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Abstract

Due to the rapid-developed Internet and with the big data era coming, the
automatic summarization research has been emerged a popular research topic. The
aim of automatic summarization is in attempt to select important text or spoken
sentence to represent the topic (theme) of original text or spoken document
according to a predefined summarization ratio. In this study we frame automatic
summarizaiton task as an ad-hoc information retrieval (IR) problem and employ the
mathematical sound language modeling (LM) framework for extractive speech
summarization, which can perform important sentence selection in an unsupervised
manner and has shown its preliminary success. The main contribution of this paper
is three-fold. First, by the virtue of relevance modeling, we explore several
effective sentence modeling formulations to enhance the sentence models involved
in the LM-based summarization framework and the first use of tri-mixture model to
improve the performance of extractive speech summarization. Second, since the
language modeling will suffer from data sparseness problem and the common
solution is to adopt smoothing techniques, in this research we investigate three
different smoothing approaches to evaluate how they influence the summarization
performance. Third, we further apply the well-studied ranking model (BM25) and
also its variants in IR community for ranking important sentence in extractive
speech summarization. Experiments conducted on public avaiable dataset
(MATBN) and the results show that our applied methods have effective
summarization performance when compared to the other well-practiced and
state-of-the-art unsupervised methods.

Keywords: BM25, Language Modeling, Pseudo-Relevance Feedback, Relevance
Modeling, Extractive Automatic Summarization.
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JiEH - HEhfEZE(Automatic Summarization) 7 £5i Fy j& —THAR AT ECHERAY RS R Al (Lin &
Chen, 2010; Liu & Hakkani-Tur, 2011) - H & #§ 3 >~ H 19 /£ 7> 75 B BE — 2 {4
(Single-Document) =t % & 52 {4:(Multi-Document) ) 8 BERE 52 B ¥ RE &1 - FEILERE
RE LA BRI B B AR SR T B DU R ES PRV ER - R L& K SN
MITEBE G NS » 55— )7 H » sB S ZER R B &R 2 — 5 AfEEE
B L) Rtk B it ~ AR R B P S R w N - Bl - S
e~ BE R B ~ B~ BT - & g KOs s Bk & 55 (Ostendorf, 2008; Nenkova & McKeown,
2011) - HEHBIFE EE - HEHHFEREN S EE T 5 NS REE I s By N
BN S BIE A - 1A HEMN O RSB T B e T NE » A AR
WP AYEE R B R BRI AR T - ARCRAVEHERUT -

HEAH TN S AE T SN SEERSE T » M A 1 B Bi5E 5 P (Automatic Speech
Recognition, ASR)$ il 5 Bl iF ARG 2 i BB HY S PN - BRSSP S Y
Rtk g B - DUERIR S Hae s B BB S U2 B - (Hpt3R P& B & Wi
loryEEfE - GBS SCHEEEE S R B B S O P HIEE R NMEF YRS RIS
k= A PR E - (FEEEMESTE BN FRMAS AFNEEEN Rtz
SEE S RE S EEsERE  BEE - EEENE - B ESEEE SRRy
5 2 1A g B 25 (YRR -

—REARER - B BN ST R R 2 R B AR AR TERET - BLE T AR ~ Aok~ 5K
PR DS Al DA i flf 0 24 {18 =] T AH A A BH 328 (Mani & Maybury, 1999) :

(1) 2R = MRIESCAFAE > AT Py Ry B — SO S B 2% B S (R 2 (Cai & L, 2013)
B E R I R E AR - BEAEES AR S AT E 2 % E
AR R W E L R LAY SO - 75 R BRSO 1R I UT &4 14 (Redundancy) HY &
(Carbonell & Goldstein, 1998) » = fE S (- il S5 (55 A= Y5 1% I (Causality) (Kuo & Chen,
2006) - 3 HAESRSU 2 IRV RIR B (4 - &Kt & A ERe A A E MR SR 2 -

(2) Tk AR TR RAE  fEAE A&7y R EA & (Informative) ~ f57R M
(Indicative) ~ DLkt (Critical) - HA &SR MEAIHE SR HI AR SRR T 5 NS B4
OB BRI S A SRSy T RE N A BRI - WA SRy A Y
T B0 BUAM: - BT - S EMEMIREEME SR - IRIEL AT EE AR YR SN SR A
HYBR AR SR N2 5 BBV e 1 Y 1 B2 42 (4 S 44 1k 181 B2 £ a1y 5Bl (Positive and - Negative
Sentiments)(Galley, McKeown, Hirschberg & Shriberg, 2004) -

() T3z s ARy B RIS Bk (Extractive) RS2 B 525X (Abstractive) i % (S EE 5T
P - BT 2R R E AT ZEEL ] (e i AR S rp BRI B B (sl ) 2R AH R 22 5
M&E BT NE 2% BN EA IR ARG SIS - JArEH
ZEREBIEREEARN —E R 2R B FAE S - R 22 i R AT A H H R
TR o 2RI G U 22 7 S e B 2455 = P 2 (Natural Language Processing, NLP)
Fefly » 40EERHAEEL(Information Extraction) ~ ¥fz53f## (Discourse Understanding) iz HAZE=
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A=l (Natural Language Generation)Z§(Paice, 1990; Witbrock & Mittal, 1999) - [Rlfit » #THR
gk 2 AT B 20

(4) R RFEE IR W] o3 Ry — M (Generic)fii %2 B2 DL &) [y KL (Query-focused) A
H o FIE R R R S A AU sE S Ze B R s e M E R E SRR ) - WIS A A
MINAT] DU R S AT A R TR 1882 B 0 P By e Y A s A e A B B A
BRRYREEL -

(5) MRy + FER R = - (1) ARG AR AL (Lexical )Ei&h i (Structural R
HE i 5B AR AU R ffr (Zhang, Chan & Fung, 2010) - (ii) B2 & U253 5235 (Supervised
Machine Learning) DL & (iii) I &5 B = 1% 28 22 33 (Unsupervised Machine Learning)(Liu &
Hakkani-Tur, 2011) Z 5 RG il - BRI RS E AR S B0 A E— IV IEN N HAREIZ
BB RSB ARG - (HIRE B F e E VT AN RE R R E A TS
Sk DU B A 5 B (F(Basy-to-Implement) e 14 - 155 5 (5T 2% B2 M TSR Bl e -
A X EE TR H B R s S8 0y 5 =0 B e 2 A -

