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‘Opinion Mining

= ENE 2IHER
o Unstructured = Structured
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JEMSE 3% (Hu AAAI 2004, Popescu EMNLP 2005, Qiu

CL 2010, Zhang COLING 2010)

o WNIR: Rl RAilAEIE

o iR FEeEiE. shiadF
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Good Screen, Bad Design Opinion
Targets

0 Bootstrapping #EZE

Opinion

f\ Words

More
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Double Propagation

More
Opinion
Words
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s JESFFFE (Hu 2004, Wang 2008)
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T X FRIR 71 (20)

35484 . Popescu (EMNLP 2005), Qiu (1JCAI

2009)
AT ST Z B RE AR

X R EE M O BE itAN FEw ® X
Root Typed dependencies
B det -2, 1X-1)

nsubj CB=-3, F-2)
dep ®#Y-4, F=-3)

q:_*ﬂ' Jﬁ% remod (FF4-6, FI-4)
amod (FA-6, ¥f-5)
x p nsubj (BF-7, F41-6)
root (ROOT-0, BEH-7)
dep @-11, 1t-8)
A

dobj (3}-8, A-9)

dep (f-8, FIR-10)
i remod (FE-13, BY-11)
4 A TRIY amod (FRE-13, #-12)
dobj (BF-7, BE-13)
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Z=TRank ing A EXEZE
o NS (TC) : &iF. RZiFigiE
o WENIE (0C) - FERiA. mhiFE

Opinion Target Candidates (nouns/noun phrases)

Opinion Word Candidates (adjectives)

o Ranking: Random Walking, PageRank, ====--
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good, bad, colorful, gorgeous+ -
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The style of the screen is gorgeous

// \\ ] "
,Ei%)\-JxQQ%:\ s y—" ;;lf <0C> {pred} (VBE) {s} <TC>
i,:,/g;;?o . 'l X, :/;\, C !
N - 7/ \

__________________



R ERIRR: FIAAAEE (50

3 Sentiment Graph
0 ZEBR

TC: MR Ixik
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‘Ranking

» Random Walking Algorithm

5 o L T t
€t — Mg X ey i €

cttl = (1 )\)MT X b + ACoe

5 t
Ctc 1\/:[p_Jtc p
1\/Ioc_p(v os U p) — 'll,’('l.?o, Up) NIt.c_p- ]-\/Ip_oc,- ]-\"Ip_tc

w(Va, V) = freq(va,vs)/ freq(va)
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a0 Customer Review Dataset (CRD)

o COAE 2008

0 Collect a larger dataset: LARGE

Dataset Domain | #Sentences | #OW #0T Dataset Numberof reviews Number of sentences
Large Hotel 10,000 434 1,015 D1 5 597
(English) MP3 10,000 559 1,158 D2 34 346
COAE(08 | Camera 2,075 351 892 0 o o
(Chinese) Car 4783 622 | 1,179 | ps % 740
7 4/ j;l:; 1;—
T R ER

o P, R and F1



SCIGZEER . CRD

| DI D2 D3 D4 D3 Ave.
'“"““’dsPRFPRFPRFPRFPRFFg
Hu 07510821078 0.71[0.79]0.75[0.7210.76 | 0.74 | 0.69 [ 0.82 [ 0.75 | 0.74| 0.80 [ 0.77 | 0.76
DP 0.87 081 0.84[0.90 [ 081 0.85[0.90| 0.86 [ 0.88 | 0.81 [0.84[ 0.8210.92] 0.86[ 0.89] 0.86
Zhang | 0.83|0.84|0.83|0.86|0.85| 0.85| 0.86| 0.88 [ 0.87 | 0.80 | 0.85| 0.82 | 0.86 | 0.86 | 0.86 | 0.85
Ours-Stagel [0.79] 0.85| 0.82] 0.82| 0.87 | 0.84 | 0.83 | 0.87 | 0.85] 0.78 | 0.88]| 0.83 | 0.82] 0.88 | 0.85] 0.84

Ours-Full

Table 2: Results of opinion target extraction on the Customer Review Dataset.

