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Extraction of Comparative Elements Using Conditional Random Fields
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Abstract
attention of researchers all over the world. Extraction of comparative elements is one of the important tasks for sentiment

With the rapid growth of the number of evaluative texts on the Web, sentiment analysis has attracted the

analysis of comparative sentences. It is more meaningful that results of sentiment analysis combine with comparative
elements. To improve the performance of comparative elements extraction, this paper proposes to introduce shallow
parsing features, comparative word candidates and heuristic position information to conditional random fields (CRF's)
for building a system model. The proposed method is not only free from introducing domain knowledge but also can
effectively deal with sentences containing a few comparative relationships. Experiment results show that the performance
of system is improved when introducing proposed features to the CRFs model. Meanwhile, compared with the best results
of the 2012 Chinese opinion analysis evaluation, the F1l-scores of the proposed method are higher than the maximum
value.
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Fig.1 The procedure of comparative elements extraction
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Table 1  The phrase maker of shallow parsing
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Fig.2 The shallow parsing tree of the example
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Table 2  Feature templates

b FRAE
MR S

FFIERETR

w;, t;, 1 € {=3,---,3}
witi, 1 =10
w;_1w;, ti—1t;, ¢ € {0,1,2}
wiwit1, titiv1, i € {0,1,2}
ti—ititiz1, 1 € {—1,07 1}

T1 w,t

wi, ti, ¢, 1 € {=3,--+,3}
witi, tici, 1 =0
wi—1 Wi, ti—1ti, ci—1¢, 1 € {0,1,2}
WiWit1, titit1, Cicit1, ¢ € {0,1,2}
ti—1titiv1, ci—1ciciyr, @ € {—1,0,1}

T2 w,t,c

w;, ¢y liy 1 € {=3,--+,3}

w;ci,cili, i =10
T3 w,c,l Wi _1W;, Ci—1C5,li—1l;, 1 € {0,1,2}
WiWit1,CiCit1, Liliy1, 1 € {0,1,2}

Ci—1CiCit1,lim1lilizr, 1 € {—1,0,1}

Wi, i, Ciyliy 3 € {3, ,3}

witi, tici, tili,cily, 1 =10
T4 w,t,c,l Wi 1 W;, ti—1ti,cimici, i1l 1 € {0,1,2}
Wiwit1,titit1, Ciciv1, liliv1, i € {0,1,2}

ti—ititiza, cic1¢iCit1, li—alilivr, 1€ {—1,0,1}

wi, b, 8,1 € {=3,--+,3}
w;ti, t;s:, 1 =0
w1 Wi, ti—1ti, Si—18:, t € {0,1,2}
WiWit1, bitiv1, SiSit1, © € {0,1,2}
ti—1titiy1, Si—18iSi+1, ¢ € {—1,0,1}

TH5 w,t,s

Wi, tiyciyliy 86,1 € {=3,-+-,3}
witi, ticiy tili tisi, cili,ci8i,1;8:, 1 =0
T6 w,t,cl Wi —1 Wiy ti—1ti, Ci—1Ciy li1liy 8i-18:,
s WiWiy1,titit1, CiCiv1,liliz1, 88y,
i€{0,1,2}
tiatitiva, Cim1ciCipr, licalilipn, 8i-18:8i41,
i€ {-1,0,1}

3http://ictclas.nlpir.org/
4http://nlp.stanford.edu/software/lex-parser.shtml
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REAE, T TR V8GR AL BT BE A5 S AL I (5 B 2 A R,
T HAX 2645 Bk S e s . 52 A1, T2 #i
K AR A S IR 05 2y e 1) 8 e KA AR B, 1%

F4 TR XL TR (%)

