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With the development of the Internet, humans put various data on the
Internet. As most of the data is unannotated, how to efficiently utilize
unlabeled data for unsupervised learning, becomes an important research
direction. In this thesis, we use Generative Adversarial Network (GAN) to
explore the possibility of unsupervised learning on NLP, which mainly

covers the two different topics.

The first topic is unsupervised abstractive text summarization. That is
text summarization without any paired data. We use summaries as latent
representations of an auto-encoder and use GAN to constrain the latent
representation to be human-readable. With fewer summaries as examples for
discriminator, machine can understand how humans write summaries for
documents. The results on English and Chinese news datasets demonstrate

the effectiveness of our model.

The second topic is unsupervised topic model. The goal of this section is
to train a machine that is able to automatically discover the latent topics
similar to humans' cognition. Unlike prior topic models which models text
generated from a mixture of sub-topics, we utilize INfoGAN to model texts
generated from a discrete code controlling high-level topics and a
continuous vector controlling variance within the topics. Compared to prior
works, our proposed method greatly improves the performance on

unsupervised classification and topical word extraction.
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1.1 RS

el

A N TR BEEAIRFC - (6 1% 25 22 (Machine learning)AH B 145 X7 i il 78
ERCRARHIB S, » 5 2 B R R RE FI A #2238 2 iR B o R (R RO -
LR H B A O ol USRS © BRBUZICER - AR (Apple) M A AR 22 8 B 23R 5
BhEESIn » 3855 5 19 BB E B AP IR A 35 & U JE S 5 525 i (Amazon) th
FIAMSREE RN EREE S B HAlxa B ANHEBEEEFEEAER &
M (google) 77 F IR & £ % (Deep Learning)ff th A FEIRE VDI BE > BB A G
B ST BESA 5 EE 5 A RRAE -

FL T R A £ T BEARRE S E RKH SE B AN (Prior Knowledge) 21 1 H H ]
R H Pl (Feature) » 1238 PR F (AR I At £ 80 O R RS 2 {82 S8k 1) AR (Support

-
<

Vector Machine, SVM) [1] » #R 5 (Decision Tree) [2] M B0 %% (Perceptron) % /714 5K
fETRRTE o FEIR T VA& TR S B AN 1 BRI A B IR B E TR RN
B RIS R R AR R AR R > Y Bl R T R P B AR A 418 5 LUK
HIBRERIG D > B S A S U B2 A UL

MBS BEE R HEIRRIRIE S U HEETE RS GPURE R »
i1 LU B 2 (R R R > 3lf B ABAA DU 28 BT 5 ol I B R Y
EE s DU BEE R AR B » N A 8 T A SRR - Bk
A T AR ER > B E IR ARG R 2w A A AR
ERRERHISER » B O EREBHE K E ISR - It BT EaH
M BERIRESL > thRRARIRBE 2 SRR IO R 152 1R () £E B (Generation)H 8 -
PR A2 R R 15O I8 P B AR B > SRS 3 B9 4 B(Text to Speech) » X B
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52 B SR 3E 5 BT (Natural Language Processing, NLP)AY 4= 515 2 1% 2% B :# (Machine
Translation) » X B & X F 1% B (Text Summarization) °

[R] A M B R M R R A S A OB R R > 7B SR R BRI E > MK &
TR 21 6 R A B 70 B2 38 (Supervied Learning) #86EH N ERIFEHR » SR
TSR RER ) RS = AR AR R - R ERERISCE - EEEIH RS
FRIER R EE R DR A FRER A > BA LSRR T R
FIARAS R E A EREE — 5 B 550G BN RTATA G » BRI A0 e 1 53 28 AR AR AEE
SEE RIS E R R B S R R BAP TR A R E - EEMER S A RS
B R K B oA T R 2 BB 50228 (Semi Supervised Learning) * FUR| F K& A
ik R R 2028 (Unsupervised Learning) » S B H: fih 4 35 2235 21 {40
PR V2 AL B B ARSR I B4 22 (Transfer Learning) ©

B R IR R B AR o I BAS LR REE A AE B AR RN
b R DR R B SR A A I N — > BB KR
HISCF R BLREIE B ER P B A > B2 T A A F 2 HMBIAR -
SRR HE—PHBELEYFEREENEE - AMEER - Z# %S
PR E e T 4 R - TR R b 25 B 22 8 SR ORI R U R B AN R R AR
EMARZER » BT FR AN ARSI PR ERRER - B % ARG
ar J0 R N — R (ERRFEAY SO 8238 S B2 O S - P AT A RV E Al B
IRFEE R EBEGEE e T S o T WM B I A R 2 E AT
2 (51| 71 3 BERT(Bidirectional Encoder Representations from Transformers) [3]5t 78 7
R (Pre-training) L 3315 Y (Transformer) [417E K ERIARERE SR b - RIS A
TEWE B BAISR (Self-Training) (E75 I » 5 HEHUE W B ISRV ERS > #1175
ARSI 228 31 B B V2 9038 0 Sl LA TERISR IR B B GRTE R 2 Ho HRGE 5
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HERS E A BUS B ERI R -

R SR 5T R B e B AR AR B R RE L - T DA B B R [RI Y R > 3B
— {3 R 2 A BA Y HEFC % 2 S0 34 L (Unpaired Text Summarization) » 32 1l 42 8 Y
e /i BE A BE A0 3 1% F R B SO & Ul 5 s SC B4 2 (Abstractive Text
Summarization) > % _{f FREAIE CE FERMR R Y 0 BEEA EEHBEK
BAYSCR » SRR N A — % - EHRBLEL XN TE - B LEEBNE
TR TR R B SR R -

ERAERNMBIFRH R CERE » RS MR ACEREHEE - B
AR LR EZ RS KE N TIESNER - H N TEFERNBIGRS - J
MBI A BERI AR R E SR ERAER LR B E » RiEH
fill ERS A 5 REES DR REERHE -~ RS EREAEERE AL
REERR » ATNELERHE R T EME AR B A —IR T #ATk - Fitt
T ERGEMN A B D B E RS Y - REEAFIEMHEHEN
TSR

FECH A SCEMER T IE SR NE R EN TR — AR S
AR > BARHELAERL S MO HCE » BB RE 28§ ST
AR AR B 2 R Ry BT > FRE R B SRS 2% (Auto-Encoder) > #RiS as 7
BE P B i Y R B (Representation) R R B E K » I ISR AV RBUR HEEHE
i (Reconstruct) [ R AHIE K] » HIENE IR B HENE BRI EE; - BBk
BEEEMHRBEE LRI - K10 > MERA A/ —EEEARE - I
EE L H B NSRS AR - Y B SRS As iU RBUUA AR A SRR - BRI
i 138 FH 30T 2 By BT B 2 BB Y (Geenerative Model) HF AR BT AE B (GAN) [5126
B B 4w 5 e AR A\ BH T RE R RAL

doi:10.6342/N'TU202000333



AARERI SRR EAEEERA AR » FEERERGEER L ER
AR B BB —(E R A A R - E (A R B EE MRS T AR5 R i
DURCT fRERANSCEE R TR o SR G (B AR Y S0 B 2 RS T R Bl 15 P S e A A
RO R - il I8 LS R R - A P s JE B AR 2 O S R B
H > BOIREAE — @5 E AR E - e 58 A& » "BUR" LB B E =
FAFIRCE - gt BB 58 &R B A AR ERE - AR
JCRTAY R R J5 1% ERIERA] » AR B R e R R = E DL B R "]
FEZS50E £ 10018 » &5 Tl FI5t a0 78 Zoits — (L E B ERE IR AT 2 A FRY T £
> BRI FNESCE o £ - R ER T IR R A AR EE R
HIREFE » PR FUR HHE B 7 VAR BRI 2 B840 7E Q1 NS B 1B R 5
e JE R

HEBERE R ECOAE N EHE A R R R - B ASE H &R A s
FUAE B (Info-GAN) [6] 455 B Fr BR KRG A AN [RIRORR A » DRI P st i MU 2 e 21
NEFEEE T R R EH EREREAEME T LRSI E e R
BEAEM - HIC RSN R AR I (FACH B I R RE A2 S 7 R Bl
BERNISRTh » 3 LEHE £ 25 i F Al H} A\ (Word Embedding) 2K B Bl b a5 38 5 & 3%
HOREE » A5 BRI A T DA B B B SIS 3 A5 & 555 » RIRE R th A BB 1

pill%s

FH 5 ST T BB ECRF I - 8 F A Rl DA I R RO 5 BRI IR — 1R AR I
HYZE - o (A R A FE B » (HA SR A s U B R AR |
FrBUS R E R RS » AR E BN E R ERRRRT W - RIS A E R
FeHOEGR £ - S0 H RS R _E e & R RS R IE A - B — P R AT BERIRNI R T
i% » DL AN g e B BRI R L -
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1.2 TR AW

I S 2 BT T 1) A 5 A AR BB U4 B (Generative Adversarial Networks )iz 5l 3F B
BEXERES B FEOQS IR

o G SUE PRET PN R A 0 A pl e A i e 4R BB U B AR AR E R B A
H o S &R SO E R - DU AR B AU E LA -

o FHHAME AR R P B 7 AR SCR R — R R R R 3815 - R AR SO 1R
ARART R A 156 P A BRCE UAR B B A SR » B ST & AR A A IR B R
FEARA M #A B BRI FE AT 578 BT Y A Rl DUAR s Y AR 9 2 LU e (56 7 3
LB (Reinforcement Learning) AR I PR » £ 2 & it B R T SCEE A0 51
BB JT VA & BL38 — T A (56 ) A Bl T AR 2 25 SO R 5 7%
BT IR B T R E RE RS 2 A A BRI LT

o [ F B AL BB A B (Info-GAN)7E B i 17 5 1 S _E U ER B e »
R REANERCAR BB A JAE A+ SR ST B R - AR BEER
A BB - R IE BT B S0 A58 U7 T R B i A BUS IR I RO R
AN S E A BRI AL B PUAR I B IR AR BT B A B (Wasserstein Generative
Adversarial Networks)## & LUK 82 B 5l as 45 & AGEI R E HITE - I B H

{6 P TE AN SR A5 1) BoR S B AL ER B A B R =T -
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R HRAW

2.1 VFJEE K4 1 (Deep Neural Network)

2.1.1 AR

VR R RS A B Ry B A I B B B A R Y — » B LA A — B =
EASE T R E @R o B ERVE AR AR A TTREERR - A
BER R RS TT I B B2 B A EOE A 7R — Ay > I B B E R AE B {E (Threshold)
A GBS T LR o UM - SRR IE T R LE R (Peedforward
Neural Network) HFFZ & (Layer) AL > 3 B0 2.1 frs o JEERJE 2 IR #G
HB A BB A 7E — AR - TR A A R R T2 o At — B A A e
ANER R A% Tk AR X AT R v IR AR o

AR » B Sl A & e BOR B B N (Input) FUERSR > P A A RIRR SR
O\ DR R R A R B DL SO B > SR A i R PE R R HH (Outpuy) o S
S 7 AR > B HE % 8 10— (8 F B A A\ GRS AT 3 b — (7T A
WA R HE E (Weight) > 8 2.1 HHOEEREIAER —EEE > T EOEEA L
J& BT A Ei R RO REE INAR - PN b — (8 AT EIAR A RS (B (Bias) » Hcf& Ry T BEGAY X
2 {18 B A AR PRSI R BT R SR R AR A AT I B - AR IR o PR
— {5 5 B (Activation Function) * &—J& (H H f (x) 41 F:

f(z) =c(Wx+Db) (2.1)

Horp WSz B T SRR B BT HE R RE I (Matrix) > 10 b HILZ BT A B R (w s (5 AT
ARHIIE & > o BRI 0 o ADEEER R - B F G - S BAR
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Wi AFE EEErE #irliRE

2.1: FEEE A .