SR R E R > ASR S EERIT R~ BB E S EE e M MR - i
B ARG B A S ARG » AT - SRS = A 7 RS B U A R e 78
FHEE R I 230 A IR 72 AR (Zhai, 2008) - 45 S5 4t 4725 H g e T A8
F A 2 5T (Lin, Yeh & Chen, 2011) » JRIES—E AR » A SRR L
—SEE R fRH = EE R ER - E5t 0 AR B (Relevance) ERHIVIE S E
W E N & s e 2 4E L th(Zhai & Lafferty, 2001a; Lavrenko & Croft, 2001) » A& E 5,
&5 R Mgk P o RS B R At R R T EE A B RE S AL M R =R & (Tri-Mixture
Model, TrIMM)fHAY - Hf55 DASORS ARG HIGE A VRE BN S - W H B - &
S S AR P A AR AR (DURE (RIS - 1R A BE & 8 &R B (Data Sparseness) i » 11
(A A A AR R it g — B 5 S ELTE AR R 0l » t T AR IR R B B ey R PR
ERZ - BEdERAERI G B RE BRI MEEE - Rt - SESEACPB LR R
AR EAAYER 52 » B ARIHIE R EUR - SECEE LRI 68 F E AE S TR T
BRI - AL o AR SOE KRECECA [F P bRl A sE = S B 52
B o fxi% o bR T RE S BAINYERET 2 b o TRAFTHE 2 s BR E G (5 F 2 R A R A R A Y
s TR L o RS SRELHRT ¢ 55 " EEE A 4EER S B B R AR T HIAE
RALFFEEL S © 55 == 4a 0 AR S AR B (Rt B R B 2 R EL - PRI R L0 {A]
FEBNEE A BRI M B SR U R A AR - (RS DU R R HREE A S
FUUE S 4 SRR AP R AN B e E U R EER T B AR B
HHRE U ERI L 2 J77% © BANESRHERE R R H T Ri% - SR RS
RABFETT I

2. HEEEEEFAT (Techniques of Automatic Summarization)

A SORE B 2 AR R ST ATl 4 5 e Y E B AR R R ffa A BS HEERr il = A (Mani &
Maybury, 1999) :
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(1) DARS BH.Ea s B 4E ERHBUR B0 2 B B S AR il © {F 1950 (X A2 F R T G
A5 (Frequency) 2K 51 & 5 — ([l 58] Y 35 S 4 B 51 55 S 4 o A — {18l 55 ) /19 5 3 1 (Significance
Factor)(Luhn, 1958) - 7B {F I » ] DU —{l5a#E TEa/ER s A (Stemming) - & H 72 5 ]
R (Root Form) » [E]H5 4 Fif= FH 56](Stop Word)f 522810 5155 # 55 (Content Word) Y EE 2214 %
BRI R TR BUE TR (s 21K) - BRI E i ZEL B AR A T E gk U 2
HYEEE » 182K » AEREFI B 286 = 7o fr(Natural Language Analysis)ise fiir SO A4 T
M AR S ASERE(Grammar Structure) B EE = HEf(Linguistic Devices) sk & A [FIEE By
B2 BE{4(Cohesion) » 740 : EEEEEE (Anaphora) ~ &% (Ellipsis) ~ 454 (Conjunction) » =[H]
Fean)(Synonymy) ~ g5 (Hypernym) %55 53 {4 (Lexical Relation) » i DL 45 ST H
L - AHRARAZE IS HI5EA2#E (Lexical Chain)(Barzilay & Elhadad, 1997) ~ Z=BiaEEL4H
## (Discourse Macro Structure)(Strzalkowski, Wand & Wise, 1998) - {&g¥4% /% (Rhetorical
Structure)(Zhang et al., 2010)55 - S5 A E2Z{EEE 200 FRHOU% » #FA 85%HVE Zih
AR SRR —EE - TR E BB A IR AT R 1% —E(Baxendale, 1958) - [A[it » $2H
T EE ARSI AL B (Position) E G HUE AT T ZERE A BE AU Y — THRHSR AR -

(2) DAFREE a2 R At BN SRl © FEERE AR eR 2R i K B Bl =
B R o HE R it Pk E AR MeE ) 2 R - B A Est B — R it sg |
PEFP(ER - RAVEHEE © SEAELSCAMER 14 (Gong & Liu, 2001) ~ sBA]FTIERHYEE = 158
A Y ST #5855 (Chen, Chen & Wang, 2009) - 3E4)[ 27 #HEE % (Erkan & Radev, 2004;
Mihalcea & Tarau, 2004; Wan & Yang, 2008) ~ si(zE /) Eil S (F A7 et 3= R 25 i oh () BE B RE (%
(Lin & Chen, 2009)% -

(3) ERE=ias st E N Atlt A B IRl « B e i i B B = (T
B R ooy (Binary Classification) » JRE[RFEE A6 77 Ry 2iah f) s R SR 1) - 3%
RN EEE S AT — e[S S DA R H B FE I N TAES A 1 AR B 1B S FE SR
BN T o IRV o S e AR SO - BB AR SR R )
HEIT I BRI A SR A A = - PRDTAEEE AT MR 75 B R G B HL I
Z#%(Naive-Bayes Classifier)(Kupiec, Pedersen & Chen, 1995) « =R &% (Gaussian Mixture
Model, GMM)(Murray, Renals & Carletta, 2005) ~ [&ii={E 1] F5AI(Hidden Markov Model,
HMM)(Conroy & O’Leary, 2001) - ¢ ¥ m) & 1% (Support Vector Machines, SVM)(Kolcz,
Prabakarmurthi & Kalita, 2001; Zhang & Fung, 2007)&8 (&4 &5 (Conditional Random
Fields, CRF)(Shen, Sun, Li, Yang & Chen, 2007)%5 o B2 E KR 0] [E]0545 & 2 MR Eok
FoRNG B (R R R R e R R R 2 i 75 B S IR R E U
ST EE A AT Y > BEUR R E) 47 & ST R SR T B R R SR P AR R B
Ui AR R BT ) 2 A5 8 I i B2 5E AV (Lin & Chen, 2009) -

BEAD » ST AR SR S E R (What-is-said) » T35 B 5L 7 2 45057530
ERTEAMNER  WE R 7B - ErRginy 2057 (How-is-said)(Penn & Zhu, 2008) >
BHEEMY » SRS = SRR R A EHAIN 2 — » WRLEE S SRR AR R 95 i
e RS EE S st TP 2L HUS S AV BR & (Prosodic Information) s HIEr =6 ) HY S 24
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40+ F#A(Intonation) ~ ¥ = (Pitch) ~ F 5 (Power) ~ 5B #8785 4815 i (Duration) ~ 3B
s R (Rate) ~ 555 (Speaker) ~ 15 Bl (Emotion) FIEG 55 F 5 5 (Environment) S & 51 » 22 LB H]
TEE R SRS T DA A F A EE A RHECE AR (Liu & Hakkani-Tur, 2011) -

S HHAEZESEENET XERME (Language Modeling for Spoken
Document Summarization)

e EEER R RRENEEPE R EES RN - B 5 EHIGES
e Y AT ] R [ R AR AL SR B (5 o HoEEe AJHEE = 4R (Human Language
Generation)/2—{EFEI&S1E - MEE S HEAGLR B HEE MR 58 - 584 ~ BO%
BE SR 2 AR A R R i TR Ry A i 5K BB S 8L B (Generative  Language
Modeling)(Zhai, 2008) - % fifi B (Y 5E = 158U F B HEE = 52 (Unigram  Language Model,
ULM) - ERF G 2 IIEE R (5 > SUERS S — (56 A 5 IR AR - R
BEWEHAGESER f N-EES A > @ N K 2503 (Bl s =EEEHa) -
L 8 W 1 ) B B — ([ R e Ty 3 B R BB P R (% - (EfS—1E2 » BHuEnE
SRR N-EEE S AN T EER Y — & ¢ EMMEFRE AR —EE A S
HIBRAVHER 3 - B aa 2 2 FE A L[] H R BN AT REA IR o0 IR RS MY A
THEGEN - RtESEAZ BN NI E e 2 7 AR T -

fEilE%ET  BEEMEEHEERES D O EZHEH B A R EEE B
(Zhai, 2008) ; {HELFAIFTHR] > LB E SR ZEIERS L > BIREHE S EA AT B
/D o RemsO RS HEE S ARV R B TR B ) Y - R T E Ry e A
SE A A ST AR SRR & (B (Document  Likelihood Measure, DLM)(Chen et al.,
2009)- AN A EEES 2/ INEFFAMT R R 2 e {5 FH B B Bt 1k S AR AR A B g R 2R it
FHAF U AE RN REANERE NS -