Table 4 The average results of 5-fold cross validation
(%)
HERE R FHAERIR bt N RN
HEfA Al F1ME fER Al F1{HE
T1 67.43 39.03 48.78 7491 41.53 53.44
T2 68.47 41.57 50.99 73.29 47.35 57.53
T3 73.12 32.00 43.83 76.41 36.44 49.35
SUB T4 70.25 41.81 51.51 75.66 48.01 61.29
T5 66.08 37.94 48.21 72.25 42.19 53.12
T6 71.61 41.36 51.54 80.44 50.31 61.90
T1 81.60 66.93 73.36 83.00 69.11 75.42
T2 81.57 69.83 74.99 84.72 72.02 77.86
T3 78.05 70.63 73.82 7877 7271 75.62
OBJ T4 80.75 T73.77 76.90 87.88 76.89 82.02
) 81.78 66.13 73.02 83.86 68.25 75.25
T6 82.22 73.03 77.18 91.69 77.21 83.24
T1 72.80 48.38 58.13 78.17 50.04 61.02
T2 74.43 52.83 61.80 79.96 55.57 65.57
T3 76.51 39.69 52.27 80.66 42.84 55.96
ATTR T4 73.88 52.11 61.11 78.88 55.31 65.03
T5 71.36 49.71 58.12 75.06 51.73 61.25
T6 73.70 51.74 60.80 81.95 55.91 66.47
T1 94.63 75.20 83.69 95.64 77.20 85.44
T2 93.29 85.31 89.05 94.61 86.96 90.62
T3 92.68 83.99 &88.05 93.93 85.59 89.57
KW T4 92.87 85.48 88.95 96.92 88.81 92.69
T5 93.38 T77.54 84.68 94.29 79.04 86.82
T6 93.28 84.70 88.65 96.52 90.42 93.37
T1 87.12 61.67 72.17 89.15 62.05 73.17
T2 87.38 64.55 74.19 88.98 66.48 76.10
T3 88.69 64.26 74.44 88.77 66.10 75.78
SENTI T4 87.45 68.47 76.74 90.51 68.98 78.29
T5 86.34 62.95 72.70 88.45 64.97 74.91
T6 87.08 68.85 76.86 89.30 71.15 79.20
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T4 PR AE 1] T8 2 Fr AE e mb 134 0 T b 4] ik
BEFE R AL EAR B, A TR E LB L & A) 7
P FL A S 0 AR T 0 32 BU A 3 1A T S A A R, A
PR ERZVFINFR bR A R F F1AE A BOKIE
FE 3T, IX 3 81 bR AR I RE AR LA S 3 ke XA
AL A e B LU 250 2 14 1) 2 R A R

HE, T4 BRI AL RS B — 2 (1 R R
P, AR RO T B R U R A R R
T5 FRRCRE R AE Y T VB 9 e 2 05 2, 1A%
W TR E ARG R R 4 BontE T BN, &
Gox TR E M EROR A PP R S R 1 F1H
B pr i, (HRX T BRI F1L G
F.

a, R 4 BB T IIANFTARHER T6 BT
NI RGP BER 45 . Seib 4 R, 55 T1 4
AL, 5INPT ERHE (T6 BiR) J5 RG24
PE B R AR A S5 IR I B R F1AE A KR
(T, X E— 2D UE I T A SCHE 1R A5 Pl AR AE XS
T H A BRIP4 2 A A R

T CRF & W E 5 2 1071, A7 A0 s [
W, A T I UEA ORI O, o R ARSI
BE BATR A f AU B IR, 19 3R %
A IR 25 B 6 T PEIS TR RE, SR VR A A
(VB RME A I ZRER, 1592 7Sk it g 5, WA
SEEG P AR N B s a5 3 Wk 5 PR,

£5 IR bR 4 A (%)

Table 5 The label results of fields crossing (%)

FILAC UL
HEfiR Hinl% F1E MR HRE FLE

PUBTEEER RHIEAEAR

SUB T6 58.15 18.51 27.91 64.53 24.74 35.77
OBJ T6 79.00 58.42 66.65 85.60 61.70 71.71
ATTR T6 63.53 37.05 45.14 67.75 40.28 50.52
KW T6 88.42 T7.67 82.26 91.55 83.31 87.24
SENTI T6 80.43 60.27 68.78 82.67 62.59 71.24