PEIT (ReLU) 85 ST B #L (Sigmoid) :

Relu(z) = maz(z,0)

(2.2)
1

1+ e*

Sigmoid(z) =
Hor 2 Z A Wa + b BME - FEE AR 0 H g R & 6 _ B2 R0
B o T2 RE E SRS 0 AN [R] 5 P e B i AE T — B AR R AR

2.1.2 JHMHASHEEEREI 5K

SRS e A A B 1 S 7H BE 38— (F 48 5 B B (Loss Function) » KT AL 4H
B H B AL B A — A A B ) 2 BORFR T RE R B MU IR R BB 1R
oK B B B R B R AN TR 1T 7 I A8 )+ T R A Y S R R R
R BT SO = 7 0 B A £ R o (I 4 BRI SRR S RS > B — (A R B
(Regression) 11555 —{EHIZ2 7% (Classification) {F55 °
A B AL 75 At R (R A A > (R TR R ~ T 47 L 2 R B T AR
AT LIS B — L E R 55 » &y T aB BT R AR DL MTRYE » AR LB g8

oo
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G FE B BB 0 TR B R AR Y U BT R Y IS (RS A
H A FBUHR R N BUZ 9 75 2% (Mean Square Error, MSE) » $577 22 B /MU B2 1) iy
B2 HARRY(E - Ha

EMSE—ZH% f ;0 (2.3)

HA fa;0) ZEEARE  EER o, W ASER 0 MEMLERNE DL > 4 2
5 EERIIEHENEE
HRBENFER 5 BERE - WENGRR 2 058 E (Multiclass Classifica-
tion) > 2 JLAMRETRAE A AU B H AR 00 o SRR RE o [ A SR B SR R S AR W]
DABEAR 2 2 0 53 JERTRE - (E15 — 3R 00/& ST A 1 7T LABERR & — 8 2 7T 40 JE Y
[ (RFFREAE ST » BEAE N F R — (A T & — (B L AR - IEMER R B
R 2 IERERIRERI o 2 oo R RE A i Ao & — AR 5 SR 1 AR
1 G R R R BB (Softmax) » B8 8 55 o (T RGAE R B R AL B B
BHIBERI T

eri

Zf 1 €Y
B 7 FETC AR K BN BRI 228 YR (Cross Entropy, CE) B8l » HEE X TU0F:

Softmax(x); =

(2.4)

Lop=— Zy log(f(x30):) 2.5)

AT LfiE S B L IR R E R > Pl T DR R e A A B 2 8L

R/ IMEIBR BB > B B A& 16 5 N P 1% (Gradient Descent Algorithm) i DL

[ (B & 1 5 1% (Back Propagation) 2KHI4R « BB MREEE L ERt HIBRREH N2

BHIBE [ (Gradient) » #3575 T S/ IMUIBR BB » &AL S B BERYAH ST 1)
EHT o FEHEABNAE 28 - BRHEEEE ME > BREHRXFOT
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(2.6)

2.2 0 U A A A

2.2.1 AR

b {4 0 L [ R A A i SR BE R IR T 2 BT (B SRR B R
(Sequential Data) * R2&FAE ~ MFEF A EEEBMARERE 0 RYF - Bl
FERENGES B A Z A <R I B HE L gorl - N RE 75 i &R
> §HAZRS  KFFFEERTEENHELET - RERER SRS ERD

FoR o Ky TR NEERE R - BB A S T KPR AN BRI R R

cI

T (Memory Cell) ' » 7£55 ¢ [ARFFIBE &N o, > B o, B (RSB RO B A
BT ¢ K ERGHTIRLRRE ¢ 0 o ABE N EREELRL by o BEFFREEA
ARG - R RO N B

Cy = O'C(Wxxt + Ucct—l + bc)
2.7
he = on,(Wher + by)

Hef o RBUEHE > T W, U, b &2 TSRS 8L -

222 REBZEEEA (Long Short-Term Memory, LSTM)

SN T A Y A0 A =X R A A B A RO R 1Y T Y R g A AR B E B RR
%% (Gradient Vanishing) 1 i @8 » [K] A 0% 0 = E o A 4 1 g 400 — YR I R B 1)
BRER S TR FIRENTFIIFHEERERERELSZE » HiERSEIEEF T -
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B T BEDLRIRE > SeRTTRA B4R HH — R 0 O e AR A B - B R
TR (7] RS A SR R B I T R

fi = 0g(Wpz + Ushy — 1+ by)

i = og(Wiz + Ushy — 1+ b;)

0r = 0(Woa + Uphy — 1+ b,) (2.8)

¢t = froci 1+ i 0 oe(Wery + Ushyy + b,)

he = 0y 0 op(cy)
HA fi,0 53 B2 BRI (Forget Gate) ~ B AT (Input Gate) ~ UK H AP
(Output Gate) * f ¥l FERFHE R BE T BB E 20 HHITPLL R 2
BN > o EHIFPLUBTERFRIE R Y « WIRE o U FTDAEBLE f & 1IN > BEJE
A] LA SE 4 EHEE] E— R RN o th R UL R A AT AR Y e A A I AR
JEVH AR o

223 FINZRFH 4

— 18 5 51 2 5 A8 B (81 FE — {18l A 15 A LA b — {08 A% 056 i P R - AN A S AR
B B A 0 — (R FOE B A B o RIS A S A B RE S L WF I ER
T = w1, @9, ay 0 B SR — (E R R RGO S RIR B8 (Hidden State) by BRAR 5
a0 TR MY A AR — (IR AR e 2% P 2 T R 1) R AR W b i 2 R A\ 77 91 e g 2L
fif 5 EE RS A S ) S b AR — (R I RE HY BRSO RE AR WD da fU At B 5 BRIk
B BRBHEEERES m (FIIERIEL v = v 00, Ym ©

224 HEAFIEF I
IR R 51 2 P 5 A B i s & AR S R 0 R — (E R IR RS » SR 1T 0E B R]
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HE SR ARG oA IR R B BN - Ry T iR AR B4 L TE e A S (R I Rl Y
HEEEH  IRERD THIET) (Attention) [91F% ] » FEME A8 71 2 A i ] Rrth 540
BEAESCRIAYE TR E A L

B TS £ 75 4 00 S i o B AR 1Y Fr 51 22 Fr 21 48 s R [0 2 T S 5 2 0
TUNNHIECE - B SRR RIS ¢ B AR —(HE R o M SRt B R R A
HOBIRE PRy Pl G > R

et = vl tanh(Wyh; + Wis; + bgttn)
2.9)

a' = softmaz(e")
el (URESMtSAR SR ¢ I RGN B RS IR S % S0 B P PRI B A B 220 - T s, 2
H R RS a5 IR EUTARE - b, 2 5ASESH0EE ¢ (EERRUIRRE » W), A W, &0 ml I RAY
S8 RIRHY of 22 H I S i A b (R I BE A B o 1
PR E AR 0 » w] DU —{E T2 3L & (Context Vector) hj:

hy =Y ath; (2.10)

i I 37 T R R A S B e ) PR Rl REAR 8 BT AR o i S SN R - 49 15t i
&SI & o AR BT 1 SC TR B P R A A ) B B IR 8 — R B A2 S 1R ) 40
EE

3

i

¢

Dvocab = softmaa:(V‘(V[hf, Si] +b) + b‘) (2.11)

225 BAXIEEHEMR
TE SRR BERRE R o K A2 A £ 5 30 S B A S 2 A0 B A\ SCEE Y ER AR

[[] » KI5 & H2 P24 5% (Pointer Network) [10]5%7E .18 B S A8 BLER 5 A H
B oo fRIEMEKE — BT 2TV AR BT o i LLEFR T 5 277 493
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WA RESR B RIESR 515
8 E [ &~ ] b i
BEIEN

B 2.2: HAmiBasn AR R IE.

Fir E AR A B R o, ZRESCEAESREGR o JRT > 200 R 58 & H SO AR 2R » 72
S FTE #HE U ELE — P AU IR 1R & U HE154H % (Hybrid Pointer Network) [11]
PR R RE SO T AR - EREE — R E RS RS R B
BREEFRM - REEAHUE & IREMEB SR 2.1 F:

u = sigmoid(wg*h: + wsTgt + wfxt +by)
(2.12)
Pz:ocab = UPyocab + (1 - U) Z CLE

Lw; =w

B ST IR 2 B R T R R R O B R M A B
5 51 48 B 1 5 49 1 T A B 28 P S B AT A 0 EL RN SR R BT SO
Y, al B 0 BEBIMET R AR -

2.3  HZ%if5#5(Autoencoder)

231 HAFEHE

Hmihas & — IR B REEH N I7E - AEREE B R E BB RE (Latent
Representations) » JH V8 7 3 0 ] LAWHR A B 2 B 70 BRI R B > — (B ROTBTE

BUREE By 45 1 U SRS - L Ah B AR 1S A AR FT LU P AR 2 ) T 31 4R
(Pre-training) ° W& 2.2 iR~ > HE4miSas @ T & &M (E T © SRi548 (Encoder)

13
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LUK SRS 3% (Decoder) » Al an & ST BORHIRARE o — 8 M BEAHROR [FUA BRI Y
HSE & - RS A F S BSE A B A B (Reconstruct) JRARIE R » EFIBRAY
AR R/ MUERERAHK - RBEERBIAF 20E A AR RE LR » R E R
BN E A o SiE A T ZR R s TR B R B R
BT B H W A R, -

2.3.2 %4 H 4525 (Variational Autoencosder, VAE)

J R B i 5 i TOEL o) % S Hk i 5 B — 1R 1R SR R B e R 1 U TRV AE =
[#(Latent Space)™ H 4wl #% & B A & B A BEA BRI 28 IS A R BRI E RS »
I FE B 35 3 S — 1 47 4= B Y (Generative Model) » [K] £ 7 TBE 25 ) A A0
HBEET A e RIS 8 AR 2 S ERAV RS -

B TR MR - AR E R B SmiEAs [12] 0 FENEENERANE R
R A — {2 » T /& — 18 5 f (Distribution) o B 55 FHA%HR A ) (5% B G TR AL
— (B R R T AT A B2 el e KA BB B AR (Likelihood) log (p(x)) » HR /2 AT LA

FH %8 53 #E5f (Variational Inference) #% log(p(z)) R4 T :

log(p(x)) = Ezng(epn [log(2]2)] — Dirla(z]x) || p(2)] + Dirlp(z]z) || p(z]z)]
>20 (2.13)

>= ]Ezwq(z|x) [10g(£€|2)] - DKL[Q(ZM) H p(Z)]

Tk — 2R FAM AT LLUAE ##5 15 T 5 (Evidence Lower Bound, ELBO) %:

ELBO = E.roy(oinllog(z|2)] - Diccla(z|2) || p(2) 2.14)
B L R T 0 P B M B A AL, (o) » S ELEBE R ST 8 R R 19
s S TE B, [log(x]2)] SRR SCHY B GBS0 B E 2t o (BRI NS Ol
o(zl) FFHBEERY - EABEERHY « » 5 BRI R 5 MURTE R RIEN o(-|o) 5

14
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Se88 1 p(2) MAYEE BUE (Kullback-Leibler Divergence) ° 2 B[ 252 i E i 2
R ) B B AT R AT o — RO, » R 2 BN G428 A E ) 38 99 fi (Standard normal
Distribution): N (0, 1) ZAE A 5EER i

2.4 4 P 49 B (Generative Adversarial Neural Net-

works, GAN)

24.1 FAJFRH

ERCEHAE RS (IR R E PR T BT b SRR U R A
B R E A RLUR B A AR o A ACEHHUAR I 2 E i A A BT AR - B — 1
BAH 2 4 A (Generator) G » 35 A FAH 2 85/ 48 2% (Discriminator) D » J& M {44
PG AH B S BT 0 E SRR AR A B/ ME S KB (Minimax Game) &
8 M8 B/ IME B KA B - TR A AR R SRR P, TR AR R B R
iG(2)BE B E kL i P, AL - B W E B A BB 5 7] DL N SR8 5 ) R
B~ NEPTBRRE S B NERTE R RICF -

o HAI4HH% (Discriminator)
AR D R EERE M B EREE R M A2 HE T ER
3 ffi(Distribution) P, FlRRY » X EUR M A BUERGHTE 4 B G (2) B il
fy > HABR AT LU BUAN N T

Lp = —(Eanpy, [log(D(2))] + Ezup,,. [log(1 — D(G(2)))]) (2.15)
HF — M2 E RaE & — 1l — oo Ay il & - £ DY e g & —

B sigmoidEH =, ©
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o F 2% (Generator)

RS G AR L E 43 (A (Distribution) P, BRETEI 575 4 {3 5 57 1 22
H B NSRBI E A B 0 1 P, » R o i e AFT 7 B2 A Bl ain BT 2 A i S O
MiG(2)BESBLR P, BT o K T 32 AN I8 & A FE (8 B TP R A0 o1 212 2
NIEF B AR R R 016 - B0 NIEFTERA IR ~ NEPBRIRE & e
NEFTERNT > Ba R £ AR5 0 P, B4 2 R
BEERIEE S P, o 2 TIERU E b > A RLES T E AR AR 0 ZH R B
TR S A - 0B SR R A R R BT A A 2 B
o HBEREAFT

Lo = —Eenp,,. [log(D(G(2)))] (2.16)

ATULEEH G IIRREEA D RRR B SE ey - Bt e & —
BHEAAHET - 2.16882.15F — BB RIFNGR T X - I HAEFNR—T5 i
FIN—TT NS BUREIRER - B ISR E — B RS A fae §EA0 5 2 B IR T
UG - BRlEH A A T E A BB BT BRI — T -

