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W EERIHMBUAMBIMERNERZLE AW ERIAEA K S @ T MAEL & 5| X nCRP #i&
7 ik, A IS FARBEAT M 0 RIS A, AL TR A AR LA U A AR RS SL G AR R A, BPARIR EAE K. F
B, AR ER LG EEAR KR, M AR X EM T F IR EHETFART BEFORFEAL, EINA T4
X EFR T AR AEGAREE R A REFAUR EAE R, A T AARIART A 3. A B0 B AR A6 Bk X
FAARBX A, £ 4407 BT AR, G20, 81 AL FAF B nCRP Mt 7 ik, 32 8 nCRP+E KMy it 7
A AR o) TR 5 F A @ F M RIS A, 0k, %446 nCRP+H= HDP A MEE 4 &
#9 Dirichlet 1242, 42 £ rHDP (reallocated hierarchical Dirichlet processes) B K EAAEA; & =, &4k £15 6.
183535 SUfe £ A3 AR R EME, S SUARSR A IR, QA6 R TR BZAA AR A B . 918 5 AR A 935 AR X
JB A B KA ERE A5 T KR S, BATATIR AR R B rtHDP £ AR A b AR £ 8 Ao £ 297 49 o Beid Az, SRk 4
AR Sm iRy Bk AR rHDP_ DK (rHDP with domain knowledge), JF it ko Af i 2. s2gbe R A, A F
nCRP+#) B X ZHAER PN 464775 @398 T A F nCRP 9 B R 44 A (hLDA, nHDP) Foif 2 £ HALR
(TSNTM); i@ 1L rHDP_DK A A& gt 2 ALE K 25 B AT AR E AR ARFWT . RBET ALY AL AR E 79 74
894 & SOt EOBERN I h ATR AR R AR —ANE ) 6 B ST RAEZR.
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Abstract: The hierarchical topic model is an important tool to organize topic hierarchy. Most of the existing hierarchical topic models
provide tree-structured prior distributions for document topics by introducing the nCRP construction method into the topic models, but they

cannot acquire a topic hierarchy with clear domain meanings, referred to as domain topic hierarchy. Meanwhile, there are not only
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hierarchical relationships among domain topics but also sub-topic aspect sharing relationships under different parent topics. There is no
appropriate model that yields such domain topic hierarchy in the current research on topic relationships. In order to automatically and
effectively mine the hierarchical and correlated relationships of domain topics from domain texts, improvements are put forward as
follows. Firstly, this study improves the nCRP construction method through the topic sharing mechanism and proposes the nCRP+
hierarchical construction method to provide a tree-structured prior distribution with hierarchical topic aspect sharing for topics generated
from topic models. Then the reallocated hierarchical Dirichlet processes (rHDP) are developed based on nCRP+ and HDP models, and an
rHDP model is proposed. By employing the domain taxonomy, word semantics, and domain representation of topic words, the study
defines domain knowledge, including the domain membership degree based on the voting mechanism, the semantic relevance between
words and domain topics, and the contribution degree of hierarchical topic words. Finally, domain knowledge is used to improve the
allocation processes of domain topics and topic words in the rHDP model, and rHDP with domain knowledge (rHDP DK) model is
proposed to improve the sampling process. The experimental results show that hierarchical topic models based on nCRP+ are superior to
those based on nCRP (hLDA and nHDP) and neural topic model (TSNTM) in terms of evaluation metrics. The topic hierarchy, built by
the tHDP_DK model, is characterized by clear domain topic hierarchy and explicit domain differences among related sub-topics.
Furthermore, the model will provide a general automatic mining framework for domain topic hierarchy.

Key words: hierarchical topic model; domain taxonomy; word semantics; correlated relationships of topics; hierarchical sampling process;

domain topic hierarchy

T PA 15 FPAFAE KR U DG (R SCA Bt (TR ISR, 3K e SOA K AN UA T AL A1 40k
R AR, I 220 1 T AU Rl 75 A R KR . AR SOHS S AU 40U AT Rl 7 st S 3 L Sk sk R, 40
ol A 2R ) i) 2t S e T AU A AR L £ AT ] R P AR AR DRI, A R R (TR
WUk BRI G K RIS . A A a5 Tl & U7 T4 R S 4.

DA 22 SRR 5C SCAS (R 28 3CAS) S, W 988 L 220 BRI 7 T TR R AR 5 23 1 5 A — RATHR
B, T SR G T e BAs FL A oy Sk 22 AT AU (RTRR D R DR R Ar). X — A RbR S R A TR
AR PR ROR R, HARE—REVHHAR T 10— R VRIS L) IEAFAERT I (K SCIBEOC 2R . 25 4 bronS B 45
ol 2 R, WO 28 A v AU A R S OR FRRNORIR G ZR W F I 1 B/ e 2 IR R

BT NG R

&7y S etk L A [ | [RAh L, 0| | EEZ ‘X‘M’l‘ e [EE | EHL S | e
T %(ﬁ 'TZJSEI Tt ‘%% T ﬁﬂg REds |IT @ﬁﬁ T ?j% Ae i (’JQ'_V:FZ ’f,: ML%: ’ﬁmﬁ IT | AH %&IJ 'ﬁwﬁ

BT 2SO P 0 U J2 R R RIS G 2R

AR SCHg [A)— 2 2 rp AN R A T R o K 2 AUy i (e 2 ) 8 O SRHE T A, A 1 el gy AR
KIAMR GG F 18 5, M. 0. BUFBEE — R AT abs (8) TR DA g AT Ry
(T A, LA I Bs 25 DA T AU AE A Rl — B HaAs J5 T (T B SR I, BARAN ) 0 N ax e dh s i) 3=
T T (BT ) AR AFAE IR G AR I, FLIR, 76 43 H sl 3= i) (RIY e e 3= R8I SLIW i) i) I A B, DRIe 7 3=
O AEAF AR U ZE e, i, <BE 2 DAPE WS o . B . BOM I B 3080 T W OREE 1 3, 40 AT T <=
2 ARV B B 2 H e e 2 T AR LR (1R S, B DI 7 2 A ) 3 AR A2 2 e 1. AR I G AR i S
A (140, 20NewsGroup) H LAFLE.

TER 3 3 R R RO R AN G & T, A A OGRS R £ 24 4E: O £ T nCRP (nested Chinese restaurant
process) [f)JZ U RIS ALE Ik nCRP #3592 B 5 R o (1) SORY 3= R4 L0 56 o0 A, 19 20 A 7 3 R T 45 44
FAH IR A ], @) A1 BB T 5 R 5| S LA 2 30 v A T U kB, 3R R ROk R, % AR
VR FATAE X [ 52 (RUA T 45 ) 3ok 2 1) ) 7 B) 45 Ak FE B v 1) 22 12 Gamma {5 &% M U1, Dirichlet {7 & M
AR 0 20 Ty SORY 7 0 8 R T B2 A R S B o A, A ISP T 5 R 1) 2 R RO R, AR S A A
ToAE E BT I RS R @ &5 SRR P (1 Sigmoid 152 M 1O SCRY SR A S0 3 20 A, A il M I
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K, 423 G R DG 3R, SRTAZ IR (1 D IR 1 2 2 R AR 254 v i A L5 i, B B 0 22 ek, Ho A
JEUR SR 6 2 AN B A

AL By Fi T, BF S AE S R 5 2 DP (Dirichlet process) 4544+, i@t 12 DP 24 F 2%+ DP
LA PR LS 3 3 A U, A ol ECS SR 2 AR 3 A 7 TR, A S AR A et o AU e S ORI 3 1]
SO, WA AT 3 ) 2 e U,

AR SCHGSR F nCRP 1) 3 382 JRRa) i S B S B = B vk B Bk . AR, 78 A SO A il 2 T nCRP 12K
T RS AR S 2 RIUB, 1% = RS TE VR WA b s 3 R 1 S e e LA B A R ) ) s o B, 3 T vk WA e DG IR T
TR ZE e k. TR RELEE, T, U ] — S 4 ) A S kA7 ) CRP (Chinese restaurant process, 1
E IR A SR ek, B — B P AR 4> 3 8T (07 2282 (a5 It vk, B i i 1) 18 AE AT 3¢
R R PR SRR FSE R HE B3R 8 T T A R S, T ) A T RS2 R G R A A, S BUR R Z g
2 e/ AT SR T e, 3 R A TG T A R A SR A T 2 20 = R AT S

BT DAL 0 8, AR SCOKG 5 A T AR IR r S 3 R4 R AR T U U S, A N R Rk iE . Ly
B 3 ] B R RS R SR 45 T SO 3 T~ nCRP (W2 IR - BUAE 2, figd e el 32 R Tk B Bk st SR FE G
A i) L

A EZ TR R

(1) 7£ nCRP g | A= 3: 85 FEAL, 42 H nCRP+AIE J7 1k, BS088 32 RV T/ 45 K4 11 56 36 3 A s 26T nCRP+A44)
& TN B 3 4 2 10 O R 7 5 1 2 (reallocated hierarchical Dirichlet processes, tHDP), 521 432
I A — 43 WO T TR L

(2) 7E rHDP JZ R A R B vy, 368 3 S0 01l 15 B g SO T Fe SE AL 00 nel s Jeg R o B 07 v, et 323 (81
) U (BT U TR SR O AR R A 23 e i 15 2 U 0 T B R SR G, 5 ST 1 5 ATk
TR SCRDCE, $ T 2 1] 21 ) S0 2 e SR 7 5 e ] T b5 L T A 43 S R AR S, s SUZ Rk
(1) =5 0 1) TR L, WA S IR T A e o ] A 25 S DRk, A ST AR e R G T R R AT A R iRE S
R SUAE B BA = ] [ AU G A .

