanlP siRESRHERIAS. MM S, FIHRETH
W, #E AR OERIS AEOBCR, BAZAHT. W i, PR %
FAERIGET AR RRAL T . ATLAH SO BI, D et HanLP 3 8 ) H A Rl

3.6.1 HiEmaEigs

AR B R TS0, L B & RS SRR (RBRRET % A b o —
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SNA) R TRET 1996 491 H, EHRE%A 1995 /9 (ERHME) it 4 AmcE. 2
SN TARTE A S i, SRS B - PRI E T 1997 4F 9 A M5l | J1is KR IF
B BN & A 1.0 Wi Bl 4.0 MU T 2005 4F 4 A kA, Eeil4 DRECE (24995 Fid ).
AR TIERVER ST AR R T, EEMWNEUR T8 B ¥, TERRMKE.

RRAL SE RS B HiE1E R E R Google il fF & /i ) UD_Japanese-GSDY, & 0¥ H 4544 HanLP
FAMERER, FEAT R 4E,

3.6.2 lEEiES AR

H PR EOER TR, HEEET AR B3 FEHFZMRIIZE, Python fUHSINTF
( 7 tests/book/ch03/japanese segment.py ) :

train bigram(jp corpus, jp bigram) # il
segment = load bigram(jp_bigram, verbose=False) # o
print (segment .seg (' HASTHAEAM L WS ERTAVE 1)) # BiESE

Java {8F540F (W com.hankcs.book.ch03.DemolapaneseSegment ) :

trainBigram(CORPUS PATH, MODEL PATH);
Segment segment = loadBigram(MODEL_PATH); // data/test/jpcorpus/jp_bigram
System.out.println(segment.seg ("HARFTHEAHEAM LW I ERFHAVE I));,;

PR 1% A LA -

[(B#/NOUN, E38/NOUN, ##/NoUN, APH/NOUN, &\V>9 /ADP, #/NOUN, % /ADP, HH\V/
ADJ, € /PART, !/w]

XAENERE: BR (HR) S GFF ) 02 (43) AP (AlT) EWvW) (X&)
A(H) A (R may (EFEBY) £ (1) !

$THF jp_bigram.txt, HSREPEA HanlP A EX, BIESCLUIHRAHE:

ZIF A VERB 4 NOUN 2
273 NOUN 1 VERB 1
#fP ADJ 1 NOUN 1
#FBF NOUN 1

7o ¥FER NOUN 4

(10 hups:/github.com/UniversalDependencies/UD Japanese-GSD (¥ “CC BY-NC-SA 3.0 F&Z-JEmb -4 E K
" #E0).
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BREEHFA—ERBIEEE, il | 700, waeRUulged—4~ o] HfY HiE 5.
XERER TS BRETLEAB S RIDIA—EREHR, HBVARFT BRI E
WRG . K, GitvLes iRt IiF AT E NLP THRIFGE/\HiES., HEAERE, ]I
NLP TF2ITEREBHLAS 56 BUAH N AR5 .

137 84

R—FEHEABATRITARES BB mWBE, 4B T NLP P REENHEZ
—iaa A,

ATEDEERUNBI, R A FIRE T — M RELERE. 7EX0EeE L, RI1E
RIBRAUREEAG T T —OnB RS 2R, R TS oGS AR, St ik, #
e A E R R, IR T . O TR BORRERA RS, 31 b s
SIVAREAL A [ IR R A1, O T R RSCR AR R R, FRA1E ) S T 4
FFHERE

B TR, OB RARTE MSR IBRHE I F HIE® T 2.5% . @fiREST, =
TCHIE TR R R T —L(m) . AT ki, AT MPIEMARTRER, 42 T HanlP 1
B BT — SR, ERSITTFRRENAXNTH, RITEBMII%E T —4 i
#, 4% HanLP #HREN T — 1 &R 60IERN, % T iHERIAE .

X1 OOV A [EHKIRRE n TTIEERBIRIEE ), WITHRER KNS IHREL




- o 357
| [] 5 Onfe 2

GRSk AR
[HHanl.P
7 4

H

$4E [SDRTEEHSEARE

-
w1
\ ¥
HX

83 T n TR MR EENRGE G &, AU R ooEET o, i
Fil FR 44 L3 PR A UUABER BRI B R . X AMAE U AR BL TE B ML OOV [RIE : OOV 7E
BAIN 2B AT REHAFIM T, BERRA M,

AR W HEAR AR E? AT DA S ARER N AT, [EIRATRT LA AE S
&, Heanx )i .

L FEERRBTESR, FEYE—ERGEHKE"

Dt e i R LA A RS B A P T, ERAUKARINREN . HiEHEED “RE"
i, DEMEEITFHMGF— AR A T, B, BRARFE "R XHEMEZ, B
2 CET S BB T ARATESLICHET BN, WA SR ENEES,
A SRR ESURDUERIILAYTE, R EARX P~ siAi .

U AR R AN BRI AR BRZ. OOV B RIRES), FRAIT EEHEANTORL AL AR . HEiA)iE SE 4
BRI R AT, IR FREER GRS E RN FAHR MR, BaeREEhFHiE., s
R, MARRTRMET,

Aok, REEGMUFARNTANNE (HRES) ERRE, WhXaRsiis
AENFIFI R AR SRS, —BmE, dBFWEE “FmE" RAN—MNEMH. 1E
Frf “TESUbRIE" BB, B8 AR T AR R R Y —Fh . AT R F AR R E X
BRI, ARG DRI SE BB S /R AT SRR, SO H R FH B b 30oiA] L2k

141 FAliREias

B B4R E (tagging) 509 REAE— 10 x=xx,---x,, R HFH A 0% X R RE
y=yy,y, WAL Heb, y AT REMEREE S FHROUARESR (tagset ). L, MA—1THR
BOFS, S eie0ameE, IREHER RS — Y. EtbREER (4, @), RELRE

D (Ol ) B=R S RN RIS
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e 4-1 FR .

000010102020

gl (B||&F| (B | F| | B |&F||@

a1 AR RO

Berar A r ) m A T4 AR, X R RN, A, KEEWET., FES
JERIG TR AR Z R RERE RThR . FLANFh ek “/Msigya” o, DUt
R, 55— U HH B [ At R A MACRE A [ 7 T R 2 ] 9 BT AT R G SR R FF 1258 A 81 e
HRR G TR R WA E RS y . IR AW KB N FRFIRRTE MR T, 4P 4-2 B .

E||B||EB||BR||T||RBR||T||E

B 42 NESGEEEIFESIRERE -

ERX =W 3 RER AP AR SR AR, BEOURIENE AN, HAH U 3 B L
AHHFEM, M= 3 HETMKELBUGE 17, FrlAsE = A Sl Wof .

3R A P 5 bR 3 (] AR RO ASE B — PR 0 R B AR IERR (tagger ), i % i BB M — N H5 1 088 B2
(X, Y} ={(x", yM)},i=1, K PEEIHKIR G BTN . 78 NLP [[&d, x#H 2F/a
N, My R AT 69248 17 M (A S AR A . IR RS 3 T AP U arial . 5 7 P
AR AR 8 R AIA 2 SCARS, #RRT LA AE R 5 bR ()

4.1.1 FIRESPXDE

ZEE—NFHEY (FFE) x, BRUNEARENREENHFNSR. BLABITFHx,
ESHE R TR RS TR A S B4 ZRYIHF, BEARkEAY. ik, SaiEii s
FEHH {0, i ) MFFIBRERE, WE 4-3 Fix.
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w2 ||| D
B 4-3 FIcsia kiR Y1 5 AR

r:_,lr_

HEPRER EPRE BT RIS, friEleas it e as 4l A /s V)R IEM SR . = LUK
PREEFPSNE AR S0 iAl g sp el 45 5L, FE T R AR 741 5B o 2 4

SHEBRESEHAE A —Fb. TN EAIFEE R (Begin, End). i@ (Middle )
DL X 267 iR ( Single ) BFARRI G SGAMEE, AMTHES T {(B,M,E,S} XM EMITIRESE,

POEOO®ERE®O

B E S B E B M E

B 4-4 o TERER BMES TS

FEfa, sria i SOl > BE FREXTAL X 8] A B BT AR #4890 — AN iail, S AR i
PR B A, U4t B 52 A L R

4.1.2 FImESREERE
RS R — D RAWFFIRERE: xZREFT, yRAMEIERERS], mE 4-5
B e
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CRIOICPIE>
_ﬁﬁ;; 5

7 B 2 4
B 4-5 EMEARER R AN F IIARE R

A PEAR TSR R RE AN ME— Y, ATTARIET Z 62 T AR RSREdE . H b 5 24 9 244K 863
PRIERMIEAARTESR, AT AR B2, WO R 2, ABITESE 7 PN 4
X EEAR SRR BB

FWRES MEFIR” RO, TEGEH BTG R RIE SR A R E A iR A
teinRliAE S akskahia, "M FZEAES AL, KB “FL" HEEREBREE,
(o PR R AR A AR

41.3 FItrES5anEEERRA

Frifleh 49k, 1RRRIISEFAEREA, A%, WARMPIE . 4 LR ooV iy £
BHRE S, EEREA TP RS AKREN R w8 LRI 0, Ht R AR
FYBRTRE A TREES. HNEFEE. SMECREAACHAK, FhHPrHEEM
AR B AR

e 55 )\ 42 0 3 2% P DA AR S0 Ul g, ARG TR AR TR R AT R 2R . (HL 4% A
YLl 2%t B RIR A (FRVEER ), BERG. hTFEARNFEER/DN, S8R
PRI A v AR AR X — 2 B O bR FC VR 1 ke, 0K B 7 4o U AR ) 1 o 1 A o () 5 2R 22 L i
freE,

% BB FAF A P SO R FAE G dr 48 SCR IR A BRI, #R A A A
KEA AR, BT L4 SRS RT LA A BMES fRiE#E, FFE AP MR EE, AR
RN R FAHENRIRTNE . ME—AREE, LA R Ee e SERmaAT. X
AESNZRUIRRAPRIE IR, 7] LUE R i 45 S (K28 51 B % 1) BMES ARZRIEFI H . b
an, M4 B BRIRIARIE Y “B/M/E/S- #48", LAUKSHE, X T ARLEARHE i fir 45 S 1A B B i
WGE—HRHER O (Outside ), BIEEIAZIb, — T HAIREARINE 4-6 FT7R.
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CnD () D i D

.

n——‘-r--

—

0 O B4 E-#th4

Bl 4-6 apSFEERANE A FISRE RS

[’ 4-6 fJaZid b, v EHRBARISARTESR, # “dbu” M XK EAERE
HAE R, HHARE A .

BZ, FFFIbRERR NLP PR WA R B2 —. 72N RES AT LIRS B, ik
RFFFIRER AR . BT LA— e B FPIAR AR %, BEHEC R B NLP RERHERH,
LA T S0 NLP 324 T SARTERIRY, A B IEFHis g a0, A8 A8 b Bt i —
AR SR A RARAY

142 RO/REXER

PR /R A XA ( Hidden Markov Model, HMM ) JZ iR BN F PB4 15 p(x, y) B
BEREERY . x JFRISNAAI L (FRRHE IR ), FROVIMAES] (observation sequence ) ; y J§
FISRFEAR] I, FRAREES ( state sequence ). FLUTWRIN x Fp8ia], qRE y Fialtk, BRITFE
AR 18] 2 A AT iR . PR /R AT KRR Z BrLAFRh “RR”, BREAMIMRRE, KR
EF3) (BlaniEtE ) AT W, RFReEZER, MXAMAERE, AMTRFRRENER
A (hidden state ), TIFRULM N BARA (visible state ), BT /KAl RARRIZ BT LARR A “T/R 0] Al
B, REANEWRE SR RER., BETRIERIERE S T ERARRE, RAHETERRD
IRA] KRR R4 -

421 MERAXERERS/ReJKIEE

eSS 3 BB F A, KNGS DIRTRMBIE: GOFHRLEME LB TR —A 3
o Kl LZ B RS H PR E—R, MR T DRTRE. € NLP MBS T, L
WEMRE RIR, TRORWRERMES N —uFEsin,

MR Z |, RS RAT RR RO S AR T . BRI RBERAERTRERF
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5, BEOHEPRE y, (LUK TR —RE y,, . S PREWBBDRATXEy . A Tk
LhIRAT R GE, Anfaf-55 SR A 5] e S SR AR WE? o Ch 2 ol MR 158 — Bk OAE BT Z i
R x, R T 2] RS y, , 5 oA 2] AR AR sl R 3 57 TEoE . SR I Sk Fon F Y
R (Fik&RER, KB TREAMES ), NEDR R LIRxR R E 4-7.

B 47  BRT/RATRABELLZS A 5 55 WA DI A0 5 T

XK E A —2 bRk, HOER A, NNRERE Y, MARRE#K., XEH TERS
BEFEL G p(x, ), PIPEEVVERIFRA BERERE SEBEXR, Bl p(x,p)=p(p,x) . W01t
WrE BREY M BERVF, BKE 400 58 4 W1 LA P Al S5 1 A4

p(x,p) =px)p(y | x)
=p(y)p(x|y)

RE/RAREE AR AERRQOPRATE—-MEme, MEELsERE, FE0N,
PR TP RS X R E R A PR REIG T, s XETLIER
e R v A B — N R R AIARE RS, RS PR R R A O LAY A .

RSV 2 6] FARBI R R E 25, B S /R T RAREUR] A =S Ok B 51 9 &
Al B — AP E R i, PRASFE R R A R S R (o RV DL ABE SRR ),
TERE TR =A/NIh R4

4.2.2 WBRRESHEQS
RS RG—MRAE , FOHAIRE, By A NFOTREBIGL, By e (5, 5.} . 7
2y, BER— SRR BCRIRENLS R, p(y, | o) BE. Hob = (m,, )T, 05 7, <1, 37, =1

BRSO SR, FRUMERSEEER. RIECREREE . 48 ds
iR
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______ z‘h 0 o °

B 4-8 35 RA]RER R ER AN = B

W5E m, VAR y, BBEA A EE T teanrh SCanl [ BER A {B,M,E, S} FRiE&EAT,
v, FFA AT GE A BUEL B R RE R 4T

p(y=B)=0.7
P(}’l =M)=0
p(yt =E)=0
p(y,=8)=03
HE 2 b B T 25 AT e A R i R S HE R 6 N £ =[0.7,0,0,0.3] o {EFEARE M 1 E HER

K0, BERAFHE AR RER N BT K PR ER. B, p(y,=B)>p(y,=9), i}
W) T4 — IR B S A AT AR RN — L2

4.2.3 PREEBMEER
yEZIE, WA y,, W7 MR DR RBE, o+ 1 W EREPUBRT ¢ B a9k
A5, BESR—I6H NFORAS, TBAMIRE s, BERES s, OMERREMIR T — 4~ Nx N B9 F7 B, Bk
THRBEMEEEA .
A =[p(.,v:+l =Sj | Y =S.f)]NxN

HATFhri ., jaslFRASRE . jFRE, WmINZE | FRRERPH B, RFEHE,
KRS HRMRE R M SRR E A EE L, [2IE 49,



132 | #4% RIRITXEILSHFIHRE

------

B 4-9 BRERATMREEPIRTEEHMEER

WSRO HEBE X, b 3Crad, /% B MRRATRERS, TREAE
BT p(v,, =S| v, =B)=0BUAT LABBUX AR ES (E RS ToR . Iboh, DUBP &b, F
R B SR A KRR AT LGRS BN p(v,,, =M |y, = M) BBHZIE S IS, FRE, mtebrirhi
“FFE—ZE" “BliA—shia" ] DUE DRSO (H—RA R, Ry
MM EEA T BT RT3 T, Wi iebE Ligit A s,

4.2.4 KREIBEEIER

B TRE y, ZJa, QT e i x, LR A e AR B Ch ARl R D), R0 x, {2
SR T SRR y, o WALRUL, SRRy , xWR— DL SRR &, HBE R
—A g BRI x — A MAATREAVEME, Bl xefo, -0, } . W x MIMERRI i 5 B B4
BEAM . Ty —3A Nfp, FRLXEES R RN T N x M IR, bR STBERER B .

B=[p(x, =0, I ¥y =¥y N yeu

Hep, B if7j 900K TR i Fj 20 BACE00 AR A 58 i B Ss AU, thindk 25
i=1 RARFRHEPE “BT", B px, =BT |y, =B) XN AEFEPLE FAF - IoE. MEFHE
KZINK 1000 {35, T B SEE—1~ 4x1000 AY%E %,

¥R SR RE B /GBI a2 R EE L, B3 4-10,

------ DA

B 4-10 FRE/RAIxRE & G5 %
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%5t (emission ) MRMEER - MEFELIARE: Ky BELAIRFEHL, x BLIR
[ (o i 73, MARYE v, 805 x, 09 AR RS AR & ST —E . ARIAE IR ERE
WILEIAR, FERSEMRELRS EFHa R, 5 HEELEFSEEH,

% WIHE R AE v SO Pt B A SEPRTE X, AL R A B LB . HL andE iRl i
fih (—B4% MR E R EE ), AESWME (EZ5HE) “E", BN 57 —&IER “EE”
AR, AR T p(x, =8 |y, =B) BRI, BRI IR IE ‘&8
PRI

VIR A MR A . RSB R S & ST R A R O R SR T R R = T
A=(m A.B), RE=JLAME T, BRDRREREHE 7. A 7TRE/RTRERZE, W]
il W 7

425 [ /REFENY=NEREE
B L J% 0] Fe Y (VE - AR il dR v 5, B — 3o n s =48,

(1) FEA: )L, e R A = (o, 4, B) , A )G EBERU AR REA, BI— 2R 50 51
BRI R EARZSF {(x7, p)}

(2) BRIk SAEIZIE (x,y")) , TS A=(x,4,B) .
(3) FFHI I n) . AR SE A= (n,4,B), HEWMFES x, K REAPREFIy o

EE W ROCOE =AM, ERTPIA SRR ER, MR R M, °] LA E
Kof [ B 2% B SRS f) BEAC AR O B Y, AR AN R E R R B T (I, 43R Ok 50
JUAS/INTT R[] 21 43 ok 2 ) R i e B 5 LA SE B

14.3 BeD/REIKAERIOREAERS

43.1 =H—ET2Hh

MR EERARITR " B2 RS, RRMBIRE 2K, EaOki2
ARAPRRE: Ea@iE, Wakbe. OQFSHEATEH CREMAMIRE, FGEE SR
B RIERIER . EEAK, QREXFE, REWAR—RKIPREA X, HFH, @4KEK

M BRI AR ] AR A RE A< A il 5 I T 6 0 FLEL AR DG, BEE LA ADE IR N R L L IERR 575 . SARERNLP
PR AW R, HIRANALE T .
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IR AE 2 K I B ARRE . A ORI E BRI R L 5E s ic % T Bl TR SRR (k&
SRR IER ), WX T RE)EACRE (BESREE ). H TEITEWER FILERF, Bt
HRGIGEDE, EREEELK, BEWmeEmE 4-11 Fix,

B 4-11 &S - R

MEETE, —PANIHRRER L, 04 BEEREARPORE. ERFHE XA 0.6
AOMERARSE R be, (B R BORAE T WATRELL 0.1 BERRIIEH . TR, A4,
AT — W BER AR -

RIBERAMEDD, HIPRA (. &5) TN DR RETUAEIRE (& 4-11
TR ), THEAEE (k& . (RSEaIEN ) T/ 0 Ba AR T M i GRS (B o 1 ik
). B AR R —, REOMATAD R R, X RBIILTH
RT —MEDRAT R, I HSRESAE (SIE 4-11), Hd, B R A%
i, SEARX LR, RS2 X I & R

[ R ] FARKYLE HanLP P HIZEIMFR N FirstOrderHiddenMarkovModel , A<M et
IRA] RABERYH Java R UTF (3 W com/hankes/hanlp/model/hmm/FirstOrderHiddenMarkovModel Test.

java ) :

/**
* BRIRE
x4
enum Status

{
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Healthy,
Fever,
}
;’**
* BRE
' d
enum Feel
{
normal,
cold,
dizzy,
}
’(**
« FERSHECE
*f
static float[] start probability = new float(]{0.6f, 0.4f};
/**
« BARBEREN
*f
static float (][] transition probability = new float[] []{
{0:7%,; 0. 3E},
{0.4£, 0.6f},
}:
/*t
* RMRER
%/
static float[] [] emission_probability = new float[] []{
{D.6F,.0.4F, 0. 1€},
{o.1f, 0.3f, 0.6f},
33
/*t
* ETRANYMEFS
ol i
static int[] observations = new int[] {normal.ordinal(), cold.ordinal(),
dizzy.ordinal() };

FirstOrderHiddenMarkovModel givenModel = new FirstOrderHiddenMarkovModel (sta
rt_probability, transition probability, emission probability);

i Python #iR4NF (£, tests/book/ch04/doctor hmm.py ) :

states = ('Healthy', 'Fever')
start probability = ('Healthy': 0.6, 'Fever': 0.4}
transition probability = {
'Healthy': {'Healthy': 0.7, 'Fever': 0.3},
'Fever': {'Healthy': 0.4, 'Fever': 0.6},

135
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emission_probability = {
'Healthy': {'normal': 0.5, 'cold': 0.4, 'dizzy': 0.1},
'Fever': ('normal': 0.1, 'cold': 0.3, 'dizzy': 0.6},

}

observations = ('normal', 'cold', ‘'dizzy')

A = convert_map_to matrix(transition probability, states_label_ index, states_
label index) # ()

B = convert map to matrix(emission probability, states label index, observations_
label_index)

observations_index = convert_observations_to_index(observations, cbservations_
label index)

pi = convert map to vector(start_probability, states_label index)

given model = FirstOrderHiddenMarkovModel (pi, A, B)
H1TF Python 384 enum ZRY, FrUABERERaAEFER dict deiil, HHNIHAEDAM k.

HHUEHI A, B Fll pi B Java FRAMBE T, "TLIEHIEEA FirstOrderHiddenMarkovModel
FE B B R ] RARRY

BRRGENS, ETEINGFEAA B R E ¥, BT A ERARBEER S, Fril3k
MR CEREAEREART .

4.3.2 HAEEE
FIRK THRAFS, E0E BRI DR T REEE T4
(1) KRR RAS BER o BER RS — 2R E 3, =5, By, ~7.
(2) y, REELHRGE s, 5, RARREHBERENESE TR R 4 R T —-RZI0RE
Y v BBy ~4. 0
3) By, =5, VRWEGEBEENE 1778 K¥Ex, Bx~B .
@ BELEQEHT-1 K, EELEO) Tk, WiliFdx5y.

£ HanLP S 3EXS . com.hankcs.hanlp.model.hmm FirstOrderHiddenMarkovModel#generate :

/**
* EREEFS
* @param length FHI{EE
* @return F7l
*/
public int[] [] generate(int length)
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int xy[] [] = new int[2] [length];

xy[1] [0] = drawFrom(pi); // FREENRRA

xy [0] [0] = drawFrom(B(xy[1] [0]]); // REFETRRERHEENRIRE
for (int t = 1; t < length; t++)

{
xy[1] [t] = drawFrom(A[xy([1] [t - 1]]);
xy[0] [t] = drawFrom(B[xy[1] [t]]);

}

return Xxy;

}

Hb, xy BUAERFY], RHEHHFM. A% xy[0] [t] £, xy[1) [t] ¥R y,.
drawFrom PREUIE 45 8 B IR B DL S BE AR o) £, RAE—/NERME. Tt Rm %) 1 iR 2
ZIEHETA] ¢, ARICRFERARE, RIGREET —TRURE: MEARARE, FROOURME &5
I B R RARE,

| hriz FM A REZ I HAFSY, il HanlP i35 T —ME size MEEK
P DX ) N BEAS 91 B9 pR X (1 . com.hankes.hanlp.model. hmm.HiddenMarkovModel#generate(int,

int, int) ) :

f**

* EREERFS

* @param minLength FIS{EKE
* @param maxLength FFIBREKE

* @param size BELERZ LT
* @return BAFIES
*/

public List<int[] []> generate(int minLength, int maxLength, int size)

Kl i 2 MEEAFES, KEANF3 M5 220, H Java LB F (3% W com.hankcs.
hanlp.model hmm.FirstOrderHiddenMarkovModel Test#testGenerate ) :

for (int([] (] sample : givenMcdel _generate(3, 5, 2))
{
for (int t = 0; t < sample[0].length; t++)
System.out.printf( "$s/%s ", Feel.values() [sample([0] [t]], Status.
values () [sample[1] [t]1]) ;
System.out .println();
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FERZAY Python SEBLANT

for 0, S in given_model.generate(3, 5, 2):
print (" ".join((observations_index_label[o] + '/' + states_index
label[s]) for o, s in zip(O, 8)))

BT RAS R T RE R .

cold/Healthy normal/Healthy dizzy/Fever dizzy/Fever
dizzy/Fever normal/Healthy normal/Healthy

TRV EE, SRETHEREBEEILE ., BE—EMEAER DR RERPAR,
GATRE R X — A WB? P I GRoRIGIE: SR P, FIA P AR K BBEAIGRHER O |
R P QWMSH—B, WARBEMNFHEARKMERRERES. TR, RITETF—
SN

14.4 BRS/RAIAEBIAGI)IL:

RN GBI R B AIRE CRBIER TEREy ), BT 072 28R e T 2808,
LIRS A M 2 S PR B 5 200, BRAA R BIRIREA R TE 20U, IR A MUAL %A F
(2P Shpap EiE S e

TEREF T b, FRAOTA USRS AG T B SR T AR B8, B T KT KA R B4
AR =T (r, 4, B) , ATH =AY 05 R A 8 = i 1 R R A S

441 EBMEBENGTT
ICHARFIHEMZ) b TRE s, . B2+ 1 FeREBPRE s, o Gl BRSO T ASE T
A, WARERKMRAT, M B s, FEBAE o nTASTHRERES i FT3R AT —1k.
a , = A ; i,j=1,2,---,N

i Z::;A'.j

% A SE B XTI com.hankes.hanlp.model.hmm.HiddenMarkovModel#estimate TransitionProb
ability :

@ BAGRAIRBRIS R KN E 2T 0T i EM SEIESE B, FRME Baum-Welch 93k, 7 GBI UGN 2 % 2 i 16
CHeite k) 4 10 Bk A9 % hitp://www.hankes.com/ml/hidden-markov-model. htmil.,
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/*t

« FHBACABTEBRE

*

* @param samples  JIIHRAE

* @param max state REHNB|ATH, EFv-1

%/
protected void estimateTransitionProbability(Collection<int[] []> samples, int
max_state)

{

transition_probability = new float [max state + 1] [max_state + 1];
for (int[][] sample : samples)

{

int prev_s = sample[1] [0];
for (int 1 = 1; i < sample[0] .length; i++)
{

int 8 = sample[1] [i];
++transition probability[prev_s] [s];
prev_s = §;
}
}

for (int 1 = 0; i < transition probability.length; i++)
normalize (transition_probability([il); // @

}
Hrh transition probability StRH [ 4, DK normalize M — B RAIHEHLAE
B ) BHE— 1k R

4.4.2 #HaSHERERNGTT
WERAREH I IBEREH B —FrEf, By, 2 BOS ¥k, FrLAM BOS 3y,
WK A —17, Bttt y, WA BUERBIGCIEm & ¢, RRHERR T EHR—.

fi=—bt . §=1,2,+,N

N
Zi'=lr:J

AP T com hankes.hanlp.model. hmm.HiddenMarkovModel#estimateStartProbability :

[x*

* BHHPRSRSmE G R

*

* @param samples ISR AE

* @param max_state KENBATIR

*/

protected void estimateStartProbability(Collection<int[] []1> samples, int max state)

{

start_probability = new float [max state + 1];
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for (int([] [] sample : samples)
{

int s = sample[1] [0];
++start_probabilityl[s];

}

normalize (start probability);

start_probability fERstZmE x .

4.4.3 REMEREFFRIMET
Gt REA PR W s, LU o, B9MK, T+ ASERETEE B, AR 5, R SH 0L o, HOHER
it

bl--=_'_“';£_‘. izlgzs“‘,N;j:Lzo“‘vM
} ‘E:iﬁiq

FFASEI7 T com.hankes.hanlp.model.hmm.HiddenMarkovModel#estimateEmissionProbability -

[**
RS L SRR

@param samples |Gk
@param max state RAENBA T
@param max_obser WMHBK T

* % * * »

4
protected void estimateEmissionProbability(Collection<int[] []> samples, int
max_state, int max obser)
{
emission probability = new float[max state + 1] [max obser + 1];
for (int[][] sample : samples)

{
for (int i1 = 0; i < sample([0] .length; i++)
{
int o = sample[0] [1i];
int s = sample([1] [i];
++emission_probability([s] [o];
}
}

for (int i = 0; i < transition probability.length; i++)
normalize (emission_probability[i]);

emission probability XfN % B .
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4.4.4 SIEEEARZER SR %
SEH A Zhad B R B T 3X =4~ A%, f1F com.hankes.hanlp.model.hmm.HiddenMarkov-
Model#train :

/*t
* I
*
* @param samples ¥B®E int (i) [§] i=0 HFWM,i=1 HRA,JANFH
*/
public void train(Collection<int([] []> samples)
{
if (samples.isEmpty()) return;
int max state = 0;
int max obser = 0;
for (int[] [] sample : samples)
{ 3
if (sample.length != 2 || sample([0].length != sample[l].length) throw
new IllegalArgumentException("IEZERZE") ;
for (int o : sample[0])
max_obser = Math.max(max obser, o);
for (int s : sample[l1])
max_state = Math.max(max_state, s);
}
estimateStartProbability(samples, max_state) ;
estimateTransitionProbability (samples, max_state);
estimateEmissionProbability(samples, max_state, max obser);
toLog() ;

B5—%) toLog M A SRS EOR T M8, XA LIRTIMECEARY:, BibR A%
Tt 1o

& PR S B T 2, RO — K. FASERRD /R RER P AR+
FEAS, fEX + A LUISGHRE 0 , HENIASRISHET 3.

Java FELANTF (7%, com.hankes.hanip.model.hmm.FirstOrderHiddenMarkovModel Test#testTrain ) :

public void testTrain() throws Exception

{
FirstOrderHiddenMarkovModel givenModel = new FirstOrderHiddenMarkovModel
(start_probability, transition probability, emission_ probability);
FirstOrderHiddenMarkovModel trainedModel = new FirstOrderHiddenMarkovModel () ;
trainedModel.train(givenModel .generate (3, 10, 100000));
assertTrue (trainedModel .similar (givenModel) ) ;



142 | #4% RIRTXEISHFIFE

Hr, givenModel R4 ESEMER, trainedModel & i 4 B A RAE A I 2 2K 4
PR T similar AT HEAMERSEORE R EEREREZELREIA.

XFREf Python RRAAN T ( i tests/book/ch04/doctor hmm.py ) :

trained model = FirstOrderHiddenMarkovModel ()
trained model.train(given model.generate(3, 10, 100000))
assert trained model.similar (given model)

BATEW S — MR, TR, (/MR R AR

BUEAY, EFCLLI T RLD/Rl KRR AREA A BRI IR, 8T s AR St
FAB T ER Y

145 REREXEROTTY

BT J% AT AR R B BB T R [V SR P SR e T« S P31, K d5 mT RE A ARZS
FIRHMR, ERFEWHASS, BERT —(HA, MBiE=KMFAHBRZRE. E¥. &
T, kB, Bt = K] RERY R AR BRI NI

451 BERIEOAEEE
UEFF AR, S BRI, 45 M 71 x FI— R F ALy .

i v P BOBR B BER p(x, y) B? HEREME DX N A, BB AR BT (x, p) BIER
27T,

Wi B S /R AT KfEE (F 4-10), &6 =1 MRS EAGIRRE, HREMEH ~
E, Bl

Py, =s)=m, (4.1)
BEXF =2, REy, HATICRE y_ MR, HEBBEHER A J0E, B,
P(_l’, =93; l Vi :s;): A.-_,- (4.2)

FT RRZS 51 M A3 (4.1) it (4.2) B9FFH.

p(y)=p(.vn---,,vf)=p(}ﬁ)li[p(y, | ¥,1) (4.3)
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B, XF8Ay =5, M2 “KRE" —Tx =0, HESBRGER BRE, B:

P(x: =9 | , =Si)=B:',J

MasiE THIREFS y , M0 x BIERBRK (4.4) B9 RBUEA.

p(x1y)=I1r(x 1)
IR FR (4.3), 1858 EREF B SE .
p(xy) =p(y)p(xly)

= P(Jﬁ)ljp(yg |.V:-|)lilp(x: I-Vr)

(4.4)

(4.3)

R R x, y, M SR AR 5,00, . BEABIOA (z, 4, B) EGHIBITER, MTTH

HHAEERFIRMER T .

452 BRREFINNEGLEX

g TR 4.5 25, HIFBAHERHT RN ARSI LA R—MERAE. B,
BARENE A m E P — N, R R EERS th F R R IE, WA B BT B i A
BUSE . IBAPTE BRI B — 08 7 IR |, Rk R R AR P 51 B2 1 P ) B 1

BT, MER R RBIEFOVERLE R, AN 4-12 PR,

t= t=2 t=3 o t=T
E 412 RORAxEBPH4ESIEEZE

FEMNEEAR R, B EIRAEHRE, RN REBER, b T2 05
FIRIAH, REARSE ST WM ERARR, B A A S WOait s 3 SR, AN

@ WREIEEREGTE, W RACHRE, R (R, N RAERR .
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BRI . Pr A E RS —RRARIE Y, & ERE, KAEEN =TIZIE NRE
PHAEE—1

QT AR RAR PR W7 B8 ) ik AN A5 IE ZY N RS EIRAS AR SRI N 2 2 ) AR A
HA N FEG. T3 TR, FrAERER OTN?) .

WREEE, BREEERy , HhNEEBIITZ] ¢ 09—B R v, v, X ER5
BEBBEXT y; o, yp W BORH— B W R ERMH . ZERTTLUARIBEES : BB ES—&R5H%
By v BTy, MAKES - PHER RSB S —FFMRNLRBRMEEE, 5
V' HRESCFE

METy,, (URBT y, ., BrLARCRE R LIS AR R & L 84 o, FmrentZ) ¢ LU
s, HRMITH RN RAREER, MNi=1Z58H#E3] =T . BUGEHERE L KB N EEH
R PkiE, FTLIEIRER O(TN) . A TBERMERE, RITELTICRERENRR: F
MA—NT"HHH y,,, ThEXLS MR, FHRHERBEARE y, HATIRRE. TRE4E:
AR F B R R I R s

HE4F L EE

(1) #I86tE, =1 BHIIRRIMBEEAISER N RELR, IR A5 .
b,=nB,,, =1, N
w,, =0, i=l,N
(2) &M, =2 WNEBREEBREEEAGCIE—HZA—TFORE, KEBIM—807, R
MR R SERIT AR, R ERRMSE, FHF .

(4.6)

3, =max(8.,4,)B,,  i=lN -
v, =agmax(d,,4,),  i=L-N |
() K1k, RHBBAMZ o, BAFRBAMRp" , LIBABAIZERRE TR i .
P (4.8)
iy =argmaxdy,
(@) EI¥, WA p EWIRTEORES, BRI TR i =i, 0, -
=Y t=T-1T-2,,1 (4.9)

@ “FRRE" HERE, B—TERMELE.



45 BORTREENGFN | 145

Tst i EARE AR, 74 BACEE A48 HanLP P #3280 (3£ W com.hankcs.hanlp.model.
hmm.FirstOrderHiddenMarkovModel#predict ) :

[ x*
* WM ( AFLEE0UE )
*
* @param o WLFF
* @param s WUMIKESRFF ( BMELENTF)
* @return MEAXE, TH A (float) Math.exp(maxScore) HER
%/
public float predict(int[] observation, int[] state)
{
final int time = observation.length; // FAHE
final int max s = start probability.length; // IR7EF#

float [] score = new float [max_s];

// pathlt] [s] := WM HAELIRERsH, FI—PRERHZ

int[] [1 path = new int [time] [max s];

15 score Il T RS HIE pre B[R4 K o B . F— 1 BTZIRTER 4.6) ¥
GAME R ) B N R SR A MRS B A B S B R EUE P R .

/] B—TEE, R R UL SHERIER (& EBRS)
for (int cur_s = 0; cur_s < max_s; ++cur_s)
{
score [cur_s] = start_ probability[cur s] + emission probability[cur s]
[observation[0]1];// (D

AR ZIRERX 4.7) WFZER R E B E— 2B . BRI,

/] BZANY, ERAR— IR HER S B — B ERETR DUR NI RIERE ( #E LB )
float[] pre = new float[max s];
for (int t = 1; t < observation.length; t++)// @
{
// swap(now, pre)
float [l _ = pre;
pre = BCOre;
score = _;
// end of swap
for (int s = 0; 8 < max_s; ++8)
{
score([s] = Integer.MIN VALUE;
for (int £ = 0; £ < max s; ++£)
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{
float p = pre[f] + transition probability(f] [s] + emission_
probability([s] [obsexvation[t]];
if (p > scorels])
{
score([s] = p;
path[t] [8] = £;
}
}

FFAIREES (4.7) , RASEEROUURIH TR — I 2R v, , . BRIV R T I A
ZRTEAE (% ), REAREERT— A ZIA9 4RI, T4, HanLP FIF TIRENMALY H9H15 .
J pre BUBTERERT—MHZIBIAE, 15 YHTAML score ZOBMEHN, 118 T JLlE,

link XL w 4, B TREBEEG ORI EIEE. TRl CEA R sIBEE T .
MBS BB ZE, RIS (4.8) 1K (4.9) ST e 1), 18R R SO AR

float max_score = Integer.MIN VALUE; ( & ERRw )
int best s = 0; :
for (int 8 = 0; s < max s; s++)// @
{
if (score([s] > max_score)
{
max score = score[s];
best 5 = 3;
}
}
for (int t = path.length - 1; t >= 0; --t)// @
{
state[t] = best_s;
best_s = path(t] [best_s];
}

return max_score;

RSO LA ES TR (1), TR T X8, Bridseksumniz . IFxt 4%
(2), TEAXRIATR (3), TEAR@XNAIE (4).

E B R W ETF ISR, FIR4ER LR, ARG RSN S “IER . &
© WEhBe REIEBHRIN M FOGETT, BOCBIGEH TS % A GIFH (BTG ) 23 %




46 BRORIEMUSHFIXHE | 147

LR, B =R B RS AAR R R A AT AT 7. A Java SEERANT (FER
com.hankcs.hanlp.model.hmm.FirstOrderHiddenMarkovModel Test#evaluateModel ) ;

int[] pred = new int [observations.length] ;

float prob = (float) Math.exp(model.predict (observations, pred));// @
int[] answer = {Healthy.ordinal (), Healthy.ordinal(), Fever.ordinall() };
assertEquals (Arrays.toString (answer), Arrays.toString(pred));// @
assertEquals("0.015", String.format ("%.3f", prob)):// @

RGO predict HEHMBEICRETFINFA pred B, REFAEREME, B
BUREIRAEA prob R, (RISQERANMSE SR (@, (. Jpe”, ORISR
SIEMERE /DN — B ERERGBRFRIDE, REFIEFEFENELT
Wb AT, PR R R m AR, R RS TE, W EReEFREERE
FOTRHL L. WRFEER, WIRAEEWE. A2%80EH 7 IIALE predict &
M, BRERS e, HEERFS FRAPES R

X0 AHN Y Python SEELANT

pred = JArray(JInt, 1) ([0, 0, 0])# @

prob = given model.predict (observations_index, pred)

print( " ".join((observations index label[o] + '/' + states_index label([s])
for o, s in zip(observations_index, pred)) + " {:.3f}".format (np.math.

exp (prob) ) )

{CISDANE T Java 8ERIEUH, RIRACGETIMIPREE ., BITERN .
normal/Healthy cold/Healthy dizzy/Fever 0.015

WEZLERE, 7 RITWmFRE. 858 0. 015 ZFFIMBEHME, SEREE I
BCARGIRIRTIGE TR, VI, MM ETfE.

BRI i2WrE— I BLEEN], RIS, REHR (B,M,E, S}, FTsiREN AR
IR ] KPR b A T -

4.6 BORAXERNATHINE

HanLP B 22380 7 AL TR SR nl REBAY A b 2 4HiA) &% HMMSegmenter, - HSEH T il%iHE
M. BIRZGETH P AT, A -BiEE . WAM A TEE NLP 24T
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TEFF UG o SO AAE 5 AT, A — SR TP f b 2. Wt ¥ R (B,M,E, S} Mgt
NEZEAER id, PG NS —FEELid, XM NLP @405 18 EFRfERR
( vocabulary ) S(#RiEEE (tagset ),

46.1 NEE

¥z, HanlP ELH T {B,M,E,S} fr B B B A MG, #84 cwsTagSet. HanLP
WL T H TR EbRE R posTagset LK H Ty & LA R 54 NERTagSet . Xf HALARIF AT
%, EHLATLSEH A C MRS, BB iriEgE, R Pl DUESE A A HanlP B E
FESURRTERIRY, AUARES SR RBEEILE A .

X PR R BT AN 4-13 s,

.lterable| | ©.IStringldMap  -IidStingMap ¥ - ICacheAble
A A . S N

| € .TagSet

. e

(©.CWSTagSet | ©-NERTagSet  &-POSTagSet

E 4-13 HanlP shayirF &gt

TagSet SC L T AR4E 5 id 2Z [a] (80 B . O M8 01, DAROF S0 EE 1, AR KT
CWSTagSet :

public class CWSTagSet extends TagSet
{

public final int B;

public final int M;

public final int E;

public final int S;

public CWSTagSet ()
{
B = add("B") ;
M = add("M");
E = add("E") ;
S = add("s");
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HanLP #E4% AL R A7l (B ML E,S} (Y id J2 28 TR EBITIRE, F SR HEHR T 717 &8
HEE. Fsh, R AR BT 5 E I

4.6.2 BT

FARE LR, AUREER A AT BT AR AT KBRS, HanLP S0 T MF AR
SRMAIMAT, FKH Vocabulary il (BT AR FAEMTA, BERES 2
FERRRA, AR ). AR TR

public class Vocabulary implements IStringIdMap
{

private BinTrie<Integers trie;// @)
boolean mutable;// @
private static final int UNK = 0;// @

public vOcabulary(EinTrie<Integer> trie, boolean mutable)
{ :

this.trie = trie;

this.mutable = mutable;

}

public Voecabulary ()
{ -
this (new BinTrie<Integers(), true);
trie.put ("\t", UNK);

}

@0verride

public int idOf (String string)

{
Integer id = trie.get (string);
if (id == null)

{
if (mutable)// @

{
id = trie.size();
trie.put (string, id);
}
else

id = UNK;
}

return id;
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He, O ZIRINTBEMFHE, FEFAFLL L id. @4 mutable %G 7 318 6l 7% 2 E
Hig. 7 HEeRETH OOV Mg B— 155k aY id, BP@ALA uNk ( unknown, NLP &4iH 5 —
NEE ) TEATERAT R 00V 4MELHT id, HEI@LbHEH

FERRIIGRA R, WRETSER, HIZGEPRPAFR (9i98) 20 id, B,
RATAREBOR BT A FAF (M) &2 v, Heet, X 0OV Ffilgt —m4fh UNK,

46.3 ERER

MF (AR B WA FERE, RITQHFERN (x,y) ZTTHA GBI ZRER D /RA] K
BRR, FiEME, HanlP &5 8 1 H sh % ¥ % 8, {7 T com.hankcs.hanlp.model.hmm.
HMMSegmenter#convertToSequence :

@0Override
protected List<String(]> convertToSequence (Sentence sentence)
{

List<String[]> charList = new LinkedList<String(]>();

for (Word w : sentence.toSimpleWordList ())

{
String word = CharTable.convert (w.value);// (@
if (word.length() == 1)
{
charList.add (new String[) {woxd, "s"});
) _
else
{ "
charList.add (new String(] {word.substring(0, 1), "B"});
for (int i = 1; i < word.length() - 1; ++i)
{
charList.add(new String[) {word.substring(i, i + 1), "M"});
}
charList.add (new String[] {word.substring(word.length() - 1), "E"});
}
)

return charList;

}

% PR AT TR E R E P ) — M) T Sentence ¥t A 64l string (1. —JCAHME—1
TLHE T, BT ER (BLME,S) #1%, OANT TFREMAL, A ERERTRES
PR FH BRI

R FH P A BT 040, A NiZ protected Fik HahfifT. BOGERMLE, EHEKS
TEJGEEEE Y T 3] override %7 Bk s SR bR Fiidy 22 A1 51
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HMMSegmenter 2 train #10, #52Z ( AR BIR) #=CEHERBE, gk MR
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1) || 25
) 71N

fifi%7E HiddenMarkovModel 2RIAY A 51 7F it model H, HMMSegmenter AL G A £155 /TP
WA ABHREESE cwsTagset MliAl# Vocabulary. S8 T =#FHELMZ G, JIZE8E0F T
7~ ( W, com.hankcs.hanlp.model. hmm.HMMTrainer#train ) :

public void train(String corpus) throws IOException

{

final List<List<String[]>> sequencelList = new LinkedList<List<String[]l>>();
I0Utility.loadInstance (corpus, new InstanceHandler()// @)
{
@0verride
public boolean process(Sentence sentence)
{
seguencelList.add (convertToSequence (gentence) ) ;
return false;

}
P

Vocabulary vocabulary = getVocabulary() ;
TagSet tagSet = getTagSet();

List<int[] [1> sampleList = new ArrayList<int[] []>(sequencelList.size());
for (List<String[]> sequence : sequencelList)// @
{
int[] [] sample = new int [2] [sequence.size()];
int i = 0;
for (Stringl]l os : sequence)
{
sample [0] [i] = vocabulary.idof (os[0]);
sample [1] [i] = tagSet.idof(os[1]);
+41;
}

sampleList.add (sample) ;

}

model .train(sampleList);// 3
vocabulary.mutable = false;// @

AR CORFTE R b A 0] TR R AT R IB N oo, QAR 74 Eh B A IR id,

@ PATING:, VIZR5E 55 E@ARHE iRl B Hik

F& A1 4 28 A I MSR i B I 25 B B, Il 45 4R B9 fZ F com.hankes.book.ch04.CWS _
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HMM¢#trainHMM -

private static Segment trainHMM(HiddenMarkovModel model) throws IOException

{

HMMSegmenter segmenter = new HMMSegmenter (model);// (1
segmenter.train (MSR.TRAIN PATH) ;
return segmenter.toSegment();// @

}

Z PR B DA E R i P 45 A—7-23 Y HiddenMarkovModel PAGIEE 4 in] 8%, XKL P
AT LAFE B S /R T KA S B T . QAL SRl 88 554l segment $E11, DAREZSTVFI 77k
A e e S /15 rp 22 B B A BR S /R T R AR, (ELX L SefE A — B o Rk ol oAy .

Segment hmm = trainHMM (new FirstOrderHiddenMarkovModel());

XY Python US4 tests/book/ch04/hmm_cws.py :

def train(corpus, model) :
segmenter = HMMSegmenter (model)
segmenter.train (corpus)
return segmenter.toSegment ()

if _name__ == '__main__ ':

segment = train(msr_train, FirstOrderHiddenMarkovModel())

46.5 Ful
VIZRERA S /RAT R RS, BRI TIIZS FE (B,M,E, S} FrEEFF 51, 73ia) SR AIAR 8 b &
IR, R F P S0 Bim 75

M TR A4 tH A AR T RESE 2k, i B B9 F —MnsE al iE SRR A S, FFLA—1
ft 4R A LA A X LR L B3 . R (B,M,E, S} FRiESE D B f1 S EUUTF LIl 15
2, MM ERRIT “EE” 84, RATATLRA M T 1558000 .

(1) FRILRIRRER L 58RI whz=[, Bgs™,
Q) ZTEAFHFx 5%y, We=c. #& y=BorS, WUy, L+=w.W=[].
() K& WRBRNEH, HIEEEAW L+=W .,

#F HanLP HSCELNF (3£ % com.hankcs.hanlp.model hmm . HMMSegmenter#segment ) :
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public void segment (String text, String normalized, List<String> output)
{

int [] obsArray = new int [text.length()];

for (int i = 0; i < obsArray.length; i++)

{
}

int[] tagArray = new int[text.length()];
model .predict (cbsArray, tagArray);
StringBuilder result = new StringBuilder();
result.append (text.charAt (0)) ;

obsArray[i] = vocabulary.idOf (normalized.substring(i, i + 1));

for (int i = 1; i < tagArray.length; i++)

{
if (tagArrayl[i] == tagSet.B || tagArray[i] == tagSet.S)
{

output .add (result.tostring());
result.setLength (0) ;

}

result.append (text.charAt (i));

}
if (result.length() != 0)

{
}

output.add(result.toString());

AT ABAIE— T segment £ ERME, Java BliR{CHS N .

System.out .println(segmenter.segment ("B afIRE")) ;

Python {4 A% % .
print (segmenter.segment (' @iffIRSE "))

MEMLGRBE (B, o, BRF ).

AL E  MEN
4.0.0 o ;E'_!

HHZ AP Em R, £ MSR R X B /K AT B 73R S A THRMEAL I . Java R
5 F (M com/hankes/book/ch04/CWS_HMM java ) :
CWSEvaluator.Result result = CWSEvaluator.evaluate (hmm, MSR.TEST PATH, MSR.

OUTPUT PATH, MSR.GOLD PATH, MSR.TRAIN_WORDS) ;
System.out .println(result) ;
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Xf I Python fCFSIN T :

result = CWSEvaluator.evaluate (segment, msr test, msr output, msr gold, msr dict)
print (result)

B ANNLRSE MR T AR AL AR R SR 8%, 1SRN TE5 R

P:78.49 R:80,38 F1:79.42 OOV-R:41.11 IV-R:81.44 -

46.7 2REDH

GRAMAE, FHHA 7942% , SLEAWRMI>E. {H R, MWIEES 7 41.11% ., X
UL A 3 OOV #FBUERMM A [ 17, # RS M2 IV B EEHR.

IVIEAE, GEBERLKEE T, fEVLAE PO RIE . twiF, FA010T LA % oy
S BER A R[]

147 ZHiRDRAXER *

AR B T AR ] R AR R AR A CUROEE T B — RS, IR —Br s AR T i wi~IR
A, WFFZHr. BEAR—BE DR n] R R TRy, 2 al IUI5ea] —Frokdd e a8 A
TRRSE B B9 AR ORI, RS — B S AT KA ) i

FF HanlP RUEEHMLIG TR, IRITFATENTIL,. MRS HiddenMarkovModel fiY
+2& secondOrderHiddenMarkovModel, 5 ' —171Y FirstOrderHiddenMarkovModel
HAE—E A UML B 4-14 B,

®- starthprobablllty float []
® - emission_probability float[] []
#® o transition probability float([] ] |

1 t

® - SecondOrderHiddenMarkovModel
® o transition probability2 float[] [] (]|

f# 4-14 PSRRI ERER IR



47 “MEDRTRME* | 155
5/l 1 1 S N 5 50 O S s bt B &) M o e L

o T BB SRR SR,y KEE Ty, Fly,, . BTLAZ B SR ] R R AR
=4Ef9k A (tensor ), TMAFHE “4ERVHE ., BTl SecondOrderHiddenMarkovModel £ | —
N =HE¥U#H transition probability2. HiE XA, transition probability2[i] [j] [k]

R p(y, =5, | ya=s,andy,_, =50

FAk, TEIBHE y, BF, ATE{FELE y, , BEAT y, (UKHET p, . FBIKEBAEBER. TR
T B L AR T F R AR AR B A A 7 it transition probability BIE X, RAEMUHTF
v, B R

4.7.1 ZHhEBiEeskSa9aT

VIR, ) bR bR A SR o A0 R S SR RO 0 S — BT R SR TR A e 2 — B, ME
AEZATET B Rk a A i, B R R SR R R AR R AR R A T
W, ROk B A BT R IRRERKBIAR, RASZH —14E: (=38, HFEI=
TIBEERB (v0=5.0, =5,y =s) WKL TR G5k it AKRA,, H—HEEE
p(y,=sly._,=sandy_ =5,):

A

8= =y, i,j=1,2,--+,N

ZLA"J-"
(=20, IR B (3, =5, =s,) HIKITA 4, S5— B R KR £ i
AR,
FE SR IT

@0verride
protected void estimateTransitionProbability(Collection<int[] (]> samples, int
max_state)
{
transition probability = new float [max_state + 1] [max_state + 1];
transition probability2 = new float [max state + 1] [max state + 1] [max
state + 1];
for (int[][] sample : samples)
{
int prev_s = sample[1] [0];
int prev prev_s = ~1;
for (int i = 1; 1 < sample[0].length; i++)

{

int s = sample([1] (i];
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TE FEE ==, 1)
++transition_probability[prev_s] [s];
else
++transition probability2 [prev _prev_s] [prev_s] [s];
prev_prev_s = prev_s;
prev_s = 8;
}
}

for (float[] p : transition probability)
normalize (p) ;
for (float([][] pp : transition probability2)
for (float(] p : pp)
normalize (p) ;

X RIS ME—TEE override M, S kiRt R s,

4.7.2 MRS /RaIXEEPN4ESFEEIXL

RS B B9 AR LR AT BRI IRAE . Wi, FRATIFIRE T 24 B — B 44 H B
B o B =4k, &N, FmmtZ if, LA (s,s) GRMBERBIRER. A, & CHEK
By, Fmy e

BBHERT, XUEPRENE 1T A A RER) (s,,s)) , 4EIPPIE4L -

6[.1'.;' = mn]’asﬁ(é“z-‘J'A*.i.j)Bj.ﬂ: . l',j = l" “qN
) (4.10)
Vi =argmmg(‘sr~z.x.f’4k.a.;)s I,j=l:;N

BEARSEBIRT, $ score fl path FHMIN—4E, REH— I ZIEW Tk :

@0override
public float predict (int[] observation, int[] state)

{

float (] [] score = new float [max_s] [max_s];
float[] first = new float [max s];

// link[i] [s] [t] := BITHAEN—TRERs, NAPRTEcH, ARDRESRHT4

int (] (][] link = new int [time] [max_s] [max s];

/1 B—ET, BE R VIAEE SR e B UR SRR AR

for (int cur s = 0; cur_s < max_s; ++cur_s)

{
first [cur_s] = start_probability[cur s] + emission probability[cur s]
[observation[0]];
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B 2T B A AL

( B LR )
/1 B, ERRT— NI AR G BRI — M B AE R LR S RIERE

for (int £ = 0; £ < max_s; ++f)

{

for (int 8 = 0; s < max_8; ++8)

{
float p = first[f] + transition probability[f] [s] + emission probability

[s] [observation[1]];

score[f] [s] = p;
link(1] [£] [s] = £;

M =BT ZIFFRAFI AL (4.10) S
/] WESATRITE, 5 EE— 2 6o G B 5 L — B S R I SRR IE R (B LB

float[] [] pre = new float [max_s] [max_s];
for (int i = 2; i < observation.length; i++)
{

// swap(now, pre)
for (int 8 = 0; 8 < max_s; ++8)// @

{

for (int t = 0; t < max_s; ++t)

{

score s8] [t] = Integer.MIN VALUE;
for (int £ = 0; £ < max_s; ++f)

{
float p = pre(f] [s] + transition_probability2[f] [s] [t] +

emission_probability[t] [observation[i]];
if (p > score(s] [t])

{

score[s] [t] = p;
1ink 4] [8] [€] = £;

RBE LB, LhEERS YR eEE0. RERCERBPHEE £, sl t
SRR E R = TIEEPR R =RE (first, second. third, HFR T i, .k ), REXE

3 (4.10) Hf# .
A H| F =4 path $a 51  BAL B2
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float max score = Integer.MIN VALUE; ( #LERE)
int best s = 0, best t = 0;
for (int s = 0; 8 < max_8; S++)

{

for (int t = 0; t < max_s; t++)

{

if (score(s] [t] > max_score)

{

max_score = score(s] [t];
best s = s;
best_ t = t;

}

for (int i = link.length - 1; i >= 0; --i)

{
state[i] = best _t;
int best_f = link[i] [best_s] [best_t];
best_t = best_s;
best s = best f;

}

return max _score;

55— 44 LRIE BRI ARFETH =026 G EOLHRATHNEER, — 285
st MFTAAE; —RXGRASHT £ A0, RLIEF s, ¢ SRMRNEANERE.