242 FRHAERSIHEKELES
5 FH 2B B P 4 8 2 A SCF IR 3R

R 18 E KA BB 5T 48 B (Wasserstein Generative Adversarial Networks, WGANs)
[131A0 4 25 - B 88k B4 BR 9 B (R AL IRF > GAN B9/ 20 2.15 AT DUHER s 2 8 /)N
Y A B E A Y 4 A DL R K AR B HE R 1 T RIISBRUEE S diver-
gence) * JSEUZEE M A M Z 2R AL ERG 2 EME  EEBEKRE LR
215 HETE SR AT (T ROKE BEAR 2 Bl > B AR 7 AR O 0 5 2 MR AR Y 0 A > JE (M
PR SO PN 2 > R T M R 43 1 R 2 PR B R AT 20 2B 1Y > A RE 5 AR

16
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R - TR 0E (I PR AR B A SO o DN B R > B Rl SRR Y A Rl T A i A
BRI E R AERE AL

B T AEDRICFIRE » S0 6F BRI FU0 e P 7 R 3B > 58— {7 () i i — T
H B AREE » a8 E B AR B U JH B RE B HE RRR A o0 (8 o (R ] O BE A - R BE7E i
18 53118 A 2 S th R BERE S B A P T] O pEL R » I B3R BEBR BEAR A Bl © 5B
e 5 1) I 5 FH 38 11228 (Reinforcement Learning, RL) » 58022 E I ESIE AT
REAA (5 I B2 ) (Reward) 2 S (£ AL BE T T o 1O HAR R 2K

{56 FH ) H AR BN 2

T8 R T VA AN A0 AR i A A BE A R AR R ST - I B R A A U B Y
ANARFE IR RE » P E A48 B B 1 A B B0 AR it o (I8 B A B e Y
FH B R A ) 25 B U R (56 F TS RIUEE 2 18 Al BRI ER RE LB i 18 4 1 152 7 B
IRF 1R 7E B L B 2 ZE R » TR Ikt e 73 30 B 4 81— T 1 2 O 8 4o £ P e 1) 77
% 0 WOT IR JHE RS B W (IR A R o (T A R PN RAERE R A R A
B VR H AU B — T 42 f itk - BE B (Earth-Mover Distance X #% Wasserstein
Distance) I FERERT & J71% » 10 W3 {8 o 1 ] 9 L BB A wT AR RN R Y=+

W(PT‘7 Pg) ~ ma$w:|fw(acl)ffw(xg)|§K\x17x2|Ex~Prfw(x) - Ewagfw(x) (217)

MR 2 A T R P 18 ] 1 = PR ] AR — (B BE A B KA A R e U R
& o 3 HZSKOE (BN s ZH Z AR 5L IR (Lipschitz) sEE k1 > — {8 Bk B2 2 5L
FOBEE R - ER— P ER AR R E - EIREEE fy<EET
1 R e AL A AT AT AR R — A 3 - B (B U i 2 BOR E R s - £
AU Bias a8 S0 S v {18 PR A A i 2GRN R S A =8 D 1T A o 1 — {2 2K
B NGEFTE LRI BE BRI - AN HREZ A B R ERARG > 1E D Y98
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RKEKBAT AR LA T
Lp = —FyopD(z) +E.p,D(G(2))) (2.18)

BB L U2 18 m] IE R R BRR E H A B R A & i 1 o Bl > i A&
Rl BT 2 A2 ) R 1 5 RN 0 BB © % T EL(EDIN R L FUEE R E I
HE RBP4 I (5 F B 78 &1 (Gradient Penalty) [14158FR ] D AR5 BT 1ERET -
Ren B EERGENR - D Byt

LY = Lp + NEz[(||[vzD(@)|l, — 1)?] (2.19)

Horp 7 B R B A plias BT 2 L R H 2T o FARGRY B AR B g A
AR BRI AR S - TR At Y B AR 2 BEDAR s 1Y o BT - AT

Lo =—E..p.D(G(2))) (2.20)

B R A Rl B BT A RS AR L > 2,19 IR F2.20 25 B EFISK - Bt D AL
5 o o BB BCR B R L BB ER (S - Rk D i R HY sigmoid IR Y
WEHT o

5 FH 558 A0 22

ERRENBOEE R ITE T RA AN —RCEF RS BT (Sequence
GAN, Seq-GAN) [15] » JE 1 J5 1£ B b3l 07 ¥ 0 B KRR 2 BEAE 7 bl ) 7 12 &
H ARG Hi 57 4 fi(Word Distribution) BL I8 A\ D » $R 170 75 { F 58 (4 228 i
JPIE o & e AR AR B I R BEG T BE A HURR 4 11 R A F R — BB AR 0 3B — ER T
Wk — 8 F) T o ARI% P AR SR R AR b AR B (E A 2 VAL
> DRI B 3 O BE VAR D IRl G o H A T RERE G RESIR B E B D AH

18
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B E RS o RIS A AR o — (R R L B E R
4o (B B B o 5B — {2 Ay R RE(State) > BF AR bk B R LA ] $E S (State
Transition) * 58 = & /& 32 B Y % =X (Reward Function) ] » £uf& 217 53 (Agent)
#7825 [l (Action Space) & {i o AR EM G 5 £ BUE TR BB HIRESE - ERVAT
oA SO IR A > 3 R LA R U A A B - IR ARAILE B
HIlE A T IR T R 3R kR U A A R 1S BRI B8 - IR BRI
HIE AT R B BT E R A T —ERA PR R » BB AR R BRI T B AILE 2 £ —1A
R R AR AT RERYAT Ry B B SRR M R ELE o BRGHY B R U2 R
WD > JRRIGE DR B S A > R E A2 D BBk o MR SEEIER o B
B D 2EE > M BRI N - R B 21540 0 2L T M G i
— AR FEEERAE - R R

ED = _]Ea:fvPI IOg(D($)) - ESNG(Z),ZNPZ (log(l - D(S))) (221)

HoA & G (2) B2 £ B o0 R ek HI 2RI B 5 » 3235 G RIGE AT SR AL ER 8 AP SR

BB (Policy Gradient) 2RIEFTEEE » HIBKE Lo EFU T

L (2.22)

Hep L 2A)FHRE » T G(z), RFRE RIS ¢ 85 5T 2 £ 105 916
roe RS i (R RIBERISEE) o SRT0 HHN SRR T & (15 A4 pllan 7E B (RIS P B S 21 Y
S AR & AR > DA RTEFE S A B A B F it 7 I R o (S SR IR
833 (Monte Carlo Tree Search, MCTS) > HI H ATHIRFHIEG ¢ AErAHER 52 B f)+

faknlar it - BRI R EIESR | BRI RI SR r; o
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2.4.3 Eill 4 BB P4 B (Info-GAN)

QTR - AR R AR B R —E e ER O P, FTHIERRI M & 2 REAEER - K
M~ A —E AR A 222 e - &5 B B A NRERRE UER ERR
> BE MG IS » R — RS RE A T - A S S R
B B TR BUCE DU R BES 22 B B USRI AR > B A B A B RS
A — (BT 2 DL — AR B S ARG c EEEER G(z,0) > I
HERMN G(z,c) LI ¢ Z ERIAE B & & (Mutual Information)

IR » BB E G2, c) B c ZRMHEERFTEIERBIEE P(c|G(2,0)) »
H A TE B RS TP S M B S R B > BRI AR A B AR R (6] A 48 R AR 2
FTILIRRIREE T 5 AP w] DUGE A — (R B B = Q AR AT LA ARFR ) > @
AT LU RTEIARAEE I R A B - BIAR @ AU R > R R R Q R pas
Flf Y G(z2, ) ETHHIERIF M E ¢ » FEMATLHE Q, ¢, D (B EHRE A
R
min max B, p,log(D(2)) + Eevr.,zop. 108(1 = D(G(c, 2))) + Eenp. np.clog(Q(G(c, 2)))

(2.23)

HEC R VL Q B G Ry BAERAREIAY - (IR B R DU @ R THM
GHEAME z o FHIMER—RIZEFIRAGHR T Q B D (E 2 EEH#E
) o

2.5 AELALL

g EE AR T AR SO S A 20 BRI B8 S R 0 B e AR IR
B LR AR B > PSS M AR TR R B T A i AR H AR AT AR SCF RO B

20
doi:10.6342/NTU202000333



B == AR DA IR B R
RO E R

3.1 BB

SRS AR R AT By U AR E (Text Summarization) * L E R B HEpL R E
— B RASCERRUORS 3 - JRAE AL — BOR R ST 0 B (AR RSO T B A
B N EE R —/ N

T S E A I ERBCE W] Ll R W R - 88 — R R BGU S E =
(Extractive Text Summarization) » fHE S EREE R TE L E A LEHTNE—
NBOUF Rl R AR 0 BT SRR 4 B i R B2 T A S
TFREREFHE - BHEEEE /N NBOIFEUATREAL -

IR > HE B NSRRI AR 2 A SRR E > R R A S
TEFLE M AT A RS G —BABRME S - IS HGE B 00 A FHE AT RE
BAHFZ L ENEEE N EERNEN > FIOEFERPIE R 55— R
NSRRI BT 3 > R At 5 U L (Abstractive Text Summarization) > FHi5 =\
TR b SR SCE I B SRR - RS E R S E X B R - —1(E
A — (B R B 2 BE AR L 0 B EE AR R R AR SCE Bl o R AR REA
I EORS i 1k R A AR R IR DL o

MBS G » R A S CR R E R B R BB EEHISR - B
R TRV EBUE LA FRIFE D RN EES 2 - ARIEF 2 B0 PSR R =
DARAHS BRI EN RS » RRRE - F3 ST ER G AR -
PRI A G SCRROIE s A FH R BRI R SO & B8 A G &

§=!
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v

JREOR %, g ne

&
%8 —4 408 Hmﬁéﬂ > 8 > EHKYE

\ T

B

3.0 HAEUREE AR Epla IR E AT E - ERTE AR E L H AR/
CERER R H iR pl 2 it R R AR R R B - Wl ZiA B i 2 B30 5
RS =DAVN

HR A 8 R N ER R 2 E RS AR SRR R NS R E R - B A
T O EE AR 2 R 7 ZAR AR FI SR SCESRACEHY - Sl B AR SR R SRS 5
MR ARRCH A =R E -

3.2 BT E

3.2.1 JFiEMk

07 1% BT R R B AR - RISERT BT NRAO o B S R i SRR
A BB AE R B HVBE R BB F R SRS B ARAAERT - 3 BV
TEFRBUR T ELREH BT A B RE R JER A R » S BB R P RO 5

R It 32 (VS 7 2 B T AR o B TR B o SRTIT IV S BR SC B A B R T
77 RS BB N TR B B R AR SO S S 2 (K TR A

HIERVBIE R - B TIRAU B » AR ST AR AU AR B A R A6 o R v AE
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FRUE NEAEIGES

N 3.1 Fron - BREAL R = (AP AL - o B2 e plas G o Si5IRR D DLk
HEfgr R 2P G D AR E A B TUAE R - TG M R AR H AR5 AR o
G B4 B 2R 2 — R & SR RS - I HA WA © » — A G R &S
MRS - AN EAERAE BRSBTS - ELURER M IXE
x=A{xy,z0,. . xn} BEN > HAEME o RER—ERF - i HRIRIECEREAR
R N WA DIEEREE S AR G(r) = {y, 00, . yn} > HAEHE y; &
e EF IR D o K TR G(o) 2ULERRE - G(o) W/EZEFEHERE [ FA
HOSCE o A HE RS SRR R2e D - R TR B IEE NEBHRE -

M DA AR AR — M RAEMEEER - ErMA 6 AE & R H 51
MR s  ELUMBRELENTEE Go) HEABETRE g =
{yreat yseet, oyt Rl o Sl HELEGE BB I AR B R R RS B B A E
> Hrf DA NSRS S AT ZIR G i AR CE 2 2N » A2 2538
GTANEERENTE - B=(EHEM R iA G B WSS Hauwgisas
Bl G LR E A I HEE W R BRI G s AR E » /]
LAE D, R, G 1) B RS BORS p B =0 R

Lp= Eyreazwpymllog(D(yre“l)) + Eonp, yona(alog(l — D(y%))

M
Lr=Bor,ync) — Y i - log(R(y*):) (3.1)

minmax Lp + aLlpr
GR D

Hep Lp 2 BBEAFRLENERBRKL o AZEH EREEKXLHNESH
(Hyper-parameter) * 11 £p R4 AU U B AIBRA) BAR - ERHERzE R & D
WAEEEEA G(x) » TEH G(x) 2R — T G(z)* = {y, v, ..., yx} H
Ao ERE s AUREARBER IR MR » H A a8 ) A2 — (R o
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| , " B

inm.? “'{TL J | N T?
iaaﬁgl ’ u' Jlﬂﬂl[ [ . -H—H _______ |

pjﬁﬁ | Bas -:'. 3 r

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

B .'_ ; -.;: S Ton i

-------- 4--:111Iu ) T :r--hﬁlx:- EHIER

(“WFFH e

B 3.2: $2 H LR R4 O ZEAE o
322 ®m/MLEREL

PRI > EBR L By Lp B G BRI A PHEEEGEIRE N R AERER -
R PRI AR EOE (R BERRIIRIE © Y2 - B T G B HIME Lr > T3
PCERTE PR SRR B AR TR I P - S0 B AR AR R BN BN T

