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Implicit Discourse Relation Recognition Based on Tree Kernel
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Abstract: As a critical sub-task in discourse structure analysis, implicit discourse relation recognition (iDRR) is a challenging natural
language processing task. Traditional approaches focus on exploring concepts and sense in discourse, which result in poor performance.
This paper first systematically explores the efficiency of shallow semantic and attitude prosody-driven sentence-level sentiment
information in discourse. Next, the paper proposes a simple but effective tree structure and finally investigates the efficiency of a
composite kernel. Evaluation on Penn Discourse Treebank (PDTB) 2.0 shows the importance of shallow semantic and sentiment
information across the discourse, and the appropriateness of the composite kernel in iDRR. It also shows that this system significantly
outperforms other ones currently in the research field.

Key words: discourse; discourse structure analysis; implicit discourse relation recognition; tree kernel; composite kernel

i 5 4584 3 (discourse structure analysis, fii#k DSA) & TEWFHT H AR TE 5 SCAR R N TE S50, 9F BRAR SCAS 0T
(AT BLZAr] . A A AJ BRI (K18 45 ¢ &, T F2 98 Y [ AR T8 5 SCA P 38 =F & IR 45 A RS SUE B0 E AR
T PR B ARE AR SR 2 00 T SV TR I A5 R A B A 2 R A N A L B - A A JR Rl (cause)
B R AP TG (argument) 1] LLA B 3] 7] 25 & 4t (question answering, [ B QA)EL LM E R H4h M

« FEEIUH: H K HARFH 460970056, 90920004); [H ZK i B AR K JE UF Rl (863)(2012AA011102); o 45 2% A ] L 22 Rk 0
LI RMIE AL 45 (20093201110006); 1L 7548 AR FFF 3 4 (BK2011282); 14540 mi AL AR L 4 (11K1J520003); V19545 4 38 s Ak 93 4
BHFF OB RI(CXZZ11_0101)
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SR BTG I E RO AR 0] LU HLES A B 303 (summarization) R 1) 1 il ORI T 47 4T 25 42 A3t T 322 1 B0 440 305 A
AR X O A I FH I S A A5 B A 40 T B 1k L P A PR A L

2 T T S5 K o T AR 45 22— I 2 0 R UM AL 45 18 xR 20 00 R UM AN B AU 38 o8 R AR P R 28 B H vy
BR300 KRR B 15 A s 55 b 75 45 B T (W0 but,so ZF)HTAR T 1P AN 8 JC 8] AF 7E ] B i)
(temporal)+ XJ Lt (comparison). 7] fig ¥4 (contingency )5 # 7t (expansion) 5518 5 5¢ R, 1My B =S T2 O R ARSI 15 10 )
Wr i T P AR 5 8 IE B I AN T A AF AR A AP B IR OCR T B AU TR R NS Jo AR AE R
V14032 2 1), AT W] LATE 265 K 22 5015 0T (R 488 T 42 1] A 5 gt ] LA LG A M 8 b SEU ) HS 18 T TR A A 1) S I A G
2,01 B3 T LA B 94% 445 1 F1 R AR (F1-measure)! 451 1n,3% 4% 7] But 3 % %75 Comparison X% 4 56
Z R BT B 2R 08 R B PR AN G JC A A TR 2 OEH07, AT R e il i s W R A I — 280, B A
T A A JLHEAT U B AT 40% 25 47 T HER 3 (accuracy) > Rt B 5B 7 56 R RIS AR TE & b BT
(natural language processing, fiij 8 NLP)H 5 Bk % 2k 4L 55 2 —.

T AF SR, 11 T8 T 45 7 B 48 55 25 44 %8 (rhetorical structure theory-discourse treebank, fifi # RST-DT)™. 2 JH 3%
=} PE(Penn discourse treebank, & #X PDTB) I & £ (GraphBank)!® 48 R HURE A T HRVE 1 45 25 18 5 e 1) H B 4
O FR MBI FE NS T (9 7 32 b 5 T LA 2% SO I D732, BRI, 48 K 22 B0 VR K L 1 43 28 i i, L
FEAGS FRRAE e, 3UAR TR L R T 1L I R AN T TR AN 5 43, IR Rk rh SR B 5 AT
TR RITE R E SCEERAAE, A2 A DY 1) s B 5% R I 25 s 4, 1 R ] SRR ) AL (support vector machine, f#] F
SVM). H K4#(maximum entropy, i #k ME). #b2% DU (naive Bayes, [ FK NB)&E 7 FS 28 I 2545 3] 7 e 2o 1500
AR e R 23 S 0T IR A9 BEAT TR, 45 TR 451 TT REAF AE (0 RIE G R

SR, T O B 5 R 8 LA 1O v 0 A R R SCAE R AL 491 Q1 i TG B A AN B B 18 T Y ]
FEARZECA T4 HPT AR AR AE, B P AN 1 G H 1 B ] 1) o S5 AIE T S 55 R A7 1R (1 1R 208 SUE B (AR S HE 3]
1) 2 T SA R AR PR TR SO o) (9 i, ) PP SR . 2R WA b RS SO ) R ) - R IR AT
(BRAG 3 0 F) T T AL IR 1E | A70R0 o P 155 T S BT B0 A e 2206 3 S b TR i U2 7 SUAR BV ) 7 2 ) A IR AR
X B2 5 00 RN B IE (A SCES 3.1 75 v (R S48 L R DG IR 8 &5 22 R S T I AR U R T iR %
R Z T S SRR 1 G A5 T 2 1) S T R A B R 06 2R TR b B M IR, T R AR S IARR AR AR
T Gl R A K IR P R R 45t Tl R T A AR A AR s B 0 SR F A AR ST TR R A% v o A
ER.PDTB 2.0 LIS g FA0UE T AT IHRFAE . A% R & A 8% 07 0 B RS T O RIRBIAE & #0847 R
EEREM.

ASCEE TN TR RN AR OC TAE 28 2 AT ZE A 40 PDTB 2.0 i 5 Wk 28 3 71 4 6 i 3 4 SC 1
R R B 00 RN 7 7 DL R T T AN 5 M AL R AT 28 4 7045 S0 % B RN &5 AT .58 5 T AR S
2518, X KR I AR REAT A 4.