R 5 5K 4 SR EURBATR T, BATAIL,
R 5 PR AR SCYN RIS (R, JE L3l Y
PEREAR LR 4 W SeAT B MR 1 B, LR LA
AT e M ) e B K, B0 AN PP 3] 1) B 5,
FCI A — Dy T2 T PR A B (AR g o A0k
FHORE, B, PO A L 5 A i e S AU 1 it g
ARRE S AR, SRR S A BRI, DA X
SRR R 53U, PR AR R
FEA) T AL B K A e, T L AN 5 MTEL AL
TARD I, DRI TRV ) AR e R P S
W/ NN = 48 e NS 5 I VAV W 12 D D = P N TR0 K

FAUF T AR M. PO APE A 1] - ST AT 5%
PEAK, TR0 HE U R RE AR R L Ar

4.3.2 5 COAE 2012 iFM 45 Rugyxt b o4

AT RGP R 6 FAFEAR (T6) %
FEAEL S R S COAE 2012 1F45 2.2 1l 45
RA KA B AT T EUIR. AERFEESE56 ) 758%
KH IR 5 P38 SCRUE A SE56 T vk, IR 5 IR SER:
ST SEAE Ry B S S5 SR PEN . 45 5
% 6 fiow, Hd PROD KM 4 (LB EAARRILL
BAE), ATTR REETEA.

# 6 COAE 2012 H¥sde et 45 WXt (%)
Table 6  The results contrast on COAE 2012 data (%)

KL AL AU
HERAR AR F1 AL #EfR AR F1{E

ELAEL o) T7ik:

ATTR T6 Hiti 73.70 51.74 60.80 81.95 55.91 66.47

COAE. K1 66.05 62.52 60.78 77.94 67.51 65.69

PROD T6 Hiti 76.92 57.20 64.36 86.07 63.76 72.57

COAE._ st KfH 67.77 66.05 64.30 82.67 73.58 71.58

PROD+ T6 R 75.84 55.38 63.17 84.69 61.14 70.54
ATTR COAE. s Kff 60.81 53.89 52.55 67.45 58.56 57.00

R 6 MK a R, KA S 7 ikl i
SEA S B LL RS AN PR S5 R 1 F1 BT
COAE 2012 I & R 5 N AE, R T AR
JHERATRNE. ISR 8 R W] AT, AR 45
SRIIHER A A, EE A PR I A2 —
FEAE LA P AR 1 DL A B T R, i
FLAARHH o e, A5 AR el DUAEAT BR (¥ )1 kv
ek o0 20 3 (R, DR T RGeS
[ 55— AR R A B B UM A RE R
ANATAAT (R TR, AR T IR 2 | AUk ia] S 55
U RAERE RSN ZRBi B I sk an] 8, K A7 B T
A SRR 4 B (B N A e A0 3] i (1A A
PRECK, i B IGVE N+ AR k. Rk, fEANGIA
AU SR 2R T, AREE 2D R e AR ST S K
A IET R T S AT 2R 3 P A i ok A
PUXAN R 5356, RGP VLG 1 P 45 bl
TR VLG FR bR, RWIR G TR R I AL EE R
0 7 LU AR, (ELRE X T B 3 0 7 YOS AN
i FC A 20K B TR0 B RE S AR T RK
fk B, AR YRRV DL Rk A
DRI, R 5 AR B A (K 5 x4 S il A A
ST AT EE R L.

4.3.3 LBt
5 1. NZBFSE KRR, A L Bl IR
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X1, R A T SRR TSR AR I s A
CHBLIRETE” . ARG N R FIVARE (B
T5) JaBEWs IEAAb s LR R k. I 3 k)= 4]
e R, Ak A RRGENE” AT
] N FNJTRLIA] CORFET 2 T8), IX R T A E
A iR I HE R N R L, DAL S TN 2 f)
AEFIE R LUERR U B 1 0t s i

P

PU NP

PP
P/ \LCP l Nlla V\/ \QP
;./\ NP/ \Lc ,ujuliz ;-!2 PP AD|VP op
cp/ }\IP s{z\lﬁ 1|> NP AD ¢D
P DECNlN . le 1z|'j» ﬁlz
V|P Flw '%li'rft it
W
it