473 CHISD/REAERRAT RS

HTF—Mr —Brba DR A BRI R4k 7K H HiddenMarkovModel, ATLAFR{TAT LL&RHA B
HiRsee, R e S /R KR A SEHIRI], Java SSBLANT ( 3 UL com.hankes.book.
ch04.CWS_HMM ) :

Segment hmm = trainHMM(new SecondOrderHiddenMarkovModel ()) ;

Python SCERANT (1 tests/book/ch04/hmm_cws.py ) :

segment = train(msr_train, SecondOrderHiddenMarkovModel ())

RIGPATRRAEL PRI, BB TSR

P:78.34 R:80.01 F1:79.16 OOV-R:42.06 IV-R:81.04
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5ZATAGTFINES RIS W3 4-1 R
F 41 AHANETE MSR ERE MRS R

HE P R F, R R
BAIE 89.41 94 .64 91.95 2.58 97.14
=k 92.38 96.70 94.49 2.58 99.26
—PiRE S /R ] KA A 78.49 80.38 79.42 41.11 81.44
RS RIRER 78.34 80.0% 79.16 42.06 81.04

LA, WK RMU Rooy A VFHRTE, 1564 F T TFHET o LD
T T AR B B L 5 4 S M %, S0 SR R R SR M 1 52 2 3 R BB
BORIROIIA S, AT B BAR AN . AT L — BT 5 A8 AR 1 B8 1 — BB
TR SHIRIK T, AN 4 B AR, TR S AEIA ] 80% 2645 .

148 24

X —REFRATAR A iy (o) R IR R N, s Al iR R R D) B T AR AR R, g v 3053
{5 R P YIbRIE AR fE R FRY, Rl 18R RH IR R R —RR SR ] K
RERY, BT RPT R M BEAS B =4 BEACE R, S8, FPolE, RIIMEE AKX
BTk ACHSE — M 2

SR B 5 AR AT SRR T o SCOMA I RCRIF AT, BARHREI T —F/ 00V, HERG F &
ZCFiRMaE, B 938 —Frka SRR, FERAEAETE. BARAFEAIERDS KA
KERIAE GO, R IHEEERAER,

TR, BRORATRERENATTER, WEES LT, RIRGRIFZRERREIER,
TR, FRATABEDRAR R AR




SHanlbpP
BHAESAHE

§ bkl A%

B5E AL 5 R

4 BRI AR DR REYLIH T HE ML THFIRER TR, RTECRIFAR
B, HLE, RORTREBERANTREE ORI T~ &M (B,M,E,S} 55, X/
BRKBPLT, AFEHEFHE. B ARHX AR ROREFIER, 85 5AHEZHE,
MBS SR AT RARBIW AR B2 /R R AR AR EOUR Tk H—, A—Mr%
2t K=, HHrrffta.

AT FIHEZHRFE, KRR (linear model ) NE 4. KRB BT ME: —&
B F SR SR IBURFAE AOAFIE PR A 6, DA AR BB (] f5k w . P EICAR 58 | B g A& 451
P [, 2 RRATIR F — R SVRFESARN IR T A2 BORFIE ) i, SR IERR A Y T ARIE
PR, TR AU, SRR B,

AR EA BRI LR IR, LIRS IR BRI . 65 28RBS
#4r, BOPAEHERNRB RS AT EFFIGRERI Y, AT SLBEE T RAMLAY b 3
arilak. HTBAMPUFFISRERET 202, JFEARMBE R, FTLAIRAT2: 2] 4y 2w

151 SH%EFE

511 BNX

513 (classification ) #§ M2 FMFEAFT RIS I —2 M, L&k, HZERER H iR
PLRAEMARLR x, KHIES KFER C PH—Fp, Hbhk=1- K. R K=2, WHKH
4% (binary classification ), HNF HZ 53 ( multiclass classification ). HANE | FATHH#E
IEE, BAsRAWELRT (5, &) PR, R RS,

BN T AZORAT B —E, St mT AR S i 224 26 1n) i, Bk, A
one-vs-one F1 one-vs-rest ( WFKA one-vs-all ) BN /r5E, PR SRARR] LIAE S K K FhE R0 2 nekTE.

® one-vs-one : PEATZ4E A0k, BRIXAPFAG|CMC, . ~3¢'&i§fﬁ(§} K52, HAE
HOLT A B —#5] C B, TRBMARRC,.
® one-vs-rest : {RIAEZR L, GREFEHNCHIEC. —HffT KK 53, B
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PRI T C W BUR A Kb iid s (a, FRIMESRHAC, .

WA Ay ag IERE, (R 2680 D aE M — 03, BT 2%, Xit
%ﬁﬁ%.ﬁ%ﬁ&ﬁ%ﬂ%¥59¢:ﬁ%ﬁﬂo&ﬂAﬁEM%MWW%ﬂ&$Eﬁoﬁ
one-vs-rest 1F TURE AR R AL S, oM.

5.1.2 KH

43 [ R L S 5 T AR 426, VP2l (NLP [, BLaRaE T (R, BLSEA: 3%
RIS ) #BAT LAFE A A 52 R

fE NLP 9, 45RLSEATH I LARI IR, XANPERAR— TR ME, K
PR, X OSCEE P A A RIAA R R T OCHR], TR i, 7EAE AR R )RR
dr, SEMUREME AR ESFERAXRR, E—1T20KME, EEFRET, &
e LAy —FhIE, 450 b SCTITIEE T R Bt B B A,

TEPLARE 2T, SRR n] AR BN K SRR S . B8 XE b Rh sy . P R 75 h 3
PANEH - HEAZDEWY, BT FEERSFERGEH PG LR, #al LI
555 0] <1

W, SrEENLEEFT T NLP (9% FIERE. 2w RIS R seug ?

|52 SHHEERSEANEE

ZMBBY (linear model ) RAEGEHLAR: T Jr ik b i . fihf RIG 2 088, Fl— SRR
HER S AT TR — o . RPERIR R IE pR R o, LA BRI A AS R e i w 2R

HanLP 2250 724 A LinearModel , ¥ EFAF sRBORNEFIER EVE A LA

public class LinearModel implements ICacheAble
{

Jx*

* FHEBRE

*/

public FeatureMap featureMap;

[ x*

* FHENE

=

public float[] parameter;

}
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Htp, FeatureMap fFTR FAFERIEABIFFIEBL S 0t —JC —AUFFIE id, icfEi; mFFFEAGE
TFF6 3 B FIERAUE w, . EFIH LinearModel f§4r2, il —4~7r248. 7f HanlP
H, AR R BRI 2R -

public abstract class PerceptronClassifier

{
}

LinearModel model;

A THIH PerceptronClassifier ZPHREAC, WATARREA KA R ) A F7

521 FEMmESHAZTE

S 1 JE, ROV "MK XPHEARRR A mE Y =[L,1], & k0" Fs Ak
x% =[0,1] o XFPHRTEATHE ) EHEFROVEE &, HRRFIE A B B A OMSEEREY. i
THFFME R AT SRR AN 7 — AEFFAE e i 54 WFFOE . 2300 T 5 sR R IR .

int featurel (String name)

{
}
int feature2(String name)

{
}

return name.contains("f§") 2 1 : 0;

return name.contains ("K") ? 1 : 0;

FHR B RMEFIE B R BRI R 8. (R, F0F s 008l — A b 1 5§
0, FRFERRE A REFE. FTLUSIE RSt R38R B (indicator function ) [—~5L 61

ff PerceptronClassifier 1, FFfF$EHGED{I T,

/ * %

* HFERE

*+ @param text XE

* @param featureMap fH{FEksf
* @return FFE ) i
£/

protected abstract List<Integer> extractFeature (String text,
FeatureMap featureMap) ;

KRR, RO BRI R A RFE SR AR A [ iy, 5 S AR R ) Rt 1
RERLI ., AR E A RAAE E Bd B T — /5. i FRIEmIR P& E x 40,1},
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H1o¥ReE/Db, Frid ARk x =1 MR Fhr i BT, TR EHATEANLR -
R R R, XBEALFES, TTRRE/.

(613 A\ 22 7068 L, KX M AR o] B A — 4w, 4P 5-1 B

x B
® %

i 14 ikilt.‘ xiﬁﬁk

®

41

ko

i)

o~

|

i

U-
0 1
B, BB "E

51 #HEZE

FEA MRz FRfERe AR 8). ORKCREEASS, TRERS| M ERAvFEAZ N, Wi 52 Fis.

* .
of o‘ %“‘x’k
fﬁ;’}. :“ugig
LI d’ ®
® ® g © x"x

X

E5-2 FEMFEEZE
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— B BRSSO R R, IBAs LR R A2 WA 4% 7. B F At —
ANaiBeE R, WS BARSARAE. than, — BRKE 100x 200 1502 69 B #i AR 09 K EE(E
o710 20000 (9P SRR AL, SRS G E F A T, S LIS — A a2
BRRRIR ). FRX AR B AR TR, W LOE RTINS S & A f LSt A i i ok, oF
AAL R 75 ]

FABCEE S P RE, & SURFE MR x =[x, x, ] e R, B i DEEARRFEGER 2,
FIRLEARE Ry o MIYIZRERT AFR R M A —oed (7, y"),i= 1, M, TREE N R — R 5 bR
ERMAFEA T x

RAERAGAHT , WX eIt a2

522 RRBFSHEEFHE
WEEHE 5-1, BXPAREAT AR — R ELIMF, QI 5-3 .

® X
® B

14 ikfl:r‘ X’IJEDK

3x-y-1.6=0

2. B2ES "K”

o

Wi . BES R
@ 5-3 tERa%in M@

HEKFEE AR, B . TS, R EEARA X, SEER
e P, SRR KRR AR XA ( decision region ), B TH9L AR HREAR ( decision
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boundary ). —#EZs[E], WURPLCERD AR EL, MR AR RN R AR R KRR O,
fe) IR, 4R rh AR R FE O, EEREEE P OAEREL A RIS B
#BI M ( separating hyperplane ),

nfal R BT 7 AR PR BT wix, +wox, +6=0, #fE)TF DRESE, 5E
M TN -

ZD:wjx,. +b=0
i=l

Hoer, wiE, bRME (K ). B TiCTmRERMW, ROTT LUK b F B— M E,
i, TERFE @RI m—~1, B,

w=[w,,wp,b]

x=[x,,xp,1]
T3 B T T 7 Al A o S5 VR e 1 PO BB K

w-x=0
Fean & 5-2 i H& R 3x, —x, —-1.5=0, IPAfifb/EBRE m 2 w=[3,-1,-1.5],
FRIHL “PEHEVK™ BYRFAER RV x =[1,1,1] -

fiTRFGAROTRZG, RURRER TR SREDRARE, B

« : -1, waO
y:s'gn(w'x)={ L wex>0

{f LinearModel 1, SEFNTF .

/**
+ HBBEEREY
*
* @param x FHFEE
* @return sign(wx)
i/
public int decode(Collection<Integer> x)
{
float y = 0;
for (Integer £ : x)
y += parameter(f];

D R EBAEE X PR E A RRYE SR y(x)=we+w, o BTHTHRME, SHFHRE—
TREGRELS (), Bly(x) = f(wx +w) s RIGLHET—PRE c AREMPRRIGAR . HINFERER 2 Km0, IRA]
FRMREREE () =2, F¥c=0, MEBERBEARESEN, HBOROFRA RN, BREXTEH
wREEPERY), MR R AR
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return y < 0 ? -1 : 1;

}

UK SR BT R AR AT LA o B T, R R R T 4, el 5-4
ANHIZE P AT B SR

B 54 LMaoHEE

MR, WAAEIFZAMEAT RS, et dn A ot (dhsk ), W 5-5 Fs.,

x
x
x
x® X
x
X » x
x
x
X
x§ » Xx
X ¥ 3
x}( xf
x x
x Xx xx
x x X *xx
x X 2 X
x

B 5-5 ZMAFTHHIEE

X FERYEANTT 008, MRIRTT AR IR VERR R Jr 26, B4 5E SCE BHFIE, AN —F
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TR R B SR Bl e s e b 5. PR IR THEA S R MR, MBS, 408
i, B D R

5.2.3 RHINEIX

A TFFOE[) SRR A S 1], BRI R i B m R X T, S g,
U IR PR 7 SRR I ZRIT A R, 3 L 2 S T S R LB

(o] J— " T B S R AT R AR 2 ST Rk, BRI EGKIINGRSR . Giitilghde
FASR AR, AR R USR AT — AR S 1 BIAR CHE R, X SRR ¥ >
PRI RIS R

AL ( Perceptron Algorithm ) 2 —FfiukfCAa8 2 El%E L2138, &
WA A, PATHL, ISR S AR, THIRE, RIREEHHL
S8 EEBIFRIEHE | EPIERSESRARMEL, LA ERREAYLE
B MAEMEEMEFIHRWT.

BANEE

(1) BEAMGEAR (x,»") . ITHE 7 =sign(w-x") .
() Ay y", MWEHRSEw—w+y"x",
R, BT S,

I EM G DREAR ERATAEER (1) B 2) FE—IRELES, IR ] —HHR
fE—UGER (epoch ). BATEEREZ LR, HERATREN -T2, ATRENSHE
PLas== -~ h FrAE B S 4 ( hyperparameter ).

{E LinearModel 1, BUAIHLE 20 EMEHLIMTF

/**

« MERBRIOMINGHE

*

* @param instanceList IZ3LHI

* @param featureMap IFIE&RIL

* @param maxIteration IZARAKE

-
private static LinearModel trainNaivePerceptron(List<Instance> instanceList,
FeatureMap featureMap, int maxIteration)

T AR L L (SVM ) A8 # L iF X #p LR ( basis function ).
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{

LinearModel model = new LinearModel (featureMap, new float [featureMap.size()]);
for (int it = 0; it < maxIteration; ++it)

{

for (Instance instance : instancelist)

{

int y = model.decode (instance.x) ;
if (y != instance.y) // REREK
model.update (instance.x, instance.y);// @

}
}

return model;

}
Her, O update FIEXRIALYER (2), FLHMTF

/**

* SHEH

*

* @param x JFfEEE

* @param y IFHHEE

L]

public void update(Collection<Integers> x, int y)

{
assert y == 1 || y == -1 : "BRAYOFEEyDLAR£1";

for (Integer f : x)
parameter [f] += y;

}

AWV EM SIS T, I ATHESR? A fets i 5 i ek,

AT LG R p=—1, B w <0, HEEMEE Y =1, WHARL T MY
w-x" >0, FEEPEK w-x, fF D ERPEATE x, 0,1} R, IB2 DB A
Rif w, , PIZIRFMATR, HESHEESETE Q) Piwew+y X 2fp=1H )y =1
(AL, R Rl i

MO R EEE, — R — AT, I 5-6 s,

wex SERIABR I, 2RISR SRS, MM B 1 AR, 1 ER,
THERIARIE R R PR TCE x, =1 BRESE 4 AN ABEOE T, BUE FR Y w, TR LS ot
SRR B TE FUR R . SR 8 TO A I SO T ARG, DR ST BT e s fuh Y5 A 44 T R 2 T
WAYIERS, TR e 2 fuh A T 1E 77 [ — SR BB L T 11T
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sign(+)

>

Xy X2 |

EH56 BANSHEZST

Sy T VR M AR LS B LA T A A

5.2.4 MREBRBSHEYVEETRE*

MR LR M BERE, PSR REAREAL () ) — % R% (loss function ),
PR RE J(w) MRS L ATREE, AZRERNS R w, HERRE MR
B, RS LMK KD BERAR, HEFERR Y BRER, MImw) RS,
1B BEEE [ B Aw , BB BT (] — i 2 2 o7 408 2 R/ B S R R T ], R B8
How B &AMkl B, Bwew-arw, aX[0,1)ZRE—ER, HRIFES
R, WRRZEBREHILERR AR, HEHRARBWBE, ik38UmBEs, MEkERE
Y148 BE T B& ( Stochastic Gradient Descent, SGD ), ¥ —¥iE 8 F, R{I1F2E M —1 BREH
% (objective function ), SCES ZECERTH mIS286HE 7w RBIES oM EAE R, Hbred 8k
K, FRYEBEMLBAREE EF ( Stochastic Gradient Ascend ),

R PRG-I w* I, BERBIKRECH J(w)=w’, £Ew=1 BYBRE HAR

iiw:%fmuz.ﬁﬂﬁﬁﬁﬁﬁiﬁ;M%éﬁﬁﬁﬂﬁ.wﬁﬁ%ﬁ@a,ﬂﬁﬂﬁ
a=05, Pwe1-05x2=0, MJO0)=0<J(D)=1, B FW/NT; FHITEBERLSD, W RE(E
EF. XA SR 5-7 Fras.
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J(w)y=wn?

2.00 T

1.5
1.50

1.25- /

J(w)
"

1.00 1 \ HWEAW=2 ———e 1

0.75 \ /
\\ / |
u /|
0.50 1 \ / |
\ / ‘
0.25- \ '

N SpETRad] | BEEAAE)
0.00 T T T —=— T T T

-15 -1.0 -0.5 0.0 0.5 1.0 1.8
W

B57 REBBMKABMBETESEE L

e B ARk R, B TR A — 2, i 5-8 Fii.

120

E58 ZTERBSEHMNBETRE

P 5-8 it kA6t e R B AR, R b 7 Sk S BRATLASE BE T o ol A v Rk Ui 3 B i
R RAFER, K w, —w, Vil E A T ENNERE, S PR LG E e TR TH. £
R 5B Sk R BT B0 R a7y ) 40K R MO /MR, RV R A E
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FARSITRATH L MERR, BPLAYTR R R EGR 2 IR S 2  BIR F mABE S, B BT A8
ILIEN PR %L ( perceptron criterion )

N "
Aw=%§mu@ﬁwm£ﬂ (5.1)

A 2 RIS ok LS B LR BE T PR IR B R B, OB B X MR . 1
BE™ Can SR HpLAE A 22 0] S 09165 ).

MR A M E, BRPLE o B T iR o 2 A Y 5 [ s . X AR R DR
T, BIEAEA SGERYEAT] 45, BRAPLIR REOEIG 7 RGERR, BAPLEAE. Y E
R, BUGE a2 RRE . ATEEILE, BRAILRNER IR,
) AN S, SERT AR R EERY, R 10 000 NS4, BERUAE AT 9999 4~ 3k B AY
o RS KM A B ERRE R, UL R SE R [ TR R — L BIRERTS A,
PR B HUSTRY P AR S ol TR, ST 9999 LB T A IR, BN ZRATINR
. BT

R I RARE

(1) BLEELRE, WHAMRE a4z, FHEER o)
(2) UIRBIAIIARST s, LS LSS ;

(3) MHEAPUTIEITHN T, (SR LR AL .
ATAHHPRFRATE, BIFRSFEAPLAFEERIL.

5.2.5 RERAWIAIZRGIY,

RESR A YR ACHER = e — i), AHGEWA 4. B4R S BRI RS . FE5—
PHEARSE DIFG— T SRR e %, SRR SN ARIEER, BARER? XAME
TERR . PR — M = AR R SR LE IR R T . PRt — T, YGRS RERORE, #Edh
FURE . FeE RS A C ISR, FLIERMERFICFSEENBARGR, X
PO THER AR RBANL., PoAEIEMN A, ZREHE T 1, FRERZR
UVESEAE VP ZITEC B

FEBAPLE R 2 R R, THRFEEIR. PR s 2B, B2
EOR AL AT R TR A R B R 2R, MTRAEIGRE R S H P A

0 —RAAL TS oudt % (hinge loss ) AY PR
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RSFH, HARE PR Ja R
FEIBPLESS AR E BT, BREIGA BARE SRR, ] R PR
28U T A AU 2 B9 S A sum, = ; wy! o K EAIBRDLEACKE, BARSERIZ SR FE

ugS?“ P R B MEATE . ARG, 80 L5 LA
WAL, HAE RO ESRSE L, Big—E1 A2, %K 100 KRS HRIT 100 7
Uohngk, RCRGIERE, FEIRITRRALE MR e RS gt Bk

M, HE— BT, RS w, ERE R ¢ o TR ¢, 05 % P
TR, TR0 BANEAORE AT AR — R R KR T2 sum, < sum, +(, —1)xwl" . FA2.
St w, KM 1, Bl o, Z SR T EEHONE T, — F F 14 7 AL,

BE—T, FHEMPLAEE AT .

FHRANEZ
(1) AEABEOw, AR sum, =0, EREHHZ] time, =0, RiA{Z =0

@) tet+1, FEAVGRA (x0,p") , PFTHH = sign(w- x") .
3) IRy, MXHAERER (B 20 ) 19w, 47

® i sum, « sum, + (¢ —time,)xw,
® Hijftime, « ¢

® FHw, «w, +y"'x"
sum,

(@) VAR IHOTH TR w, =1L

f£ PerceptronClassifier 7, FHBAMLIE LA EMRAFLBUNT -

/**
BRI &

@param instanceList ill%:5C
@param featureMap IFFFE
@param maxIteration IZiERKE

* % % * *

=4
private static LinearModel trainAveragedPerceptron(List<Instances instancelist,
FeatureMap featureMap, int maxIteration)

{

float [] parameter = new float [featureMap.size()];
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double[] sum = new double [featureMap.size()];
int[] time = new int [featureMap.size()];

AveragedPerceptron model = new AveragedPerceptron(featureMap, parameter);
int £t = 0;
for (int it = 0; it < maxlIteration; ++it)

{

for (Instance instance : instanceList)
{

++t€;

int y = model.decode (instance.x) ;

if (y != instance.y) // RERH

model .update (instance.x, instance.y, sum, time, t);// @
}
}

model .average (sum, time, t);
return model;

e, (DALA~Z RO B9 BRI T .

[k

« RIBERFOBUNE S

*

+ @param index FHE 6 B TR

* @param value R

* @param total E G &R

* @param timestamp HMNE LXREHFHFER
* @param current 76T (E)EE

*y
private void update (int index, float value, double[] total, int[] timestamp,
int current)
{
int passed = current - timestamp[index];
total [index] += passed * parameter [index] ;
parameter [index] += value;
timestamp [index] = current;

e B BN T

public void average (double[] total, int[] timestamp, int current)
{
for (int i = 0; i < parameter.length; i++)
parameter [i] = (float) ((total(il + (current - timestamp[i]) *
parameter[i]) / current);
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TR, KEEGOLT R R LR TS 2 sl e .

5.3 ETFEAIAIASHERIS
BB TE BRI, (EAENAR A BN W DHEAR b RO SRS S K, i
— NSRRI . R EBRBLZICBUANSS 1 5 BB A R (A HE ISP
AR R B AR AR R 0 2 3 AR
(1) FREEAA SRR
(2) BN
(3) FURERPERDRI AB A%, PEAHER %,

5.3.1 ABHBNERE
H T WARFKWE R, EEHEBH T — O ALY EEE cnname, LA GPL-3.07 PhMyL3FL %
fi. BEHBITRESRIT B3I FE, fF#M#E A data/test/cnname.

ERHE IOV IE SRR csv X, B3RS, B TH R RmEInTE

RIRE, &
ik, B
M, &
%, B

5.3.2 $FHEE
HTHBAHE, BEE—1 PerceptronClassifier 12 PerceptronNameGenderClassifier,
P extractFeature Jiik:

public class PerceptronNameGenderClassifier extends PerceptronClassifier

{

@0verride
protected List<Integer> extractFeature (String text, FeatureMap featureMap)

{

List<Integer> featurelList = new LinkedList<Integer>();

(D GNU General Public License v3.0: Al @b, o] k& A, (B iz 6 A0 H s 708, ELOAZ H2 H A ) £2
BN, TER AR RS, BTld GPL P W aE" U, FZ TG4 2 T B J % GPL MY, #)#%
SR TR — RIS TT RS
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String givenName = extractGivenName (text);

// FHAERIR 1. g (0]
addFeature("1" + givenName.substring(0, 1), featureMap, featureList);

/! FHERIR 2: g[1]

addFeature ("2" + givenName.substring(l), featureMap, featurelList);
return featureList;

AL T PR : A F ISR — AR AT, BDMRRAESAR™ A PIRVRRAE, T
AEPAMRFIE. b KRAGEEAR, ZIFERER T ERE A8 W HTFRE,

A6, extractGivenName pREUTA TT LA HEIC, (GRIEIZ T, AT HEAE, Xi
FHRFELT, MgE—H “ " #5F:

/n-* 5
« EEIE, BRPEABPHET
*
* @param name [
* @return &
*/
public static String extractGivenName (String name)
{
if (name.length() <= 2)
return "_" + name.substring(name.length() - 1);
else
return name.substring(name.length() - 2);

5.3.3 Ik

HIEWH PperceptronClassifier MIIZREE .

/**

* %k

@param corpus B E

@param maxIteration BARERXE

@param averagePerceptron &7 1# B mH B %
@return MEITEYI(GE RETE

= * % * *

o
public BinaryClassificationFMeasure train(String corpus, int maxIteration,
boolean averagePerceptron)
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REER ., AU, BEMHFYEAIREX =128, RO aER 1 i 4
—NERMARR T, Java fREBHANT (3£, com.hankcs.book.ch05.NameGenderClassification ) :

PerceptronNameGenderClassifier classifier = new PerceptronNameGenderClassifier();
System.out.println ("JIZEEWE. » + classifier.train(TRAINING SET, 10));

XF 1 Python RUANT tests/book/ch05/classify name.py :

classifier = PerceptronNameGenderClassifier()
print ('YIGHEEHE. ', classifier.train (TRAINING SET, 10, averaged perceptron))

PE BT RARR
YIEEHE. P=84.52 R=86.13 F1=85,32
YIZRAE B pB Y AT IR BN 0E 3, 0] AT HH A AL . Java - B30T

LinearModel model = classifier.getModel () ;
System.out ,printf ( “fFE¥M. %d\n", model.parameter.length) ;
model.save (MODEL, model.featureMap.entrySet(), 0, true);

X [ Python 7= 580 °F

model = classifier.getModel ()
print ("FF{E#E. ', len(model.parameter))
model . save (MODEL, model.featureMap.entrySet(), 0, True) -

BTG RS RFFERUR . 9089, [FIRTBLRIRTES] T data/test/cnname.bin Ffl data/test/cnname.
bin.txt, JG& B XA AR, A CAGE T IT .

5.3.4 T

NGRE B4 262880 AT LASE ZIBRAT 4336, FRATHL AT RUm SR ag 4% b AR, PR ALEE |
T . DHIENR predict, Java BHABIT

PerceptronNameGenderClassifier classifier = new PerceptronNameGenderClassifier
(MODEL) ;
String[] names = new String([] {"EXEZE", LK, "EEEHy, FkK);
for (String name : names)
System.out.printf ("$s=%s\n", name, classifier.predict (name));

Python 7~ F
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classifier = PerceptronNameGenderClassifier (model)
for name in "RXEEr, “LfEKe, vREEB, oZFEKKn .

print('%s=%s' % (name, classifier.predict (name)))
W B TEE AR
MRE=-5
LEK=55

BEEH-%
FiKik=%

FEED WK KK XN ZFEEE KT, HEEBEIERSRK. THERER
— e R R Anfar i3 Y, P AR 4R 25 4T T data/test/cnname.bin.txt, #E—H BT

1 -1.0
27K 0.0
1fE 2.0

BT FN S BURAFAE B HAE . (FARVEE, 1 MERYRCER 2, 1M1 2 KKEALER 0. £
3 “UHEK” B, “HE” MBS E TR T LR TR, FTUBASIEREYE. Ao,
H1k=-17T8, X4 K" ERARFE-DTH, BRI ERR.

A A TRIE MU0 B RS, (BRI, B “fhIC” RPN
WAL T . R IR RILIRE S R AP, A KBRS HE
TR PR
5.3.5 ¥E

KT B ERAE R, AVREE | BAE 0 RRBEEM, ElKE S TP,
FP. FN fy¥cit, 58 P, R, F{l. HRBCLLITXHMFNED, BEEANKHER
FEBPAT . Java ZRBANE .

System.out .println ("X EWHE. » + classifier.evaluate (TESTING SET)) ;
%f 1 Python RZAN T
print (‘WiXEAETE. ', classifier.evaluate (TESTING SET))

1P 7 i L AR

P=83.22 R=83.34 F1=83.28
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ARG, FhFBRIYLIRE ISR R ARSI A F (628 83.28% , FRATFI
GER. XIRIEWBIE, FOAIReBIELRAE F 200 2 R e, S EA e 2 R G B
Ak, XAMERRREA BT RY =S (6]

o, TSR R P ROLTAL TREASERIGUY, BT LA GE T4 RARA T sl .
5.3.6 REF
fELARE S TRF, R REHETIRITCIEA WT —Fhit .

o FHFE T8, EMEMUAFIFBIHR
o VIl %5k
o bR B S8R

AT RAICER IR fiZ: H—, BT override FFIFREUT ., i B & BFFIEEAR .
R, ROV ERRAF LRI .

TERMETAR L, WiFrAFPHNF A ERA KGR, FHEBHUE & T AR 162 T2 1%
BRI, override FRIEREU L, ZilIOIEIRICHT, XFROM MR RAFESH, W
com.hankcs.book.ch05.CheapFeatureClassifier i 7 :

public class CheapFeatureClassifier extends PerceptronNameGenderClassifier

{

@Override
protected List<Integer> extractFeature (String text, -FeatureMap featureMap)

{

List<Integer> featureList = new LinkedList<Integers>();
String givenName = extractGivenName (text) ;

// BEEIR 1. glo], SEBEX
addFeature (givenName,substring (0, 1), featureMap, featurelList);

// SR 2. g(1], SUBEX
addFeature (givenName.substring (1), featureMap, featureList);
return featurelist;

B—HE, WFAFEE—EERKREN, TRRMNGT—FEERORFESRR, —it
S FPFREAE :

public class RichFeatureClassifier extends PerceptronNameGenderClassifier

{

@0verride
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protected List<Integers> extractFeature (String text, FeatureMap featureMap)

{
List<Integer> featurelist = new LinkedList<Integers>();
String givenName = extractGivenName (text);
// %gﬁ 1:g [0]
addFeature ("1" + givenName.substring(0, 1), featureMap, featureList);
/! AR 2: g [1)
addFeature("2" + givenName.substring(l), featureMap, featureList);
// ﬁ‘ﬁﬁﬁﬁ 3 g
addFeature ("3" + givenName, featureMap, featureList);
return featureList;
}

MR, FRIE TRRRAN T A MM, e T AR Y B O FFIERUR . BARES, g
JHERT L

RAERHERAAR S INARE N ARE G T, HERERILE, Wk 5-1 For,

HE FHIES R P R F,
#I\#@%ﬂ#ﬂ+fﬁ$ﬁ€f _ O 81.75 8124 8149
SR EIH + 6 R4 AE 5k 90.88 79.41 84.76
MR + PR 9k 83.22 83.34 83.28
SEHRREIH + FRAERHE 9k 90.80 80.47 85.32
FE AN + B A 15k 87.30 89.33 88.30
FHBRAI + B AN 15k 92.13 80.78 86.08

GPRTE 5-1, WTLAA IR FROERAR O 241k, FHESE a2, BRIMER RIA
Ft. MEFERLE, SRR MER RS AN R AL A ) 2% ~ 3% , {HEFIERZ B NAR .
ECIF TR SR EIE . ISR e, BREMEATT 4y, B LA AL R St
T HER RIS MAMER 2T, BoRim TN 4, FHRAHREEELT . R,
FREZE , N SR . UIZMRIS AT 8tk

B2, AL T B R - EW I8, ERER, AE, RAOTAEERAED B HRE
Gt R RN
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|54 @mwmuEE

HARE S B R ERET 5 A2, — BRI 2EMER, ) — Rl S 45 b L T (R R, ARy
PR TRE|, FrlbniE R RS Tm i) — R, JEAPURIES R, 2K R RE SRS
AT .

54.1 ®X

EICIREE L E SO {5 B 2 A5 b SRR ESS k. IR 4 G4 4L Bl ( structured
prediction ) U J2& T X 2 25 ¥ i — 288 Wi B 2 ST (M) R, A R B U I 5ot R ARV E M 4L 22 3
( structured learning ), 73S [a] R (1) FL 45 S & — o Ry A, (8] U [a] 1 A Fo il 465 SR & — S 8brs
B, MG R G N R — e A F . T UL, S A P e 4 8 e

HARE F B P I TS5 BT, a0 FE S bR T 254 — AN E A, Rk g
B T 254 e — AR R, AILAR B TN 45 40 B — B e M iR 30, X 2L S5 4 i F Z 8 L,
B/ IR BRI R /2K M@ ( L SOl BN FRF 02K R {B,MLE,S} ), {HAL#% [BE5H
AR SRERE, FrBAIEE, 8% AL s R i i,

5.42 HRUIINSZFINRE
LER LTI Y 1 PR R 25 RE — T TY A Ko AT 73 PR &R score, () , MIAIFT 70 eRA S — Lo A it 45
HIFT 4y, R BRI AE R E A T, A ECER

j¢=argmayx score, (x, y) (5.2)
yE

Hrp, YR&EERGHWHES. SRS LURBERN2E, WalllE—1T%.

HE SR 45 ¥ AL U0 R R 8 R A AP R G5 M 5, AP 2454k ) (8 bRk R AR 5 ik ik iE 9
By SRR, Ity =y, SXRTIN AR ERA . AnfTABXAS HER? ARIBEEAS A
[, TR, DI M bR L.

|55 SHEREEEHEIINEE

6.5.1 HERWRHANEX
TR MR SRS e, AREK (5.2) . AU HT/rREL FT7rsREUHIAA I~
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— A ZE: FREx FZ5H y . (HZ AN BRAHERIE T w% RE%—) %X x:
fx)=w-x

B y WH BHERYE? kR SO RHIE BREL 4(x, y) , HES5H y AER—FRERAE,
HUBTEY “GSHLRFE R g(x, p) e R o FFFIE [ RS ECE R BESEPUR, SE8— i,
KA R 8L

score(x, y)=w-¢(x,y)
IR T, BUMERKAZSHMME DTSSR, 1SRG AT k%L .

y=argmax(w-4(x.y))

TN PR B 2R S AR BO DR PR AR R, A JRAS T [ B ARG E [ B IR 2RI Al
ATLAREE N, REIRHRRIRSTHLE I Rk,

SR BRANEE
(1) BEAREAR (x, p") . PATHH LT § = arg max _, (w-$(x“, y)) -

(2) SIERERME, #p =y, WEHSE. ERFRERZ RS Ew « w+o(x", y) ,
TET R RS R b & B R PREAIAL R w — w—gp(x", y) o BIEATLLEHB—PXFH.
wew+a(x", y)-d(x", §), BATLLHEET R weew+al@(x?, »)-d(x", ) -

AETEAMYLE L, FRRMILEAR A EEETOBNR THER R, @QSBER KT
. 7E HanLP ', S5H94LRRIPLAY AR 5 78 Bl SRl — 2,  RRE5R b2 R A 3t SR B
FIAEAFAE, JFHMHERN S8 k. KBS T comhankes.hanlp.model.perceptron.
model.StructuredPerceptron#update :

/t*
+ EHHS
*
* @param instance 7
*/
public void update (Instance instance)
{
int [] guessLabel = new int [instance.length()];
viterbiDecode (instance, guessLabel) ;
TagSet tagSet = featureMap.tagSet;
for (int i = 0; i < instance.length(); is++)

{
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update (goldFeature, predFeature);

1

/*i

* REERAMMERS U

*

* @param goldIndex ERNGFMERE
* @param predictIndex FUMMIFERE

'
public void update (int [] goldIndex, int[] predictIndex)
{
for (int i = 0; i < goldIndex.length; ++i)
{
if (goldIndex[i] == predictIndex[i])
continue;
else // MMSERFT—H
{
parameter [goldIndex [i]]++; // RRIETHNFFERE ( FEHEN—)
parameter [predictIndex([i]l]--; // BIIRBEERABERE ( FEHONER—)
}
}
}

6.6.2 HHRUWRINSFIRE

R TEMMRRILZ )G, AW AWM ERIFINRE. FIRER KRS R A
PR ELZ [ KM . FEBR ED/RTT A b, SR M ] A RS 3 1) T AR
PR R AL, FEZR MR, el A X AP i 1 7 '

BEREFFIFFE. X80 9 SEbR 8 32N T R R K -

$(¥y,)= {:;’ vﬁrjﬁ; s, By, =s,
Hi, y AFRINB AR E, s, AIERS i #WwE, NAREEKD. E X s, =B0S,
RATFINE — Ao R Z A0 AR LS, PR B 5 25 n] R R i) 9] i RS H BB 32
k=ixN+ j HFERAHER ST, BT s, WIFLE, BTLA-—3E4T (N + 1) x N FPEEREFRAE

KT B AR AT AR , g B3 T AR T KA ) ) AR A 4 o Bk ORISR R R 2
fk, Mird RN R, 2R SRR TR A MR — S, W AR T R
& BlR— RE” BFERRE.

PRSI AR () a5t BEYLAE B y, Fid AREL AR R x , EUWRA VT ZHHE

f=0,"',N;j=l1"',N
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o TR SUREA 2 R A -

¢f(x:’y:)={i]

AEREIFEEN 2 %R 1, SEERBEREERRG C, K 3Oma P —rRE
FHIERTRER MATFAF R B RET, HiFHET S —MFAMRES. 82, REFERSY
RIEREA K, SZATHRRET K.

FHRE TR R Al KRB, & O HE SRR e 5 451 (L B DL RS R IE B ERAR R . 35 0
R “RE” 5 W AR EERAR .
T, S5 LB FHE sR B0 B B AR IE AR FFERY S 46
o=[b:d] k=L N'+N;l=N*+N+l,--

HT G, KOG LA EREEHZ x, . v, By fENBEL 21 000X
AR RDRERFIE R 20y, TE o ZAFAEBREULE R BF %] ¢, THEASFH B9 2 BOR 20 2
Wz, JRRI.

T
SCUI'C(I,_P) — Zw '¢(yr—I’yf'x: )
=1

A THI A, dnfar 3 353 B s 60751 e 7

5.5.3 SRR LLRIBEX

R 5.5.1 797, S5 F AL A % A% B0k R A A 23 (] PR R - BUR R RS540 . BRI ¥ 31
bRk, SSHRHE N, XEFRIAHE R, IR SERE k.

KTHEARFILIE, C2ES 3 T A ZIuik e 4 FOFR RS /R KRR R o R
BT o HARRE T S RE R AR R AT A BRI T, R AT S 4-12 BRI TR

S T HEBOA 5, FonAEmt 2 ¢ LU s, S5 R I P A R IR ER AR B B, N =1 B R
t=T. BUGBHERE LKW N RRAEgaT kg, EXA— 14840 v, THEXSS

R, R R R RIS v, ATHCRES . TREM LIPS LSRR IT .
S BB 4ER L RE
(1) B, =1 BHIIR BRI A9 it NASREL, ENTMRTERCNZ .

‘st.s =w'¢(su’snxl)' i=1--N
WIJ:O: f-=l,""N
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(2) B, =2 NEREERBENK RN, 8HBITRBYE . TR R
BAE, SRR

(Sl.l=|Ig'.g(6l—l.j+w.¢(sj’snx;)), =L, N
v, =agmax (8., +w-(s.s.x,)), =l N

(3) K1k, RBBALRIZ] 5, B PIRASI S, LUEMBRIS IR T i -

§'=max &,
l<iEN ¥

i =argmax o,

T g]gg_ﬁv 13

(4) E13, RIGATIRECEH v FIMRTHCRES, BUSRMMBERE TR =i,i .

i, =y t=T-1,T=2,,1

‘ 4Ly, °

THEXxBEEANX, 25 BAEZE S N 4 HanlP F 9 52 B com.hankes.hanlp.model.
perceptron.model.LinearModel#viterbiDecode, H SCEIEE &, 7 8EU4 scoreMatrix Fil y,, fif 4K
B4 preMatrix,

/**

* EASLLRT

*

* @param instance S

* @param guessLabel #iHiR%
* @return

g

public double viterbiDecode (Instance instance, int[] guessLabel)

{

final int[] allLabel = featureMap.allLabels() ;
final int bos = featureMap.bosTag() ;

final int sentencelength = instance.tagArray.length;
final int labelSize = allLabel.length;

int [] [1 preMatrix = new int [sentenceLength] [labelSize];
double [] [] scoreMatrix = new double[2] [labelSize] ;

RIFVETA M ZIPITIRER, 75— IS 2ok Ab 2

for (int 4

{

0; i < sentencelength; i++) ( ELBRRE )

int 1 =1 & 1;
int i1 =1 - _i; // RSHEHE, SHaFENswapFRER
int[] allFeature = instance.getFeatureAt (i);

final int transitionFeaturelIndex = allFeature.length - 1;



55 SMERNEWRaNIE | 185

if (0 == i)

{
allFeature [transitionFeaturelIndex] = bos; // @)
for (int j = 0; j < allLabel.length; j++)

{
preMatrix([0] [j] = 3;
double score = score(allFeature, j);
scoreMatrix[0] [j] = score;

}

U A FFIE P AR allFeature, BARSG —MIERDRIFHEHBAFE, mMAKDOL
FIrR

TEH A 2% IR AP IR (2) i

else 2 [ ELERN)
{

for (int curLabel = 0; curLabel < alllLabel.length; curLabel++)

{
double maxScore = Integer.MIN VALUE;
for (int preLabel = 0; preLabel < allLabel.length; preLabel++)
{
allFeature [transitionFeatureIndex] = preLabel;
double score = score(allFeature, curLabel);
double curScore = scoreMatrix[_i_1] [preLabel] + score;
if (maxScore < curScore)

{
maxScore = curScore;
preMatrix[i] [curLabel] = preLabel;
scoreMatrix[_i) [curLabel] = maxScore;
}

L2 bE, R AR A IR R BB G — RS T AR

int maxIndex = 0; ( #ELBR)
double maxScore = scoreMatrix[ (sentencelLength - 1) & 1] [0];

for (int index = 1; index < allLabel.length; index++)
{

if (maxScore <« scoreMatrix[(sentenceLength - 1) & 1] [index])

{
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maxIndex = index;
maxScore = scoreMatrix|(sentenceLength - 1) & 1] [index];

}

e, RIBRHERE TR ABES, SRR, FASREU IR R T8

for (int i = sentenceLength - 1; i >= 0; --i) ( LR )
{

guessLabel [i] = allLabel [maxIndex] ;

maxIndex = preMatrix[i] [maxIndex] ;

}

return maxScore;

Eib, SSWARMYLE SFEIE LI Hioeke, BT AR o TR I MPRn
M.

15.6 EFEUEEHAPSE
HanLP L2390 T 2 T4 ML ABLIOFFAIRRERES, I ELHIRESRIREN T b scovial, i)
PERRYE RIS SEIRIRINES . A A G AR

AT S AR EHE AR A SRl R 2R PR, mﬁﬂnzﬁﬁmﬁtﬁ?fﬁ%%%: LER LR AL A
SEERAIPL, I 5-9 fin.

¥+ ICacheAble

®+ featureMap FeatureMap
®: parameter float []
3 A -
) | -
l.

ragedPerceptron | @& StructuredPerceptron
HanLP )& R RG

& 5-9
., Icacheable Jj& HanLP {E{LAIFFILEEH, LinearModel HITFAEAEEEIE sRETRIME
BZ¥, ¥k structuredPerceptron I T45#1k2%:>], il AveragedPerceptron #2{it
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SRR AL T AR SR RSN, EEERXMFE.
AATE A BB SRV GRS B A5 5-10 PR

@ 4 CWSTagSet CWSTagSet

B 5-10 B APXSFET

Hr, AL %S PerceptronSegmenter 4k H RAHLFRIE LY PerceptronTagger, %
BT 430 segmenter. |4 cwsTrainer #7K HHE4LH) PerceptronTrainer, i
PEER WA D, B TPIERSEEAITZ0E, FrLgkR B3R5 InstanceConsumer.

ANy EE LS A E ST, PS4 BT com/hankes/book/ch05/DemoPerceptronCWS.
java Fl tests/book/ch05/perceptron_cws.py.

5.6.1 FHIEREE

KNGt 2, 98 T a8 REe R, ERMPUFSIbREEZR Y, FFaEEEH
FEA2E Instance BYFAG T, 0 5-11 s,

#: featureMatrix int[] []
®+- tagArray int []
%

B 5-11 rhxaRsERREGIT

BN RAFARRA featureMatrix F, HT—MIFHEZNFH, LA FRHEE
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fEfE B AL T — R .
RARBPIOMAUES, x BT, yi& (BMES} o FTRABIFERSINZR 5-2 BivR.

RBAHE REFHE
Yir WY
X
Xis1
¢ P 8-
X, /x,
b & A

L A

BARSC B FHEAE cwsSInstance B extractFeature H1:

protected int[] extractFeature(String sentence, FeatureMap featureMap, int position)

{

/! FR—TEEHE (char unigram feature )
sbFeature.delete (0, sbFeature.length());
sbFeature.append (preChar) .append('1') ;
addFeature (sbFeature, featureVec, featureMap) ;

sbFeature.delete (0, sbFeature.length());
sbFeature.append (curChar) .append('2') ;
addFeature (sbFeature, featureVec, featureMap);

sbFeature.delete (0, sbFeature.length());
sbFeature.append (nextChar) .append('3") ;
addFeature (sbFeature, featureVec, featureMap);

/! FF_TBAFE ( char bigram feature)

sbFeature.delete (0, sbFeature.lengthl());

sbFeature.append (pre2Char) .append (" /") .append (preChar) .append('4"');
addFeature (sbFeature, featureVec, featureMap);

sbFeature.delete (0, sbFeature.length());
sbFeature.append (preChar) .append (" /") .append (curChar) .append ('5"') ;
addFeature (sbFeature, featureVec, featureMap);

sbFeature.delete (0, sbFeature.length());
sbFeature.append(curChar) .append("/") .append (nextChar) .append('6') ;
addFeature (sbFeature, featureVec, featureMap) ;
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sbFeature.delete (0, sbFeature.length());
sbFeature.append (nextChar) .append("/") .append (next2Char) .append('7"') ;
addFeature (sbFeature, featureVec, featureMap);

return toFeatureArray (featureVec) ;

}

He, FHEERMGR SO TG —1 append inf). 7 FREFHIESR 5-2 — 5L, W
O N 7E AR ZhAS PRI, FFIE R A F AP B IL AMTE addFeature FEFBIFA— A
THB, AT IR HMER AT, HanlP BAFESHRHSS (1~7) BETFHFRORM. XE
AT LR/, "TRAB/NATER AR, WENE.

= A

E09 A A= T M b
5 | & 29 :*.‘-’f-.-ft;.*-“il,'||f-.f1.

FRFHRILSEEE 2 G, PerceptronTrainer ¥EEAR LA LEMILBAMPLE R HITIIS, X
LA F com.hankes.hanlp.model.perceptron.PerceptronTrainer#train :

for (int B8 = start; s < end; ++8)

{

Instance instance = instances|[g];
model .update (instance) ; // @

}

Hrp, ABEOEMBGESS.1 THANSHARMILSEET L. SR, train B RFED
SRR E R PR RBAYLR L T4

M FEETTIF IDE, Ef7IIZ0%, Java iRANF

LinearModel model = new CWSTrainer () .train(MSR.TRAIN PATH, MSR.MODEL_PATH) .
getModel () ; // WEHRE

Python WU4NF .

model = CWSTrainer().train(msr_train, msr_model) .getModel () # VI|ZEE

e ER, B3 —1LHEHA LinearModel, F H HERFR TSR EHBRE D,
Fh, EHERBRT TIIFH:
FRAsEIEE. . .

B sek...EN 10807 ms
po#gsehe, Sof—3t g6918 4], 4FEL ¥ 6783824
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#: 100.00%Iterkl0 - P:98.43
KUESEEE 0.10 REFEREE data/test/msr cws ...
0.10 compressed model - P:98.26 R:98.02 F:98.14

Forpifihl 86 k 1A R IIGRE—IL 86 k AT, P R, FARIR “JFRSE" Livdewh#. hTHl
tF AW ROF LS E AR, Ak Q. o TR R I RIS HEOR (X R
A1), WL RMINGE PRI — TR, CIRES, BRIEFRE. AR
AgEITRE, TFREBRANAIIGE.

HIBENEBER AN, £ CPU LM ZLBINGMBRA, train HELLFF T 2LE.
AOARBECN CPU BB, ZABRIER AR PRI R ZR . BASL R SR 71
908 m AR S RCLG B AR R A ST m DNRMEBURY, X SELR MR R AL SRR AE sR AR A7 207 1Y
B E . YIZREEH G EA R 0 BORX m AU ) BOF Y, R F 2 AR,

o T2 AL A B E R R IO ZE R, DRSS AT, (L
BRI, — MM, RN L BT

MRS D EHREBE, ST

/**
* Yl

@param trainingFile il%%E
@param developFile FX#E
@param modelFile REFRFREZ
@param compressRatio [E4ELE
@param maxIteration MmARRLKE
@param threadNum 57 3
ereturn — P EESEBFEHE NS
@throws IOException

* % % * * ¥ * *

*

*/
public Result train(String trainingFile, String developFile,
String modelFile, final double compressRatio,
final int maxIteration, final int threadNum) throws IOException
Hep, BAERNYREFRLSET. IR —FAHES, DIFED BRI AR RBUE/NMY
BERUATR,

5.6.3 FHEHESEREESS *
T R AR H 0,10 AR, SR A BE &
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SR P AR 2 5] B QAR AF SR R, EL Qnask B A9 AM )RR —JE 600 2 T RIE. o AH X
Ko RARHRFAE, ACE L EIAEH /N, X B LS R e R /DN S — DRI
FefF S, 600 F4ERYSFME m Bt RAMRAD—HnE R 1 (RIELS-2, RAS M ITEEL), #
THIRERSHR 0., XAZAEEN., RAOa P ERREREE, gagn T = E
] {E2% .

HKMARK, FEHGAR R, JERI XA, Java 774

LinearModel model = new CWSTrainer ().train(MSR.TRAIN_ PATH, MSR.TRAIN_PATH,

MSR.MODEL_PATH, 0., 10, 8).getModel();

model . save (MSR.MODEL_PATH, model.featureMap.entrySet(), 0, true); // BE—1 Sk
ESHtxt

Python 7= |1 F

model = CWSTrainer().train(msr_train, msr_model) .getModel () # I%RE
model .save (msr_train, model.featureMap.entrySet (), 0, True); # BE—TSEIEE
SHiext

Ak save HEEHPHIESS LS8 0 RORAPUTELR . VL5 HGITIT data/test/msr_cws.txt,
A LAREE 40 BB

3/87 -0.140625 0.140625 0.0 0.0
3/ 4 0.0 0.0 0.0 0.0
3/ 5 0.0 0.0 0.0 0.0
3/m 6 0.0 0.0 0.0 0.0
3/m7 0.0 0.0 0.0 0.0

B—F S ERF R, F T 45)595037R y, =B/M/E/S RHFIE REALE . X HEEANE
A 0 BIFFEREAL AT W, S AR FEAE K BRI F A AFAIE .

R BEMEX SR TR . XA RN/ N RFIE 2545, DIAT AR A B v RO T 2
EMRZITI Y. Ak, HanLP SR T RMERCRYAYEAE00ET. B ATHSEBUR A IE LR
Xof L BRAS T (s RIS . AR W BOZAFE X B D BE R . SRS HEATHERE, B —ERIE
PAF U5 — 5 H o BRI, IR HORAESE P SRR R L. R4RSG , ARIERCR /DR 1-c
PAITF, {EREEAR R — R T4 He Bl

H6 %Y 45 (4 SE BV T com.hankes.hanlp.model.perceptron.model.LinearModel#compress, FH /*

D BEAEM (T B AR SOHR S R RSB ).



192 | #5% BANARSHFINRE
AT LAZEYIZRAHE S PR 1L, T LAFE AR (o B i ] 2 e AR T e

FFMER B X R BRI E W IEE M, X — A0 Ll LR k5 k. W ok LA 46 e
c€{0,0.1,---,0.9} VB, FPATHRMERIFI®, EN16 F P 5-12 Fis.

96.5 [~

\
\

5 96.3 \
£ o6 \
" \
96.0 \\

00 01 02 03 04 05 06 07 08 09
ERE

B 512 [EfREXERERRE

96.8

L R4 SR e R A AR R /D TR — 2 B RFAE S JL T SR AS B e izl . WA
45 90% HIAFAE, MEWRRMA TR T AB A ral. XU MEE RO REEAE T Mg, B8
Fegay s M EAE = K.