1 HxIE

FATT LA AN [ A 885 g 35 06 AR WU (A 56 CAEREAT 43 28 IR 70 A7 1 B 430 1) 1 B b mT BA 43 o 2 =0
O FR R B xR 5 00 2R UM P DR 2R MK B B A B b mT By o 22T RST-DT i 3 08 R R 2T
PDTB ¥4 % 5% R R A FIEEF GraphBank 5 55 0¢ R R X 3 BRI E 40 SCR TR LRI 20 ir ik, th T B aUs &K
FUPUNAT 55 bl A5 7 5, DR M AT A 4R B R B D0 R R A (R AH 6 A

%7 PDTB Wk UM B X RN BT Lk — 20 A e 2. TIRFHMAEfE 200X 3 MBS TH
5 S ML B2 >) J5 10, Wang 25 NPV T — 5T 1) 7 7208 b R I o 35 6 2R [ I B AT VR 3R 77 2K
AR LT« FHAR ) A5 S A s S BARL E L 18 TOES FE A IR AR, B S T 3 T Ry FE M B BN AR
AT S AL M TC S AL I 3 Bl 4540, IR R R T 18 TG IR [ B 7 58 R G E 5 SRR 0 T 4 K (temporal,
comparison,contingency Fl expansion)J & =X i = 9¢ R IRHIME S, 7E PDTB 2.0 iR E LA T 40%I1 Accuracy,
TR B H Y R R A I FE TR 4 SRR 58 RN PE BB Lin 258 APDG 11 KR4 KEMF—2)k
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TR T G R R HEAT T AR Y O 90, 45 T 3800 A R a4 A A 7 AR SO L A A R A bR SOf5 B ARy
fiE,#£ PDTB FHU3 T 40.2%[f) Accuracy.Zhou %5 NVIWRZR T f 55 4 B i) £ Ba 3R 55 96 2 WL 1 T 20 o) 1, o
SE R R T BB 1 o ) 0 B 2O R AT R AR G R I S R E R A — S DA R W3 . k. £
PP R AR AT AL U553 S BRI o IR 2 4510 6 A7 T, S A5 T 41.35% ) Accuracy. Pilter 2 A\ B 1 T
— S RSP [ R AE 190 W By AR . B T/ A b/ RITE RS . WIS R TG IIET 3 AN F R SAE SOG4 A (first-
last-first3)&5, 7E F ] PDTB #E47 B2 X5 55 5 R R I A1 748 PDTB 1 #9%F 2% £ (no relation, i FX NoRel)Fll &
TSR —3 9% & (entity-based coherence relation, f&j #% EntRel)iX i 25 5l 114> & Expansion 2851, ) FH A 2 71
307 23 2R 28 U 5 2 R B A Y M ATT B¢ 4F 1Y First-Last-First3 $FAEHAE T 65.40%M Accuracy.fH &, IEWIIATATIR,
AT 45 SR & 7EHE NoRel Fil EntRel %Il 4324 Expansion ZE5I1E &t T I 1,00 T %00F PDTB R 45 19 4 KI5
34 BTk fE (expansion 1 AN $E NoRel Al EntRel 2251, First-Last-First3 4 fEA S T 47.51%01 Accuracy.

X T-H 18 T HOML 35 2] 7 ik &, G 48 SRR S 5 il D Zhou 25 NPHEH T —FE s S 52l
26, FH S S AR B xS SIS BT AL AR5 IR PDTB HR e 22 3] T B 1) 7 32 D6 R e v s B e xd B
2R 3 56 RAEAT T Hernault 25 A UOVRIFH 248 G AL 8% 2% 21 7 VR MR SRR 5 3¢ RAAT IR AL 98 T Kb ik
i 5 bR B i LR, X 1 A R TE B A AN 2D A3 e P A O AR TR ) R A SR 6 g A T A I
g KA R UR R 0 R AR B & — 0T PRk 1 10 T4,

FEF RST-DT KRS 53¢ R YU 300 O A FAT 55 3 — 2 I A RS 75 1 UG (elementary discourse unit,
f&i % EDU) ) A= i, & AR AR AN EDU S AT BEAFTE [ 5 ¢ R AT TR L b SCR 1, 12X T
EDU 2874145 SR [ 1 1R A A vk R0 1] Y1 SR AE S SCARHEAT 3 31, RIS SR T 12 4538 R0 vk i 43 31 J ),
WAFT 84%M) Fl-measure. SCHR[ 12155 5 % 23 &1 1] UG 107 510 A0 bR ) R0, 41l B HH SCAS o (9 534 4] 2 (part-
of-speech, i Bk POS) ¥ HCoiid] . WYL -A) ¥ S5 4 i, R F 4% 14 B #1137 (conditional random fields, f#j#% CRF)%)
KW T 94%M) Fl-measure. SCHR[13,14] 75 5l SR FHAE 28 488 B8 0 v 00 ) 7 V2 AT SCASY) 73 Fll i 58 55 28 L.
SCHR[ 151 —Fh o8 4 I B I ML 28 22 3 790, 26 R VR Z A0 ity 70vk . #ilde . B0 7 85 M SRR AiE, R H
PIJZZ SVM 432828 30, 8 SVM 2 BB IE TS R HIL, £ 78 SVM 4r K28 Yug HARIE R R
BLHAS T 48.1%[%) F1-measure.