(3) & T AU AR THDP B2 IR 3 U SRR AN 5 50 N30 4 T AR, 42 HE — btk 3 022 IR 18 B AR 2.

ATCE 1 G R R I8 A ST U3 JiE, 53 BT Tk SO ASE TR 7 A3, = 0GR Sl R 1 R il B P AR 1)
] R 55 2 15 nCRP+)Z I 520 rHDP )2k 1 RS B (1) AR SEARL 55 3 710 s SO T iR, 4 H &5 45 otk
SR 2 IR A AT 58 4 5 SEIG &5 S AT, de 5 S 450, FHERARSRAEAT DSV I 50 7 1) AT WD AR

1 #HxI{E

R 2 )28 2R D B R 0 A A v, AT AN 3 AN T T 43 AT A A 2 R R S R AT DG A, AL
T BT R e 2 IR . BTN 2% S0 07 VARG 3 2 O Al R RS T A e R 1) 3 A 23 i 2 IR AR T
11 ETFFIERNEFI R RGN

0T WL RBUZ R G A4k U X, WPl i 3 T HDP (hierarchical Dirichlet processes)’ 3 B 74 Al
H:F % CRP (Chinese restaurant process)™> [ J2 X LU R Az 1 1 1002 R gh 4.

(1) Z£F HDP (1) 32 8UZ Ik i 5t

Whye 25 N\ UM HDP ULy 1 3 )24 DP 45k ) 5 RS, g 8 ATUSSR SR 1) 3 7802 W o A a2 Uk
A vi & 2L 2 FHDP (flow HDP)!" Vil i 7F HDP rf 38 it sh 3 1, 2 32 00 A= i 0 206 i M1 s S 2 A0 ey ol 5 s A )2
DGR IB IR, AFLE T2 I8 S R ANTE I (14 1] i

Ma % A "5E L 7E HDP B o i ABREEIX 534 Jed 5l 355 32 R0, DA B A Jo 5o 51 1 Ding 25 A 45 450 %
RO 2 SR M 32 nHDP (nested HDP)!' Rl mnHDP (mapped nHDP)! V2 v = SRR 70 g g 3 55 2 . SR T,
IXBRY 2 BT 2 Z AT R B A 7 T L=
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(2) FE T nCRP f)2 R 7Y

TR 1 AU T 25 8 J7 T, WF 038 AT 1R F nCRP A4t 5 3 AE i 1 2 IR IR T 56 30 20 AT, 32 82 IR AR 32
BT, T 45 A AN TR 1) 2 RO B M At J2 IR T R Y

Blei % A7E LDA (latent Dirichlet allocation) 32 U B 1 5] X nCRP 3 F2, hy STRY 32 UEE LA B 25 44 1) 5656 4
7, 211 hLDA (hierarchical LDA) JZ /& F= B P AT BIF 58 5 WF5E hLDA A58 (1 oA 20 U7 TR0 I 4% 3 1 2
AR PO AR, HH T hLDA 5 BRI A e SRS - 3 R0 40 A 1L PR sz 0 5 — 495, SR T3k A T b 434 2 R 3 A

T FERSCRYS 2  AT A B — ) IR, BT A R ) SRR R FH T A R T 5 ) 1 S, S
By S A LG o A, 2R K DR AN 52 PR, J2 R R R P,

nHDP (nested hierarchical Dirichlet processes) J2 ¥ 1 SR P1Z54 nCRP A1 HDP [ EAR, S SCR 3 U by
JE S5 )33 A1, F nHDP A8 b A5 SOk 3 U PRI BR T3 o — 4 20 SR AR B IR T A, T SRR T SRR T o

Ahmed 25 N\ U 2 Y045 K A R0 SRS ERE 23 T, 05 ek 1) 75 A6 7 K 7 325, 3211 nCRF (nested Chinese
restaurant franchise) it id #2, 9280 802 45 #4355, Huang 45 A PR H nCRP A1 2 HDP 528l BHMC
(Bayesian hierarchical mixture clustering) Jz /X 3= 8RR A4 g3 32 802 IR 50 7.

TESERR R A, 56T nCRP 1423 % 3 BRI 77 ) g A0 3 022 IR A7 AR LA ) (O =8 5 45l 2 () 1) e agd
ANV, T30 R T T B i A S T B ) 0T S5 @ 2 RO 2R TRV (v s AR T Ak 3 7 [R] P JE IO 2R BA K ] —
R A TR 7 TH 3L 500 R, @ Az i 280 i) BE A B AT M i S 06 IR 7 32 B P R G 4, B AR
BT AT DG I~ 2 R [A] P s 22 e .

1.2 ETFHSHEFIHENEETHEREN

BT A2 RS RD 2 R 32 BB i I WL AR 2% 30 7 AR B R R G R R T S R A e 1) iR 4
A Ry A 1) SRR, R SORY - S RURH 2 -] 2 AT AT I et 32 ) DGR AR BE A4 & PAM (Pachinko
allocation model) 5754 P24 e = 3 11 4 42 3 755 S 25 B AA S 30 A3 A, A 7 32 04 Af v B 4,25 1t f 5 LA
T, MY E RO R WFY S5 AR A B4 i (non-negative matrix factorization, NMF)2 it H - E R4
W2 )26 NMF 2R e gt 2 oK.

FEVRBERTL T T, A T R E BRI R, W0 Il 2 )20 55 & M 4% (multi-layer Gamma belief network).
TR K23 (Poisson factor analysis, PFA) Alil [ f 4 ! WEDTM (word embeddings deep topic model) %4 U, 5§
54 Dirichlet {75 4 W VA j 36 10 S0 56 40 A, K2 6 LA 2 R R, N T R ORI R, WFE 5 26 TARA
T, WiE Sigmoid 175 & M (Sigmoid belief network, SBN), A= B 3 8% 1E 40 B [RIVR 2 7, Sk SCRYS T e it 55 56
G, A R A R S 1, LA T o A e ) SR 1 A (SRR S A ) S R B 2 SR,
H A 2 RO ZR AN .

Isonuma %5 A P2 B 4548 73 DT (auto-encoding variational Bayes, AEVB), A4 3 8 () 45 36 20 A0, 32 W)
T G5 K (AR 22 T AR 7R TSNTM (tree structured neural topic model), AT R T S . A IE T A T e e AR Y
BEIR (5 B, MRESE TSR R T SR A R A 02T,

SR, LA EBPRAETE R 0 (O 323805 AU s B DG R AN 1, @ B E T U 2 IO R g, Z0s T
FHRZ G R T F R OGRS R B JRIE 3 U2 38 bR 254 vp (1) A 3548 5, SO F OB A 25 ek, &
RO IR R ZR AR AN I .

1.3 E TSR pESER RER EIER

oA T AT SCAS (A = R, Chen 25 N PR FE AU ] 8 (1) A0 S T4 R B 1 T (A S FE B, LRI cannot-link
SERRAISNR, 5145 LDA T RUBERY rb = - 3 0] 1) 43 Pk 72 28R RS SR R 0 T, I 78 A s A v
3 3k ) S V3] i e OOV A TRV 2 DD () T SCRARLYE, LA TE must-link SE 4 @A AR, 03 LDA 2 R,
A AU SCRRAE (1 17) 15 St 43 O AR A 7] 3 e, 8 iy 32 J0IR) 6 A 3 it i ik .
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FEFET HDP 3= BB (0 A5080 3 RHR B T, Liu %5 N U ek o455 8 PP A5 R 25 £ SR A AR 1 1,
15 SRS R 23 Pk R, AR M SO 3 . Zhang 25 A UYL I SCAR (R AT A S A R R ] SUAR LA AR,
ST, SO SR - 3 BRI - TR 1 23 O R, BRI RN S5 AR A = R S ]

Sy T A AR R YR S5 K, Alam 48 N BHGESTiE RIS 5 2 YR HDP, #2H ICB (imperial Chinese
banquet) ¥ /775 F1 THDP (tree-structure HDP) = MU T A48 T [A]— A0 1 T R IR G R, 1A T AT 25 8 AR,
F 2 T R TR DCIBE G AR S A, Xu 2 N P hLDA R A il 1) 2 ORI kS BLARIS AT 1 SRR,
TEAB AT T 2 A A8 S A v 5 B = 23 R S AR A TR AR RIT AR T, DA AT I B3 S A ) sl Al S 2 k. 4R T, S5 F-40
R SORF 22380 R IR ST AR, 3 A TR Ty R iff A ek 003 1 2 UK

BRI, 75 J2 Ik S U TR P A SO S A N YR SRS - 3 RN 32 R - 1] 1 43 O R Hh (5 ML, oo i =
FBURN 3 B PR R R

2 ERAEHEFNRREDRE

AR ST SR A R T R S IR T R, T TR H P R I AR 3 T R R R BT DA
2.1 nCRP+ERMEFE

T E AR (CRP) MM T AR 5K AR S A — X8 5 26 I, 38 3ok DAy 91 5 i 4 5 1) 4 S 0 2%
ISR, WA . S8 RERTT 2 B RRE . S SRS, B CRP W A2 4iid nCRPPIH R
B S2EL O A M. nCRP 3% 7 52 T CRP L2, B4 CRP R FEXT N — 18365 40 i, IE T #5 T
A CRP SRR FEA B 43 B — RAVAILZ RO R INSREA . N HTE E A b, £ 1K CRP IR H T &
JR) S IR S5 .