5.6.4 BIEERF1E:E
F P o] AR RUE 25 o i) A AR RS pR B, LA Java 7544 .

Segment segment = new PerceptronlexicalAnalyzer (model) .enableCustomDictionary (false);
/1 CIRSiEE

Segment segment = new PerceptronlexicalRnalyzer (MODEL_PATH) .enableCustomDictionary
(false)

Python 75 ) :

segment = PerceptronLexicalAnalyzer (model) .enableCustomDictionary (False)

# BT

segment = PerceptronLexicalAnalyzer (model path) .enableCustomDictionary (False)
# HEEARE

(D Python FHF7 A[i& 4T tests/book/ch05/plot_compressed f1.py 3% HLILEEESE H .
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B, NEEHE, BERE L HNMAFR T MoDEL_PATH, FH Pl Al DL Y B 24545 4y
i A UK I PR =2 e AT 8RO o oAt 43 18] 2% — 4 M ] PerceptronLexicalAnalyzer K
seg #ELHTMA T, MR, b 7RG R P sg 48, 02k i,

LEIRATT S 3R W28 — R A HIL 43 1Rl A EDWALCR , Java 7R 9] com.hankes.book.ch05.DemoPercep-
tronCWS

String[] sents = new String(] {
IR, B, 19495 108%,,
"WRES BERABRNE LB K.,
"HAPEZEAFHRBE DB XA RIFIR A",
"RINOXBEBEL",
EREmSEEIR,

¥

for (String sent : sents)
System.out .println(segment.seg(sent)) ;

Xf R Python Afi :

sents = [
nERR, B, 1949F108%",
"IFRES BRARBRENBXBRR,
"BAPEERF G P B AR AR R ",
"BINWXGESE L,
ERBSEEIR,

]

for sent in sents:
print (segment.seg(sent))

2 P L AR

[EB®, , , B, ., 19495108, &, J
(R, E68, BRE, BEN, Bx, BRAE
B, A, PEZRFREDEXCHATH, HARR, o
&1, 0, X8, X, 5, 8 =

HER, W%, &, I8

ATOL, XEEAZ | Hi . DU ERREIERG A |, “HAUENE" WA ERR I ——aX R i s |
—TCIEIE SR SR RARRDGAEIR . BAR “EBRLT sRRY, (HX R E LA
— B H P iRl AR AR R
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5.6.5 HEFRRSMHEE

{EAR] NLP 1T 55 055 — A0 AR e L v, A< FRATVEM S5 b BRI FE 2 BN PLE T
rR SO ] 4 YRR R A 2R E] . Java BURN Python REEYZATH2 T 43 W T com.hankes.book.ch05.
EvaluatePerceptronCWS #l tests/book/ch05/eval perceptron cws.py. i&f745FL N 5-3 .

& 53 BANSTEE MSRIERE LR)ERE (50 Maf, TESE)

Wi P R Fo Roov R, WIERER B R
RN 96.69 96.45 96.57 70.34 97.16 128%)
LR 96.67 96.64 96.65 70.52 97.35 59

#* 5-3 Bn, GEACRIPLMERG R TP B, JF B EEER . o T RO
W, BAREERENE FR-B, BRATE 96.60% A A, WREEZZTILK, SkAEHH
RBFIPLA SR BN R K, AU -

AEAT HERE B S TR PR RUBAE G, SEPRI H T35 BARTEZ DB BIE? i T45H LR L
Y BEAE R R, FATAT IA H EBHRX A, 5T R B 10% 31 100% i)
MSR ERE S BIVNZEAE R, HEERE, I CHS {7 T tests/book/ch05/plot_corpus ratio fl.py,
WIREE R 5-13 Fizs.

96.5 —

96.0 — s

o 7
/

B 94.5
Houo
93.5 ,/
93.0 /
92.5 /
92.0 //
915

40 81 121 162 202 243 283 324 364 405
BRENR (FFH)

B 5-13 BB AR A R 2R A R0
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A O, AR o e 3R o R P MR A 3 TR T, 40 T ERFH0TERLEE BB IZR I 91% HER
AGHERY . {E 160 LM LLAF) 95% o £ Lk 96% 1E R4 7= Bl RGeS A K HE, MZE DT
300 Ji AR AiERLHE

WO, MET RO SRRARA ., RERARE, BRINCSEHR T E2MEES5HEE, HEN
e AT S EROMERGRIC S, InsE 5-4 Fias.

K54 BRHSEEEE MSRIBEE LSRR

" P R F, R, R,

BEIER 89.41 94 64 91.95 2.58 97.14
ZEk 92.38 96.70 94.49 258 99.26
—MRE D /RT R 78.49 80.38 79.42 4111 81.44
“HiR LRI AR 78.34 80.01 79.16 42.06 81.04
BT 3 96.69 96.45 96.57 70.34 97.16
MLl 96.67 96.64 96.65 70.52 97.35

X & TEERR, WOIETH OOV MBI T 70% Lk, HHLZA FHREBE T 96.7% . &
HIHLRE O B AR T B, seek Bl TR KYE, fEEBRI H b, KIEET SR
01 355, 1)

5.6.6 BREBPBSESRFI"

Ak, wESIFETTRE, M PR E Z R, ARSI . SRR X R A
( {i T tests/book/ch05/online learning.py i com/hankcs/book/ch05/OnlineLearning.java, It 4k DX
Python A ), # fehn#AATH LR MSR B, FEAEHR LAY T 0] .
segment = PerceptronlexicalAnalyzer (msr model) .enableCustomDictionary (False)

text = "5)IEEBE
print (segment .seg(text))

H1F MSR i EUEFA A, BORMA W “NRE" R, ERMUMBERA R,
BORGEH PliZ A2 -

(5, N, &8, B

B P R SRR U, TR TR A I AR, 3 L AR
S A A
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CustomDictionary.insext ("JII&", "nrf 1v)

segment .enableCustombDictionaryForcing (True)
print (segment.seg(text))

BATSE RIS T IR BT 17«

(5. JIIE, @®BiE)

(B RAEERIH T, .

print (segment .seg ("$8)I1 A 5 )18 BiEH )1 EBIiE) )
R T BT B RER

R, N¥E, BA, 5, JIE, BBIE, %, ©, NFE, @&E

Af i) g R —FoRL R R, AR &, RS, B A IR RS A i) SRR
HAGE T AR EF. X TERER ., F5 5] KB a8 bR e, i
HoBT AR R B PR SR DR

RSP TR, WSS RA KR . HanlP i BlpyBmMLIER &R, —a8i/k
A BT ZRoE e, T —Le B A rR RN I SRl e T RETS R/ Z AL FAh, AELIERESZ R
WA RR I, P T b TR R AR I S A T DR, ande] ol BUA BERL UE AT RPN 7

HanLP H BRI AEE L2 T e 0, BRI A IPLIEL A S T, BEIEA R PR
PR ERE AT RIS, AP RRAFFRNE R LA e+, BREEHEE
XA A FEI B AR st EREF, fELR¥FSRplmT.

segment .enableCustomDictionary (False)
for i in range(3): # D¥=R

segment.learn("A 5 JII¥ @®EiE") # QELFIBRONBMAVDARIRE
print (segment .seg ("$8)113E8 A 5 )18 BIFVH)IEBIE) )

O iR ER =0¢, BAERBTEN 2K, WAL while JEARESLM A 1 0
HPIRE M 1 EMAS R, QOMMEL D learn, SEONFHFRIEAMFHEAR, F5]
JE R RERS 45 H IE B T 1 .

(B, TLB/A, 5, I, BEF, #, W), EBEE)

R S BIRFFARFEARBIFN , TR ZAR AR X — s fT LG 75— )i R Rk -
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print (segment.seg ("E1H5)I1EBIF LW/ FEFE))

SR R REAE T IR B T

[ﬁ*ﬁ! 5; ”!*: ﬁ%: iﬁ; J”: gﬁ; ﬁ%}

5.6.7 PN ENFAETIE *

R R R AR SRR TC ik IE W /1A (B AR R AT LA U8 AL 40 9] 2% O 1 SR BGH
G, SEATREIE AR, 3% 52 HI  H RRZFFERR PR S —F, —¥BriRM RS %
W8 R AN R TR

o &Y

AP A FIREMSE, XFPRE TR R AL KK . IR CPRRIET %,

o VUICiEM: '

PAAHSE 4 NFAFRE 0, @O N n G
® in] LFFAE

PR Y oy e M AT F A AL B B AR R . B R 5| AR SRRAE, AR
A RAFIE, A ARG SRAR Y ) S E RS RE .
® {RIFFHE

WIE S A AR, S a AR FEEEEE o] AR B, WF T RE, R
TR T, HAMTE. WFEPRETEAONMESR “HE" 5 “BE", K
¥ RILERE, W eREpESERT by “fa" T35 AT MAEKRS, WE—4EFhe
CHESLT, MR -ERENSGE D WL e, IBAERATEEERN ‘e g
" HE gm0,

ATTRAT R AT A 2 R IESR . B TR, DU R AT .

B, FRIFHEEUZ 8B (7T Instance M) extractFeature H Y, R EAE |
FARTERIZ

public class MyCWSInstance extends CWSInstance

{

@dverride

protected int[] extractFeature(String sentence, FeatureMap featureMap,
int position)

{

int [] defaultFeatures = super.extractFeature (sentence, featureMap,



198 | #5%& BAHSESHEIRE

position); // @D
char preChar = posgition >= 1 ? sentence.charAt (position - 1) : '_';

/] BFHRAE

String myFeature = preChar == sentence.charAt (position) ? "Y" : "N";
int id = featureMap.idOf (myFeature);

if (14 i= -1) // @

{// BBFHFABEBRINFEGDRORE

int [] newFeatures = new int [defaultFeatures.length + 1];
System.arraycopy (defaultFeatures, 0, newFeatures, 0, defaultFeatures.
length) ;

newFeatures [defaultFeatures.length] = id;

return newFeatures;

}

return defaultFeatures;

DAESETE A TRIMBINGFAE, Z /5 TR FAHER IR, QAL B IR, WK H
TBCAHTARFAIE (1] i A R R

BE, RIS n R0 TFE, ERENIN T ¥ createInstance, BE#FK{]
)3 S -

CWSTrainer trainer = new CWSTrainer ()

{

@Override
protected Instance createlnstance (Sentence sentence, FeatureMap featureMap)

{
}

return createMyCWSInstance (sentence, featureMap) ;

Y
LinearModel model = trainer.train(MSR.TRAIN PATH, MSR.MODEL PATH) .getModel () ;
PerceptronSegmenter segmenter = new PerceptronSegmenter (model)

{

@0verride
protected Instance createlInstance (Sentence sentence, FeatureMap featureMap)

{
}

return createMyCWSInstance (sentence, featureMap);

}i

System.out.println (segmenter.segment ("&F4FERBIRBIFK L LZFEKIK) ) ;

BITHERNYE [ &5, 842, ¥8h, #40, KL, Frkok ], @ mBsEE,
WAHEDUER /SR T —FhE ) TR a0 2, TSR T 24 S Mot ik 4k
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AT TR LA RBRHL, FEREAILA A 4R . 3T LinearModel iX
Pordeds, WATEB 7E | TSRS ALAYERIRRIIEE . F 793 FIbR a8 o Scorial,
A2 T e a8, O BRSSPI R AR L. fEFRMEML PRI, 4501k
BAALE R T B TR ST 96.7% , HFH AR T 70% B KRG R0,

SEPRT B AR ER-RARFE Al ATE e T PRI AR R R R . B, A
dE—4 T a s RFR Y, F BA R MPLE L ¥ sl TR R, 85, RATLEH
AR T ie] B E RS2 BOR RS S8 R R A9 FRAFRE /1 -

TRl A 7 ASRESFFER R T, 96.7% MIHER R LBk g7 RATEAET —
EHRARAR ST AR



W6 HHMIGS R

HRTIRANTEZ%E T R DI/R A K S5 MWALEAPLX BIFP S PR B, Horp R S 25 ] R
R HRIE S R A BB S HER p(x, p) . TEREHLS BT —1 408 score(x, p) . 133 TR
R T EEEA FF SCRRGE, BNHLE B4R 4f .

AT B — R0 PSSR B R —— SRR BRALIA . X RS BRI BILIR] SR 454 fhr ~) KK
&, EYERE LLRRPLEE IR K. K TERZARAR I ZIK, A 1exLas -~ Bialf—Fif
B, REHESNBENARMAEIUAEIE, FRESSHILRAMIA R, ENTAM LR %
TE—BTNEE, [EETEALEIEE, ENTAR QG RIS T8 125
Bk, UREEMRERE. R5, ROERFEIANH T, S0 H AT STk 1 i
HERA Y AR S aiA) 2% o

|61 MExImEmiEs

(EATHLAR2E I EROIFAE N KR, ENTRAAR RIS EEZE L ok, 4 — BRI Y
LR

£ HRAEE

_________ o
HE RO | !

I

I .

t |

2 ek mx

! I i i, e i s e i |
NEEZRES N B ]Eﬁﬁﬁ@ﬁﬁﬁkﬁ}ﬁﬂhi AHEHS| |
| BOMERAE | ! T R |
********** Gwies BREEM S

B A ERE

S [ s R

E6-1 HBFIRAREREE
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bt 6-1 i, HILRRE ) B U AR AR [n] R 20 E — SR LR fi x , 00 55— Su B A it
y AL, MR y o7 RS RN B (0B XAyt ) R B EHLAE R (B R
HIRS, ), PLasE> 84y A BRI s 28 B K2l 8, i F NLP KM EERENA, FriiE 6-1
Wit T A, FAh, ARE y SR AR B R M EOCER AR R, HLER S T ()
N R 4y 2001 S LA A T ] 8,

nfar s Z 4 BALAE B AR RSB TE RIK S MRS p(x, y) BRFZFERS
p(y | x) . URA: A i URE R S 0 AR Y

6.1.1 EpkzURE SFHIZURE

R URBBU B i R, WERRYVERGFERRER CR: BARKy, FA4R
x o BXFRPRIRIC R B A

p(x.y)=p(y)p(x1y) (6.1)

£ T (6.1) PRBEI A, AR AT LUREE p(y) RE—1y . RERHE p(x | y) R
FE—Ax, WA — PR (x,p) FRBEHORE p(x,y) . BIERy TREOREY, ER
FUBTRL 4R R R B9 — 1~ § = arg max , p(x, ) fERTIESER .

O 2 iid A G CRRY,  Hngs 3 FAYER KA AR R R E Hh—#, BRMATAE
BLBE TR S5 SO, AR AESS 11 T AR B ER “RIR" —APR I
WA

EERE MG p(x, p) o AR MR T p(x) . RAGE A y KFBRIA], 7RRp.

p(x)=2 p(x.)

yey
SRImtAE I p(x) , 2T ARG RIRSEN
(1) p(x) RMEMEGA T, FOAMRHEZREHEM TS, MRFERSEERNREXR, T
P sSC o iE I — TR AHE . BI— TR 8T, AT RAILF—ER "%,
X AFFIE A HCER PR B 90 . TR SR ARSI B EN T BN, T HEZME T XAk
$OCR ., XRMEEL TRE . TR, SRS . LA R AT SRR A
IRAPEARR LS, ZHn B e Rt A .
(2) BMEAERGL T T p(x) . fEPEP B EIRAER, "SR

Jo T ek PSR, FIER RS T FIBIRBIBGE T p(x) . EEX RAHEE
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p(y | x) BAE, VR x WERAFTE R A A REOC R . ARG M 5 SRS R X y B FIIT . BESR x 4
PR IR AT me T, TR0 30 RS 250 R 8 A O A IE Ml 1 FH 25 P B R T80 . A DCIBRAYHFAIE .
P AFRAT T 2276 B R HIHIL 20 1) ) VA 3 08 5 Sh 20T AR

FI R ZOE TN SHE— 2, G5 5 WARAEEIL, AFRREILE . 511 T
TRMENL., B 13 EMNHSME. SHEMBHHEMNERESS, ARG FERR
Z—MB. —&HHBERIEA N B B R [0,1] KEHHEEp(y | x), £&E—1TE
score(x,y) , FRIFHERMRAMEM KRR, T—TFTRNVHTEME, BT MEE A softmax
R — T ED AT

exp score(x, y))

Zx.ycxp(score(x, )

p(ylx)=

Hef, exp() Ra%eR%:
exp(x)=e’

Toip A AR 5, SRR SRR R A . X S REHL AR AT RE R 5T
T REAHEL KA, HRRSALEEIAR IR R, N T W ZAERHLAE B/, M1 A B3R P B AL X
SRR T H,

6.1.2 BESEafREZREE

#E Z E A ( Probabilistic Graphical Model, PGM ) J& FH e %755 5 #E Wy Z 4 Bt L5 BEBE &
GG p(x,y) BERKHESS, B ZH AV, mildkik . Nekigeit s A RE S .
ERB A VRFRARBE R, HEEEA CHRMPIES, H Z4ERIHLE R £ A
G=(V,E) . XEERHR T — kb, ARELRESS N E T LAk 7 E B Tt . TRhRIBEHL
AFRCE D, W, BT, IR AR A e PSR G e RIS

A E#ER (Directed Graphical Model, DGM ) #5549 42 J5 [ FLI0 06 19 55 % 4 A ()

B, mEHHE A4 FBEEB, WA KEERTFHFA->B. I “FEFEE" WTHEH “&4%
" R B, MafREREFRME 6-2 Bk,

O SEREENE-MEAMEE, EFZPERBEEENCNRE. TR BANRNEN, LA RTRLERMR
mi;:ln
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EH62 HEERETY

Mgk, T PE AR ST, L RAERE FARATRESE R,
0P 6-3 R

M63 SEHPHERXF

b Z 285, Al FEREERRBEER A [ E i — RINR BRI & a(v) FRT
Koy YRR AT kL, 0 B AR RS A4 50 A0 A -

p(x.y)=[lr(v! z(v))

BT SRS SRRV — T8, UGS EEERY, A m RS B4 R
R SEHE, Heinss 4 TR SR AT RERUR EE P A E 4-10 FIE 4-11 #852A a0 E B — 46 -
Y CIPS

HE, TEERERNAERETEHNERELER, WREBRAY REEMES M. LA
BERIAHEA W, U ERBEDFSA LB, AEAEREERE. E6-3 pyJmE BEE
& 6-4 F 7~
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H6-4 FormEEEE

G (i) PR ASE 284 ABE 38 70 19 R I A i KA L ) S PR B 2 B, 7EEe P . B K E ( maximal
clique) FEHEWEMA NS ELEENEKFE. A EERENIE, SRHEERA & H
K 6-4 A1 A AR S HALRTA VS, MR KH. RKEAXESES B, LalE % E
i, TREEE, MEkmEESR. Iit, TRERMNEL T -SEMNBEFSE
(factor ), HAETFI R HEERAT A, AREANNRAA, WE 6-5 Fix.

EH6-5 ZTmEmM—MoR (EZAsXH)

B T REFEHA A 8 AR AFREDL A 84 SOk b WX AR A7 B, ENNER A 778, B
FORERY A, ATHEFWANAEE, B 65 /AR, SrRKHRARAER
Fimdo AR, Tom ISR 2 4R & (K & 204 S — R A B - 2 /.

1
pxp)=—] [¥.(x.5.) (6.2)

Het, a REFHE, Y ME—EFWERA R, 28 x,,p, & 5HEF 15 SR T4 2
B R BTHRK (6.2) ARAMRD G, ECHBZ AT H—HE T
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Z - Z]_—[Ta (xrr’ya)
FERLERE ) h B FRE B R i R F pR &
¥, (xa"ya ) = exP{ZW«kﬂ;k (xa*ya )}
k

o,k RRERIR S . [, (x,, ) RAFERE,  w, AR EAFAEALTE .
FIHI AR H T RN, R EAEIH Ry, X x &R — T E—1EH T

Z(x)=Y 1% (x..5.)
SRIG X (6.2) BEFE AL ) ) KBRS G B SR AR A T
pol 0= Pn) (63)

Ei, EHAROTRARESESME 17, XL (6.3) MERMHEIIHK —MIEX, ET
Xk, BATEXABRAFFENLT

16.2 £4HEHIE

£ 14FE#13% ( Conditional Random Field, CRF) J&—fp& ek AMIPIAR R x , KR FHMER
p(y | x) BBEFE TG B T RRARERE, FREIL A& HESE (linear-chain ) Z&{FRENL . M

B, A LS B S BN

6.2.1 EHRERARENL7
TS B L2, ook B — WA PESE RN PR, 40 6-6 BiR.

"N o 3 &
X, X, Xy

B 66 HiEsR RN ER

B x, B 3AKENTE, AR x 03 MRIE (4R, FRIEEOREER ). HETREIR



206 | Ho6® FUHIHSFIRE

AL RALRINS x, PRI ME—4FAE, SRAFBENLZ AT AHAE R M EE . BEFHEFIL, o
LABRSE A — LR LS, (5,09, %,) o HA USRI T x, ALy, BOASMERRVEARSHREAE, I Ty,
BOAFAE M BRAESE BB ARAED, 15 AL RFIE BRI ECE SR

XRRMCIEN R, ZRPERERFRENLIARE SCINF

p(ylx) 7 IIeXP{E:Whﬂ i X x)} (6.4)

=]

K, Z(x) HH—1eR%L:
zncxp{zwh-fk yr—l YisX :)}

EFORAE AEFTA AT RERFRIE RS Y2 b kRS, WERITE ye YR, Ktk
Ty ETRMABREZ 2, MPCHANE, B2 BMBB X FE “JEik” MbRERFS,
AT EPAE— LR BT Z

UnSFHs B A E PREC S ACE SRR BB ¢(y,0y,x ) w e RY MM GE & OF VL
I AT e «

p(y1) Z‘r’[{ 05,0505

(x) i
1

(6.5)

Xf HEZE AL RN AIL A £ T 53 pR K
score (x, y) Zw $(Vi1s V0o X,)

AT DA% BLEE AL B AILAT 40 oR 8015 R AR BEAIL 3 O 35 B0 7 6 A ). eh F 4558 356l x
Z(x) R— DN e, FTLUBEI TS

p(v 1 x)=—exp{score(x.)}
FR, FOBIUARALHRLBRIUBRER T -
(1) FRFEREHLI AL A BRI REAE B % — 3
(2) SEHMLBIHLA SETAT AT, 2 FREHLIAZA T I BN M s K

AR R RA RS R G A RALE BN, WRILERF tER k. R, @fadk
@ SRRBL AP RFAERD TRy, v, (. x X=ABE, WRUER ,, v,
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AL AL B R e 2 —3. FrRINTAL S —m AR LR, RS RN
LA P VIZRRI AT

6.2.2 FEKEHLIHRD)IIZ *
WD = () y Y, HrpEA A = (0, 2 XD} TASTS, p = (0, 30,y 0y
%mu%hﬁ%wo

R ARG, RAVEZRRIS EETSE w BHIZRE D B RIARER .

p(D | w)= f[p(y“’ | 2%)
i=1
A0 B LA SLDLOA S

Zlogp( @ XU )
X (6.5) FRA L, UREBURIT N

(W)=Y 3w, (08?4} SlogZ (="} (6.6)

i=1 =1 k=l

FEDLERE ST, AT [ B OTER Kok, REKEFBERIR A O AORIMTR A 15, X e SEUER
YA Coverfit) PIZME, kiR MBARMZLAEN . BT REGUIFS, % AI0TERILN
Bl BB S8, DB SRS S SO K O . X R BR WIEMIL ( regularization ),
TR AR R LA L, IS L, TEM, AR L, TERI A, TR O AR B h
ﬂ=iiimﬁbﬂﬁ%“)fﬁﬂh“%§§ (6.7)

i=1 1=1 k=1 izl a

Heh o — %, FERIES L, WA REUOMALFEE —3, MR, TR FEN{LR
BRI R B (6.6) 1B BARpREL,

AIfATR AR AR 2 ROR AN T, R BB AL A T BoR AT DR, 35
O 5 SO OUBRRE LTINS Y SRBBREAR AR BENETH T XHACLAR A IR S
~=ZZMﬂwﬂP)ZZZLMmmAﬂdmmLW) (6.8)

=] =1 =l t=| v, ,ye¥y

K (6.8) e, WA —TF . BTG ENSE, Bk DEHERE S i 2R
M T RIE . VR RGN | S, HLaRE 2T 0 5E SO R 2 0 B T Ak . 7R

@k w BRECE LR TR, HnBAT A R L, B w , DLRASKH LAY L, 58w, | -
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AT AR RS KRS RS ) it imi ke iy &l 01 p -

p(x.) ﬁ%ilmx‘”: i l:;-=,p‘”s
31, AR R, AFESR S B R R EOR R 1, IR 0 0 e T I ZREE b i B
REGERAERHEE, HAlRRFERBRIBER — 2 1, ARl A B FFAE sREROBER —EJE 0 .
TR, FHIE B L0 o BURRHIE R BRI R B H 8T, FRATIER 3 |4ttt
FiE 1 YR TRESRIG, U B TR R

[ (6.8) , HA—THENMRIE .
EAﬁ)=iZfﬁ 25l
=¥ # (x{-'JJ{-'J]

BTN logZ(x) WREU™ 4, RARBEHEMSH w, fEBERD p(y | x;w)p(x) FHY
W, o1

B(5) =33 3 Ai(awred?)p(nor 1 5)

f=] t=1 y,_,vey

—ZI:Z[‘( mol ) (y|xw)

E,(f,) 5 AR A5 2808 i i A Al R OFRIEFES, SF R, T s A AT
I, T LIRSS LRI MR A . 55— AR B IR 6 454 <) SRl — vk, P A o
BOE UAEBABIREZ . RSB S W, BI%, e, xta X",
HFT— KB, 7581 F7 4 AT RE AT 51 A, M s SR e [T SR BO R, T R85
A BRI

Li b, SPBULIOR ek R (s 5 K0T LA 46K «

A oy
a—ﬁ};(jt) Ew(.f;:)

BRI —3UH KA BOAE, e 15 Al i

S =E,(¢)-E.(9) 69)

T, BAEMSRRE S H SR A T, BUAT LURIAS BE b T ik sl B i i R eR B B R
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T o A xt SR AN T RARIR ROV, 77 75— e 3 R A 3k

B, MATSES AR S R (s, S 1] 24 AT B pR R (G 1 o i SR b
i, PIERIZRIINE 6-7 B,

(zm Tl

E6-7 HE T

Her, g Ak e, #ikBaCAPIRERIS R, Kbk mBIR/IME. WAL S

RIRRE PR RE T PR ik U B P EH NSRS, HEEOVERRE TSRS, hTETH
2, BHRRBEEE w—w, B FE L, PHIERE “FEL" WH 6-8 B,

L]

E68 BETRE "E8%"



210 | ®e® FUEHIHSFIGE

PP S ik IR ET M, P, > B — P, —> P, — PR FREEE 4 ERSHE B D)
fAe, Hr, PARUFR KRB . B R — PR MAE N SRR . AT WA FRERIX
L8 TRk, WS IR Rk,

IR %, TR R — Rk R R RIS P, — BB s A, IntRISIGERE ., TR
FEAILIZ 6 % ERLER PR B R 1 R X ( concave function )™, fir LA AT AR FAF 2 iyt fb B .
o't
ow;
ZI SO R K< K IR, FRAEMGARAERS ( Hessian matrix ). 4§l 5 A B9 () B 7E T 44
AT R MR, FE BARE SR ER, ET4EE K BEUR R L. fE— R IR 5
W, ST L2, WV ERRIORT . LA, THEE SR M sl o A sE ., X
WEZRBINTE, ERETRBIRATEITN, WAMHRERRRS T, Brih, e33R H 4
AR T KR LAk )

ik, B0 T LB RS W B0 R, (A A Wi A A 2R — R EE RS Ol TR A
Mo TERMFIIER R L, RSB, 4 MRk, X REES
#) BFGS ( Broyden-Fletcher-Goldfarb-Shanno ) 5%, Z8 k2 AWER T E TG AN,
SBRE R M AR AR L-BFGS ( Limited BFGS ), ‘B3R 7 —2eilt— A WU, #E
% o E N A AR

B, @if L-BFGS MHEHHM RBUEILTNIE, SRAFBEHLIAI X BURIR R B B AL
W B S BRI 2R 58 S 1 R AFBEDLIAREEY . th TABEMATTKE, 3H R KB X Lt
ARif S BEA 2, R REAXPREGREMBEN (6.9) , EHE/RFIHHLIZA LT
B ER -

ERBED, BAMKNFBOERE NS < FRAREA . T Kook, H

6.2.3 IFELEEHILRGNH
BT T SRS RO 2B R, BT
o FHE R KA

o U [ AR
o T pRUAIR]

@ R R R M R B — i S BRI AL, Tl A A FE Sk puAR sl e o sR B, AER(EAR AR, el
B A R PR (E AT, R —ERERREL . HpeR B — MR, MR R ES.

@ BAERACRIRER —12FR, WAL R BT X BRI B B b L e 2, BRTRR, WiEE 2%
ZERLI AR (i k) 1, BB PR S0 . hitpy//www.hankces.com/ml/I-bfgs.html..
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o Tl Bk AR
o [E@4itatkaE~]

ENRKBIARE e T UGRS3 W e afl 2 22 S e — LA

B, BAYLRER TELEY . SRSEEH EH - DMIINEES, hTFRAZEEDS
s, FrUATELE I E R I . T 28 1 F BRI X B IR R i B LA BE U 5 SLAE e
K2, BRSYEFHELEEE.

HK, WafMERTELEIRE, RIS SEERLESHE, ELR¥FIBRIUER
(x,p") , FEREHUREEE BTG T AR A BEHLIZ X BRI R BB A Ny «

&, [ )] o)

HiF A — A, FTAASIE R EAE 2200 401 1 A B R PR A 4 O R -
E, [¢(x“‘,y{"):| & ¢(x“’,y"’)
fAK (6.10), A

&y )[40
PATRRE BTV, iSRRI I B 3, 7598 BT RAsK

W w+¢(x[”,y{”)-£‘w [qﬁ(xm,y):l
Xf R A AILAY B ekt
W w+¢(x“’,ym)—¢(x{”,j)

PE AR — B TR, B Ih IE 22 28 0 N A RENE eR %L o(x”, p) , {HAVEETT 415
15 75 BB — A 3 XL B REAE sR 2L p(x, 9) , PTIERAT L 5, 1 A B AL 3 AS {EL 32 Jih 1 W
BRI HRFE R, R FIR IR RT A AR p o XFESE T U A R R S5 X L A I ek R
ZRVET, AEA RO, FUMYLERET SRIKR N, EFEERS M. BB
S0 HF I oA 807 B A TR ) HERE o O BRI T AR, nER TR BOR], IE R R A4 AE
R IEE 22 B — 0005 (B +a(x", p\) ), BT AARTE TR 5/ F— B0 i 457 ( B
~o(x" yNp(y" | Xy, T p(y" | Ayt BTABRIEANT — BRI EFEST ). 4RRE PR B A
RUBIEE 5 20 AR — Bt (B p(y | x0)=1), BEEEN 0, BIRSEORF(L. W, 2
R B AR — e R R A% -
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ZEt, FFEEVUZK SR, X, S IIgGET g ee. e EXE %, Tl
HEASCRRIFN

16.3 £4MINZTIES

R KRN TR, A0 48 B A5 RGP EOoR KA B e i T itk
M) CRF++. AWAALTRMES, @275, HanlP R, 3 HOCHAH &,
iSO TER

6.3.1 CRF++ &%

CRF++ R C++ #E, XRE—7 “Blabgii¥, BUbE 7" Mila, FrLAFRIT4S MRS %F
Theo WIPERGE T WLEITEHIMT .

1. macOS
LR T H Homebrew, RJGHR7T7T:

brew install crf++

XS BT P AN SR ARIR cxrf_learn FITMARIR crf_test.

2. Debian/Ubuntu/Red Hat/Fedora
*nix REMTE QAIT9RIFLE:

wget http://file.hankecs.com/src/crfpp-0.58.tar.gz
tar zxf crfpp-0.58.tar.gz

cd CRF++-0.58

./configure && make && sudo make install
/sbin/ldconfig

SR AR BNX PR

3. Windows
F#& http:/file.hankcs.com/bin/crfpp-0.58.zip, i /545 #] crf learn.exe Fil crf test.exe & H.

@ FAHEBHEATEIN, EHEIFRAF 20T MeCab 5K 70171 8% SentencePiece.,
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4. BFE Java hR
FrukZ 5, HanLP B8R |- CRF++ (1 Java i7", {3 T4 com.hankes.hanlp.model.ctf.ctfpp T .

Al iy AT IR AT

java -cp hanlp.jar com.hankcs.hanlp.model.crf.crfpp.crf learn
java -cp hanlp.jar com.hankcs.hanlp.model.crf.crfpp.crf test

He, hanlp.jar iff&f HiEFPLEE 40560 HanlP A9 jar L B%42, pyhanlp FH 0] DL
hanlp -v fREFHN IS, Java RS 17285 CRF+ RFF—2, {H Java ifF WETECEM
NAFRCE B EIRT CH, Mgt g8l C++ hiz,

TR EH LR IR RA, T X% crf_learn Ml crf_test XM Pmd. AT
{ERLXPI A2, ATEHER CRF++ A R BH L B A e

6.3.2 CRF++ iB8HE(

CRF++ 3324l SCAE R}, 2458 — T el R AT R e st . BIFIER—1%
. BITARSIE— R (x,y,) , BRTBE—S5HER y 255, HAba I ER R AL i
x o LAR3Cora e, W40 X R AR REN |

¥R ¥ 5o B
£ P w
EEBRBM pasaw
o B e o O /TR s e <}

[ < I
omg s P
HI2=22w

Hor, 55— PN FERF— OB IEAFE . 565 0N FRPEE 5 P EFE, BB =0 FERAER (rhik
BO) FROE, XL B4 YEH A SR x, . B SR KFREN {B,M,E,S} I7%,
HIETRIRS G

KT RAERE A T, HanlP $245 7 AR AY APL. LAFRAT#RTERY data/test/my cws_corpus.
txt Rpf8], Java /- ( PEW. com.hankes.book.ch06.CrfppTrainHanLPLoad )

1 TF @zhifac (Y cridj JERl L@ T 201k S5t
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CRFSegmenter segmenter = new CRFSegmenter(null); // (DEEZ 84588
segmenter.convertCorpus (TXT CORPUS PATH, TSV_CORPUS PATH); // 2#fr##k

FHRE ) Python hLA -

segmenter = CRFSegmenter (None) # SRS E 578
segmenter .convertCorpus (TXT_CORPUS PATH, TSV_CORPUS_PATH) # #if74s#ft

475 BT 15 8] CRF+H Fr 2K iiE % 2L data/test/my cws corpus.txt.tsv, 48R4~ g
AR RA —1, ZREZSIIZGTAH RS, XTI Oraiskms ., —RIGE
FAFEIAT .

6.3.3 CRF++ %HiEER
FEOEBIA A T A B B x BOFFIE, BFFIE TREATEDA —3F, CRF++ 245 AT AT
MEARAR SO, P FEZ SO N (RIS 18 2 5 A A 93 BT 7 A 2 FPRRALE
ikl x (b, 1] KRR ERERPIFRIT, BT RZnT5, =0 MiTRR i
MAZE, MBEORZHRRALR, B0 TrifonigRBI. —1PRIIRPIInE 6-1 .
F 6-1 CRF++ SHESEESI A

i=0 = =2
t=-2 ] s ed
t=-1 &h p P
t=0 o h ¢
t=1 4 f P
t=2 % W s

CRF++ Xt FE3 b a4 0 20 BRI T — IR R OE 4R B, 2 Maiid 21 h e =0, kit Z) 0 %,
KA ZI A IER. Ll x[0,0]=4=, x[-1,0]=d0, x[1,0]=MR; 48R, {E{TOFZIARAT AR
4G EAEAS, et x[o,1]=h,

B TRAZERE, RIOSMTUHE - Z AR —FFFIET . il x(0,0]
FR YT F—TCEARE, x[1, 0] R F—PFA— ik E, Mixlo,0]/x[1,0] W
FARX N FIFE A BRI TCIBEFRIE (BR / AhnT LAME TSR, B2 LWl ). AT
Bl I TR VB & RRAFIE, CREF++ B2 Rp N EFAFIES S . il uol:%x[0,0] Ml U02:%x[1,0]
S5 oA0 vol fMluoz, SERZENFRITFAECT S, Flth, FREAFEH 2 U7
B #R.
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Bl 4n, HanLP BRIA R Lol FEnER AR -

# Unigram
U0:%x[-1,0]

Ul:%x (0,01
U2:%x[1,0]
U3:%x(-2,0]%x[-1,0]
U4:%x[-1,0])%x[0,0]
U5:%x[0,0]%x[1,0]
U6:%x[1,0]%x[2,0]

# Bigram
B

5% 52 BRI OCHAIRHESR " —B, EEE AT A,
XA AEASEAR T 3 e G A RS =t 3 S«

segmenter.dumpTemplate (TEMPLATE PATH) ;
A TiEE SH RS, #E0T LR R ER T .
6.3.4 CRF++ @<iTill4R

CRF++ W% f4 K crf learn, FFZfFfIZ¥n« 6-2 Fiss.

% 6-2 crf learn SiTEH—KE

" B

£, --freqsINT  BEGRESK, EFESEOFEEREF (K1)

-m, --maxiter=INT LBFGS mZERAAAIRE ( BIA10k)

-c, --cost=FLOAT ETETF, BR(6.7) P61 S5° (RiA1.0)

-e, --eta=FLOAT BRI &M, YHRERAERNTFZRENIEL L ( #KIA 0.000 1)
-C, --convert B EBANERE D " HE

-t, --textmodel EEFRNEHXFEANER, MftHanlPEH

-a, --algorithm=(CRF|MIRA) Y% 8%, LBFGSEMIRA

-p, --thread=INT MELRE ( BIACPURZ L)

-H, --shrinking-size=INT HUERREE D ZMEXR, FNE2WEFHF, WHTMIRASE ( ]1A20)
-v, --version BTRBRES

-h, --help EFBHER
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HARBIIRATO P SCOMHAE S, IIanS A

crf learn -f 3 -c 4.0 cws-template.txt my cws_corpus.txt.tsv crfpp-cws-model -t

MR, BUABRAZTHLIEH A HBRE fE, 5% com.hankes.book.ch06.CrfppTrainHanLPLoad
1 tests/book/ch06/crfpp_train_hanlp load.py B9#75 .

6.3.5 CRF++ St *

mTFRIHEE T -t S8, LRSS 2 #A crfpp-cws-model 14l SCAN 5K cerfpp-
cws-model.txt, HFIEBHER /D, FREBHR 4 OFFIERMR D, BEAKBROMBAT ., K NHE
RIT CRF++ ERYNERES K, FHSCARGAB AR T I SCAMS U | B e 3 A -3k

version: 100
cost-factor: 1
maxid: 44
xsize: 1

XTI BRI RIRAS . 67, FROERCE, 205 A S B 80 CIERLRAS R ERER AR S
GUEZIE @

B AR

n =2 mw

PRI 1 UIZRHT ) A RF IR -

Uo:%x[-1,0]
Ul:%x[0,0]
U2:%x[1,0]
U3:%x[-1,0]1%x[0,0]
U4:%x[0,0] %x[1,0]
US:%$x[-1,0]1%x[1,0]

RIGRITATER FRF R IEaC, RV ™ 1 2 Fh L5 -

0 B
16 UO: B-1
20 U0:#0
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24 Uo:fR
28 Ul:¥0
32 Ul:8R
36 U2: B+l
40 U2:f0

85— HEHE RS, T W [0,16) X6l h 4x4 (IFEBIERE, 2R IRESIFERE, T8
RS IFEdEsE, MEEEEMER 4, SR TR REE A EEERE S (v, x,) K, &
A {(BME,S} 4y, Hit, AREEHEICFEMREIFE 4K, MAFTIEREN 2B
1T Hin20 vo: MFERSf(y=B,x_, =H) BFFERT R 20, A f(y=E,x,,=M) w5 H21 .
fy=M,x_ ,=f&HSHR22 ., f(y=Sx ,=M&WS5HK23. B, _B-1 HFHENHFS, TR
A E — .

BT S AR 20 R A E R 0N 7 AL TR () B, HRRARFAIE PR RO 5 HED ) -

-1.1143325886999251
1.7463243763143423
1.0441874800708417
-0.5989933767199741

FERXAMUEGERHE b7 A A PCE (] fit— 3% 44 4,

6.3.6 CRF++ ap<{Timl
BORIGSE R, SEATLAETHRN T . CRP+ BT orf_test, HBMUNE 63 Fim.

! S (g
* 6-3 crf test TH —EFE

_— wwm
-model (-m) R4 (CRF++ 8 it Hl4g=t )

-nbest (-n) i HRER AT o SR ( BIA0)

-verbose (-v) B ( BRIA0)

-cost_factor ETATF (Bik)

-output (-o) WS RBT

-help (-h) Er’:‘r?ﬁﬁ_ﬂﬁﬁ

G hn, EYI24E my cws corpus.txt.tsv JRFEAZ4Y CRE++ 47 H .

crf test -m crfpp-cws-model -o cws-output.txt my cws_corpus.txt.tsv
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5 1 45 R cws-output.txt, f5zJi— 51 A .

;R A o
B WnEw
BmWwn e

AT, FESR SRR R e e B

6.3.7 CRF++ B *
A1 08 CRE+ (URS msa B s 6938, {FAAFERRSTHY.

FUREN G MR EER, U TA - LEMNTFAEE, W node.h E LHT A
path.h & H):

/w*

* AREPHTR
.

struct Node
/t*

* A

*/

struct Path

T EXAPRZAIFIE R, A NFEBFHIERE. CRF+ EAMA)S, #M buildLattice
T ERAE R EARAR RIS AL R ARk . XAETE ISR A b A SO AR IOREAE T, AR
M TRELY, 7€ HanLP AYRRIHLHEZR P L e RIS T,

VA R — PR, IR 2 o R A s A AR AU (B4 IE e
BORVAFARN HIAE, U HFRA cost )

/t*

* HERBBER B RN

* @param node Jfif

*/

void FeaturelIndex::calcCost (Node *n) const
/'ﬁt

* IHHEBBERENRHM

@ MRRFMRE, SFECREENREY. DREFBE C+ MG, oTRIEZ SIS HT: hup/www.hankes.com/ml/
crf-code-analysis.html,
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* @param path 4
*f

void FeaturelIndex::calcCost (Path *p) const

O #sE G, CRF+ BTTHERF LA Fad 2 (A )G M8k ) st —WHEsr, HRa1
TP i R BT REE «

/*t
« BIEEEEE
¢

void forwardbackward() ;

BERGER, T bAFE R BOFRA AT AR 20454k R B0 3 .

/E*

* TET SRS )

* @param expected iHHEFE

* @param z MBLEF :

* @param size HRETE

o

void Node::calcExpectation(double *expected, double Z, size t size) const
[** -

* THLHE
* @param expected HithH#iZ
* @param z HMIBHLEF
* @param size IRENH
)
void Path::calcExpectation(double *expected, double Z, size t size) const
e R4 R (6.9) PREIEIIE E, (9) . MBI, BN REBRIBE, (9) . Xt
S (ISR ) Kk, E—E RN, WREEy - ) SRR 0, y=)y" WERN
|, FLAFFIEsRBAS L 1, BT 1, XHELRSH LIS,

fE CRF++ 7, 2K sRBUE SR IR sR B TA0P 8, B LARBSEE FIESEE . (L, S8OEH
kAR R LS W, TREVEERY S — . %R T SIS .

--expected [*f + answer [i]];

MM AREA T, 2R SN R LBFGS i1k T, CRF++ HiEEH XS HGX
A—> LBFGS # ik,
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1 6.4 HanLP 5# CRF++ API

24T TRAUHF I i o, ShmENTEERN - ~RFOEE. KT8
HanLP 4 5 8l i) CRF++ API, /i {4 £ 55 {i -F com/hankes/book/ch06/Evaluate CRFCWS java Fl
tests/book/ch06/evaluate crf cws.py.

6.4.1 J|4o1aEEE
KT A GRIERE, HanlP ZHFEBEEA (AR B#) MAMiERE, &% rigeEmRm
BRBL, H P ARG —1 % AR R E S, SRR crain #E080A],

Java /RGN .

CRFSegmenter segmenter = new CRFSegmenter (null) ;
segmenter.train (MSR.TRAIN PATH, CRF MODEL PATH) ;

Python /R Bl 4N°F

segmenter = CRFSegmenter (None)
segmenter.train(msr.msr_train, CRF_MODEL_ PATH)

VIgRREmI RIS, SEF WA SHERH SRR MER C+ i CRF+ #EFTYI4R

6.4.2 FREHTEN

Il 25 5¢ B J5 13 B crf-cws-model 1 crf-cws-model.txt P14~ 304, A # & CRF++ i il 2
A, 5 HanlP A%, ¥ xt AR EE A CRFSegmenter @ CRFLexicalAnalyzer HY
i R B BN AT QR 31138, [RIEY HanLP 4= A h 8 247 txtbin, T UCHNERFE T HE 450 75
BEZDN,

BT AT R PUCIS E S B T 4558

P:96.86 R:96.64 F1:96.75 OOV-R:71.54 IV-R:97.33

HiE4 h A AHARIFIE RIS, Wk 6-4 Fk.
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EMOEREEMSRIBERE LN ERE
= et = _ k"'_ﬁ'_d‘J%J__ a_
fﬁ%@ﬁ - _ 89.41 94.64 91.95 2.58 9714
ZEk 92.38 96.70 94.49 2.58 99.26
—MBED R KSR 78.49 80.38 79.42 41 81.44
ZHiRR D RET RS 78.34 80.01 79.16 42.06 81.04
S EEAL 96.69 96.45 96.567 70.34 97.16
e oLlE T 96.67 96.64 96.65 70.62 97.35
FAEHEHS 96.86 96.64 96.75 71.54 97.33

FIFHENLA M & TS br 2 W 45 ILRAPL, S5 F ERIAD)| 96.8% , RAZG T
B M ) T AR R

165 B4

AR T RAMEIZER LN, VGBI, @ 5RMILKILE, BR T R HE
BEHLA IR AR . ESCBRIF TS, AR T HanlP H3EH) CRF++ APL, FIFIXE API, Al
VIRl T80 07 ik BfE R ZHABE R . ik, AT SUHAMRRR E —BE T .

3R R —A51F, 51 FRSIAR XN B R A R REHESR . X MHESR P, RRAT]
F) TR /R RER , R LRAL S R FRELY . R T XEGHER, WA TAH %
TREIE T ApLaRaE = TR, BZMRCY A REF A TRIT, SiExig.

TERTRMMBRD, FA VA C #3095 5 bR B Rk S A R A %5 . Gt
RRKAAAAE, RASHAE T HiEeUE L, BmiiHE. @iy I8 a8 r RN R, 7
ZAEH AR IT MM, BIRFFRATAEDRAR A ARG F AL TRRIB T .

T ERHE—FFHETHE, AMERMFRRESNWATRT . HanlP 1.x RRETH 7Ha88 Ay B iR Al
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“Hanl.P

s — | HM— q -fjghi}j—»
i i . L . - I ] ﬁ;'&":

AENLIFAEPREHCHIS SR, BB A aKE, WAL, 858N
WESWZ, K 7-1 Fis.

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

WATERW| | NB¥ITEE | | B B S S TR i
1 2553 4 5 61 |7 9 T i
o @ = BOs& K i E ‘
¥ os i® 0B @ fl : :
iE & EE R N W R " ;
% | ok T THI: : : ]}

i Lo *x %) :

: to B : !

| B '

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

B 7-1 M8 A ARE S AE

ZHIRA1FT TR AZ KPR F IR, & RSO, REeRKM/DAT. WA
FITHR, FRATH A R X LeGe T B Bk AR MR TR S 5

171 iatHRERR

7.1.1 fH4agiEk

EIEF¥ L, Wt (Part-Of-Speech, POS ) 52 A MGk, WHAELE, [—14
KA HRE A MOIEEER, A AN E Sy RERESRE. ARGFERERHT AR
WiAtEbRER, — IS AILER, A, ZiE%SE LiEtE. HlnE 7-2 32 HanlP i i —
MEA MRS E T

N ¥ M bf WhpPpHVE
iy —""—""“-».(—"‘—-

ﬂﬂﬂwﬂmﬁi’m KRB 4 WE W BB B O
H7-2 BROFRZERDRBWNEHRBERT

AR B MISCERNIANERE, B, o Z2BhE, n BH4E, v 23hiE, nr
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RBAZ, p i, a B4R, EEE 7-2 PR “HE. WA CMEET REEEA R .

7.1.2 EEAEL

i FE R R MERR B R AR 7R . o 3 B BT, BRI, (iR R B
AR SEmEE, A AEREMENES, BREART 10044, Wi, #Ediat,
FRAT IR B A il 3 B

PE AR @SN, ST U AIEE] ooV /Y, ATLLEE OOV BRI A E:,
RETFHHTH OOV IBH—k (YMIF—MEHRFRIT UNK ). HAnaIk S s i it
— R, MEBEIRNRA CAREREET B, AT LA TEMERR S nr HERDX R —NAA, MR
LN A IS e S 3 s

it AT DL S A TR — 25 R, bRl RO A R E R G AT AR AL

7.1.3 1EEtRE
AR AR N A Frh A PR ARSI S, RARBEAE T —EE
AREEHATE 55 . EA LTS .

(1) DB — iR E AR IR R L (FRAEHEE ), B7ERKIES T —ERME—ia
P, HnlE 7-2 s CEET Al R Z A P R IR S TR IR A R

(2) OOV JEATA] [ ARE S AL FT 55 (MEST,  dnfaf Fil OOV Ay injE 7

7.1.4 EMSEEREEE

GEit i J X A R TR R, IR R ATAB M IR ERE . A3
P IR A, {B,MLE, Sy Bk “Ainl. shial, IBEFEE", FRIIFRERRID ERiE]
AR At EpR T

Fob, AR RE AT LUE Vb oA I S SR S, el LS 3SRl BN Rl —ME S .
Horh—Fp ek 2 84 {B,M,E, S} AR% 5 AMER I SRk ME D — M A0, s+
“RIahFIAR %5 RO EARELS RN

& B-BiF
§h E-%18
0 s-i%ig
Bk B-%13
% B-8i3
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EZRE, TRFRABARERIR (B,M,E S} /4, 5— 1 FRFERERSERGE
P, XFERIE AT B MER AR VB SR (joint model ). I FLEHIE T ERMUEES,
B A RAVTE LT B A (Al R BeAR Tk Y, FrLAZ 3 TR B A H il k.

SR TV LRI A AR RIR A HAR , BEAHEAYEORIE B Rl AT BT A F1E S 09FREE, 1k
53R - bR E R SRR SRR L AR R T AR S, X B RS LR, T
EoriaERtEA R, BEREEREFEEMERED T LURERT 1Y SIGHANOS B4
A, 4 rEELETER A RHARS . hTF hCriE R T 2 TR AR iR, SEBR T
2 Ll H e KBS RL E LI Rorinlds, SRJE 5 /N RU R bR i T R L A TRl AR T AR R 3
Ha R —A T IR T K im0 H 28

A—HE, BREBEEAERE — BRI R B AR AN M, A
PRERA N, WERES R ARERA SRR KA M xN o FFHARRFER R A, e
ME, LM STHER b, FEAE R BOR R AE A B BOR LABR SR KN, BRI M x N . i
AT EREIERR, BAEM+N, BMERE—H T4,

AT EBXLLIREN, ARALIKL HanlP HFTHY IR /34T a8 R MK L. AR BRI/
LR —Br-5 BB DR RARY | S5 ALERRIDL S AR FRELA R S BRI MRS . 1825 T
HanLP BRI ENEE, X SR T 4RI, FRAT R W — LR BT,

172 AtHREENESTEE

RIrp 3o —E, B EF AR LA, SEEATE R — 2 EZ AL
BRI PR ME. IR AR A BOR R RIAMRE ARG . — i, SURIEE
FOW. REMSL, PRETREBEAEMERE. B—J5m, HorEeEsE 8™ i e ,
WA R R, AR LRI .

AR — LRI, FHRGEEREE N RE], N A, PR .

Toie TPt AR AR A F R

SKBABA/=hIE &/mhiE WE/ENE R/ahiE HE/ahiE LE/E

RGO — MR E KR, B/ BTS2 3 R SR SR, BE 2 () i A R
ERHEHRS \t. EMXSIERRIIMEREHRE, T CHRME PKU #5X. HanLP 8252 M9k
JEFITUM G945 A ) AR PRU AR, XZARTERER A R E T TR .
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7.21 (ARBIR) BHES PKU tREE

35, RiJCLM Bl frifkhd . #2402 M SIGHANOS %A B9 2 5 IR
TERNE, (ZBHREAR SN, JERURAEHIE 5 # S A e 2 LADFFE il A id 1998 4F
| AR EIMEPRIE R PE , 12 E AT AL 5 A T IO B B R KR — 8 a0E I .

L B — R RE B A -

1997%/t 128/t 318/t &/t ,/w BE/v #/p B&E/ns Fi/ns ¥ LEF/ns H/u B
EE%/i W /v SR/n |, /w FTHE/v FE/t HE/n

FRAEAL 5 RE R AT T AT B SR 1999 A (BURDUERLEE In T—aliE vl 4
SiatE bR ERE S FM ), pRiEREAMEPRICANER 7-1 FroR.