, D1 D2 D3 D4 D5 Ave.
Methods o5+ TP TR TF[ P TR FIP TR FI PR FF
Hu 05710751065 051076 0610571073 0.64[054[0.62]0.5810.62]0.67 | 0.64]0.62
DP 06307310681 0570791066065 0.7010.67[0.61]0.6510.63[0.70] 0.6 0.69] 0.67

Ours-Stagel | 0.61]0.75[0.67[0.55]0.80] 0.65[0.63| 0.75] 0.68] 0.60| 0.69 0.64]| 0.68] 0.70 | 0.69 | 0.67
Ours-Full ; i 3 i ; ¥ 5 ) )

Table 3: Results of opinion word extraction on the Customer Review Dataset.




‘5’35@?&?%: Large and COAE2008

Ours-Full

KRt MP3 Hotel Camera Car Avg,
P R F P R F P R F P R F F
Hu 053] 055|054 |055|057 056 (063065064062 058|060 0.58
DP 0.66 | 0.57 | 0.61 | 0.66 | 0.60 [ 0.63 | 0.71 | 0.70 | 0.70 | 0.72 | 0.65 | 0.68 | 0.66
Zhang 0.65) 062 | 063|064 | 066 065|071 078|074 0.69 | 0.68 | 0.68 | 0.68
Ours-Stagel 0.80

Table 4: Results of opinion targets extraction on Large and COAEOS.
j MP3 Hotel Camera Car Avg.
Mctheds P R | F | P | R]|[F | P |R|F|[P[R|F][F
Hu 048 | 0.65 | 0.55 | 0.51 | 0.68 | 058 | 072 | 0.74 | 0.73 | 0.70 | 0.71 | 0.70 | 0.64
DP 0.58 | 0.62 | 0.60 | 0.60 | 0.66 | 0.63 | 0.80 [ 0.73 [ 0.76 | 0.79 | 0.71 | 0.75 | 0.68
Ours-Stage| 059 | 0.69 | 0.64 | 0.61 | 0.71 | 0.66 | 0.79 | 0.78 | 0.78 | 0.77 | 0.77 | 0.77 | 0.71
Ours-Full 0.637[0.67 | 0.65 [ 0.67 | 0.69 | 0.68 | 0.827[ 0.78 [ 0.80 [ 0.80 | 0.76 | 0.78 | 0.73
Table 5: Results of opinion words extraction on Large and COAEOS.
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B EMNLP 2012)

Word al ignment

h-

C: ¥izg AR & fliE BB B 3k £75F

E: Rescue workers search for survivors in collapsed houses

Monol ingual word alignment

E: The phone has a colorful and even amazing screen

E: The phone has a colorful and even amazing screen



| BMX+ 57 = B

IBM mode! (IBM-1, IBM-2, IBM-3)

n T BRI
- WX F

By (A]S) < l—[l (“""} | W, ) *
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E: The phone has a colorful and even amazing screen

E: The phone has a colorful and even amazing screen



=3

R 25

2 1R 2 1RFE1E FEaih) R S5 s1h (F185 21855 15)

g NULL X 55
Hitir) Hgefn B S XI55

E: NULL The phone has a colorful and even amazing screen

E: NULL The phone has a colorful and even amazing

software

Bl
battery life ~ sound
wonderful 0.000 0.042
poor 0.032 0.000

long 0.025 0.000

0.000
0.026
0.000




Rank
a n I n g Opinion Target Candidates (nouns/noun phrases)

Opinion Word Candidates (adjectives)

CH=(1-A)xM"xMxC'+AxS

Association(wy,w,)

_ Importance(c)

C=Ax(I-(1=-A)xM"xM)"'xS



Precision

SRS

» Compared Methods

o Adjacent: Adjacent rule

. Our Graph—based
o Syntax: Syntactic pattern b

Algorithm

0 Ours: WAM

90 90
P Adjacent
851 & s yj::j a 85 - a O
80 | O ous 0 O go{ O L
75 % <E>l o _ 751 o
) 3 | & O

70 1 g g 70 b4 Q
65 1 o 9 © * 65 3 e o ¢ 90
of @ ¢ ® 3 60 || @ Adjacent & ®

. | 55 1| <O Stax
55 [0 Ours
50 ; ® 50
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o WAM: JIZRIT1E
EEXT