A, CHEWT T CRP IS F24i& CRF (Chinese restaurant franchise) #3532 M SR BE, S8 3 45— 0 1.
CRF #3775 1K CRP AR5y Ay P AP HY, BI85 CRP R 51385 CRP I FE, 20 5l SETLAIT A Jo 3 11 28 5 4y
JC T A 48 S SRR 3. CRF M3 7 vE el i 45 T AN B -4 5 CRP 1k 72, A8 T b A& 7 o 48
5 ARG —MER-EE CRP IR T A R RE— IR, HARTRE R H L —EE A, NV TR sy
o, CRF 43 i PRI 3k 88— (W30 B 43 e L 2 3 JURE 20 A, SEIILSCAY rh il i 32 8 48— 40 T

7E nCRP F438&E 73, 1 2 R T8 85 44 v [R]— 2 AN ) 23 32 rb (1 Sl 5 A7 1) CRP i FR AR R,
R — E AN R 53 31y 108 SCHEIR & AR F 7 ). CRF R 77 V200 3k 76 A [7) 38 23 A7 Fr i A H 45 T3057 CRP i
TR AR A0, G IR R 20 & 1K 48 CRP S F2 (1 3Lk, AT 3 RS 7Y r 5t A2 S SCRY 2 i) f = j 3
. ARCHET CRF L B0 nCRP 4t 5 vk i AH R E 4% CRP 2y el 72, RIGH I 4 &4 2 b St g T4H
[ A ST A, R CRF 20 e 72, Bevt o3 2 i A RS =L, AT SR 6755 p 2 1) Sk LI 3L 2, IR
XFPEET CRF 03 ) nCRP #4038 J7 787 nCRP+)Z X3 J7 vk

T EIE AL EE, nCRPH4IE J7 8 LT 48T I3 WA A SR AR N SR 5 (R 3 8 2800, 5 e A1 43 3
X N Ay SRS (R A e 1 R0 T A . RIS, nCRP+J5 AR AN B T 91 1 (W88 Uk (B3, 113648, B
XL R WA TE TR 2T O I 1) B &R B RS i B A S8 R o e TSR/ 200 (Wb 328, 28588
45, HIX S N TR [ A A I8 T 2 s 1. JE T XM B 1, AH [RS8 7 XA 128 T rh ] DU R AN [ 52
BRNNZE, AR WA T F i n] LLEE AR RSB 2 (RS 0 AR 2 R S AR A o 3 Ff o3 B AT Lol v
SEPLR— R G AN R R T AR T L

TE LI 43 2 90 0 3807 T L LA, nCRP+HAIE J7 7256 nCRP i #2401 /U I CRP W F& 9 J&
4 CRF i #8, 3 H.[F— 2441 CRF 22 L= 5L A 1.

DARA 5t HAT P )2 3 0 T 52 1) 32 7802 VR 191, nCRP+Z M & 7 v MR an 18] 2 B, (0692 CRF i F2.
b, FJZ CRF 45—~ CRF A 72, H TG4 T3 8 KA IR — e, H 20 HAAH 22 E KUk 1
BT TR AN, B 56 8 T B35 8 K. )2 CRF H#5 T4 CRF el FE4l ik, T2 B SLHA A2 E
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DR R T PP SRR SO 423 P, BR85S IR IR T 1, 22D il e S 0 BE A (RS 0, T
FEANFISEA WS IR T T SIS B S K 3K D 1 IR 73 SR IR LA, T BEAEREAN 2 2 b 8 A 2 1
I A, Jorb BJZ CRF I -50F CRP I AESEBL, )2 CRF MR AR R (96— M- CRP ik
FARIEE A, O T HE ] 2PN CRE A= L, 1] 2 sp AR 53K 2 CRF (R ALz ik,

5% -4 55 CRP
096 020 0.9 09,5 020 020 00 09509
L L bl Pl C Yol ¥ Yoo ) ()
L2 oo‘({o o05b %J{) 05-010 é»o«);oa-g 07;)0 &-g° gf"
CRF 220 oo 20 o0  o°
SR o ofsdo 4 39 o" Yo
-5 CRP OQ)/]O é\%g 00\3/1’ oé—éo o\ojo
[ J.CRF
020
88,15
&N

K2 nCRP+ZKMIE T HIHESS

FIF b3 nCRP+)Z VA3 734 i) = 2R B 5 an B 3 o, Hovb, SR 8 (R sn i) L 12T
MO 1,2, 3) B 2 12 CRF SRS B, HoX Sy SR b2 1 Z2E0 M. 425 1 2380
A2l b, @ 2 R 2 CRF ARG 2 275 a1, HIRRNER | 2R SR LTE S 2 R T 8, Hixeer
AT RURILEE 2 B . Bk, nCRPHZ M IE AR S T BT TR R I L. —J7 T, A B 27 sisr A, il
kB CRF MIE T VEA T 2T mAr i, TR s Z [ J2 R G540, 1 s RSB IE R & 59— J7 T,
WIS R A I, SEIAE R — RO Y o IR R R T AU A 3, B R — R GOR R AR
T R R SOORER G R, AR 30 FIAH FEL I [ 38 7 22 G T L = 071 o, Bl 1. 20 3 W AURI 11, 21,
31 F AL, BAA 1L 3 s 12 FA 32 F 5 A

3 nCRP+ZRIETTERT M) = 2 T 45 4

2.2 rHDP EREMIRE
nCRP+H43E /5 10028 T 5 002 IR & W IR 2B ) LA, 456 HDP =5 R0 (1 SRR ik, il o B L 7 7
R T HREAR, UL — B4R 1 B S 60 2R, SEBLN SO 3 U2 IR I FE 0T 20 2. BRI, AR SCKJE T nCRP+
JAIR K IE 7R HDP ARG (1) )3 4k 2 U B Sk J 43 2 IR R OKCR) 3 75 3 #2 (reallocated hierarchical Dirichlet

processes, tHDP), B4 il I 145 535 W L3& 1.
¥l 2 h W CRF 458499 ¢ 4 % )2 CRF, tHDP A7 il A4 4 42 1 (1) 22 J2 45440 #5554 CRF Rt Bl — A
W2 DP i f%, B 12 DP AR R 2 DP i, 45438 1 FIIAFS, & X5 1 )2 CRF [IfhAE e, (@i 12 Dp it
FRAREP= A58 1275 00 A R BENLMER I B, Ron 2 G5 il 2 DP e = A i i 44 (B ATLA S I
IR A G, WS 1)z CRE AN HAUZ DP AL FRUA 2 (1) Fizs. 0h T8 12 MFTA CRE iR, Ze40A H' 2301,
{Gg |v.H'~ DP(y'. H')

1
G'|d.G! ~ DP(@,G') S

£ nCRPHZEXHIETTER, 24 1=1 I, T A (1) 52 X AT S 5, W 12K CRF 2 Bl B A2 e 0
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FRIGE 1 JRAS 2, MR R O JANE 1 2R, BO R 1 R A A o R SRS AT 4 4
T W25t CRE RRH A SCRI TSR, J430 53 5121 A 18 40 L0 B LT 2 SRR AT 20 0F, 498025 A i
VT 5O LR B -1 B AT R K|, JEfE NS 1R CRF [OMIAZEL Kk, 4 122 1,
5 121 CRF I |k | KPR DP AR HR 1R oAl T4 0 MM,

#£ 1 rHDP JZ IR F B FF5 Ui

s 1t B s 1t W]
l 5 FTAE R IR 4 JRIT i AL R 5
Gy A Je BERTLAE 200 2 T; J BT B RO AR AR
G; SCRY (ATET3) 7 IR M LA 0 5 X J BT RS MRS
H LJZDPHIFL A 0 J BT R x; AR RS
y FEDPIIEES K ¢ JBITHRREL 1, IR S S
a TZDPHIES L @ SEHRAPTEEES
B RS AR N S 4 o E Xl S ITE 2
J RTINS ¢ BENSER k MR RS
j AT G K TR NS B RS
X JARIT R i Mm% Oy, A BT AR S ¢ AR A S
X iEElke <y Oy BENBKEE k MRS A S5

St 5 2 4 P2 DP LR SR (ST T4 (9 A (B (6,0, 60,) REFRMA G O )
SIAR (K BEHLAZ REFP A1, %751 S 30 0 A AR T 5653l HY, BLI ), XS X, I BB AT S8, F6) Rortidh
B0, T o, 1A, AR (2) P

¢ G,
{xa-,-w;,-~F<ez-,-> ”

AT 5 1R IAEAS CRF AY AR, Seh 40T j i st o i BRIt & IR 30 4 |xe| A
|| . FEFRR 73 B A SN, B 23 BC B A 48 SR A S 8 A U SO E B, B2y RO BB AR S IR 512
ZH o BT B, -4 SR N I R 283X (3) TR, AR AN S I, B e B AT S MR 5 %508
HER [ 4 ELBORE L, BT SRR AR5 %2 250y IR L, -8B R R A 5 (4) Fios.

x| o

/ / / [ ! 1 {
016.6...6 .G ~ Z 0 O 3)
tET/’
k! [
4o 4o x' 1 41 1 gql IT" Y 1
A BN . SN SN RN 1 ’7’H~§|T“|+716¢“+|TV|+VH “

KE/Z 4 CRF 73 eI Ry I A3 2 21 e 1) 3 870 e LR 20 (G 2 /2 CRE 23 Pl R UGS Y 22 J2 R
S PR 3 B HG 2 A A] A Pl B E S SR R 56 M A HE AR 3 rHDP 2 I U, Oy g — 8 SORS 2B R AR B 2
I3A LK T -] T AT

3 HETUHEIRA rHDP FIX ERIIREY

h T AR A R IROC R s RIBEOR AR LAS ORI 1 R A 22 e 1, i T U AR 5t fHDP 2 I 32 SR,
Mk 455U R I tTHDP J2 K @5 (tHDP with domain knowledge, tHDP_DK).