FF GraphBank [AQZYE T4 SR 5T 45 16 A B 50 328 40 1) R P /1 SCAR 945 B8 1 B 13 0 S s R e A 6
Z2 U 4 2 6V T AH R A AT AT AR SR N4 AEAE PDTB (1 B s 3 56 R TR 0w i VR T AR K, TR
PDTB H Mt s B 2 2 06 28 1 PRI AN 1R TG 18] 0 A 38 42 31, ) 6 R P AN 18 TG AH A 1 28 &R

50 3 R R RN AR G ) AR IE A SCHR[17-190, 28 mb SCHR[17IFRVE T 81 % A i FH i Y A3k Py v S 3 1k
SERCT 3 081 AT /N KIUASE AR v S B 2 AR i R RROAS 2 A A DA A T i — R A e
W8 TG A S8 b ARATT DR A S B A SR R T S B A 0 T 2% X AR JE AL T LR AR) . — AN T B
ZAA) T R bR B R TR, SCHRE S IRV 45 AR — B0 Kappa {8, {H 2 Kappa {H & i & AT
TS} AN AT > (1 R DR 2 DRk R A v AR (1) M R R bR v T A ) BRI SCHR (181 T 75 45 i i $5 1A] T
FEF, A e] R A3 AE 3% R P S 1R T AT YR . SR 19] 88 0 T — AN X B AU 26 S0 = o 2, LN
A DU BSOS i AR AR TR T A I8 oY R R S R R A .

FH T % 7 R R 85 R A 58l PR AR ARL R BT B o 2, ] ) R 8 gk 2> 45 A A B3040 R Rr AR B 4B TR SR
E FARTE S A B b HAT R 22 BB B0 S FH B8 a2 K D) 5 S5 2R A6 0 A 43 220205 S by 22 2B Scik b
(128 (1B R EC 0, AR 1 i P4 5 o, AR SCHUR A B A% D7 v 9 B o 2 5K R, TR I R T A2 4
R A% 0 S AR i BAR .

2 PDTB &4

PDTB &1 5 %t U5 Bk ¥ (Linguistic Data Consortium, & #& LDC)(http://www.ldc.upenn.edu/)F 2008 £ & 7 [).
B EH R TR e WK ORI B R A R 0 [ 2 T B DR A B B bR, A TS 5 DR ) 0 S B R )
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REE O A R4 H R 2 159 G SCFE A 5 B2 1] V0 AU B 3% 3295 Vi (discourse lexical tree adjunct grammar, i FK
D-LTAG)H £ RST AR #57E T 40 600 A~ 230, Bt B ARIA I fk(alternative lexicalization, i #K AltLex)-
F - SR — 5P 5% & (entity-based coherence, f#i] X EntRel) Fl % 9% % (no relation, & 7% NoRel)iX 5 KIS ik &=
KA I D-LTAG BRI CE A F O 5 18 1) 4 3] I 45 21 A iR A o = SIOR 0K (0 W A SOA S FEAE A
HMWAMRITTHIR N Argl Rl Arg2), JFRE Arg2 75 A) 3% AR T e 823, T Argl AN AR OGE T AH S 1R A0 08, 2
RAAFAE tl AU R ] AT LA — 2D s s LA 3 2K

(1) AltLex: s 5K Z8 ] LARE N G oK (EUR NN R 461 2 i iR B TOR.

(2)  EntRel: AREHET R # 0 R, ERER 2 AMA) ORI 158 1 A7 FRARSS S R 2 — 205 6L

(3)  NoRel:AHZB AR WEAFEAE i 7 58 5 SUAAFAERE TS24 1) — Sk,

[, PDTB Xf 8. Bl AltLex Ji B ICRE X T A 3 Y2 RITE X (sense)4h 14 fg L JR2FIFE,H 2
SRR I TR R FRAL A 5 1 2 AEE 4 Rl W 1E X Temporal,Contingency,Comparison Fl Expansion,
2 JREHE 16 25 L 3 )2 EIE 23 285 4N PDTB il 7B 2E, e 2 B2, Bt AltLex 58 &
Y P 8 B AN o ORI A Gkt G 8] LA S B AT B B0 AT 0 287 40 R MR 2R A L Y [ AR L Al 5 MRS AR A R
AT SR W) 1~%1 5 A1 T PDTB Hh - F AL A 5 2 50 R S (RS PDTB FR b 7 725, S0 v ) Arg 1 )
AR R, Arg2 FURLAAR 275 X 4 ) HY R S 2 87 A0 & S RO 5 v e B 1 Ok I 8 3 )2 KRG Sense £ 14)).

Bl 1: 5 s

In addition, its machines are typically easier to operate, so customers require less assistance from software.
(CONTINGENCY: Cause: result)

Bl 2: K20 sE )

Average maturity was as short as 29 days at the start of this year, when short-term interest rates were moving
steadily upward. Implicit=For example The average sevenday compound yield of the funds reached 9.62% in
late April. (EXPANSION: Instantiation)

] 3:AltLex SZ45

The average pay of its clients fell to $66,743 last year from $70,765 in 1987; severance pay dropped to 25
weeks from 29, Outplacement consultant Right Associates says, both reflect the dismissal of lower-level and
short-tenure executives. (CONTINGENCY: Cause: reason)

% 4:EntRel SZ41

Hale Milgrim, 41 years old, senior vice president, marketing at Elecktra Entertainment Inc., was named
president of Capitol Records Inc., a unit of this entertainment concerns. EntRel Mr.Milgrim succeeds David
Berman, who resigned last month.

] 5:NoRel L4

Jacobs Engineering Group Inc’s Jacobs International unit was selected to design and build a microcomputer-
systems manufacturing plant in County Kildare, Ireland, for Intel Corp. Jacobs is an international engineering and
construction concern. NoRel Total capital investment at the site could be as much as $400 million, according to
Intel.

3 BRAREXRRMNTE

AT PDTB H 4 1 )2 1 4 KSRE R B OOCR AT IR BB 1 Sos 7 AR I 9 B U 2 6 R U AE
8 FATE S N PDTB 1PN Jer s VAL L 2 SO L 07 A I LS5 AN TR 2531 1~ T e
LIRS T4 A7 B G548 B T 0L A AR G5 AR I R AT T RN T G U 5 3 A 0 2Rl v 3 e 9 2 54970 742 A
TS ) 53 28 AR ABE R 8K I 0 WK S ) U, 2 RS of I 18 1 T R0 45 ) A AR5 AL s i i, 5o 00 3K S 481 ) 7 > 18 7 BT B AT R
R AR BEAT TR
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AT
WEIH |l futsiE Tk 5 Bl

(IR oy e (45 Tl T 1
- W XA LA
\Hhﬁﬂ%@ﬁﬁﬁﬁr/jiMW%\

Fig.1 Framework of the system
K1 REGHER
3.1 FEFE

AR SCITRIE GRS F- TH RS AE A0 55 VAR AE )2 1 SCRFAE AN 1) 1 R IR A IR AL X 3 Fh 2828 F T A1 43
I DA e 3.