3 B BRRIEAIR T A R
Fig.3 The shallow parsing result of Example 1

B 2. S A P A PN A AT i £ 4

XFFBI 2, AR T R R S RE S YU LA T
W (“SEARRAERET ) FNPPOTIA] (“—FE) PIRREEER, (20
FIER I =R R, BIR)R AR A, B
MR RN Y BB A AR BRG] R DU
EEBUR A “TIE 4. B 4 B R A0k i 4 1ok
B, ARE T TRGIN T R, i i [
12 NS | I & BN /35"t RV ST N 1]
AGEAENHT— AR89 (A2 TR AT S ).
JYEE, < 5 i W R AT, A
LA SN AL TR e AR R, B

Wi oA U EEERAR, At U
ERGYETE
P
NP ADIP NP PP VP .
P N N VAN |
/NP\ ]\llp JlJ NlN PI 1\|11> VlA
NIN NlN NN & @Jis  f0 NN —F
FR O RE i

K4 B2 BRRJE Akt as R
Fig.4 The shallow parsing result of Example 2

5 3. K e AR 0 R LT 10 A BTG

X 3, A I v SRR RE VUM HE LR
“Oris”, SIANHEGA R T MR AR AL
Ja, RGWRIH TR T, RSN AL
Ja, ZGEUUH LU R A LAt i BRIV A,
AN RECIVNE ZEES S IRIES Py g

434 BDEBZMHBXRRENATRIMEES T

— AT RS A DA ERR AR,
FEVE U TR, & A 2 N HBCR R A7l
25.4 %, DAY 06 ZEXS IR I8 A 1 1) oA 2 X il B
REREAT 0T

Bl 4. ALRRANAA L ATEEVE i RS A R
J8, MR A BEE R =4, BTk, mRK. 1
jeb AR, IRAANTE —ADNEFE Y, KW T At
T I AT AR S dilo s 1) S PR

Bl 4 hEHZALERR, 70l B s
k7 HEAK R “RRRYL “Aerd” <A
Z I, AE=AN R R Y L CRTEEMEY L i
MW7 LR, B 4 h 2 AEARL K Z AR
HIRRIFVIR R, RERe L. & E)h A VE
Wi AE— DGR BT K.

f5 5. T AHIMFELE 6.6 ~7.5 20, L H R
AR — R, B,

Bl 5 FEAH MM KRR, 207 “Null” M
“CEEF AR CMFRT R CRR R BILLER, el R
e R T R A “EE” FIERIR AR R
@M CFE” IR E AR, SiAb, N
HEBVH AR, B ZR SR RE .

ARG AR S AR I A7 1 2Rl )
PEREDEAT T VRN (AR 6), 45 R ILE 7.

BTN EAUBRN ) TE IR (%)

Table 7 The performance of element extraction in

multi-relation sentences (%)

R R oiun 7 i UL id
R HlE F1{E #EE  dB% F1{E
SUB 65.97 43.75 52.61 70.93 44.01 54.32
OBJ 77.62 85.28 81.27 79.42 86.35 82.74
ATTR 76.73 58.54 66.41 78.38 58.90 67.26
KW 92.03 88.62 90.29 92.16 90.48 91.31
SENTI 96.18 64.09 76.92 96.50 65.12 77.76

5 it

AR SCIH [ 7 il VP A 45U, BAPF A SCAS TR 1 LR
RTINS S, BT LU S I 55, SR 4 AF
B LRI X 5 TN 1K) 22 11 35 25 R RS R sURAAIE
BEATRLS, AR S AR T R
FIBCRE R, $R i T EEBOC AR A8 SR Sl P g
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FRbR. SR AT RRI, )2 AR IR RENE A7 280t YU
LB IR P A ER AT Ak B AR A AN AN B 7k b

WA A b LA AN AL 1R TR A8, 3 ) DA LAt 22 5%

(Rr B AT A R R A B AEAT B T X 3
Tk BARSERE PEA B 2R BB 5| NI B A
AR SRUTE R K, DRI 07 v T DA B B T
b &5, RIS 15 2 A BB R (0 LA AU th g
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