DAR I DR HEFRIK 3 J2 25 U T S5 6 A 3, i SO 1 B, VB X R AR T SRE R I R, 48T S
4, SCR A LI T 22 1l A, K nCRP+HIE J7 02 B 22 S0A, 55 1 )28 CRF TP A 70 IV 28 SCAS ) i) 1
A, BT RIS AR S I I 48 SOA TR 28 G A0SO R R A, RIDWS I — R85 Fia b (¥ 2 UR 1 56 2 )2 CRF W4T

N

&

AMFUFEEHT  httpy/ www. jos. org. cn
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X TR T 1A, A SR R R NSRS SR SIS I I 28 SCA IR 28 1 SO 1, BRI 20 B R b ) 1 5 s
31 ETRENGINSEREE

FEE L, A RATHER P SAE T SRR THRRS, HAFK—RATtiabs MR 1 2 5HR
bR, R AR GrR bR () N st A0 (7 8 1A k. X AE nCRP+E R, I A3 /= CRF H4t—
(K 3 UL RE, )T RS RS AEAN R4 1 S 10, AR S (I S A3 R 8 RUAE AN R XS (1 %8 7 e
S ARG B R SRR 0T, BT (RS KA R AL NS (M3 8 280 43 i 7E B )2 CRF IR 2 CRF
SBCIERE A E, H A BA AR SR RS AT 70 BOSR A KUK, I 1E— 25 6 A1 [ AN [R5 B KUK R4 T PR o0S
AT ER AL LA IR 2. AR, 58 1 /2 55 2 J& CRE H IR 1740 S 0S AT SCA 1)
] AR E ) 2 2 AU ] 0, 8 A SO s B 1 T P R R A AR 3 L, 0 T SC
R 1R A U VP R S 3 SR A S 5 LN T P 3 2 )

FEATT R B S R R, E R A0 B HnS I PR AR 3] v 4R (TR Ui T 4 ) AU T4 50 X
FERS SO s FHT R 3 U 1AL (P GE R ] T ) 20 SRR, o, G T S AR RN TR A
Sl ] T P T O TR SCA DR, W ) T P kA U] T PR A0TSR s AR, 20 W TSR R BT A ] T R A A 1
b, L e T AR 2 (K AT T i 2 3 R ) A0 5 s I, R P ] T ) A s P 5 | 33 o 10 2 A P
RERR, AEASH ) — 2 G T T LA TSR P TR . R SRl JARL, AR ST Y — bk T BRI 0 S Jm B v
ST, VAR 4 P,

SR EE S T VX AF AL : . .
A LR ASE e R,
Wi [Wia | Wik| o bin|bis o by F5| i
:VV‘ index,
i
i W | Wiz Y W | 1 |B1i o
%‘; : bert_sim max Join - %indexw
W Wi [Wia - HM | it [Pira o (biae | iné’ex,-
Wit |Wna Wk | it (D o By | max_index

[ 4 T BN SR B v R AR

TEE 4, BEGRTESRIEN S, S, KR n DMURIRIELR, S, = {w,0<n<|S|, 0SA<IS,|}; WITESIL A W, W={w|0<
i<|W|}; bert_sim(w;, w,y) RNTEXS w; 5 w,, Z [0 BERT (bidirectional encoder representations from Transformers)
T SUAMBLEE, 1224 by s FRHE IR AR AL BERELRE, mane BRHAY 137] TR B Hp A5 T 1 977 128t L AR A A S b 10 18 SCAH AL
B3 RAHL, join BRECKS BT 1) T8 78 £ AN 80k - PR T8 SCARBLRE foe R HF 422 1l — A 1) 8 - SUUImORH AL BE R B2, ik 543l
T 5 T U ATBLEE 73 A0 1 100 max_index BR A 1) TR 4R v ASEAN ) TR AR SR B R B A, I iz B S i —
MRGI M, A index; 2R w; MAHRIERTHE, WA (5) Fis; /Wr & 5|1 & i s 1 4 A0 i O, i B2
(1977 AR BRI AR A R R R 5 ME, H indexy, FRonial e w ISR B R 5 1ME, WA (6) iw; M5 i
& W A I AR [R] PR 1) TR SR AN B, SR SR W S8 Tz U R R B, BRIE &R W (el sk J B, ad ok
Ay, A (T) PR

index; = argmax( max (bert_sim(w;,wy))) 5)
O<n<ls|  O<k<ISal
indexy = argmax Z I(index; = index;,index; = n) 6)
Osn<IST - o jawlizj
Ay = Z I(indexy = indexy) (@)
WW

PRl i g A 2K (7) T LA Ml SORYS SRR R 3 S PR ] T AR IR AR SR e B, SO R SR R SCRY (] T TR )-
Ty Bl R
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3.2 AESTEERAIENEXE
TE4% 2 CRF & -5 53 Bod B2 b, 385 20 A I 2 [RDX 48 T 23 T () S A8 JRUA BI04 SR 00 T S 8 [ S 8 71
SRR — SRR, W TSR AHAT IR 515 43 BC A 32, RIKE SRR T 7] 4008k 35 40085k 31 W45 11 1) 335 43 T 7 AH [ 1 2 v, 4t
3 ] — U ) B TR SR AR . AN Tl A 3 PR AR R 1 2 11X 48 T 93 T R 3 8 RS B S 2y TS 7 )
B NBR I — SRR, g5 S0k [12], 58 ST e 32 81 (B)E AU T 3258 (038 SO G, Wi a5y
P 3 8 TR w; AE 28 & A XM AR R iEAN B, i SCWE w, 5 2Rk 15 U, 88 A(wy, k), IATK (8)
B, Yo, bert_sim Z&R1AE 2 A1) BERT 3 SABUE, & 951 SUMMBURE (B {, X* KR 78 & (1Al 4.
A(w;, k) = ‘{wm |bert_sim(w,-,wm) >&,w, €X5 W, # wl-}| ®)

33 BRAUCHES-IAEREE

TEIIGG T 3 AU E e L TRE S 3 T SCAR OGRS AL b, T L 2D B A A A U0 [ AR R
PE. T 3 2 RN, 7R AR A ) )2 IR OR R ARG R, 45 G iiE TR IR JZ2 GORN 4332, iU )= 4
AR AU IR [ 2 U] KR nCRP+Z IR M 1 i R v, 5 BEORS A DX 40 s B Ak, BRI 4l oo 00 488 T s 8 XA T8
SE N SEF S B 280 )L SR U MEAT 40 43, AR BB X R 8 SR KU T R B S NS B B — .
I, TR 2 32 R R A3 e AR v, G I 2 BT 1R TR )2 2 R A A RER M, SO RE TR A o e, B U2
YA 801 U DT RR R, Sl IO B 452 Ak T R S A2 R

g Z1 1 205 2 B EK 1 3 R S 3 R RR O 28 B R ], X ] A I )2 U S U TR M 8 S AR H Bl
I AR Y A5G 0 R TR 58 O 271 i, 32 FBUR G BT A W 28 SORY ORI DARR T s 8w i) 3 1 D Ak 8 e 1) T AR
81 JZE A (B WA TR ER) 0 IR AT A E S B 1 E T e R U LR BT WS T A AR
F&, BTUAEE 127 A0 38 1) 5 10 DT R B R RS AR SR 2 BT B (BN R BR AR AR) AR I HE SN A AT VK
GE SRR 2 RAUE EEUEE 1 JZA5 FE BT RIA G 18, 0N R TR S 2 2 R %R R S
ARl — R AT iehs T AR R = AT e br 0930 L. Brk, 55 2 200 0 3280 18] v 1) Do ik B2 b 1A 5 PR S
B R T LB IO R A . 303 328 2 M v E SR W 7E 2 8P [ DTk &, K B (R B i I ] — 43 SZ B AR T 2 5
BRI 32 B RV 43 BEAE T R I 32, 8 s PR B A R M X A