3.1 X EHMALEEME (Document Likelihood Measure, DLM)
FMI T DAIEEE S BB R e E RS - —RokeR - &k Z (Information
Retrieval, IR)i51F =544 A S {4-(Relevant Document) i [B] {5 ] =& it 2% HH Y A 5 (Query)
=& AR K (Information Need) © [EIfEH - TEIEHEEE S SUIFRZERE > o] 5 — 9
TR Ry 2 A - 0 T R A (Sentence) 17 Ry fig: 22 & SH BT (Candidate Information
Unit) 5 2L > BT o] DUBESAEPHEZE S0 rp > B AR R EE A A A nlse 2 vl A2k (R
X E BT MR -

BT RIS D X ErhE—5E4) S iy &R P(S|D) 7] LA RF ek
] S BASCI: D IE B - B FEE S HAIKETE P(SID)E - %48 H L £ 7 (Bayes’
Theorem);K: P(S|D)J&Fa k() :

P(D|S)P(S)

PEID)=="50y M
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Hrp(D) &3 D IEFIHE - R P(D) M2 EsE i HEFAS S > o B A )5
S—J7H » P(S) B&H) S AR » ATLAE A& IR 5 A B B 07 7E50K
5(Chen et al., 2009) o A& SZHY W 9% R 52 56 1) 0 =5 Al i == By — {629 &) 93 473 (Uniform
Distribution) - FffLA P(S) JRATEME 1% » P(D|S) /&sft) S AT R HsE = A1 A4 g S 14
D Z &R (EREIE S EIE) - TLARIZRF RS D BlgE) S 2 VAR IRE (% » WI5REE
1] S ARSI D WIS E RS - (AFREEH] S BLSCfF D f AL GE H fRpe (AF S04 D) »
HNAA v RE S sE 6] o T Al DU 2D i B SO D thERBlEE > 2 @iy » I A
5 R —EEE RS D S AR IE P BE (4 (B R 223 (Bag-of-Word Assumption)) » Hij
SEA] S A2 A ST D Y S EAR (DL £ {E (Document Likelihood Measure, DLM) P(D|S) #/#f
P D R Ag—AYEE w18 AR A BRI 2 R
P(D|S)=]]P(w]|s)°™? )
weD
BEAE 5752 ReaB ) S T —(EEE 5 AY (Sentence Model) P(w|S) » w2HERAESC {4 D
(38 C(w, D) S8 wHHIRAE S D 2By « Eooh  FRATATFIFR A (AR U (5330
(Maximum Likelihood Estimation, MLE)Y /5 =\ 2k 17 5 —(EEE A 1Y E A i A -
C(w,S)
|S |

E@)H - C(w, S) Forsd w £z S HPHHIRHIIE - [S| A ReEH S HISEGS - (E5E
BHYE » HREES] S EAE R/ DR FEEPTAERL - RIS 5 7 1 &R B (Data Sparseness)
HIRTRE - 18 G G aE AR A A S R LA DL At RIS - {8 AT 8 i A A fe bt A 0 —
SRR AR EIEAIHR I - A R R R AR R REL R - BEGEES) S A
7 D BHER(E R - By T IRES BB 5 > aTER IR L (Smoothing) Fff sl iz ik » & &,
BB LR T4 7A Jelinek-Mercer S35 4L ~ Dirichlet SE3E1L - Add-delta SE81/E (Zhai &
Lafferty, 2001b) » A {5 A Jelinek-Mercer P78 flirs Ha (s A DAK & S sBsH 4R T
YR B B EE = 15 Y (Background Unigram Language Model) sl 38 =5 A5 8 (Zhai &
Lafferty, 2001b) > # P(D|S) ®]ifE—SHZFRIRAL

P(D|S)=]][2-P(w|S)+(@-4)-P(w|B)*™” ©)

weD

Her o P(w|B) &5 w e S EGEE S B 2 HRE -

P(w|S) =

©)

3.2 FEEHRAEIEE (Pseudo-Relevance Feedback)

HE o S EVEEAE D FFAYEE ST AE R o SR AR AL F B AR BAR LR AR - 25
ZEEERMRREE B > HiEshEe S PRI s BN IEMEG R S
BAYAR R D Z R AEBLEE (BARAS T REARDURE) - FrlARE th s et S AR TR AR
B 838 Ky i RV A2 —(2885(4)) -
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Ry 7B R A a8 A Y DR AR B S ML AR AG Y R > FRM AT R AR & s &R
(Information Retrieval)E15#5 2 IE F AV R #E4H ¢4 ol @& (Pseudo Relevant Feedback, PRF)
R i o5 A ek A A5 Y (B (M =05 HoA 3 78) (Chen, Chen, Chen. Wang & Yu, 2014) - f
It B Y - & A B (0] 528 B A SO I R I g s S BRGE &
(Query) » Az A —EEHRER AL F - Hl—2LBEEa) K ATREMHRBHAY S - E
BU Pt 2 R BEAH B S £ (Pseudo Relevant Documents) 5 — [l fifj 5.6 5 =R 22 HL
FE i i (h R o0 B =) Y 2% 0 S 4 (Top-ranked  Documents) - 74 1 7 Se i SERH RS
% > BLE] LUK BT AR b HERE ) R DA 8 B DR B e HAR AR A 2 fRE - R
HERRIE O B R R B0 1 AR o P AR SCEH R A RS A T b gE - B IRPE
HE R 2SR TS RE BERE B SO (B = HE P SR » 2 L S SR ) RS R P S 22 B
JEE T 4EE RAVERE I & A RS (Relevance Model, RM) ~ fiff B & 15474 (Simple
Mixture Model, SMM) LKz = & &1 (Tri-Mixture Model, TriMM) -

RE $EAH 6H]

| e |
[ ~ B (ST

[Figure 1. Hlustration of pseudo-relevance feedback.]