N

Eoop, — » _ r1og(G(z);) (3.2)

Hep g —Lp > EFE RAVEEEE MR H RN ERER R - R HRNERE
BREEEERINARI G A RRAZERE » WiEk rf F8 R (Variance) JEH K » 2
A8 G| NG A ER T PR R A I R SRR T 1%+ A B IRI 25 22 (Baseline)

o NG SOEE T E ALY AR EEE - 5 A (Self-Critic) [16] 2
AR B IR S &2 (Greedy) BEA MR —H AT » R IERUE B EEF K
R BRI R KRR > AR (B RIE TR AT o0 B R WU BUE R

mif

24
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FLHE > AR R A DIBCR AN T
M M

P = [ log(R(y*)i)] = Y [ - log(R(y")s)] (33)

7 %

3.23 ARCEBIAEREREISR

PE RGBT AR IR B e A A kA BE S £ A0 AT B AR AR RS B
o FEARET R EE F R T VA A R A A PUAR B BRI R - — T ANl
ARG AR A gy L R o0 A e N SR B A 2ET 0 Sl ELOE B PR A B A A
AR5 BN —TERIE A B 5 H A SR AL B8 BT I% » RO VA& A A B A o
R - P n e A 0 A% AR A E A o

M 3.2 Fros o R AB R B g-1 2 M7 IR B A A A SR B g o Pl (I 5 2 A
(Residual Blocks) AT » LLAE pleas BT 00— RS RIEA - M A E B - BRMEIRL
i I R AE AT G » RIS 20 3.1 B9 Lp BB T

ﬁD :ExNPle (G(ZL‘)) — EyTealNPT‘ealDl (yreal)
(3.4)

+ BiEyiop (Ay Di(y') — 1)
Hep gt BEER Gx) LLAEEPGER yred WETTA » 715 E Rilk EREIE o
b0 T By B A A R R R NI RE S B -
[[IfESn%=3:0ki=ENETL ‘eI

EG = —EINPIDl(G(JZ')) (35)

» ERERBERNEEREE ERRRE Do Wl R ERE AR E LR ER
G(z) B D 528 RmAY T HL -

25
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51 So 53 Sy 55 S5 ST 53 Sg

-3.89 -2.40 6.52 -19.68 -53.22 -66.28 -70.47 -71.81 . -72.04
[ ottt
=;
o] I
italian police arrested arrested a man for <pad> <pad>
Y1 Yy Ys Ui Vs Ys Y7 Ys Y

3.3: HIAHIRE SR TEH ERR G T -

EE%iwLE NI SURTS

A BN PR B £ R A PR AR ST M B IR AL - Pl 52 B —HgT
H 38 A0 £ 8 SR T U A TR ST 91 A e A e > S Ly JFL B P A O 4 4
BRAE A o

J7 51| A2 it BT AR i B K ) I RELAE 1 A 5 MRy D 0 JR B T 5858 R AR 18
ST & H AR ARG R B p BB - 5 R e B 2E A O B P 5 RO BE D AT
FATE > th g DR 7 B VA SR A R A i DA % SR SR AR SRR
FRFFR Y > & (6 1 R P B i B 3 27 R P A1 7 A BE - RGO BE A B ol A 12 ) s
A FCRA ALK B B2 IR T L

R TR IR - AR SCGRE B R BEE SR M EEEH —HRE
S C 17 B AR B 2R B 1 M e TR A ol PR L S 2 O B ) » e O YA 158 T ) 85
ao (@ 3.2 1Y A as-2 R Dy 0 Dy DIH G(a) Friiirny v siE ANFRFr 2 £ 1Y
yreol Ryl N o A BANIE 3.2 R D, fEE R R A E i — 08 s 0 s 0
REBEBAIRHE i 0 vy = {190, .., v} EEBENEBRRHE s 5RE
AR NSO - I H D, ZEEE W] 50 7 7 1Ry [T 38 A1) B R A 2 B R

BRI - W E 3.3 FroR 0 &y “arrested” EEF EE LI T 0 £H 1A
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“arrested” HiBit% » 851w 1 & — 1 B A Bl B 2 AR R B) 5 BRI Y 1R Y
At R RER ST T AR A 0 8L - 3t B Y Do 6 A A A BT A BR AL EINAR > &
B A BORIRIR 0 B 12 [H - BEEME » A TEE D, FIIBRRHRE - &7 —
AT y = {y1, yos ..., yn} B Do BB » Dy @I s = {s1,50,...,5v} > FIE

REFE Dy RIRREKE Lp, AT

N

1
Daly) = > s
=1 (3.6)

LD, = By D2(y") = Byenp,e Da(y" ") + BoEyenp (D Do(y') — 1)°
Horf Dy(y) AU A A THIHY 0 BR~F- 43 » 10 o AILE o BETR yreo! SR T
o e Lp, i) Dy FF-8AHE R A S NEFE R EECE LR ELR - B
— BAE SR FRIRE S0 )y 2R BB RAS » Dy SUREAS LIRS IR R I 0 BUAT R -
WL Dy(y) BEFBSRAR -

171 2 Bl A 5 A0 £ 3 A ) SRS AR A UER 3 - E L AR o (RS FRI B 2R
B D, FUBER AN T

S; ifi=1

<
=5

s;—si_1  otherwise.
Hor s — s,y AR DL E R T BG A 0 BOE R HE (Baseline) » 32 {8 RF TR ) 7] +
BTGB T Z/0 5 B DL E— (AR 0 BUE (E R IR R R A B\ )Rl e A
—{EFE 2 S Y > (EIE (A& Y R Al o R 2 1 By ] B A &R g BRI
I A R A b A8 R T 1 R B I R4 B VAR BT ) - A O {1 Py i B E AR N
HHRYEA

il (5 P SRS A6 AR e KA 2R B A 8 il e R R BB T

N
Eowp, — Z rPlog(G(x);) (3.7
i=1
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5 HRrEE J7i% R-1 | R2 | R-L
(A-1)EE AR A plidn 33.19 | 14.21 | 30.50
(A-2) HEHFINEFH [17] 29.76 | 11.88 | 26.96
ABENXEE | 38M

(A-3) BEAFEXFIIEFI (18] | 33.78 | 15.97 | 31.15
(A-4) FEE G B AERS [19] 36.15 | 17.54 | 33.63
(B) FETELAVERIETTVE | O (B-1) A 8 Mz Ay f 22 21.86 | 7.66 | 20.45
(C-1) TEFIBRAY A Bl dn 21.26 | 5.60 | 18.89
©) AEFATREE |0 (C-2) & FRAI A B 28.09 | 9.88 | 25.06
(C-3) B EAMAREZE % 28.11 | 9.97 | 25.41
(D-1) E REHTAE R 29.17 | 10.54 | 26.72
o (D-2) B HAA R ERE % 30.01 | 11.57 | 27.61
(D-3)BEREE = B4R [20] 30.14 | 12.05 | 27.99
500K (D-4) B [REHIAE RS 32.50 | 13.65 | 29.67

(D) FEEAEH
(D-5) B EMH 22 1% 33.33 | 14.18 | 30.48
(D-6)BERIEE = B4R [20] 31.09 | 12.79 | 28.97
IM (D-7) & [RAHIAE 33.18 | 14.19 | 30.69
(D-8) B HefttH 2R E 34.21 | 15.16 | 31.64
(B-1) TEFIBREE plias 21.49 | 6.28 | 19.34
(B) BHAEE |0 (B-2) E RBP4 25.11 | 7.94 | 23.05
(E-3) BBt #3028 27.15 | 9.09 | 24.11

% 3.1: ROUGE 43 8E o3 HEFA B RHE L
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3.3 Eim

3.3.1 EBEBRANAE

P AL AT P B A AE = (A AR B0 & RS - & B2 25 3T {8 &(English
Gigaword) * F X 1 {€5 (Chinese Gigaword) DL & B #4358 7 H & 15 14 (CNN/Daily

Mail) ©

AR

o+ B 2R B A RE § BRI B (Linguistic Data Consortium, LDC) » It ¥ #}EE L
T AHAIR R (New York Times, NYT) » ZE 30 #E 1 (Xinhuan News English, XIE)
sk 45t TR P SCHE (Associated Press Worldstream English, APW) » LUK 72 B 2
SCHEEBERE (Agence France Press English, APW) BIHTRE o AR UG A0 BORHE 15 4
FEREL » W0 IK (Alexander M. Rush) [171%F Ho A8 T T8 B 33t HL it H 79 #1380 E Y
AR E K} (Training Set) » 408 £ HIERE &kl (Validation Set) DL 408 E I E
Kl (Testing Set) » % T BEH BL i A BUBF 57 gl L » F0AM 068 F 5% B SO = B #2 4t
20002 I BB AT 3R R AR AN EORE o Horh i 28 EORLAT Al 8 58
— AU R S AR AT AR > A T R BEAR R A o R — 1 A T
B (Sentence Summarization) At &R} E o

TEMAE AT ARSI > TP E A 190 BRI SCE LUK 40 BRI S HHH
BZAFNGR > 3o HECCRERYET 50 30 VR 4 ploas OB A ELAVET 13 (B &
HIAHE - W HRAARE S 1.5 B -

HRERHE G
AR HHE R T E B S ER AR DTS ROUGH EAVE R E - B H A
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B LR SCE BT - AN B H3.750)5 » SR CEFHET8UER - B
BB G (Ramesh Nallapati) [21] 1T FHIEHE - A BYIRL 29 BEFIHE R » —8 =T
HERE ORI AN — B — TR« 750 F B RHE (R P AT A kiR > F
P F Hep 15 B SCRAMAIAR > 5 B ERM B AE A E AT > I B RBCCERHT
250 R /R Ko 42 B OB N > T ZERURT S0 (H A (E A # AR 22 > mad s IR &
1.5 B3 o

FXHET

FICHERZK BRRE S BRI » B —ERSUHEERE » i AR SCE L
N HAERE PR ALRG » ERHE SR T 19914E 1120024 [H] & 18 7 S B P BT 2E A2 1Y
FrEEE  H R R EG67% - HER R B AR o B RE/NR20F
HISCRE DU R R 507 ISR A1 > FEEREC 110 B S0 A Mw o I
AR 208 ARRE E R MBS AR E - 1 R MR ER 1 HER
A EHRIECERE o 726 e Rk AR AT 2CRIEIIBRE > FFIEBCCE AT 60 T
PER A AR A » ERIET 15 (AT EREARE - L HRTEE 6 T5 -

3.3.2 EAt
BRI B

AR AT E R AR A B SR R e 2 — I —RRY  BR T R AR - il IET
iR TR AR I ELARAS a8 RS AR A0 2 — A 2 600 PR RAEHIR
1R o T EEET 3.2.3 HERBHMABREE AT » SRS ES 4 A 512
PRIEAR T DV MRS - TR RAT 323 PRIBTMAIEE > HAEE—E
512 Rl ) R AR -
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AN SR A £

FEAEFAT AN h FeAfT3 = 3.1 A28 o & 25 - FERHT 3.2.3 PE RH i
BRERE A MR 3.5 sl R 5, B 10 0 Sl BLAEATRIBRIE RSy 1e-5
[] RMSProp 1&{l.#% (optimizer) 7E A Az I » FHFISEE % 1e-3 B RMSProp 18
R ES 7R b o

FERHT 3.2.3 HEYE FAH B ES - TR 3.6 PIEHI B ERER 8 %
1o 3 B A2 K Ry 1e-5 1) RMSProp BVa8 fE £ Aigs L > FRIBER A
le-3 i) RMSProp BV 25 7E8R Al &5 I ©

333 FEEFE

F /M1 Fl ROUGE (Recall-Oriented Understudy for Gisting Evaluation) [22]2% {E & 3=
B FE S 77 ¥ > ROUGE & MR #X 46 18 1 (Dr. Chin-Yew Lin) 7E2004F 5 2 H i
—MEHB M BT 7714 » BLA K E B B B0 SCH LU E & E AT 5

1% » ROUGE 43 B (AR AR A 200 i B A o !