3.1 ACARREE

Pilter % NVCUR IR T First-Last-First3 FHE, MRS %R MM BTT 058 1 A, i —A> il
B 1A KR AN O RO A R 3 AN SRR A, 0 T B U ROk R U AR A AL T, AT R AR A4S First-
Last-First3 FEAE, (HA 7] T AT T4F 2 A7 T840 Lin 25 AP 4eit, 76 PDTB H 2 2.2% MR i 556 &
WitriE B A2 T 1A Sense [I1& #,41 4n, 7] LA [F] B #5124 Temporal Al Expansion PFl sense. Ay T A 2 HL A1 FH X
5 TH AR B, BRAT TR A4 36 Y 25 5249 I SR AR PRI A Sense 1R 55 208 2R 43 TAE 9 AN AN [] 1R I 2 S5 461, I ax o
M VCAGHRFAE N First-Last-First3* oA TR 451 6 35 B b SRR AE T 0T B 1R 4R AE (B (IR 6 JIoxed 2 ) 9 A 18
JGH A Comparison Fil Expansion HFli & R).

% 6: (a) It is easy to say the specialist isn’t doing his job.

(b) When the dollar is in a free-fall, even central banks can’t stop it. (Comparison; Expansion)
JLXF N First-Last-First3* B iE(E R
e Comparison: It; job; When; it; It is_easy; When_the dollar; It when; job _it.
e Expansion: It; job; When,; it; It_is_easy; When_the dollar; It when; job it.
3.1.2 REESRHE
5 U O bR (semantic role labeling, & #% SRL)A& — F 0] 25 41) 1 2% 531 1] SW 7] 15 (Who, When, What, Where #ll
Why) 135 J2 1 ST R PO R, J LT A (¥ B R 5 AL B AT 55 8 T B0 B 0 A B AH2 30 H i ob A,
I B 5 R RPN C A TARBE T RAE BB ATHUY A 7 Hh 3 2848 SO o) TR alUR = 58 R UL R A
TR T A0 0, 32 75 i DR FR) A € T LAHE HE P AN I8 JT ) T BE A7/ Contingency 4G AR o R I (1 4 € m] LA
i P AN 8 ST ) AT REAETE Temporal 329G R FRATI I 6(a)k Ml RE ISR 215 SURFAIE, & 2 %o B A5 5 1)
Ko Ui P 1Y Argl.
FATE A 6(a)HF 1A] F4F i SENNA(http://ml.nec-labs.com/senna/) B 4F 14 N\, 7] LA 212 1 TR 198 X A
T2 1 RIS 1 A g 300 B e A 55 2 SRR T AR L5 3 SRS 4 HIR 45 e T 1A 1 A
O BEAT AR ic B AR X WY IR B i 2 T8 SCAT €0 TF IR 5 5, <D AR IV PR B 3 2 1 S €5 P 3BT s, < AR
FR BT A T A T G5 RS 1, <O AR I B AR AN Jeg T AT R T8 A 10, S- VARSI A B ] T 1] X L ) i
SCA AT DL HE DU JLRK:
(1) BB LA O(A0~AS):— FBRUELAO Rl AT 3 il ARt 2 5 F1 52 138 A2~A5 S 5 IR 1 AH ¢ 10, A
AR R 1) A2~AS5 M EEA .

(2) BN AR o (Arg-): 30 5 A, IX 48 g (8 ] ABEAT A 51 i H AT, Arg-ADV AU — et H ¥, Arg-CAU 4R
F 5 A, Arg-DIR X7 [1],Arg-DIS {58 TAR/R, Arg-EXT 18K [, Arg-LOC {8 Hh s, Arg-MNR
A T5 30, Arg-MOD AU &3 1], Arg-NEG AU 117 % b id, Arg-PNC U3 H f,Arg-PRD L Tl
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& ,Arg-REC 1A FAF K &R, Arg-TMP R (7]
SEVEAH 1 XA T 41 S WOCHR[27].
Table 1 Semantic role of Example 6(a)

£1 6 6(a)fiE XA

Him i i 15 1] say X KT XA (bR id 1 1] doing X I [K) i A A b id
It - (0] (0)
is - O O

easy - (0] (6]
to - O (o)

say say S-v (6]
the - B-Al B-A0
specialist - I-A1 1-A0
isn - I-Al 1-A0
t - I-Al E-A0

doing doing I-A1 S-v
his - I-Al B-Al

job - E-Al E-Al
. - [0) (0]

h T B A v SCA £ 0 e U 2 OG 2R TR AR A, JRAT R D O e e B 9 R AT 17 AH I 1R o S A £ 3 9 S
o S 25 LRI OR) A R SCA I R Gk e st T, AT T B T IR R SO AR B
R JEE UL :

(1) S-V:ACLKIH .

(2) Ol A0,ALLA2,A3,A4,A5.

3) M n £ Arg-LOC,Arg-MNR,Arg-TMP, Arg-NEG,Arg-MOD, Arg-DIS,Arg-EXT,Arg-ADV, Arg-

PNC,Arg-PRD,Arg-CAU Fil Arg-REC.

XT- 6(a), X N 4L 1E H:say; the specialist isn ’t doing his job; the specialist isn ’t; doing; his job; [/ #f X
T 6(b), T DA AH R IR v R T SCRFAE AR 5, FRAT 1 Argl R Arg2 43 9000 8% 1K) ¥ |2 18 SCRFEREAT 45,40
A N AR B A R R T AR R PR S SURFAE A
3.1.3 PR

15 B3 A BRI SCA B IT (R LRI 7). Bk BN R B IT B R IE . SR PR SRR 7R A 1R AL
7 AR AR AR B T R IR SCHR (814 21 41 - 1) 3 ] FR) AR A4 3 Fof R A1 L2 A AT DA B 18 s
A 2 DA TE R A B 1] 3K R L, 5 B JEREAS 1) T AR M AR D — Pl A ok 5 R FRATT IO A 1 T
V100 155 AR oo e 2 OC R RO R AT AR H, mr DA i 48] 7 ket .