3.2.1 FEREERY (Relevance Model, RM)

REBHE A R A B R we 5B 0 S SR AT 2 — (B ~ UASERE » JAIMTH
Z Fyab AR (Relevance Class) « FEAGR ST BAPIHY H S R — D s A LR
BRI AARAYERN - FEIR S e B AR A FTRE (VR BN B S R L - 28 > &
B bE—5EA AURHBEE RIEE BELURERRY - Ryt - FMTIE M8 R A R 0 5 (Pseudo
Relevant Feedback, PRF) <= £ Bl i 5 1) T e AH BRI — LR 521 - 0RE R i S S0 AR AT
AR - FEOANENY > fE B (F L PATREEESEAH B S (B =7 2L ) Drop={D1,D2,...,.Dm}
IR RBRBE - #E BB w BEEA) S 1£15 Lo Sl BE U1 o[BI 3R
ZREG > ATETR HEE s B EE A AR S H (Lavrenko & Croft, 2001)
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Pew (W,8) =", . P(W,S|D,)P(D,), ©)

BTV REAE 46 E e — R R REAH B S ﬁ%éﬁ%’jmﬁﬁﬁé’ﬂ A HEBAIA
F g St 2 BT BN L S e 2R (R A e Y Bal S Beas) - RN 25 Bt i A o [ 5 P B
BRI Ry -

ZDmEDTop HW'GS P(WI| Dm)P(W | Dm )P(Dm)

ZDm'EDTop HW"ES P(W“l Dm')P(Dm') ’ (6)
HfP i 2 Fsfrleii i (Relevance Model, RM) o [ RY A (ERE £ 17 R FE g SR AH B X 1Ry
Bl o A PARUE R RE SR ) A AR S VAN - FrARERY A - Bt DB S 4 i A i

FACAR L (A IR RE AR > o] BE R R i e ) I RE B N A s SRR M - DU T2
A

PRM (Wl S) =

2 fHEERARER! (Simple Mixture Model, SMM)

15 B R A ISR A B A A AR B % R 45 A B (o] B Al BT 45 21 A R 60 AH B SC (-2 AR REAY B
RETE B S PR SO (RN EL B 0 Al B R B B8 Psmm(WIS) > BE BHEENER » i BOR & 1A
& (B 3% i $EE A BE SC /4 Drop #RAVEAZE W 2R B A 5 57 R & 155 5 (Two-Component
Mixture Model) » H— 5l R SR Psum(WIS) @ 55— FyEr it = 1240 P(W|BG) - i HUR
BRI ik 2 S FH A S {8 5 KB (Expectation Maximization, EM)E B0 R A LEE 1
HERE ST BT8O (DU (Log-Likelihood) DU T TR Y At B - JEL R S AH B8 S (- 09 S BURH 1L
FERYE A T (Zhai & Lafferty, 2001a) :

DTp ZD GDTPZWEV C(W D )
Iog[(l—a) PSMM(W|S)+a P(WlBG)],

_U]T

>

U]

Hrf o By P 280 FAERIFEAE RS Z b m i MR SRR R 5 A
c(w, D) Ryl & w FERE HEFHBE S D YL (VB ARAEHE B‘H A= IN( R
Hr R

I AR

() _ a- P w|S)
" a- PO (W] S)+ (1-a)- P(w| BG)

®)
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SN wta7 7

2o, CW: Dy )7
Zwev ZD,’T,GDTOp c(w,D;) 7y
Hep | FrRRERAERYEE | ZOER - = 6 BR SR E A& s B A B ik
(Specificity)ygal s~ t%% » FIAHGE LA H =ab 5 R4 A i AR (Well-Explained)

A hnsR B iSRRI 1y B B 3 )l (Discriminant)sE VSR AR AL fO 2
AR > IR G e R aE S AT -

Pm (W] S) = ©)

3.2.3 =REER (Tri-Mixture Model)

P—J5H > A E Rt =R AR (Tri-Mixture Model)(Hiemstra, Robertson & Zaragoza,
2004) HIRNFE S AT - RAEATH AR LENEE ESHEE BHE—PN
B2 $5E A B SC 4 Drrop #RAVER 2 W R B A =Fl R 57158 (Component Models) » H— %
SR P(W|Dy) » B R =R AR Primw(WIS) » 1% FyEr seah = 1240 P(W[BG) - =J&
E TR A 5 R 2 6 S S AR e R A BB R A A e A A b R A B ST (R S U (DL DA T
AR AR - LR B BE SR S U (DL Y E #8400 T (Hiemstra et al., 2004) :

Lo, = Do.eon, ey CW:Dp)
log[(L— A — g2) - Pri (W[ S)+A-P(W| D, )+ 1 P(w| BG)],

(10)

Fop AR B RSB AR (I R S L R =5 A R St ST e
Sy BB - o(w,Dp) il w TEREEHERISC M Do 9B > QOB AL TTIEHE
TS (B AL BT A AR Y

I EADER -
fo = c(W, D) -A—24—4) - Prrimm (W] S)
"B @A) Prowm (W1S) + - P(W| BG) + 4-P(w| Dp) )
A c(w,Dy)-4-P(w|Dp) ’
P (1= - 1) Pryinm (W[ S) + 1 P(W| BG) + A P(w| Dyy)
EARALPER ¢
BrnaW|S)= 3
ri w =
Triv DmeDTOp ZwerDm (12)

ew, D,

ZW erDm

Pw|D,)=
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I =R AR AR R Y > AT HUAR AR R A A BB 2 4R R4S & (linearly
interpolation) :

P(W[S)=y-P(W[S)+(L-7)Prm (W]S), (13)
Hit0<y<1 &y =0RFMFEHESHEAIAEANEEHA -

BRI~ Y EDR SR K = RS EAE & R EE T E#EZ EH (Zhai &
Lafferty, 2001a; Lavrenko & Croft, 2001; Hiemstra et al., 2004) » {H{F g2 {F 1% T Al S AH 5
/DR - ES—RIVE » AR B R SRR P e I ST -
(Chen, Chang & Chen, 2013; Liu et al., 2014) » {H =R S RIAI A L ERE| AFIGES
TR -

4. HERIHEFFIEEL (Probabilistic Ranking Model)

fEE R Z Fisk(Information Retrieval, IR)r > £ 2R E dat— (EHE R A
BERRARUARE SR [EIARI PR 8% =t B SO 2 R T — (R A
RZeHEr— RSB A Z M > NI A A - S E AR e RS T SRR
PRSI RE B R o > Ho i A A AR UL R B Ry i (2 UTEC (Best Matching,
BM25)FEFr5 Y > AT RS /1 48 e RV ACHR - fR AL R A fif

4.1 BM25

TE&AHXNEF 24 F - AREFHERENNAETE > SN —EME ARt EFet
BN 2 B BM25 (Jones, Walker & Robertson, 2000; Robertson & Zaragoza, 2008) :

BM 25(S,D,B) = > F(w, D) Sim(w,S) - IDF (w, B) (14)

F(w,D) = c(w, D)(k2 +1) (15)
C(W, D) + k2

Sim(w, ) = c(w.S)(ky +1) (16)

c(w,S)+ki(1-b+ bﬂ)
avgsl

B-n(w)+0.5 (17)

IDF(w, B) =log n(W)+ 05

Hrf o o(w,B)Fy w AESLfF D AR RE - B Ryer AT ATA SFEHE - n(w) Ry w{E
R AT AR o ISIRRE AR - avgsl RS0 D EBAIH PR » ko ko
b Ry ml ARSI 28 -