ROUGE FE 73T B NEBEM2F M E L L E R Em & M EL
EELFEERNEE » BRKILEHERHER (Precision) UL A [F1 R (Recall)
B %15 H F1 578 (Fl-score) » il 53t » K £ CHF LA F1 5 BUR E /£ ROUGE

77 8L - ROUGE 1 8 75 5K 19 A [ A O A [/ 19 85 BB 55 > 18 2 ROUGE-N
(N=1,2,3,4) 5(& ROUGE-L » & N & M EMIN4E -

ROUGE-N

HEEN A& ROUGE-N 19 F1 080t E 7 » Hep NUERFHE2ERHEL
LR H pyrouge ARET R > W HHZE -m n 2 -w 1.2 REGEFT AN ESS -
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https://github.com/bheinzerling/pyrouge?fbclid=IwAR3tW8c9X8ofCjVVJgYf6xIKD1VGi-0e9nxVz3vzDT7BVoOZ55YGfGR533k

KRR E W & A £/ N B (N-Gram) FIE B » 2515 F1 28R » 5L
5 ROUGE-NIAEHER AT T :

RN Z$T6f6XT6f7xSyS€X5yS COURtN (l‘ref7 xSyS)

froo = S
S County (27!, 1) (A WA ERATME o0 BAEBIILEWE o
%D ENGESCHE R —BEHD » T o] (R b438 B RO AORAE © T ROUGE-N
B R T

(3.8)

Zxref EXTef,ISyS cXsys COUHtN (eref, l.sys)

Ry = (3.9)
D aresexrer |77
Btz F1 7780k
2 x RN RN
Rgl — rec” ‘prec (310)
R%c + R;])\;ec

ROUGE-L

HARENHNZ ROUGE - LBFE TR > EHLWERARELFFFI
(Longest Common Subsequence, LCS) * ROUGE-L fJ&T& 77 a0 -

Zx'ref eX'r'ef?x.sys cXsys LCS(xrefy xsys)

L
Ryee = S eeone |7V
L — ZxrefeXTef,xsyseXSW LCS(xref’ xsys) (3.11)
rec ZxTEfEXTef |x7”ef’
L 2XRLRL,
M RE.+ RL..

3.34 ARPATHIRE AR ECHER

PR EMNBEREEARERE R ENCE » DA EREAMFIE - Ff
AERIIR GO Y 190 8 R SCE B St as ORISR« Epas DUCE Kl A > I H AR
AR TR 2L > TT0 B A AR S BT B B JFR R SCEE 5 40 B RIAE R AT B s ) AR
TR SRl A% AR B e i AR 2R B R AR e A AR o
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XE:
global one communications will launch its global intranet <unk> -lrb-
virtual private networks -rrb- service in new zealand by the end of the
year , the new zealand infotech weekly reported monday .
AERIBE: (A-1)Supervised Result:
international intranet service global one communications to
destined for new zealand launch global networks in new
zealand
(C-2)EXHHHBEE: (C-3) B TRALARCBEA:
global communications launch global communications launch
global service in new zealand global virtual private networks in
new zealand
(E-2) BN HHAERSE: (E-3) BRA AR ERBE:
global one communications will global one communications will
launch its global networks -rrb- launch its global virtual networks
service

3.4: T ERARIGIT ©

BERAGRUNR 3.1 fros » EEHS (A) BB SIS A > BEAL G A S A SCE DL
KRB ARAMENIR o 1 (A-1) F > BfFR L pias GRUEBTEZCAIRIBR » 15 845 R w] LA
B A AR AT BB HIRI LR - 1E (A2) FATEAMEERH FEXFIERF
FIAHE RS BT R AR 0 1 (A-3) PRI GEAFEXFINZFIMEEH - e/
GREMEHE RIS - £ (A4 PHEANALEEEXWISAER - B H—HEHn
AR T AR L B TR E LAY o F R FAF BT Y A s A AR B T B > R
= REN RIS g DU — R REN T E R mSE - Bt
WUEL B U R RORBLIN B F AP AR A i B el -

FEAEDS (B) I BLAYEEME (Simple Baseline) J5yAH » Feff 6t F SCEHY B\ F 1E
R - a7 (o AR MR ) i 8] 2 i R~ R KA & B » FEAEHS (C) 3R
FATARIRIR AT s SO £ Z AR - (C-1) 2 AR BB TR SR A pleas HO &5 2R -
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EE:

former zambian president kenneth kaunda appeared in court monday

on charges of holding an illegal rally , declaring that he would

continue to fight the ** oppressive regime " of president fredrick

chiluba .

AERNHBE: (A-1)EEE TV RIARAE R :

former zambian president in court |zambia 's kaunda in court over

for illegal assembly illegal rally

(C-2) BN HHUEEE: (C-3) B AL FRICBFE:

zambian kenneth kaunda in court |former zambian kenneth kaunda

charges of holding illegal rally in court on charges of holding
illegal rally

(E-2) BN EHAHER: (E-3) B R AR(ERBZE:

he appeared in court he would former zambian president

continue to fight illegal rally kenneth kaunda appeared in court
on charges holding illegal rally

3.5: T ERARIGI S ©

2 R LUE H TRRISRAY 4 e A6 R L E I AN HAR 5 £ (C-2) HRIZERBEAHE
H13.2.3 R FRAE BT AR B 2B (6 A iR B AR T - £E (C-3) RIS =6
3.2.3 FAMATHR H A 3R AL SR B A A T DAY ER R o B AR AP AT DUSEEIAR S S TE
AR A Bl » (8 FIACTR S SO 32 AT SRR REA R L A R A = R S > 38
WRRE AP M A5 R 2 ARy 5 FFIRTR R BIE B U Rl B R 2 05 TR Y
KR 3P 2 BRI AT P R TR AL 8] 3.4 DUKIE 357 » IAEZ
HIBI A2 83,72 [8]3.12 - F5 R IE R SR IR EL 3R 3.1 U7 IR RS 5% & A0 B2 B
HY ©

3.3.5 FEE R E RS HER

BB BRI - WATE L HIEE > ERIECE ER R AR Bids - i
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LA AR A7 20 B SR A 4 B o T (R AUl & 8 P T 3 Y R AR A 2 i 3 08
(Teacher Forcing) » DA AREE A sl s AE A ARAE AV BB ERORBIAE P o

N3 3.1 £85 (D) Fivs - FEHEEXRE S » o RIEM 1 EE . 50 HE
LUk 100 EERIFHISRE R » 3 B0 BIEERE 25, 5, 3 A EFA7 S FNBREEHr i —cg
AGRIE o B2 A ] DL B (R (8 ] — B FEROBCH BOR il eS8 465 SR8 & B U3k
oo M 1 B EEIIRE R R R E AT LA 25 380 BHEERIIA R
FHIFLEE » m]BEAY B[R] 2 A6 BCT T AR I 1 31| AR G40 Sl 26 R o 22 8 51 E AP A 23R
BT > R E R R BES LS o ANt B b B X 2R A e
3 (D-3) fift b > AEEE A S0 B 100 B IR ERHGEI SR > M RIsaL R
RPN -

3.3.6 BRIEE RIS E

PRI » NFRE R R E AL — R B0 T A RE A S B » bR MEE A E
TN [R] SEER Je )7 2 L B S A AR I R - B BB A B AP o I 5 ST (R Y
SCEAAE Ry B 4 S ax ORI SRR > 3tz B0 FI A SR ER A5 8 B AR O 9 BOR AR R s B 4R
HOSEASTR L - At — AR R A R AR A 75 B0 AL SR IR B E (R EE A
RS TS ERA_ LR E RS - B RIE R R B s -

SR > ZEE LG AR TR AT A ) 47 A 2 SR O A R AN R Y
Ry BT ERAIRI IR E R —AJRE - 1A SR AR B A48 1 9 P 2 20 f A 0 )
AR FTARAL - RIS SRR BT R AR A R B R — 8 A) AR A — (BB LAY
HIATRE - I HIRFRE R LR A H B S HER AR 5 H R 2L -

B AR A RN 3.1 (B) 7D - HERH ] LEEBHED (C) &y » £ H
AN EORE 97 B o 8B 51 A B AN TR B A RS 22 > B2 BB E ke
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R LA A AT IR B VA UL B RS B (5 I B3R - DRGSR 3 A ol 22 8
i BRI Z A BT T S AR R A HARRY R R BE -

3.3.7 AT EAREREG HE G

FiE R-1 | R2 | R-L

(A-DEEEE R AEREY | 38.89 | 13.74 | 29.42
(A BB A Y

(A-2) IR A FEFELEME [11] | 39.53 | 17.28 | 36.38
(B)HI 3 A) A2 [11] 40.34 | 17.70 | 36.57

(C-1) THENSRA AL B as 29.86 | 5.14 | 14.66
(C) IEFATEE | (C-2) E RBP4 35.14 | 9.43 | 21.04

(C-3) HR AR ER % | 35.51 | 9.38 | 20.98

% 3.2: ROUGE M EEARERH B EHFNEZEEL -

RN ARERE EEFEHS &2 NERRREERE » AR EER
PRI AE I Bk b - TR BRI RIA R A0SR 3.2 For » R B EE W EER
F((A) JRAY) > BB FAM R B R R A A R B - I L AR R R 2 DA
SCEE o DRI i ff R B SRR (R B B 0 BB —/NBCE R o TR F BT IE
((B) ) » FAFIE F BT = 70 - 1E R 2L - ] UEEBE6E A By = {1 7)1~ 1E R 1 20
fl R P B E SRR AV S SRR A 952 I8 Ry [ M I L o 0 o5 2 Y AR

FAEHT AR o

AEFAT A BIRH ERIGSRAE (C) Bn - A AT LIS (C-1) THAIBRAY L pas
AEFAT HANBRAMRHIIRTIZLHE » IR TUAIEH BB B AU AE R - W] LIZEBIROUGE

-1 &S SR E » 1 ROUGE - 2 1535 2L & ROUGE - L B 8RR L » EE
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X=:

Irb cnn rrb civil unions between people of the same sex will soon be
recognized in chile . the country joined several of its south american
neighbors in allowing the unions when president michelle bachelet
enhacted a new law on monday . this is a concrete step in the drive to
end the difference between homosexual and heterosexual couples ,
bachelet said . the new law will take effect in six months . it will give
legal weight to cohabiting relationships between two people of the
same sex and between a man and a woman . the chilean government
estimates that around 2 million people will be able to benefit from the
change .

AERNEE:
president michelle bachelet signs law that will take effect in six months
. chile joins several other south american nations that allow the unions

(C-2)EFNHINAEER:

civil unions between people of the same sex will soon be recognized in
chile . the country joined several of its south american neighbors in
allowing the unions when president michelle enacted a new law on
monday . this is a concrete step in the drive .

(C-3) BRMARECRTE:

president michelle enacted a new law on monday . this is a concrete
step in the same sex will soon be recognized in chile . the country
joined several of its south american neighbors .

B 3.6: B ERFRENHT -

DR (i B SR RES II2N B g A) - SR & BV A A& SR A 1 » DRt 1 4
BUE BN o FHE D08 A B P B 25 A2 BB SU AT AR 2 — [l % TR B 1) P
A o A (B b A ) T IR T o rE A H A - Bt —E
18 8 B ke _ERY G T7EE 3.6 7 -

3.3.8 ARPATIEE AR 3 HER

FEM P S (R B B BRI > A plias — (8 82 A2 A0 2 P Sy F i R - M BAE &
ROUGE 77 8 o2 L7 M ARRA M 5 o P OCH ERARAT RN 3.3 Frm » HVE

37
doi:10.6342/N'TU202000333



7 iE R-1 | R2 | RL
(A) BB R A pllds 49.62 | 34.10 | 46.42
(B)HI 15 F Fsffi & 30.08 | 18.24 | 27.74
(C-1) TEFNSRAY A plidn 28.36 | 16.73 | 26.48
(©) EFATEE | (C-2) BIREIHE 38.15 | 24.60 | 35.27
(C-3) BRAMAIRIE B ¥ | 41.25 | 26.54 | 37.76

F< 3.3: ROUGE 7 87E X HEFAERHE I

(8 TR & B T AR R AR SR > Al ROUGE 4324
MBS B R G R o 72 REAETT L+ (B) #hD) » BAMIEERIED 15 185
TERTREL » E-PATRIBRAY A FAHBI THANBR A0 2 pleas LK BEAR i 7 it A A B

HIEE S

3.4 ARERKS

ANFERIS AR T AN P AR B A B 2 KR AT RS Y

=H=

AR A

1E% B St i 78

FERREL > i HRMOZERARFAT R R E 5 soh - FF B IRES A e (56 A A i 54
B E A BERCIRE T 0 M HLACE 5 T B SR AL R R Y U VA SR RO E A AR

F o ALK A RS R MR T R M TR A AR AT AT

38
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X&E:

south korea issued a stern warning monday against illegal labor
disputes and campus protests and announced the arrest of ### radicals
for violent weekend disturbances .