£7-1 EASHEESSHRN (R IUEEEENTIHERIETS ST )
FE KRB £B BHiZORE BIFRER

KREMEE, KB
1 Ag HEE EREba, EERE 26/n{l/d H/Ag
gRIEELA

;‘;‘ﬁ?ﬁﬁﬁadiecm’e (BB /a HHE/MINP. £fi/a . BEN HR/a

HEERENERE,
3 ad BiikE HHERBafBNE (4B /ad BRMV-ZZ . OR/n F/ad HiNg
KB d FHE—ike

RE2ETENESR
4 an #ZiE 8, KaiEfibafng [4h32/n #/c #42 /an]NP-BL
BB HE—R

X 50ia XalasEE. B3
5 Bg ¥ BREADb, BERY FKF/AgHEBgR/aR/aF/akK/a%Kla
g ELLB

/b S, b F&/M. @0 BH/N. STHEB/MN BbE
/. B/ 25/

AR FEVEIEREFVRENRERES, FA—TE, H
R EiE M n

6 b E3E BUXTE A MER

s conjunction 24 n 5lc tkfE/n

1 Z I http://opendata.pku.edu.cn/dataset. xhtml?persistentid=doi: 10,181 70/DVN/SEYRXS .
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( £ )
FEs KB 2% BENAIZER R BlFRER
BEMEE, #ER
8 Dg BHER 8Ad, RN gRl TBNVNE/MDgFE/a. KDgBNEA/
mELD
Eladverb ] 219 F
9 4 B3 8, BRE11M8E #H—F/dERN
BTr=aiaE
B *x & M 1§
10 e 0V i8] exclamation®) £149 W/e, /w i/ £hlkl/z 89/u Z8/n
F1
11 £ Afim  BUXE A" EANANEREN B A/ RN EZT/NRAE/N
12 n BN BURiEBheadWE 1D WE/mIEMER/N AN, HDES/n B/ "W EhBHFN" Iw
a a8 ThEE /n A Mt /d 038 v
. . B8 A Bidiomy L .
13 i ARiE %140 —B—f1/ . XERBEL/
15 OB® gy wEe  shenNe, T
)=%: 377 " )
15  k 5 =% WEJLEN BIE I 1 /k . B/ @B /2 &k
SR ESARMAMAE,
16 1 SHEE A "IEHEM", B VEILENBEEMN/K . EBITLH
‘IR HEE
BEIMEE. BER . .
. : B/Mg TN B ANEN ZMgEEN . R/d“Iw B/Mg E/
17 Mg MER Bhm, BEREBO U e /0 A/ &5 /n 5/ BN B/
A E M
(1) BEEEN A AEEEE, 0=/m /a. 10/m 2 /q. —
/m &/q Riix/n
BLEHBECRERNBTREM, WFENS. 0—T/m .
— % /m
BREEnumeral U3 2) BE. . ¥ ##. asB—E2T 0, A—1TUhs
18 m ¥ia F/, n. uUBEEHH fi, #Ehm, —E_1+=/m. 205 /m. 123.54/m. =1/

A

m. £—/m. E=+H/m. 20%/m. =42z =/m. F42z=+
m. L+/m An. +JLBE/m T/a. £—8F—/m /q

(3) 4%, ATA0ElE. HREHEEMN . . £F" EhEENN
G WM —F/m EB/m Bim. R/Md—8/mM/a. B+/m
*/mMNMa. Zt/m&E/m B/, HLm Mg, =t/mEE/m
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(&)

Fs

e

B

mahicizaie®

BIFRIER

19

20

21

22

Ng

nr

ns

BIEHR

B8

A&

H

ZiEAMEER, 2K
Bhn, BERE g H
HELN

N AERE noun %
11758

£ KRB A"
(ren ) B FIIFE—E

2 H K nF0 4k B8
REsHE—i

WO EEENRE "AE" "EF" ST, wHEA/m F/
g. £/\/m X/g. +€/\/m F/q. HE/m £/, LF/m
A/n

B REXRN "B +8" &4, 5%, WZ/m E/n. =/m
B /n

HWivid/u F/m E/qgZE/MNg. BN T /u—/mR/qg % /Ng

(ZRahidv ) Bi/n . Wi/, e/ /1 2N FEMN HEMN

(1) REARSXERE AR HRNIENEANKTIZ S5,
H 4 alERsE R nr, 203K /nr 246 /nr. BRBA/nr & /nr, Bu/nr i
Inr. A nr D128 /nr
NEABEBRNESN, AANY, IENLFHES, &
B B0 S RME, s ARE, WA A BKRinr
Finr B4 Inr, BER, 12, 5530 . B/inr 2K /nr

(2) ¥BEHIRE . MRRFRFENFF, 0T /nr EF /n. /NE/nr [
Eine Linr BBie/n. Hinr FIE /. T/inc B/, Bi/or
2n. F/ior K/, 3 /ne B8 /M. E/or /0

3) F AR, §HRELEABBITE, WEHI—DMNAELL, FR
Blnre IEs /nr. XF/nr. WWB/nr. BE/nr. BRE /nr

BHEHHTHERTBEN ST, AFBERANADIFH, 0=/
m B /n. KiE/n. K/a&lLin. KE/n. NH/n, ZE/

(5) —EEZEERFIXIBNENERBEEA—TDNIE
fi, t@iR/nr. FE/r. BE/nr. =F£/nr. FR/nor. B¥E/nr

6) MEARPHEERENZES (BIEEAXAANHES ) TFUR, 7
AAnre WM /nr, HFRIK/r. FEER/nr, IHRBE_/
nr. dEWF = /nr, £ /nr. BB /nr
BEFRHFANMEPHENES, BESF. kR« 8 /nr

(4

—_—

LW /ns. Fll/ns. WM /ns. HigF/ns. BRE/ns, WFFER/ns,
LB AT /ns. H€il/ns. Til/ns. AFE¥/ns. Fill/ns. Eli/ns,
WM /ns. BES/ns. K#i/ns. BFE/ns. BT /s, BFETRH
1B /ns. H/E/Mns. KRNEE /ns

(1) BEFKE, EA—TDFEL, FE/Mhs. PEARKEFR
E/ns. BEE/ns. XFRBEELE/ns. EEB/ns

2) ERH ‘A" ‘" A" ‘K" L' | "H" "N SR
B HREFHABEYERE, WA, AT BN,
W& /ns, Kigdi/ns. FEHE/ns b /ns. HFHI /ns.
EEE/ns, WX /ns, BHE /ns, FFH% /ns. WiFH/ns
1kt Ins. EBEM /ns. MZHEM /ns. ERE/ns. KRM/ns.
itigiE/ns. KFE/Mns. FHMA/ns. EBLE /ns
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(%)

Fs (8 2%  Hhickzoer

Bl R xR

23

nt

MHWE @ WESAt, BE
& RegnFt HE—E

(3) hBSHITHREIEAENLLEANE, M ihEETBEE &R
U, o EREMERTREBREAIESIERE, HirblaE
NS, #n[3E# /ns EX/nI NS, [EHi/ns #X /nins. (AT S /ns B
BEMINS, [RYI/ns B E/MINS, [E /s L5 /n X /INS.
[F& /s 3l /a TBE MINS. [F#/ns FX/MINS. [E£RH /ns
X /NINS

(4) WEBHF R HRS— P FHOEESE, 0 T, 5. W,
F.B. BB W%, TFDH., I /ns. WEHT
s, BRI /ns. KB /s, B /ns. KFFE/ns.
R s, EEREETE /ns

(5) EEENRTHEBHEAOEBLEEE/ P LERE, NN
Wi, HRIEIGHE E %82 BIRAIEENS, 0] &87%E /ns Bk
/nINS. [#4E/ns R /NINS. (D8RR /ns BB /NINS. [/t /ns
BE/MINS. [H7R/ns K/a 24 /nINS [ 87 /b WAk /nINS

(6) HBEHRXRTEBARRUA—ITFHLEESRE, W0 " H. B8, .
B M, E.H F.E S FFPH. b EH/ns.
KL /ns. FR¥/ns. BB /s, 2XREB/ns. E&FE/ns. =
TR /ns., HBR/ns. EFEHH/ns

(7) hBERNFRTFEARYNEBL2BEEBMRLENE, NE
WFF. REEHAE S AK R 2 9ERMIIEIENS, o %kF/ns X
H/MINS. [#EE /nz 88 NINS. [BEZAZE /ns AFE /NINS

8) Kt BHEZEMNNEREARXD . dERM/ns BIEX /ns HiEHE/
ns (@ /f X /MINS [ # % /nz 81 /nINS 24/m S /q

(BR(2), FEBFRICIRENT ) KSE /nt. pdf/nt. BEER/nt.
JER K /nt

(1) KSEAK. m,. ELNLTHL2MBRBRERN, B, B
SHRMEBIAREETE, BEE, FEHEENT, W(PE/Mns
HEH/N L2 /MINT, [FE/ns gl /n BE/MINT. [HBE/ns
KEMINT, [F#/ns BT KZL/MINT, [#EXK/ns BT K%/
NT. [ &R /ns JHE/n FB/MINT. (455 /ns BEHEE/MNINT. B+
i /nz HEASH/ANINT, (FL/ns BPE/NINT. (L8 /nz ZEHR
MINT. [ E#/ns FF]/n I MINT. [KF0/nz BEHFEE/MINT. [4E=
/ns E% /nz BA/MINT

(2) M FEEFRPEEE A2 EE, Hin. 802
ﬂ:! ﬁﬂﬁm@fﬁﬁ%%. tﬁﬁiﬁntﬁﬁNTu ﬁﬂﬁg@h‘lt\ %E
Int. ShEEEB/nt. WMBGER/nt. HEE/nt. ERE /Nt 7R/ R
Z/n BRNINT. |BER/n BB/ n Z2REMINT, [E8/n =3/
n B/MINT. [£B/n B8/ ER/n &N ZRE/MINT, [£
B/ B/b IEMINT, [£B/h AR RFE /I AEMINT
XE® ‘BEER", HttERN "L, MBI HEHFH", &
MERMBENER ZGHAE, FRSEEANT, W(EE/
ns B&Fe/MINT. [7&E/ns SpZEB/MNINT. [£/] @£ /MINT
BABLHEMANMEREREH, TeTHIE "BX" BE2
SEBFR A nt. 20l B A& /ns SMEE/MUNT, [ B /) 874 /ntINT 8~
H/nt
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(%)

5 B\

WEhiciZrre R

BF RIER

24

25

nz

PN F

Hith &
&

SXFH

£ WEBAHE 1D
FHHz, BEKREN
fozHE—R

B AIGHERT L TRUXRNAENHALBRANMEFRWOTF .
[BXEE /nt B3/ BA/MINT. [P E/ns #81T/n IEF/ns 247 /n]
NT. [J9dt& /ns EEE/ns BFEFR S Ins B Ins BEEB/MNINT
YTFHNEMEFESR (0 "5 /ns 45/0" "BiEH/ns REEH
m" “BF/ns HEN") B, tho BB E A LB RS
ANT, 0[P E/ns 857 /MINT [dER /ns 2FT/MINT., dERKZ/
nt| 8% /ns 78 /nINT

(4) @ik, . HRBRPBEGSSIEERE : [EWi/ns WEL/
nl/wxRE/[ ) w E/b AT /NINT, [Eili/ns R/ /b 28]/
nINT. (fw T/ ) /w

Alnx 23] In. B/nx %4 /n. XInx Z/Ng. 24/m K/inx #s/n. C/nx £
N ¥E3% /n. Windows98/nx. PentiumIV/nx . | LOVE THIS GAME/nx

(Z0(2), MERCIRUENZ) RAE. Ba. e, BE. H.
BRSO BEMEF 2B Nz, 0#E/nz. HEZEE/nz. X
Bz, FOFEE/Mz, EEE/M2. PX/nz. EX/nz. #HAMnz.
WBEER ANz, ERRE Mz, FE R /nz

(1) BEEHL ( HE5F ) 98R%E, Fbinz, FEEN, A
NZ, tniEss/nz. AAXZ/nz, [Z/) L SEB/NINZ. |5/ 2/
| EiE /b A EE/nINZ

2 FRLFERH. NG EHEENR—MREEERN, BEEFRE
FRAMME, FRRINZ, W[ S8% /s BH4MINZ, [BR/Ihs B
B INZ, (BN ERNMINZ, (8558 /nz EH/MINZ. [PF1 HF
nINZ

B EHEMGESEVYNEIE, W "EF" "X" "XH""H
R B E, KEXTEN, WESF. WM /ns ES /. E
E/ns X2 /n. @A /ns X/, MBFH/nr R /n, B/nr
Hig/n. £B/ns AX/n. BE/ns HE/n. KAN EFE/n

(4) Bitr  OETERGEN """ %) 2EEN, FRinz,
BEERENGLKNFENE RS BN, WEHE/r FE@/N.
ch iR inz FHA/n. HAHNE /nz S84 /0. B8 /nz /N, ¥
& /nz #HK/n. WR/nz#E/n

MFSHE08MR—BTMAAREEFEM, W2/m B/q Eil/
n. t—/m @/l =P£%/. NRITHEES, SEKENE
BRER, WlPE/Ms 101/m BEMINZ. [P/ +—/m E/q
= eL/INZ

6) #. |, #E, B, KE. ML, SRASNEHBEEESE
SMHRIR, FMEATERE., BTFXEZREFEK, 8F
ASEEMLE, o (w TE/Mms BE/M ) w . {w Bilk/nr
2%/ ) Iw. PE/Mnz EE 0 B/n. B /nrFFE/N
LEBE. BAUBSEEEW, WFRDS, 0O#ERE Nz, AR
Bi#t/nz, mHIE/INz

(7) SEEADPRHETBREABERDEANNEE, BiRbinz, W0
[ 2% /ns T/RF/nz RETEMNINT, B "NRH" AR Anz

(5

—_—
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(4% )

Fe K8

E2 08

WEhCIZRYi R

BFRIER

26

27

28

29

30

31

32

33

35

Rg

Tg

Vg

#1735

138

&5

RiER

iE

S Firia)

LDRFE o

B i8]ia)

EEE

)15

;R VS
onomatopoeia ) 1
28

R %X & #+ &
prepositional #7311
F5

B 238 quantity B9 %1
=2t

KREMHEE, REAR
Bhr #EENRE
gRIEmELLR

B % & R i§ pronoun
34]%2 ’i\$ﬂ: EHpi2
BFAMmiE

B 3 & spacef ¥1
=25

B EE M E ¥, BiE
WAt FEEN
R gRImERLT

B3 Etimety 14
Z5

HEBBh S auxiliary

MEMEE, ER
Ay, FEEAHRE
gRIT &LV

B HEFN 1 verb #9255
— I F 8

305 /o —/m K v FHAHL/n FERE Jo PNV

ffp FINGR /M AN, Bl/p B/ F5 v R/Ng. H/p igE N WL
InBREN . Blp FEMEN EN T S /vn B/

(ZBR%EmM) &/mHit/g. —/m F/g

WE/n #/d BN X/ Bim R/g DB HURN Flo Bi/Rg . Iw
HASN F/p %i/Rg #1/u BEE /n Kt /n

BEFSKE "X 'S "R "B GRRESTREH, NEENHE
FVRESHRE, YERNEVLEAHR, NFN5. nE xR/ §
Afr. Fiti, AR/, &/ /n

FKE/s t/u BiE/n &B/d BEBEN T /u BRr/n BEBM/n. B/ X
1 /n 0 E /n

3EHAM/Tg&/p BGH/n £F/N BB/, WE /N B /Tg HLB /vn
LE/n /0 BEN

MEABRS®, BE. B, B, B, &, B9, FEht. W0
1997 EN3AMN 19BN FHFA 288118541
EYHFEERREEN "E£. A. B, K. 2. B SOFEAE
B me 201998/m X /n 58 /n 2B /vn EFR/M £iL/n

2 hEHKRNBRBATETEIINMR, IRt wEFA,
FWA. FTXA, BIE#A. BRI
. RE" F-BREATFUS, RN CFFL RER BF
Fh. BFAKSEN. BRF B/ AR EE/N

(FEZ Hr/ns F/c dLL4INP-BL Zjal/f | &8BE /n (k¥ /n X E /NINP
89 /u B NP BEN T /u [[ERM /ns B4 /a BGS /NINP 85 /u B
JA InINP

BT lu—/m EFEFARAR /z 89 /u 3 /Ng

(B0 ZiEn ) BB/ 5 AMS & /u [ BB /n AE /NINPINP 1/
c [4E4/ FFANVISINP-BL [ /p | 81N [ —/m Fb/q #/a 89 /u BOM
/ns 24 /a # B nINPIVP-SBIIPP-MD [3E /v 7 /u &l /nV-SBI
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()

37

38

39

40

41

42

43

vd

Yg

Bxhis)

5
A
Y

s

K78

HEERKENSBE,
iE B ERBH
'

ERFEETENT
5. #iBFBEFNR
BHE—E

FEXFRE—ITH
S, FExEEATR
RO, BS

BSEMIER, X
BREBAY, EFEN
RS gRTmE| LY

RRF 8" WFEE

BXF "R" E 80
H—1T58

7.2.2 B=R

ﬁﬁgs’n SN FHFEN FHEN. IAAN BN BIEB/n YN EN T/
u®/n

slEN Al &/ XF N F0/c BE N, KB BIFNHUS
¥ /n

.',W

Of/d K/d &/ BEN BN 2 /u B /Yg

SNHBENEBFPNBI/NGN, X/dEENREY?

WMEN HALEE 2 /0 REM /N HB 0, BEn B2 R
#mnWA/MN EE/z L/m E/q 8

A<43 f HanLP 649 1998 4F 1 A ( AR HR) SRR RRAI SR 1T 0T ok
() ATHEIM, W+ A8HhA;

(2) EEFEPESERm 7 ;
(3) XAGS IR Jy UTF-8.

PKU priE i K@ REFTE “Ashia vn” & X &M, AshiEgie X “BA RIS
ghia]”, HEERZIEE T HCHEAE, BRI RFRIFEEMONIRSE, IRAE “SiEN A
{i1/m 6 i ivn fil e B n” XAV, RET MOCBET MER “5IR” MEE, FE
A EINA R,

EEESES

FiES 863 tRitse

EZEEZMCIUEEEERE (U THRAREZERENE ) REFKES X TFIEZRER
VA A RERLEE . BRI H S 3T 1991 48, 1998 4EJREE K 1 {274 1581 5000 5 Fhnitil



232 | ®7% BMRE

B ZIERESFI IEZEZ "L “+H" FETERTE, 55 EKFHA 863" “973”
HHRIZAIE I3 &5 P E PR A0

B RiEREARREBR-FHERELRLH VALFH, P 1997 F 20765445 7000 75
FH,HAF T FNPRIMREHR ;1997 25 695825 5 3000 FFH , FLFEAFRAEF LK
¥, AREBHAE A B KB LI EE T Ha b E A E T IE | 45000 B F M. AREA LS
Hidfeid) £A7iE , OB B 3 kAT, M E KT >08%,

EHZEZIEREAREITE (FEAEFRAIGE RSP EHE ) 16 2006 45088 EE bR

HE (FRUES GB/T 20532—2006 ). HiAIZEK R 0 20— 2, 29 48, a2tbricingk
7-2 Fi7R .

K72 (ERMEARAUSEERIZNE) AEHFCRBE

Fs — &% b & 3 e R L3 AA

1 a f.251] Ss adj—ec_tive S
2 aqg MR EE adjective-guality

3 as REREE adjective-state

4 c &g conjunction

§ d G adverb

6 e Vi8] exclamation

7 f X 51ha difference

8 g BET "R NXERSETE

9 ga EREMmEEs "R" AREHE EF 1 -adjective
10 gn ZRMEET "R HXEHEEFE -noun

11 gv MEAMEEF "R PEHEEFE -verb

12 h AIRERL 53 head

13 i SRS idiom

14 ia &M = s idiom-adjective

15 ic FEiaM S HE idiom-conjunction

16 in ZiEMSIAE idiom-noun

17 iv wiE > RS idiom-verb

18 j FEBEIE ‘B XEHEEFE

19 ja K a3a M 4e 883 ‘B NNEHEEFE -adjective

@ £ http://glos.cssn.cn/yyx/yyxcyzy/201509/t20150922 2423182 shtml,
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(%)
FE @k CHE KSR L
20 in B8 M gEeEIE ‘" HREHEEFSE -noun
21 v a1 GEBE IS ‘B REHEETE -verb
22 k [ERERL S R AR
23 m #5 numeral
24 n #ig noun
25 nd Ffigis noun-direction
26 ng AR noun-general
27 nh A% noun-human
28 ni % noun-institution
29 nl - A noun-location
30 nn i noun-nation
31 ns ih 3 noun-space
32 nt B¢ j8] 4 18 noun-time
33 nz HibEHRE noun- “&" HEHEEFEE
34 o #1718 cnomatopoeia
35 p rid preposition
36 q ®i quantity
37 r 5 pronoun
38 u Bhisl auxiliary
39 v g verb
40 vd o ahis verb-direction
M Vi FRPEE verb-intransitive
42 vl B &ahis verb-linking
43 vt BYahia verb-transitive
44 vu fERzhiE verb-auxiliary
45 w Hth e %
46 wp Fafs e HoE
47 WS FERFFHS ‘w" -string
48 wu Hib RS ‘w" -unknown
49 X FERT A ok

ZIEREM HPRETELR” MR ETERIGR S TR, BHF TREH T XA 2000 T5#EH
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PEBFFEMY . Horh— ARy -

Bil/x NA/v ,/w XFEBS/n £/vl £R/n #[@i8/n B/u B@E/n NI/v KX/n o/w

ERBERERENLARABEE KR, RS RATRE—-BHERL .

7.2.3 (UKl ) 1BEHES CTB fnts

KRB BRTE B T8 PECETE DAL A% 8 IR BE AU AR O A iR, FERTRCrE Aud fi i L
AR R, R CAH IS BUA AL G 1 60 SCAR RO o s K208, —Se il & | T0F5E
T i N 2 ok AR RLE R AL AU, HFRR RIS SCA . 1 IE S0 BHmbPRE, Be IR
TALR2ER TR LB ATT T X P — B BUsEEL R, FriE B RSN CoRAl ), FFEREEHB LT
FEOMIETES, Horh—aREH1R -

im4/NN |, /PU /hHfEE/NR #/DT A/NN Sb/NN |, /PU BEEH/NR $42/AD /P HK/IA/NR 5L/
NN WeE/vv BX/NN ,/PU FEE|/VV T/AS FiJi/NN ER/NR #)/DEG HL/NN ,/PU BM/AD &
W/vv #/as /PN o/PU

CkRAil Y 8B EE R B9%51F4E S CTB ( Chinese Treebank, 1 3C#ffE ) #fE], — 3t 33 fid
¥, Wk 7-3 B,

#z 7-3 CTB atksritsE

Fs HKE 4&X WtRA
1 VA Predicative adjective FBEFE, BERERENIERE
2 vC Copula 3, "&" "A"
3 VE you3 as the main verb Mis ‘B EE"
4 Y Other verb Hithzhig
5 NR Proper Noun LTH 28
6 NT Temporal Noun i 8] 4 18]
7 NN Other Noun Hith 18
8 LC Localizer A, “FEe" K" "EAR"
9 PN Pronoun g
(1) WL https:/github.com/hankcs/multi-criteria-cws/tree/master/data/other/cnc ,
(2) Zhang M, Zhang Y, Che W, et al. Type-Supervised Domain Adaptation for Joint Segmentation and POS-Tagging[C].

conference of the european chapter of the association for computational linguistics, 2014: 588-597.
@ F %k Mo bt Hy https://zhangmeishan.github.io/eacl14mszhang zip, 2 o] {# [ %€ & ¥ % {3 : http:/file. hankes.com/corpus/
zhuxian.zip.,



72 EMEEEERNESII®R | 235

(&)
e RE A% 56
10 DT Determiner RAEiE, “&X" "B "
11 CD Cardinal Number BEs, "EF" e
12 oD Ordina! Number 152540
13 M Measure word #i9
14 AD Adverb #lia
16 p Preposition 1rid, "#" "#/"
16 cc Coordinating conjunction HIERE, 5" f0T T
17 CS Subordinating conjunction MEEE
18 DEC  de5 as a complementizer or a nominalizer AMERLS "H", "DZHNIBAY”
19 DEG  de5 as a genitive marker and an associative marker B “#", “fhe%E"
20 DER  Resultative de5’ RERH "H", "BERR"
21 DEV ~ Manner de5 FARH "M, "ENHIR"
22 AS Aspect Particle AR, “IBER"
23 Sp Sentence-final particle G &BhE, “fbEe?
24 ETC  etc REWH " "EF
25 MSP  Other particle Hb/hshid, “HeBEriE”
26 IJ Interjection G E BRI
27 ON Onomatopoeia f5iE, "“Hth—5"
28 LB bei4 in long bei-construction Ka X FJEHey | 0" "
29 SB bei4 in short bei-construction AR RMEE W "
30 BA ba3 in ba-construction BEa ey "B, “thEfRT"
31 JJ noun-modifier Hith 222 WE, X3E%
32 FW Foreign Word S FRTE, "FHOK”
33 PU Punctuation tRR s

BRI AARR, AT PrES MR R A = KRR, ABRAZRER KRN
AERiEE . %, BE RFEECEN Y, REBR BEATELE.

BARK R R AR EFRE R R R A E IR, 7ERRETERPE L ISR BB RLR (R BLIZE B
MIbREERIE . HEBNEREME S5EE, HanlP £ 1998 4F ( AR HR ) BRI ZAA,
ABWLAI 1 A GIEHE R lER . (B FAERE HanlP %5 THRESE, AP HwmA
AFHFERHE , Guit B AT 7 > BAE A AR -
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BEELEEITANLHCEEY, PKU i8S B 3h F 42 data/test/pku98 1,

17.3 FIliREERNATattnE

ERHERERTERE S, AR F I BAS T AWNRN I C EB G =R 7SR B A
NHERAYERREES L2, HIPAEN T HERM R 4845, HanLP Hia¥EbrE: i pOSTagger #
T HRE .

/tt
* EMIRERED
*f
public interface POSTagger
{
[ xx
* EMERE
*
* @param words Hi5
* @return EMHA
*/
String[] tag(String... words);

/**
* EMERE

*

* @param wordList #ij

* @return ﬁﬁﬁﬁ

*/

String[] tag(List<Strings> wordList) ;

A O SEHA FR SR A R (HMM ), J&HIHL ( Perceptron ) FIZR{4FBENLES (CRF) =1~
 7-3 /s T HanLP B C18E, AW ED N3 = Fial bR AR s g (i F ik .

1. 2osTagger
(oo

€ . CRFPOSTagger | &+ HMMPOSTagger ! @ PerceptronPOSTagger

B 7-3 HanlLP #tEERiFEDEH
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7.3.1 EFRERaIXEEATETERE
AT HRDRA RER AT EERE, BITTE-TRDRTRER, UE—1A5TH R
A AR B 5 O b BRSO 558 . T2 BEMMPOSTagger MR IRTTINE 7-4 iR .

| © . HMMTrainer ‘
| @ POST&QQEI! | ® ° model HiddenMarkovModel
+ # c vocabulary Vocabulary

A

| © HMMPOSTagger T
# o tagSet POSTagSet |

B 74 RBERAIXEBDEERESRIET

Hi, model HIEERD /R KER ( —Mal =k ), vocabulary i 57 K 817 BG4 id,
tagSet 19T A7 iRl PEARE . HoUI 258 FH /9 Java 7 Bl 0 F (3% WL com.hankes.hanlp.model.
hmm . HMMPOSTaggerTest#testTrain ) :

HMMPOSTagger tagger = new HMMPOSTagger (); // SIBiEMHRTE

tagger.train (PKU.PKU199801); // %
System.out.println(Arrays.toString(tagger.tag("fttv, »&n, »F@v, v, FHr,
nEZn))); /7 TN

AbstractLexicalAnalyzer analyzer = new AbstractLexicalAnalyzer (new PerceptronSegmenter(),
tagger); // EEESTE
System.out.println(analyzer.analyze ("{OFBREFB L)) // MASANEE

%if W % Python ZRIAN T ( 1 tests/book/ch07/demo_hmm _pos.py ) :

tagger = HMMPOSTagger() # SIEEAMEI®E

tagger.train(corpus) # %

print (', '.join(tagger.tag("fttv, w&r, »FHEr, oFe, oHBr, vEFe))) § TN
analyzer = AbstractLexicalAnalyzer (PerceptronSegmenter (), tagger) # HEEEAiTaS
print (analyzer.analyze ("I FEEBPE L)) # HEFEaMEE

e G, AR R IE A AT 408, LA tagger. tag A (RS SriA fa B BRiR 7
5. 7TEEIECE —fTiE g iRl B0 T 8% AbstractLexicalAnalyzer {! PerceptronSegmenter

fll HMMPOSTagger f13 TR ¥, R —TRFAGIRIEHTRY, BT LA R At BT 4038 A i
Wik, BITERRN.
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&, S0, v, ¥V Nl

fib/r B3/u HE/n /v BE/v LF/v

Al LR SR AT SRR s D e 2" BMAANE o fl v, SRR E AMERIPEARY,
AL translateLabels F G HBIE b 3.

analyzer.analyze ("I HBREH B L) .translateLabels ()
R S F
fi/Ri8 #9/8hiA HB/8E B/zh8 FB/aE LF/FE

A LB S R AT FAR T LARE A AR v v 925 ia] nl 8, {H OOV [m] S Anfof g7 i YR
i “fb” B — R, BRDRERERE dAE ERE

analyzer.analyze ("FHEMNFEREF L L%¥") .cranslateLabels ()
RIS /R A AR E 2 A T
*HE/ahiE 89/zhis HE/ahE B/E HR/ENE L¥/FE

MF “FRE" TAE, RSRRER RS HRAFEE RS0
RALEY H A B — A RASHFIE, Rl kG 2" SRHfEl “FRE" B4 Af. A
AT LA — B B T /R ] R -

HMMPOSTagger tagger = new HMMPOSTagger (new SecondOrderHiddenMarkovModel ());

BORKABA UG, BRI EEDHIE,

7.3.2 ETFRAWANEERE

¥R rh ORI Y ES, BPLEESS R 800 1T SCRHE, B TR SR A pEFE .
XFiatEdriE R R i, 7€ HanlP , BAIPLIAIMEAR 85358 Percept ronPOSTagger,
R4 H il FHROPRIESY PerceptronTagger, ME— 61— 2R HEEER, A 7-5 Fras.
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©-PerceptronTagger
® model LinearModel
A
© - PerceptronkC

S8 S x, Y ETRR, E Ly, R x BiAEE, BHLIAPERRE SR AT R A RESR iR 74 Fis
®74 BAEYAMRERE

HBAE R

Yia X
X,
X
L E—1TFF
x K 2HIRTR
x 153 BIRTR
x BE—FH
x 2N EH
x KINER

R PR = AVRSFEAEASR RSO, FTHR ETUEE . HAREFHESR R F ARS8
BIEE, RN OOV RYIAIME ., hnialif iyss — 4T R B 2 ERYiE, MRATERT A%

BAHLIR P A B e N R F 69 Java fRESUNF B8 (3 L com.hankcs.hanlp.model.perceptron.

PerceptronPOSTaggerTest#testTrain ) :

PerceptronTrainer trainer = new POSTrainer();

trainer.train (PKU.PKU199801 TRAIN, PKU.POS_MODEL): // %
PerceptronPOSTagger tagger = new PerceptronPOSTagger (PKU.POS_MODEL); // hog
System.out .println (Arrays.toString(tagger.tag("fz*, "fyn, »FHEw, ~Be, «FP»,

nEEy)); // TM

AbstractlexicalAnalyzer analyzer = new AbstractlexicalAnalyzer (new PerceptronSegmenter (),

tagger); // WiEEZEMTE

System.out.println(analyzer.analyze ("ERRAUFEERFE L)) ; // HEGEMET

X 124 Python it % ( #£ tests.book.ch07.demo_perceptron_pos.train_perceptron_pos ) :



240 | H7E \EMRE

trainer = POSTrainer ()

trainer.train(corpus, POS_MODEL) # ill%

tagger = PerceptronPOSTagger (POS_MODEL) # JI#¥

print (', '.join(tagger.tag("fth", n"Byn, oFEPv, eFe, oFEe, o)) # FW
analyzer = AbstractLexicalAnalyzer (PerceptronSegmenter (), tagger) # HHEEIESHTES
print (analyzer.analyze ("EXREAFEREFE L)) # SEHEAMEEE

XKMBEITER T 2ER, BAWLELDIHIRZIH OOV “FHE" #iaE.
FHXE/nr Hi/u F8/n /v HE/v £F/v
AT LA HAN AR, i “tkmE” 228, N SHEER IEMbRE.

7.3.3 EF&EbETma0iEttiriE

R ER A — R F YIRS, 7€ HanLP 58K CRFPOSTagger. Hi%it
A 7-6 s .

o] VI

s ‘ ®: rnodel LongnearModel ‘

= — = 1

‘ © . CRFPOSTagger

— 1
‘ @« perceptronPOSTagger PerceptronPOSTagger |

M 7-6 FHRIIHIRERERAE T

H, CRFTagger REAMFIIHER, LXTEEMEE! LogLinearModel 1E AME— 5 .
CRFPOSTagger f2 HIk4EFI, HNFLL PerceptronPOSTagger WFIG{LHEE., £ICiH5 6 &
B R BN LR 5 SR BEAL O MRS — B 7 HanLP K 54 REATL R B A4 X B A
&, FATFALHESRFRAYLALESF LR, WM 7t

14 B DL 3% 18) o A 2% B9 98 Java 75 ) 40 F B R (7 WL com.hankcs.hanlp.model.crf.
CRFPOSTaggerTest#testTrain ) ;

CRFPOSTagger tagger = new CRFPOSTagger (null); // fIRZ SR8

tagger.train (PKU.PKU199801 TRAIN, PKU.POS MODEL); // &

tagger = new CRFPOSTagger (PKU.POS_MODEL); // hi#k

System.out.println (Arrays.toString (tagger.tag("fitr, "#gn, vfF@e, »gn, eFUr,
nEZn))); /7 TN

AbstractLexicalAnalyzer analyzer = new AbstractLexicalAnalyzer (new PerceptronSegmenter (),
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tagger) ; // MWERESTH
System.out.println(analyzer.analyze ("FHREAFBEFBZ L)) ; // SEFMEERE

X3 N fY Python R -

tagger = CRFPOSTagger (None) # f/@Z 85188

tagger.train(corpus, POS MODEL) # %

tagger = CRFPOSTagger (POS_MODEL) # fin&k _

print (', '.join(tagger.tag("fib", "g4r, nFEv, "2, H@e, vEFn))) # TR
analyzer = AbstractLexicalAnalyzer (PerceptronSegmenter (), tagger) # #hEEIEITEE
print (analyzer.analyze ("FHRENFHEEFB LF)) 4 HE«EMEE

Ngratlal et , 25 % B CRF++ #BhI%:. AR CRF++ MFEM S 2 BARTEER
B, EHEEARL L Java HRAFTR T 65417 E H %) bash 3 cmd.exe FiE1T, RELIL Java
HRE, BFUIgoete. Y% FiEE SR UAER data/test/pku98/pos.bin.txt, HiZBEEIE
A CRFPOSTagger [ BA%L ) AT 52 AN £

7.3.4 EtEREFN
nfE) s 3csrial—RE, YRR A —EAREATI T . IRE, WA B LIE TR AR A
PEMRTER P, HEERRALGE F . AAM, XFiatkirsedr, ZHT “Afe” .

o T IER AR B
P gk S5
_ B A o0
W 2R b B AR A B )
2xPxR
F=
P+R

R

AR (7.), RETTLIA SRR —E PR F H. A5, WwalLIBGHAFEIRE TR
—E{H, HATFNERE BT IR PR B A, = EPRB I HSER) Accuracy, TRE]:

TR IERR AR B 3
PR

EEHHAXBEATR, KB5HT HEERE Accuracy fERFHTETT
AR RN

(1) #1998 4 1 Ay ( AR B #ERHE 9 « 1 8D ISREERTI IR ;
(2) TEVIZEEE EArSVISRER /R AT AR | BRAIDLRISRAFBEYLIZ 717 8% 5
(3) 7EIMRME i3 Accuracy TENHERRR.

Accuracy =
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SER TR P T com/hankes/book/ch07/EvaluatePOS. java il tests/book/ch07/evaluate pos.py. iz
a5 Rk 7-5 Bis.

F7-56 HMERFERERE

% ERE

— WD R KA 44.99% -
KRS RERER 40.53%

EHieRmEil 83.07%

FH-REHLS 82.12%

Ko, FOEYL UGS BORE TR BRI 10, ORI 2558 B i e AT 4252 193
W, AR B A ROYARAY, P RS LA —E Ao A0SR X o o 3 E R AR 5
MG, TR AR, HMEBRE. ARG R DT . B DUF R RS
REBLUARIZH WEREGR, %,

174 BREXEE -

£ HanLP T HBHE X, %A R REWNAT SO0 B E Gk, ET& L, 2P &3
KRedeE B9 —LEiaiB 1T b B SCROPRSE, RO B E SCIRIME. tean, H R s i P 75 0 — S F
PLELARAT EARRIARSE . DAMESFEE 4. HanlP 845 T A% SGAIMEDIRE, B MR,

7.4.1 #ESLHL

FAREHRA TR R, Fr# A COROriEE L B & Gt LR S IE 22
4 HanLP H:4R, BUAETEARR L0 48 P43 B AR B9 il 1

HASRLIFHLERE A6, Java P HCFSUNF (30 com.hankcs.book.ch07.CustomPOS ) :

CustomDictionary.insert (", "FHlHME 1v);
CustomDictionary.insert ("iPhone X", "FHlEE 1v);
PerceptronlLexicalAnalyzer analyzer = new PerceptronLexicalAnalyzer();
analyzer.enableCustomDictionaryForcing (true) ;
System.out.println(analyzer.analyze ("{R{[13%RiPhone X{R{E1E?"));
System.out .println(analyzer.analyze ("BIZEREHREE"));

%11 A4 Python FANF -
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CustomDictionary.insert ("R, "FHRIME 1)
CustomDictionary.insert ("iPhone X", "FHIEE 1n)
analyzer = PerceptronlLexicalBAnalyzer ()
analyzer.enableCustomDictionaryForcing (True)
print (analyzer.analyze ("{f{]132RiPhone X{RIEI7"))
print (analyzer.analyze ("SUZERFHEHE"))

MR, AL RES T A B SE SGEE, 7ESCRR A thnT AR R SR . B
HIE A AR «

#H4/r ER/FH S iphone X/FHEE RE/v W/y ?/w
%/ad /v ER/FHHE BEHEE/i

WEESSRR ., A A RYUBUBITES, # “rZER” 2R T Folamsd, BT AaAlRS%
(R . AR R M E AR T IRMERRTE , RAPERRTE IR RN AR R G Tk

7.4.2 triEER

PP A B E T RS T OGHESE, XA R ITK R, T SCB A E SGAYE, &
FESEBR AR —OHERE, RIS — SRR,

EANFESE 3 BHRTER) my_cws_corpus.txt —HF, B —(HAMEAREEREIF R . FAH
IEEHEPRTE RS brat ERERIVERR I, FRATEE 20T LA H HE A SO iR AR R R R, Rl
SF PKU RS BIAT . IR AN FERATE, SREETPRHEZ AT, TR —REE. Y23t
IR FRE, X 438 ™ T 64 1) o A — 2 R

ETERERE, SHAESFIRE R, BiREE, BB, PKU ERERFEY
1300 J7°7, —AHKZ 200 17, RElER. AMTHELHFEREMESAE—FMTF, &
JG B PKU W REIR & B — R IR, RIS RN SRR b TR A, X EE
K PKU FA EHER EERKR, SRENEAREARSME. i, AP 8RESES PKU
PREEAR —EIHRAE, HPRBROZREN X BiREE PKU BB ESGLRERER Y - B2,
FERY L2 FH P B — A0 2 B 7 2

AT CERAlD) TR, Java YIEHRASANT (3L comhankes book.ch07. CustomCorpusPOS ) :

PerceptronPOSTagger posTagger = trainPerceptronPOS (ZHUXIAN); // Ik
AbstractLexicalAnalyzer analyzer = new AbstractLexicalAnalyzer (new

PerceptronSegmenter (), posTagger); // 8%
System.out .println(analyzer.analyze ("B EHEHNX PG THLERE, Efm L, B,
XHETAEEED T R // HEARE
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Xt R f) Python RiZA -

posTagger = train perceptron pos (ZHUXIAN) # ifl%

analyzer = AbstractLexicalAnalyzer (PerceptronSegmenter (), posTagger) # 8%
print (analyzer.analyze ("fi I X8| AL FREE, BEdfmLl, BE, IMESFHETE
BT—E.")) # MEdRE

W A L A2 -

BEEB/NR #9/DEG RHpHEI/NN F/AD /vy £%/NN REE/vv ,/PU EH/VV Ti/Msp L/vv ,/
PU BRE]/NN ,/PU X/DT ®/CD i#E/M /NN BE/NN #E/vv F|/vv T/as —#&/aAD o/PU

Al W2 FERZ G, B A sh i 5 a0 R bR S, ek Gl Y 1546 2 X 107 /9
CTB #ritdE -

175 p&

AV HAVREARASLIL T B S /K] RAERY | SRR SRR = Fhia e 8, A
WO o TPEAREE TR 0 JFOR E AR 2 — SeifoRt LA — GH RIS C . ARG TR AR RLBE . ¢
AR . tlav2e TR AR, PEARTE A HER R MR AR M. (EAVATITS , Z M AT bRE
AFHIMER R, JCARRIREE 2R, BOTEEMRRERAR . R E S LA T8,

Fihk, AT SEBLE ESCAIYE, R ST G R AT BB R R PEAR, BT i — LA
Ol WRW RS, DRE—SUE R A2 IR 0% .



$eEH MALMKIAN

i miE, AtREZE, CLERBVPEALES. Tl AR ERKR
iC, AT LARHEARE AR 4R BIEA]. AT, TAMEPRTE I AE AV B LR T3~ B . an2R AP
FORRZALARRAESR, AERERLEINT . EXFELT, BN EESIM
EMAREMERZ b, T WA RN, PR 2 LA

AT i 4 SRR BB AR | TEISHEE LU RH R

181 Mg

8.1.1 @B

XA A LR SRR, A%, iy, ALWE, BFEERE ., BEFREF,
FroAfs LMK (named entity ). 543 LR ANTEROCHEMIRNT, AR SMBUEF B

RICAT AREAY RN IR T2 S, oA [l R AL 5 o o, réy S8R T B Ay 7 o 42 IR T
A9k, BRST BT REIA B A FRIR T i 4 Sk, HRRAS IR . (BT ITA #Y 6 4 SLARER
BanFitdt.

o BT . linFHPHEEAN. WA PNEORAR, BERAZ, WREMENE
JLE fir 2 AR BT &

o AR, i ETRIERAT, BERTRIFC TRIRAT, Wil ARR T T, —SiEiEE
TFEMERS, iy “Ba RSN ABR ORI T R 2" NPl
LTy s — 4.

o I, Lt A SR I BN, b St A, A— Ak dhR
PLH, tein “EZEEYE", MMl f EORVER Tib4a, EAEYE TAeEARE RN
— A HLH

8.1.2 apRLiRsl
WU ) rh e 24 LR A9 8 55 R BT 55 P08 & B KR A (Named Entity Recognition,
NER ). T EiddfEes, drd Sefilmtuit—rgeithE . MNChHEES .
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Xt FHUHARRAO A 4 S0k, HRIhE, E-mail, ISBN. B4R 5%, 5240 LU
Ak AU, SR IR A A 4 AL BRI BT, B SRR IE M ik U UMIC AT, A
fic A Fr BR RS A e A iU AR . EE 4N HanLP Y URLTokendzer A SEVLHC ML /S AT 43+18]
B TS H XA IMAE LN, B BSR4 45 oAk

MFREMMASEE, WIAZ, E4nl DL iawh e A, i PR AR E 2
e XFERAET LA LR LA BAE B, 1 5w 285 0 5 ] e A R
BAHRGERE . e R INER SR W, DLEORL R R, A2 2 DR 4 554 28 51K
PR, Horh SRR BT

B8O84 04/TIME ,/v B/n ¥/v . /v £F/n £E/PERSON Edi/v #/u RE "FEE" US
Bfl/ORGANIZATION —f7/n 2 9 /INTEGER A/n ,/v #/d U/v /v 8if/n BE/v K/

ORGANIZATION 84/u KX/a BWEE/n ,/v #{l/r —ib/d B/v BH/u HH/LOCATION #&/n ,
/v —ih/d MESHPH/1i /e BE/v i£E/n B/u 8E/vn o/w

LT AKER “iEPE" TIME, PERSON, ORGANIZATION, INTEGER, LOCATION il 24
SR, EATECR BRSO, R EE "HEB" MSHXMIMS, R ZAEEE A
e XFFREREEAERNE, /riml FiE bR 2 LLACE 22 S5l

fE53—S6iERESR (10 PKU %5 ), PUMWZXFEME AR RIFTE, eSS E—1%011
A S RGIRER T . IEEE 4 TS, 8 SRS ol LA AL — D bRt ] . HLiK
PO s Ay % AR PR B (B MLE,S) BRAE, e, b 44 A SRR BREE A “B/MY/E/S- il
2", Ve, XAy & Ik R 2 M HE, SE—FRiE A O (Outside ). BARSCHERT,
HanLP 7 — 4~ ifk, RPFFAAES &Rt S bnith S, AEMELEN. XHREES
Mifa, BRIE/NG, SHHR, BRAERISER FERAARESE, FIESZH FimeERRE, B
%4 8% HanLP K H.

T of e N FET B XA, A28 3 T RN A T4t 1B i 42 S U1

18.2 EFHMNMGHEITERZ

AN — SRy AN 2240, AR I 5 5 A28 Fi H AR A S fim 2 950k, i
F ICiEYriA#E (ViterbiSegment ) Jik A BIAEFiE (O0V ), B AXEHLIN 7Y T ¥R
MR, X RLE T HanlP B IO —304r, MRE %0, (BT LINT—iE R B =1
4K
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8.2.1 ETFANNEFEAZRS
HRAZAITREOBERE, HanH WESF T 5T .

R REHHRRE E OO IR RN N AR Ak H1aE P AL RE
FEEMNFASIERBARS LY E BT RSKFFTAER S ARERE RRECESFE
hEAER BT EETRIFREERBIART AL ETHTRESTHTEPHEERT BT EH
REFAEREFNRRAEFTHTEAFALEHNERLZEN TN TRBRERELHMAA LA
ERPRINAKRES BERECLTEOLELBESFRAMANTED

fE— BRI SR, #FHERFAFESN A, AR TRER A — N EFRAL . KX
HAE4EXT, BT ZHIMER, skl "B REdhFEFram. A8 —
B, ARG AR, WAL R I AR ek . BT R T RS, IFERKE
FAA R ZILECE 5. 2 Tit, HanlP FUWTH 7 —&5 ZNARN, HZ\inT .

(1) ZHERPRAE R &EiAE CRtkdgolimE, ArEiigt) &4 nef (FIEA
) Dk R (2) 5
(2) Mizislifsth RO AT I, BRI AL RETEE, WEiF, FNLEE.
tean, FHTERR.
(R/rx, Wil/v, *H/nre, $/v, HETF/v, #EE=Z/nsf)

WA 8 /nre SEGIFAN, 5 TFREEN BT REALTEHFHHMBXA nef L
%, H—H#F A FTMSK LS, SIFERA:

XEMN BRSSO, —BEg, HAstEansihimm e mEiEA
LR E, AOTTRIAEMSIFEAL B, i, BRASFIFAL (R ) hiZ0iE
FUH Pom) A | 3509 A 24 18] % B 36 F 7 i data/dictionary/person/nrf.txt $2f3t, HAEF] A .

Tihi#
T1{aik
HiE
TR
B3
E7

EHEEITZIAERN, ZEURRELHFRHMNETFEAL (SR ER), MABGRRAT
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%o XEFNFEZEHFRANL T ARG MRIGEN T A, TREMRHAMFE, m “5T"
M “T" 5 “Fw" M T BRATRBALAR TR —i. AT AR AR, E Z R
ffih &2 TR, ERKHEBARGT . R RN A& PURARER, ATl — Bk gtaT L)
KRR FHF T8 IF. ®HHFHIEH TranslatedPersonDictionary 254% nrf.txt #f5+
AFARR], IFHS nfitxt A B FFETE R — S DU - g b

XEZEBATERMNRAOALZ FE, HEBHEHRKERRK, WiERBRHEANTEAN
%, H U com/hankes/demo/DemoTranslatedNameRecognition.java il tests/demos/demo_translated

name_recognition.py P LA [N FRE I EHIFAL

ttH/n, L/f, ®E/a, B/udel, WE/n, B/vshi, BFF  F7F - WHLK - LB - FFIES - &
X - BA R - Bully - PEER - SRE - B7RET - 00555 - 28R - £t - TBHY/nrE, o/wl

8.2.2 ETFTHNHEARAZIRS!

HETHEFEAZL, AARALRREERENLEN (3~5 177 ), HEAaWHsarkr, M
RGBSR R . M, PICERETZERAELTHME, hTHEEA, Kb HARAZE
FREARTAR, S JCE B RO B o T PR AR

FJ& HanLP &3t T 40F H A A2 R 5 RE0 «
(1) FEXCAHICE H A NG ERAE T, /5HEfE x flm;
(2) FELEM xm FIHNHANL, FREHN nrj.
Hrb, U H A A4 i) 8t data/dictionary/person/nrj.txt, HAER A

NE x
w|R x
Bl x
#F m
ABE m

2E m

EI82) B ARG LUE M E 6 ILRPE Rk, AT REAFAERE TS5 4 745 1l [ 42 f s
B, e “filiAFE", Ak, HanlP AHIMEM T 484 RN, KX plsMEiibsich a .

BIlAE A

3T X LR AR, HanLP WK T BRIAMY —orifidk 7nim) 8% 3 [0l H A N A BIRIRAE S, il
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F com/hankcs/demo/DemolJapaneseNameRecognition.java il tests/demos/demo japanese name
recognition.py. PIE AYIZT T4 RARRE

[HENH®F/nxj, B&/v, T/ule, HiEW/nr, §&E/nnt, #/ude1, (/w, EE/n, 5/cc,
BE/n, 3/m, }/wl
(BWFTr/nxj, F/fcc, EWAE/nxi, #/p, €W/nz, 28/n, B/f, BWE/vi, B¥E/nz]

8.2.3 ETFHNAIEEESGRS]
el (—=. 123) FISE SRR ERERIGE SCA h i WA 2 S0, RRRIE A A AL 2
PR B AR IR SRR, SR PCRC AP BB K. 7E HanLP &, SRHUAY KL 44 [R1 26
RIRELE T o0l G 9F. BRUik, & cH|H com.hankes hanlp.dictionary.other.CharType T . H.2
KRB FAHHER., FHEEARTYN . 2R (a5 ). P XFH. ¥ BF. FS
G RIGEM AR, HAREME TSI, FIAHERIHE R (808 m a3
Wonx %), XA T com.hankces.hanlp.seg. Segment#quickAtomSegment, TE5 3 3 1%k
FRA R S41A .
X 1 H) % %R AT 3 i com/hankces/book/ch08/DemoNumEng.java il tests/book/ch08/demo
num_eng.py $1F, LA Python ffz A1) .
segment = ViterbiSegment ()
print (segment .seg ("4 =0 0T EF{HLkn) )

print (segment.seg ("4#) 300 3 100 ¥kn))
print (segment .seg ("4} 300g100rmb") )

i

(4#/nf, =00/m, %/q, BfE/m, BR/ql
[4#5/nf, 300/m, %/q, 100/m, k/q]
[#%3/nf, 300/m, g/nx, 100/m, rmb/nx]

Al UL, HanLP fESEIRG] “=O0O" xHpybc@nd, EEF b=k “— A T=an+5n”
ZHP K Ba], #arRinl, HERMTET, HanlP AR DUAETHBI.ORIPER, K
HAR AR _LR BN ST A (6]

A, H P A Ll charType X4 T RERGEESAT FAEE, LintEd iRt
T, TRER Z RO KRR A A — A Ra], el DU IXIRIAFS <" S AR R Rk IRF)
H i
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text = "44}300~400g100rmb"

print (segment .seg(text))

CharType.set ('~', CharType.CT NUM) # HENXPHEE
print (segment.seg(text))

iy -

(4#h/nf, 300/m, ~/nx, 400/m, g/nx, 100/m, rmb/nx]
[4%/nf, 300~400/m, g/nx, 100/m, rmb/nx]

PRI, BROCIIEL SR AL R AR 2418 . LN iPhone 48 XM BRI L, 25K
B BRI LGES FAFRE, B e R dtal E N FaA X SN R i, [HARE
G T SRR RGE T TR R G AL

18.3 SEBLHIRBIERIE

AN G AT 78 FAFRAT © 2 4R 69 7 PR AR S8l an 2% SRR, JF B 2552
B TR, RS TR, B—BeRRERINOBE. T NLP TRIEY, 1M
R ER . A EEVER A XA R, TEERANDCO AR a2 30K, #Ehs
EAARERER . ATAGHAP L5 W, BEE T A — R = ibr ik B O SRR

8.3.1 1998 5 ( ARBIR) B EE .
BRI AL AS . 4 FIHLHIZ 036, PKU SR BT LABLAE G SRR A R . 1
th— SR

X /nr /v ,/w FH%/ns /4 B/p BFEEE/nt #B/v Pi%/ns KAE/b £HM/n
RE$/n Fil/a ERE/n] /ot K /v FF/v /v o/w

AFH nr WAL, ns W%, nt WL, AGFHHLA AR %, B R (248 /nt
4% /v AL /ns KHMB /b FHH /n REB /n #5 /a £514 /n] /ot IRBEBE S

MR, HAEMANESREREMZ LR, PRUEBHESTRGFEEIFL nz TFH ZiHEREK
"5
(3% /ns #K/vn T#8/nl/nz B/v BK/v

WM IBE/ns 89/u [RF/s BA¥k/n BHE/n] /nz FI/f ABIEA/L
—hAhtE/c BAR/nr HEE/n) /nz FBE/n
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REE AR T AL WAL, B — Bk R A, 400260018, X
E SRR RAAMR, WERRAL. B, “AWBRE A" R — T iRt 4,
WALFRTE R nz WIFAEE. B2, BRERITAROXEE R, A HAENALRHRTT .

8.3.2 RiEARamAEIMENERE

PO W9 B i 44 SR 915 B ( MSRA Named Entity Corpus, MSRA-NE ) DABFZEH
WHRMILE, it 234 F, MALEER M AEH AT (NAMEX ), MEFRER ( TIMEX),
¥r ik (NUMEX ), ERt#%iA (MEASUREX ) filfisht #ik30 ( ADDREX ) % 5 KK H:
TR 30 ~F2. Hep—pEph .

<SENTENCE>

<w>H A < /wo<wsilll< /wr<wsB</wo<w>—</wa<w>l< /w><w><TIMEX TYPE="DATE"> 1945568
</TIMEX>¢/w><w>‘3$ﬁ]c/w.>'¢-w>a"~]</w><w: (</w><w><NAMEX TYPE="LOCATION">1t#</NAMEX></
woews> X P /ws> W iR Ti< /wo<w> R B < /w><wolh < /wocws Z< /wo<w> B < /ws<ws B E < /wo<ws J</w>
<W>,</we<w>iEE< /w><W>§'ﬁm</w><'w:$$ﬁ</_w>gw><m TYPE="LOCATION" >#{ 5 </NAMEX></
wo<w>. </w><w><NAMEX TYPE="LOCATION">[{l</NAMEX></w><w>. </w><w><NAMEX TYPE="
ORGANIZATION" >& B ffi< /NAMEX></W><W>. </W><wW><NAMEX TYPE="LOCATION">it A&FEEH
{B</NAMEX></w><w>. </wWw><W><NAMEX TYPE="LOCATION">iEE</NAMEX></w><w>. </wo<w>
<NAMEX TYPE="LOCATION">H</NAMEX></w><w>flic/ws<w>BHlc /wo<cwslf</wo<cwsFc/wocw>
<NUMEX TYPE="INTEGER'">_ 1 JL&</NUMEX></W><w>, </W><w>E</w><ws>Bi</wo<w>X < /w><w>
<NUMEX TYPE="INTEGER">_1Fff</NUMEX></ws<wsbl b</wocws,</wo<wsiFiF</wo<w>
<NUMEX TYPE="INTEGER">=F</NUMEX></Wo<WwsR</Wo<Ws>B</Wo<W>, </Wo<W>iE</wo<w>
Efic/ws<wstlc/ws<w><NAMEX TYPE="LOCATION">It3</NAMEX></w><w>SE El</wocwsoc/w>
</SENTENCE>

AR xml 82, HH A LEZAMIRAERE R ERE. TEER, BEEHESRN
PKU ##%3X, FF{&H HanLP #57F T BRAHAME, 0T FR .