] 7: (a) Jack went to the hospital.

(b) He had broken his leg yesterday.

IEA 7 7, B 7(a) Rl 7() Tl B A . 034 B ] A7 A, AT B vl DAHE I H A6 2531 7(a) Rl 7()#8
A SR B P ) 1 IR 1 BRI AE AT DAFE 451 7(a)FN 451 7(b) A Contingency IX T &R R,

53 A0 RS DI AT 5 2% 5 Martin 19 PPN BG4, 76 B A 4 5 1 SO A T A 2 1 2 0N o 2 S
F I A 1 SCERIZ S A BE B BT T SO IR R P B A A A BR O AS BE #) (attitude prosody, i R
AP).ZS B & PP B () — AN T B AL BT 20 00 A B 1R 3 B 0 VPAN R A T AR T 42 R Martin TR, R Pl
AL 3 MRS B, o R B TS R . IR T 2 B B AN ik B s B ) b AR AR AT R B TS )
IR, P LA 2 R il ) 2 JS oA S A AT AR L 355 o A P o s TR 24 B I,y A ) B 52 RV o XU ke ik
AT R 2 A 2 A A P 48 o AR R I, mT A g = S AR SORTR AT 10 458 sl T 2 57— A B R A 38 % SCA rp s
AU T 223 A [ 25 B A e T SN SO — R B A 45 00 R E R O 5 10— BUME 8 T b, AT Ak A T )
THIRRHIE S Martin (W DRETE 5257 G —— & BB ——AF0EA — € ORI A B0 1) 1 I I ARFAE 4R 41 T
B A A R B OC R I TR R IR .
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BT B oy T BRATTR F A T R IR 1 188 00 AT R AR AN 1R TOREAT AR B I A R A A AR BIE L SRR 3
L, AR K W AR IR 2145 1 D R R AIE . O T SR EUREAN S I8 IR B M A, FRATT R T 15 4% (bag-of-words, A #X. BOW)
R TT 2 T AR R PR 0] 2 R I J o B 1 LR SR [29] H 1 22 3t 86 3 A B, I 25 T Mallet 0 (1 85 K46
4325 2% (http://mallet.cs.umass.edu/), 3R J5 I 4325 #5455 7 06H I 200908 30 AT T

2 FN A TR TON T B A A 415 (3R 2 TR EE 1 20), 800 R S s b 1) S8 4 Hr, oK 2 30
rpPE RN B R B 00 R RIS RS B DX 40 15 L, ST 43 45 03 2828 47 SR o i 102, TRAT M B RN ik o
T ELAT 1) A0 G R, 2 o PR AR P (A OGS FEAEAE LI LE, IR ]S [F,$7] [FIETRI[ 47, 73X 4 Fhel &
VR B A W IR AL (R 2 TR IR 2 771).

Table 2 Feature value of sentence-level sentiment feature

R2 AR BFILE

AR ST AR R EAR?
[1E,1E] =
[1E, 1] &
[LE A i
[, IE] w
[, 1] e
[P )] i
[#1,1E] &
[, %1] &
[, 1] 75

3.2 SEMIILHFIE

AT e A SCER W W E5 A AR AE, AR G TR N B MR I R SR E N A
32,1 SikHEIE

SCHR[8] & 5k T 5> 14 TG [h) 1R 18] o 455 i 5 T e R e O 2R WUl 5 A7 20 (H 2 X o ] 0 Rp AIE 2 — Ffr
THRFAE. 32 00 5 R BRATTERFR T 2 77 B 08 445 G 288 1) o~ TR 1L 2 70 8 45 R AR AIE 1) 2, DR TR A 5 i ok kAT
e R 75 G AR VUM AR D FRATT B 1 77 400 T A R Al T A AT A

(1) All Dependency Tree (AlIDT)

B4, FAIFIH Stanford 1J¥% 43 H7 #% (http:/nlp.stanford.edu/software/lex-parser.shtml) X} 4 N £ TG.(Argl Fl
Arg2) AT AT AL I3 B R 2 1 AR A 3R AR 8 ey oty A A BP9 0] P9 R T2 e 9 A, A B BP9 A A 5
48R 5 4 P AN 18 TG 43 S0l 0F I FR) B4R A A A% 45 A 3R AT 20 5 (RS N B2 RS8R, AR U 1Y ALIDT 4%
G K.

1] 8 Xt AIDT Z5 R sl 2 Fros L,

o Argl XJ [ AIIDT # 45%4 4y :(Argl (believes (He)(Plays (what)(he))(plays (he)(superbly)))).

o Arg 2 XTI ANIDT #4544 4 :(Arg2 (appearance (His)(recent)(Museum (the)(Metropolitan)(dubbed

(Odyssey (A)(Musical)))))).

o TMHEA Argl 5 Arg2 DA AUDT 45444 :(Argl-Arg2 (Argl (believes (He)(Plays (what)(he))(plays
(he)(superbly)))) (Arg2 (appearance (His)(recent)(Museum (the)(Metropolitan)(dubbed (Odyssey (A)
(Musical))))))).

] 8: (a) He believes in what he plays, and he plays superbly.

(b) His recent appearance at the Metropolitan Museum, dubbed “A Musical Odyssey”.

(2) Skeleton Dependency Tree (SkeDT)

1T AUDT &5 4718 70 28 K 2 B 01 3 6 SR A7 A6 AN B (1) ALDT 4504 B 78 K, 75 22 30 22 il it
6)5(2) i 2 1 Sl 3 5 NAH R IR M 8 T JRATIR R T R AAAE — R4, 8 — I I Be % OR A7 ALIDT P IR &4
K2 505 R TR I SRR g s — 35 200G S B T AT TAH R 4 T — ol BRAR A 8 &5 403X ol
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20

SRR AT W) 254 B DR AT TS A AR o 1008 ) 0 5 308 3 A L A SR Bk ) B ) £ R, 3K 9 4 JER 20 2K 4l
HATHR X .