AERHHBEE: (A-1)EEE RIS R:
south korea issues stern warning south korea issues stern warning
against labor and campus activists |against illegal labor disputes

(C-2) B B 4BRE: (C-3) BERMAR(CERE:

south korea issued stern warning |south korea issued stern warning

against illegal labor disputes against illegal labor disputes
campus arrest

(E-2) BT B HAgRE: (E-3) BEMAARCREE:

south korea issued stern warning |south korea issued stern warning
against illegal labor disputes and | against illegal labor disputes
arrest campus protests

3.7: T ERARIGI S

XE:

dutch police arrested monday ## environmentalists who were

attempting to prevent the destruction of a <unk> -Irb- ##-acre -rrb-

woods next to an airport used by nato forces , the anp news agency

reported .

AERNBE: (A-1)EEE TnllfRiE R:

dutch police arrest ## dutch police arrest ##

environmental protesters environmentalists over nato
destruction

(C-2)BIUHHAHER: (C-3) BFHFRICBTE:

dutch police arrested ## dutch police arrested ##

environmentalists attempting to environmentalists attempting to

prevent destruction prevent destruction of woods

(E-2) B HrAlEg: (E-3) BERMAIRIERTIX:

dutch police arrested who were dutch police arrested monday ##

attempting to prevent destruction environmentalists who were

of a -Irb- attempting to prevent destruction
woods

B 3.8: BEXCHEROHIT -
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XE:

the fbi has arrested a father and son with suspected links to al-gaeda in
lodi , california , the los angeles times reported wednesday .

AERAHE:

two men with suspected al-qaeda
links arrested in california

(A-1)EEE TNHllRAS R
fbi arrests father son with
suspected links to al-qaeda

(C-2) BN INAHEE:
fbi arrested in father son with
al-gaeda links

(C-3) BRMARICRFZE:

fbi arrested father and son with
suspected links to al-qaeda
california

(E-2) BB EEE:
fbi has arrested father and son with
suspected links to al-qaeda

(E-3) BEHAIBRCR T E:
fbi has arrested a father and son
with suspected links al-gaeda

3.9: FCHERARIGI T -

XE:

the thai government will set up an independent committee to
investigate the management and lending practices of the state-owned
krung thai bank -1rb- ktb -rrb-, channel #, thailand 's state television

station reported monday .

ABERIEE:

thailand to investigate state-owned
bank

(A-1)EE B RIS R

thai government to set up
committee to investigate lending
practices

(C-2)EBNHHTARR:
thai set up independent committee
to investigate management

(C-3)BRAMAIRERTE:

thai government set up
independent committee to
investigate management lending
practices

(E-2) BN HHERE:

the thai committee will set up an
independent committee to
investigate the management

(E-3) BEHAHIRICRTA:
thai government will set up an
independent committee to
investigate

3.10: ARG T o
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XE:

the bewildering fight between the government and telemarketers over
the national do-not-call list took another turn when a second federal
agency said it would enforce the program , promising that consumers
would soon see some reduction in telephone sales pitches .

AERNHEE:

fcc steps in to enforce do-not-call
list ; bush signs new law to support
program

(A-1)EE B DIlARES R
second federal agency vows to
reduction telephone sales

(C-2) BN HHTAHEE:
fight between government over
national list took turn

(C-3) BRMARCET =:
fight between government over
national list took turn second

(E-2) BN HInAHRE:
three stores and markets was
forced to shut down

(E-3) BEAFIRCRBE:

fight between the government
over the national list took another
turn second

3.01: TR -

XE:

three stores and markets in beijing 's

to shut down and yesterday each was fined ###,### yuan -Irb- ## ###
us dollars -1rb- for violating laws and regulations on fire prevention

and control .

fengtai district have been forced

AERHNBEE: (A-)EEEHIAER:

stores markets punished for lack of | three stores fined for violating on
fire controls fire

(C-2) B HHTHARE: (C-3) BRMAFHMIER T Z:

three stores markets in beijing 's
district have forced to shut down
yesterday

three stores markets in beijing 's
district have forced to shut down

(E-2) B HinAHg:
three stores and markets was
forced to shut down and was fined

(E-3) B EAHAIRCREE:
three stores and markets in
beijing 's district was fined

3.12: X EARBIT -
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B0 E A EHAE RS DUERERCEE
R R 1Y

4.1 FHEFEN

AT AR TS Y o S R R AR DU RS SR
b (ERAG SRR - 0 R 7 S A S ch K SR S B
BB S R A o Sl ELBT B SR FAEEAR S AT CE > B -
BT A RIOFHSCE » RMEH LR A DR AR - B EE
s T -

ST » A3 SCe R T 7 SR B A S R R AR 2= A o A
TR 430 A 2 T4 o B R A e RS A R I - SR AT Se T
B0 R R B B B R o BB B BT o AP
SIMEEELES B SRR QRGBS S H Y
EH s (BAEARE R > R AR S H SR R MR B T A
SRR -

R 188 2 BT A0 2 2 R R B B B A R 0 S B
R R B A R — R SR 2 T BH0IE & (Mixture of Topics) FT
A R R R SR B T R A o AR R
o TR BRSO P (EE BRI 1t (P4 o 0 B 2 5 2 Y
W A HF— R TS G52 2 MR -

BT VLT B PTEORR R S A L A (Topic
GAN) » t Bt S R R (B SR R E R A O T A 2 » T IR i
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R EAEEGEE > LR @ &EEEEEEEE TSR > MR EREEH
TR TR » I A B AR 228 T R AT R AN R

By TERFEIMER AR > B RRMIBEAR R RS E EE S R EERTE 6
TEBA R FRERHE b o Sl B3 S IAIRIY A R BUB BT SE TR ERERR >
B IEE B 30548 (Unsupervised Clustering) 1755 o T 0 B 45 {18 == R A 7
#i) » 3 Hi% R ERE— B (Topic Coherence) [23] RO HT » ZEAHFAMAY 77 156
SERE R Ry A PN H— B o

{EAF— 1A » FHECH S0 BT 00 3 R T MG 5 B 2R & - SUERI S - K
{19t 55 HH — TR A B 7 U AR 2 A 5 (B R PR SCE - #E R A R E A
FRETHSCE > NEERBREN TR a2 IR 5 TR R o

4.2 KT IE

4.2.1 FHEEAN

He 79 e 52 Y A B T BT B R R Y B B 7 A & AN AR BCE 5T B (Info-
GAN) [6] L » 3B =2 H— (B £ [ & ¢ UL —(EEERIFER 2 BT
BEE o e B —EAERARE —ELEE - 1 2 EH—EEE TSR - HAEE
P LR PP AW SO 2 M A DR B R » St H A AR B el 3 S R £/ - BT & S
SCE R4S (Bag-of-words) [F & © MLAh » T T B E M S TR B
T E R E AR R IR - B EiR 12 H 28 A ARV E (R E At
R UERE - B AT (1) FREERIRRAIA D Q) B A s i s B 5
Amihan i & (3) (AR RAE B IR, (4) A TRRISRRYRR [ &
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ﬁ%h %*ﬂ?ﬁﬂ]ﬁ
g /[ — HE/EH " ﬁ
ﬂﬂ%% TEMER & [0 - ﬁl Eﬁmﬁ

Q _.,c’ m
ECS i
Eﬁl?ﬁ
ﬁﬁzﬁ%\ G ‘ % — W&
c/”, 1
(B) TEMER

& 4.1 FFIRBRBF I REE o (AEZLBIIED F - £ G DB CE T
i ¢ LRGEERIRERN R & » Rl A LR & 5 EAEE D LIFAR R B R
A HLS I H A B N NFHECE R play + T Q LUERIFILR M B KA
I H ISR RIBR R ERE - TEA) AEAE D HIZE BB RIFIR - B i ae )
ANBRLLAFE R B SCE AR R A B A A - HRERTERas B DU M Q B
SRS AT - 1 G AE@ibay - MBS EMEm A RFRME - B)HIET
BRVER 0 HE G FAELTRME - BK G RIEREE AR & B
T -

422 ﬁﬁ‘ nl:l

AN 4.1 (A) Fros » AR SRR AR P AR AY - 0 B R A fias G - #5)
ar D> ER MR Q 0 LUK —(ERERTEHIA: B

o HEpiat G

e G LA —EBER Y R A & o DUR—(EEERVFE » S > I HEiE
A L ENFIRME G(c,2) » EF G(c, 2) &—HBZFRFALRNDN—ERERE
A - i B A A ST S B N 0 B 1 Z MR - SR S (A
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ERENXREZT » TMFE G, 2) BEHEE c WEEE » 3 B AZHRT
B ERF R B EEMLIAY » G(c, 2) TR ERSA D LK Q -

o Hihlax D
#g DL LR ) B i A - Sl B — (AR A EAR 2R B Y AN SCE
WREE o SRR - 3 AR E R IRRE & G(c, 2) Ry
PR AR ET > D BRREE Lp 1T

Lp = —Eunpy,, [108(D(2))] = Eznp, cvrflog(l — D(G(z,0)))], (4.1)

HA Py @ BEEERRI DM > P, BN - P 2 EER D o 758
AR BB B R M 0F R 88 49115 (Normal Distribution) it 2 P, » #4157 55 ff
(Uniform Distribution) 1£/% P, » H P. flERHY ¢ 2 —ERER I B A — 4
EEE 1 HAMAEREERE 0 fYHE -

o MDA Q
e —EFRME N EREA > Q FRUZTHIEM AR &M > FFHI
MREBATRER A Bige FTE L WFER A BRI & G(c, 2) > WMHBHBRNER
FARRS - i HREFIHRIAK Lo WH:

£Q = ]EZNPZ,CNPC,C’:Q(G(Z,C))[£06(07 Cl)]? (42)

o MEMTHMIA B
B AR B SniSas rIRIAR - FAF 68 H e ACTRIZR B 5 AR 5 B SCE AR

S5 RAVHER -
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4.2.3 FEEIFEIISR
R AR R A B 1 2
A F R SRR A SE G 0 SEERIEE D LIRS BEAMEEE

Iéllél max —Lp + ALg. 4.3)

H A 2—EBSE - JMBERMRENERK » G AT HRIML Lo BEENE
B & > FI AR A BER 0.1 « DEER/IML Lp > Q E /ML Lg
» GEGEBRAMN Lp 3 Hf/ME Lo o PR > AR EE B 1268 A & AR A Bl pT A B e
SCFHVEREE RS N AR EETRAIR LRSI A R BARNIAR o

LAk EIE PN PN

FEFNSRA - Foffi e BUBER TEAR R 0 £ N A R B E IR S (Mode Collapse)
W > 4AE — AR & o > EpidrF 2 2 3l H— B 4 F A
RAE o FHEHRNEREER R AW EBERCER ¢ 71 G(c, z) BIAHE &Y
AR B 2 3 HOEE B FE) G(e,2) » R T BERICHE » PR =X
4.2 FREBITR KA NAMER— M FER:

L/Q = EZNPZ,CNPC,C’:Q(G(,Z,C)) [max<£ce<c7 C/), Oé)] (44)
B FEE AR O R ERE = TR > EEPE R — B2 8
o FHRRE » IR o @RGP Q ETHRIERER) ¢ > EIHFATR — M TR

REVE 0.15 ° {H1F—FEAY A HY IE R #] (Batch Normalization) [24] B4 KR
HO AR IR SRR A T -
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HF B A BB A B B E SRS AR A

AR [R] e R SCE At - A SRE SRR AL o i A A U i B B M A A Sl
HASEHNSRAE+ 0 A3 [25,26] » HEb B thalEds miE S5 & > B3 75 A LA
R Ao TR R TR IG5 20 B EA R B AR CERFR R’ X
AISRE S as o

B A il A O RNAR DT TUANEE 4.1 (A) VA -RE AR - SR & o AR TR B
DU ERE S FRA% Q B HARiE R E(x) LUK Q(x) » BHUERE M B R —
AmEgas > MAEEEIIRT - £ G HiENA CHIEFES - 8E E() B
K Q) EREEFZRAY « » BELER F, Q, G —EEHMUEMHER:

2000 By 0/=G(Q(o). () [ Lbee (T )], (4.5)

FEH A ZICA XM Lyee WEAE (FEMBRHB - TFICEEINHA 4.3 LK

45 °

{56 FH 8 PR A OB DT

FH A58 P 2B BICET S04 BB 26 A MUY B R AR B A RS > FoqF 8 B AP A 4 8 IR
SE A BCET A B 25 BT M RE A R e B o DRI M6 P B IR AR RCE AR B A EL
HE 4.15:

E/D = _ErNP,j,lm [D (.I)] + EZNPZ,CNPC [D(G(Z, C))] (46)