WRLAERF B A7 AN 7R R %5 FTRA 02 4, 52 UZ DA B 5 B RE TTRRE . phi(w;, k') 5 SR IR
w; FE55 12 B8k T BLAER,, stat(w,, k') 58 ORI TE w; €55 12 380 &' A A UKL KT8 w, 7258 2 )2
E R P AN it G phi(w, k) BRI w, R 2 2 A AR I A (5) th bert_sim
BB w, H5HFTE SO 8 120 5 S0 & rh B IR T B AR, 3 HP MR A E w, 5 &
(I8 SCHMUUEL, 384 bert_sim(w, k'), FI T HERATE w; 555 12508k (078 R, Wil 25 2 7 AE S5 LT
IYSERES 1. 2 R, Dk, U b2 AR I B BRE TTEEIE N Cwy, £, AR A I 9) FiR.

phi(w;, k") X stat(w;, k"), =0
C(w, k) =1 phi(w;,k*) x stat(w;,k*), =1 )
AX(phi(w,, k%)X itf?, ) + (1= 1) X bert_sim(w;,k"), 1=2

34 SEATEAIRNERETRASHMES 5

AT A Q0T T AU R B B T AR T R T A G B RN 2 R A 1) 32 -1 T T R Gk fHDP 2 IR
T B RN FZ R S EME R 4. 7E28 12 CRF W FEH, BT j b W 48 SCAS ) 1] 1548 3 F 9 &) 4 32 R 1)
W TR A5G AR (8), TR S B AR SRIN, BT !, B0 G ) AT R (KA 5 %A P AT R AT
T T 43 LIRS AT R S04 54 SIS TSI 5 M R (1) — SRR JEE A, k1) B L, Jerf ko RS £ T AE
BT IS8 WU Bk BIT 2 BE S5 (RIS 2800 00 e 1 S MR S5 288 of IRIE L, 56 1 )2 CRF -4 5
LIRS A (10) s,

PRI, B AT DA PE S R — SO S m (A S, 01, XY o, FLAR SRS 5k 5 vl US04 5Lt
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1

P, I G KA A TR AR
AL k"

ki) @
1 OGOy -G~ ZT ZA(x;,,k;’)+a16“’7 " D AWK +a! % 1o
SR 3 T R R, WU T BT S SR TR S T B LT R TR I B R K,
TC A B8 5 AH RIS XU (R 8 TT IR 1% O SR IR S B E LG, B IR AH RIS SO0 0 DA SR A IR
B E L g5 A (7) VHEETESR 1 AR i B, SO RS S AR, RIS RSB RS (R4 T o (IR R 1%
AR K KRR, SN ZAR S J 0 AT A & IR S 0 A%, WAk (11) B S RO
(MR S S H ) T, 58 1)2 CRF M S-S0 8 B FE 1 2 50 24 58 (12) Fios.

AV = Z I(index; = index;) (11

j £ jte T;,t" €T,

Stk =KAK,, =k

i 1 f-1 1

A* /
! 1 ' 1 1 J y 1
¢, (AR Gryeees @iy Y H ~ E O+ H (12)
! ! ! Kex! E A’j“.[+yl ! E Af+yl

klek! klek!

DAL, 4 s LAy G 55 LT 4 T 10 50 8 URAR RGO AT rh 19 AT 3R, sl AT R R (3
AIMMFE A A, Wl /S EHER.

TR AU R L ) AU ) T SO OG BE 20 I WA T S U P S T S OGP, S
I (9) VA T = A 1 SRR, A PO AU = R = A ] 3 Af
35 REMRRULRE

S SCRIE . TSI ) AT A nCRP+I) LIS e, 50k 52 0 5 501 Gibbs SR IERR, £ et SR S 5
JERAER G A T2 SR RS HORF I R TG W i 2 B I B AR X A R G, B b 1 o Bl By
FERYZ G AR RAE R RN TIRE A, ks, PERGE RS0, M o

(1) VHSEAR R &, A XY (K 2 AP

2 RARAE AR 30 3oL A S 20 o ) AN 8 !, A PP VA X KR SEBLR 51 Ak o, 0 e (KR &
B OCHR [12] 58 3L, A IARPERER, 2k (13) R st (14) Bios.

L@ =1 (13)
R - k[
|X1| > new
(X)) U I'(n_kbv[vl+n_jtiv[v]) o
y COX<[+1x7) [Tkl
fi (XY = . \ (14)
j rX'8) ]V] LB +n_jtlv[v]) i
L(X'|8'+|X%]) [1T@®B) ’ e

Fer, j FoRSCRDO A AR (BRI BRI L BUS B  TAE) B, | Fon LT G S, X, RoR AR (3
W) A A, BT SR i ANBUE. ( RORE LRSS AL, X ORE L R TR RS, XY
FoRE LR K B v SRR AR T ATE X AR R G , n_kiv[v] FORE LR K RGN v
(IR, n_jevv] Fomidif e X0 HRGUE N v FIAER, g RN RS 4L

(2) KHf

TES 12 BB - L B R, R 1R 7 W RNY ISR 6, A, k) FoR B ILFE DA R L SE %,

jif,"lf’(xgi) BRI AR IR RTA R K SEEh of, I A PR 4 5 A3 (12) FTRR A p( o, | 1, =
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fhay o 7 K, AT (15) FIUR. o, S HRMEZR AT (16) TR,
A¥

1

Iy 4 il — X Y g
p(xji | Tji = Thews ! Mk = Z ﬁfwt ! (xji)+ T/fklmwl (in) (15)
kleKIZAJv +y ZA/ +y
klek! kek!
Al kt’ i g LeT!
AT feT

p(tj,[. =17k X o { (16)

allp(xljllzlll = tf!ew’ tl'ijiikl% tl = t[

AR LR TR SR, R nCRP+Z MG T7 ik AR -3 P Bl e, A R BB CAT S8 LA
RIS AN 1A T PP R 1% O S & A8 OB b, 30 R P A RSB 28 (KX A 38 K 1
BRBUSIELL, 2 TCEH A M S S H0 UELL, R IR IS I AR (17) Fis.

,X/
AR LG, K eK!

p(k’jaew 4 tl,ki.’ftl"”) o« a7

new

1
1Nl — ik
VIOl K =k

(3) RAE K

RV K RN LR SSER B ), N TR ¢, EHORSER SR, 4565 X1 (04 PERER, 3

kWG RMER. AR5 2R A R R, B O SR (RS RO AY , X! A PR R b

£ Ot s BAUNAEA WK o) JEE X! (AR 25 £ (X)) ¢ RSB I AR (18) 5.
A, Kek!

p(k;.' =k t’,k’,:"') o ) (18)

,yl k:(w/ (Xj), K=k

3.6 SUHTHRRENSIEEE

0 TSR T A2 VP SRR K 5 J22 CRE #P SORY- B (i ¥ 748 1) 0 3 3 1 2 M o g,
P P 23 5 1 20 R A A0 2 VAR AT Y K0 ek 33 3 0 W Al AR, A S — A
W B, W 1 TR
EiE 1. A R IR A 32852 DomainTopicHierarchy.
BN R CRYAE X, B R R SR o B B2 RV SURIBUSE B & AT 3L AR Je il i S, &
WE L
s AR 2 v R G .

1.I=1;
2. WHILE (I<L) /* RAEEE [ IRINRGIAH £, M ke, 2L RIS H e, Mgt * /
3. FOR AR iE 74 X e X' DO

4 FOR 4Nl i# ). e X! DO

5 HeA R (8) TR L TR T SURME A k) , W2 500 S
6. Hity A, k) A (16) o X, 7P, RE10 1, 5

7 IF #, =1, THEN

8 HeAR (11) T FSOR SR T 7 (0 SUR IR AY | WIS ST 4L S0
9 Lh 8 AY AR (17) RS RER, %510 kK

10. IF k™ = k!, THEN

11. gh8 S TN (13) WRAEDTCHESE;
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12. ELSE

13. Bt A RS O R A
14. END IF

15. ELSE

16. N 53 TG AT 4R

17. END IF

18. END FOR
19.  FOR#jK#EH 1 e T DO

20. fity v (14) MAK (18) WS £ B SE, K50 K, WHPTAR)T RS IEa 0
21. END FOR

22. FIIZR G AR5 o, M ke PEIER LR A B0, A

23, Tt A3 (9) VL T - 1AV DURR P, A= T -1 A

24. =1+,

25. END FOR

26. END WHILE

FELE RE USR] RN U M ] T B AR T, M 0 SR P o 9] - 4000 3 A ) T SCAR SR BE AN 2 IR A )
P ] T DR L, A TSR A VRORT SR - 2 A (s T - 2 ) R 3 - TR AR A B, S5 A I 1, A S
T AR R IR S I RS

4 LIRS

SEHHE AN 2 A7 T BB 0] A 8 IR RS B s o 4k, 3l 32 UL P (R VPN A A R B AR 25 i 11
FREAE SRR, RAREE . SR EE SRS KIS 4 MR Tabr AT 2 B, A5, 8
T 14 2 A2 VA TR el B X R, AR TR 5 R R T R RN
4.1 FENIERR

(1) W

PRI 28 F5E m] T 8 M SR B TR UM A A 2 B 1) 68 77, 30K ERL T ol IR 8 VP AT 2 VR 3 R 7 (1 3 B0 3 o 11 2 B i
EE G 2 IR R BRI, R FH AR Al U AR R P A A O (R AL SR, 0 I 3k AL AR A 1) %o e N s
(perplexity, perp), THE A UK (19) Fros. PR R A U0 B J2 U0 32 RV AL 1 T 2k R et

1 ) .
perp=exp| ~1— > > log(phiCx, Ktheta(k. j)) (19)

eLNIEK! X gty X <Kol
o, Nieo FORMRBAR A, «, Lom b AN, XX LR RGN K 1ITELE, phi B theta 5y 513K
T YNGR (10 )2 VU 0 R AR A R K 5 1 )2 32 AR 5 N K (R TR 20 Ar R SCRY (Bl F4) j 10 32 AUk
O30, 3L phi F1 theta 7] LATHE. HH IR Ecdh 48 Hh 4517 55 FRABLARFEL.