CArgl-Argd)

"ﬁj__»—"—

appearance

believes ! M
M‘\ His recent Museum
He plays plays
r\\ the Metropolitan g, hbed
what he he superbly |
Odyssey
[™
A Musical

Fig.2 Tree structural of AIIDT
2 AIIDT B 454

151 8 XL (¥) SkeDT il 3 Jiras o,

o Argl X RE[¥) SkeDT # &5 44 A :(Argl (He)(plays)(plays)).

o Arg2 XV [ SkeDT #4544 Jy:(Arg2 (appearance (His)(recent)(Museum))).

o M Argl 5 Arg2 155 1) SkeDT 454 J:(Argl-Arg2 (Argl (He)(plays)(plays))(Arg2 (appearance
(His)(recent)(Museum)))).

(_Arg 1-Arg2
(" Argl Arg2 3
appearance
believes ppm
N\\_ His recent Museum
He plays plays [

T
| | the Metropolitan  qubbed
what he  he superbly |

Odyssey
[™
A Musical
Fig.3 Tree structural of SkeDT

K 3 SkeDT M 45 #

322 BRI
A BB AZ DO I — Tl S o 0 8 RS &4 g v AT A 3L A RARABLRE o SRR b W 7 g B s R i
AR5~ B S 20 (1 A o) B (U 2 (D PTR).
N TD)=(#substree((T),... #substree,(T)) (@8]
e #substree(TYRFE T HEE i Tl BB HI IR IR 2K
B AFAEPIAR AR Ty A T, ATTAT AR 22 302K S EATHIABLEE Ke(T,Ty):
Ke(T, 1) = (4. ¢(T) = D, D, Aln,m,) 2

FCrp Ny AN, 23 AR T 0 T Y R A5, Ay o) ARER A g By AR A I8 1A 5
BEAT, A(nyno) W AE 22 T 8] A 42306 3 3 VB0 DU oK - 55

© HEBEERAET hipd/ www, jos. org. cn



1030 Journal of Sofiware ¥A+ %3k Vol.24, No.5, May 2013

(@) WS ny F oy 5 BRI A2 R R, A(n,1n)=0.
(b) WIS ny T g 35920 W RURT I — AN 8L 0 A, m0)=1x 4
(c) 75,338 I s 4% 22 S (3) U5 A(ny o)

ne(ny)

A(m,ny) = Ax [T (1+ Ach(ny, j),ch(n,, j))) 3)

J=1

Hor ne(n) A ny BEZ T 1A B eh(n) 271 18 n BOHS A2 7749 0L TE AL A(0< A< DEFFHI Y T IZAE A 5
iR NN TS

323 HEE
OV K2 TAER WM, R AZ G i S A fE B MBS A (A% . 2% 18 ) FEA% 25) 0 e i gk
VS S5 T 00, AT RF B R il B A R R 1 RS A%, AR T ,SVM(http://disi.unitn.it/moschitti/Tree-

Kernel.htm)$E it 17— M AK +(1-D)K, IR 4% 3K HLK ) ACRMZ, K ACREEANZ 7 HAIE IR H 1K iR AiE
NG5 KA AL (K A7 28, BRATI R P B iR JEREAT AR 1, L P A0S AS 1) PRI T o PR B

4 KWIREMEERSH

h T B UE FRATT 5 L 118 S TR AEE R 45 R A SRR AR 1 A 280 R ATT B T AR I 1 B U B O R U SR e AT
Fe A SRR SRS TR 2 T S 4
41 TRKE

o TR TS5 SCHR 1205 BRI B U 3 00 R PR R EAT X LG R AR A T RIAE) PDTB I3 A0t 254
53 %175 I Section2-22 1F 4 VI 255415, Section23-24 kA K, Section00-01 1 I & Hudfit ) -1 I F
HE,FAT AT Mallet W F KR 28/ SVM 73 888 HEAT 5286 T /R 0 R B BSR4 T
SVM 73 248, T LAFRATT L A0 L 1 TR AR 6 RS2 ) o KA 20 28 4 10 2 36 &6 R0 T S M AR AE, AT TR ] SVML 2328
PP SRR o 2 SR P 2 0 FE A O 2 A 0 KL JF R Stanford Ui 4 AT T LK
“_outputFormat typeDependencies —outputFormatOptions treeDependencies” % 3 B #5304 T AK 77 A1) v M A% (B 2
B B AR A0 2544 R ATTR ] Accuracy Fil Precision,Recall Fl F1-measure T84 %) 2 48 1P G 3E4T PRI
42 KBWERDH

BATINGRT 2 A5 8550 3 FH SR 30 UE S THRFAE A2 &~ TR AR R PE AR 3 2 0 B2 [ P THT R J9T B
1311 Accuracy. 5 1 FIAR TR H MRS 8L 55 2 SR I GREE it BAG 10 AN RARRAE 1n) == 1R K/, 28 3 B1ARER
R S T B AT (R AN R AR 17 PR R/

Table 3 Accuracy of the flat features
3 PR RIS R HER 2

FEAE #i)ll 25 #ll i Accuracy (%)
)2 SURAAE 36 464 3909 50.89
First-Last-First3 53 485 6067 4751
First-Last-First3* 53485 6 067 49.87
155 IR AT 4 4 51.39
2 T8 SUFFfE+First-Last-First3* 87 060 9 608 52.00
First-Last-First3*+1§ 845 1iE 53 489 6071 51.31
W2 SURF AR+ B RF AR+ First-Last-First3* 87 064 9612 51.48

FRHEEE 3 IS ie Hiod  FRATT AT LAAS B4R — Lo g in:

(1)  XFRAREAE T 5,55 B AE IS 1 Accuracy BT T 12 15 4 #7 Rl First-Last-First3 J7 B 12 fig,
M3 T FRATT %) T 307, B ) - 2% 110 I SR A i 40 AR A0 1 7 B LA 11 1 SRR e BT 1 9 4S9 T T
REAETE MR B2 U 70 00 R IR TE T ZhAEvE 5 % &K Martin FZS B8R ATAT I A0 S8 1k
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N

(2) Sk J5 (1 First-Last-First3* M4 G 2247 T JR 45 (1 First-Last-First3 (R 77 2 35 PEAS I XS B 1) p-value<0.01),
Jir R AE T, 3 R B A T0 AR BRIV AR AE I I R S 0 T 3 SR A8 i D sk A AT — @ 4R S H.