A B % 15 D RS AR - B D e LU R

58 I TR R el 1)

S0 I B s S B B At SR B 1% TR A0 ) ] 1R A 45 ) B2 (Word2vec) [27]182 3L
AN

TGS S B0 E B Y S B N — B0 B A B A CE TR (28] 0 BRI
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AE R BB R SRl & - TP Q In A TEFNBREY AR [ = AR A T —
B - B Q LA B Al A - & 5 8 F TRANBR A& i &S 5 O pE -
RS —ECE R E - IR E 2 BRI ARARA 2 BT K » L EREE H
B N —(EAR R B A5 SCE R > Fof (6 A POE ST (Pasttext) [29]12K
EETERIBRAEA & -

4.2.4 HPEEERGAR P R EAEE

R T EE— SRR MR SR T - R I PR R pr i e £
A A B 1R SCE » JTIRANE 4.1 (B) R » 40 € — B BERHY SCE M ¢
» AT 2 ANFI - ZEEARRGREE Ge, x) » M HEH—ECEERR
oy G ERIEHILE R BRIEEEE -

G BIREBIZUREAN T B - & Searl AR e B & Sl A\ — (8 E e S AR AR -
JER e 2 ek A A B ) e A SR 1 — (B R I RC IR B R B s RO KD AR R > B2 Rkt
fETS A R H W AR IR R 2E AL R B S » G AT LL R B Al 48 ) & DR HOA
BHESCREAGRR - R A B R CERE HANS BRI & - e USRS &)
BCRERARERE - ONG T A IR - M & 7E 8 A B 42 & 0 b — 2
A B G RNGE LA TERTUAR AR 3 ) B Rl AR BE R AR A TR R O -

4.3 Ehg
431 BERNE
AP B R AR N E A R R E o

o 20 %A (20NewsGroups)
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20%RE 4 & R — (B HF OB > EUCE T 20 (R A RROH I - At

18000 HIHTRE » E A 10659 IR A ISR » HaxRI A A RES -

MR R4 (Yahoo! answers)

TR P2 P 5 4R EH BB FH 55 N [301FT W SR » 45 IV BORLET 2  — {8 DA R [R5 By
AL - Hor g 10 TEANE AR R > 4830F 140 BEIIMERI LI 6 B
FEHERERL o

& kHE FH RE H 4 JH (DBpedia Ontology Classification)

Bkl e E RHE H 0 B H A S5 A (Xiang Zhang et al.) [301FTH SR » ERIEE
RHE SIS E SRR TR (Wikipedia) BORF » BORHE 7 R IE H 88 51 3t
F 14 BAFRIEE » 8 56 BEINRERILLL 7 BEHEUER} -

FEFER AT M BERE 5958 (Stackoverflow Title Classification)
AT R B o JE H Bk 55 86 55 A\ (Jiaming Xu et al.) [31]FTH 5 » Hpd
Wk 14 FEARIFEERRVIEE - F 16000 RIIEEE S I ACGEISR » 4000 HITE&EH H
YEHRIER

ST (AGnews)

SCEL TR RIS A (Xiang Zhang et al.) [30]FTHCEE » HAH 4 FEOR R L
FORTE o BRI R AR DU A ST AR AL » F2E 12 BERIARERL - 8000
FEHEERL o

HHEIEE A E R EE (News-Category)

7R SE R EORHE WA 20 B 2012 2 2018 & K HTH (HuffPost) TR » 3
&R AR RS 11 EREER TR - H o 3a 58000 SEFI4KE R DU
6600 ZEHIEE K} o
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4.3.2 RRAZREE R

BRI ER LUK TR EERR S - BAFTERGE AR R AR R 2R DL R s - G
AR TR — (85 5 3 JE HEIE & 1000 B B NE A R AR 48 8% - D AOBIEZERS
e EAE 2 AR 500 BRiEE HOEFE AR - Q RUBRAL A2 —HETH
AR AR A B AR — (AR TR » H AT RsA R &R S 100 > E2—EE
E 1 EAEE Ry 500 B E AONE R AR RS o P G, D, B, Q BT E E LR

(Adam Optimizer) * 37 HEEE AR %y 0.0005 > 3 = 0.5 T B2 = 0.999 ©

433 EEELNESHE
HENE

H R H M A BT - B PR R B R H (B2 o BOAE D) SR R BB Y
SR B E AR BRI SR A 4 BN R - M macs i a3
HEHR 4 5 MAEENESRT - AERRIBE R 200 - R EHHEE SR R H
VB TR 2 50 B 100 A& R BHIURIAER -

P F LR JH AR Q TR R E R 0 1 » 3t H I CEE-E A
PR SRR LR - SR TSP AN B S = R P B B R -
HEIHER > R R P Y S E & A H A R AR B H R R Rk
R (I B R £ R B 3% B e e A ME B E A - iR B EE M E TN
R > B EH 5 BRR R (Accuracy) ZRA1E Ry & SCF = A I B ik
15 o

Pl B HE 5 1

P 7> 3 A B B m] DU R — T A i 2 R Y+ R e {9 B o {182 o) H
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A B O R LA L > 0 A SR AR 4 43 SUMF BB (Neural Variational Document
Model NVDM) [32] DA BL5 e i VB Ak I B B2 (ProdLDA) [33] » 74 T B4 Ty
PR > 32 B T 5 P B TR TR B AR R R . DLROM AT Y 22 R o FedfT 7R
BLELAR bR - R Y (GUR PR &K A AL (LDA) [34] L8R > £ "LDA-/ &
FE o MR F AR EE B SRRE R RE R BUE AR 7E LDA + k-means”
B TR BRI R R B = R BB Ky 100 > TS ERE S kPG
1% (k-means) AAEE BB AR o

FEREACERBEHEN T ES  BMERIERECE S —HE
] & o R B S SR ) B k- P P B E (k-means) A R IR BB A 4
$E o TE TEFNBRE 7] & 1Y +kmeans” o T LUTE I BREA ) & AP 1E R S0 E
[] B8 75 I TR0 %) AR 1) R B MR 2R i (56 F i) LA AR 1 B AH R Y 0 A
“sent2vec+kmeans” H » S [ &2 1 H B A0 3R BUE R OCE IO I A # &
(Sent2vec) [35] FrfE °

% 4.1 HA] LLEEER - B {58 0 20 B S 5 A SR 5 TR LUK BE S K R AL A LE
H AT TopicGAN KM M3 i 4F BB A SCE /P JARYHERE SR » ANam it oy 0 5 4R
AR RRAY T VA S B & K R Al MR B S 2 R G ERE L - BT &
PR BRE S F B FE R S R AP0 ZEHE — (8 R ERE R B AN R B/ N ERE - (Rt
JC R AT 75 B R B H 3R R BRIV B B2 50 3 100 > BRI Rl
AV ERE S » R OCERBR —EE - BERCERENEEERE
et AEH

SR » F B BAF B £ H O R TR R 4 A — {1 R AL 1] B A 92 ) — {8 T RE P g
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ik 2051 MR ERER BEIME EFE SRS

TopicGAN 31.36 5132  85.37 47.01 84.13 49.32
NVDM 24.63 3321 4622 26.33 62.36 30.12
ProdLDA 30.02  39.65  68.19 25.13 72.78 38.62
LDA-/ D EF 29.78 2595  68.42 36.14 71.94 27.42
LDA + k-means 25.62 21.58 5537 45.14 42.81 21.06
# [ B F1 + k-means  28.63 3891  69.04 22.44 73.83 37.78
sent2vec+k-means 28.06 51.24 60.98 36.78 83.82 40.64

4.1 PR EASCE I JRERE -

B WMEEM BERBEROCER —E8 —EEa AR - B ERE B E N JEE R
SRR AR — B B R PR BT BE S S B B\ SRR YRR B! — B
x

i
]

F 5 ST ) = Rt BE 4 i B /N £ RE SR A Bl — (K AR S » R
T R 2 K R o A A T BT E2 8 B/ S RE k-~ BE - AR EE EoE ik il
ARSI Z AR - EWEN T HEET AR CENEREEE AT
HY o A SN 1877 [a] i SO o B R BB s URy o AR B S R £ L R
ELESERY TR - B i R S TR IR BUS IR &G R  n] BERY IR R R &
HATRE SR — (R 01 LAS AR BB R R Y o0 B = 0 JE 3R Q &
28 ARV R EOE B IR E RE LR A AR ERE -

434 FEEMH

7 3 {8 7 6 B MTEE I B AT DU e — (] 32 R R A D E - BMT B E
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Tk 208TH MERME BEREER RCHER

LDA 42.68 36.34 51.06 35.61
TopicGAN A THF I B3 7] & 43.01 55.92 62.16 46.12
TopicGAN {2 B THAII G M & 45.22 45.64 54.23 41.79
NVDM 42.36 47.02 49.95 37.22
ProdLDA 43 .44 52.01 55.26 43.17

42 ERE-SUER B B

=17 (Quantitative Analysis) DA E P4 #T (Qualitative Analysis) ©

HERE

FEE A FAT » FrA R TS H B EORL B AR A B AR > SR T R A
HORRUA I BE e A IFRE R BB E | > AT e R AR BIRRE R B b > 3
BRI BT ARG ERAMIAOEE - 3 BB E R B 10 -

HAEH O, o [36] A BB EEEFNME » I HAEH 560 B3R
SCHERL RN B SRR BB R B €, B O EEREFE AR E
PAY R4 = 7L P P e ) LE A0 O 3 3 B ] O AH 2L L 51 (Normalized Pointwise Mutual
Information, NPMI) » [ 78R 5 Z R AH B &G A& B AMA A R T 2 > il A
w; YLK w; Z FEIFINPMI HUEH 87 2040 T

IOg Iz(wi,wj)—i—e

Plwi)~P(w;)

NPMI(w;,w;) =
(wi, w;) —log(P(w;, wj) + €)

4.7)

Hor e &% TR log FHUER 0 ©

DCEE = R A ) b
HME T Mas Q EMIEEE-EE/—ERR » Q HTERISRAE R & DL —{E4R
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PRI © RE Wy v ATERIRBUF AR » BV EFRE » e 1T
—EHERE B N O [A & > BRI AT R E RS M) HE K £E
BIEHE » TR Crov = M-WT > HAp Gy, 1UREE o [EFAEIREE k E=2ERY
EEE > ISR kAT P {ER = B g Al LSR8 & (32 £ -

B OHTHVAE R ANSR 4.2 FroR - HAS R AT DL BR3P T 52 i OB AL AR A HL AR
RAFREAR LS » sE B T BRI EE AL BEAT T B BF & 08 — B ERE R RO &
— RS L

2 PRE ST - FeFRHEFATFTEE 42 B9 TR E SR AE 4.3 > HER A AT LA
B4 A P iy ) = R A 7 ] B R R R AR 2 R EE AR B RY - AN R P th e g £
TR 4.2.4 FTE LS ERCEARM 4.4 F > B AR LUE HiE ECER
i B HC3 I S RE AR A SCE

HoFIR AT T 1A T2 M A 1R E SR 4.8 $I3R 4.10 1 » B3R 4.8 Al LL3k
BRI ITIE T 2 B R — B ERER > BRI BT T VA P AR R S — (E R
sk AL ) = L A AR B RHER A A - B R R T B ) e A D B EE S O TR VB AT T T
B EEEAEBGR AR o £3% 4.9 AR R A A — 20 HEAER
e B0 TR FR e R "cousin”, do 17 LUK "be” T8 EEE (AN AHRE A T RUHILE
Al —{E =7 » £ NVDM H & Z NS HPF] 5 0] DI g B > GO & &R — 18 B
EM T diet” BA "movie” HLNREBUBCHE R — I F2 8 > 1 18] B I {78 Bt £ R
"immigrants” J&H “cup” BU L AAHRE] o 10 LDA FrE AR B ME XN EET

EEEEHEE —LINEEEIE S “does”,”did” B3 “dont” °
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ERE  REmB EE

1 pianist, composer, singer, cyrillic, songwriter, romania,

poet, painter, jazz, actress, musician, tributary

2 skyscraper, building, courthouse, tower, historic, plaza,
ERHEE R

brick, floors, twostory, mansion, hotel, buildings, register,

tallest, palace

3 midfielder, footballer, goalkeeper, football, championship,
league, striker, soccer, defender, goals, matches, cup,

hockey, medals

1 inflation, index, futures, benchmark, prices, currencies,
output, outlook, unemployment, lowest, stocks, opec,

mortgage

SRR

2 sars, environment, pollution, tourism, virus, disease,
flights, water, scientific, airports, quality, agricultural, ani-

mal, flu, alert

3 polls, votes, elections, democrats, electoral, election, con-
servative, re-election, democrat, candidates, republicans,

liberal, presidential

7 4.3: HIEAFIERR TS B ) LR EE A R o AEREE AP IE 1 EER

FrE g R 2 AR ST R 3 S AR NER) - R EREE 1 2F
RS » 1 2 2B BNAR - 8 3 2B BNEGA
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BpHE FEmWIE ERRIE