(2) HaeE

24 5 R TR () JR 56 A R Tl 2 MCMC (Markov chain Monte Carlo) SEHE 5 72:4E 5 A8 il i, B2 1) 42 2% )i
(complexity, comp) 58 S [z R S UG 52 4% F RN H0 5 A SORS b R ] 2 AN AT, THE I A5 (20) Fr
TN L2 PSRRI U 2 Ok R AR U B e

comp = (uﬂ 20 1[[2 106, = k’)] > 0]] 20)

I<L jeJ kek! z/eTj
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Mo, K 3R 8 1R MBS, TR OR (SO EF4E) j 7558 1D T RCi A A, & Bk 220R A
51 R RA TR RS A,

(3) LR LR

5 U R v T R 1)) KL HRORE A A 2 B, KL SRR B/ U W A ) ) 2 S Pl s, 32
2 R B 72 KL HOSE (B0 5 L R] IR 22 S PERROR, 2R 2 PR 702 IR F R v, oA 8 M AE:
BN U KL B T 2 A I PN 7 2R i) (R 22 5k, ] — SR 32 BT 1 2 AU ) KL BRI 215
ST AL ERR 7 B2 AR, I TR SN R RN T O AR R B, BRI, AR SORE R R A )
B2 R SO RS s B F A F E 8 1) KL SR P31, 128 mean KL, WHEMA (21) FioR,
mean_KL {EBRK UL A2TT RE R T F R MK 28 e oK, T R A B

mean_KL = Z Z phi(xlﬁlk,{)log phl(xéilkf)/z 1 21

(vl |11
%] ek phiCxlk) |

Horr, el A0k RS g T A SO R B 5B L RATE A R G M, phi o8 8- R ) A

(4) 724G b5

VT2 IR UL AR 1) SRS - FE R AT A S S48 B A 23 R 25 R N, SR 43 SR B B HR 4%, K11 (precision, P).
BB Z (recall, R) Fl F1 {H (F1) PEANBELAE SCRY T AU 7 28 R L. THE W A 3 (22) Fow, F1AEBCOR, 1 B R A
AR RN AT
|MﬂNLR=|MnNLF1:PxRx2 -

M| IN| P+R

L, M ORI T Ay 1% T U I SO R R B, N SR TR AR Ry S 112 7 A0l A Tl P SRS ) o ) 2
Hry MNN 7R [R]bRE: R F0 h J8 1% U il 1) SCR A R B
4.2 WIBEFIGUGEIR

T B 7 SR T A N R Al A B 7 O A R R R B AR, HLEIE S A B R,
AR ST 7 W 22 9 434 1 (https://weibo.com/caijing) SCAS Ay SIZU6 H e, I 8] 15 5 4 6 4F. U W 9T MW 8 4 1 S
A rp BB 3R — 0 28 B b (10 A8 2 A S L 3 R U, A S B K I Hp B 2 B A et I 4 AR 2 Uk B 3L
2], I AN A T 09 9 ST E R 42 20NewsGroup (http://qwone.com/~jason/20Newsgroups/) X Lt 36 E AR 8 (1
R

LEBHRTRALBE 5 TR, 145G, i [ B B ARE S A BE T H. (https:/ai.baidu.com/tech/nlp_basic) Ff A £8 i 1 S0 A3k
AT O3 R ARy s AR, I o B SISt BRI R BLEUIR T 10 (i) Alm AT (B Bk
T 7000 RITE) 457 v S BOE AL R X T 20NewsGroup SCAS, dli i NLTK L HAY (https://www.nltk.org/) 5K
BRTRARBE, FKs SO A ] (R BLBUIR T 10 FIR)3E) Bt (H RS =T 5000 HR1E) B, BT 44
T SCA R IR 2 PR bR 0 AR TR 1AV K 22 3R I A 44 Tl ] 1, AR SCHZHH 1) 3 W8] 2 22 0 2L 32 1), TUAR 3 JE ML AR 7 1
PERRI N 18 B4 1AL AT 44 T 1A T S0 B R R AR Ik e 2 s, e, W i SR iR i i
W WA ShRIAREE 2 38 R RS A 1R 55U 20NewsGroup R4 H 5 & AU
SNBSS 1 1 1

P=

®2 Bl TEAR A

BRSO e WA e o BAAT OURRUYIE R UK
SPHIFH R g BOHE REMEERE RN
8167165 1159093 352961 173635

VA 22 18
WM EMESIA 92747 88 267722 47185 12574 35454 85 873

TR S S

53619 - - -
20NewsGroup 11296 105.7 70 1173
30222 - - -
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TEAU TR T I, USRS B B 77 SR, LR F A 3 )5 AN U R AR M 1R 8. 0 I 4
SO, STk [1,12] 45 T 5 N—HE T e, BfE#H . 2 0. Wik, BUFI BRI D gillk, S AR M i
ARV ZK G vh B M (http://www.stats.gov.cn/) X855 PRI R4, B8 T 22 A &5 ihs, A0
] 52 P e (S = 5 T WPANE R BEYR. M. NRARTE . SR SEmivitE . SREREE. Aol Tl
AL, BRI, FEEAR. MR, k. SRk, BHE. B BADAE, SRS UkikE. A
LB SEAE P E AU A 3 1 1, Gl 1 R 2[RI 2 LA L (pointwise mutual information, PMI) i 58 T %
AR AR F A 1], APk A PR,

20NewsGroup LRI 70 T 7 AN—Z A, 004 alt CCHR 7 B 32 /80) s comp (PHEEHLHAE A4 5 THI (1) 32 380)
misc (CVEI R T8, B FE RS ZF WA KM T ). rec (recreation, KPR 2% 55 77 HI I #8) sci
(BRI 90 5 N 7 T 8 soc (FhasBh4% 07 11 1 32 80) i talk (b ie BOAATHS B 4 9 119 32 80); [ LT
15 A~ 2043, 45 atheism (JCHI1E). graphics (1) os (BAERLD). sys (RS, fmilif4). windows (R4, fiifk
). forsale (—FALH)). motorcycles (BEFL4). auto (Yi42)~ sport (B3)). crypt (i), electronics (FLF %)+
med (B£2%). space (KZE%2). religion (5285 2%) Ml politics (BUA). H1 T2 SCEIR 4 Th B & K 45 AR M 1]
T, AN SO I 6 A3 42 R 5 SO AR v F A IR 15 ) PMI RS Boxd B P s 3R 113, PR sk A o, | T4l
Pt AR UL AR T R S, TR, S8 AT B R Ry T L i R IR
43 FHRBESHRE

(1) X LEAEAY

AT JZ R B TR 32 B2 1B T AN T T : D nCRP+HZ R 7 V42 7E nCRP (&4l 2% [BREANZ N 1 3
BT, AR T 3 U T S5 R (0 S5 36 0 AT, R tHDP 2 IR 3 BT @) 454 A R 1 J2 Ik 32 R R o gk 1
32 2 UM 2 R 1) o TR FR. DR, SR N 2R T BEIRUE AN J5 T : O X EERE T nCRP RIS W 245 1) 2 1k 3 8
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AT HEA Y A0 LA T 9 Fifr.