3) KT E AR, MR EE X AEA First-Last-First3*$E4T 41 & 5, AT A0 ~F THERAE 7] A3 31 52.00%
1) Accuracy. X At IRAIE T ELIRCKLA B 1R vk 208 SURFAE 55 B 40 6 52 1R 1) VAR AR AE X B AR 3 o6
AU A — & W EAMEH.

K 4 WA E B 27 TR 1) Accuracy, FoATTRT LLBH -

(1)  SkeDT B 45 ¥ 1 1 6 B2 4F F- AUDT, J5 (K 75 1, SkeDT £ # 7 AUDT = (¥ 5G4k 45 #1552 BE AR B T 18 i
5 HA B OCHEM PR S5 B R R 98 7 ALUDT w1938 40 A F IS 2, T ek 2D 7 358 43 gt
7,0 H. SkeDT 55 ALDT AH EE REWS A 202D 30% ) YT [a].

(2)  SkeDT P REAM ZE4T T-1 IMFFAE BT ORI PR B, B W] T 4 AR X TR AR B R R PN 2. 5
SCHR[21 T2 H B AZ D7 AR LG Al AT THE PDTB 1 [i]— AN BL v N K67 3 1) Golden F)VERT & I 1l — HB
SR, — J7 T A AT Golden )32 [ 3l B 1A BRI, 1T FL7E IS . A% 0 F 10K 2 X a3
AT —FBAR A5 BB AT ) Golden FVERY &5 4 (T AR eASAE 5 & 51); 53— J7 THLARATT V) Be vk By &5 44 41
PO AR 8 K, 75 BT 22 I I 0 A Tl ik 1) 7 B AT AN AR JGVE A Stanford RJ3E 43 T 2% BN 28 g W A2 B
VIR0 A7 AR Al 57 B 14 6 A5 B T

(3) THEURFE+SkeDT B 5% A WAT T 53.10%H) Accuracy, /A H:H [ B T Martin A JE ¥ B#E W 41T
PER 4 AR 6 4T 3 7TAT KR 94T~ 12 AT N PE RE TR T35 8 AT I 1tk R, FRAT 1IN 4, AT e i) S K]
TE T 77 [, W IR AR 5 A5 A AR 45 & )5 SN 280 55— J7 1, 4 40 B A 1P THVRFAE 5 25 K A0 A
WATE AW, T AW AARHE T A HE T 30T E B T 0 43 2888 5 I N 2 My

Table 4 Accuracy of the tree kernel and composite kernel

R4 WM ARG R

ik Accuracy (%)
p SkepT by
SkeD T+ =18 RFHIE 51.90
SkeDT+First-Last-First3* 52.83
SkeD T+ K HF1E 53.10
"BE SkeDT+ik 21T X 4FAiE +First-Last-First3* 51.65
SkeDT+ik )2 1 ST +1f5 IR AT 52.15
SkeDT-+1i% 45 4E+First-Last-First3* 52.57
SkeD T+ Jo3 8 RFAE 17 B AiE + First-Last-First3* 51.56

x5 BB ARG WMAF AT Accuracy 1500 T (SkeD T+ B A 20 WY 4 K857 40 ¥ Precision,Recall
1 F1-measure(“~"fX3 0.00). \3& 5 FOEHE AT AT DL A

(1) Contingency F! Comparison #->2E5]FTHUAZ 1) Precision %/ T Recall,iX — J7 [t B T AL H 1
52 GRS DN HE ke S48 1Y) E Aiff 26 L ASS s 53— 9 T UG Y Recall B 1B B T HR R T 2 RN TR 5 %
REAE FR 5 B

(2)  MRIEIATX PDTB Ml #4411 45 11,4 KK Temporal,Contingency,Comparison F1 Expansion f7 (5 Lt
B33 N 3.29%,28.61%,17.56%,50.54%. FATTHT 1 i IV HRFAEAEIX 4 KL HUAHI Precision,Recall Al
F1- measure 8 [R]FE R 5 X Fh 24 40 1.

(3) Temporal 25| f¥] Precision,Recall Fil F1-measure ¥4 0.00,— J5 1, 7] f& i IR K £E T, Temporal 851
WIZRTE R B Z (1L A7 5.98%), 30 T /- 28 A R HY Temporal v LU /N 25005 55 — 5 T, 13
B T 171 g B A DR FIE 1 a6 L 47 T 5 3 0% 2R 18 T8 (R B A S SR A

(4) Expansion 2% ) Recall Z T Precision,l & Contingency Al Comparison Z$Jjff] Precision,Recall
1 Fl-measure [t Expansion 5l G, MUt U6 B T I ZRECHE P9 350 0 A P47 1k 0 e 24 TR P e A 25
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7 A S DR BIE ST I SR A S AR R 22 2R 1 B U 0 AR TR A S AN S i
PE ARG S FAT PR R TAEZ —
Table 5 Precision,Recall and F1-measure of 4 classes using the composite kernel SkeDT+Sentiment
&5 SkeDTHEEE G T 4 KJIH) Precision,Recall fil F1-measure

X [ 4 K5 Precision (%) Recall (%) F1-measure
Temporal - - -
Contingency 47.62 17.70 25.81
Comparison 50.00 4.33 7.96
Expansion 52.74 91.62 66.95