1 james nelson is an american musician singer song-
writer and actor he was a line of his work with musi-

cal career as metal albums in 1989

DBpedia
2 the UNK is a skyscraper located in downtown wash-

ington dc district it was completed june 2009 and

tallest building currently

3 UNK born 3 january 1977 is a finnish football player
who plays for west coast club dynamo he has won

bronze medals at 2007

1 oil prices fell in asia friday as traders fear of the world

demand for biggest drop summer months figures

2 the world health organisation has placed on bird flu in
English Gigaword
nigeria ’s most populous countries virus , saying they

are expected to appear

3 the ruling party won overwhelming majority of seats

in opposition ’s battle for sweeping elections

44 F A3 PREEE LS ERE - AR ERENCEZHMER 2 H
e ¢ FREEARY o

4.3.5 YIER5HT (Ablation Study)
AR TS
W 4.5 FUR » WISEEA REERIRIISOE MBS » 7T LU B AR &R L
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ik 2051 MR ERER BT ESE HEE

TopicGAN 3136 5132  85.37 47.01 83.85 49.32
TopicGAN MEFRHIRHBITEL  30.12 4592  83.32 40.99 83.66 47.42
TopicGAN i H 4 i 311 5% 20.14 43.07  78.76 31.60 81.62 45.12
TopicGAN ETEFISRFH &  41.01 4291  83.73 64.46 72.65 48.14
TopicGAN H —F2j & 36.80 42.14 7126 46.14 69.78 47.32

45 PIBRo IR B E S L R UGRERE -

ANSRAIAS R EMIME L+ WRERE B SiSEa 0 FI SRS A RV BEOR » X
Fi 0y Y EOREEE_E AR A O R L 0 R % - S5 (B4R ERE T HAFI iR g s Al
BRI AR -

TR AR BT 2N

FoAf 3 1 RE > JH AR DU DY BERE R KR M 32 B IR OGS R » RIAESR 4.5 3
Al T BURE AN [RI R 248 - 7E 38 —17 7 JFURHY TopicGAN A it F THAN SR A [7) & » 7]
DA 3R BRI A P &) 1) BORH BUAE R BT ) R b AR BB =X o0 SR A YE R R T
EHEN » FERRIBIRAESR 4.2 ta] DIRET » PS84 (5 TR SRR ) &8
HIER R RHE B RIFIBRE AT > B F M TERN SR A5 7] &2 1 B Bk
JoE_EAEIRINSRRY » RItAE BB D iy Rt B BRI B R AR -
LA F 8 3 B AN 68 B R EAR IR Y » Q YRR B SR B D S - £
"R THANBRA AR [ e FMR A A RREE - @ e — B SRR VERCRL » AT
DA B B RSN (56 P — i P g (R B A e LAl SR - PR B PRt Q 2 — 1
TR EREA IR » B R B 2R SRR (ER R A B R R B E i ARG
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Generated Text

UNK is a historic public square located in south bronx built in 1987

UNK is a french southwest hotel originally located in the of greece south carolina it

was conceived by josef

UNK in historic district is a methodist church located in south african cape was added

to national register of places 200

F4.6: H3R 4.3 TGO 2 P AR SCGE - MR B RAEFRY ¢ (H2 AR 2 ©

PIAFERY L > tiE IR SO B R AN

4.3.6 EERERE

FFIRB A — (AR B ZHY B T M REAT 228 21 o B sURO R - FAMIRESIT BERR
HISCE LR ¢ DU HERE MR ELEERVE 2 08 > & 7 E i — P RIfEE
FFIRB LA SR AN - I T 4.2.4 FRITIEREE G - R
REFIE AL RL B D REHT ¢ B2 - o - FESRAS 4.4 IR 2 BEA
[l ¢ ZREEASCEE » HERAE H A] DI B SO R B B A IR A BRI - B
& 2 ot R o 2 5E R

I AREE - B AR —E 2 T E - FILERM 4.6 LLEE
¥ 47 AR SCEE-E DM ¢ BRARR 2 REAE » HERE L
SR P2 A A SCEEAR A BRAY AR 2R B N R — R £ - AR P ER AUl SRy 3 - (2
R B 2 AN R A P EE R AR A B SR S - B A RBUR - REF 7l
FE—{E £ T IREEERVEM > thule L FaYE R » 5 (855 R 0 A RY
BT FE 5 A D 238 2 o BE QR A -
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4.4 RELELL

I8 — B F AP R — T A B R U AR T B SRR AR R SR R T T
] » %8 22 o0 WU RORERICHY 2 UK — (AR O R ) B2 IR LR &
Al > FA R oA R 18 B R BB SO A SRR A R - Sl HLREA R B B\
FEFR AN B L B SCEEERE » T i A 1 SR R A LK B PIE 2 B A Bl S
B st B e M OB T RE S £ R AT R IR £ o
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Generated Text

british airports leaders plan to ban on one of thousands the city health virus officials

said friday

country health officials from world organisation has warned turkey ’s swine flu in

britain pakistan saying it was unsafe bringing the bird

the talk of a new disease on tiny team of has formed in tanzania which based on ebola

virus

sars epidemic has been recently detected in the hong kong and disease in france public

health organisation is for

health experts said it was in southwest china to contain the outbreak of disease

national organizations have been established in beijing to sars for safety alert and com-

mon disease resources

the swine flu virus has been muted by health organisation response to tackle disease

thailand ’s sichuan province has given to foreign investors in airlines travel disease

indonesia has developed a discovery of health system wild birds at home from the flu

the impact of poor health organisation has been UNK swine flu season in for population

the governments gathered in thailand ’s health officials of world ministry earlier on

friday

indonesia has been hospitalized with pneumonia the health organisation said

agricultural experts have set to double the european commission meet with a new study

on and human bird flu in animal was unveiled

AT HER 4.3 BOCTER R 2 AFERVRE R & 2 B R SCE - RITEERY
B ECEE IR A B o
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Topical Words

measure, equations, cm, density, equation, units, formula, solar, atoms, inches, cycle,

calculate, volume, radius, physics, triangle, molecules, height, equal, gravity

deleted, files, folder, users, delete, messenger, spyware, scan, installed, settings, upload,

downloaded, ip, disk, router, screen, firewall, software, message, xp

terrorists, democrats, troops, republicans, terrorism, terrorist, leaders, senate, iraq,

politicians, liberals, democracy, saddam, congress, democratic, elections, elected

biology, engineering, courses, resources, management, materials, algebra, technology,
design, accounting, analysis, studies, communication, learning, education, program-

ming, skills, teaching, study, marketing

nervous, abuse, depressed, drunk, crying, depression, orgasm, jealous, sexually, jail,

hang, drinking, emotional, chat, busy, sleeping, herself, hanging, custody, diagnosed

sore, infection, skin, stomach, urine, milk, vitamin, pills, symptoms, muscle, therapy,

breast, severe, treatment, muscles, fluid, bleeding, acne, pain

bone spirit, holy, heaven, rock, satan, worship, ghost, evolution, spiritual, bible, devil,

jesus, bands, mary, lyrics, adam, gods, soul, singer, christian

chat, pics, porn, orgasm, females, nasty, bored, penis, sensitive, avatar, attracted, emo-

tional, ugly, naked, sexy, addicted, vagina, lesbian, jokes, dirty

champions, playoffs, championship, league, teams, cup, nba, team, finals, nfl, hockey,

fifa, football, soccer, kobe, wrestling, basketball, brazil, matches, cricket

payments, estate, mortgage, property, loan, insurance, payment, fees, loans, funds,

debt, companies, investment, agency, financial, employees, filed, employment, owner

4.8 IR T P MO B By 2 A 1 SR R
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Topical Words

teaching ,learning ,subject ,teach ,learn ,skills ,studying ,topic ,study ,project ,prepare

,courses ,students ,schools ,english ,guide ,essay ,language ,spelling ,education

tooth ,teeth ,knee ,dentist ,exercise ,loose ,dr ,healthy ,coffee ,gym ,counter ,workout

,stomach ,pill ;,medication ,severe ,acne ,bleeding ,eating ,diet

fees ,employees ,employee ,employer ,cash ,agent ,earn ,selling ,homes ,banks hire

,mortgage ,payment ,invest ,offered ,funds ,budget ,estate ,bills ,agency

divide ,motion ,factor ,formula ,direction ,scale ,compound ,length ,equations ,circle

,zero frequency ,steel ,wave ,triangle ,elements ,electricity ,velocity ,solid ,table

detroit ,olympics ,nfl ,league ,winning ,wins ,teams ,2002 ,playoffs ,match ,champi-

onship ,johnson ,coach ,bowl ,dallas ,team ,goal ,soccer ,baseball ,finals

liberals ,congress ,conservative ,voting ,911 ,saddam ,liberal ,soldiers ,majority ,elected
,bush ,politicians ,vote .elections ,violence ,terrorism ,freedom ,vietnam ,troops

,democracy

band ,bob ,bands ,lyrics ,singing ,artist ,singer ,scene ,sang ,80s ,movie ,episode ,sings

,sing ,pink ,rap ,dancing ,movies ,song ,songs

bible ,believe ,gods ,christianity ,christ ,worship ,faith ,spiritual ,jesus ,spirit ,belief

,christian ,god ,heaven ,jewish ,christians ,eve ,mary ,lord ,belive

dated ,talked ,weve ,eachother ,cousin ,friendship ,ex ,gf ,break ,cheating ,cheated ,hang

,dating ,together ,broke ,boyfriends ,bc ,hanging ,doi ,talk

opened ,icon ,automatically ,task ,edition ,comp ,blocked ,sharing ,instant ,deleted

,press ,blank ,dell ,keyboard ,connection ,bar ,beta ,update ,mac ,dsl
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Topical Words

earn ,points ,money ,countries ,questions ,energy ,learn ,invest ,score ,market ,nuclear

,iran ,dollars ,business ,technology ,government ,study ,stock ,economy ,world

school ,schools ,high ,university ,college ,colleges ,students ,basketball ,sport ,la ,de

,girls ,grade ,courses ,graduate ,teacher ,football ,les ,teachers ,boys

english ,lyrics ,song ,search ,google ,spanish ,translate ,site ,language ,christian ,sites

,myspace ,sings ,bible ,love ,translation ,websites ,songs ,web ,books

god ,jesus ,christians ,christian ,religion ,truth ,bush ,religious ,beliefs ,faith ,church

,christ ,believe ,evil ,heaven ,feelings ,bible ,kill ,gods ,illegal

download ,computer ,software ,email ,myspace ,laptop ,install ,phone ,pc ,card ,cd ,pro-

gram ,online ,password ,files ,video ,address ,send ,connect ,downloaded

relationship ,sex ,math ,grade ,age ,degree ,feelings ,shy ,boyfriend ,teacher ,homework

,advice ,healthy ,pregnant ,study ,dating ,bf ,classes ,yrs ,weight

win ,hate ,watch ,immigrants ,idol ,americans ,mexicans ,hes ,gonna ,watching ,iraq

,games ,tired ,mexico ,jobs ,thinks ,illegals ,cup ,republicans ,democrats

foods ,food ,health ,diet ,products ,skin ,protein ,fat ,muscle ,eat ,eating ,exercise ,treat-

ment ,cure ,disease ,healthy ,muscles ,sugar ,bacteria ,weight

county ,tax ,state ,federal ,income ,insurance ,loan ,taxes ,visa ,citizen ,pay ,financial

,states ,department ,lawyer ,child ,california ,legal ,loans ,court

christmas ,season ,diet ,dvd ,burn ,buy ,songs ,movie ,night ,water ,song ,day ,band

,summer ,drink ,gift ,eat ,ebay ,credit ,price
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Topical Words

like, going, think, world, guy, girl, song, girls, place, win, times, possible, american,

cup, favorite, hate, relationship, info, likes, far

need, free, computer, use, yahoo, site, help, want, website, internet, looking, informa-

tion, read, new, music, online, good, web, download, try

does, real, water, word, use, windows, used, body, different, earth, ideas, drive, matter,

account, way, red, hard, air, cost, files

did, better, god, home, look, guys, women, like, email, kind, men, know, open, isnt,

youre, age, anybody, address, came, change

know, dont, like, im, want, just, help, really, good, need, does, question, tell, answer,

people, feel, friend, school, ask, bad

love, years, time, day, got, old, just, think, doesnt, make, talk, work, im, say, hes, stop,

house, ago, right, wont

person, life, money, man, sex, country, number, state, great, days, business, does, work,

means, bush, married, 10, job, usa, 12

think, people, say, live, believe, yes, does, right, true, actually, big, best, english,

woman, left, book, seen, player, child, make

year, problem, team, game, company, war, whats, law, states, difference, president,

america, government, best, jesus, light, white, green, united, iraq

best, ive, told, movie, buy, weight, week, does, way, watch, depends, date, eat, lose,

football, mean, order, works, food, head
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