@ hLDA®: B nCRP #Ji /5 7E A1 LDA )24 IR AR AL

@ nHDP): 31 nCRP #3557 Fl HDP ()24 A AL
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@ WEDTM: JEF 2 25 & W46« IR DR 5 B A0 3l 1 6 3 8502 Y g el e A

® rHDP: 5T nCRP-+#43t 77 VA HDP )2 70 S AL

® rHDP_1: ¥l fe T A5 sk @ 5 1 THDP 55,

(@ rHDP_2: Fl 5 18 T 1 1 - 3 R SCH OGS i) rHDP B2

rHDP_3: H2% 8 T J2 Uk Ak 3281 18) 75 DT ik B 1 tHDP 4571,

© rHDP_DK: ZE& 26 18 T WUR JE B . 18] 1 - 2 S SN DG BERNZ R AL 32 8- 18] 7 DT ik 32 1 tHDP A7,

(2) ZHE

B2 IR FE WA, CRF 4 BLd 2 1) R )2 CRP S a (HB/D, SCRH 1 3 8B/, )2 CRP S 4Ly
TEDBROR, 2B 0T 1 KRR AR, - ) 5 A R S B RS 2 5 MR ) U 1) 2 oA, BRI, i 1A
R (1 R e K. st 43 T R R A 2R A 1 2 R LR O A, ASORF IR 32 R rHDP. tHDP_1. rHDP_2.
tHDP_3 LA K rHDP DK # _['JZ CRF RS E av A1y 3 HIBEE K 1.5, 0.5 F10.01, F)Z CRF XN EH
Sy MTE 1,57 0.3 A1 0.1, 11 8] 1K) 1 SORMBME F 17t 550450 4 P 18] 15 5 123 08 T 70 J 2 4 3 R0 v ] 3 119 1 SUAHABA
PE, 8 T3 — 20 T o5 5 1% A U o SO OG- 80 2 -3 20 e AR v SCRIMBLEE B & ¥ e ma i 2 v
TR T A AT, R R, 2 A TR T SCTE T, SR T A R TR ) 2 A T R A R S A A
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HIE & 4l e E A 0.3 F1 0.4,

o T #2 7% rtHDP_1 A1 rHDP_DK J23 ¥k 3 AR 2 o 45 J2 YR AT SR e B (9 v B0, A0 oh 1A R AU R S R 5|
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MCMC KA TR v B AHE, TR, nHDP Rl TSNTM BRI 2 505 R LA, JoAh 3 AMBEALEE 2 AN B4
Sk 6(a) ATE 6(b) AT, B AL AR S BRI AR EL, AR R R G R R I % T2 1 2

© PEBEERKCEIFR  htps/www. jos. org. cn



Tk & M\t E AR AR K AR 1805

85 2 SR RIS AL R R WU AAT 1, MO AEIEAR R B 120 m AR R v, i SR 8 2 A 2 TE i R 1,
A PSR A2 B I, R (R A QIR Bt O 1) RSB ES 2 2740 0 2R BRI ARG e, SRR R 28 L 2
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AR R AR IR IE ) 5. BRTRS I, S296 U5 H T graphics F1 crypt 85I 143 45 R, sk 3 iR,

MR 3 AT R IR, tHDP #7732 Fa (S & 138 T hLDA. nHDP. TSNTM 1 WEDTM 582, 3= % J5 [A]
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TP R AN T - 1A DTBRE ; fTHDP_DK AR 1) RIS S A AR A 4 MY, 358 B [ B 0 5 J2 4 S0 R - 5
R A2 -] 5 43 T P S AT T U 5 15, AT DU M e J2 R T A R F AR TR .
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rHDP 3 ##4, tHDP 1. rHDP 2 ¥R mean KL {H 5 —L%, Ui 38R 450 MR R (115 U5 BESGE 732
B2 R T AT B A . R R R — 5 T, 5 2 IR A A v g | N AT (BT 403 SR, e T2
B K (BTSN WS, 08 I A (B4 28 0 SO 15 T2 G SORY - R Ay eI R, SRR L (BT )
TER SIS B QI (BT AR S0, IR IR e (BT ) R B R A (BT AR (U S 5
[, 7543 )2 R A2 L S L) R 3 3 R 5 3 R o A5 JE et A 9 SRS AR, A T RUIeR S, T e A
NFEBAILFENE. 78 5 ANZ K E B o rHDP_DK M8 7 1 32 B 2 A P D7 T SR B s i, WIHAE SR8 T 3 1M
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5 NZEIRERBIHIALE graphics F1 crypt H 202845 1 N3k 4 Fios.

R4 JRIREBR ) SARbrE

" graphics crypt
B P R Fl P R Fl
THDP 0.8502 0.8642 08571 0.9442 0.9556 0.9499
HDP_1 0.8740 0.8848 0.8793 0.9522 0.9637 0.9579
{HDP 2 0.8699 0.8807 0.8753 0.9555 0.9516 0.9535
{HDP 3 0.8785 0.8930 0.8857 0.9676 0.9637 0.9657
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M 4 AT RIL, tHDP_1. rHDP_2 1 rHDP 3 A2 (14> H$a bR {E L THDP A2 51, o B 34 n4niak A R A 2 g
SRR AR, I, 2 IRAK 3 -1 T TTBRSE B T OGBS R IX 4y B, R T A R AL T SRR,
ATl SR B AR A BT B T S R tHDP_DK 2 [ 73 SR b (2 B 1Y), 3 8 D PRl T o AU e R ek T
FUAFAE, ARG T SCRY IR AR .
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s — R R
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25, BFES TN BRI R —RETHRPRESE 1 B BB N1 84S, W RE T fabr 9
H 1R 1A, RIS —AT R AT TR bR 2 I FE R L — G 48 B FE b IR BV () R AR K
TR, SR YR R T, W T R VEARRRCN F A AITE — A VHRAR B < BUR I
Bl 2 NSl T AE AT A EORIBR ) (FE ) T R, 7E0 R b 7 S 4 1. 24 10 8
11

REAS T BT 5 T AR b/ AUEHE SO DS I 1 80 A R ge v 45 Rk 6 R 7 Fron. Horp, 5 T A &
L, TEEE 1 AT AR M “sby/sby”, 53 TN R 7R 1% RN TEA FERT/A IF )G 550 B Z G 48 br /A i SUAH G I 7 &
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Ro AL NG SR TR RSN 7 8 A (U 2 SR

TR (— TR BV (topicl)  HEH I (topic3)  BURFIAEK (topic6)  Wi%% (topics) A HL&0 (topicd)
T IR T 23/18 21/19 20/20 21/20 22/20
AT A A 24 22 20 23 22
WSS T BB R (%) 95.8 95.5 100.0 91.3 100.0

K7 AT E ZRAETFIRbRE U ST 850 1 (20NewsGroup)
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AT AL 14 15 14 18 16 16 16
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112 A 91); T topic3 A I T 382 subtopic (738 7. 14 F1 17 &9F); E topicd N & IF)E T E M
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god; nonsolution; sackcloth; dawned; stallion; vaudeville; repellant; observation; whill; atheist;

=% atheism blasphemer; lob; reinscribed; unwantingly; polly; gipu; deemphasizing; insincere; falwell; burnet;
galvanizing; Kierkegaard; caramelizing; rodolf; believe; freethought; unscientific; unassailable;
eternality; bible; identically; empathize; aquatic; stemmed; moral; sabrus; jvagre; agapate; heus;
diseased; grandeur; determnined; darby; masculine; freethinker; prupose

Wysiwig; bpus; university; iraf; graphic; attlet; foti; nln; moschettus; vernam; uninhabited; ugle;
20News nobly; scivus; subtraction; iname; image; color; quek; wollongong; bassel; forsman; redrawing; nnn;
Group yuv; Isabel; merchantability; sucessfuly; lgtgah; chongo; bof; Irenaeus; attentive; line; mftobdf; lenth;
% graphics unipress; rewrote; myterm; Erivan; chasis; brazen; tenfold; tiled; congressionally; invaluable;
lezghistan; fputc; huygen; Disneyland; tangy; nodi; rewriting; elevation; knu; stdarg; physic; scf;
Confucianism; isalnum; condor; petruccus; isascius; ellipsis; software; wisc; ioccc; siam; mcelwane;

algorithm; bit; feg; ncoa; framegrabber; visualizer; statbuf

jaffer;obispo; implantation; vepus; sft; troff; setenv; chilicothe; submittion; seamlessly; 1zh; sculpt;
iraf; stadt; roelof; submitter; clipbychildren; supervga; dew; lub; disgustingly; program; mactcp;
soundcard; bcopy; card; ikph; allegro; ffff; Ibhefry; Microsoft; wytiwig; forsman; biscuit; gobbling;

— os checkling; multipart; imdisp; chatted; hian; watchit; outsell; morphological; Inq; supposed; paintshop;
orcad; rasterizing; roell; topographic; vef; raveling; heterogeneity; chasis; prodesigner; uncomplete;
idl; memory; announcement; stasis; hua; niftp; armegedon; ultrastore; mode; dragondictate;
proprinter; will; evaded; fstobdf; nedde; bitblit; pctep; bbn; radious; transport; version; os; disk;
untarred; mimicry; feg; kelder; yourk; reconfiguring; directory; bbs; erratum

cda; cfg; spaceward; trigonometry; argumentum; photograde; rokne; unplugging; pamelum;
cryptologium; blinn; itselft; kinesis; voynich; ogus; ugle; rium; apple; qwerty; macromind; cyen;
mackermit; modularity; gatekeeper; maariv; incompatibable; jatfer; vender; catone; panned; macpaint;
—% sys hardware; dhh; machine; mac; inconsiant; rivero; valus; uncomplete; tiled; denton; openl; board;
lostweekender; idl; assy; nearside; yih; nodi; will; cramped; lvc; crystalline; funneled; Iverson; oid;
monitor; vigenere; sumitomo; spacify; ofvlb; zambonus; ecr; referring; compute; succeded;
kantrowitz; irbm; unsorted; hollyman; nistnew; isspace; techmo; seanmac; datahand; tecmo; heinbokel
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remailing; rasterizing; pfuetzner; vimage; astrod; commonview; kisseberth; sharable; myterm; unizh;
unghost; eece; iraf; shurik; complile; kaleidagraph; buffington; ariston; will; aster; galvanizing;