#q1N/x #®/v H/v —/m /g 194 5% 6 B/DATE ME/v #8/u {/w JLFR/LOoCATION X#¥/n
R’TF/v RE/n R&/n Z/u BE/vn BE/n Y/w /v BE/wn EB/n HR/v 8E/LOCATION .
/v Fi#/LOCATION . /§ &BIFT/ORGANIZATION . /v [dtK/4 #H4%/7 EH1E/n] /LOCATION .
/v itE/LOCATION . /j B/LOCATION fb/j #¥/n EE/n %/u “+JLR/INTEGER ,/d B/Vg
B/v X¥/n Z+FH#/INTEGER B E/f ,/Ng #¥3¥/z =7 /INTEGER ®/m B/Vg ,/n /v BEH
/a 89/u dEFR/LOCATION #£Hl/n /w

B AT A GRE Y SRR R R, T LUE S T fI S B 30 F S E g,

1 2. https://www.microsoft.com/en-us/download/details aspx?id=52531.
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184 EFEEBRIRITXENNAGIHIER

ERERS G, THRAGRN AR TRt LARMESR, POy EIREIERY. ZHER
HRAUREES A AR A 2R B RIS a2 LR AR TIR A, PR 5 il 2 SRt
WS R H 2 i, BAREE M ARkbriE? MU RS R i8] S DC R A i 5, AT
FOGET 5 ¥ AR B B 2K T R A T R 5

H TIXHESR b A PR TERE AR AR SRR A, PO SBERAR ph B ) A ] R B IR R
PSR A BRI D /RATRMER . RFVU BAREARR, MAEREFERMRERLARR., &5
R =R LA a2 LR A AT S, RIREAZ . W24 .

8.4.1 ETABIRINPFEAZR

W ST MAMR SR, S AT EANARERTF, &S LT OGEE—E,
LA%E 1 R “EE4EMIRI A" hpl, HHESERWT .

(£E/n, #%#0/vn, BR%HHA/nnt)

IRARAEGTN L “EE" RAZBRERS, "N PR 4" RAZREERT,
W “EEYLE" XPTALRATRES AR, XFh FREES" RS R TR R e R E
AL RYMMAE, T THAGRPENEAENA GRS, Bk A EHEAZ .

Bikanfiditfta, A —F%0, FEBEERH BB 845558 % 80 sk 4 E X
BHBEL X (ETAARERTEAZ B SHRRIR) FEXL T —EFZASM MRS,
Nk 8-1 iR,

£681 FEABHMABEE

RE B #IF

B P  mmwx=
c REBHEF WET Gk

D R HFE KT s

£ rP: KER  RR—EA"

F oL £3), /%

G =7 4. RE. BE. R OHD

K ABHLEX RAE/FHEOR,

O ZERGKETF . XIRFFE SR
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(&)
FE  BY BIF S
L ABHTX WP ERHE -
M AAPEASZ EHAS GEIT AR R L
u AL SRR AT RS XL
v AEBNF AT XA RYTEGS, BRBLH
X HEMEHEERE FES
y 5 8 2 A il T
Z W4 & 5 pX A W HFe
A b2 S B A e

thEEWEZ G, M UIRMERIRETIE T . BT IFZRAERERECSIRET A4,
Ffr L2 — o 1] BB 5 B O i AR R 3R 8-1 5 AL B BioK iR s B R e B A AR TR . 1
HanLP ', % % A0 A9 5C BL i F com.hankcs.hanlp.corpus.dictionary.NRDictionaryMaker#roleTag
H, TR EER R AR R, FrLLE i AT AR,

E R SE S SR B RT BRIk, NRDictionaryMaker HEZAHN A9 YN Grisith. AL 7]
VU ET ISR TR S IEREREANLSBHE, H Java HARBAF com.hankes.
book.ch08.DemoRoleTagNR#trainOneSentence :

EasyDictionary dictionary = EasyDictionary.create (HanLP.Config.CoreDictionaryPath) ;
/] Bias

NRDictionaryMaker maker = new NRDictionaryMaker (dictionary); // gtk
maker.verbose = true; // VEiEHH

/!l #IA—PEF

maker.learn (Sentence.create ("iX2/r H/v (X8 /nr /u H¥/wn BiB/n o/w"));
maker.saveTxtTo ("data/test/nx"); // BRI RITXMEHHIexe

FHA Y Python MfVF tests.book.ch08.demo_role tag nr.train one_ sent :

dictionary = EasyDictionary.create (HanLP.Config.CoreDictionaryPath) # (Mg
maker = NRDictionaryMaker (dictionary) # &Rk

maker.verbose = True # WHiXHH

# FI-1GF

maker.learn([Sentence.create ("XE/r H/v XX /nr B/u HEX/vn BE/n o/w")])
maker.saveTxtTo (test_data_path() + "nr") # FRIRITREEHHDexe

Hf, BORSEFERZERFE "S5 NARNETRIA" R, EETEEANR, XL
TS558 2 EIUiR M UIGRRIER X RH ., ARZA7E T IHAAE —MI%RTF. K5,
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HanLP SRE BRGNS, USSR E 2.
BATIE, SR BT

RigEsE (X8/r, /v, XX¥/nxr, B/u, X/vn, Bilf/n, o/w]

wEHhs X2/a, H/k, X/B, X/c, /D, 84/L, FX/A, BiF/A, /Al

EXAE [XE/A, HX/u, R/c, #B/p, 8/L, FX/A, Bili/a, /A

ARINER [dh##ts/s, X2/A, FX/u, X/c, #/p, #/L, BX/A, BiB/A, /A, Fé#F/A)

T ITFRREREE R — DR, W ATHG, R SR bR, BERE T
B ASTAL NS R, #£E, RBREFREIE 1 “AX" FETECRN), T
R HARCH U (BSO8R ), X FFFBILAY R oo orinl gAML 25 50 . oAt 0 i) ol 7 tho 4%
HEK 8-1 B HEITHES, IFEHII T 4 ## AR #4# AWy e,

[E6f, 7B R data/test T oA AR SR A KBEHEUHE X UM neixt, nrrtxt fl nrngram.txt. H
B, nrtxt FE6E T ERHREA BRI A O IR, HAEIT

¥ D2
x C1
MG##IE s 1
FXuUu1
#L1

il nrtrtxt WHAR T — M GRS R HEBEE (TCAEE MY ) %, A CSV #iET
BATH R85 8-2.

X 8-2 REMEREREPHEBINERE

RE A C D L s U
A 3 0 ) 0 1
C 0 0 1 0 0 0
D 0 0 0 1 0 0
L 1 0 0 0 0 0
S 1 0 0 0 0 0
U 0 1 0 0 0 0

He, fTRRI— %, SIRRGE 1%, i, MHR% U B c MEBKCE 1, FIHAb
PRERFERATUCAR R 0. IN#/G, HanLP 200X SH5 I3 — 1k i

BeJii, neogram.txt 2 TR, SRWIHCALIFAE AT S, B LAOZ SRR HIAL .
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Wk, — )T R TE R B AR SR ALY, RRADRERFEE., AT LA, if
TWEY KEREMMBE, ANTE PKU BERHE EiEfTil%5. Java MZRRE0F (1% com.hankcs.
book.ch08. DemoRoleTagNR#train ) :

// Bt

EasyDictionary dictionary = EasyDictionary.create (HanLP.Config.CoreDictionaryPath) ;
NRDictionaryMaker maker = new NRDictionaryMaker (dictionary); // UlIZ#ER
maker.train(corpus); // FEiBRIE L%

maker.saveTxtTo(model) ; // B RITKBEEHH Bt

X 17 () Python REEN T ( PEIL tests.book.ch08.demo role tag nr.train ) :

dictionary = EasyDictionary.create (HanLP.Config.CoreDictionaryPath) # #&:iiast
maker = NRDictionaryMaker (dictionary) # &Rk

maker.train(corpus) # TEIERE L%

maker .saveTxtTo (model)  # RS RTAMEGHFext

11T/, data/test T ORI SCHF nrixt 1 netctxt SR EH . IRATAT LUOE XA R B B4R 1%
#5 HanLP &%, Java /RBIANF ( ¥ com.hankes.book.ch08.DemoRoleTagNR#load ) :

private static Segment load(String model)

{
HanLP.Config.PersonDictionaryPath = MODEL + ".txt"; // data/test/nr.txt
HanLP.Config.PersonDictionaryTrPath = MODEL + ".tr.txt"; // data/test/nr.tr.txt
Segment segment = new DijkstraSegment(); // %/ a3 ET AR
return segment;

Python 75 Bl ANTF ( £ tests.book.ch08.demo role tag nr.load ) :

def load(model) :
HanLP.Config.PersonDictionaryPath = model + ".txt" # data/test/nr.txt
HanLP.Config.PersonDictionaryTrPath = model + ".tr.txt" # data/test/nr.tr.txt
segment = DijkstraSegment () # ZFERETIA
return segment :

TRERRIBETE, WA KRR THOBE, Tmiik— TR, LA Python A

segment = load(MODEL)
HanLP.Config.enableDebug()
print (segment .seg ("HFELHHF"))

i £H 45 SRR T
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HAGER (R/nz, /v, ¥%/a, FiS/n]

AZRBENR. [ K1 A1) B768D3IE2C1]J[%# C1698 D29 L19E 11 KB BS5 ]
(% vi3s Lo ]S K238L471[ K1A1]

ABFBERE: [ /K R/B F/C ,FE/V ,HF/K , /K]

NHIHALZ. £% BC

WA AL, B¥F BCD

40438 [ .

(o 36 i |

1: (&, &, BFF

2: [E]

3: [, ¥F)

4: [¥F)

5: [$1%)

6:[]

5 IR

[B%F/nr, %/udeng, #MS/n)

BITHAEREAE T BRZ PR, EERFEUY T4 59 A 78 i m REFRAE
than “2” FRRRERAERE B, D. E, ¢, AR FRIZFELIZIREN S EEREH
A BLR KL, i RIS H AR Bos il EOs, ENRARZFTAER K WATER A, 7R
DRl REERI i BRAS, FREEABRIRAS, AR AR F PR B 8] ) 2 S
o QAT E FRFE A TP FE R TR A (7 BREH AR AT FORE R A 4 He 3 vk R R
KX FRER [ /K , £/B ,F/c ,FF /v , ¥/ , /K. WEKREFT,
R¥EFR 8-1, HbhWvEER “ABHERFMTFXRA", FFUF¥F /VENTFE /DF /L, B
MIFEMTF ([ /K , #/B , ¥ /Cc , ¥ /D, F/L ,4F /K, /Kl.

HKRZ%H%E 81, BHUREEK, c b FELTF. 4 BCflBeD #igEH & I— &,
H ac Hahtlx i % F 5 #E4T BC Ml BeD Z4RILEE, FJ&4r SR i A\ 4 38 BC fIZE24F
BCD., XWMNABEBAAIRERML, Bl FHEDRER, FTLUAA BRGNS, BREFEH—
A, L E SRR ] KRB B ER AR, AT 5 UK T ou v s IR B A i) S B
X—IK, B [ £%F /nr, ¥ /udeng, #i¥ /n] B4, TRMANBRALRE. Hb, %
nr {EXT “BEVL HiAKELETAG. Eit, BEEBED/RAFER M OIREEL R H
e T fir A LR

LR, MBS BB #IFIE{URR T BC M BCD, 7F HanLP 7, i T BG (WK + /5
% ). BE (PG + 4 ) SR, XX BN —~MES, (T com.hankes.hanlp.dictionary.
nt.NRPattern, EEH 7] BfT&EE. i, “EEMEMRS R" ORESEREN [ /K, 28 /X,
$fo /v BFER /K, /K, FMF ([ /k , EB /X , 4 /D, # /L , BRER /K, /K],
P EE A EZE 4 XD,
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Aid, 5 CARBH) | A EREIF ARG — SR B AZ ISR, 3
IR B B Fl BE R, — AR AE — N (0 P B R oty R e, T R T K T KA Y
XERZ X 00V MRES . BTGB RN B ERET, Bath /KT FARRIAR AT R HbniER A (EA
AT, SEICERS. AT R ABIER BRI, EERR T - RBIAZEY, FH%
FHak B (HK) ¢ (EH—IF) D (MEH AT ) HE B (HK) B (BH), REH
FEEMEARI R, d PR o AR, BT LSRR R R 0 kSRR AR . A A
AN RGIEERITELR, Wi LIRIEE R 2% R 8-2 MRS,

8.4.2 ETARBINTAIMRAIRE

FIA A ERE, FEEAEW SR A AR, RARSTEE L —10# i A fahn ik &,
HanLP &% T i B4 A B8 30 (T 2B R /-] AR 9 op g 4 SRR 5 ), KA T an
7 8-3 i pUbRiE &

*8-3 HMRBIRFABER

A BY =8

A A4 EX /%3 b/ %/

B 0% 89 SF A /A0 T RAS /1848
c o E R B 2D BIAIFI]

D b B 0.4 6 35 BITIFIS]

F o (105 B0 3B HIAIFIS]

G b E % 65 B BRI

X e g/ ) F B /4846
z

Hfth it 48 AL 5

BRI, BORARERGIZ . BE/RATFRERIGRE . XA E—WEEER, A
AR, AR AN g ST, I 2R 4 43 B4 T com.hankes.book.ch08.DemoRoleTagNS
7l tests/book/ch08/demo_role_tag_ns.py. fURSZ5H 5 A& RG] —8, AEII%, ANFEZATE:

(1) Y%kt NRDictionaryMaker ##th NSDictionaryMaker ;
(2) HanLP.Config Ty & & i AYBC B A PlaceDictionaryPath #l PlaceDictionaryTrPath ;

(3) %I # & DijkstraSegment, W EITIF ML RGFF K enablePlaceRecognize

(True) .

@ HMIFH 5 FALPERN P20 b 9B
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Z IR AR — M) F T, Hlll segment .seg (" A F 2444 v) ., iziTa5REHUT .

Eﬁﬁi{i'?jvl Ma: 4:'/“! m/n: H./n]
ABfaeiRE: [ /K EF/L B/ 4/8 ,8/A H/k , /K]
WEREWE: [ S 17667 A 1817 I[EF AS IR C79 ][ C7D2]AHI0EE6D1)
(™ H225 D10 1[ B 79 ]
wemesoE: [ /A £F/a R/C 4/ B/E F/H , /A)
NG . RB4494 cDEH
&F/v, B48H/ns]
T AR B A AR YR, ARG RS RIS [ /A L, AT /A,

2/c ,% /D ,#/E , A /8, /A, BEESHICE SR 494 coEH FH I,

8.4.3 ETAREIREIAINEEIRE
i A R IERESS, T LASCEIPLA A YIRS, S arsait, ke, XBETE (TR
EARER IR P ), SN 8-4 AR britde .

#z 84 HAZAIAER

s Y BT

A X 5/ TAGLER t/)F
B T3 o/ i 4 R

X R L N e T
c BEE N — R AT IS L o

F BAEAHES MR %E/ BT H /A5

G TR AT R /4817 /LB S

H BEANTILE IS PR/ Hi/ERS

1 TN BRI H /@A

D NE M ER EEB/FEIDAE

z HAp AL F

BB S GERER T AL S0 AR5, AT ARAR. fTIMaeEE
7, EEFAHAMMELE, FTLTEEANS B2 R0 i 5t E 3750 —UGRI . IIZRR5]
4% F com/hankes/book/ch08/DemoRoleTagNT.java Fil tests/book/ch08/demo_role tag nt.py. H
BOER LN AR -

segment .seg ("AMEBE EHEHRLASEHBE AL DT
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ETIE183) .

HAEREM/ns, E/a, B/n, E¥/n, #i&/vn, ERLS/nis, 8/vshi, #H/p, HE/a,
%4 /n, tIh/v, #/udel, ¥ /n]

AZHER [ K1A1I0RM K1 1 B 7195 C25 E23 D9 L 2 ] [# C 144 D 67
E22 J[R¥E L1 1[#& s K1 ]I[BEEAS K22 ][R K 2507 L 2504 M 123 C 10 E 1
][ K1093 L 38 C 17 D6 M2 E 1 ]1[® B 7195 C 25 E23 D 9L 2 ][%k4% z2579 L
60B K1 J[6h L 11 K3 J[A9 L 15411 K 11354 M9 C 1 ][ K17 L5 ][ K1A 1]
Azmetat [ /k GRM/K L E/B 8/ RE/L WE/L ,BRAS/K ,B/K ,B/K ,R/B ,
%%£/z 8/ 8/L /K , /K]

IRFIHAL . #88 BC

RFHAL. BESE B2

VMWL EEW®. [ s 1169907 ] (BM G 92134 B 1200 A 470 X 4 ] [##8 F 6781 B 769 A
266 X 6 1[F%¥ c6 1[#li#f c 102 B 21 D 1 ][HRAS K 1000 D 1000 1 [ A 2340 B
353 X 20 ][ A 1579 B 16 X 11 ] [#®%% F 6781 B 769 A 266 X 6 ] [fl7 A 20 B 5 ]
[#) B 7092 A 4185 X 20 J[fhl C 102 A 42 B 11 X 6 D4 ][ B 8423 ]
nmEzmerrt [ /s JRi/e AB/F BFE/c BliE/c FRAS/D /B @#/A REE/F ,
glh/B ,#/a /D, /8]

NP EAES . BN EEE EHEHRAS ereed

WAHYAY . EBEEHERRAS FCoD

RGNS . PIERRAS oD

IRBIHAEE . REFIEERAS ccD

RN EBEEWERRAS/nt, &/vshi, B/p, BE%E/nr, 8lH/v, B/udel, f£d/n]

H) RS R T AR, BR/ESI/RT KBRS 2 R EREEEME RS R (2N /
ns, # /a, M /n, A¥ /n, #i& /vn, AMASF /nis, £ /vshi, & /p, & /a, &
% /n, €H /v, & /udel, &k /n], HEHEH _BEABRINBIIAEE “HE", ZALES
R 2R ERS T P (FFIERARAMERE ) 1EH, XEHSCHIAZ B4 RS, &
SROCHET Rhod, HERS. (BHRPLE 2 ETRMER S F24E, Bl HaalP kT
“IRATERTE" 09 . R T WU 2 AR A B 2, IE T AZIRBISE T Z R 58
VEE,

EHARNCLLHR T ERER DR RIS A OIREER THMAZL ., ha 5P AR 8,
ENTE SR, Y TIPS RN, AMOME SR, ZEERFREE OOV
[, B L0 ALK 2 F AT TR Z AN R TE W JE R . XA HERRAR , RO BREhiZAESR Y IE
AP OOV fYFa TS /KN FeAsi A,

0OV [E(EHLHI A RIS g, BHIRAAFRRMAY, SHXERERIIA
BIRE SE R LN, A LSRRI CHES” B TN TR SR RAALTE, ®
R R S TS, BUAIRSIRAKI. H T R OOV R, — A AL
FTASOORR nuixe, ERHTIFREIR, TEEHLH 4 RS0 fl (bR R A TR R 2 A,
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IRIE TR 8-4 I A SRS SAR N B F R4

7 —75 W, HanLP BUHE THREESE, SIAT “HiAM” “PlLiZ8R P” SRR kERn
OO0V, X T (s BREPRAI ], EHEEBUERT —MREWI AR, ARG I 5l
2% M ORI E X E R AN FE VISR, i U Z WA E 24, FERr 8B AER B
R, SBOZERAFTER B iR A h .

AOPREERBIR MR FIIIRE, (HRHREETERERKREF THH ., —k%
B RT), ZRABRG. BUKT —PFRERAIEC AR SRS, BHELTERN %
F RSB — M bR, 550, MREER DA G B R R BR LT E L 1R
i, PIIRAS R R T .

AT RS, FEHE TR M T p, FRATRE U0 6 ) B0 i K S 0 R 3 0 PR AR
HEZE .

|85 EFFSUFEIIRSEHAG

il 45 SRR SE PR L AT LA AR 43 18 5 10 M AR A 45 A B . iy 4 SE AR AY 3k B AT L 5
{B,M,E,S} #fixg, H2EH 0 LI B-nt SNSRI 00FREE 0 M 5 . Ml FEREBFESI bR T
s ARG E MR AEE R, L CARBIR) ERED— DA FiFse X /nr /v
/w #3% /ns ¥ /d Fl /p [BEE /nt 4% /v #4E%L /ns XA /b F4H /n &
& /n #HM /a 2RS4 /nl /ot B4 /v REF /v A4E /v o /w BB, XATERAR ERERE
A5 ik 8-5 FfR .

* 85 EBHEERHAGFERIREES

WAL, s BTy
pEn % r s o
% v 0
w 0
FHI%E ns S
% d 0
& p 0
BEaE nt B-nt
S v M-nt

R ns M-nt
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()
WAL R x,  HATE WHTR)
KB b M-nt
5t n M-nt
R n M-nt
#5351 a M-nt
EZRE n E-nt
33 v 0
R v 0
ok v 0
o w 0]

Hrdi A5 x, FAE & x, SR E RN, drRismiatir i, fraLEkin
P A LR, WibEEy AR GEEE, h (BMES) A LHhENAR. 2T
HAEH SRR AHAFR, F—FSHA Y s-nr 220084 PiEaM &k, XHERBMSLA
P WM E RS RNLE, (B THREERREN I TSR, B—Fubkpin
B LG —FriE R s, R AR MAAR hiFMRSRE, XFEPREEREE
/NI, HanLP 2R B9 BE /2 Fh R .

XRP RS 4 T i HanlP PRI ZREEER A B E0FT, M ARG, REfEA PKU
IR EEREAZ BIRT . ARUEBUEME RIS, DRSS B9S85 — B il R X i A S B SR BURFAE

8.5.1 FHEHER
BT BT HAL B FFYI PR, HanlP DL K4 B F & 8-6 s AR AR
% 8-6 E LWIBSIFFHEBIER

BRI WERE TRERE
v, word, ,
word, g,
word, tag,
word,,, tag,

word, _,

Horp ¢ FR SRNEERBFER LS, v ZAARE, word /R, tag Foniatk. %8
PEEAE TR E, BT RIRA BN R ERTIE 4 2 U IEARE, $ER0M, XPRIE SR
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ALRBR, FUERA v, 1 word, BIRPHRFAE .
FRIEBARIEZ I, AT AISRPPIPRERR T,

8.5.2 ETFRE/RoIXEEFIIRFIGHSELIEE]
AT A 43 B T A0 B S 2R B R ASLRY P B bR iy 24 SC (R BB HMMNERecognizer, Hill
T RITCAS, Java AW F (¥ W com.hankes.book.ch08.DemoHMMNER#train ) :

HMMNERecognizer recognizer = new HMMNERecognizer() ;
recognizer.train(corpus); // data/test/pku98/199801-train.txt

AL AY Python Jft{i T tests.book.ch08.demo hmm_ner.train :

recognizer = HMMNERecognizer ()
recognizer.train(corpus) # data/test/pku98/199801-train.txt

HMMNERecognizer S8 T HanLP ) NERecognizer %11, @l BN,

/*t

* 5 SRS

*

* @param wordArray £id

* @param posArray i

% @return BMES-NERFRZ

*/

String[] recognize (String[] wordArray, String[] posArray);

% s A al R R el e RS, S R B-ne Z MW LR SIPRE . Java
FHAFIET (7R com.hankces.book.ch08.DemoHMMNER#test ) :

String[] wordArray = {"fdtr, v@hn, vRF}; // WEREFI]
string[] posArray = {("ms", "n", "n"}; // #i&EM4EF
String[] nerTagArray = recognizer.recognize (wordArray, posArray); // F3lEE
for (int i = 0; i < wordArray.length; i++)
System.out.printf ("$s\t%s\t%s\t\n", wordArray[i], posArray(i], nerTagArray[i]);

Xt ;Y Python RRANTT :

word_array = ["fdtr, ndhv, "ASv] # HWEREF

pos_array = ["ns", "n", "n"] # #MEEMEES

ner array = recognizer.recognize (word array, pos_array) # FIlFRE

for word, tag, ner in zip(word array, pos array, ner_array):
print ("$¥s\t¥s\t¥s\t" % (word, tag, ner))
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i .
#it ns B-nt
8 n M-nt
ANS] n E-nt

REHX = mALEiRNEE B, M, EGIHFNEDN nt, BAERMNE “EILl HAH"
XA . MR, XFFREIEAIEA L, %M P e Rdaa Skinig, twed, Hpa
PIFg i —/~ AbstractLexicalAnalyzer ¥ recognizer S0alaR . WEbRTE AR,
PR — Rt RS0 Java 7m0 F .

LexicalAnalyzer analyzer = new AbstractLexicalAnalyzer (new PerceptronSegmenter(),
new PerceptronPOSTagger (), recognizer) ;

System.out .println(analyzer.analyze ("t HASEBKFEEOBBHEZ R ZEA
HRRZAREHESH));

Xt R Y Python RRUNF :

analyzer = AbstractLexicalAnalyzer (PerceptronSegmenter (), PerceptronPOSTagger(),

recognizer)
print (analyzer.analyze ("#it @ H AT EEKEEHBBHLERIZEAARRZRAEYE
S3n) ) :

X B4 )RR TRl A S AR TR RS . BRI

[#£4b/ns €H/n AS)/n]l /nt EFK/n WBX/nr M/c #B/n FHEE/nr ¥3|/v £E8/ns 4
#/ns MR/t TA/n BYE/n B0 /v

Hehlt g bl HAR", A4 “REE" “8IEE" 2 IRAIER. HEiy “XEAN
BAZA YR WA, HIREARA

(1) 1998 4 ( AR HAR) BB EEFEA HMAELITF [ €£E /ns 44 /ns B /£t ZAR
/n HEYIE /n] /ns XEEHA, RaTfe “BUCEAR" XA EMNRIEIEATPLIN 2 6
A B

(2) B R AT AR Y T A T i R A

FH—AEE, REERSMRE R, RS ERR, AmXditiEkAZt, Xt
(Efr it Bl p b 22, IR TG T AR L, Ba SR AT R R AR R X T AR,
UIYST BuRZIE 32 b L pNENE RivE 3027 8
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8.5.3 ETFTRAWLFIRERISE LR

R 4R S iE R E—, AR ERGEWABRAYIHESR K, B4k
AR AR B py e S A9 I SRR S T AR R 4l AR, ISR Y Java 7% ) Bl com.hankes.book.ch08.
DemoSPNER#train fff 7R :

PerceptronTrainer trainer = new NERTrainer();
return new PerceptronNERecognizer (trainer.train(corpus, model) .getModel()) ;

X} WY Python K27 tests.book.ch08.demo_sp_ner.train :

trainer = NERTrainer ()
return PerceptronNERecognizer (trainer.train(corpus, model) .getModel () )

—Blg5EE, BFASHEETFA nodel 8 EHET (X B & data/test/pkud8/ner.
bin ). HEMBIZER, HRTRKIZMHZEIE A PerceptronNERecognizer HYF i B BIA] .
Wi sEsE ), AT LME E—77 ) HMMNERecognizer —FEIEH T - i@f7afl, X UURABLE R
AT LAIEBRRA B S /R T R R AL B R ] 1 -

(#dt/ns BH/n 2A5)/n] /nt EFK/n BIE¥/nr F/c #B/n BEE/nr ¥XFl/v [XE/ns 4
“/ns R/t ZAR/n BPE/n] /ns BN /v

{H3—RA R, BRAMHLAG 2 LHIRBE TRFEL S . 2l TRV, 8RR R R A
BRI et, ATLLE T PerceptronLexicalAnalyzer$learn & HRFELFE T HAHA,
Java 7R BIANE

PerceptronLexicalAnalyzer analyzer = new PerceptronLexicalAnalyzer (new

PerceptronSegmenter (), new PerceptronPOSTagger (), (PerceptronNERecognizer)

recognizer) ;// @

Sentence sentence = Sentence.create("5/c #B8i¥/nr #/v @8&/n Wik/v (AZ/s &

#/vn HER/n @8 /nl/nt");// @

while (!analyzer.analyze (sentence.text()).equals(sentence))// @
analyzer.learn (sentence) ;

%F I EY Python RRARF :

analyzer = PerceptronlLexicalAnalyzer (PerceptronSegmenter (), PerceptronPOSTagger (),

recognizer) # @

sentence = Sentence.create ("5/c F8Y%/nr #/v Bi&/n 1H8/v [K2/s BE/vn FEAR

/n 4A8)/n]/nt") # @

while not analyzer.analyze (sentence.text ()).eguals(sentence): # 3
analyzer.learn(sentence)
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Hip, #1718 7TRAVEAESIS: B IrREFEREEANFHREEXRBRTEHEND
Sentence X% ; # =T iAIE VA REARB MR ER SHEE B, H#4A—-BUER
fEkses], APIME B

8.5.4 ETFHEENAFIIIRERIRELRRE]

HlFrpscmrim bR E:, RATERT LA A ARVLS#T IR, ABIRE B0
R 7E HanlP W, SRAFBEYLE @ 2 SCAR R BB R S Rpll gk S il , HolZkE Java R ilf
7+ com.hankcs.book.ch08 DemoCRFNER#train :

CRFNERecognizer recognizer = new CRFNERecognizer (null); // Z8
recognizer.train(corpus, model) ;

%17 (49 Python ARUNTF ( T U tests.book.ch08.demo_crf ner.train ) ;

recognizer = CRFNERecognizer (None) # =8
recognizer.train(corpus, model)

BT E R BUE AT AN, AT SR 1 R B R AL B U BRI R
R, W null 5% None 52 X4, IIZevl GERERTRA, PSR G 098ER, #H
1Y CRF+ #2745

8.5.5 @ELMIRBIFRENTEN
A S BER A AR R T, JFE R AREA LT R . ETIR A I
FEA—EARECIPI TS, X T A SRR, RBIREISIA P RAF PRI,

T Kap B9k, #RE X =8

p_ IEBRFIN 22 % 8
VAR %2 dr 4 Ik B8
o IEMEBIY %2 4 9t
B EATE I5E
2xPxR
P+R

Kfeld, xFTA 4 SRR SRR E L= PR

o AR 42 S

I 0 8 S
_ BRI 8 S
T ha%hEN

F, =

R
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F= 2xPxR
P+R

HAXSZBAY T com.hankes.hanlp.model.perceptron.utility. Utility#evaluateNER , % pf 4% 7 @y
LR GBI R AR A, BB P . R F X = FE I FEbr.
F2 0] 8 H com.hankes.hanlp.model.perceptron.utility. Utility#printNERScore PR 0K i S8 456541 6t
¥, EAKPEH 25 3L T com.hankes.book.ch08.DemoHMMNER#test il tests.book.ch08.demo
hmm_ner.test "1, FHEH A1T8R.

FE 1998 4F 1 H (AR HR) ERE L RPREIFINET R IR 8-7 B,
F87 1998 %1 H (ARBH) BHEMARMIBINTFILR (NEFE )

wa P R F,

RO /Ra KR @0t 3014 4364 o
s 87.33 78.98 82.94

FHREYLE 87.93 73.75 80.22

(HS— AR, MERESTRN R, FREEN . SEEAEL R BAHC,

RO HERE |, FARSCIR (ORI E Aia) (th 2 Rialfg k) ar g ek, A 170k
AREER B im) i Sk (dER /ns ) WA EATiGE PR ER L) ns Al ne FE1E R
HE RGN B a2 Seik, BridsrEees e s —ut,

PP SR, A/ pa AR R ek AR B‘E‘:ﬁtﬁﬁﬂﬁjﬁﬁﬁﬁiﬁ, st T
BT PERE AR B %, SRR R R 035, AT LAS 5 5 844 com.hankes. hanlp.
model.perceptron.instance.NERInstance ) extractFeature /i, %77 2B AR IEHE LAY
BAWLZERNNFERT{ES . MATLIGRE B 0 CRF++ Bt , 2500 2 iE PRI &

ANRFHREE PR, SEERERATT 28, W, HiEER N,
IO 2401 R TR SR A R AERRAR . AR IEBREs SRRt PR, DR DL P S 0, LAY
R ARG R . AR R ER, TR, R

82, HanLP MG TRI23FERAN T "B, Mk E] - 50 i1 iy

[8.6 EENSHELTHIRG

R EAT, FAHE AR AR I (RRRE A ) ERIIERE, BT & 64 9L
BT A% . AP, BEFRA T EER & O rb A an 42 928, ez iz dnfar e 7
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AN PAS LA FRESII R ], s i B ] — SR R A S R R

8.6.1 #triEMELas 22 LIMRBIERE

B TR 2o, bRk R R R, PR T IRAOTA BRI
APEECHILARRESAL S, BT RN 2 R — S R i HGE . SRR TR, RF
R PR, Nz P PR TR, R RO, — RIS TET T

AR S . B OT AR ARARIE T . % T4 SRR R, 2 LURLEFAN 0
EEGE, AT EPREDF RN ALRATALNFIFaIRE, A LIFE HanLP HFRTEZE
it AFTRE . XA TAFRE D, BREERT AT

* #dnitit £ -17PF « A4 -17pF BE AL KA -17p Mk £ 47,
$5 HA2 i HanLP AY1a)3:/0 7 8% ( PerceptronLexicalAnalyzer i{ CRFLexicalAnalyzer )
RTIG, R oI R

*¥&#H/nxr &it/vn ¥XB/nr -/w 17/m PF/nx : /w ¥#/nr -/w 17/m PF/nx B/k &&34l/n
tb/p *#/nr -/w 17/m P/nx MEE/n BH/4 /w

T (AR B BRE DI KM -17eF XREMIG 20k, BRSO FR—AR Bed
IR ) . BEHEEHLAE IR OL A R, BRIl RS IE R H. b T RaRR-HL,
A1 L —1-bp%, HB8 PKU 2K R, i2/E np (nounplane ), FRIBMATRHKIER:

X@&#B/nr &it/v [¥H¥/nr -/w 17PF/m]/np : /w [Ki§/nr -/w 17PF/m]/np B/k &3l/n
tt/p [K#/nr -/w 17P/m] /np TE&E/n BIF/1 o/w

XFERREAARE TRT 1205, RS eRiE sl T R, AT T T3 T .

8.6.2 i)l[&r&niEAsE
B T, AT R E IR, EF R 2R RGPS BALIgGR
{7 Java k2 {7 T com.hankcs.book.ch08.DemoPlane :

NERTrainer trainer = new NERTrainer();

trainer.tagSet.nerLabels,.clear(); // Aif%Inr. ns. nt
trainer.tagSet.nerLabels.add("np"); // B#rEiR%Inp

PerceptronNERecognizer recognizer = new PerceptronNERecognizer (trainer.
train (PLANE CORPUS, PLANE MODEL) .getModel ()) ;

LexicalAnalyzer analyzer = new AbstractLexicalAnalyzer (new PerceptronSegmenter(),
new PerceptronPOSTagger(), recognizer);
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System.out.println(analyzer.analyze (" RKEHEITHKAE-17PF ;. HKi&-17PFEIERSHLLEKAR
-17PMEREESF ") ) ;

AN E Python AR{L T tests/book/ch08/demo_plane.py :

trainer = NERTrainer ()

trainer.tagSet.nerLabels.clear() # AiRflnr. ns. nt
trainer.tagSet.nerLabels.add("np") # B#REiR3Inp

recognizer = PerceptronNERecognizer (trainer.train(PLANE CORPUS, PLANE MODEL) .getModel ())
analyzer = AbstractLexicalAnalyzer (PerceptronSegmenter (), PerceptronPOSTagger (),
recognizer) :

print (analyzer.analyze ("X&#Z & KAE-17PF . Ki8- 1 7PFRUERSHHLEE KAR - L 7P REE S o) )

BTN BRI np, FrLEJIZE8 trainer B nexrLabels i§25 i MIA np. 18
¥l PLANE_CORPUS ¥ & 1EFEFFiafTHT H 3l F 443 data/test/plane-re.,

grsesela, BRI A F ey R ms T .

K& /nxr ®it/v [K&/nxr -/w 17PF/ml /np : /w [K4&/n -/w 17PF/m] /np B/k &34l/n
tb/p [K#§/nr -/w 17/m P/nx]/np MEE/n BEH/1 o/w

XATECLEERER B, EFEMIEAIFATS . BATATLADhE —3K kA% - BT
A -666S” L, AR Rz RE S .

analyzer.analyze ("K4§-fIIEZ;- 666t = i tth ")
KIS IR vT LAERR 0 -
KAB-FT06%F /nx -/w 6665/m] /np WRZ /1 o/w

XUEIAFA T GUSAR Y TAEIES , RESSTII AR AL

187 B&

AN BNGETT . R AGRMAA T 2 AR BN | J2 8B TR ] KA A b5
ERMFIBRTE =FiRS % (BN BB TR, frdd SEARPUN B AT AR EE R B . BT
EARAR . YIIZk, PPASHERR R G —EHLARF T AR,

FEERUERR Sy, TRATRGE T IR Wi 2 A VGIERVE, TR SR RERE 15 ) HpLe
AL IR R E . R RZIRAT, 8 AR R SR TR, SUsE R A B v
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EFEE,
ARENBE—NGTERRE T EEB R DR KRR M OARTEHESE, 7€ HanlP H8H
TiRMAZ . B FYME . ZERA S REITHI#EAD, SR EAR 00V,

FRE SR AAGIHREE FFISRERES, HanLP —3t3B TR S/RAT KRR, Sifafk
BAWLRRFREILS =R F VIR, ENERA TR ENALNE 8-1 Bin. A&
H i SRR S th SO AR | AR R A B R, R Akt

! OH-Sagmenter'[ !O% mmagger' |'bm::=ogni=:r_|
SRS AN L S & ¥y
!’,. . e mr} r.'b. .pf.': u!!“ [.i'
_ I""i_mj‘; £ I luc_axunllm_ = _“_cagnu___ Dl it 5 G
| & RbstractLexicalAnalyzer |

B 8-1 &SRR RRRIE T

ERANTHIRMTH, RATERAR T 8-SR ERIRE 5%k, 12E W ASHEM
HEWRE, % — R =SB AU fir 2 S



HankbP
e AR S M. I
HaSIE

$9E (SR

{ERMBUE— T REZBEE, BN IESMA A FRREHAME BN —RTR. XK
BOARMKA S A ZET RN ENVCEE A BB M E L7 SRR Bk, v, A
HanLP (93l 7r#ras, ICLEEHIE L HRIAZ AR 2 Fama LR, SEAEE, 5%
F A B ER R AN BB > T . WAREIIT IR, ROV AL — LU fa S S I R TE B 22 ) ik .
XS TC W 2 ) 0 gl TR T AR TR S, B LAAT LA i AR SS  SCAR 22 HDRAR
B — 2 A B

BE— SRR ERISCA, B HR BRA/INREI O, Hond O AR, dndard
Hrp (5 87 AT i BEBUR M /NBI RIS, e hIBORTin) . JCHEIR) | SRR I A OC
R TC I > Tk

191 smageEm
9.1.1 #ha

TEAREEX MG Z R, el — S fFaRHa? FiRk— I Hxests, Hrpa
BRFFENC A Z S WRTEC S RIEE., 24581k, FARRIFRE 1T ZHEZHN
MEE L. R T ETEERRIE, A antsE SOFia) . RS2 Shiia)is (gl KR o0V )
PRYEITAEIY, MR, HiFZ¥EINKN 00V Fia M MES, AdABAEXS.

iR A BRI H S T S A A SR X, RUOMIE R PER PR TE AR B, BRI H
SRR T EHRILIR AL, IRt iTia e, R R R R T — B ) L, $R
A B B4 5T kg pax A a1 88, R a4 b mTREAS AN S . e, JCWCE A4 B ial SR HGN
BRI TSR L,

9.1.2 EXRRE
Bt ORI EOREE S , R SR AT DASE AL -

@ KBFE (O0V) B—PFARE, M “#ia" MaELEN TR ZEGEARHE. £ BAKTHE, HFHIRAFER
R, HEERFAEE.
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(1) EBGEKE A (ABER) RS, JTieHie;

(2) ARt B A m0ialiE, FRAEHAE.
Hrh, £ Q) KMmELE, L L ), it WE 8B cA P i sin], b TR
i), XNBEXLF2RPET . XEMHEAAMBHERE, E5F L 0FEMESR, BXHR
CEORHRSNT XASRBEE BN A, Hedm, CUNEERT RBEER—ANE, B b+ |BE" PN
g2 “YREF” BIRRE R+ B RET R “AR"= A+ R B L E, —T1HA
AH/NATPRE, TR R KAV T LB A, X 22T, Ak,
W H B R A LRE S b B Y B () 2.

hE—BOCR, BEVLE— B, Wl XA B R R iR ?

MRXNTHBRELAGWERBEE, HFHAFBANRREEBRERE, WaTLLHA KX RE—0,

W cRE i) B e ok, $E BRI e R BIIHERY , HEZERT im0 LA 7R M O BER R1AE . ISR
SCAESER, R A A S ks CIHIET, sAT SR e T .

BRSitnr, FEBSMNSAAHENFERE, o LURE AR, Wih B AR RE
SEFREE AT LA T R B {5 GOt i, Oh T oe R, S A (6 B EE B RBE.

0.1.3 ERIH

fEfRRieT, BRI (entropy ) VMR FZHEFHGEEE. ERRETEYHE AL
ZJa, KTZEHFOATEER AR, L m2ar, RATARE “EhER” X434
MISER. BRE—HAANERERN “EmRER" XRHE, FAT IR T340 A et
SBNRE A, XA E VRN R A

AR5 BAEFETEZ AN V7 X TR & X, {5 SRR AT

H(X)=-3p(x)logp(x)
R, ARATMEREROE N 2 B0, TS BB A, EABIT, ST
HBIE TR plx = )= MK A A i L1
H(X) = p(x=1IE)logp(x=1E)+ p(x= 1 )logp(x = %)

——[llo e l)
7 By T30

1
=-log—=1
32

D FRT 1948 FHARNFHIMIABER, FTLE B IRF R,
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ARG, HATHENEE | LA RA il UL AE iR A9 45 3L

BARBF AR, AEFRR SENMAIERE, XECHZTFIE AN GEH I ES
(FRIFRAERRT ), WFRH(X) X SHERG B, K, EXAGFEEM HY) . 200 F, AdiEs
FERA T AT

7 RO X
XEHIEET o

AR 2T FAAF R, A0 B count( 2 )=1. count( 22 )=1, S5fffFE~R—F,
FrUZEERRN 1. MARGERH 0, EAAEREPHSRMNAS T —E= . BRIk
SE—Sem1 ) Hein BSOS CBAEREEAR" 22, S MER M A(E RS AL,

EAFEEMBA, ULUIF 5] AR #E OB R 3 B, % FAT LR — 1A i T BB HE
BLEOK, ean “Si8R” A MEECATRER “HT N AT BT %, AARBERCTTREA
CRTET R o MR, EBELAAEEMREASE, K T BT " “HET
—BE" “ET—R" P T —MEGHERRRER. b TEERBCR, RABELATE R A
FrEIBERAR I, SRR fh B B

0.1.4 H{EER
E{FE (Mutual Information ) $§HRM AR XS Y CEERER, & XUTTF:
r(xy)
It X:Y)= Al
(X;Y) gp(x y) 8 0
p(x,»)
=F |
1 (@) p(y)

BARRHESCRT LA B Bk, Wk 9-1 Frzs.

Hx) A8 H(Y)

H(X.Y)

B o1 HiEEMEWET
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Hrep, ZRBERFR HX), ARBRR HY). ENAFERRSMNGEERHX,Y), £8
R, REMEEGER. TREERER, MR R BEY], SHFRRN X
HE AT REMEBOR

BB BRI E i, PR XURTFARN 8 (A8 ), mEEyIER v R&EL
BRI AR T AR (54, s T sis, P BEALE R BUE 2 51 s e
T R B A R — U, B s, FrARLH S, a1, et
1 H AR B R -

p(x.y)
p(x)p(»)

(o] B X A, R e kR E, SF8CN 16, count(¥)=count(¥)=2, A
&ti&ﬁﬂ‘%ﬁiﬂ@&ﬂﬁ%%ﬁ%ég BB count(HH) =2, ARTEASAZERIE, BHAHK
IR X )T Ew U . (A% B4 EATRE, SR ET, Bk AR—4
A R R8N SEER T H 16 o SHANIEERR (9.1), B AR B B
Bk, BT EXEEWMT . B2, i’rﬁ?ﬂép(hﬂi,ﬁﬁ):%o 75 4 S8R A L £
BAEA

I(x;y)=log 9.1)

p(34, %)

T3 3) = log =2
P =log p(#) p(¥)

1

8 _
=3

_x__

8 8

SR, MTFIANFULHFB, TRRAZHASTR, HHELALERFFHASTATE
G BRI —F AT, ATEAFEEMMEFEEZE, P ERET—EREH Bl
UEAS, BT A9 BHEAER P HEY, EUEBUR SRR N A BRI SEAR T iRl E SR B .

=log

9.1.5 =W

Frial B 7E HanLP H3E3LA com.hankcs.hanlp.mining.word. NewWordDiscover”, #H#ME
T B HREE T AR T com.hankes.hanlp.HanLP#extractWords .

D #FILH LS % T hups:/github.com/Moonshile/ChineseWordSegmentation, {H¥EREE R . 7 &% T T RIS L
(BT RHRE RO P SCH IR B A0 S 908 ) LA Matrix67 89183 { ERERIEHCAE &R S . BT SNS
B A YARIZE ).
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AT A2 F RN — Tz, 43542 E 100 4~ 48], Java 25§94 T com.hankcs.
book.ch09.DemoExtractNewWord :

List<WordInfo> wordInfolist = HanLP.extractWords (IOUtil.
newBufferedReader (corpus), 100);
System.out .println(wordInfoList) ;

FHL B Python {7 T tests/book/ch09/demo extract word.py :

word info list = HanLP.extractWords (IOUtil.newBufferedReader (corpus), 100)
print (word_info list)

g R 9-1 ifR

%091 MEAZEMIBASH
(as) (BEWR) 0 (AonfE)  (=E®RN) o
4, RIE, B®, RE, (78, AR B, =M, (2L, 28 R4, 06, (X@ L0, 0if 55

IR, R, B4, vk, o KE, EM, 8, BEE fu S, Mo, RE, AW, R OKIE, X0, FK AN, E
S ERAK BB, 0.8 %, B4, KW B4, B 5 88 AN MR, AR K B K, #8, &
c, B, FJL Z2F K 2 BE &3, FRF B X RUs, RE, o8, F W AW RE. B, &
@, &, 8], B, 8% =, 0. 48, A%, F X LR RSB, B# F 6 UE FSB, £4 X
1, R, RE, KB, B8 N ME, %K UGS R F IXK B JEN & B, FR, BQ, +&, B
8] Mz, ok, BREK, B R FRL MH, UF. H TR AN R, ONK, W KT, HE R, ¥
FRE, F9, 88, £ B, 2AF, EF, BF F KN £2# 2K K20 B XF, A9, &R, £
K, B2, R, BE, T #, %, b, RE, B /), WFF, XK, KB & # BX, F8R, KT, T
R, o, MYk KR T, AR, A, €8 T W EF B, TR M4 R B, WL, %M, A
E B8 FE BT M FF ER 24+ & BR KR AN E B R AR HE B
%, BUE, A, B, Y 9, KB, B EH, & b 52 B0, A0k K& K 4B, BU, BE T
B WA, R SF W 4 FBR AW, FE B B B4 EF AR B OEE BR BN, X
B’ NBR, RR, B, B §, IR, 78R, B/\M, & RO, ﬁ’l‘t mkF, B R, HE, TH, AR
BOE4AK XE EZ. 8 F, T4, B, 8%, 05 BT, A7, B, BE, A FE FH, 2/, Miﬁf. X
&, IRAY, R, B, B @#() GE, =6, 0T, % & BW &% H7. 6 X, €8, & F, & ME,
W, Wi, BE, 5, W H, 538, AMER, ST, 00 K, RH, %, M2, R HE, RH, XX EE. 33
. BE, wu, RE, WM L, BE, XX, ¥=, 4 T& XNE RRE 45 6, WK B FE &
1, i&? A%, XB, ¥ L5, FH 25 %KB. &% L BF, +& SE B & 7R 08, VH @
B, &8, BX, 58, 8 3 %% 63k 3% BE /5 X8, A, i, & K KR, BT, BERM, —
fE, N& 20, 2, & %52 BJIL IME FX ¥ 25 BER, BER, & RIE, Bk, RE, B
B, & AzF Mk, T XF FFE EF WL 8 R RPE, RE, ﬁﬁ% ER, PE, T& ©

f&

.}

a&gag,

7, =%, R, QW g, MW, 6], BRE, BB, S8 RFER, ®E, K2, B, X, 21K,
KAk, WR, MR, Iis, KRE, %, FEX, KB, Kb, P H5 6 BB, < BT, BR, KkE,
BRI, BIL, F£L, 3R] 81k, 85, RE, 8F) ES 05, B, i‘u‘i‘ﬁ;l , B5t, qu A

BARTRATEA At BSCFERE B TSR, (ERrAHR BB sl zh iR mil i B H | $&
[ T e e

BERE SIERNTXR, RCEH TR, WRkEN MIEEH 2K A A A, LU
— i 25158} ( data/test/weibo-classification ) |, B HH & 280 H A9 a], EL—
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A
% BX, Fi, B

ki

iR

%®H

(RRER, &R, T, RX,

o, A, UneE, KB, 2 e, AL, TR, RE, W
W, BT, XiE dEx T @8 4tk BE, ¥R H
B, MOE, BID, Fwh, & &, B, S8, BF &
X, 5, e BX B K, R 2E ER, &
£ 8%, 4, 8A e & A& #58, 4, %
H,nE FOR KRG, # E BRE X, KR, X
#, #iE, LE R & B ES B8 BE 7
B.XE tE. 8. W B BT OBE R X
H EHFFN AL B B EF: EH NE, R
M, EA, BE, R F B g% Rae, ®8, 8’
W N T8 LF. F 9, 098 BE. £ %
=, Gk, Fis, ER.BR T, BA FA HE, F
B &% 4H# 453, 4 B. 75 BR HRE &
o, BE, B, Fe, 0 B HE XBE EN,
B, B9 FER.77 H 8F 8%, 8, ¢
%, E® B B2 N 4 B RR, EH E
£, 83, #3, Ex, R B 0FE, XF RD, K
. WEB, TR, BE. R &, i, ER, e, X
B HE oE B, © £, 8T, O, E%. b
X, RE, FH, R, B X, &F, WTE, A7, E
c. 88, FK Bye 8 L HFE, EP, ﬂ%.?ﬁ
#OE WK FXT, = £F, W EX RE B
d, Ba, B U, AR, F O£ R RRES, XF,
i, B, B, BB %, B2, Tk, kL)

(47, W, Em, 3,
Rig, =&, TR, B, A
W, M, Mk, KE, R
&8 XFH e KR FH
B.EXN. B, B4, X
0, EX, HERR, 85,
fta, %R, B, 8%, R
=, BE, 8 %R ¥
i, 25, MEHR, XF,
HE.,ME TR 8,
|, FH, &R, 28,
. XB, Bm, AP,
. TH, B2, #%,
. &RF, MIER, R,
BB, BR, #T,
G FRAZ, F
.TBH% B4, B, @
DO, BE, BL, Rip,
%, e, BE, 4%, B
2, K0, RE, B, &
¥, B, B, MG, F
R, BRE, R, EHME,
M, BX, T, BE,
@ik Bh. BF. Bl 1%
W, RE, B, &l

=¥ M EE O Rt 3t
HEESERS

(&F, A8, R BE,
HiE, ¥R, 2%, B, R
1, 4%, %8, &z, AF
8, t%, R=, &%, £
B, BE, B, &F, B
g, 4, 25, %8, BAR
IRF, B, IR, Sk, X
F, 52, B2 Rl &
t, FFG, R, B,
Z R EE AY, 8
W, 82, PB, #MW, YR
7, Bltk, &RX, ©keg, 8
BX, ‘i, BtfT, T, B
E &% MM, IF, T
fE, X%, X, BF, M
&, BT, ML, 5a,
Qff, A, BC,BHE, &
W, %F, K& 88, B
&, Bk, F, B, BUM,
#E, £U, KiE, FHE, &
i, KX, NS, BAR%, R
S, =W, IE, CF, B
%, BEEHR, OAWF, B
g, XM, B4, fE, &
X, FIFEY, 21T, K]

MR, HIEDEIFFFZ MABH, ST

/**

« RPGEE ( HEEM )

* @param reader MreaderfR UL A

* @param size FEEDEENTE

* @param newWordsOnly RERARBBRPEHHENE
+ @param max_word_len  iEEmREKKE

* @param min_freg EiERRmE

+ @param min_entropy EE B

* @param min_aggregation WEREAER

* @return — MBI

vt

public static List<WordInfo> extractWords (BufferedReader reader, int size,
boolean newWordsOnly, int max word len, float min freq, float min entropy,
float min_aggregation) throws IOException

IXBEBYE RN .
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® reader MR CAREIEME, MaTLUEA—1EBE KB FHFH. (0 reader BEH7ET ]
LIZEFTIEBGEITAL ], WHFEE.

® size FEflIFHR A Z M.