1A% TR EY

— & xa R
S TME, BHTEER
HITLAER

Unsupervised |
(a) P

This ama"mg ]Jh(me has a blg and colorful screen

Alignment

~‘"<:: '::-: ToeazzoT

e==

This ama'mg phone has a big and colorful screen

(b Partial |

This amazing phone has a big and (()1()1 ful screen

Alignment Links |

This amazing phone has a big and wlol ful screen

%4

This amazing phone has a big and colorful screen

Partail Supervised |
(c) P

el

Alignment |

This amazing phone has a big and colorful screen
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1 (Qin Gao,

Workshop on SMT, ACL 2010)

= Given the partial alignmentA =

» Three steps

o Train a simple alignment model to generate

A* = argmazx
A

P(A|S, A)

{(i,a;)|7 € [1,n],a; € [1,n]}

Algorithm 1 Constrained Hill-Climbing

1: Calculate the seed alignment ap using HMM model
2: while ic(ap) > 0do

3 if {a:ic(a) <iclag)} =0 then

4 break

5 end if

6: @0 := arg MaXaenb(ay),ic(a)<ic(ag) PT(fle,a)
7: end while

8 M, :=—1if(i,j) € of or (i,0) € af

9

. . . . : loop
an initial alignments for |BM-3 10: 5,0 = —1if (j.ay) ¢ af or (7',a,) & af
11 M.y, =argmax M, ; S;,;; = argmax .Sy;
o Update the alignments to make it consistent 2 ";;;f““5'<‘mm
to the partial alignments links 15 Mgy > iy o
. . . . 16: Update M., M., Maiy, M.,
o Optimize the alignment under the constraints . = @45 S S Sonsetao =M, ()
' ' 18: Update M;,., M., M.y, M. ;0
Iterative I y and Sy;., Ssye, 5,54, Sesy, setao 1= S, 51 (ao)

19:  endif
20: end loop
21: Return ap
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Pattern1: A B Ae{0}, B €{T}
o o e Pattern2: A ::>C -.:'_ B A€{0}, B €{T},
C € {any words}

(a)

i
5
il

mod

Pattern#1: <OC>—<TC>

Example: This phone has an amazing design

Pattern#2: <TC>-2<0C>

Example: I like this phone very much

Pattern#3: <OC>-2""% ~TC>

Example: the buttons easier to use

Pattern#d: <OC> %% (NN)&2L «TC>

Example: IPhone 1s a revolutionary smart phone

subj

Pattern#5: <OC>2"% (VBE)&X2 «TC>

Example: The guality of LCD i1s good




SRS

Camera Car Lapto Phone
e — P R F P R F P g : F P R F
Hu 0.63 0.65 0.64 0.62 0.58 0.60 0.51 0.67 0.58 0.69 0.60 0.64
Dy 0.71 0.70 0.70 0.72 0.65 0.68 0.58 0.69 0.63 0.78 0.66 072
Zhang 0.71 0.78 0.74 0.69 0.68 0.68 0.57 0.80 0.67 0.80 0.71 0.75
_Liu O.L 0.81 0.78 0.71 0.71 0.71 0.61 0.85_ 0.71 0.83 0.74 0.78
Ours 0.77 082 1 079 | 074 0711 072 0,66 0,85 0,74 0,85 0.75 | 080
Table 1: Experimental Results on COAE 2008
Hotel MP3 Restaurant
Methods P R r | 4 R F P R r
Hu 0.60 0.65 0.62 0.61 0.68 0.64 0.64 0.69 0.66
DP 0.67 0.69 0.68 0.69 0.70 0.69 0.74 0.72 0.73
Zhang 0.67 076 0.71 0.67 0.77 0.72 0.75 0.79 0.77
Liu 071 0.80 0.75 0.70 0.82 076 0.80 (.84 0.82
Ours 0.76 0.83 0.79 0.74 0.84 0.79 0.85 0.85 0.85
Table 2: Experimental Results on Large
DI D2 D3 D4 D5
Mie P R T P R F P R F P R i3 P R F
Hu 0.75 0.82 0.7% 0.71 079 0.75 0.72 0.76 074 0.69 0.82 075 0.74 0.50 077
DP 0.87 0.81 0.84 0.90 0.81 0.85 0.90 0.86 0.88 0.81 0.84 0.82 0.92 0.86 0.89
Zhang 0.83 0.84 0.83 0.86 0385 0.85 0.86 0.88 0.87 0.80 0.85 0.82 0.86 0.86 0.86
Liu 0.84 0.85 0.84 0.87 085 0.86 0.88 0.89 0.88 0.81 0.85 0.83 0.89 0.87 0.88
Ours 0.86 .84 0.85 0.8% 0.83 0.85 0.80 0.00 .80 0.81 0.83 0.82 0.01 0.87 EST