BM25 & — (B & w8 BT EE S E R SRR B DU RO B et At -
FE BM25 FEF AT IR AE S D YR E N & 4t RE S e B F(w, D)HEF T &
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HUEREE © E28 ks E Ky 01 > AR BM2S (EF E s ie & A MR X &Ed - A
FEHDERAVER  E2H R IECER K 00 BM25 KN EFEFaEy MRS - 0 H
HE— 20 MR Al S P R R SRR SR BOE & AV IORE 5 SCERAEBLE Sim(w,S) RIATAET
Ffp B S v B B L [E] B YRR S R SO R AV B S - B RE AR (R B S N
R RCEIN A o AR AL E IR S R H 28 k ECEAR R 0 AIFRRIR
(B S R FE R TR = HIHR R 0 85 SOA-HA kL IDF(w,B) 2 TR E 5 —(E5E sy &
FEME - HERE 58 A A 558 (Content word)AYREEE » NIfi M55 A8 58] (Function word)fy =

AT R BM25 J Y B LA 22 (Opinion Summarization)i#5E e » & T &
BT R OVEE AR - M — 23t BM25 (Z50R (Kim, Castellanos, Hsu, Zhai,
Dayal & Ghosh, 2013) :

BM25,(S,D,B) =) Sim.(w,S)- IDF. (w, B) (18)
weS
SimE (W,S) _ C(W,S)(kl +1) S (19)
c(w,S) +ki(1-b+b Kl )
avgsl
| B|-c(w,B)+0.5

(20)

IDF (w.B) = log c(w,B)+0.5
S - o(wB) B wIER R B AT - BlAE BRI TR - st
(14)E(18) - BM25¢ {F BfaB A THE S - SBS T R A s s BRI E N - (2558
R nA BN AR 550 H IDFe(w,B)VEAZMH T w £ RE B fih
B RE - A2 e w AR £ S ER B o IR SR8 H -

4.2 BM25L and BM25+
BB AREERHE > SCAAARLIE Sim(w,S)TEE4RY BM25 HEf7 A (208 (16)) &85
RN - BHMEERHY BM25 5t E AR B S RTFEER - AfENIL > FEERY @@L
EREERE A RENE o BT EEREIL T > BRI Ae)ER ST ¢
c'(w,S)(k, +1)

Sim(w, S) = 2
M S) = w8y k. .
b W)k
, c(w,S
quz——@L%T 22)
1-b+b

avgsl
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EENHE MR - AEEFRDERHCCEEOUE Sim*(w,S) > HEZWT ¢

(©(w,S)+3)(k +1) C(w,S)> 0
Sim'(w,S) =4 (c'(W,S)+5) +k, ’ (23)
0 c'(w,S)=0

Hor 6 B fE - BIHHHERT A5 B(BM25L) :
BM25L(S,D, B) = > F(w, D)-Sim'(w, S)- IDF(w, B) (24)

weS

BT B ST A (DU A 8 (R B T BM25 Y i B B 4 14 > (BT ¢ (w,S)=0 B Sim”(w,S)=0 ;
5341 ¢’ (w,S) B BM25L Yy & B 5 iRk » 41 H BM25L 4 873k 5% A {8 (Asymptotic maximal))
[ERF NI T —(E 1 5 (positive lower bound) ¢4 (BN 7L ¢’ (w,$)>0 - £/ VEEGH
(ky +1)0 [(k, +0)) > BEFHERT DI ERE A RS 2 508 N &R Ryl ) 8 17T 5 2R
B EF A S wif st s)

—J7MH > Lv & Zhai (2011a)# 3~ H G BM25 FEF A Ug i L @S RaEa) - gl
HAIHE P ARG A — RIS - B — P R — R by T 22 g e R
o W R RS LB — RGBT EVEA —ENERE > BT EFE
(1 - MAFERAE R 4G BM25 AZUHRRYSCAEAR IR Sim(w, SN A —(EH 8l - HSSUHH
R E IDF(w,B) A/ MEL » RIFTHYHEF A f5(BM25+ » (Lv & Zhai, 2011b)) :

BM25+(S,D,B)=> F(w,D)-Sim"(w,S)- IDF*(w, B)
weS (25)

c(w, S)(k, +1)

Sim*(w,S) = S| +6 (26)
c(w,S)+k,A-b+b )
avgsl
IDF*(w, B) =1 B1 72
n(w) 27)

Hep o B—EBEEE -

4.3 BM25T

£ 4.1 /NGRS 4EEY BM25 FE Ai A = (R ZSOERI 28Ky, ke, b)» HFTA VG 53t
Z[E—HEE o (BT A R ERE A R EE M SEt A RS2 8IE - B
PAEUE Sim(w,S) J2& BM25 A i EZATHEP I T BT A2 B ke ISl B EE 2 -
Lv & Zhai (2012) &% R&ER LR BRYEPHE RUE ERZ R &S AR IR LEY
SCEEBIPIELL - RIELA (0 A R R (Log-logistic) /7 A 2a T H (M 55 S B HE A [F 1Y
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S8k HiER - EEIEElte set)Cy > BEHIFTARETRE wVEEYES > AlFEzEw
NS k' ZEFAT ¢

> (log(c'(w, 8') +1))Y’

k'=argmin| g, —>C 28

1 gk1 Oy, (W) (28)
k if k=1

9, =1k — (29)
1 k =1

Hep o' (w,S) B 22)M[F - FelfIke ke FYEEERCELE 0.1 2 10 ZHE(EXH0 0.1) »
A (28) T M H] $ g — (5 5t w HY R S H ko B (28) BT KA HY S B0 [l R 461 BM25
PR AR RS ERAYHEF A (BM25T - (Lv & Zhai, 2012))

. (30)
BM 25T (S, D, B) = > F(w,D)-Sim" (w,S)- IDF(w, B)
weS
Sim’ (W, S) = c(w, S)(ky+1) 5 (31)
c(w,S)+k,'(I1-b+b )
avgsl
1. BB &
[Table 1. The statistics of the dataset.]
BllEES e
BRI E] 2001/11/07-2002/01/22 2002/01/23-2002/08/22
S 185 20
X PIIRHE AT 129.4 141.2
AP E R 326.0 290.3
AR A S 20.0 23.3
ST SRR
(Character Error Rate, CER) 28.8% 29.8%
SRS
(Word Error Rate, WER) 38.0% 39.4%
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5. EEpsER ati757%4 (Dataset and Evaluation Method)