® newWordsOnly M ELET, FEFFRMEHAMFERE SR “IHiFE", Hik[E 00V,

® max_word_len #HilIRHILE R EAMIAIERE, BAMERE 4, ZEBR, S,
e A E W TRT L §: RIRA AN

® min_freq #EH G R PR RS, (KT ZMFNH SBOIIER, WLz,
T4 SRR IRIRAF Y, FTLUZSHOL T R K,

® min_entropy #EHIGS R IRNERIFRACE BMAE, —MH 0.5 £4. Z(EMA, MR
AR S H AR K

® min_aggregation M4 RPiAEM R EEEME, —AH 50 3| 200, Z{HBA, M
KRB 5 SR BUH R, A aHEss Bl 25

filtn, s Caopkss ) @M TS, ¥ 2GR

HanLP.extractWords (IOUtil.newBufferedReader (corpus), 100, True)
R Bl R HanlP NEBEERT A S/ “Hia]” 1 -

(W, ®H, HE, )L, &8, "B, T, LK, BE g HRE &8 FE B
A, B¥, Bk, B, B BN, Bx, FE H, EX, HKzF, KSR, EIL, RER,
B, WBF, B, AR R, B8, 9, B, MW, KKK, @K, LTH, 2z, K
TRIE, BME, ME, B5, 184k, 9L, R, FF, B, HE, SEX BE ®TR T
B, €4, 85, K% 8-, 47K ZEE S, ItBE WML, ERKE, B, X B
X4, &S, L%, FH, Mr, BTR, K=, S9JL, K&, k& FER B—F, X5,
Bep, BT Bk, BB, ETH, T, L, %%, &E, EHE, XEF, NLGE, X, I\,
H&K, A=W, ®0, RTH, FH, L4, TRRKRF, BARABE

19.2 X@FRW

i) ORL BE 0 15 B UE A 7E 5 — R ok, APEMRBOCCR PR Z A S, Wi AR T iEs
AR, FROMRHREIA IR . SCHE AR 2 IR FER— WAL A IR, A FR-—R 3R, A
G475l FH P AT BB ARl B L. XA AR R AS 58— 15 i 5% 8 1] SR HUAR A FH B = ) ke
SR TR AR VERR IR L —, BTG AR B R MU A I R s

AAT A 48— S faj PR SC FI A JC B OCHRER SR IO 2, A ZE 3 )| 2 A 38, TF-IDF
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TextRank. {EIRAUHRZAT, AU ETTHE > —2, RI\ES1TE ATHH— SO Ba]
KR, ARTEFES N, BIREET 0 0P CEMEZIORRE. B ke
P37 AT SCRE I OC R, AR RIS TextRank. 2 3CRYA A T HABSTR A (5 B ok
BhoRAE ST SCH KR, Rt 5 2 BIWers T40, AP R¥E A/ TF-IDF.

TSR R B TR TR TR, R S ARG T T iR & — 4

9.2.1 F$seit

KAl WA SO P R B, O TR, fFEER S REREEN. Eidgit3
R R R BRSO HE R, T AR AR ARG A S . — AT BRI R R A S R
RAHEFY I B HT 100 8008 (3% 9-1 Fi3k 9-2 ) HUims b i T A sl M= H /9 58,

AN SCEE T RO R B i A — R R R ], WURE A R IDRE 2 BT RE A
(1 2-1), MSR i $} i) i i o B9 RO B —2e ARl A S MBhR “/Y”, BB AR ECET,
AT HEBR XA R, BCRNKAIALE, ARG 2 AE 5w 5 R g

ARG AR — RO e (SRR R FERBRET 2 1~ HP, Rm ASTTEPHET 2 K
(n<m ) JCFE Y (A)RSSE M i o RMER D, HSLZRIE R O(mlogn) , A8 T HEEHFIX n 17T
FBYE B O(nlogn) . HanLP $iX 2 T F % & TermFrequencyCounter 3§, ##{t T K
A, BURFRATA MR, AR AR ENIREM, Java mEREBIT (R com/
hankcs/book/ch09/DemoTermFrequency.java ) :

TermFreguencyCounter counter = new TermFrequencyCounter() ;

counter.add ("MHIGHPEBNI ") ; // F—PXH

counter.add ("FERASEINEFE") ; // BT

for (TermFrequency termFrequency : counter) // BAEMNES5EM
System.out.printf ("$s=%d\n", termFrequency.getTerm(), termFrequency.
getFrequency()) ;

System.out .println(counter.top(2)); // Bltop N

X R fY Python BLANF (i WL tests/book/ch09/demo term freq.py ) :

counter = TermFrequencyCounter()
counter.add ("MAAEPEBA! ") # £
counter.add ("PEAXEFIHPE") # BoPTXHE
for termFrequency in counter: # BHEMNISTM
print ("$s=%d" % (termFregquency.getTerm(), termFrequency.getFrequency()))
print (counter.top(2)) # Bltop N
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P BB T A RAR A

¢ @H=2

hERA=1

hoih=3

W Ax=1

&F=1

[hoidi=3, E=2]

[%&HE, A, R

] counter B ERIATE M7 B 7, top (N) Ji ikl (o] im] 51 i i B AT N A>3 0m) K i) 4

FERFHES . ISR ik b i, PTEH top (counter.size () HEF /A HE T . WEH
MR, WA SHFEREIC LR, ias RUOESE AN, BIAK “ThE" f “FE"
EPAPARRRE. mRHPHBEL RIS Goit, Bi4bHE “rpEBNT B, RECE CdE"
A1 P EBNT ARKn—, ATRASGE A B A il an AR S 1L, EEER— i g%

counter.getSegment () .enableIndexMode (true) ;
counter.setSegment (new PerceptronlexicalAnalyzer ().enablelIndexMode (true)) ;

TermFrequencyCounter [a]#f 0] LA ECE M IRICT 2SS, .

# W (HE, WA, RF
print (TermFrequencyCounter.getKeywordList ("&HF B, WARF L L& ", 3))

PR B BROC Bt i) A — SRR, IR B AR R AR S A TG .  H A E— AR
i, B CEESRNESHGE, BH CRWES" WiiRe. BAEXRMERE T "REL"
AEAD KB AAE, P ARl e EinE B GR CEER ., MARIE. HE, TF-
IDF ¥k b T Hi%.

9.2.2 TF-IDF

TF-IDF ( Term Frequency-Inverse Document Frequency, a4 — BlHE KR Mk ) BEEKGE
i — A R RS HERR, #7 2T Lucene. Solr. Elasticsearch ¥ %5 % . [
i, TF-IDF 2 {5 BAGR A SCAAZ I b — R e Wil 2 ik

FREETialMi, TF-IDF %5 &% EiaiE AM-A R, 16 TF-IDF it R kD, — iy &
ERESLERTFEE PSR, ERETFAZL0IHAEE. BEZERN X RZ,
SR e, AR SCRMAR (O, IERE T ES EEMERESR RS, L
TF-IDF 7F X fltia)$2 i s 12 KR ik .
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TF-IDF (918 A 27, BRARIERnL 9.2) fx.
- TF(t.d)
TF - IDF(t,d ) = il 0 -
=TF(t,d)-IDF(t)

Hop, o850 (term ), d{CERCHFYS (document ), TF(r,d) {4 ¢ 7€ d PRI PSR, DF(r)
RFeh Z/0R kit % 1. DF BB (inverse ) #4 IDF , Xt f& TF-IDF #8445 %,

Mk SEBRI A E A R (9.2) i —SedR e, tbinhn—FH (2% 34395 ), X IDF B
BUABH b IF SRR R S, X SRR SE B T5 67 T com/hankes/hanlp/mining/word/Tfldf java,
PR T ¥ W S AE AS PR T BGA

1T TF-IDF &3 T £ i g itit, IRl TS5 A SR X E A BIFthit . 41t TF-
IDF i [RIRE B 4rinl S ¢ lialid i€, HanLP [FIEEIRAL T A DAY E 28 Tf1dfCounter, H
Java 8 R FII0F ;

TfIdfCounter counter = new TfIdfCounter();

counter.add (" { “HFR )", "*HILRBREETE"): // WASHE X

counter.add (" ( HERBH ), "ERBELSNPERBLARE") ;

counter.add (" { &H )", "PEALHFILFRREZS ST RME, TWAKF LHHEZHE") ;
counter.compute () ; // WA

for (Object id : counter.documents()) // 1RIBESHE XEHNTF- IDFRRIERIE

{

}

System.out.println(id + " : " &+ counter.getKeywordsOf (id, 3));

Xt 107 (1Y) Python Kfi 4 tests/book/ch09/demo _tfidf.py :

counter = TfIdfCounter()

counter.add (" { ZHER )", "wHIULRRESTE") # BASEXH

counter.add (" { BEKEH ), "ItREZESHPERSHRHEY)

counter.add (" { ZH )", "PENLHFILRREZSSNEERIE, WANFLH HLH!")
counter.compute () # WATE

for id in counter.documents () :

print (id + " : " &+ counter.getKeywordsOf (id, 3).toString()) # RIBEE XRIMTF-
IDFRREUEEE

Hrh, add FEEEZFASE, BT d, B CHPNE . AELFREER id,
{5 7 m] L SO I 3 s ST B2 E R id. documents AR 8] A B SCRY id, DABER P
#J1. getKeywordsof JiikfH K4l TF-IDF $2HSCR Y it in], B—TSBCH id, 6
CAZEON AT B R AU
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P L A

( &HE) : [%H=5.150728289807123, Hi8=1.6931471805599454, Mil#=1.6931471805599454]
(&HFR) : [TFE=1.6931471805599454, “*Hi=1.2876820724517808, HiE%H=1.0]
(BEREH) . [RFH=1.6931471805599454, PERR=1.6931471805599454, FHH-1.6931471805599454)

WLEEH 45 R%, FTLLE ) TF-IDF Al 45T "Bz 2" X498 i )i 1 9 A9 A
H, BRIET =R B B G IRE BT

X F ik EZ A6 Y, FFE AT LR B TEIdfCounter $E B X 8 idl, H 75 & H
getKeywords 75 Bl 7] .

# Bl (R, X&)
print (counter.getKeywords ("BiZERMER, 2))

[A1#E, T counter féfi I “HiE4" W IDF, FTLAL T ERRAELE .

TF-IDF 7 KRUERE G020 T—Fp2r > b 42, BRI 18 A X 4 KB IE R ERH
f74i# IDF B9NAE, [RIES SO G iRl ae 1RO RE 1% 8 4R 7 IHeHs ol Afs A TextRank S35,

0.2.3 TextRank

R TextRank, BEHETIRESHBIPEL, EiEA K Google #) PageRank A 4 W A %4 . {H5E
& |, TextRank $Ef2& PageRank 7E 3CA | FHT,

PageRank & — R I FHEF R BT AOBEHLIE: . © 00 T/ UM B R VA o ), FLEE
LRI TR, v BIN V, BREEEEA 3, WIRA LR AN AL S) £
B1, LR REF AT SARE, YO E R E R AR T

1
S(V,)=(1-d)+d z T SV 9.3)
)= ) x;::m(s;) Our(Vf.)’ ( ) :

Hrb d B—4NTF (0,1) ZE I # B HE T, & PageRank #1401 7 21 ol 4 432 M 177 Bk 1) 224 i )
MR, In(V) FREHER VIV AES, Ow) FTomM vV, AR a8 E, TR, ¥
RIS A, M5 PageRank SE8 R . WI3b 45 500 R ub o ek 22, 4 50 HMEE IR B0 i

ﬁa@ﬁﬁﬁﬂwﬁqm%ﬁﬁaiyﬁmw.%%ﬁﬁﬁﬂ%ﬁﬁ&ﬁw.5&%%%%@

AERUEL . MR — M A AMER R XM ERIRRSMEE, IR AEE{UT ERY PageRank &

(@ Mihalcea R, Tarau P. TextRank: Bringing Order into Texts[J]. Emnlp, 2004:404-411.
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TFE. R, B4 XESMEMPER WA, ERARAEMRN . EFTBYURE, Sh
Bl SR S R TETE R B3R M3 . PageRank AU IR TiX— 43, PASLAESS Hd /A IEHE
R I HE 2

¥ PageRank N FHECEE AR, TAERERPEN S . B4, S %iRmsska
F B i e B A/ NE B D PIEA n], —AFan b 9-2 FAR .

(an) (iafa-}o(éﬂ;)-—(;\m) (at#)%(m)

FzA20iw o

T S N e g e ———

B 9-2 TextRank e O

B 9-2 9B 7 b, BE DERK 2, MTHRE “LH” WFE, EMNEERA “A
™ MlEET AT CERET X 4080R. FE, MHAMLE R P OB E A, 1L
O AR SRR T, X260 H R SRR XAEFIR, W ONNRER
WHESR LR, MRS TOTPORIRR TR, B RAORE ST DA SR E R
EZHFA S PLORAXMHAEAFREES, S HCRRNIRISHES, XERE FENUEE
THRREER .

H— A, RS, ATHRENISHRE, X—S 5% M. RATE
TextRank 71, FESiaAA—ERE S, HRE A% ERETEH NG,

TextRank ¥ #: (1) 92 8 {C #% {7 T TextRankKeyword. java, #% .18 % A com.hankcs.hanlp.
summary. TextRankKeyword#getTermAndRank :

for (int i = 0; 1 < max iter; ++i)
{
Map<String, Float> m = new HashMap<String, Float>();
float max diff = 0;
for (Map.Entry<String, Set<String>> entry : words.entrySet()) // @
{
String key = entry.getKey() ;
Set<String> value = entry.getValue();
m.put (key, 1 - d);
for (String element : value) // @

{

int size = words.get (element).size();
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if (key.equals(element) || size == 0) continue;
m.put (key, m.get (key) + d / size * (score.get (element) == null ? 0
: score.get (element))) ;

}

max diff = Math.max(max diff, Math.abs (m.get (key) - (score.get (key)
== null ? 0 : score.get(key)))):

}

score = m;
if (max diff <= min diff) break;

He m B B g E, OAR words FE6E S0 B B JE A BET, @A AE IR X
K (9.3) KA TR LR AR EN AR ERAREAR /D TRE nin_diff (AREYWRS),
o HEAREBES] max_iter.

T @AM N E, T H % Hanup (1 i A A B extractKeyword W #2 {it i
TextRankKeyword.getKeywordList 4 #f %, H Java I8 FH 25 6 @1 F ( 7 WL com/hankes/demo/
DemoKeyword.java ) :

List<String> keywordList = HanLP.extractKeyword (content, 5);
System.out.println (keywordList) ; -

FARE Y Python 7 f9l{i T tests/demos/demo_keyword.py :

keyword list = HanLP.extractKeyword (content, 5)
print (keyword list)

Hrt content H—iS LEHINE .

25 R (%X Programmer ) RN FRSFFL, %P E L AR, —REEF 5 AHRAFEL
AR FRMBAR, 2REFGORBIFAREFTFHE, HHNRETE, AR EAR 5 AR
BEL, BB, R4 AR E L8 m LK,

PRI extractKeyword B — B8 N RN E, B 1SR AIIER R REGE.
H BT R

EBFR, AR, BF, 94, FE]
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9.3 SGiEiRE

fE{F BRI, 75— E B AE 5 SRR B U, WRIEE £ iR Rk & iR
RS H TR S0 A3, ORI A4 LSS

FIF (R SRR RS, RAOTAT LU B R B k4R R B R R . AR i)
PRI ) F AR R O A, AR R R RS RENA] . R TR PIME, RIMKATE#TP
Coria]. KA, 15 FA e & SR B AR K,  BrLA H 7E o i a1 g8 4.

fE HanLP 1, 3F 5 {75 B FZA A {5 B4 69 515 1R BUBIH S B com.hankces.hanlp.mining.
phrase.MutuallnformationEntropyPhraseExtractor, [A] B 7F T. B 2§ HanLP + b 42 it &} % oK K
extractPhrase, ZREH) Java B R BT com/hankes/demo/DemoPhraseExtractor.java :

List<String> phraseLiét = HanLP.extractPhrase(text, 5);
System.out.println (phraselist);

XF I Y Python Ffi{i T~ tests/demos/demo_phrase_extractor.py :

phrase_list = HanLP,extractPhrase (text, 5)
print (phrase list)

Hit, F—1S8 text ALTAR:

Hixx#20% H i (Algorithm ) & — £ 7| 8k P M a5 054, L2, eBs—EMRE
doEr N, EATREE ARAFERGHE, pR-AT ALK, A RESTENMEME, #
FEAREWRAMAIANEE, REAMHEETHRARE G E, 28R E R T AR HGE
S, —MEEHESTARATEEEALSHELAARE S, FAIRPRAAMALLLETF
HEgA

(e B A% )
BASHHRREE N, B17REHRE 5 MEE.
(EEATRG, WELE, —4E8, WiATR, BREA

H ANZR SR SRR I Ouimik s, A % A i ] 07 OB i SR BB SRS B n JOIBIA R
A PREL,

fE7—5 5, KFaOCEBEIT KR BEREA L, ARUFREFERENEE. XIHE 3R
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b a) FAE R SCRER TR IR, IO HE ) A SR IRUMKAR 2 BT PageRank Y3

194 Xi@aigE

B F—RXERILFA AL BRI 51, BrLIFNREY PageRank 75/7] FRREE 1T
Al R T % PageRank FIFIB| e FRORIE E3k, Fl15|A BM2s Sk s FaIMmelE, duk
FEREROBCE TR . IR D B9 O 6] S SR ) ] YRR A SR A 5 . HRLEY ) TR AR R
R AES . WSCRE A O AR S A R U A ) AR B AR AT, AR G R Bk AR
BET M. ATRSET 4 BM25 Fik, J5 4R TextRank £ESCHE FHR B BB

9.4.1 BM25

1EfE BRI+, BM25 & TF-IDF B —fdt 2 fp . TF-IDF i & (19 2 54188 76 30k
PR ESERREE, MEMRS %D, #ifH (query) FEAEREHM Z M ANEM R, ey £ id
B ORI SCIRRRRE, SR BM2S FRfft s [al i,

R HE X O WEliEs, dEET (keyword) g,,--.q, Hl. DX—PEREREL

B, ENZEaHEE BM25 ERAE XF .,

TI:(q,.,D)-(!’(I +1) (9.4)

BMZS(D,Q)=£IDF(‘L)‘

" TF(q‘.,D)+kl-[l—b+b- D! ]
avgDL

He, IDFSTFHENSR 92)HF, K fbEHTEE, aveDL BFTE XN TFHKE.
Xt 9.2) 53K (9.4), AHEF H BM25 KR 28 615 4] 1 BT A BLial#Y IDF inkbsR A, mA
WESES TF ATV IDF AUEMSH. & 8K, TF X SCBS 80 IE e A, b K,
SCRGHE BENT R A A T AR A, 24k =b =01, BM25 52 2% T R4 BiRfy IDF Z 1, 1
#£ TF-IDF #, Y IDF [EEs, B ERT TF, SR ERERMRS, XHALT. BM25
XFpALEE TF (97 X BG4, 2 IDF [EER, TF X80 B9 R w8 241 % 1B SCRHC B, A
XfmEEMAF-

BM25 #£ HanLP F ()58 {\IF com.hankes.hanlp.summary. BM25#sim :

/**
* HH—MEOFS— PR HBM2SRIE

*

* @param sentence 4)F ( Fifjig4) )
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* @param index X8 ( BEREPNTRERE)
* @return BM25 score
*/
public double sim(List<String> sentence, int index)

{

double score = 0;
for (String word : sentence)

{

if (!f[index] .containsKey(word)) continue;
int d = docs.get (index) .size();
Integer tf = f[index] .get (woxd) ;
score += (idf.get(word) * tf * (k1 + 1)
/ (tf + k1 * (1 - b+ b *d / avgdl)));

}

return score;

}

AR Y 18 FH G RR A SRIBUREER B BT, R AWLEHE, T— 14 TextRank a2
WU R

0.4.2 TextRank

AT BM2S g2 )E, B— 1 aleaiindEa, MaBaaFRERFERN R, Mk
BTz E EAHRUE . LAKARUE/E & PageRank H 0SB E, T RSB —MSGEE S, &
A TextRank., BHIEAMTE BT,

WS(¥)=(1-d)+dx Y < BYAFF)

¥yein(¥i) ZV, cou(, )BM2S(¥; ¥, )
Hrp, WS(v) BEEICH P i M T e, EREEREREAETRZEBIIREHNME,
fEFFIE S AT N BN BISCHEA. BAh, TR A TR BOR I/ T ERIR B, IF B

FILFAERERS, FrLLEH AHEIE O, mRANA S TERAMEBH .
TextRank % f# 5] $2 UL B 92 B 8 TextRankSentence, #/MLH{iZF com.hankcs.hanlp.

summary. TextRankSentence#solve :

ws(v,) 9.5)

7

for (int _ = 0; _ < max_iter; ++_)
{
double[] m = new double[D];
double max_diff = 0;
for (int i = 0; 1 < D; ++1)

{
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m[i] = 1 - d;
for (int § = 0; § < D; ++j) // @
{
if (j == i || weight_sum(j] == 0) continue;
m(i] += (4 * weight[j] [i] / weight_sum[j] * vertex([j]);

}
double diff = Math.abs(m[i] - vertex[i]):
if (diff > max diff)

{
}

max_Aiff = diff;
}

vertex = m;
if (max diff <= min diff) break;

MR (9.5), m[1] K WSF) , WEHOARMFGAR Y . YFURb I AT A
Viein(V))
INFEIE min_diff, B#HSERKREGAT] max_iter BEEAL.
TextRankSentence B 7R Java kifi T com/hankes/demo/DemoSummary.java :

List<String> sentenceList = HanLP.extractSummary (document, 3);
System.out.println(sentencelList) ;

AHRZHY Python IR F tests/demos/demo_summary.py :

sentence list = HanLP.extractSummary (document, 3)
print (sentence_ list)

Hrp, $—12¥ document J—h &,

KARAFT R G KEAEL A 29 BARFRATAAZTHMNMEAAL LEE, RERAA
ERTREAREZHENOER, AR ABET HEA3EF, AN ARELRNEE,. oF—
A R3S, HRAERT, d—BERA KA B AT R ARG FRE, /233 47K R B IE
Fo AR T a PLoAE

FHoASBRONIRRAITEE, WIS SRR

(P BHITRRRIERRAFTHHE, FHIHBITOLNOER, KREKERS SRR 9 A
29 BEESBRHEMNETHIMEES 2 LER)
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195 24

A FEFRATIV A 4 A T — e WA E MRS B, IR SRR RS R R, B
JEF| TF-IDF, {5840, HA5E S TextRank. XL IEM 2 B HA KB, #HEARBEE LS5 —
RS HEAYE, e LA R AT fE.

X R HE N S, HanlP —JL824E T 3 #pacsl, LIS 42 KeywordExtractor 7
AR THE D, mE 9-3 B,

M3 X@ERmBRE

FEFRATMES], Friade i S EiERR, SCuia S emmaoiRl, &R IR R R
AR SCABRE ERN . (E8 R, XEFERATEREERNSS, BETA
i1 “Amik” Mg, RMLAEE HeR, XeFENBCRIEFAR. X FER—MEF, &
B 2 23 7 ik A RORGE R U T M Tk

£ BM25 X ANMFHI—HE, OB 2T B9 5 — A8 SRR A SO 22 R AU, TR
— BERRAT M R GE A T SCR ] () TC M B o ) T i —— AR 2K



aptasLAiEs
st l/l anl.P :
B A8 S48
AREENES

e

E—RRAVETFRE, a2 R R T SR F AT Tk X T A B
RAFHREFR . WESEE. HEQTFSOFZENKR, MATERERR. R, £
PE% L, JCME Bl T AEBRZ AR B A AR 0F T B shdi th SO 5 3CR 2 1] i 5K

EFTEPILIER, AR AJSRBOFE RIG RN 5 H7 2EEEN, RA Lo 8dE o
Bl—il. WFEREARSTTREBEEN B AR KB AZ B AL, FHRHER 5 A AR E /)
A, XFREARCPER TSP R, ARNA M CRER EHRET S, BIOREE.

1101 #E&

XARRRREA R LRI, AR — @A R, Sele 4 RENIREE

10.1.1 B8

B3 (cluster analysis ) 8RB L EM BB LS AR FRELSE, Hir2ERED
FRATETRZEAM, AR FEE TR RAMEL. X815 LR (cluster), —
A A . REMBEZIE 10-1 Frs.,

e ——————
-

-
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BIFCENBRTHES SRR, BAN MRS MEELE,

® ¥ S (hard clustering ) : AN ICE B HIHA—1NE,
® HKEA (soft clustering) : BN IUR GHNREFE—ERNERE GRBE), RAdix
A KA/

BRI 09 DX RN F AL 5 Gt B SR rh R G RE B LAY, ARHIREE, WK
AP iy R X R F— A e i, LR RE . & 102 (£M) PR—4E8dE Rk
BOTRI M 24K, BERCRIEAVETIR SN 10-2 B9F E AR PR

4

B 10-2 MERAEMPEAE

He, YARFERBT iR 5B MESRARE ., o IR AH FAAERA “—T]
" myr R sr, MRERENRA ., BB 103 Fiw, AR e RERIFR -
RIBEHAE R ETS , FRIAR Y T H A To R AR T — 00

- S g w* e
R 00| Y Y [

~ 7
~ -
“u______;’ /
B P e se
f’-' =~ /’ S
- Y /s Ay
4 LY / \
! O \ / \
1 } |
I | |
\ \ !
\ 7 \ /
\ s/ b 7
. F . ks

1353 gk
10-3 EREMRB AT

TEICFR TRFRRE NP, i TRERSE MGG, Br LA S %
— ks R A BOR U E i (E A F E M S, RARFEFZ ASFIRMFET, HE

D XET7kALHE X-means, elbow method FENA T =+RF, EHETELEZ O ARBREMEELSGR, RS
i, HRAEZGE e R A
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MEETEA T EHMBSE, S RS MRELR. 7B, Bl Ll 2RI kG 5
W GHIRO TS, I SCPRT B 5 — 21 D AR

RIERAE R, BIER P a] L4y AR50 (partitional ) FIEXR4L ( hierarchical )
Wb, RIREMGRE-RINAHEZHTE, MZRELNGRE—-H, o aRcE,
K BREE. AEFEANRBRSRE, ROVEAES 12 T340 PN HE R B RS P Hie 8
A ] s B ] ).

B2, BEEER—IKFE. fE0 NLP THEIG, RATRELIRRRESREATE.

10.1.2 EERINAE

RIGEH W AT RARAO AT, sURRHECIH S . R T AT EiniE8dEsh, SikE
BRI KZEUEF MR, FRRPFIES 2243 La 2~ k.

AT LARYE, (Y, HEREMSRECRE, #OFT AR, b e 19 of AR A 4
B SERHEXT R AL R, RIS ARYE App (0 P AE G 2 A0 T 2B S AFAESE TR, AL
RGBT AR SRR T IR . RN A 1 b 0 X Gl ol A 4R U 4 A i
Fep g —A e, BT LA T RS AN R PLER A

BRI, PSP R IOR LR HERE . AR R 1 T RERR 1 A A Rl —
Ak, SHP AT HR—Z)E, RS NN S R B B AL, X R
FHARET XA F P A PEACHERE, PR RAMIFRAZIEM P AR EFREE, M
(UIRELT A B . ROARAEHERE XTI il 35 R Ao, ORI B 3 P eh 2048
s, MEVATRIE L, X RISHERAE W R — R R g,

MR AT A, REETTLLH skl 3 R RS REAMEA. s ifs
App i FHFFRON T 8RB LU E R, WA B IS BRECR B 7 R 808, st brmy B AOBUE R
MENTHE, BRI EERKE, il RIS LR App HAJLNMRZ G, G405
BEMLE LA A Tl . RSl A T3 5 Rl r P i) App FT fE B9 AR AR T fiEiE & A 2K
App, MIMZE/NTHhERE, FEIE T A A

Bz, BER—TEHERNLABOR . Rl R RRK . prik A mme, R H
— A THIT %

10.1.3 XZAEgE
AR, (text clustering, WFR LAY E 25K document clustering ) F5 B2 AT CRYHEf TR B2
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T, BTIZ AT A E BAARSURY. B AR T XABR, FERAUZHR
HTIFLRAIE, SRR, AR A, 55,

FESCRB T EE , A RIRETT LURSEIER. L UnEARE AT, % 22 AR p ik
S — s SR A (A SR oA, (BT ARE N A, AT LUK X S A TR RS N MR,
BAERHLEIR — R EIA . AR TTRARAR DA MER, REEETLIAT A LR,

AR HIFEA RS AR ESRIBUR A R W, TEANE 10-2 F7R, TAEHIXTREM R
i (—AEEEE A0 ). WURAER SO SR R e i, BUAT DA L AT R . XM R
POMFHIERRIC, 276 102 WP iEmAg . mi— R Scrigen hm i, #F ek SO X
T o BXFP S EAETTIS RN TR AR, R MO L F RS A0 T A

M2, FETEQMAPRE— RS SO R o — 1~ ) IR ?

110.2 THSHISAEIREN

SRR —F 5 88 (RUIEPREAFS ) A FAERSIR, X aia i Bonsi K, Halge
REMA, HiRAHGERTER L, ENUAZEKEGENESE L. WA ERERKME
AR CROFABLSE, ALK A — e AR EL

10.2.1 i5SiERY

W% (bag-of-words ) 215 BKR S HARIE S M PR NSO FRER, SR CpE%
H—PEA BN T, @S TP EREE N RSSO TR O R M. — MERE
{4 10-4 s

1 5]
[oov][oov][oov] [oovjfoov]

E 10-4 ¥4 "Amc&E, ERFE" A)RSaE

1) Steinbach M, Karypis G, Kumar V. A comparison of document clustering techniques(C)/KDD workshop on text mining. 2000,
400(1): 525-526.
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FE 10-4 XAMITF b, SO E&A W B

Azt
EUs A

{BisGX F ) ih 28 2 i) 5 45 F Rl o s B9 45— 0 -
AW @
5% 9 0
83X 6 LT S FREE AR TEE 1%, S8laRMSER A 104 Bk, AAEX S Fid
BZNREE R 00V, ENTHOEEIRRZIN, AR Fr 20 .

st AT AR MG EPRAYE, MZSCR R ERSETT -

A=1
|]£_=2
-]
0k=1
=1

SRSt iR A RIS B A [ SRR R [1,2,1,1,1] , 3X S ANHEEEAr SR X S FhinliE Y ia)

— O 2R 46 SCRY 0 B A B F S — N 1Rl 2k, AR ZAMIEIEFR N OOV, A TFEE, —
BiaREE TR, BRANAN WAL SCRYER AT LA 35 fp 07 B e e — 4~ N 4E ) it
s “Anz K™ X430, ERiEmEEH '

A=1
DZ-:L

]
%£0k=0

=0
2 ryi g m s (1,1,1,0,0] , HPEMAYERE aoirhiEasts iel, ArLIgRRE o, i
“K" XANAERT OO0V, USRI SN, B LA iR 4% 0 it

BT “FB—&" SAAEEEF, WEEEMNTRERAERRK, WERAXPERE, W
BORVK Tl FF P2 S iR o thin, 3P IRASHERRDE, “ Az 1 “fmms " #Yie) 4o
BB R, X0 ERRTER, (BAESER TRS, A4SBRMRIA R — RTINS
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10.2.2 FERPHGIHER
AR A DR BURS M h GET bR, MTRAFFEVFZHM. H RMSHH R aE T
s,

o fi/Rial: ASAEFAEER 1, FUHO.

e TF-IDF : £% 922 1, HH Mg EHmR imAEZIE,

o jAlf ., AN E A St R EE R R S, AT LUK B A TR Y 1] 1] SR A A SR 1)
B, GalEmEaRAaRe, RITEES 13 TG R R R i

ENHECR S RASIEEMX, FEELEREIE. —fms, AEkEs EEREH
BAESE: /RaiiG SRR AR, TF-IDF i& & BB Bdm R, i m & & 4
OOV [FfE™E M HURE. XU T, W R — AT

B T R4S 2 A, g (0 R R o RE K M B M A BRSO e B, N sl G AR AN 2 PR B
IRZEGHLY A B LR R AR B A0 SOR e B — AL TR AR e B, (BACH BRI

TERATTEEY, ABLLAmIE RS THEIR, FRASEROR RIS RO AR AE i B . 20k, 4%
MEHEHRAT AA5E . o 7l AGASE FORBYIRAET %, RATHIECEIC S EA AR TR [ &

SESCH n DO REEGSH S, ESCHDPE i 1308 d Ry 4, HiTH TR
VIRE

d, = (TF(t,,d ), TF(t,,d,), -, TF(t,,d,),-, TF(t,d,))

ot FoRmFRDH j R, m HEFRIN. TF(, d) FR§im o 308 d PRHIKE, 5
%9 3 (9.2) PRYE AR, T ARBHC BEASR) G SCRY, 38 R SRy ) B A B O SR ) B
B4 BHERR || d =1 .

i, WA ENFRCERITRERE. KRERIT RV, R3F 0 R5HE
Mo FETR, RITHAEH— SRS R X S B0 SRR A R IR

110.3 ki9ES%

— b ] B A B kB (k-means ), 1 Stuart Lloyd T 1957 4E48H ., %8
BRI EIE—ERE I PRI LS e, (B R i, BT c WEBREME T2

(' Salakhutdinov R, Hinton G. Semantic hashing[J]. International Journal of Approximate Reasoning, 2009, 50(7): 969-978. &,
Z 5% EMEIC http://www.hankes com/ml/hinton-modeling-hierarchical-structure-with-neural-nets.html .
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O, ARENGANER L BER S, REHESFEN LM,

10.3.1 EXRE

T E S ke AR IR B, RE n Ak d, - d, e R AR — 88k, 2R
i kRS, S AR B AT ¢,0-,0, e R, 15 TR

- =i > ld,—e,lP (10.1)

minimize 7,
r=1 d,eS,

ﬁl’i:l [ld; _cr ” %ﬁﬂﬁ—%ﬁ‘bﬁ‘]ﬂﬁﬂﬁ% s IEm:lidcan ﬁWF%;’éH‘JJ‘EWJEﬁ ( criterion function )r:, ﬁl
SRV, & Y DL /M A 1) B2 s 9 B BE B A 5 R R vE T BEAT R 2, B LLIZ I pR
A REEFIREM (sum-of-squared-errors ) BAEL. T H0C A9 338 IS 7 19 25408 A5 4 LA
S F

(10.2)

Hrp, s 2SS WA REZH, FMESHKER ( composite vector ),

He AR kAR ke PE R R — MR CR R kB UGEIUARTE 2P A O RS,
o HARWT

(1) EH A AER kD HEAIRTER L 5

(2) ¥ A 20 o L 4R Bl B O BT FE R %

(3) HHTHENRAFL;

(4) BRI (2) FLIR 3) AR OAFLAEEN,

k BHERE BARAT R RIEESE 2R, (HEEWEA R0 @ — R, MTEa
A, BIGEE HAT E G R ), BB T B HRUR R B R Y

10.3.2 #¥l3avOrIIEER
T k AR 2R, LA FC B B0 & Ml i@ T AS R AR K,
AR, U T A — A SRR A

R SE IR L RIRE AL IR 77 sURE R AR T Ly, A Tk T3k A ] (ol T A s BEA
R M Za AT IR, AR R RS IBUR (45 R . YRR RAR KR, TEFEARET.
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— RS R R AT i, R O R AR A I pR O T T AU A R . R
B, SEREHLEFES — D EAR SN TG, PUERA BTN R R 44 R P R
LR EIRE R, fEN— BT M . 33, BEVUBOREN PRBUE R — e 4.
FITFRTA SRS, A ERROL RO R /T A, MEBGZARmMEECSIE, F
R HE N RS M . IR 2R, EEEE kI VBERL. EFTEATHERET, &
B — B, FRORIE T 0] R RO (B F B — D REBL LR TAD SR SEBLAR 24 T YO 1 A 0
FRRSEEREHLRY . HEN R BRI E S . AILRSE . —B TR,

fE HanLP 1, %145 L (9 2% BUAE #% £ F com.hankcs.hanlp.mining.cluster.Cluster#choose
smartly, HAZLEF .

/**

. BRFBEFE D

3 »

* @param ndocs JuiE(E

* @param docs HEBZIERP

*/
void choose smartly(int ndocs, List<Document> docs)

{

double potential = 0.0;
for (int i = 0; i < documents .size(); i++)
{
double dist = 1.0 - SparseVector.inner product (documents_.get (i).
feature (), documents_.get (index).feature()); // @
potential += dist; // @
closest [i] = dist; // @

}
// RSB

while (count < ndocs)
{
double randval = random.nextDouble() * potential; // @
for (index = 0; index < documents .size(); index++) // ®
{
double dist = closest [index] ;
if (randval <= dist)
break;
randval -= dist;

}

docs.add (documents .get (index)) ;
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RIBOALAHY index FE—ATFL> ¢, . M R PRI IZIL 1 —d, -, He IR L S5 850 &
ZIAIBERS . TR B 2 S E R A . AR R PR 5 S

d -c,=|d|l-ll el cos(d,.c,)

=cos(d,,c,)

Wﬁ%@ﬁ&h&}Z@E%ﬁ@ﬁ,ﬁﬁﬁwuﬁﬁuﬁ¢mﬁm%ﬁﬂk.L¢¢D
SRk, EAFRBET EI G, ATBER A B MR, Tl e T — 1A A A fE

AR IXE R CRR P B R J, 17 P ) oo 81 88 T ) 3% 2 12 222 1T B0 Ay s ) 0
B, BAHQLLE potential AF ., UMD 11 A Bl O HIBE RS, F T 50N
BR¥. RIB@H randval ZEEBEEHLI T 25500 pR BB A — 80 1E R 4, ME0E T —
Hl, TEACHS@AE DT B, AZ s REREMEN R 8w/ 4, MR F—A s .

ATHROZE, BB eHEREGWE, T L2y REmfmG, ik, 3
NIFE AR W R Z B R RS, ZBE RS 98 AT LA (10.1) PR PR &, 2O KA/ A ¥{E 5E
TR AMAR. WrTLARREIER, R ESEPRE. I THE, HanlP K T RIZKE
YE MR EER, BB ATT (3E W com. hankcs.hanlp.mining.cluster.Cluster#section ) :

(10.3)

for (Document<K> d : documents_)

{
double max_similarity = -1.0;
int max_index = 0;

for (int j = 0; j < centroids.size(); j++)

{
double similarity = SparseVector.inner product (d.feature(), centroids.
get (j) .feature()); // @
if (max_similarity < similarity)
{ max_similarity = similarity;
max_index = j;
}
}

sectioned clusters_.get (max_ index) .add_document (d) ;

}

HA IO (10.3), FHNBUTS RS 507 6 B3 ff 59 R 7% 46 AL .

KA 5RO R AR RO A R — BT iR S, RO R KA. SRR RO BT
L, e SERTRAGRENFRCHTENE. EEEAZR, BEUEGEal— T MR
SERIRIGY, XHURANR Y & PHERL.
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EIBF k HERE MM RE, WEREITREROSM GRS, X R
BB, 7 BHEANE k R EITHCE, HanlP I —F S PR A HEN RSB T & BMH

10.3.3 EREYEN KL

W R ASGE B9 O BT R A3, S50 T X R sk v I R Bom/ AR . 7E & B{E Y%
OGRS, B AW RABOEN L, FREEEPRITEMERE T, SRR, FA]
A EPRE T ME N PR B . AT 415 — T pR B B E I H

B T30 (10.1) Frm AORRCHE PR, A7 1E— ik TR 5K 2 ) o 0 PR 2L«

maximize Z_, = i > cos(d,.c,)
r=1d,e8,
LR A b BT B 2 S RO B AR L, EVRR R B E B 455 T B AR ILEE . 36
e FR R A A ] R

d -c

r

dv"c I

k
=2

¥ (102)18A, B,
lec Il Z

|S|c -,

‘Z|S|||C II= les I (10.4)

mﬁﬁm.%ﬁﬁ%ﬁﬁ%%k&ﬁ%@%ﬁﬂﬁ%ﬁﬁtﬁawﬁiuanﬁﬁumy
TERE S NEER S BIRRET . To e MR BEAOTEEL, URBAEA S ABH O
B. MxFI,, AFEENRERNRAEEMHHERTAGRMNE, SFRFENKENT, i
Wi—T TR,

HTHUHEMRB T, . & PHEZEFRILRBEWT

(1) BBk AR fE D kAN EEIRIAR A ;

(2) HFFBTAT 5350 30 7 BLAS $5 L ) J00 o B £ RO 7 5

(3) HAE, ITEEHBAS I EN I Mg KE, REBEKEKR, HERB3,
(4) ERAE 3) HELARRAGEICORE, SRR AL,

BT F com hankes.hanlp.mining.cluster.ClusterAnalyzer#refine clusters, BR T g
o,
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[**
* REIIEFRE R LTS

*

* @param clusters f#k
* @return AN REHE
*/

double refine_clusters(List<Cluster<Ks>> clusters)

ZAEOAMUE ke EPRERA, 7R mbHE P e ZHFE.

10.3.4 L3I

f£ HanLP 7, BREELIM A ClusterAnalyzer”, HP LU HAES H—4~ 1 id 3
IR R AR CIEBXMNERE, EASPIMAZS T ICHZ/E IR AR & ¥EHE 0GR E
B pysk., OB id B RIZAA, Java FH P 0T LB SCRY string R B E Integer
FHEER id B9ZERY . Python FH P WAL ETESERY ol UEHERE M 246K id.

WAk LARE 5 AR I3 v £ P R SR SR RSB B L . BRBOKE SR kg 6 AT P
SRR AR IRIC R TR, HHEHMPHEN 6 BCk. fiEr A SX 6 Bagmhi®, &
SRAFIX 6 B2 FH P &5 R 3 A

B, BITFEGRE ClusterAnalyzer A%, FHFmHMASH . Java =@l F .

ClusterAnalyzer<Strings analyzer = new ClusterAnalyzer<Strings();
analyzer.addDocument ("®—», “ftf7, iRfy, AT, AT, K7, K7, ARG, "E, KT
T, B, BE, B, A, BE, BE, ER ER ER ERY;
analyzer.addDocument ("g&_", "B+, Bt, 8t B, Bt BL, BL, B, 8,
edh, Wb, SWdh, Wb, Wb, Wb, /WA, Wy,

analyzer.addDocument ("sk=», nigi, Hsa, Hé, L RiE RE RiE RE";
analyzer.addDocument ("0, *Ft, Bt L, BL, B8L, B, BL BL BL,
SR, €m, f#dh, dh, b, Wb, |h, Wy,

analyzer.addDocument ("E&H", "ftfT, Ki7, Wiy, M7, WE, BE, EE, BE, EE,
g5 ;

analyzer.addDocument ("3yx*, nihsh, &g, Lk, L, L, L, L&, L ER);

Xf R f) Python RRUNF

analyzer = ClusterAnalyzer()

analyzer.addDocument ("#&X—", wifr, WiT, Wiy, Wiy, wfT, M, W, wf, KT,
AT, EA, A, WA, BB, KB, 8, B8R BE EX EE"
analyzer.addDocument ("# =", "B+, #+, Bt K &+, Bt &+, B+, B, W,
b, b, 25db, b, |dh, Wb, H|y, |y

@ SH EE% T htps:/github.com/fujimizu/bayon ) C++ {£i.
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analyzer.addDocument ("3k=", &, £ T, LT EE EE REE EBE"
analyzer.addDocument ("ZN», "B+, B+, ®#+, B+, BL, Bt Bt Bt B,
SR, €/, B, Hih, B, |, =|dh, FHdh

leZEr.addDOcument(“EE“f “mﬁ: iﬁﬁ'f ‘Bﬁﬁ; mﬁr ﬂﬁ: gmt E%; M‘ﬂ%: u"n%:
IEOE")

analyzer.addDocument (5%, nhsk, Hs, L, L, L, HR, LK, HHR,OER

CHMAJS . ClusterAnalyzer W4 A s Hiaria . LBREERA, F# bR m 4,
e 10-1 fs.
101 XXBEFREEQR
AT %A i Bt -3 =1 Rig &R =y

”— 10 6 4 0 0 0 0 0 0
S 0 0 0 8 9 0 0 0 0
k= 0 0 0 0 0 4 4 0 0
[ 0 0 0 9 6 0 0 2 0
5 4 0 3 0 0 0 0 0 3
B 0 0 1 0 0 8 0 0 0

£ TixsemBEE, A% iEM clusterAnalyzer 1) kmeans 77820 0] A48 B 4E E HR 1
., L3 .

System.out .println(analyzer.kmeans (3)) ;
%
print (analyzer.kmeans (3))

T R MG E B R RS, BER > set, WRRTTE I3 id. tkbh T id
PR, R LAAT EASTED 3 B W R SZRUR -

[(FWE, #Z), (EH, &), BK=; BA)]

WEZER, A RE— 1. dHEE10-1, X-ASHERE M. 20,
T AR —EE R ITHIRE SR, k=M EE S R, @t A EREE S, R
RS FH P e 0GRSy . RIS T “ARIBESYT HORCR.

RGP EAUT ZEEOLE, GOBEPOTRERIFN. BT L HER IR,
F/MEEG A RBIER
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GIAARIRT AR SZ AR RSO SCRY, AT 22 Aok R AR T Baim) . 550, ik
A RIRYIRIENMA, APATLEZE S, HCHFEMETa hRiEs| Rem AR, git
TriEE TR ER, ADHiiR T C

TR LBEREF, k BHERIEA IR O(n) , Hr n R B . BTN
BT REROLISE, (B2 A BOKR, BAFES —Fh B REYBGH & HEFE.

1104 ES"HREEE

10.4.1 BEXRE

HEH 5 BE (repeated bisection clustering ) & k ¥ EHB LR R MR, HAHRPH
bisection /& “ 4" WER, FRAVRREM FEHT 0. ZRIELTRUIT

(1) Phk— AR TRI 75

(2) FIA k MEE PR 54 2 1T

(3) EEAR (1) MR 2), B REHEE K.

ZR AW 10-5 B, BRERBRE EBITIER T8 SURE5H.

—_——————
-
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ERRFRAER, B8 —0REHE E—-FETUMMNERERT . WRRIEH %
EITH SSRGS, AR AR BRRCRNN . K LM RHE— MR, LT
AR MR KR . BRI T L ¥ME, R TERCAENTE— TR L
1T, WMAREL, FEARER,

ETHE (1) PUTHEREAITR 2, AR, ATHBRES

o FEAARBURK:
o FRMITERIE LA R/
o I HEN & FIEIE (gain) K.

HanLP RH] T 85 —FhoRms, 84—, #aE R 00 30 vH 5 e W R a8 e
SR XTI R AR IAT — 0, MR ZWERIW R IE R WRRHE I RAFMBT —2t
ik, MERAERILEGER H SRR 8

10.4.2 HalFEREITE L

it AR, EH AT REREAR RN XS BRI EEE T REH
b, AR kR E i 4 o U eR R S R BUE RE oK B Bh I ko UL
A 2R T, YN ERE RN T AR FXNZEE A TR A, BAX MR E 25k B R
PR, AT STAREATT RSN, kL, RATENREBREAHTEAT
HET o

f& HanLP 7, W& /P REBERET 3FED, HHITERE L. pRMEFRNIEE.
LRI E & F1 AR, WEMEEFLREPEREARES2EL SREE—-1I, H—
T IEREARRER. X3 T EOFIRENT .

public List<Set<K>> repeatedBisection(int nclusters)
public List<Set<K>> repeatedBisection(double limit_eval)
public List<Set<Kss> repeatedBisection(int nclusters, double limit_ eval)

WFE—F, Ll =1.01ERZEA A ahFIMTRENE L, EIREAT LIS 3| AR
25l Java RBIUNE -

System.out .println(analyzer.repeatedBisection(1.0)); // BahHETRAELERK
Python /54N :

print (analyzer.repeatedBisection(1.0)) # BHIHMBELHEK
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LR, pEBEWRMEE, hiFXLPTEE B shRINRE BR Rk T
R o

10.4.3 s£3

R RSB T com.hankcs.hanlp.mining.cluster.ClusterAnalyzer#repeatedBisection
HEOREZELFH I . HEE 1 cluster, KA TTREAMIMA KA

/**
NTEE—HBX

@param nclusters EMEE
@param limit_eval /N EIEIEHE
@return fEEHMBHIRK (set ) MANESE

* % ¥ % %

£/

List<Set<K>> repeatedBisection(int nclusters, double limit_eval)
Cluster<K> cluster = new Cluster<K>();
List<Cluster<K>> clusters = new ArrayList<Cluster<Ks>>(nclusters > 0 ?
nclusters : 16);

for (Document<K> document : documents .values())

{
}

cluster.add_document (document) ;

WRIG AEERIRIL ST, T PRk SR W e KiK. A RRAE A BAZ 2 i o B o
i — 4y, DAMITHSE A C R, ‘

PriorityQueue<Cluster<K>> que = new PriorityQueue<Cluster<Ks>(); ( B LERfREs )
cluster.section(2) ;

refine clusters(cluster.sectioned clusters());

cluster.set sectioned gain() ;

gue.add (cluster) ;

P AT 3 i R, R BB A BRHE T 4

while (!que.isEmpty()) ( # EERE )
{
cluster = que.peek(); que.poll();
List<Cluster<K>> sectioned = cluster.sectioned clusters();
for (Cluster<K> c : sectioned)
{
c.section(2) ;
refine clusters(c.sectioned clusters());
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c.set_sectioned gain();
if (c.sectioned gain() < limit_eval)

undo _section(); // BIZHBEANRLBEEIENTFREMSE, WRAZHTER

que.add(c) ;
}
}
while (!que.isEmpty())
{
clusters_.add(0, que.poll());
}

return toResult(clusters );

}
MR, TE T ZATE T BRI A L L R

if (nclusters > 0 && que.size() »>= nclusters)
break; .

if (cluater.ﬂectioned;clusters{].size{) < 1)
break; _

if (limit_eval > 0 && cluster.sectioned gain() < limit_eval)
break;

ZEEMENS f BEER, AFRRA LEIANSRETL—8, HETEERRALD,

1105 iREHITN

HTTT AT A9 & R R 6 2 A 6 MHEA, RAERREITREEE (toy data), FHITTHREHERRRA B
RITE, EARGRERNI M. AWIRITE 2 RAE 5 fn P F B, RS H
PP B (L

10.5.1 P. RFIF{&

AL 5 W B — R F BRI IMEF 1 FAE, K —8 A T 50 69 30 40
BACRFAITITR, GUtE R PRI SRR TR — M. B ehlig, SE)j LR
Heli, X on, BoniEjPAZOER B, o, R PERISOEE, AR PR
R, PR B9 A, FTTEANFERR .
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n,
P(i, j) :;’f-
I
n.

R(i,]) =;i’-

2xP(i,j)xR(i, /)
P(i,j)+R(i, j)

AT, RAIDFATRERALH FE. T MFIESTS, EN%GG FEZIAZE
H EAMERIACFE, R X .

F(i.Jj)=

F = 3 max {F (i)}

EEFI' n yyiﬁ'ﬁ‘ﬁ* Eu n= Zﬂ; o

10.5.2 iBME

ARUATD LR A S0 S SRAEA SCAR BRI — 4 F 4, BARE N 85 S0 2R
PERRARIR” o ZEIRRERIEES A SAZEH, BAZEE T 1000 55 3C%, it 5000 B E. £
FeAS(CASHE E 3h T 3% R F data/test/ 1890 SCA /026 B L R AR, L SRESH N i

IR TR R RRR
— &%

| L— 1.txt
| L— 2.txt
| L—— 3.txt
| —_ ..

— f#

| L ha

— =%

| L

8

| ——
i
L_-_-—.Ill

FAPEAE 10.5.3 WA 11 HFUCHBXAERE, FNERELRE— T ENSH. HS—
PR, 890 % KA R R R B S GBK, R ety 1 UTF-8 4t

@ &M http://www.sogou.com/labs/,
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10.5.3 1FENESE

PR P 0 F H SRR, LA H S+ SUHRRE R id RO s AR E s st TIRE,
I HIE F (R A], 1% s A3 11 com hankes hanlp mining.cluster.ClusterAnalyzer#evaluate ,
WA #FOE T A B oAb A 3 R W 82 O A9 9 L, Java JH P AT 2 % com.hankes.demo.
DemoTextClusteringFMeasure :

for (String algorithm : new String[] {"kmeans", "repeated bisection"})

{

System.out.printf ("%s Fl=%.2f\n", algorithm, ClusterAnalyzer.evaluate
(CORPUS_FOLDER, algorithm) * 100);

FHLZ Y Python i tests/book/ch10/demo_clustering f.py :

for algorithm in "kmears", "repeated bisection":
print ("$s Fl=%.2f\n" % (algorithm, Clusi:ernnalyzer.eva'_luatataogou__cerpus_
path, algorithm) * 100)) :

P 2 A4 T B 10-2 FR.
# 10-2 FFEENRELTENER

wix - F, s
k9B 83.74 67
EE B 85.58 24§

XFLE MRS R, TR RO L ke (E S, T E AR &k BIER 3 5. AR
BRI RERBP K, TEZETILKA TR X FEER . Wi 85% ZEA M HERE
HAME, AFIEFRERE-FEWES], HAEN RAIER T,

1106 =&

ATERNEXH LA T A EMEE o REMARERE, B LB T ENtEbE,
FSEXPATE, AR T AR AR o BAF E RS, XA T CARE,
AT LA T HA NLP {£5 .

TEVFASR A, HanLP SZHLA JCIEE AL RENS 45 ) 85% AL MMERIE, Rx THREM
PEHTEC . PR JE M R JERk 2 ) AR B X U AT R4, R ST AR
BEFFMEM 4. TR PRI PN AL




AL Lol

E—FEATFET T ARE, RE 7 EFREERFERNEA . SAmLEE ¥ 80T
i BRI TR ATt SCR e, BRI T SCR RN AR . RSRS8O )
AT BRI e  mR L e A A AR B SR . e, Tl
R AT B oK, BRI ARG SR e, LARAR R KRS

| 111 IERS LIRS

M A5 (text classification ), X FR3L# 42 ( document classification ), 5 Y& ¥ —
FEREB AR BT BRE S LBES . CAREA N A EAERIZ, e R
itk WRIFeHE. BIREFEMTEEBNEN AN . B -REE, X%
B 175 18 o0 BT 0 P AR SCAR 43 264 55 Bt 1 8% 53 A 9 I B R 2 0 B — B AR R R T I
1T T T 7/

XA HEFN ( category B class ) A XFERE (label ), & MR —MriddE, XA
RARGREBOPRERZIMNOIEH], Bamit, HahaR—E 8 TArE®. g, Bsbr
HHELESH “ME” “KEF” X 2025, WK CASERGHMNER—ER T _HZ

—. WM —FR CiREET BrEfE AR, HERKRE ME" & EKET. ﬂﬂ%ﬁiﬁ'ﬁ'%iﬁ
“BiRUE” AR, NIRRT E XAREE . ERRIEF Y, PRIEE - BOEREAER, &
PR BT,

BRI —MRE T 120, X2EW WHEE, A4 HanlP B9, mR—
e SCRY A RBJR T2 A28, Uit A BIFR A 2 AR E 42 ( multi-label classification ).