Table 3: Experimental Results on Customer Review Dataset
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» Varying data size
a 500—->1, 000, 000
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Figure 3: Experimental results on Restaurant
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= LCD vs. LED, beautiful vs. colorful
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‘Ranking

» Co—ranking Algorithm

Cr=(1—=X—p) X My x C,
+ A X My X Cy + o X 1y

Co=(1—X—p)x ML xC;
+ A X Moo X Co + 1 X 1




N T RIFENEE R

Methods o D2 D3 D4 D5
P R F P R F P R F P R F P R F
Hu 0.75 0.82 0.78 0.71 0.79 0.75 0.72 0.76 0.74 0.69 0.82 0.75 0.74 0.80 0.77
DP 0.87 0.81 0.84 0.90 0.81 0.85 0.90 0.86 0.88 0.81 0.84 0.82 0.92 0.86 0.89
Zhang 0.83 0.84 0.83 0.86 0.85 0.85 0.86 0.88 0.87 0.80 0.85 0.82 0.86 0.86 0.86
SAS 0.80 0.79 0.79 0.82 0.76 0.79 0.79 0.74 0.76 0.77 0.78 0.77 0.80 0.76 0.78 0.778
Liu 0.84 0.85 0.84 0.87 0.85 0.86 0.88 0.89 0.88 0.81 0.85 0.83 0.89 0.87 0.88 0.858
Hai 0.77 0.87 0.83 0.79 0.86 0.82 0.79 0.89 0.84 0.72 0.88 0.79 0.74 0.88 0.81 0.818
CR 0.84 0.86 0.85 0.87 0.85 0.86 0.87 0.90 0.88 0.81 0.87 0.83 0.89 0.88 0.89 0.862
CR_WP 0.86 0.86 0.86 0.88 0.86 0.87 0.89 0.90 0.89 0.81 0.87 0.83 0.91 0.89 0.90 0.870
Table 2: Results of Opinion Targets Extraction on Customer Review Dataset
Methods Camera Car Laptop Phone Mp3 Hotel Avg.
) ) P R F p R F P R F p R F P R F p R H F
Hu 063 | 065 | 0.64 | 062 | 058 | 0.60 [ 0.51 0.67 | 058 | 0.69 | 0.60 [ 0.64 | 0.61 0.68 064 | 060 [ 065 | 0.2 | 0.587
DP 0.71 070 | 070 | 072 | 0.65 068 | 058 | 069 | 063 | 078 | 066 | 072 | 069 | 070 | 0.69 | 0.67 069 | 0.48 | 0.683
Zhang 0.71 078 | 074 | 069 | 0.68 | 068 | 0.57 | 0.80 | 0.67 | 0.80 [ 0.71 0.75 0.67 0.77 072 | 0.67 0.76 | 04l 0.712
SAS 072 072 | 072 | 0.71 064 | 067 | 059 | 072 | 065 | 078 | 0.69 [ 073 [ 069 | 075 | 072 | 0.69 | 0.74 | 0.7 0.700
Liu 0.75 | 0.81 0.78 | 0.71 0.71 0.71 0.61 0.85 | 0.71 0.83 0.74 | 0.78 070 | 082 | 0.76 | 0.71 0.80 | 0.7 0.749
Hai 0.68 084 | 076 | 069 [ 075 | 072 | 058 | 0.86 | 0.72 | 0.75 076 | 0.76 | 0.65 | 0.83 074 | 0.62 | 082 | 0.75 0.742
CR 075 | 083 | 079 | 072 | 074 | 073 | 060 | 085 | 0.70 | 0.83 0.77 0.80 | 070 | 0.84 | 0.76 | 0.71 0.83 [ 0.77\| 0.758
CR_WP 078 | 0.84 | 0.81 074 | 075 | 074 | 0.64 | 0.85 073 | 084 | 076 [ 0.80 | 074 | 0.84 [ 079 | 0.74 [ 0.82 | 0.78\ 0.773 I