5.1 EEs:EFRl (Dataset)

K im S F B iE R E B A 7 E B 8B (Mandarin - Chinese Broadcast News Corpus,
MATBN)(Wang, Chen, Kuo & Cheng, 2005) » & FH H L 52 e & R 9T T RER = AR 8
ASEH GG ERR BRI SO IR ES AN S AR —E/NFHY A TR R
AR o TR EE Fr e 2001 4 11 H £ 2002 4 8 H 483 205 Al HE - &A%
S5 ($E 185 RIlHT ) DA SRR (3 20 RIS D) /a0 o0 HErdifv4iat &R LFs -
280 205 AIFESE SUARREE R 7.5 /N - T MATUIE - UHEESAHESEAEN
FalE s o I HE S Wk s B B E A A EE B WEERk &S SR T 2 By sl & S (Spoken
Document, SD) - (RlFEEEE U R B S A B S P itsn 2 i 55— J7m > TPk 205
RIFEE SFRE R AN TRERE M X > AU A PR SEsR I (ERESCFRBR » FRFIRE 2 B
FoCfF(Text Document, TD) » FRISCF A H = U B RIT R EEN » FRATRIEE
SO T ZEAM Ry Bt SR B S S Y IE R B 2R - #EHH PEEGE B S RIS S
AR EEREE » Mo UL E S s N SR E T A2 8 - AR E RiES
AU SREE R 5 2001 ] 2002 41y o 48 B S 5=a8kH(Central News Agency, CNA) »
A H DA SRI ZES A T Bl B &by B EsE S A AR EEE S EA &
B R AVIEAR R & R 2R © 5940 > Aam SR 2002 AF Hh i s ek 9498 Al I EE
ST R S ST Ry T BRI AR R B Y A 2 A HY (Chen et all., 2013)» BRFAEE A S HYE fEAH B
@ E PR S R &Ry 15(H 5L /2 |Dropl=15) ©

5.2 §¥E77E (Evaluation Method)

HEMEENRHE A LA - —REBA il B—hEB ARG 5 5TE i
FNDANEN N B R 2 %0 P e AL B AL - 4577 AVERESy 1-5 77 BB AR TR 2%
AR RIS S S 2 T L Pk B R B S T SRR 1) » A& P e AR I 2 a) Tl
BRI B Pl Pk 288 HH B ) - 51 L & [ =R 4 () 1Y 22 B 5 (Recall-Oriented Understudy  for
Gisting Evaluation, ROUGE)(Lin, 2003) = H1//> ¥ A R IR FERFFE ST - AL B A28
H B2 705 B bR 4 (0] =R ] (Y S B S A 5B ST E R SRS T =0 ASEw SRR F L
feRHd 7730 ROUGE J7 A E a5 B B w4l SR B\ T i % = [ Ay 8 B i o (Units) 85 H
1 251 % (Reference Summary){= & (BE Az T A(EE) RV ELB o fHETHYE AL AT DA N-7EE
(N-gram) ~ Zi]f7%1](Word Sequences) » 411 * i fAH [F] 58 751 2aa R (Word Pairs) « HHA
AR BALTE Y T - N E AR B E RIS - W HBEEN S0 AL
PR o HEHE A3 8 =18 - ROUGE-1 (Bi#55 Unigram)~ ROUGE-2 (7#i57 Bigram)
1 ROUGE-L (F:&3F:[E] |/ B Longest Common Subsequence) 43#5° ROUGE-1 2L B Ef
TR AR - ROUGE-2 BT E B B35 1% - ROUGE-L BB EHETH » A
AL EATRIGE - HIL - BREIE EEELL ROUGE-2 778 - Adw Sk
TE R ZEEL B By 10% - HooE 38 R S P & e e S B R SRR s B B ) 2 DAGE
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SRy FIET R EE BIRY BT » FEPREE ERE A AR b B BCRE By o A (8 5] b gl
R ZRIR IS - K T IRFRE AR RSB - IR AR T R St e PR Ry
MR -

6. EER4EE (Experimental Results)

Jt

6.1 EMEESE (Baseline Experiments)

o FAFIEE B AR U & 8 (DLM) B 8 E e S 2 7 A Z 2R » BaA i
EsE4)HE % (Longest Sentence, LS) ~ & aJiEZE(LEAD)(Penn & Zhu, 2008) ~ [a] & 2% {5
(Vector Space Model, VSM)(Gong &. Liu, 2001) ~ 7525 = 53t (Latent Semantic Analysis,
LSA)(Gong &. Liu, 2001) ~ £ K% 8 I (Maximal Marginal Relevance, MMR)(Carbonell &
Goldstein, 1998) ~ B 1] k[t S (Markov Random Walk, MRW)(Wan & Yang, 2008) - Z¢
1% (Submodularity)(Lin & Bilmes, 2010)[L 57 #8454 #1 #1 (Integer Linear Programming,
ILP)(McDonald, 2007) - —f%2ka6e - AP RA RS ARE ENTEER - HILKE
XAAHEE A REMEET R - R EIUR R aE A M A A R — A B AR S 705 - B
b WHEZEFEMITEI - SO DB RLER 7 ok PERE ) T/ - RIS AFEE
HIRITS&(EEE A4 B A RRMENEES) - B afMZEAZ DS 8 - BRI aEE a2k
TR S I 2~ B ReaB A (LS) K i w22 (LEAD)#ME 8 F £ — &0 o B ARk
GEREHY SO F o AR EMAVEEELE A E IR - 5540 82 MR E S A RIRE A
73 IR Ry — (I [m) &+ A A SEAH- SO SR(TR-IDR) R Bokat BT — 4 nVRE R (E - U
BEE A A BRI M 2 5 EH R oA DU S E AR AR - B SR o B sy - RIEAHE RSy
PESCH R o VERGGE B o A B AR A B 25 M AV ER T 5 — 20 L FH =5 RAE oy
(Singular Value Decomposition, SVD)sRHE ] EMNEksE B 22 » [ 2 REE % B/ EE
AL T HET T SR BAEE A YRR B I 2N o A R PR R T 19 Ry o ) 2 2 P A A Y — {8
R > FEMEEAHEF IS & T LR MEDUZ BT SE4E R o B RS2 (MRW)HY
LS RS Y EE A B — (B 48R A RS - SO TR RYEE A R MRS T HVENR: - BTEfEE
1B 2 WA (8 67 B 2 AV sE S B DU » 8 2 B ARG Y N 93 <2 JE (Indegree) B 41 73 <7 &
(Outdegree)lti£% FH 752 (Cosine) i JIE K 5 » At DURS AT R FERO S T B2 (KE i — R By
B Bl AR ERYAERRARS - TN R RIS I M AR (I - B EEE D) - Rt
WRA —(EEE AR EE A RAR RS » AT DU B 2 SR A A R #Y 5 (Wan
& Yang, 2008) - ZfEiE—{E & %E (Greedy) HYREHJEEN T % » RIEE B RIEHVERE - BH]
B —sH AR G A B /) (Diminished Return) 580 » PRI 2R B — (T DL B (i
(Near-Optimal)(Lin & Bilmes, 2010) - E287 445 HE —{E 215 (Global )Y PRl M4 i fE 1L
(Constraint Optimization) 5 )5 HY /574 (McDonald, 2007) -

2 BRI AR E RS R - Ho 0 {E TD iYE R+ > DLM BYREZERUREE LS
LEAD - VSM - LSA ~ MMR SRRV E A Z A AKIG4r L (A LS 8 LEAD {EREFEF
RLEESERE B > P LIS i B B SRR S SRR B E g AR -
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2. BETHER

[Table 2. Baseline experiments.]