YT SkeDT+1H KFFE & A AZ A BE IR A7 LEAI A% /N 1Y) Temporal 2850 (5 o MR TR 3.29%) il 8, A S0 4
H— BT o 5 5870 0E M ARIE 4 KRS R MERERTIR T, FRATTI R ZemT LUE 48Tt Temporal 2851 (¥R 7 P BE. th T
Temporal 251 5551 7] F 5K 1Y 4k 1) 3652 77 20,491 i, “Last year”,“This year”, BT LA B EATHE HH (11 11435 1E %
Temporal 2SI FEAT IR AT fE 8 INA 2% 6 &R H SVM HUfF 1) Temporal 28] Precision,Recall fil F1-measure.
FATAT LB
(1)  First-Last-First3*. 15 B4R AE A J2 05 SCREAE 55 1 [HI4 1IE bE 45 44 40 4 1E B8 35 & Temporal 2851 1R 51
Hovp First-Last-First3* 5 i BL1S T B IF1¥) Fl-measure. 7] fig [ J& K 76 T, 5 ) 755 56 1) 3K 30 ], 491 G
“Now”,“Monday”,“Today” %%, 2 ¥ H LA £ F 1k R Hh
(2)  THERHE RIS T8 LEF ) Temporal U M fig, H Recall 24 97.44%. 1] G 1) I AR T, 1 i R 3 08 7 X
T8 2K RDE B 20 WA 77 20,10 PDTB 16 by HE U AB W A W3 T Temporal 2851 (430 77 5 32 22
SR FA )0 R e 2L W R 2 B
(3) I AT IR AE T HUAS ¥ Precision £ Recall #5 AN K 7,28 W3 T 7 ZLF2 9 Hi X Temporal 28 51 (1) 151 i 58
KA F 0 5 2R AR 1 0 2 TR It B T IR e I A P Al vkt B U T 0 RN b R 22
HF T — A PR
Table 6 Precision, Recall and F'1-measure of Temporal class using the flat features
%= 6 PIRFAE T Temporal 2855 [ Precision,Recall Fil F1-measure

FEAE Precision (%) Recall (%) F1-measure
First-Last-First3* 8.80 15.40 11.20
W2 SURFAT 1.54 2.56 1.92
155 JERRF AT 3.48 97.44 6.72
First-Last-First3*+1§ 5 1E 2.78 5.13 3.61
First-Last-First3*+¥% 2 i EHE 1.64 2.56 2.00

43 S5WERELE
K7 RIRT AT RSG5 IA BB BRI AZ 735 P IRAAE 7V A0 AR (19 P R T b 45 . Hrhoek i 4
Pt BN CHB AR o T VIS0 2 06 2R Y3 ) R R A v A AT AR S8 L ARATT AN AR T 60% 26 44 (1)
Accuracy. 3R 7 H [ H R AFEE R 404038 30 MR 03 1 S 490 #4820 4 VI 2504 A d5 K 19 8 — 2 (expansion) I B
Xt Y 20,8 AT AU 50.50% 0 Accuracy. WK 7 HIZLHE AT LG
(1) B RGO AR 0 B8 AR A i, 1 R OU T 356 B T B o 3 06 SRR BT 55 Ok e 12k
(2)  SCHR[2,7,815T BAS 1 VE BRI T I RS ME R4 AL 78 7 Ui H 7 B R B 0 R AR B IX —AE 45 I M
(3) BAEGMRAIAFN 53.10% Accuracy B3N T H KB EME RS (R 7 BEHEKB IR NI p-
value<0.05), 11 & 38 F SCHR[2,7,8]H 1) 2 Ge i A K 1 fie (R 77 2 38 A U X B 19 p-value<0.001).
4 FAVR G RAE BT HUS 0 P RE 3 2 25 00 TSGR 12,7, 8]0 R 2R 48 B B4 (9 Pk g (R 7 S 355 Tk A
R p-value<0.001), 11 5 A0 T 55 K EME R S8 (R 7 B3 MRS IS NI p-value<0.05).
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Table 7 Performance comparison among our system, the-state-of-art and human annotation systems

x7 RMNARGLIA RGN TARER TR

R Accuracy (%)

Wang %5 N(CCHR[2], 52 &1 777%) 40.00
Zhou % N (CCHR[7],¥8 & B 5 1%%) 41.35
Pilter % A (SCHR[8], T~ T ¢ 1iE 7 ) 4751
R BIUE R 5 50.50

BATH R G CETIRAT) 52.00
BATH I IF R (R E1%) 53.10
ANThREH 1 60.20

N LHhREEE 2 59.70

5 FwFARkEyITE

ARICWET T PDTB H 11 4 K257 (temporal,contingency,comparison 1 expansion) 2 2 f 22 5¢ 2 1R 1) ] L.
AT Rt JE I BT 7 R AR AR T R F R A RO SR P A A I 1 SR .

ARG ST T g T P R TR AR R R R ) A AT RS T TR A N T e R R G R P AR
L UL REVE 5 2% &K Martin IS BB R RN IR R T 58 25 (15 A A R I 7 — R 5L B3k
108 Rl AE R 4 s e SR T 2 5 10K P T 5 45 AR A N LASE /. PDTB 2.0 E I SE 50 45 3 Bom 73X Fpi
B Y 11 R 25 0 A AR AT 1) T BV R A Ak 5 A 0 BB AR G A L FRATI B RS TR AR 7 v RO B R E A
BITETEE R EIH BRI AE Accuracy b MG CH BB E A7 18 5 AL 7V A TR AE 7
2 13.1%,11.8%F1 5.6%, b i KISHEUE R Gt th 2.6%. 3K 65256 45 3 78 43 B0 UE T FRAT 52 Hh 1)1 T e A A
S AR R P AT 1.

KT SR MW AR, — 5 T BRATTRE A U 2R B A P A vk 3o T B 2 3 00 2R RN IR R s g — J T, AT 14
R %R (discourse patterning) FIHE 22 FE 8 (frame theory )25 L HETE & 2# PRI T3 = Ba s 55 06 &R 1k
REMTEH.

BUft e, AT ORI ST AR (A ) P S TR [ 2 s g [ B, FRATT U 17 6 AR SO HY = 5% 5 L AR D
BRBRIEH
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