AR HURW B IS, HBEATF A TS AT ARESCRHE2S], F
FRERINZRAR Y, A RIS R T SO 200 . eSS T B HT, AR —F XA Kk
BHE, DIEXRAECERNREA —&FRAREER, 75, RIEEEE S A B R SRR+
TARITHY BT
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111.2 XFpEERE

SAG AR PER BRI AR A o, U — e, A T8 SR SORI R BIAT . 55
b, VBT RS B R i g TR, GnRA R IREMFSESK, WATLARICHREH T kA
JE R . e, 19 S AR X — R, RATES 10 RE LA, 1A
XA HE R RO 2R S I 858, FRATTAT LA HanLP 4241 1Dataset fi#. IDataset
RATRARE A, ROV O . YA BT N1FHY MemoryDataset, KUK
BT LM RSN FileDataset., ENHI4EAC R WA 11-1 B,

gty
9

RANE R EARBEN, TR ERH MemoryDataset i H2mMEBE NfF+H . Java H
Fi# %% com.hankcs.book.chl1.DemoLoadTextClassificationCorpus :

AbstractDataSet dataSet = new MemoryDatasSet(); // (DFEEBEMHBIANFS
dataSet.load (CORPUS_FOLDER) ; // @hi#¥idata/test /I8 A5 I BN EXIRR
dataSet.add ("BES4E, "BRAESLEREE) ; // QFEEX
List<String> allClasses = dataSet.getCatalog().getCategories(); // @IKBURER
System.out.printf ("#F%. $s\n", allClasses);
for (Document document : dataSet)
{
System.out.println ("¥—RXMES. » + allClasses.get (document.category)) ;
break;

Python 1 F1i§ 2% tests/book/chl1/demo_load text classification corpus.py :
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dataSet = MemoryDataSet () # (UBEEBHENHFERIAFSD
dataSet.load (sogou_corpus_path) # @fI#data/test /MR A FEREEIRR
dataSet.add ("BRAESLE, "BRBESHEREB") # QWEREX
allClasses = dataSet.getCatalog() .getCategories() # @IREFRTHE
print ("#55E%E. $s" & (allClasses))
for document in dataSet.iterator() :
print{"ﬁ'—.ﬂigéﬁlﬁﬁl[: " + allClasses.get (document.category))
break

P B TA R E N .

BR5%

X AR : UTF-8

R ER:data/test/BIAEHEEREXRR
. ..

[#&]...100.00% 1000 BX#
[35%]...100.00% 1000 R4

(3] ...100.00% 1000 AWXHY
[E%]...100.00% 1000 #CH
[fA#&]...100.00% 1000 FXHY

o 7522 ms JO¥T 5 PXB, L sooc0 B
REE. (BB, "E, BF F¥, 48, Eﬂ?&ﬁ‘g&bﬂl
E-RXBENE. BE

Hrh QOB T A TARERE R, B 7 RbRiEScri. HEHh “AREFLHR", AFH
“ARESARRAR. mTIIATHKEN, Ll mi e bR 6. EHMER
FRHIRE RGNS — ARG, 7T LA IS %4 11 R M 4ok B AR W aYiE R

B BHERAE, SO SAHURE — LOr AARFE SRR 73 JEARAL T KL, 35 FRAY LY
¥ &Z— R,

1 1.3 ARSI

TEPLARF T, TR ZE X BT RABICH A BY T B MFIE, A REZC AR 88t 1T
G, XEFFEBUELE A —E R MR (8RR, FRMENFEBJOMA . %R, 53
RRERAR L P OB E T HRAGH R (2% 52277 ), fEmimy, 7r S8R5 A B4
P CVEFE RN R B LB BSESN . AR, FETE WAL HE— R SCR A — 1~ o) Rt W

BEA B RAOTEWEA . TRATTSH 10 T, A LRGBS R A AR B 1758
o R ARLIE 1RO TF-IDF [k, ARl 195 B St 74,
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11.3.1 %id

HanLP 2 1F MBI AbstractDataSet WM i ol 548 F — 1~ 4117 2% ITokenizer,
HSEHAIE M RE N i P, Hd, ITokenizer LT :

public interface ITokenizer extends Serializable

{

String[] segment (String text);

}

EI Al HanLP 3280 TA03¢ 11-1 FRA9JLAP ITokenizer, &M T ARG .

£ 111 HanlLP Fi##) ITokenizer

Ee R FAH R

HanLPTokenizer P XA, £ NotionalTokenizer 4183tk B
BlankTokenizer EXXA, BHEEHE

BigramTokenizer A, BEPFRHESZTIEERE

a] W, HanLP 1 XA BB A YE R Frh o, d@EH FEEERM, A sEBHEN
ITokenizer BIA].

(B —RE R, XARDPEIA—ET LT, RIEWEEKF 2016 £ T THUCTC:
An Efficient Chinese Text Classifier”, $§ SCASPAHER I~ s Fr 5 —oailikfel “w”, &
i AEHAS B 4 () HHERG % . /€ HanLP "PAHAIAY “/riAl8%” 3K BigramTokenizer, ]
PG 28 % BerR R . YR S RAL A RS . FRATEEOT LA X el ch Bk B A T Y
THRAEMFFIET -

11.3.2 REFEIE%E

T XASAEM S, R ERBOIR 5 ORI AR, FHER RS R AR REE T i
Mg B (iEfem i ), ME—A Fr ARRAYE, 1725 HRIRXT R IORM R BN A K, DS
AYETR “E9" FIBRSAT S S, WAl REA —LL RIRTE v 2RI a9 SO R B S . R T IHBRIX 2
FiRlpy e, —JriE ] IRHERER, B LR AESERE ( Chi-squared test, z° )
Rt I S B HCREA R A

(ST, 7 RN TR M ARt MR EEYLS 4 F1 B HTLI0SL,

1 Sun, M., Li, J,, Guo, Z., Yu, Z., Zheng, Y., Si, X, & Liu, Z. (2016). THUCTC: an efficient Chinese text classifier. GitHub
Repository.
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W 5 2% [l %A AORESR P(AB) = P(A)P(B) . MNSRCHE )i it B S5 2 50 69 L BUAE A P 1Bl
24 1) <7 e e ) T AR ASE A R AE . SRR R BICHE £, SCPRITBE (O )
BISRUICHE N, T 15001 28 5 ORI AR AU . (BB, DS B8 UL )+ ASORR A B
W AR 1AL

Hoinge IE SR, RATEEHAIEE “BX" 09 H. BOEEE D & sy mhiE 7
1E fSCE o BRI e THE B gk 11-2 Fort.

®11-2 EBENSGIHER

#E “Em" i #E “fam" i
\iE "EX¢ R =49 #ik =27 652
HAbi5)iE WK =141 $K="774 106

R TR R, TEGIA—EILS . MYLER—MEE, g 2SR cidfEe ; HEPLE
— ARy, HEHEB N ciclEe, , M 112 HicSEHFERIE 11-3,

113 WS EHORN

¢‘=£E-=1 8‘,=EE' =0
€ =eny =1 N, =49 N, =27 652
e =egy =0 N, =141 Ny =774 106

RATHEIN ¢, 5 o, B BRI S50 4 HALE (B 5, By By Eyy ) 09WIH, LI
E, (EiEJ “BEX" BX®k “IEm” pE ) R, 8 AERmT .
E, = NxP(t)x P(c)
Nn"'meNn"'Nm

= Nx
ol (11.1)
49427 652 494141
= N X
N N
~ 6.6

Ho N R B A i E 9w A 2z Al EpN:N{I+N[0+NOI+ch KM, A1
By oilrgs By o Loy » WA 114,

@ BE Sc4 AB W7E B K2EVE L https:/nlp.stanford.edw/IR-book/htmi/htmledition/feature-selectionchi2-feature-selection-1.
html.
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F 114 EASEHSHBE

€ =tzy=1 e=ery=0
€, =gy =1 E, =66 E, =27 6944
€, =gy =0 E, <1834 E,, =774 063.6

B2 11-3 M 114 A /2 8t E AR

. (Nu ~ By )1
rmae)-y 3 Lufa)

¢l l}e.]0,1} Ez,e‘

(11.2)

RAVEFREE @2 585 "Bl BEFREEN (D=, c=1EM)~284, X
MERBRM, TR THAR? BIEAHEN 1M P 0GR (mFE 115 iR ). 4
7' >6.630, AIEHMRINEEE/NT 001,

£11-5 HAEN 1 OO HNIERES

p 2 I SE
0.1 271

0.05 3.84

0.01 6.63
0.005 7.88

0.001 10.83

HF 22D, =@, c=1EMf)~284>10.83 , FFLLAIE “Bi%” My “IEdE” AT KRR

AR B FE/NT 0.001 o #A)HER, MEHXHEFEEKRT 99.9% , #H “&%" 2—HEH
A RIBFFIE .

Foh, R (11D fCAR (11.2), WATTLER A REN R TRERETEAK:

Iz(m” ¢)= (Nu4'Nto+Nm‘*Noo)"("Vn]\;ro&']\'rm]"’rm)2

- (Nu +Nm)x(N“ +Nlo)x(Nm+Nm)x(Nm +Noa) (11.3)

LRI A A AR — 2R, R, RTRRE AT LR R B £ 5 K A

HeHEBIN, Hllce(8AEAE R EFF A7), RIMREKNFITEEAFENRE KT
i, BIFFR:

x* =max |y’ (D,1,¢);ceC} (11.4)

R EARRE (RS o0l k%) MR ER, ERFEHEANT 1083 (pfHH
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0.001 ) AYFFEAE, UAT LAW /N5 &, X 340547 T° com.hankcs.hanlp.classification. features.
ChiSquareFeatureExtractor#ichi_square ", WGl 54 HT 7.

— B T PLEERIEA 1P LK SO i T

11.3.3 FREE

fE£ HanLP 1, FRAT42& B M 2 TF FFE. H & 69 55 4F $2 BUAR 9 £ F com.hankces.hanlp.
classification.corpus.Document Y #4# BREL . ST 3% 10-1, FRAT1GE T B RFAE B HOB
AAFAERY id B0 TAR, SUAEREE, i34 n DRFE, — R SCRIBURE 16h n 4ERY R4S (5]
o WEWHPLER 2 2] G I 8, KRR R Exe X <R, B | 4EICHE x o R
fEyeY={c,c;,rec ), HA K RAEHEE. WiEkE CNGREBERE ) TR IRy i) 4% ) &
x FNSEH y Rkl i) — e iR &

T:{(x(l],_}*l),(x“],_pz)'...,(xlN’,yN)} (11.5)

TEAATRME R RTEE T, QSR LLENEVE AFFE, W n RELE 10 H %, R
TCIEEAE NERIE, W o KATE S0 H RS, Bt hEmEsE AR/, —BFHE R
fEERE, A LUEFFAERCR /B 10% ~ 20% &4 .

YR A mRE, RITAPREIT TiEs . A7 sEtt R, AN
HITHESE 1o

1 1.4 #hEMMHETS

TEERERER /2880, AR RME (naive Bayes ) ] 32 1] 584 FH ) —Fo A nR A
Y, ANEE D30T 3 T L A 30 S BRI B SRR O SRR, SRS A AR IR R o S B L T
AR AT R

11.4.1 FRRMENERE

FER DL ) Bl e VI R~ ST HK B R A0 p(X,Y) i DL S e B ] LRI 5 1
RGN SR A 55 R AR A Z R

p(X=%Y=¢)=p(Y=¢)p(X=x|Y=¢) (11.6)

Hrp, RG0S RMBERDN p(Y =) RESMIT, @250 T4 ZOREAR T (oK
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I8k ), ED:
p(Y =Ck)=M (117)
N
M p(X =x|Y=c) MWLM, FHxBEEFK. X—HSATUNTRER:
p(X =x | Y= )= p(X, =%, X, =x, | ¥=s¢,), k=120, K (11.8)

B i x4 FORAL, A HLARA x— 347 | [ e AR RER AR SR R
HEBORNG, IR ARSI+ TGS, SHAGH R L ARIAT,

it FhEEULEERTE: AN MR T Fr AR ARSI . SRS R R -

p(X=x|¥=¢) =p(X,=x,X, =%, |T=¢)

4 11.9
':‘I_-[P(Xs:x;“’:ck) : .

F&, AR IR AR R AT
p(X =x | Y=ck)=°°"nt(X‘ = X% =) (11.10)

count(y, =¢,)

R R, BEETN o MRMAT, FROEE B i 48N X, BBERETEINH ¢,
HE i 40 x, OFEARBEBRIEN ¢, FTRMARARER. 7 p(Y=c¢) M pX,=x, |Y=c)Z
f&, FhE MR A B R TE () BT .

FEFRI T, ADFE UL ST AR A DL S0 2 SR K R BB p(Y = ¢, | X = x) BRI ¢,
ettty . X ERAAKIAMT
y=argmax p(¥ =c,| X = x) (11.11)
5 DU A AUA B X753

p(X=x| Y=ci)p(]’=c*)

y = arg max (X =x) (11.12)
H T p(X =x) 5 ¢, BXK, TEREKGEBIRNTTLIZ R, JRED.
y=argmax p(X =x|¥=c,)p(¥=c,) (11.13)

SRR ST MRS (11.9) fRA B3, 78 3 B8 i 5 2 Tl ol 8 -

y=argm‘_axp(}’=q)np(Xf=xi|Y=ck) (11.14)
¢ 1=0
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Hbm MRS GRS ELE R 11.7) = (11.10) ik T, i BER R a8t
FIME 2 RE SR A b A0 i 20 i) ) AR S B

11.4.2 FhENMETM AR5 E:85LH

HanLP # 9 4> 25 8% i IClassifier ¥ LR {it, —3LSC 8 7 4hF 0 o By 0 K &
NaiveBayesClassifier PSSt ZiFm P25 EF LinearsvMClassifier, WA HEIER
B2 F A 11-2 s

@+ IClassifier |
- -l

@:AbstractClassifier ’

A A

.
>3

©:NaiveBayesClassifier |®:Line
B 112 XESIWRIGH

IClassifier FREERIM NI ik NG HHE .

/*t

* FAUTF- s RN SRR

*

* @param folderPath MUTF-8RILMFIKERNBER, BRVAREN TS  <br>
* R B FR<br>

* — #%a<brs

* | b 1.txt<brs

* | L—— 2.txt<brs>

* | L—— 3.txt<brs

* F— %#*%B<brs

* | L— 1.txt<brs

* | L— . .<brs

* L— .. .<brs>

* XUF—EREARTGE, DABELEAGRE, E—EBEEAXH]
* @throws IOException {EaIREMNIOR®

»/
void train(String folderPath) throws IOException;

/*t

* OIS aRER %
* @param text XZ&
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* @return WOREMNHE

* @throws IllegalArgumentException

* @throws IllegalStateException

*f

String classify(String text) throws IllegalArgumentException, IllegalStateException;

ZEFRELH, RIEET —VAGAIFAEDL, 47 WA2 HanlP SCBLRYFME D10t
FEZS A ZEAME FH AL RS . AR DL SR Y 49 5 AT T com.hankes.hanlp.classification.models.
NaiveBayesModel, F @ EE AR MR BEBEE p(Y =¢,) FIEHFEE p(x =x" ¥ =¢),
AR

public class NaiveBayesModel extends AbstractModel

{
/**
* ZRMEHNEELog (P(c))
*/ ’
public Map<Integer, Doubles> logPriors;
/**

* AN E{ELlog( P(x|e) )
o
public Map<Integer, Map<Integer, Double>> logLikelihoods;

H T BEREENE, UM R T X ISR e A9 8% 0 48 53 fZ F com.hankes.hanlp.
classification.classifiers.NaiveBayesClassifier#train, %t A< 8 8 & 4t it X (11.7) #1 K (11.10)
A, BT R . B B Y % O fR S i F com.hankes.hanlp.classification.classifiers.
NaiveBayesClassifier#categorize, F|fzC (11.14) {15 BEYLAER Y9010, BURKGIHER IR Y
¢, E A4S R ],

R T E A DA e R, AT SRl gk —ERY , 8 FH 8 com.hankcs.demo.Demo
TextClassification#trainOrLoadModel ;

private static NaiveBayesModel trainOrLoadModel () throws IOException

{

NaiveBayesModel model = (NaiveBayesModel) IOUtil.readObjectFrom(MODEL_PATH) ;
if (model != null) return model;

IClassifier classifier = new NaiveBayesClassifier(); // €@/ %3, EERNIEE
WS %1classifierfii¥
OEX

classifier.train(CORPUS FOLDER) ; /! NGEHRBEF/HFAL,
TREA G T

model = (NaiveBayesModel) classifier.getModel () ;
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I0Util.saveObjectTo (model, MODEL_ PATH) ;
return model;

Python 1 ' 1] 2% tests/demos/demo_text_classification.py :

def train or load classifier():
model path = sogou_corpus_path + '.ser'
if os.path.isfile(model path) :
return NaiveBayesClassifier (IOUtil.readObjectFrom(model path))
classifier = NaiveBayesClassifier()
classifier.train(sogou_corpus_path)
model = classifier.getModel ()
I0Util.saveObjectTo (model, model path)
return model

ZERBKA A M R VISRAVBERY, AAMINEL, &WZESAERE L2
DR, WRIZRBUREE]— DR, 5 A D753 25488 NaiveBayesClassifier
Ja BRI XHE B SCA AT/ T o Java 7R B0 F

public static void main(String[] args) throws IOException

{

IClassifier classifier = new NaiveBayesClassifier (trainOrLoadModel ()) ;
predict (classifier, "C¥3k 2018 HFIKERRBERR EHEMBEERS") ;
predict (classifier, "REISHMEFEN 8 FNRKRIE HPERFRTZRESSE") ;
predict (classifier, "WIR&EFREXRFE—FE Uik,
predict (classifier, "WRHBEHARYBE BUTTURERE")
predict (classifier, "HBARABAESN FBRIEELERRERFLE") ;

}

private static void predict(IClassifier classifier, String text)

{
}

System.out.printf (" (3s) BF#H% [%s]\n", text, classifier.classify(text));

Python 7R BN

def predict(classifier, text):
print (" {($16s)\tEF A\t [¥s]" % (text, classifier.classify(text)))

if _name == ' main . ':
classifier = train _or_ load_classifier()
predict (classifier, "CEF¥# 2018 HFERERKBERRA EHRMEERS")
predict (classifier, "HEISHMEFEN 8 FNMRRE BPEERFTTRERE")
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predict (classifier, "HIR&EZFBRARGFH—HE L")
predict (classifier, "IRABHRYRE BUITURHAREE")
predict (classifier, "HEAREBAFTPXFEHAEEEBRAERTGE")

EITIRHES RS R -

(cTH 2018 FREERRBERR EHFEWBERS) BTHE [ &#F]

( AEEMEEN s ENEARE HIEEETERESE) BFH% [ £%)
(FREEFBEAERFH—FTEIL) BToE [ £E)
(RERHEYRE, BUTHURERE) BT | k)
(BARHRBAETFPHNFENEEEBRREFDT) BTH% [ "%]

FNEE DL ik SC BRI L, (L A M S M B TR AN, A S mERtE. TR
friar 23S nf Aty S ) AL KRS, I TEAR T RS i — IR HER 3T A

| 1.5 simEns s

S ¥ @B ( Support Vector Machine, SVM ) & —Ff —/p R, H2% 5] S mEAE T ol %
H— RN AR, (E1F0 R P E AFEAS A /NP B AR, X e (18 S AE ) R LA TR
HIPL, BEGBIRD|— AR R . SR ) L R R AIE R R AL, HR
RLFH—TEFE (B%F 52270 ), EHTERETEIEE. 11.5.1 R A AL
ZAFE AL EIS ER, ZENEEEET R A . SRR XIS AR ERIGHR, W] R i
11527,

11.5.1 SMESIFEE *
4R
T ={(x(”,y. )’(xm,yz)’,..’(x{ﬁ’l,yw )},ye Y= {il} (11.15)

A BEYES BRI Bl Yl w-x+b=0, ¥ _BEAPEFE. 4
BUB LR 700, FEERECN W R ZoR 09w, i 11-3 FR,



318 | £1#& XEkH%

6

8 10 12
H11-3 Z4oEEFM
BAR =R BT mE FE A SE B T, (HEN R A e g sk A R R,
FEhPRBRBEAEA S AT T, AT LR e, S E b o8 R =

WNGRIRA AT — 5, TARA AT REA R IR TS S . S (o) SRAIL AN 27 ) S sl J2 2 B4 L 8 I
FEAS ] R R 7 B P 1o, DABRAIRI iR 1 i LB

Gnfe it SR ERRYE? 2 SCREAS AT (', ) S8 T 181 A1) B 18 A JLAT 18] B -

wox' +b
I w ] :
XTSRRI, LT [a] B A B A R A A %) J LT (8] b 2 f /U ME

i

(11.16)

y= min y, (11.17)

SR EALA I R RE R BT AR A A R S R MR B ME, BT 51 24 S A A 1] 5L

ey
0 (11.18)
i g0k 0., p= e B
([l
TE R E B FE A
y=rlwll (11.19)
HeRE bl 1, 453,
I
y=—o (11.20)



115 ZHEBENS%E | 319

¥k (11.20) fRAK (11.18) 1, 1857,

max r——
Wb [[ ] (11.21)

s.t. v, (w-x, +b)=1, i=12N

maﬂﬁ—mm %Mﬁ‘ﬁfhﬂ:%ilwllj LR (11.21) 40T

. i -
min —|lwll
Wb 2 (11.22)
s.t. y;(w-x;+b)-120, i=12,--N

7 (11.22) 2N R AR, AT AR SRS B H B0 SR w',b" . TRBF 2

HE TR PREL

y=f(x)=sign(w - x+b") (11.23)

R, I E TR — RIIBE M, RAOVER T w - x+b" o X

FHEEH x, RECASL (11.23), FHEEFIN 255y o ety e (1) ZRBIRF 2608, &
fiImT Lt 5.1.1 P48/ one-vs-one Y, one-vs-rest 1 & 3 £ 4325 0] 4,

11

5.2 SR A KE5LH

liblinear® J& Java tEXXTERAE S F:F I BALAGSEER, SRR TN S Rrm BN 22 5 RIH,

HF HanLP AMEHEISE = H 2504, BT RARET 3245 ) ALY SCAR 2638 #0057 3698 T https://github.
com/hankcs/text-classification-svm. Java ] J7 3§ F 2 i%Z 70 H 3 2 % src/test/java/com/hankes/hanlp/
classification/classifiers/LinearSVMClassifierTestjava., H il i 7 3036l F NaiveBayesClassifier,
IZRam BT T -

private static LinearSVMModel trainOrLoadModel () throws IOException

{

LinearSVMModel model = (LinearSVMModel) IOUtil.readObjectFrom(MODEL PATH) ;
if (model != null) return model;

IClassifier classifier = new LinearSVMClassifier(); // fI@7%KR8, EFHH
S #1Classifier
B3O E N

classifier.train(CORPUS FOLDER) ; /] NGB HRE R A,
TREFRLINET

model = (LinearSVMModel) classifier.getModel() ;

@

ST HB S ERENPTE (G5 k) 578 iR,

2 2, hitps://github.com/bwaldvogel/liblinear-java,
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I0Util.saveObjectTo(model, MODEL_PATH) ;
return model;

% 2 A4 Python MiA (iZ17/5HF B 30 %% SR ML {4 ) {7 tests/book/ch11/demo_svm _

text classification.py :

def train or load classifier():

model path = sogou_ corpus path + '.svm.ser'
if os.path.isfile (model path) :

return LinearSVMClassifier (I0Util.readObjectFrom(model path))
classifier = LinearSVMClassifier()
classifier.train(sogou_corpus_path)
model = classifier.getModel ()
IOUtil.saveObjectTo(model, model path)
return LinearSVMClassifier (model)

WGREESE, Al IR #1E NaiveBayesClassifier —FEF|H] IClassifier #{ILHI%4E
— AT T, BARRE S AR S,

LA L3S HanlP SCERAY@RFSCA MR, Anfo] dERE 30 T B ARSE R IR SR i 1o v e

L11.6  tREEITED

A SAD AL WOEHAIPRAEER, I LRI BT 5126 28 BT 437 28 (O RS AL AT P
fiio BEAIRIRR AR BARIEE WIVHISCA S SR | SRS B 0 F IO

11.6.1 1FEWIERR P. R, F

RUUTF 2979, IARSERADIES T RE F AR IR, 38— 25 c 15245
R, ERDAZEHREAZERICE TP, SRS AZEHAREGCHE FP, A% AL
Dol 7 AHABSEHIREA BRI FN . NDKSEE P, AR R M F {HAE XF .

_ TP
TP+FP
TP
“TP+FN (11.24)
E=ZXPXR
P+R

G FRATTB BB A th B S PR ST B0 MR R AE AR, O ST MR X — 28 I g o 2 B
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IRTEARBEREARA LRRAPEGE, TR LA AR X 2o b 7E ORI 21T 307 1

( micro-average ) :

4 o

el

Zo E(‘TP + Zc ECFP

TP
el

qu(’TP + Zc-,EFFN
2xPxR
P+R

Hot, C={eicyercg ) o WEVEAGHIAREFEITP . FPAIEN RARIE HA RIS

a1
Il

(11.25)

A
Il

11.6.2 HWER

THEIEFRNTER S A HBERE EX {(AAF Rt M E, EHFAENIx{FX
pE, —AEFE WA ERAE S M FIFW, B KRN F comhankes.book.chll.
DemoTextClassificationFMeasure Fil tests/book/chl1/demo text classification evaluation.py, 5045
FIC R 11-6 s,

F11-6 {AhFuetdizk | LGN I P L5#H , ZiLidik }4 MEERE ST

Classifier+Tokenizer P R F, X#/®
NaiveBayesClassifier + HanLPTokenizer 96.16 96.00 96.08 6172
NaiveBayesClassifier + BigramTokenizer 96.36 96.20 96.28 3378
LinearSVMClasgifier + HanLPTokenizer 97.24 97.20 97.22 27777
LinearSVMClassifier + BigramTokenizer 97.83 97.80 97.81 12195

b 2, PTLAMSHHANTF45i8.,

o TR ERIATRE A, Adrial B Uik ik RMEES IS E R/ HER R, RA
AT onE RO L RIRAE, RESSIENAMHMEES, MRS B .
o ML I BB A HER R E R, M E AR, MR

1117 BRSO

SCANE B TR IR BOCOA T FIE B M—F NLP {£55, HEKH bl % =24t 3ok
P Xk o7 ) 1 S8 RS E . IR T DAFE SR, B B TD E SO kAT, AW EBEAAL




322 | #11#&E XAHH

AR BN, ARWIE R T BOE A A) TSR IS0 . ATAa] NLP {E55 AR B AR E R e, JLIL
RAVREEREE . X FRBMNN S , DTS &iniE 7 IE U R RSO, aiRers AR
A RAT BRI, MAh, —S I AR . RERIEIE AT LIMER “RART BUARTE
iERHE (FEHERTLMER 5 FiZeq) ).

AN HEN BN RRTEEITERE, S U280k ORI R

11.7.1 ChnSentiCorp [BRESITIEEE

ZiERE RN R A A, ST RS BEE =T S S A D AR
AR IE TR VRS R, 23854 I T e A 1000 SR4AL, HE RS -

ChnSent iCorp{H ATl /& Fit
— FE®E

| — pos.0.txt

| '-—-—pos.l.txt
| e

—
b neg.0.txt

— neg.l.txt

XANE B FRREIEE, M “BERKE, BREARK, KA 2 M5, SRR
WA LB " WIERIFOr, &ML Pkl K2 Flalb A 3 219 i H s iiER PRI
= A0RTCVE (oo AL AN T 6 D i T

11.7.2 IEx1ER G TRz

B F X EEMF RG], RO L EEEEREK7EE A IClassifier#itrain()
$E O Y| R4 258588, Java 78 B35 2% com.hankcs.demo.DemoSentimentAnalysis, #H i HY Python

WA T tests/demos/demo_sentiment_analysis.py. US55 i) SCA 4r 206 8, ME—MIA
AL AEFiERE

S EIREEE:DECE SR

#EI %R E

A4S : UTF -8

#R B % :data/test/ChnSentiCorp{&&& #7785
hES. ..

(IEM] ...100.00% 2000 BXAY
[fAH)...100.00% 2000 ESX#4
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FEBY 1286 ms JOWMT 2 1B, 4000 BIH

BRISEARE AR/ : 4000

EEFARRERETED. . N 22 me, P EH 486 / 15035 = 3.23%

MR Et45 3R

(FEZERSAFERT EREEE, BNRTH. BERF!) BRBEME | E@ ]
(ERAKFRE, B, DEBRAR), FRRBES, FEEEE—RB®k,) HERME [ AT ]
( THAXEKSERNBRT, HRET) HEHRMUR [ Ed@m )

EfEERR, Ba— TR AT R LB EMT, BORET BARR
TGS, EERMRAREMN. XUHAZEHTERA —ERZARES, fEabm—sHAT
P #3CAR

11.7.3 wEHE

) PSRRI A R R Bk TR, SR CAZA” R ez A7 X R3] —A~ i) 4 ) A,
AR RAMES, AASERGENE — “HEih” B “WEEBE” AT, E&5TLE
I L RN E 2 e ol R K

TR
T RFG
THE
RER

i) SRR AE b B 0 0] P EA TP TR b —iR, R EA]5 58 A48 — R85 B 1 iA) 48 — 4R
—FF. — PRI T RRAH n CIEBORR B —2imF, DHBEHREECTENTENN, YR,
TR B 25 3 A 2L RE AR A RR AR 28~ ) B 7 s XA R . 3235 07 i com. hankes.
hanlp.classification.tokenizers.BigramTokenizer 35 8l is] 15 % 5l i —JCifidk “4rinlas”, I H &SR
i — 2] ol EX o

118 =a

AFIATE 2] T AR WA At S i EEAL TR L AR 2 S AN, JF B R E] T 3C
Ak, B BBAEEE, RNV SO R RS T, XBREHR T 5 AR
i AL PR RE S —NLP TR HE o 2688, S8R L ARFAT LA R SRS F T A
i
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wf1 = (hogill
gawiHankEP

L

ikt e, EarRERE S EE -3, 8T, R ANETIMERH
HRIEMAYEE, FRRATIMKATEEMR. 2R 8ARES A HBEQBEZERARN, Hif
T o T g BB T R PRk RO RE S BR K 2 0R) F 4540 .l A ) TR R, SCARIO4S
WLER—Z, &5 0ELETRILEL 2.

iBE S (syntactic parsing ) & HRIEF AP — PN EEAIES, H B0 TF89E
G HRR N G PR S5 CGEN RWIESH ). R, ka2 g TEYE NLP
HEFC PBONER . BAE R —MES ., @B EE SRR, ST, RATEE
NLP TAEIiZ f% I B —iH ki . AT S0 AJESHRRARFEaERMAERIES, i
HAE T AU i R B S

121 sEiEgsin

A, RATE R T ifE— T —FEF 2 00aEIE, B artira) & A0 7= A i SB 45415 1 .
BT HEE R S HEFEH (principle of compositionality ) *, 31 S ) F oI . /M AN H
i, TUN S EREZTERZERNEMEER.

1211 ETFEBXRMNE

BEHELREFETN TRREFCR, FERBNEESWREESERITHEMT. i, U
AT PP EEALE, FRATSLABS A BT 2 7 RTH

(1) % Vel s T LA P 4 18] R0 42 T R 2 Al
(2) 2 il A ] Aty 42 i) M2 TR 2 A
AN ATE R (1), FATATRAAERR “ L + ZikiE", BRA S (1), AT LUt —2

@© FOHIRE R NLP (B9 700 TRAE (IR, MRkt ) M e (A28 OLESEIESE ) Mikh, Iz e
NLP {£5538 5 & RG240 T RYE NLP {£5% A BT .

@ 7ERCs, ELEMEFER, SAMWREERE, —PEAFGRR IR ORI A A SRS &€
1A HLI) e e B
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R U EWE AR + ZiEEIET . RERALERE Q% “ZEEE" WmRAMNAAE, RITEHEE
WASE] " L+ A U+ IR, MR, DTGB REIESWE A ILX PSR, B EIBEW.
BEAE%, B ERAEEESNEN T, REARRREA, K¥aaFH#0nT LAE o R
BRI e A B

TEE S5, XML E X T XILE ( context-free grammar, CFG), EHWT
HFHIRL .

® Z45EFY (terminal symbol, JoREFF4HAM/NENE) A 2, HIDUERN—MAR,

o |EALESF (nonterminal symbol ) 84 V, N “RiAEE" “shia@EiE" SEESHWAR
MR . VhEDAE - PMFEEMIERST, B Rraaes, idfESev.

o HES AU R, BIHESRIEAGRM—RIFN. V¥ >vUZ. NS - ZiakEiE ULk AiRE
15— A + ZiAEIEMAREE - AiE + &,

BT FFXHRSCEHE, BITTUMS HE, BSREFELERF. M HELEFEL™
H—ANTRFS, Nlt—Z— 2T, RMBRED T -HREEN, EERELLSRIFR
H AR SR, {H7E NLP ., RATFRHCBEIES AR . WaR, HEIREPRARE
" ETFCERICK" FEIE S FTERE “EESIEE"

12.1.2 GiEEak
KBS B EAA T anfel B T F #udk: il — M0+ Rk, aFwnl UHEIESWiEE
S$eid o, FeAnXAlE W AR PR S ) B R RO vee anRgiEk
W ai A S AR, XGRS X —R XS . FiEREE (LW
KRS Em &))", EiEEshia CFET. mEEGERBEAAEEIERRE, 7RE “( Lk
WA ) (PR 5 R &))", ik, FrASET LA4kEEEIH 0 AP/ AT (AE ).
FiAEAR B, B, RIS TEXANEIEEW. (1l Wk (PR 5 (3H
i) FH 7, NMREFHS I LEREIENER, WERMTER.
(S (IP-HLN (NP-SBJ (NP-BN (NR L)
(NR H%))
(NP (NN FFE)
(cc &)
(NN EH)

(NN 2ig)))
(ve (w FE#))) )

X EREGS I IE R RIEEH . IS5 ARTTRE TR, EER A, RIE A
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AT AL XA AT PR S BYSS SR NP 12-1 iR .

IP~HLN
NP-SBJ VP
/\
NP-PN NP W
/N |
NR NR NN ce NN NN E57

A T R Y

Lig IR FR 5 3 i
B 1241 "Ll #E AR 5 ZH &8 [Y" faiasaias

TXRE (0 T 45 M R S 458 S5 M8 ( phrase structure tree ), I (915 3 Fk b BB & MiE %
( phrase structure grammar 2§, constituency grammar ) 8% I F CHE % k. % TH4 IP-HLN I
NR F#ric, RAIPEET T PiEmNT4.

12.1.3 BB

B ER W R A HIEA R, R T A TOMARIESH, R T —RiEEE,
FROVBIEE (trecbank ). 6 ULAYSE OB PEAT SENAR T, AR, oh SCUTBAT CTB. 1 12-1 B AU
HABIENEE CTB8.OY, FErhit 37,8 (ialifi ) iy B0y s i, Al AR L5 1T a0 —Fb, W
A A GAE" A, AR EERY CTB, BB GES% 72315,

P QB RO RS ARIC, R RS, B ILMbric R ANk 12-1 AR,

% 12-1 CTB FHis &2

iz BX

IP-HLN $6) - 1588 N - -
NP-SBJ BERE-EE

NP-PN B AGE - f0iA

NP % aEiE

VP i

@ CTB8.0 BTl viIRXH ( Linguistic Data Consortium, LDC ) K35 @l 9eif ¥, 539F, Wake Forest University
AL T % 9% T 4% hitps://wakespace.lib.wfu.eduhandle/10339/39379. #4541 CTB H i %6 1% % [1 Wake Forest
University 2> Ff B9 %048 .



122 ®ESEHM | 327
FIR 20 22 90 4EAL K404 B T B9 SE TAERBEE h e B 45 ks, (AR FEiE4H

kLB I, HIR PR A a e ER R I AR . IR SE 3 4 KR e i) T 55 — ke
X, BAPEAE T —Th 4.

112.2 gzt

AR FROEGHRE, AR R AT A ST I T A4 8] F X Fh A KR e, ARAE ATk e
(S rh Al Z AR IA IR R, O ES LA RO RIE G . A BRI AR C B =
FRVRIERLE, NI TR ak i s Ot &

12.2.1 #&EFaiEEE

REF R EE A I L AT LGB #2025 JTHT Y ENBEIE 5 %4 % Panini, IR 18 HHAMEEIEF
AL Tesniere. WAFEEIISIN AR SiRZEIfFEENER, XE—MMITAEMPXR. &
Al IR A S — i, B R o MR IE ( dependent ), B A4 RIEFR M E AL
i (head ), & ZEMED CEFNKTFERXE (dependency relation ), b+ “KBM”
Edsm “K" S4i0n “BHE” ZEFRFECRINE 12-2 PR,

=T
K TR
122 "X" 5 "BR" HKkFXE

P 12-2 F T Sk A7 ) B S B a4 e AR 3R], R AT RRAER B9 SR B — A b R A A
IR R VA e SR ik, M5B, FOVKFRZE® (dependency parse
tree ). HEWE]F “S5/NFRIBA KB AURF a2 &l 12-3 Bk,

B 12-3 "SIMEBERTR" HkFEER

BACHAF B, 55 %% Robinson MKAF AL T 4 AR AR,
o fiHEA il (ROOT, MAUMRTI L, TAFRHER ) AHAF T H AL .
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o FRULZIMA B AURAF T H A ALIE
o T HREAREIKAT T2 5uidl,
o UCRBIR AT B, ABANLLEALT A B ZIE) 8 C HAEIRAF T4 . Bl AB Z 8]y Hia),

X 4 F IR T HRAFAER (ERREE] ) IR siME—E, M, JORF FIEH 4
( projective ), XLELATH TR VR TE LA R ARAF )ik - a0 385 T 36t

12.2.2 KFDERE

fER—FiBEF R, o KR TR AR SRR L T R R D IR TR R R R . A
TURE 2 DL B IRAF A A P LA B AR I e 2

H Al A 2 B FF IR @ AR E 248 UD ( Universal Dependencies ), © UL “B4% - dEf
W HEAERT - AR 7 3L 4.07 SEERUP I B0 2 (] 25 R FZAL . UD B— B iEF 918 L br 00
H, —3t6 200 LA TTEE N 70 ZREFHRE T 100 2. BERIP L, 74 4 P ARD
RO . AR BOH MU K Y UD_Chinese-GSD 1E R 6], %4 FE B9 15 Ry Bk oh
o Hit AR kP R, UARPHU AR FEERTY. M EM#S N CoNLL-U, X£&—
FhEARIRAF R A RAEHE X, CoNLL-U U4 10 5, BATER 18, 2 Afr#na 4
W, RUTPRTRIZL _ Frzsd, SEHT M, Wk 12-2 xR,

F 12-2 CoNLL-U #&:CE5

o g \GMA S Cxw revowsws wmR DT DTS weoxes:
1 b fth PRON PRP  Person=3 9 nsubj & SpaceAfter=No
2 2 2 AUX vVC -~ o cop _ SpaceAfter=No
3 FH H PROPN NNP  _ 7 nmod B SpaceAfter=No
4 BAE BHE NOUN NN - 7 nmod = SpaceAfter=No
5 RBE BB NOUN NN B 6 case:suff  _ SpaceAfter=No
6 BA BA PART SFN  _ 7 nmod B SpaceAfter=No
7  HRA oA NOUN NN B 9 det . SpaceAfter=No
8 b 2 PART DEC  Case=Gen 7 case:dec  _ SpaceAfter=No
9 = =7 NUM CD NumType=Card 0 root N SpaceAfter=No
10 PUNCT . 9 punct _ SpaceAfter=No

(D V¥4 http://file.hankes.com/corpus/chs-gsd-ud zip.,



122 fkTFaEA | 329

FIMEFRIE AR TECEPR TR 2% UD fUE ITREST, ZREA XTI AR AR 12-4 Fis .

R Bt BE ER
B 12-4 UD Chinese-GSD Rfj— M EXR

95— F ARNERHERR R CTB, RAAE T EEIF 8% T g EiESmm iR v K
TEAIER ., T LB PRI EMRIG ) CTB K a1ER FE2, HAg X EIEMI T CoNLL-U i
CoNLL, —/MEEFIINZR 12-3 Firzs.

* 12-3 CTB kiFa) %0 ERD

5 3 FHIE Fs B E3 S
1 t® _  NR  NR  _ 2 an . .
2 BE & NR NR N 6 nn - =
3 % . NN NN _ 6 conj .y _
4 5 B CcC CE - 6 cc = o
5 W . NN NN ~ 6 nn = i
6 RiZ 5 NN NN - 7 nsubj - _
7 Gl - w W - 0 root = =

[FIEE, ZEEPIPT AL —ERR &l 12-5 FiR.,

«nn
conj
Js’?ﬂ r
m« nn m«nn nsubj
p—— —— I e —t— m

==

tE AE AL 5 EH B2 A%
B 12-5 CTB Hii—#E

He, bR C R Bl KA K &R br Uk 5 O Wi 35 48 K % 1 % B89 Chinese Stanford

(1) iU http://universaldependencies.org/guidelines.html .
20 PEW. http:/file.hankcs.com/corpus/ctb8.0-dep.zip.
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B12E

wFQ AT

Dependencies, 13 12-4 iR,

% 124 Chinese Stanford Dependencies #kiFx ZiritE

e EXEWR R SRR Bl e #AFl

n noun compound modifier  EAEEEN  BEP D (s, B )
punct punctuation RS BXGTR, punct(#%&E&g,, )
nsubj nominal subject ZiEMEiE IR nsubj( &7, 183 )
conj conjunct (links two conjuncts) HEREMEIKTE REFFRHH conj AR, @& )
dobj direct object HRERE BESETE TG dobj( %, X#)
advmod  adverbial modifier ZEMRE W%k EXH advmod(iX L, %)
prep prepositional modifier g mE ELBRITI7E prep(® ¥, &)
nummod  number modifier BERE R t+—#x# nummod(#, £+—)
amod adjectival modifier WA aE Mg BtaeTE amod( L, B )
pobj prepositional object MiEMRIE REHXNE pobj( 1R, ME )
remod relative clause modifier LEES 3 FEBFITAWR rermod( 15, EE] )
cpm complementizer B FRAFRANEFEN com(F &, 8)
assm associative marker KIKAFIC (1 2 F T assm(®ik, #)
assmod  associative modifier KECE W b (a4 SF- o) assmod( @& &, M)
cc coordinating conjunction %X R @ EFEHH ccl B##L, o)

elf classifier modifier K FIE t+—#XH# elf(3X#, #)
ccomp  clausal complement MEHFE RITRE RMBIE TR ccompl(R3E, g )
det determiner BREE XL ER det(i&ah, X% )

lobj localizer object B 8] 1118 plig: = 3 lobj( ¥, T )
range mgﬁ“m““”"”ﬁﬁe’ ERINERE  ARBE—8T range( 3z, 7t )
asp aspect marker B AfRiC E®THER asp(&#%, 7))

tmod temporal modifier B fa]42 08 YETES . Epe; tmod(BE], &)
plmod :;c;a;gse;igodiﬁar oo Triathagm #RXAALE plmod(#, I )

attr attributive  §ics REMA—ELET attr( %3, %7 )
mmod modal verb modifier BaHE F AR T R mmod(f3%], &)
loc localizer L EANE ShALE loc(ds, BLLE)

top topic F 8 ENRETEED top(2, BH)
pecomp clausal complement of a fFAME AL BIINE

preposition

pccompl($&, 1148 )
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(2)
R HXLW L ERR &l HeFIm
etc etc modifier HEEEFR e, XBEHE ete( X#, %)
lccomp  Flouse! complement of 3 1o maris BEMAFRPIROWE  lccompld, F)
ordmod  ordinal number modifier W|iFE LM ordmod(4~, B+ )
xsubj controlling subject EHEE W7 E R BUEE BITR xsubj(B4§, RTT)
neg negative modifier EEBW PEIEN- 5. b neg(iB%|, F)
rcomp resultative complement HRIMNE WA Th rcomp(8H%, Aoh )
comod ~ Ccoordnatedverbcompound semmazhim  MHRS comod( 75, X6 )

modifier
vmod verb modifier MFE N HEZFHMEHEYA@OER vmod( A, HF)
prtmog P2rUCS such @ By Bl 01 27 AL RS R prtmod( B8, 7 )
ba “ba" construction BFEXR IBhEaHS ba($%mE1, )
dvpm manner DE(#th ) modifier  #bF B BB IR R dvpm( B, b )
a "XP+DEV(#t)" phrase s %

dvemod o difies VP b7 iS5G E EoB &l S dvpmod(Piik, B )
prmmod  parenthetical modifier BAFE N J\FH#EiE] ( 1990—1995) pmmod(#fig], 1995)
cop copular #xa BREBABRENEFR cop(BELBR, 2)
pass passive marker WERhARIC HIAE A Ak pass(IAZE, # )
nsubjpass nominal passive subject wERNBEEE BEMRENRIWAOGEEFE  nsubjpass(FrE, &)

12.2.3 KEDEMAYRIIRML

CoNLL ##=UR —Fivhi e+ “HLiZ" SIEX, 18445 B R FH BORIE B A2 P A i 9T 2K
AR B R — 25 TR A i T A TR, DA 4

iR E & Windows FF 891%, Ak —idm 5 K226 T & 1Y) Dependency Viewer., &
TRGEIA s T, SRIGFIHSER File — Read CoNLL File BT 48— .conll 4" & 4 A4 FE
L. b, FT7F CTB R AF A1 FEH Y ctb8.0-dep/train.conll X4/, £ BRI 12-6 AR

ST
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B 12-6 ctb8.0-dep/train.conll 34

H P BE AT DL i Previous/Next 38 8 3 %8 |- — 4~/ F — 4~ ) ik, o n] DL i Show Tree
View IR Z L AL IR E

— 63T Web 9B V-1 T BRI RER AL 38 A S0l AT AL AL, HErP B 6 brat bRk T
B T brat 8T PR 4P, UD 5 E o E 7 e T %1169 aT B4k T ALY, HanLP
ERGRAIZ TR, JEEREE—aEEe, PR TIFZ IR, 2k edit SE1B0%
GBS, TEAREE TP A RIERG , B AT SRR A AT IR R . X EARR LA CTB i —
AT R, AL R 12-7 F . ‘

3 HE_ NN NN _ 6 conj_ _
g . .. 6 = . _
S Bl _ NN NN _ 6 nn _  _ I
i NN NN _ 7  nsubj I
‘ 7 [% W w _ 0 root_ _ P

4NN

conj
cc
m‘m " N

% B%E AR 5 2% 2 me A
B 12-7 brat BTl SR

(D Z UL, https://universaldependencies.org/visualization. html ,
@ JR% Huht 7 hitp://nlp.hankcs.com/visualization/dep.php?conl].
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ATHLAL TR AT LR BY IR B ) R B 4500, BRG] FZ AR, E 06T A Zh 38K
AR, T B — IR O R Rl /A9 NLP £ .

112.3 REGESHR

W A7) 504 ( dependency parsing ) 48 (92 4307 4) F BAKF 1B 2 69— R 9% NLP {15,
Hofg AGE B 2 ilE it i R — SRR A 043 S0 BUK AR A i 2 A X P b 2 TR,
Fik, VA BARFFRE S A B 4645 -

12.3.1 EFERNKRFDEDH

Ik 2 P 4R — 4, RAF A S 52 € B ( complete graph, 5 X6 T0 &3 #AH 2 (9 ] )
H—AFE. WRAZEEETNERNETR TAEMTT ST/, ARSI LIAA] Prim 2
FRF R BIERR (MST) ENIRTFAEM T . SRR BB 9 280 H#% ( factorize )
BN ER R, RGTER RIS R0 kG o 2 T B 3% .

T B IR A7)k il B T B — AR R BLER (feature detector ) A BRI R HL
FEAE, SR 05 45 45 P01 B0R () R OF [0 BE 22 45 43 K 88 4T 4, TE R ENZ R X RN 28
HanLP S HIRRA P S0 B T — A EARFIE R AR SR IURFGE , LA KA AR Ry 53 26 88 M ARAF A0 e i 2%
MaxEntDependencyParser, {Hl T MM, MEAEEAR, DWEF. EEEHEFIn
€, BETFTEOERFF RS EEEmE T8 KR, X Rl gL Fr ks R
e FRE, NERETFEERENE T2 RN T, & EXsnE, B
TR B AR TR T BAF NS,

12.3.2 ETFEBIKREGDEDH

g "Nz " AT, WRBNTHTF R ER, BUE S5 RAERERA 3
i, ARSI & AR TRATREAT T .

(DM “mz” EEE “N" BIRAFRR, PRk “EHEXR", WA 12-8 fir,

128 "riz" 5 "A" HkTFEXE
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()M “ng” LR “@” @IKEERR, PRich “BiEXERT W 12-9 B,

@Giﬁ?fiﬁ'\@fﬁlﬁé‘iﬁ
BEi12-9 """ 5 "&" HREXE
Ik, AT —BRK AR M A B R A, RIS ) BB RS AR 5 )
T FE LR A M T X 2o sl R 4T3 DL RE 8 AR 4 23 S s D ) E B ARG ) B
T XFPEEIER AEER (transition ), MHXIST LGN I FHEBMIKFF a0

BTk, AR Z R EIA R T HBNIRGE Rk ey 8, JF B RASC IR
W LA B A 5K

[12.4 EFBHKREDEI

BRFETHBORAE DY SOF 24100, (EHFEREAR T B ST niues. i1k
EX— 6 BIKYLE, X aULSRE B C ARSI A 8 SR ITH T — B2 IRIT R ik,
B IR s E PR A .

12.4.1 Arc-Eager #%B &% ‘

FATE T E W UL EHVOEB RS (transition system ), B R ITHEHA
ATSRAT B BIAE LA AR Y 2544 . E A Nivre 76 2003 4F4H Arc-Eager #88 R 40" LUK, “F# &1 1R
Rl T BROEIRA, AR4LL Arc-Eager iX 28 B R G0 A (AT VF# .

—NHBRE S 4 MK §=(C,T.c,,C). HT,

o CRAGIRE (configuration? ) AYER;

o TRIATIPITIRBIFNRS ., BRI T AS HEh REARE I R

o c R—PHILeREL, K — TR — TR RGNS

® C cCH—RINZ IR, RGUH A XRS5 B ] {54 L HH e ayah i1 a.

MRS X 3 dl: c=(0,8,4) . H,

(I Nivre, J. (2003). An efficient algorithm for projective dependency parsing. In Proceedings of the 8th International Workshop
on Parsing Technologies.

@ RXESHEFANRE, ANEFRPRE, FEAHRE Y REMIRE.
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® ol — At PR, S rT A E TR T 8, R IR

o A AENEE FIREIBATI, WILHRET SAREAE) T

o A NUHERNKFINES

Arc-Eager 58 R G105 ahESE G DA SR A9 T 2 AF 3R 12-5 Fiias,
% 12-5 Arc-Eager BB RS

MER ik = R
Shift (o,i| B, A)=>(c|i, p,4) BAFI pAE = B EE EE

b, . o oS T L BERTEEINERFRANEE
LeftArc (ali,j| By D)= (o, ]| B, AU < N}) GANE R Ip e By, RHSEIRTAR
| i ” 5o . . BAERE MERE RIS
RightArc (ali, j| B, )= (oli| i, B, AULGE = N} PAE 3855 F X BLIE S —
Reduce (ali,f. A)=> (0, p.4) KMEEEEXRE BERALE K

Fi5h, Arc-Eager ¥68 RA ML ILIREN C, ={(D,{ROOT}, A)} , B Jyzs it B SR T
FEAR B AR

X FEA AW " B, Arc-Eager BT IR LA R B BRRS IR 12-6 A,
F 126 “"A g " 7 Arc-Eager BB EZEL PR TEE

RERES ®WBIE o p

0 Wik f [ A0, i, R ] 0

1 Shift [A] [, &, i | it

2 LeftArc ( =18 ) fl [, fon, iR | {A? '-"ff.}

3 Shift LA EN 1 {A - uz}

4 RightArc (Eh&) [z, fa] [HEtR ] {A«—DZ Aﬁ}

5 Reduce [] [ R | {A«—ﬂ‘é w7 — ﬁl}

6 LeftArc (#b) [ {Aeﬁ%aﬁ%eﬁﬁ}

FE R 6 SRS, RO 2, PR BE R T R, WEELAG, FrE
B L, WEHES 4 PRREITU— YR TR R

Arc-Eager 5% 2 4 (1) SE BLACHS L T com.hankces.hanlp.dependency.perceptron. transition.parser.
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ArcEagerffcommitAction, E# A DATEIZREF T — Wi, #RJ/5i517 com.hankes.book.ch12.De
bugKBeamArcEagerDependencyParser, i i 5120 ) 7 sU K Arc-Eager 24t TR,

HRARGHER, X TRENG—RE, ROTAT LISRBUFE AL TILER ¥ 1.

12.4.2 FHEREEL
FEfEgitlas I AR, FA1— A F THE R FFERREBURE . KTk Ar A
Fsh, HRIRCHEw, EMIE Ep . BRPE i RIEIEE o, BABIHRER M RIEIEE B, w Y

EAFHRSHICHEw, Mw, , HRERFAERA® W0k 12-7 B,

* 12-7 RTERZESES B EER

g A5 EHAR
3 B35 GO RAE ToWP; Oy Wi 0, D; BoWps By Ws o i
Bwp; Bw, B, p; Bywp: B-w, B, p;
Uﬂwpﬁn wp, UuWPﬂuW.
A RS WPy wpi oo Wp Py p;

O, PBWp: oW B W,
owPBp: Byp B ps

BopB.pB.pio,pByr B p;
=P BEMNE ST Ty PO PPy P POy P P

auP_anr{’ﬂop;UupﬁnPﬁmP;_

LR E 5 259 B bR DUl BA B B iR 5 A, 24 R 50 TT LA R )5 0 i) 5 Y 1 ) 45 o
HE.

B T Bl A B B4R AE AL, 8 AT LA FH B 3a1 Y R 205 BAE RARIE . FRATTESE 10 P4 T3
AR SR, HETRIEAS, Wil RLE, S REe, ¥ E
& Brown B,

Brown RZEH. ik 1 R 2 A FAR LR A A 2 B R SCRARLX —FliE J BRSOk TR IR
Ao EXFARA Y B wIHEN C(w) , Brown REFRZ KM — THHRRI 14 k1K
HIBRES C:V — (1,2, k} , [ERERETE T HIE S BT B RRBER TR .

(D Zhang, Y., & Nivre, J. (2011, June). Transition-based dependency parsing with rich non-local features. In Proceedings of
the 49th Annual Meeting of the Association for Computational Linguistics: Human Language Technologies: short papers-
Volume 2 (pp. 188-193). Association for Computational Linguistics.
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p(wy, Wy, w, l—lle(w |C(w, ) (C(wi)lC(w;._l)) (12.1)
AN WiE] [OEatiE:
R H DD R SR T RS, WM —F R . X (12.) WEESSHEYTRY
IR ] FAE Y v () ()M 2 ) RO MR, T AT 0 43 DA X - MR PR B B il 9 R SRR . 9 TR
{638 (12.1), Brown IR LRI T I F kAT IEZE LML

(1) Wb 2 A B~ B B — AN R B9
(2) BAT|V| -k TR, B ST
o BRI ¢ Ml ¢ FRHHEH A—
o HEEFTA KPR IF TSR, HBARIRAES (12.1) BoRBHRR T I AR

it i R AN R P AN A IFTT R Y, Brown B4 T RRALMRIEE, B
SRS RG], &S ATBARRAERE TR TR, ATRESERE, MR E AR RUE
B, LI4EREFRNE], Brown RAMER PRI — BN .