F-score
ROUGE-1 ROUGE-2 ROUGE-L
LS 0.225 0.098 0.183
LEAD 0.310 0.194 0.276
VSM 0.347 0.228 0.290
LSA 0.362 0.233 0.316
TD MMR 0.368 0.248 0.322
MRW 0.412 0.282 0.358
Submodularity 0.414 0.286 0.363
ILP 0.442 0.337 0.401
DLM 0411 0.298 0.361
LS 0.181 0.044 0.138
LEAD 0.255 0.117 0.221
VSM 0.342 0.189 0.287
LSA 0.345 0.201 0.301
SD MMR 0.366 0.215 0.315
MRW 0.332 0.191 0.291
Submodularity 0.332 0.204 0.303
ILP 0.348 0.209 0.306
DLM 0.364 0.210 0.307

HEZ T > DLM 8 B — AR 775 - NI 2RI SCEREE 2 28
EAELE LS LUK LEAD ZR{GE25H - DLM B VSM & ATZ @Ry s GIA) &R - H
HIFY DLM 2t EaE Ayt R B S (A58 7 TR BB (% > T UREE A B S R HRE S
B MRS 2 B B S TR AGE TR A A5 5T EAER I - B MIESEr AMZEECR - 8
B VAR B —(E 2B 0% » FTLIE TD B o] DS B R i B AL

53— 5 > 1 SD HyEERT > DLM [EfRELER LS ~ LEAD ~ VSM ~ LSA 7§ %
J5i2 > {2 MMR AYEE SR AT i DLM 47 —&h > Bffa8 RyiE v RE /A B MMR EE# A A7 5]
i o Peeh ar YA o {5 MRW R U ] B 2 52 ] 5 o M el s ' 2 T A I T4
REJRKIE > EE2EE DLM Zf52E - P RERHIRZIFE LR ILP L& 1L SD F13Elm i A Z
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fE - GERNME MMR 5 EIS A BT ERE > AR RIAE ILP Z 255 S Hrlsh Sy &2
BEEROR - B R R AR -

R L L E GRS P SRR R S HERR R TR - ERRMTA A
TUIE - NEtRbR 1B AR SNSRI RE - A5 thEs TD Bd SD 2 HERGER » fM
A DUB 2258 5 Wl ol SR R Wi A R Y2 B - tEle s U050% > SD tE TD TR T
1.9%~8.8%#y ROUGE-2 i ZZRAE » H L AT KIFE & Hralk s e R E e 2 A S &
Mo By 7RSS WD SRR R TR B S Al 6 (Syllable) Ky B A A 1L
s DA R SRR - SRl R [l (Word Graph) ~ SR 48 (Confusion Network) 2R S 5 %
AT BE TE A (%88 5 AR 2 AR R (5010 B ] A1) P BR A 5 (Prosodiic Information) FEa £245
BRACHH B AR R B DD S R B R M RE YR

6.2 BEAIEAI 2 BER4EE (Experiments of Relevance Model)

{58 BRI AL s A AR AL 7 BT - AR B — RV & e R B 2K Ry B (5 ) 1 HH R A e
LA H [EJ IR R S S (3% 101,268 1) o Ry — B AU BEHIL L 15 = FE SRR 1
RS o BB ) i AR - IR & B S AR DU (R T s Ay i s > R 55
BHERIREHI R - A A5 ESREEREA SR TS 5 B AR MR & e R sE
LA - JREIRE F R A B SO AR E T S NG L SR YRR S IRAL - s — i
SRR - BT IR YRR R Y A m] B AR YRR A ARG S B - HEE &2
R RAE A B P PR € i (Empirical Setting) - T Eg&GRAIZR 3 o 4£ TD B2 SD
Z ISR L (BB (RM) ~ f B R SR (SMM) K =R & A (TriMM) B BEEE
FLHER DLM B gty THE =R GBI (TriMM)HE7: DLM ££ TD J SD y ROUGE-2
SR ERER 5.2%E1 18%HYMUME - f2%  IRMIELROA FIRHBHMARIAVRZ RS B e/Er
TR (RM) B B S5 A R (SMM)AYERHR - (655 3 R B BRAE RIS IR AUAE TD E3%
R BR SIS » (HAE SD {EIF4E ROUGE-1 gk EEEBR &ALy - A48 SD
iy ROUGE-2 iR ROUGE-L #\iE /& th il BUR S R ARV R - BB AL A B2 R i 5
g w BLEEA) S ks SR A A SO of R 3R 2 B AR (S IR (E)) e il MR AL - il B
BT R SR | SR AR Y RE R R R A 22 15 B B S AR (E I T s A A B 3 1)
RETT > MBS AR - &% 0 ZRGEM(TiMM)EEMEE TR S HE(SMM) »
BYINH BRI BT - NIAREY B AL R i BUR SR AU RS 1 5 (T 2
REE - IR ERAHEGN BIRHEAE TD AR - 7Y ROUGE-2 &R AEH 1.4%
AYSCHE - {E4E SD _E > i ROUGE-2 &R A TMEHY 0.2%0% -
FERHBHE AR AR E B D - SRR RS R B BRI R B - E RO
ISR > SD LE TD BIZURFE T 12.2%6y ROUGE-2 228 AE » AN FE > Tl
wo Ay AT LALAKER 2R 5[ (Subword - Indexing) iy 5 U2 I R e A58 DURC R o 5 HR el 2 2

Bl 481
A o
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[Table 3. Experimental results of different relevance models.]

19

F-score
ROUGE-1 ROUGE-2 ROUGE-L
DLM 0411 0.298 0.361
RM 0.450 0.336 0.400
R SMM 0.436 0.325 0.385
TriMM 0.457 0.350 0.404
DLM 0.364 0.210 0.307
RM 0.374 0.226 0.321
b SMM 0.375 0.221 0.314
TriMM 0.379 0.228 0.325

6.3 P IB LI T A W BRI A > BBRLS S (Experiments of Smoothing
Methods for Relevance Model)

sE S AR (E G g B 2 BRR S Y R > 8 A T R R sE S A E S e
(Smoothing) » FFIRHFEET B LR T B S R AERE S (U )M ZEER L2 £
INETP AP AR AY(RM - 265 3.2.1 /NE) BB > $RFH = FER [E0 PR Bl A B e
R > 5— B Jelinek-Mercer SE324L » 55— Dirichlet SE3EAL » 55 = Add-delta SE3&
b > 2273 BIA0 T (Zhai & Lafferty, 2001b) : (i) Jelinek-Mercer ~-78 b Ry i il B AV B 25 S
R P(W|B) &R MEAE SIS bl - H AR

Py (W|S) =AP(w|S) +(1-2)P(w|B) (32)

Hrp A BSMESE S S FEERE TR 0.1 2 0.9(FX A0 0.1) - (ii) Dirichlet S35
{12 B8 EARE A H 3058 (Bayesian Smoothing) i 4y » ‘3% EE = #5075 (B = /i (Prior)
M T L SR AT R I 3 AR M 475t & Dirichlet 4347 » (R Dirichlet S8 A A E FE 4
~(Zhai & Lafferty, 2001b) :
33
c(W|S)+ - P(w|B) )
|S|+u

Poi (W] S) =

bR MR A FH R LR A g e SRR BRI B > AR Lt A A
gL - DR RM)E R RIS -
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KA. PRIELMI HBERZRM) Z BBEER

[Table 4. Experimental results of various smoothing methods for relevance model.]