—% windows  gambarian; stdarg; nikolao; bosco; rivlin; forsman; visualid; Iverson; unintelligible; kafan; display;
wind; ow; previewing; lightwave; server; amann; eqn; mftobdf; cyberware; visibilitynotify; miff; bib;
visualizer; package

northland; stephanopoulo; britamrica; indirecly; foregone; ibmpc; dutifully; dispel; sating; mcgowan;
duster; marr; bwsmith; interopen; swirling; keown; biodegradable; outliner; disencourage; matic; naif;
biasing; sell; bushbaby; deadpool; price; arghhh; commercialization; sluice; goblin; davar; pucker;

s forsale clrview; sale; stopgap; stuffit; glavcosmo; prakash; pftb; tactile; layne; myterm; unizh; reply; magil;
mcfarlane; origanator; suke; hobgoblin; liefeld; infiltrating; dachsel; geordy; basalt; tist; sabretooth;
railing; pay; veo; qjn; plasce; uww; chvrtd; shipping; heus; danto; lugar; slr; lulling; contact;
cuperman; blurt; giger; ashkar; toa

waterskus; peeking; delaminate; moisten; shelly; yamaha; pigeonhole; fringed; urshan; carport;
kotdohl; thinkage; motorcycle; cotterpin; rosander; nakada; helmet; rodale; guzzi; bowels; monza;
telepathic; goggleless; dodland; coterill; locksmithing; kqspt; predisposing; nondamaged; bike;
tweeked; bieffe; sturge; testor; fant; preciated; hemorroid; wheeling; moto; cheerfully; handson; vij;
heus; pinkie; hogssc; throiugh; weathered; sievert; ican; kotrb; lezgin; nascar; ride; linered;
kotwitdodl; yuka; jerked; cousinetc; lotto; hopalonga

%% motorcycles

outperform; roell; accellerator; linclon; matejka; arfa; idb; hereabout; millet; adsorbent;
characteristically; congregational; amc; stitched; synchro; carburated; guesstimate; nubar; vehicle;
engine; srinagesh; busiest; rosander; offramp; cushioned; car; gruffness; switchover; arcing;
—% auto impreza;speed; adsorption; auto; affectionado; sung; lusky; mro; stricly; layton; flatpack; reingold;
thumbing; drriver; oversteer; tripmeter; merican; patrolman; couldnt; cranston; power; draftee;
gonorrhea; autotrace; ayoob; rrh; canine; concurrence; nrao; bedload; jit; affordably; aflame;
20News synchronization; deform

Grou,

P nepotism; nettle; revelant; gordie; ker; mightier; apd; game; keikaku; bongo; reipa; sportscenter; booo;
bip; kea; arbour; sisler; eerily; offen; beltway; liiga; matikainen; kamloop; rium; stuppid; ojalum;
spry; armchair; team; kemppainen; harrus; sport; sincerest; linare; stargell; lgtgah; unsung; soderstron;
swe; ciau; catullus; cringing; sively; damphouse; homesick; newfound; jyvaskylum; cfl; dandridge;
hit; afc; hovering; porus; hockey; horvath; restless; restructure; elitserien; ecac; buckner; ynyus;
backhand; stelter; minuteman; hoth; likened; fan; oquendo; henley; superpro; rosander; homeboy;
linseman; skated; brodcaster; markoff; greania; playoff; bandwaggoner; player; rname; maniacal;
earring; bronson; underachiever; mattel; pravin; acclimated; kovat; wheeling; lenarduzzus;
dehydrator; league; essary; laud; siz; lafleur; abotu; laurilum; overhyped; amarillo; danno; baseball;

graig

—% sport

dolgo; khafre; vogt; strengthening; carman; britamrica; agitate; vertiginous; egaltarian; vladimirov;
suall; kaliskus; encryption; cryptologium; lub; weinberger; bamfd; secure; subacute; cryptography;
wullenweber; ftprf; mundelein; secret; koelln; scivus; helsingius; knu; iname; criminality; audoban;
ree; coder; Ipf; stdarg; overwriting; modularity; keyspace; ecpa; physik; effector; wel; pgp;
merchantability; keysize; ftpsf; unicity; scfvjspj; chongo; algorithm; unsolved; scif; feg; prus; stuffit;
steganographic; pseudonymity; visualizer; statbuf

% crypt

wysiwig; netzer; gfci; cusation; roboticist; keikaku; nowady; modernizing; peltier; wazing; tulin;
chonglab; bjt; hanauma; dbm; tekprstbl; chip; plonk; signal; electronic; dectector; bitstream;
cruptology; anderton; reallocated; fumigant; ungrounded; epd; offed; electrical; selonoid; cometary;
stryker; decus; radio; mamishev; chongo; rrh; leben; momentary; pseudonymity; phenomenologist;
multimeter; multidimensional; noiseless; lovall; draught; sbl; peddling; meholum; paramus; vica;
meida; circuit; selonid; suncoast; easel; electrican; satelly; busbar; naf; unencrypted; amp; elisp;
shiney; bulldada; voltage; jelloman; irled; ibuild; ription; rectified; input; penet; milliwatt; bullwinkle;
charproc; cicruit; inseperably; nrao; intermittant; galvanic; dunning; icl; paleness; snugly; skd; ckt

T4 electronics
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cupping; psoriasis; sewer; hypha; chilicothe; kale; esplanade; genentech; haldol; iraf; muscled;
medicine; shereware; microgenesy;s carcer; rmit; effctive; subacute; coli; rodale; panetta; occidental;
litigate; sheryl; gephardt; rivlin; hicnet; inhibitor; verbably; undyed; socialized; hemorroid; throiugh;
privatizing; melanoma; indefensible; health; eugenics; bolden; schwartzenegger; heteropathic;

—% med accosted; morbidity; medical; unwarented; treatment; unrepetent; dodell; sadikov; banschbach;
hysteric; ovulation; shingle; effect; disease; meniere; fright; dce; offloaded; physiotherapist;
understoood; iocomm; predisposing; innoculate; spirochetal; rayaz; peptide; patient; quarantine;
stenson; twiddler; aspartate; danto; doctor; lugar; turmeric; teaspoon; deteriorated; subterranean;
bigshot; hazarded; humanoid; wavefront; chiron

gto; upa; magnetosphere; bowery;l arrison; hypha; elv; llnl; trignometry; satellite; yeian; tether;
keplerian; nfoti; rjl; datacube; standdown; asuka; atraction; nasa; keybd; eugenia; prospector; usno;
clipert; carumba; prnt; ppb; rejuvenated; space; astrophysical; cometary; commercialization; ntt;
wavefront; raz; goblin; bof; passageway; earth; jsut; salyut; qna; jbi; dozer; hemoraging; argonaut;
9 space nizoral; topographic; konstantin; uubuild; taur; shrrchr; flight; mclaughlin; crust; tonne; thoughtless;
billionaire; congressionally; dataset; moon; reassignment; rocket; stesis; haggle; spacelink; bettadpur;
satelly; topography; yeasteryear; liefeld; erratum; wullenweber; unneccessary; lunar; basalt; miya;
memmedov; costar; trotman; sameach; blimp; puppet; hic; layton; rio; lodging; willmann; shuttle;
kinky; scintillation; waivered; launch; uncorrected; soyuzkarta; schuerkamp; angstrom; jahn; raker;
20News intelsat; firstep; cate; teleoperated,; trig

Group astronomically; millet; hargreave; prego; nebuchanezzar; maccabee; sahl; precept; cling; christian;
whill; preferring; faith; assyrian; thanksgiving; impostor; grafted; christology; everlasting; dardanelle;
desciple; falwell; burnet; clime; collosion; clipert; tare; bee; kierkegaard; crossword; hornet; god;
harangue; delcaration; liane; filmmaker; eternality; assimilated; richness; aquatic; stemmed; lord;

=% religion huebner; crucification; psalmist; fervent; indwell; arrogantly; disobeyed; contorting; jotted; hippo;
popupwindow; donpaul; swearing; hindered; tiered; babtized; tional; impule; indescribably;
cheerleader; unfaithful; disobedient; presiden; rationalism; fifteenth; freethought; cometh; cannibal;
religion; cohesion; patriarchal; jvagre; suspecting; assyrium; schoep; falty; masculine; freethinker;
munn; jregzhyyre; christ; church; maiming; jesus

attrocity; narloch; blight; military; adjourned; armied; patriarchate; foulston; siyasus; saderak; wncus;
techy; humanbeing; war; consular; tractinsky; condusive; weapon; dardanelle; antiochus; force;
menachem; medicare; shalhevet; neccity; stepanakert; iksa; ealyan; akman; concealibility; disvalidate;
sharif; voluntarilly; weitz; endeth; heghinian; stemmed; notoriety; sabrus; politics; ffl; sabetta;
authenticator; genitals; stalemate; ratification; polybagged; purposeful; preyed; uludamar; rumanium;
countersigned; ihtilalus; moustache; synthesize; terrritory; nejm; apocalypso; sinaus; sadikov;
barrelled; sepulchre; victimization; theyu; menahem; belgrade; ihsan; concideration; unmet;
armoured; yuval; damsel; comfirm; administrivium; heracleous; belligerent; noncombatant; israel;
sheduled; nagasakus; godiva; origination; gun; thatcher; azer; northener; implimenting; leclerc; cation;
heftier; intermittant; crime; klan; mecli; hitlerism; awalus; attack

% politics
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