Table 3: Results of Opinion Targets Extraction on COAE 2008 and Large

2014-3-29 ACL 2014 ipIREH
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DI D2 D3 D4 D5 Avg.
Methods P R F P R F P R F P R F P R F " 3
Hu 0.57 0.75 0.65 0.51 0.76 0.61 0.57 0.73 0.64 0.54 0.62 0.58 0.62 0.67 0.64 0.624
DP 0.64 0.73 0.68 0.57 0.79 0.66 0.65 0.70 0.67 0.61 0.65 0.63 0.70 0.68 0.69 0.666
SAS 0.64 0.68 0.66 0.55 0.70 0.62 0.62 0.65 0.63 0.60 0.61 0.60 0.68 0.63 0.65 0.632
Hai 0.62 0.77 0.69 0.52 0.80 0.64 0.60 0.74 0.67 0.56 0.69 0.62 0.66 0.70 0.68 0.660
CR 0.62 0.75 0.68 0.57 0.79 0.67 0.64 0.75 0.69 0.63 0.69 0.66 0.68 0.69 0.69 0.678
CR_WP 0.65 0.75 0.70 0.59 0.80 0.68 0.65 0.74 0.70 0.66 0.68 0.67 0.71 0.70 0.70 0.690
Table 4: Results of Opinion Words Extraction on Customer Review Dataset
Methods Camera Car Laptop Phone Mp3 Hotel Avg.
p R F p R F P R F p R F P R F P R F F
Hu 0.72 074 | 0.73 0.70 0.71 0.70 | 0.66 0.70 | 0.68 0.70 | 0.70 | 0.70 0.48 0.67 0.56 0.52 0.69 0. 0.660
DP 0.80 | 0.73 0.76 0.79 0.71 0.75 0.75 0.69 | 0.72 0.78 0.68 0.73 0.60 | 0.65 0.62 0.61 0.66 0. 0.702
SAS 0.73 070 | 0.71 0.75 0.68 0.71 0.72 0.68 0.69 | 0.71 0.66 0.68 0.64 | 0.62 0.63 0.66 0.61 0.6 0.675
Hai 076 | 074 | 075 | 072 | 074 | 073 | 069 | 072 | 070 | 072 | 070 | 0.71 0.61 0.69 | 064 | 059 | 068 | 0.64 0.690
CR 0.80 0.75 0.77 0.77 0.74 | 0.75 0.73 0.71 0.72 0.75 0.71 0.73 0.63 0.69 | 0.64 0.63 0.68 0.66 0.710
CR_WP 0.80 0.75 0.77 0.80 0.74 0.77 0.77 0.71 0.74 0.78 0.72 0.75 0.66 | 0.68 0.67 0.67 0.69 0.68\ 0.730
Table 5: Results of Opinion Words Extraction on COAE 2008 and Large
2014-3-29 ACL 2014 I XIRER




Semantic Relation vs. Opinion Relation

» Compared Methods

o OnlySA: semantic relations

o OnlyOA: opinion relations <+
o GCombine: both

Precision

Precision

.80
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.70

65

60 -

Graph-based Ranking
Algorithm

relations
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=
8 .80 4
o
751
704
65 1
MP3 Hotel  Laptop  Phone Hotel  Laptop  Phone

(a) Opinion Target Extractlon Results

.80
= OnlySA m OniySA
== OnlyOA === OniyOA
mmm Combine 75 mmm Combine
3
g 70
(4
85
.60
MP3 Hotel Laptop  Phone MP3 Hotel Laptop  Phone

(b) Opinion Word Extraction Results
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Kang Liu, Liheng Xu and Jun Zhao, Extracting Opinion Targets and Opinion Words from
Online Reviews with Graph Co—ranking, To appear in Proceedings of ACL 2014, Baltimore,
USA, June 22-27 (oral).

Liheng Xu, Siwei Lai, Kang Liu and Jun Zhao, Product Feature Mining: Semantic Clues
versus Syntactic Constituents, To appear in Proceedings of ACL 2014, Baltimore, USA,
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