F-score
Relevance Model (RM)
ROUGE-1 ROUGE-2 ROUGE-L

Jelinek-Mercer 0.450 0.336 0.400

TD Dirichlet 0.472 0.365 0.428
Add-delta 0.493 0.386 0.441
Jelinek-Mercer 0.374 0.226 0.321

SD Dirichlet 0.401 0.254 0.349
Add-delta 0.402 0.255 0.347

Hrr y Fy Dirichlet 285 > fE &5 E FAVEIE Ry 1 %) 100(FK3% 40 1) - (iii) Add-delta 3
B bR —E SR B Rl - HFEE R I A —BBHE - (28 BB 2 R R
BE > HANERN T (LY & Zhai, 2014) :
(34)
P (W] S) = S ) +0.
| S|+6-|Ve |
H 5 B S FERRERE R 0.1 5 L&A 0.1) » 17| Vel Ak AH R [H] A%
{E(ELL By 15 18) PR ElEaE ey (EE - = FE S ER i B R (RM)HYEE S CL ) i 22
R 4 Fr > fEmAE TD B¢ SD BN T » Hp R # 5y Add-delta “FiE L » H
= Dirichlet J3E1E > FZRE Jelinek-Mercer SE38(F - Add-delta E38( 32 [E# A
DAL PR 1) FE 20 R B[] B S 2R v R [ SR s BB (Ve B R - (2 BERB 3L [E HIRAERE &
BLAERH O 850 Y S w A L AR (2 A S B HIR AV 5E) > ERIELAE (0]
R Tr A TR R A o L5 8 T RE 00 (18 43 B 2 L 4% 5] PR A ) BB ol [ S (R 1 ) B
— R BN E A ) 0 MR ENAEESELY > LHZE TD MEN THEER
Jelinek-Mercer -5 {L7E ROUGE-2 HY4R %02 5% % » 5 el & B - {H7E SD
HUIER T - #EZR Add-delta )5 (L2 2 &L Dirichlet ~275(L % Jelinek-Mercer ~F 5 (B 2K 1S
47 > {HE1 Dirichlet EHF{EAHLE » HEERAEEE O LM EELS > AIENERY — 2 2R
FyrB S RS SRV BT IS RN, - FEARAIAGEH > FRATHRF AT ZE 5 [(Subword Indexing)iy
77 AT T AR DU 4% ML RS -




ST EA T A Z LR R A ST 21

6.4 ﬁa‘,ﬁ%ﬁﬁ}?ﬁﬂzggﬁ%% (Experiments of Probabilistic Ranking
ode

PEE A RS B AP LA b TEAVINET P RPI Lh i & fE R SRy BM25 HE
Fral > A& ARG BM25(2H5(14)) ~ BM25¢(2: R (18)) ~ BM25L(2: I (24))

BM25+(2:Hd5{(25)) & BM25T (282 5{(30)) - EeE B SR 41 5 o £ TD AU 7 - BM25
I IR IR §E - & 2 HAr RATF S ny I BB U AR S 4r (Bl 5k 2 2 45
SERER) > BM25¢ (R0 T —(E B R TSR MGE A HE P » Ao o] THH E AV 2R eELL BM25
Afg7= > [HHEFEINESE ROUGE-2 T H 16%Z1H - BM25L (UHEH 2 B 1 il i
e e REE AR - fEAE R TDFER T - v& T BM25L A ZERRE &4 A LLIR
4 BM25 AR {4 Ho ] RERY IR (R 1 E sl &= B b i & A 1R R 5CF (Long Document)
IR > BERCEE A —ENSER » BB S RMEER+ - {REFEH(Long Sentence)
HYHER T A KT AE - RIS REE AR —E G5 FFAREZAEE - BM25+H12 5
TR R SRR AR EE B RE R BB R B VA E TR

PRIt BM25+HE ZERAELL BM25L BEFE #E— 02Tt B 4G BM25 K BM25L AHELH »

£ ROUGE-2 F53RIIREH 0.2% K 1.1%AY4AEE#ED - BM25T £E51 4Rkt v B 8223 i
MR 28 ko EEIEH SR R E i R EIR R BB R AP A UK (LY
& Zhai, 2012) - {2 BM25T AYf§ 2R s A B H-F ERL 2 4 » 125 EE BM25L B BM25+%f

EZ W gLhRs BM25 HEr ARRNZE » B AILEE 2 E 28N 7 A R R E
KHERARY » BT AT LIS S — B Rk E R 2 E A 2% EE T RERK
NTAEZ— - 55—TJ7H > 1F SD BYEERESY - JRIEHT BM25 S AR 4R —E1TK
# o BHAIER B AR AL E R G L F (2 /5% 2) » BM25L - BM25+ K BM25T
HIBBAER GBI A » HAESAAETE ROUGE-2 FELE#G BM25 i BEk152% » FEEE St
SRR EE SR > R4 BM25L ~ BM25+k; BM25T f{BBEHT 4 5 stk i1y 55 g iy
4 > HZE BM25L - BM25+51 BM25T (# BE4E 5 46 T A 7 i 46 -
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[Table 5. Experimental results of BM25 and its variants.]

F-score
ROUGE-1 ROUGE-2 ROUGE-L
BM25 0.484 0.374 0.442
BM25¢ 0.352 0.210 0.294
TD BM25L 0.480 0.365 0.434
BM25+ 0.486 0.376 0.444
BM25T 0.463 0.352 0.419
BM25 0.390 0.247 0.338
BM25¢ 0.279 0.151 0.250
SD BM25L 0.384 0.246 0.337
BM25+ 0.383 0.242 0.335
BM25T 0.382 0.238 0.332

7. GEsmEARAKEE (Conclusions and Future work)

RS TE = (HR R R R W (Relevance) 1O &/ 23l b Bk o
EVE R SSHIB R, » A S8 S B e P AR (3 T 3 A 3 e A
28 P =8 45 (Tri-Mixture Model, TriMM)BERES » (5 L1 USRS b ({230 )8 T
PO HISETHEME E BT RO o BRSBTS U AT LU R R TR -
B R R B T (LA A SO A LR I L
T B 5 B B T S PR (T B - RS B0 . Add-delta 38 (o] DUk
S SRR T DT (MR IS T3 LR T 5 P Add-delta 3B EACE AL -
Bl BT PTE 2R AR T S MR 2 R B P T BT TS -+ 36 EA
B B A R B T AT A L A R 1 A -

A RPIIHISEIE S ETM I B SRR R R EE R
SRR T TS0 BT — S IFIgE A T LS R RIS s R I3
46T MR B » DTS B S5 AU T . e
BT + R RS B PR e B P A S (AL R ST PR3
T Btk RIS S TR A A Y B B — T M T
S 45 B A RO B 7 (A PR 65 sk Conditional Random Fields, CRFs)Z%
FEEA§T19h4 4% (Deep Neural Network Learning, DNN)SE) ot » ]2 310 (175 20 4718 505
ST TS R I TR -
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