10011010000 ILHHL
10011010000 EHAL
10011010000 {EE4l

11100111000 44
11100111000 TR
11100111000 fRiE

11100111001 %%
11100111001 R¥
11100111001 JKiR

ENTTLIBE RS - MERXT KA, B TERERR "Bk BENEE, WK
MRTH A B LR TR = RRR “RE™ BROZIE, SE I ENERA
— RN ES, ERE EEMEGL. Brown RRETRIAEL G iU &R XA
M B BRI, —Mor BB RRRTRRIAT 2 . 4. 6 I HUFRRERIE UAFIE. A THIEZ G,
FeRBALN— MR R I — W 2 (&, FHEmRRRERE, WaliZ% T
Ak PO £ R B HATHOF R TR T

12.4.3 Static #1 Dynamic Oracle

AT R MRAF AR a5, BT M s Xt 2 — BRIV E. ARk
ER PR —AR, AR IEF . X W — AR TR R A A ik



338 | Z2E REAEMMT

W IEREY (gold ) ¥R BIMEIFS, LABLHLARSE TR A ) Rl IE i ) 5 B 3 1 I 31 B
ARE (oracle )V, o EUFIR B HSE0E BIHLER 7 T BRI 27 S B

B (6] B B S B R BN T S — Se A R B AR A B — R0, X SRR N B AE
( static oracle )o Hi T — B Xt B BB SN AE R FI3FAR RAT— b, B ASRLG t F A BE R IEAS ) Ik
R mAHEINI—, BLUFEEFZRBE. M, 5 LBEIFR B i —
B3, MR LIRS TR 5 e, — BRI PRR M EMIAR R, WAETIRLRY , R R
HENTEHE ( dynamic oracle ), PLAF:IHRBERIT—TaME, REMRERSHBE1HR
A ST R R ITTEPIRA R B 0T LU i T 2 Rk B0 i (0o e i R 2, 45 R
ik, WEETIRE, ARTFIERBFSHNE, hEBMNE P 206 FBOVBRRR M T A
RN, ENM—FEOMEARER, S0AMA A, ShENEILEER A
TTHRRBIES H OB RN ., —BUik, shSMERMIRME R Z L SR & LA e
Vigst

ETFWTHIBr— R ¢ PATHA SRR R A A IE 0 ), JRATT T R 48 % 3l 1 L
Bz RS RS NS BEAT RITED AT . HeaniAT Shift 5T, # R4 EF ARk fE e A
R SZACIA) R BAE BRA], AT Shift J5 1 € TTEEIRIA S A A1ms . RO — ELPRAT Shift, BAE
TR RO TUTK, € R RightAre BN HIERTUCE MM R R, s ALY
BT R BMAF R, T4 A2 O H AL

T2 7 AT HE K T 1 40 5 A9 L RS A T com.hankes.hanlp.dependency.perceptron. transition.
configuration.Instance#actionCost, #iZeREGR[M 0, W ZEBafE “BH %" ( zero cost ).
ZERBPR EE X T — AT KRB ENES, 12 ZERO_COST, RATHAE F— 15
FFX M ES

12.4.4 Dynamic Oracle SRHENEZSES

ARG 882 S iR IR0 502688, VR R A5 L T A4k A7 ) ik ardr th A il ob . R
ML AR E LS S BhAgd, ZEBERE TG INZRhs b s,
LEMAL B LA PR A A LR AR R, B 2 (e R d 10 A (WG 37 AT 1Kk 1 ) S 114
R, Bk, SCl T shA MNP ARR L MR I T .

(1) BEA—UNGRFE4s, BEHUFFAE. B2 ArcEager BIRIERIRZS, idfEc.

@ oracle FIEE VMM, &7 “fRdEM” “IEGRE " “BFI BB SEL, BRA, BHidRea 2EZe8iE §
AR ERER A", B “RTET —BRRER RS A
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(2) # c NRZERE, REHIT:

Oﬂq%&%mﬂan.K@HMﬁW?~¢@§mﬁ%%ﬁ%¢g+ﬂmm3W¢&0;

o 1AL NEES ZERO _COST;

® {EZERO_COST il RN N MR ML B 1, < arg max  w-d(c,1);

® #t,ZERO_COST . ULMIMEIL T4, T EHSHw —wdc,r,)-d(c.t,), THREIHRE
A REERE B o BB, FERERE B EE ¢ B2

o LIEWHEBIMEHRBRERE c—1,(0)-

() BEAIE, REMEESH w.

(S —RA R, FEWEFIEARNEE 2, MUTLHERG IR BN EHE « BBERE, &
A LABEHLI L REE AR IR ANAE ¢, RS . BUR RN TESERREY SCAR R h, BERURTT RE— B
WIERR A PERR . X TR, AT EACSIL T SRR TR/ MR ZEERE, REHBDIHES
AKETERLER . ik, B E AR SBOS RS, 7T AR AR el . HanLP /g
RIHLUNZRAC AT T com.hankes.hanlp.dependency.perceptron.transition.trainer. ArcEagerBeamTrainer#
trainOnOneSample, HFCEEK, MbA——F0iH.

AR A BT RI BRGNS B (R0 R RN IE A IR R IR, AR FE B 31
#B I ST O U B RO S M S S, TR F BB 2RI T I B, 8
Z B, LB A TIZ B P AR TE A A B AT ARG, b T — RS AR
ar MR, AR Lo H AR R L

12.4.5 HEE

MBI RA ., R THRBOKEMEMrd, REMTHRENE P A, BER
0 AH 4B P AN T SRR A BOR I BB, TR A R B Sl K B R R R ., 2
R BAR R B AR (18 R e b a] DLl o] — 2o gh S MR B B ( Dijkstra 55 ) S8, SR FR& 42
kK, ¥ ®, RIEHE LA . —MuE IR R ( beam search ) 31k Al AU Hu -
R R R R e A I Z A AR P 0 B B O U & ST 884, X HLAY & SORR WAL 3T
(beam width ). M FAERA/NEE, BEFEROEA, RIS REHA LK,

HARR a kb, HHEROFIEAIDNT .
(1) WRIEEED N ERIBILEAS] B, MIRERGERE N ¢, Hc A B,
(2) REHIT AR, BB e A RS LIRS
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o MRS, JERURHE, TSR ITINEEH sfE Ll BAR R /5.
o PATHBIREIECRE, FoBCRMEFRRER i b 2%,
o HHRBAB, EHRIIRERT &, HARRE (HHERCD) BOPRESHAR T

(3) M priiR i ERRRIZ IERE, BERRRE PN 4, FIF A @R .

FE 1% & A9 55 LY T com.hankes.hanlp.dependency.perceptron.transition.parser. KBeamArcEager
Parser#iparse, %% A% ARACHSRRAR LA AT .

112.5 &ESDESHTAPI

E—TAE T RAF e, AT LS A E A 378 HanlP S {77 i i
AN S . FT0 LA R s Al

12.5.1 JJll&RE

AT A9E R E R CTB 8.0, 7217254 com.hankes.book.ch12.DemoTrainParser i,
tests/book/ch12/demo_train_parser.py B, 2 H 2l F # | data/test/ctb8.0-dep . [a]8f, HIfEHish
B E FRHER S Brown ia]2Ei4 B 3l T 83 data/test/wiki-en-cluster.txt, Y2501 Java kih
RIS —A7

KBeamArcEagerDependencyParser parser = KBeamArcEagerDependencyParser.
train(CTB_TRAIN, CTB_DEV, BROWN CLUSTER, CTB_MODEL);

HARZEY Python Kft [RI4F 40 il i «

parser = KBeamArcEagerDependencyParser.train(CTB_TRAIN, CTB_DEV, BROWN_ CLUSTER,
CTB_MODEL)

H+h crB_TRAIN Hill%:%, cTB DEV A k%, BROWN CLUSTER AHHEX L. Z17/,
FA'127E cTB_MODEL B§4% 4% 3 I 4545 B AR X, 3 H parser A< Spt ik 1 iZ 8%,
TEMATLAF M parser i) parse O A RAF 04T T -

print (parser.parse ("AlZ#v) )

i th &R N
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1 A A N NN .2 2 nsubj _
2 0z i72 v Vv b 0 ROOT  _ A
3 8 b2} N NN a 2 dobj

BARMNCENGT — MR, ERIRHITE T — WP IE MRS B B =

12.5.2 tEGEN

UETTRR, —ERRDEPRER R (CEAINEE ), —REAHINEE R, PEE B Fr 25X
PR A2 5, SRR SRS, MK AR ES 4 (FRlEESR) f4
( PS5 ), T AR HASAEF B F, T bR.

R AF ) 1 S BT A 55 F FH 937 48 5 & UAS (unlabeled attachment score ) #1 LAS ( labeled
attachment score ), 7%t R ZBE bR MELIEPRER F (6. LA LAS Hfil, BA&HEHXMT .

‘Aﬂ)i|

P=gx
A

4N 4

R=1—1
||

LAS_ZxPxR
~ P+R

UAS BB 2R, AR ERKFIR EMREEHERARSS SZF A, MK
T LAS, UAS {0k 3 Acin) i Bl A R, AR A e ROMERSR, —Bo8ER. XT
MR P L EORAY, HRIERAFTA WA S EE R,

f£ HanLP ', $PRATHRMEACIFOIGL LR AT AU -

double[] score = parser.evaluate(CTB_TEST) ;
System.out.printf ("UAS=%.1f LAS=%.1f\n", score([0], score[l]);

a¥, Python Il :

score = parser.evaluate (CTB_TEST)
print ("UAS=%.1f LAS=%.1f\n" % (score[0], score[l]))

PRUEE R -

UAS=83.3% LAS=81.0%
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ZAT RO, EIHASE EA 83% MISTRCIRIREAERG T, 45 81% UM $ ok o o

112.6 %f): EFRFOEROE DM

HFZ NEA —BE] . KFFm R 3Enl LU R T4 . AT st Kk a4
BBl — N E WA E A, IRBPERECT P RS SEe T A9 B HE FEE S F T .

i E i, A RK, KA, RARRLIHELRS.

ATHRE A" “PLE" FFPLT M PR AR, AN AL B U AE 4
MiAEPREZ G 95 IEM AN, IR RS e AR, SR IENFA XA KAy
FFPL” XA R K]S

AT RBERZEAGEO, AWikMEE— T fd R E R L Z BIRAF R, e, w5 exti%
] A THRAT Rk A -

IDependencyParser parser = new KBeamArcEagerDependencyParser () ;

CoNLLSentence tree = parser. parse("%ﬂhﬂfim; ST, KRG, ERRBIBRERS.")
System.out.println(tree);

FTEP R CoNLL #&=X T A5 A B 12-10 Frzs i8] 344

puncts

i "maj*"“m i “"”Mmrf“”"“gs “’!\@ o el AL

E 12-10 E)\.Fﬂﬁ-‘aﬂm“ﬁ] ESHT

FmMEE, AMEAI “W” 5 “#", " 5 K", “2%F" 5 W ZE0KE
KFEHE nsubj ( AiEME R ), FHX—ME, S HE R HE%, WEH—1 for
PEIA 2508 Py e 89 B 419 45 (Java FH P35 2% com.hankcs.book.ch12.0pinionMining, Python
F1i§Z % tests/book/ch12/opinion mining.py ) :

for (CoNLLWord word : tree)
if (word.POSTAG.equals ("NN") && word.DEPREL.equals("nsubj"))
System.out.printf("%s = %s\n", word.LEMMA, word.HEAD.LEMMA) ;

X TR0 DA P B g — AR, AR IR ) 2 18] ELVE b SN A i) i 42 el vk i, )
WAL R, MEFREEL. a7 HERT .
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gith = ¥
g = K
NHE = B

BAAMBRERICE T 28R, AWERHERRN. X—RESFENREZ —EE8A
ZIEF] "PLAEARK" “HREAR" FEEBMAR, BRI 124, BEBMRRERFDETH
brich neg, TRIENATRALATREFESTEBNK ZRCRNT , TR8 S _mEE.

for (CoNLLWord word : tree)

{

if (word.POSTAG.equals("NN") && word.DEPREL.equals("nsubj"))

{

if (tree.findChildren(word.HEAD, "neg").isEmpty())
System.out.printf("%s = %$s\n", word.LEMMA, word.HEAD.LEMMA) ;

else
System.out.printf ("%$s = 4 %s\n", word.LEMMA, word.HEAD,LEMMA) ;

XKELEITE R

B = #&
g = FK
ARE = £8

FETRBEWMMERR L RER, "I 5 K" ZERRIELN SO “ET, &
] AR X — BRI AN T 3245 -

for (CoNLLWord word : tree)

{

if (word.POSTAG.egualg("NN"))

{
if (word.DEPREL.equals("nsubj"))

{
if (tree.findChildren(word.HEAD, "neg").isEmpty())
System.out.printf ("%s = %s\n", word.LEMMA, word.HEAD.LEMMA);

alse
System.out.printf ("%s = f%s\n", word.LEMMA, word.HEAD.LEMMA) ;

}

else if (word.DEPREL.equals("attr")) // mi4

{
List<CoNLLWord> top = tree.findChildren(word.HEAD, "top"); // @Ff

if (!top.isEmpty())
System.out .printf("%s = %s\n", word.LEMMA, top.get (0).LEMMA);
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}
}
}

Her, ARBORIZ W RBEOARTIVE SR “MAECR", R, TR AR F5 5P
ERH, DZE@EEFENZIFRENL . X—REEETrafh .

Bith = #

g = Tk

o= K
AR = TH

ZEit, 4 MR IER R R T RS SEEED AT, il aikss
iy EL55 5 2o Y SR HIGILIU

1127 24

)T AR AE S8 NLP E 55 5iE 5 LR B A —I0, o3 NLP TRl i) — i
Fhk, FEAES, RINEENBTHESWEESHF CEFEMIBESFRIA, HBET —
s RERLE, HERNNMB THREDE T PARRERE, HEHEREFI TETHEN
WA T . BT HRBKEES BRI ERRERR, 2335 RIHE SES
(teaching signal ), Hil/BRAVLELFT S, HHBELESHERZR ARG T RE N EBF
LIRSEOE-S 2

FENL I, FAT T M T HanLP o 698 R HL A1 3% 0 Hras B9 DI 25 5 F il APT, JF H A A
CTBS8.0 iFkHENZRtl T —SLhrn] Ff sk aras. T RaAmEairachri e, A
VRSB T — 1~ Tl B ey R AR IR

FEH, ABCEFHEGEILEF T )2 NLP FRRIE S & — 9B T —M, 3 2R
T IXRE R MERRERSS th T X R T R SR, EGEHLESF ) ke R RYE, 3T ORI
KW A A —LE R BE 2 ] BYFERE TR



.;.1 *T*-:'
Il ml P
Ej ”’*q *&;HEB

¥13%F FEFIS5ARESLHE G cp

nunn.:r*}- 2

LA\ 2006 4RI, ] (Deep Learning ) SR FRE, B T ILBRREAIET IR
S AR, A R EAR R A B T MBS, ARG HEAR XS A B AR R AR | Ak SR
2], MM R R AR TRF TN . A GPU. TPU FEMIFTIGTEBEAHMNE &, &
EMEREINGRONATRE, T2, BIRRANTR I RER 2% THREE I NIRR. EiFSai,
R T R R B B A LS A D ik, (B8 T S%-). AR e BRs %, Baf
IR 2T OBES SRS, i b B AR A B AR

131 @5 EamR

AT 12 FAYES, FRATTEE TR /R RER AL, RABENLE ., Fh3E DM R
B ERFAEHLUR AL IR [, A TR XL S AN T NLP, #1448
THFEANR . TF-IDF, jal48 S Fp e B . BMAERLT LB R T, X&EHFENRRMLE
W LW 2

13.1.1 HIEWHL

B, RAMIPLERF ) I EAE T AR P, X 7E A RIE S AL S B18 Lo %
e EHEEERNTS RS, BTFH. LA 2R BRI, AT HER R
ez mht, AT OREE L, FRATE R BT SRR RS A (one-hot) [
B, AR e i, EOERA—PER 1, HATELEh o8 ik mit. HinER
“#F" fY Unicode 7% /& 22909, Hi%—3t47 65 536 FhFFF. M “4F" FHopmm & —

v” . R&sszml lfl”‘]l'ﬁ] %:
T
v&.f =[0909"'301 ‘_!_' 103”':0:|

229091

B M RER T4 22 9090 A TCE N | 24h, HABTEELWN 0. FFE, Lk,
AT B4R A (V] <1 R, R A R R TSR R 1

MRS fEVE, AT U F A7 A9 Unicode 4% A—EMEL, Him “—" 5 “&"
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HI4abS o 3102 19 968 122 777, MEMGISAHMLL, FHES “4F (22909)" FmmEdEr; w4
B SR A 18] ) 7 S s A — AL, b N7 B3 a] i o — 2R R 5 )i

oz
LA
&b

W7 CPHLLAET A AT RTFIFEAAIE L, 2H3, X 3N REE kAR e A E

v, =[1,0,0]"

Visamw = [0‘ L, O]T
Vs =[0, O’I]T
BB AT I Z NG — I TR PR R, UIASEIT .

0z /%18
FEET 4/ 8]

UIZk/E, BRI TF LSRR R % -

=i (wT-x)z{H' 2R i 7y iA]
s -1, WRRA (13.1)

w=[2,-3,1]'
FTRMFAERRE, R v 58 x fCA 13.1) BInTHiliaE. toin.
sign (w- vy ) =sign([2,-3,1]-[0,1,0] ) =sign(-3) =1
FRGH A" Bt AE. A, MTFRSERRRE T s, Ry
TCHAG N IEWR IS5 R «
sign(w-vyg, ) = sign ([2.-3,1]-[0,0,1]" ) = sign (1) = +1
MU FEfTAL?  “PHLLRE” A “Fon T AR SR, SRR A 2 AR ] A — s AR UL
HEA
Ve Vi =|0:1,0]-[0,0.1]" =0

WRA R, RESRRE SCR SIS AU R A 7o PN, WiRAESEHF "o &
BB PHARE” MSKEIAIE, H [0,0.9,0]", BEEYELAELS K IEBRAILE .

BER VLA BB R A/MU 3, SRS R b iR R A kXA ST
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G, HURRTT AZ AR T, TIBLSII A R A TR A, SR D E SRR
BRGNS RRH I S AE AR W B R n (OB R, T LA K H i 2B /N
(i (n<|V] ). TRERSHRBEMGEEAL . B TAIIMEZ S, 35T L5 3 i M A 5 31
B, SRS, AR K EEE T, A, R R A
AR, T4 00V (IR ) RBEHAREATE T, EWERETIRKE
Sl B S T S B AR R A0S, AR A L AL AR B b
5 OOV, TXRIE B O iR Fem e i 0 B, 7EVRIESE SRR MR & i
A", R R T R, BEtERE NN,

13.1.2 'RHEER

EWARS 1 BEHE, 5 A&amENE et MTP3OnE, MEHEHENT, WF
P a), SOAA R, BRI, AT HETE, BURMOCE., M ERKEME S
FRLEE ARG R, FTRakny & Ok 7%

A TEBES R, A5 ARE S EEIKE T F T HE R IERR . X SR ERLRE
WOR/ANERE XA RTHA S, FUEHIESHES SR, e R R EsisR S, ®
IR E— RS A G TEara TR ERHERR T, RTR P Bia 5 AT 8
ARV A R RAER; TaRE R At A PR A S R

DORE B4 ME AR [ RE A SR ELIR A R A IR . — I e BRI AR I, (P B R] i i s 4
AMARDW, =AFiEE R, EHWIFLICH 5.63 T RAVAFE oM, 52
FFEAE VIR P UL B — W (U Bl — R AR IEAESE % EZERE X, eI+
HTOUHRT B9 S U BT K, MZRHMEABREILT R 0. SRR TR 5T
W Zhe U 25 . REEBSAFHELIEEE EMRNFES L. FinERFaEsim s,
—HRIRAF KRR TREN ) 5 iR R R, PR TH R, i, BRI
SIMEEAEWHL VS ; 5T, FERE) NLP (£ 9% 7 2= A BHHE

BOERE SO . PRIETERLE 268, 172 M9LHY NLP (15 R Tl i A LA # T ik
A SX S AT 35 AN 2 X, RGER 2250 5 F 3 1036 & R W NE R THE A R AR EBR . Eetn
Hah R ZE LA RS, AN AREAKE L SHEMRMN SR, (508 #E i 8
HLEE, FrllJow:F kB S TR RFIE

R RIS T i 2 SR VUM RURAE 2R A S AR X R B 55, PR TRt — 1 9 2
71, MELUERETAE. BRTZHR THELT TEEMFERIRE LARIERUR, ATX R
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ERARAE & BT A S, HAn BT Ui i 42 SE AR B AR Aokl , o i S50 ) 7 22 4cb 7
7 i B S G0, T 0 265 SCAS 17 8 0 BT U 75 2 1 0 R B AR BVEES . T I E S 4 NLP ik
P, HAFFAE— B T B v A A AE AR AR . A5 X 4 U LA AR X i S i, A
REXTAE F 29 M P AR IEARAR .

13.1.3 1REEHE

B I B TR A GRS AR R, EAEHREAARIE S LR
HHE. WNMEFRM D, EHTERIITHIOME, RGP R EERE A TiRIMERR
o MRIEAITERR T BO45 R M H e Al g i s — e R E R AIAE, I B h Rk s Jy ik i
BEAFAE, S ik AFRIR UL ST AR s S 3 1) AL S HLA% 7 T BEHUE T T4 26 T

XA AR LBV A T B A IR AR ), R ED AT — M = A O R B A 5
T—MERPAEEROHIR, RASBETENREOESE. b Cra e, % i
AR" oM R A KT BRSSO PR, TR R e i
FECAHLR" EXNEET LB TR RBHMMER, AR KRR, R EGIENE
KK RGE R RF TGS, SRS B SRTE 5 AL T bR = —Fh M [R]85 35 S A 4k s
Jitks

132 REISHs

AT HREGHRFET S AREFEEPROBARTE . A TRESAR IR 22 147§ 5 (A1,
ML N T 75— FHLesF ) M s i —— R

13.2.1 FEZE3

PRE3] (Deep Leamning, DL ) J& T# /"% 3] ( Representation Learning ) AYjulif, 15608
FABA—E “WE" WEEDR B 3h% S FPim i #E~R (vectorial representation ) fif)— iz =]
ikl HEl, BEEIRHNERIEREEA —EU LM NE ., WREEESILEF
S, Y R A T AT SRR BR B ) e m B85S, IRAEREFT T,
FRIERAR S 2 2 L, T — BBk o i, 35 F R B 4r 26 88 —Ff al LU A 2/
PSR, WREEE SEETFEZEL 8, wERE, FFLUEEEES AR, #Eid
2 J2 BROATLAR I ) AR VR 2 ST Rl . R4, Z2BANLE— R /ERE AR RIE 7
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AT HEREEBAL, fkE T — TR RATES 5 Frh S RGN — 57
ZREARY | N B3 Aot AT ] R ) i ) s B A S e T L £

y=w'x (13.2)

O A B AT AR S B R AR T IER” XA B, RE RS £
ZHAMGBRT, RFERHZ RN, HhS M RAILA TN —FA5. it 52
RO T, BEREE n MREDLR S “HEAR T4 i M7 MREGR R — G MR, H
UTRF 5 75 E HR 4 S R 28 S A TS SR BT, ik m ANEBLAO AL (i Jit ') R TE 1L
PR W, MR, X (13.2) BB — n EmRy , TRED.

y=Wx (13.3)
XEER n DNBRAPLERE— T LRI, BIRAR—RMERE,

TEREET o, —NEAYLE S WO — 2Tt MEITTER AL D 2 8558 R S8
%, TREIE B EAT 0 MME, FURFFMELRE, IREE R o E., iR, EW
g — AR Y S T mBCRERLX R RS HLE . FRYEBUE R (activation function ), H 4N
sigmoid FREL:

sigmoid FR¥LHIERINGE 13-1 F7R,

1.0

0.8 /

0.6 /

/

0.2 /

A
0.0

-100 -75 -50 -25 00 25 50 75 100

X

B 13-1 sigmoid HEE R
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¥k (13.2) fRA sigmoid sRECH, —PEAIBLEDER 7 — 1 #ot, A 13-2 B,

E13-2 #WMZrx
Fefeli, X RBAYL P RS BRALIUT IS #E, RERAILER T 2 EH
£Jt:
y=o(Wx)
AT KaE—Z, BRIV LARRIG-ElHS . BA%E 1 EMEiticlE:
Y = J(W{l)x)

ZRBANLH AR RAYUZ B, TRENE F—RaE iy ERN T2 A L LIAUR R
FHLAE, R

e -—-J(W”'y“‘)
=o-(W‘2’0'(W“’x))

XA AR BAHLAZE A 13-3 Fias .
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WUE

R#EE

BAR

# 13-3 WEBRMH

Hep, BRTHRIEENH AZ (input layer ) S5HZA0%0 )2 (output layer ) #b, [a]45HR
HBEFR A BRMUZ (hidden layer ). WA RIRZETEN AN —MHERR, ZBBRAVLELNESE
BEXTREA ) E— AR IERR S TR A e, i AR LR R B AR R SR B A TIOE , ATRA=A &
FhRIEAFFE M, SRR AR AR T LA E B R, MR iR 2 B XOR sREE N
2R R N MR8, VISR, 85 ¥ 2 R IER R A F softmax pRELH
BE— T ERERSE, LOZAA 525001 0028 UE1E bk . BTzt kR BOhAEN
REL, —MCRAIE TR T,

ZEBAYLL R MM, RREFETINERTTH . MRS PH “RE", 850
2 Z BN FFE 6] i B R YRR, X R F I BHBHRMERRFINREZ—. 7
LRREHIRS, @ FH R A BOES RICIEm & h . ERBEEHE, ZmBEKESLBIHE
FOAFAER B, X FRIZEEM S, LGRS UIE— 2ot mtt, R ARG
FFAEI B x , S th 05— FFAERER A o XFPRIIEAFRRBERT RS T, SOTERRIEEEET R
B,

1 RTHEZAMY, REEFFRZH Bishop, C. M. (2006). Pattern recognition and machine learning. springer. % 5 % Neural
Networks -
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13.2.2 FRE R ERREERD

E—TRE], LMY AR x 09— RFER S A o fFIRATAT LA A i e
LR BATZ KN, B ATEBATRZ A B Y b B BE L mT LI . B4 A 1R A/ S i )
B 4ERERARCHTT, BRBUR AR B AOREAE o] BEAROR AT LA AR/ A RRR, Fedn 100 4

XHER 100 4k R XA E T EHAMFEANMRIR, SARERFENER. MR TR
i, hRE—4ERFEX AR P R EAFFE, M REURFE L ENASRE. BRH
RTBIH MG Z v e, (ERIBERREMNMER, — 1 dxk FPEERED L ME i
ACKF THHEm & d MEE TS 4, "TLIEMEGFFERST T AREHNRFET . §—
B#E E— B ERAET cREHMTE, —DRE n A BREUZ B9 2 R R RS T
T k" REH, EXFFERRBFETRES AN

1E B il it 20 2 5 21 19 B R BR % 1) A /AR, EXTRE T fIR4EZS (8] o 39— JCiR ddi
P ik B SR kG 25 (B O 4ERCR o . BB A 2R, KBRS R RAE S )5, TRt AR At
28/, MOERSEIRTR, ik, MEMOFERSERESEA T SMOMUEZR, 7%
o L ARG AR X SEAH (DU BE SR AL BEFE AR AT, T R MR () AL A0 70 TR 1

G EI T, — P HRER - MR EE, —RRRE T %R
ikl m Ak, —5K 1280x800 g 24 {0 {4 & v R — 1~ 262 144 000 4 1) B ; SR 1T 76 IR BE 57 >
t, BEATERAT LARAR A 100 4E9 A8 % ) ik, 1E R O 3 2 o] AV [R]— R4k 2 (], FRATTAT LAAR
AN SRI AR 2 ) BR SRA . SO SO0 R SR Z B AORIRUEE, B2 AT LAY
A RAES B R 5 Z B ARLEE . i RS WORAX —Y], #IRAEGELER )
PASEERAY

13.2.3 HRZENZEIHREFEHAEREST

MG PR Z B —R2iEE (2EEE ), FATEAMUREERERE R THEE T
o RLLERRUZE MRS K RO HR L A ShiR e 2 2 BAPLA A R, I [ 3% ) 3]
BHFHERR, ZdBZEATEALTH, Wl uiRE S WEE E3F T RHER R A
RZH, TR THRIES > M 4 LR, B H0 X AT S ia iRl v & 5 69 k2K e & P 3
EREAMEMLGE, WML A FH X MFFE. MRZFERE R & CIERy
Wi, EEA LA SR A AT — S IRARRE, S AT R BRI AR RS B E A HE A
FRAEM . GRMPERMEE[ALERIE, EEETLLCEFIRRETRIEKFFE, Bt

@ HIHE R CIZR 4 LSTM %5 RNN R HIH 42 R4S
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A BT £ B RS P A B 4 A R A DG TN . XA E R B AR BE B AR IE IR, BRI T 1644
fIEREAR TCHE i S ) RIE R

2z k4% B ShERIURHIE A9 BE AT LIS B IR 2 ) T A2 DMK (DAL BT T 3 A A= O, 52
AT R TR S A TR . M2 R AR A8 IS B B shaR B Al M4 1E, % BIE N
FEBREFMATSS . XFl A SHRBUFERIRE 1 —LexfE Ll HER SR TR BB AREE, 1
a2 R G AL AR B G

13.2.4 imEumAdiRit

HTHEMBSERZE . S IMEMGZEYN “ZRET" N, BrAREY> TR
ALV RA I Z M2 R4 SRR, B —FhimBm iR, HanZ TR E] i 1% R 4 =
e T B T SR SOR R BEDAE BO A B  BERIRUF A BIM R, SRR
PIRYRFE o] . SRJR R AE o) B A B S04 i [B15 ™ 7328k, mUAT LAy 2 SCR A1
BT o S RBEATE DO, MATEEHFLLIE. B 22 R 2% 3 I8 4707 AR
T AR CEALERE, T3 T 2MIRmA . RFLE R SRR XA E
2, Mamgaicie iR AR EN], TREM T ERENSEIE,

A AEARBITREGT PRGN Z LR, BEFRINRENERREFEESHELEN
XA, BIRRIEE XA SCFR RS, EEGIAFINA, —MEF R RGEE W h—&E
BT, FREERER, B SHEL, REHARAE AR KRR A R, B MEEE A VB,
B R A T ] G RAE A T — R R A, IREEERE TR, REEIMGEZE, A
(1% AL G K LR RGP i) B — LR ER T LA — RS DL 9 i 2 R 4 2K, IF BLBUR AT 92
R HEIFHERAXFPE EE" X R SRk, I BRIk R BT,
RTHEEFIMEF IR T HENEF I AN mEmA L. Atint, #Eds
A PGHLASBIRER, B E R K F R E 1AL T R E R RS

113.3 word2vec

VEREREAEGILER S SIREET PR, A E—ERANREEIWE . @i

L EHEWEFET (logistic regression 5Y logit regression ), HLiF4E 1% 6 ] s X EULFRIE . R 7002 58 Wi s R A E

e AR Iog PO RIOLRA A < AR, LA

B “xHBULER",

X py=1|x)=
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BN EA T2/, word2vec B H PR EZAB—F. 1l word2vec N AL FMFpER, AT F 4
VHRILH Y CBOW 8T, 3 H A28 HanLP #ia) ) BEALHR (0 (8 F ik

13.3.1 ESZEHEER

HHFZR L R Firth #2848, @3 — 898609 EF TSR EMER. 1 R Firth 28,
WARRGEIERECEER A B R S0h 2, SRR T EME . XEMRSEITARES
BRI BAEZ —, BISin)E S Haay R SCE .

tan, “FEOE” M ETIGEWR “HE" R REET T %, A “HOET ateri
R R “URER” “OEEAT SRE . seHh, T M ETFICEER CHET CRET MER,
FriAfEfRZat R “PHOE” skl dh “IFEA”, feiadch, RAIBERTLIM “IFE1” ks “H
N BFEAREES, WALUH “BE" RIEN " BEXL. £ET, “ROLTH" 2%fEN
— A .

BRESCRRIEYIEER LT SCRMEIEY, s G SO a] LIE AR . R &1 iR #fF
FE— e R, (150 JS AR RE SRR JE A1~ B iRl &Y I T SCHYRFAE o) B FT X A~ s A4,
LX) REBUR G Rk T X S A iXMBEF % LR A T iR m .

13.3.2 CBOW =&

CBOW ( Continuous Bag of Words Model ) /&2 —Fi 3T & K A9E S, — 8 524
FhM— I EEREMRE, & 0PEAEER A POE, &0 hiEER AP LEN ETF
3, CBOW Biflifiit = E# LM T SCHORFIEm &, il O 24

et F—AN 42 N 2 BT [ Mds , dEF , fAk , A8, »= 1, CBOW MRS RGE
ETFX (A&, % .2, 8, 2, Bl mEamE-S s neEhiE 24, BT X ME
%, CBOW RHI TN =Z M2 M%EHR,

W2 P Ak 4 EF SCRR A A e B, R X T x (K
mBEOER, 9K, EREEEN ), St b sty . R AR
A2 B OB Z O BUEE MR Ve R, NBURZ B4 H 2R ERMICEUeR™, 1
H, NI RAHERE, R— AR ERE A b LS. VR U R BT A B R Y 6]
(o] B RO R, S BIFRAE S A ] () B R A Rl B R . W R e R SR R

@ XTEMEDN, HSENHHAYF CS224n RFRF L word2vec i3 Mikolov, T., Sutskever, 1., Chen, K., Corrado,
G. S., & Dean, J. (2013). Distributed representations of words and phrases and their compositionality. In Advances in neural
information processing systems (pp. 3111-3119).,
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Ao A [ B, 1C1E v, U, U A TR EONE R AR, iCfFa, .
CBOW HERI(E 541 h 6 3R

o LEH L EBom, NE LW T B i8S BT A B 4 B A R A R
e e e e Rt Sk A BT A R 1 P AT A
.

o W AR E ML AR, SRS REE AR R v, =W
v =Wy e e R

o ¥k 2m A LT B A EROTY, B8 T ik, o=t Vena Tt Ve i

2m
o Fil A ARG TR b T SRR, BE A8t 1= UseRY,
o FIH softmax eR¥CK > Ba B AL I HE S /M6 = softmax(z) e R", Hh, softmax Bi%k
WIS j AT T8 softmax () = i—e 2
o CBOW %I 3 { O FM S B v, IRENA 84 e RV MBS iy e RVR B
B, TR SR AR R, AR TR R LR SO VAU,

Horp, 22 U R eR B I -

[¥]
H(j!,y) - _Z yjlog(j'g)

=1

Wi T y ik, HouR HAE Fin/ STHORE TR iRAARm0, TR EXH
e

H(y.y)=-ylog(y)=-log(y) (13.4)

M el (13.4), CBOW H & (13.4) MR/, b BPA SRHI0 i 43 A 8L vpoCa i A 48
Fplw | w_, W oweew, )R, JEE (13.4) PHSECRIRSE, RIRMSE TREEHRS
BOParEE vu . T VERAZEL, BEED, FUEFUTRE VIERERL AR @i
it 25 HADAST A

13.3.3 jliZEamE

T T e R EARIERZ IS, AR el A HanlP rpSCBLAY IR AR, 2R R
ZmilgE e Oy L2 g o i 08l CAR kg L, eAb P MSR EBHE A, $THF data/test/icwb2-
data/training/msr_training.utf8, Jh—PHER .
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ol N R L WA MO ok ®R O, X B £F b B HE 'R B B -
8 X ¥F T8 , B MK ) HL 6 MK 0 PP¥E - ¥F B S| .
B OXR B # FE BR AR BE 4 ®R 2% .

vl i) S AR 10 YN G AT A R e AT 78 AR, IR 48 2 I T8 I 1 B A2 AR BY fR A7 B A2
BilF

java -cp hanlp.jar com.hankes.hanlp.mining.word2vec.Train -input data/test/
icwb2-data/training/msr training.utf8 -output data/test/msr_word2vec.txt

YR 75 B2 6 hanlp.jar F N AHL I HanLP A9 jar 18848, Java P 0] LU i mvn package
-DskipTests fir 4 H 1744 1% 5 M HanLP £ GitHub ¥ 0T F #, Python ]/ AJ LLifi if hanlp
-v A IRAL %A H %

MWk PR LSS SE RIS, Java 8 FH 7= 8 1 F com.hankcs.demo.DemoWord2 Vec
#trainOrLoadModel .

Word2VecTrainer trainerBuilder = new Word2VecTrainer() ;
return trainerBuilder.train(TRAIN_FILE NAME, MODEL FILE NAME) ;

HA, TRAIN FILE NAME JyilllZkifiBH%EA#E12, MODEL_FILE_NAME NEAIRTFEE4E. il
Rt A S AN A & S R R A L, KT BRI AP ) MSR SRR, K
AL 5 Bl . MR Python hfifii F tests.book.ch13.demo_word2vec.train_or load model.

BR T XA HEAZE SIS, WwordaVecTrainer HIF £S5, (HEGARRLREM L HEAT K.,
wWHNSEAE .

/**

* HEENEE ( FRTHEMSRLBRZEHAN )

% <p>

* BRIA 100

"y
public Word2VecTrainer setLayerSize(int layerSize)
[ X%

* R ERAORE
®/
public Word2VecTrainer setNumIterations (int iterations)
[ x*
* NG
* <p>
* BIA {elink Runtime#availableProcessors ()}
L

public Word2VecTrainer useNumThreads (int numThreads)



133 word2vec | 357

LR s, iale) B fER data/test/word2vec.txt, HAGR N UAER, 5 word2vec [RAf
C &L B K ZHOT IR 18] [a] B2 P 09 U AR A . B2 .

nd
word 1 [v_1 ... v_d]
word n [v_1 ... v d]

13.3.4 S@FHEEMUE

ATimEZE, SRR AR ERS S & iEE ORI N 1805, #140 com.
hankcs.demo.DemoWord2 Vec#printNearest J#{ 7 | {11{a] 25 1]— 1~ 8 18] () A UL L 35] .

for (Map.Entry<String, Float> entry : model.nearest (word))

{
}

System.out.printf't“%SOa\t\t%f\n" , entry.getKey(), entry.getValue());

FHI [ Python KZ{V T tests.book.ch13.demo word2vec.print nearest :

for entry in model.nearest (word) :
print ("¥50s\t\t%f" & (entry.getKey(), entry.getValue()))

HH nearest #1142 —~Hia, &E—1F%. SIRDEIITTRAME—REN, BELAD
MARMRLA, (R BIAIHRRUE ., B TR Bify, 5 Ll BRAMERET S T 8iRmT .

Word Cosine
M 0.614223
i 0.564238
FiTgS 0.534870
K& 0.503723
oM 0.463372

Hrh cosine — 4R A M~ HLIRZ R AR SZABIE, 22— 0T -1 #1 1 ZEEE. Bk, HR
LA similarity $8 07 A5 803 4 1alE 2 6] A LR

print (wordVectorModel .similarity (" Eif§", "/ i) )

0.614223
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HF word2vec BRI E—FIBRNLE 2, FTLASS RATRESA TR . Hob, inlm fEAY 5
RS gaRR e /DB B R LIZACHCR R A, 4 Jo i A A s I 45
T 5 v A ) ] RS ARY LR LAZE HanLP A9 wiki B g7 bR 50 7)1 45 i) ) i

13.3.5 EhERELL

VWA E)E ] o) B, 274 — A Frm i, Gl S e B R, T RIAS A i)
XA BLiR M ZE Z B A AERLEE . fER 3, — 1% WHY P2 king-man+woman=queen,
B 1] ] B A9 SE S A ] RECR A Y AT IRNE 5 R FHOCKERE, J SN B fr AT
GRS BARFEPCPBMER X —ME, B HanlP KR T HIR#E D analogy PIEEH
HE.

analogy £ H A& LWF

/**

* BEER A - B + ¢ BABLENENE, (b PE - ER + BR = BHE, BARFZR $E LR TR

@param A 0% #IEE
@param B WUEENYIEE
@param C fH07EHiEE
@return 5(A - B + C)iBENEBEREMNEIERHBLUETIE

¥ % % ¥ ¥

.
public List<Map.Entry<String, Float>> analogy(String A, String B, String C)

TN -

System.out .println(wordVectorModel .analogy (8", "&v, "$v));
System.out .println(wordVectorModel .analogy ("HifEit", "@EH", "Whk*));

L&

print (wordVectorModel .analogy ("#k&kr, "%&n, n$En))
print (wordVectorModel .analogy ("HifigFtr, iy, *MWh"))

EUBE TH R

[$2£=0.86036354, HIk=0.7224004, bL%=0.6922312, #1E=0.69061255, 6%=0.67781067,
—i#R=0.6723716, JLF=0.6681251, IRI=0.66663957, #MB1B=0.6620069, W¥PH=0.65678877]
(/5 =0.56583714, IB)=0.5585156, B#=0.5567973, 1 0%K=0.531237, ZFEit=0.525373,
BIEl=0.507643, /\—HEFFH =0.4892777, #¥M=0.4872353, BlH-0.4733861, MM-0.4692747]

(M TEW https://github.com/hankcs/HanLP/wiki/word2vec .,
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ZE O REtZiER, AXT B X, BB DXMF C—#, Hi D BEREZR, i
Tl - b5 + K5 = BHA, SHPEZ TR, SnE R AZ TFARE &, ETREK - & +
B o= gy, ULIIORORS AR HEERS AYERG, ARRE RS, BMEGETFREAN. XFHR
#E— 3 + WA = Wl AT WIF AT LB D, GRS T E R R TR S TR —HE
BEZFERHER W, A—ERERRIXa R, WAL ERIE,

13.3.6 RMAHEIE

PRGN A, KR SCA P R T AT TR ) BER P2, R R i BRSO ik — 4
Wb, TR BT CAZROHMET . ht, B—SHEAA SV
Sy ) o AR TR SR8 HREBSERY . Java 7

DocVectorModel docVectorModel = new DocVectorModel (wordVectorModel) ;

FHIR ) Python A :

docVectorModel = DocVectorModel (wordVectorModel)
FEHERATRERE HIE A M B SOR Z (A I HILUE , Java 7”5 .

System.out,println(docVectorModel.similarity ("WWHRERFEWR", "REETIFHKRE"));
System.out .println(docVectorModel.similarity ("UZRFERFEY , t-REEREIEH)) ;

Python it 4 :

print (docVectorModel .similarity ("UWEFEREW, "REEIFHPKIE"))
print (docVectorModel.similarity ("WHRFERFEU,  HRBIRFEHLE))

o

0.6925570368766785
-0.038222137838602066

X VAR A RS )FAR LB B . B ERE T i RO iR S BN i T AR —
TEERE, WL R

Ffis, AP AT LA nearest 5 1R A if) 5 45 5 S il oM LAY SCRY . 2 T LB AT
com.hankecs.demo.DemoWord2Vec # tests/book/ch13/demo_word2vec.py, H:Ar—A4~A3 @0 #) ¥
mr .
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% 3-] Cosine
Rz aHTE 0.182704
5P R AR PR A 0.166038
P EEREM 0.155099
WHRFERFY -0,022530
REATIHIPKTE -0.045185
R~ Cosine
REFELIHFPKFE 0.384686
WERIERE 0.195619
& EEBRE M 0.052339
R BRI -0.056380
BESwHTE -0.074593

BlFheERIRER HET & R, BARAEASORHE EET Rl FTH,
{E3CR R B REH NP SO R “IRE " MR, MREECRES “Rilk” HRH).

[13.4 EFmEmENEIakE DTS

2014 4R R word2vec IR T— B A o] B2 HR% 1) B 69 SO, FZHIEER
B, FED R A RHIE o) B o BT i e A R e B, TS 1 R REARIRCE S R A PERE. X —
R Z AR SR AR R, A7 BRRE A G HOMAF AL A o — RS 42 T i) 1) Bt A1 3.

13.4.1 Arc-Standard B8 E %

ARF E—ZFENHH Arc-Eager, ZKAF )45 T Arc-Standard B £ 40, Bk 13-1
78

£ 13-1 Arc-Standard B8 2%
WERT  BE _ P o
Shift (0,11 B, A)=> (a |i, B.4) BAZI gk BN i
BAE- 8 BRHE- AT 0EREE RS
ITRAER W, MifERNTEA
R T 1) (X BT AT =1
i, MjEANTFIR

LeftArc (ali|i,B. )= (o | j, B, AU{(i « )})

RightArc (@il ;.8 )= (o |i, , AU > ))})

(I} Chen, D., & Manning, C. (2014). A fast and accurate dependency parser using neural networks. In Proceedings of the 2014
conference on empirical methods in natural language processing (EMNLP) (pp. 740-750).
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MRS HER AR, Arc-Eager H IR F M, 1M Arc-Standard Z35R £ 4 A JiK
il b, BRI E M EAEAE O(n) , SATIATHER T Arc-Standard AR I ( FeBaNIEE
), EEZR,

13.4.2 AEERY

BIRME MG AT L) A ShRBURHE, AR IS SCHEA TR ILZAE, HRORRAEAL BAFAE
Bt FrA BIRHE A =K%, Bl

o FRAIRFIE
o a4,
o E22HfE M FRI P KT PREFFIE

e, AR AR AT HPR SRR EA = HRAFE, aAlictEw . (M1 ARITIEST
%, WAEHBMFESR - mE, FREGI=IHEMR" . XX &5, #x=1mnk
PHER KM AR EA - REUZ M2 MY, JF RS R8s, 7R BIAS 2 B2 B AF Ak
[ ik«

h =(WI (x-“' @ x' 'EB.!:‘))3
&, ST kMRS, Arc-Standard —3EFFTE 2k +1 FIATREMIFE B BIE, LB R REAF
fE B b A AR ZoCE B W R 2588 (TLIEEM ARG P2 ) BRInT15 355
YERIBER I -
p = softmax (W,h)

B S BEIR p P IECR AR X 7 R RS M SRATRINAT . IR, SR softmax 38 SUARH 2K PR
BOF H LAREHLES L Bk AL

13.4.3 EISEO

FETF MR 2R P28 AT )3 e BT 4 4F HanLP TP 8832808 NeuralNetworkDependencyParser?,
© 5 |- — %[y KBeamArcEagerDependencyParser —Ff, #3LHLT IDependencyParser
FE10 . Java WHRFIWTE ( ¥EUL com.hankes.book.ch13.DemoNeuralParser ) :

IDependencyParser parser = new NeuralNetworkDependencyParser();
CoNLLSentence sentence = parser.parse ("{REEFEARBEMHE TIREEM. LRAOMFE
EAEHBIR") ;

@ HBHA LTP ) C++ 58, FREBL g8 &
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X RZEY Python REASANF (3L tests/book/ch13/demo neual parser.py ) :

parser = NeuralNetworkDependencyParser ()

sentence = parser.parse ("#RELXREFEMbIEE TICEHEM. WRFAKBESEHE R

P R 4 R O

1 *® # nh nr . 2 EPXR 9 4
2 Sk %4 n n S 5 FBXR 1 r
3 %3 ® d d s 5 WK ep 54 L a
4 R RfE a ad 4 5 Kep g4y 3 L)
5 Wy ®B v v Z 0 BLER {4 J
6 fb b r r ) 5 D = T
7 BE HWE v v = 5 HREXR 2 2
8 i i u u 5 7 HHimXR -
9 (o (o) o) p e 16 Kepgsia =
10 @& & v v . 9 TRXER il
11 iR M n n + 10 MEXR n a’
: - TOR " wp w §i 13 BRRfEs i
13 #MR #MR n n . 11 HIER C
14 0 il c c - 15 b.2 i) B 2,
15 HE HE n n ' 11 HIXFR _ [
15 A8 B'h v v v 7 MEXR N B
17 FH FH v vn 1 18 EhRR . =
18 B#r B n n o 16 MEXR 1 ol
19 s o wp w 5 RRES

X B AYKAFE K F M Chinese Dependency Treebank 1.0 Fif e X, B LN 13-2 fiir.,

% 13-2 Chinese Dependency Treebank 1.0 {k{F X H#FE

mE  XR fERE GRY|

SBY  EEER subjectverb Rk (R < %)
VOB MEXER BERRIE, verb-object Hixth—%IE (X —> £ )
OB Bl EXR Bl RE, indirect-object Pk —RE (K —> b))
FOB AERE AIEEE, fronting-object ot 2 BEE (B <- %)
DBL B double fEEFROZ K (& —> )
ATT EPER attribute HFER (I <-FF)

ADV Kep il adverbial ERER (FEH <~ W)
CMP  mhihestl complement e T1EW (fi —> 58 )
COO0  H#FlIx%E coordinate KlIFXE ( Kl -> X&)

POB TREXE preposition-object ERBEHN (£ ->A)
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(4%)
FRE xR ___ﬂ_ﬁ - S |
LAD  AMMER  leftadunct KWFOAH (F0 < A7 )
RAD HHhxR right adjunct EFN(BEF->1)
IS M independent structure RO ESEH LIRIEIRsT
WP rEfEes punctuation RS
HED  BubXR head SR A6 FHtl

113.5 BRESLEHN

HREFLHEE—THNA ROER, AREEINNRERNE. E2ARF, BERY
AT EE 9T, MUY H R R SRR . ABrRAMAR AR ZIFLATSR
A JERNEHATIE . WSREEHR & S7E A RE S AL B E RSP a03s, AP an T 2Ry
TAE.

R P E ARFHER RS . F T FEENE HME NS RNN DUE A T2 6 8
BT M4 CNN, H1, RNN 7E B A& 5 BN A3 8 A 2. RNN A LILEAE K
AR A, 3 IEGFIE HF A . FF70J& RNN Z% A ) LSTM R4%, ] LLE1Z K% 200 24 19 4
i), A B op e 2 ] A BE B AR AR T &, SR, RNN BYBRPATE THELIIFATE. 0
RRERR CEPH o uERNEE, ONN RIMEK—Z, FEEF T mRERR LS. &
SR R — B, P2 R JSBIRIAR{E AT CNN SRR . il f) FARXTEEA, Fr ATE S ¥
FLEE AT EEEN NLP A2 % (fhcarial, wmtbni: . @ SR makathds ) 2%k
RNN ¥3E# .

fE i i A B9 T 25 5 T, word2vee FLEL 2B H ¥ 4E. Facebook il i ¥ 181 N #B O M 1Rl 5
B5|A Skip-Gram #2585 fastText? A LOMAE B iaLE A ) &, MAZERZIEE—E®R
MR ERES . BE, TibR word2vec if 2 fastText, #RILH:M—iaE L&, HAZE
SLAR] T I A ZTARYE 25 2 1) F 9L T OO BB T, XA T — R FIRBEEERA £ T SCiRiE RN
Tk, Hep, R ASER T T ELMo®, Bl —NERHIBLAE SCAK FIZRM A E LSTM if 5 M
£, ELMo i A b 3ORTI S a1 £ 88 7 N AGIA T EFXE 8. Zalando Research
A N B DK X — ik B T A, 58T BT CF A H A ( Contexutal String

(1) Joulin, Armand, et al. “Bag of tricks for efficient text classification.” arXiv preprint arXiv:1607.01759 (2016).
2) Peters, Matthew E., et al. “Deep contextualized word representations.” arXiv preprint arXiv:1802.05365 (2018).
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Embedding ), HARFEAEUS T H TSR3, M Google 1) BERT #5843 i — & %L
B[] Transformer P45 [ XT b SCHNF SCEHE, 182 NLP {155 UGS T894 .

BARS|— (G5 1 NLP AL %, JETLARMERA AR 8557 O # BILSTM-CRF? 5125 [ 2% iy
BUR. Google #£Z ] L i i LB SE0R Y, FIH BILSTM £& MSR 4rialif kL L HUS 98%
AOYERR 2R AR CaE 4 HH A9 BiAffineAttention A3 41T 2889 I7E CTB 5.1 FHUIS 1 88%
B, HABNAOREATEER T 4% . h TFIRTHEESEIOIKGEDE IS CREE, fE
FELRBEMBEAN THERRA KRR, AT 957 B85 Rl SURFE BT, 1618 UK
3B, BiAffineAttention #KSR 2 H Al S HERG B9 1

7 —SE LARTAATRMER NLP AE4F, toin A shm & MCRiffizsF, EREs I lRm2is
MR 7L QA EF DL M & MBI G AR A CAMUE, XEFR-RAGEEN
DL B P 22 O 4 BT 4R 1Y . T SO 2808 B i) SCA AR R, LR 47 /2 RNN i SRR AU FINi i<
1. TEDLA BTG, Google 7O F| A TH0 2 &% (O UL & B IEEL ARV IR T 36 T AR A pL A% B
FROR, BAET, FARFBRITESRFIH Transformer FITER A LA 2 HUAFAE -

Bk R, ARESAHELHETRMRFE TREENGN TR, REIKEACHES
FRBOH ARG T A R M R4S, I HaE R 56 0 E X R R 2 45 H B A
R, —SETERTHT . SEA R TAEIEERT A AL B st M et . WRA¥— A s
R AW B ATE0T A MGk, B ARE T SR BREEA— TR .

Bz, AREFOEMAREFEMN M. & BEDXREEKE Lo —REWNa, &
PO TIEE SO EHATIE. ETERTRNBT, fiHeE, SELY.

Devlin, Jacob, et al. “Bert: Pre-training of deep bidirectional transformers for language understanding.” arXiv preprint
arXiv:1810.04805 (2018).

Lample, Guillaume, et al. “Neural architectures for named entity recognition.” arXiv preprint arXiv:1603.01360 (2016).

Ma, J., Ganchev, K., & Weiss, D. (2018). State-of-the-art Chinese word segmentation with bi-lstms. arXiv preprint
arXiv:1808.06511.

Dozat, Timothy, and Christopher D. Manning. “Deep biaffine attention for neural dependency parsing.” arXiv preprint
arXiv:1611.01734 (2016).

® e e
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* Conference on Empirical Methods in Natural Language Processing (EMNLP)
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* International Joint Conference on Natural Language Processing (IJICNLP)

* International Conference on Computational Linguistics (COLING)

* The International Conference on Learning Representations (ICLR)

* Association for the Advancement of Artificial Intelligence (AAAI)
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1 s
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