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Munpyo Hong, Miyoung Shin, Shinhye Park & Hyungmin Lee. 2010.
Hybrid Approach to Sentiment Analysis based on Syntactic Analy-
sis and Machine Learning. Language and Information 14.2, 159-181. This
paper presents a hybrid approach to the sentiment analysis of online texts.
The sentiment of a text refers to the feelings that the author of a text has to-
wards a certain topic. Many existing approaches employ either a pattern-based
approach or a machine learning based approach. The former shows relatively
high precision in classifying the sentiments, but suffers from the data sparse-
ness problem, i.e. the lack of patterns. The latter approach shows relatively
lower precision, but 100% recall. The approach presented in the current work
adopts the merits of both approaches. It combines the pattern-based approach
with the machine learning based approach, so that the relatively high preci-
sion and high recall can be maintained. Our experiment shows that the hybrid
approach improves the F-measure score for more than 50% in comparison with
the pattern-based approach and for around 1% comparing with the machine
learning based approach. The numerical improvement from the machine learn-
ing based approach might not seem to be quite encouraging, but the fact that
in the current approach not only the sentiment or the polarity information of
sentences but also the additional information such as target of sentiments can
be classified makes the current approach promising. (Sungkyunkwan Uni-
versity, Kyungpook National University)
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7Fe® Bk ol 288 =271 ofd AF £A4 g AUA = shetd
Athe FHol Uk ¢4 Z1AES 7)uke M E daEY Bl 3
=2 E Aot £ £ =28 AL e £4%ke AT AF5¥th 2
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Agdth A8, 289AAG, Avd, A3t =Yt} LA, 72
o, FEtdd, AZd, F38, AR AR Fsid, AAY, #eei, 714,
dsit, vRsit, st =7lsith, s, Fo, gesit, 33T o
Ak, E3ith, et A 2ok, BoiA o, getsint, st 97t
=)o, Bt RS FAH FAS, FARAS, FASH, FAsT §
AR ek, wlejstet, v Fsiet, WAlstch, WA HEoh Wy AT, WS WA
A}, W7)ch @, B3sic), Lo, 2, FAAAHY, R,
RE3it), E7bssich 845, Bttt Bdstc), viAt RlEsit, Wi,
whlshe}, kx| o}, w sk, W stk W sich, R gk, AFRTE Aty AR
otk AAdth £HA, 2o, Ao, Adsit, Aisit, 4o, A4k,
ZolRth, £ulglrh, ER T ob& AT ok, debgTE, dlvisie, kit
Absiy, ofmth, ol g, oAy, ofojgint, oA, HA YT, YA o
71k, dasic), Qi) Gositt, L), f2sd, $Ldit, et 2% AE
ok, AEE T S st A s, A, ARsit, HEsid, st 43
th, Fo}, Ak, A @k, AUR o, A3, AALs, ARG AR A s,
e, e AayAn, stk ZojAd, g, 2eeit, E2¥H,
F33), 23, gt g}, E2dn, §1sic, $asic $923
F7)c}, Zotdty, s 718t wsf A ok, )3t skt TE, xR,
sesith, S, s, @it sulch, FAIH, FESiY, FBE, 75
sto}, 238t} oo}, FE9ivh, st} £, A

o] o= SgIF Ao B 13 2EH £ A= B =xEH =
€ 98L ¥ 4 Ak 22 & AFoAE 2 13T SAT 80> A w8
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TEE 9 TFERAG 7 AT 7 ol el HAE 2 AFE4

A W2 B2 AU FEHAE Gtk T AUL FHoz 25
A% 459 95 Fol AvsE L, A4 £8EAY HEE AAsE AN
£2¥ §99) NS THE BFonE Aol tiolo] ARE B YA
B2 4 Qlek

go] ol E F&T 4 ke FH o] AUtk d=o
EAS e thg3he o] dolol] dis) AEYE 5 =X FRE FRI9 He
2 ggo] gold] =2 E WAt w4 g7 wf o, ¥ =2 EANES
As7) o folin), oA E So] ‘A=*7} W= AT} > A be:v satisfied’ 9} Z2E
e ol A ‘satisfied’ o] =2 AHE APl F2T AL, ABE=X=0625 7
BEZ=0375, FA=2=03 22 45 A "ot F, Fo] o] ‘satisfied’ =
T2 FREZRE AHEEE € £ Uk ol B3 FElE ARE o] dojof oS
St dtmo] B ANE2YHP I FAERY A 3
HE oA = o139 Au7t dejd=ueA] o
getsfof shAlel, =2 HEE WAEOR FEILd & 2ol €  USE ¢
- Qlrk. o] wieke] g A e B =RoAe oA ¢V E L
$71= 5 gt

o (26) A9 FA=xe HMHe ke FAERY PAE B3 2EHD
@27)dlMS R e2e M2 2k BAE B3 28 e AD =2
ge € 2A%e 248 TAM B8AS 22 &
THOE 3 e H{ARE T3 BF =2 E AN 13

=3



dojet AR A14@ A28

WARNZE FL3tgrt B d3oa BL3 ‘Support Vector Machine’ & A ¢
ol g FokollAle ol £+ dARE e ARG P Bo| AT o3t FopoAE
HlZ A A4 Hujolng, VARSI =2 R4 PYPEL gETld 9 e
ol Al ‘Support Vector Machine’ o} o3t V&8 WA o} 7|2 it

5.1 ‘Support Vector Machine’ & X3} 7|A8t5 73
71A%% (Machine Learning) o]@ Q17+ 8 58& AFEE T3 FH
A3 =89 e, FEA dlolE (empirical data)E 7jwte g o], AXNAQ
3t AAFLS B8 3o HolgE BF (classification) ALY ZF 3} (clustering)
317] 13 RS Fopl: AAE T o) A% YL A volH ERE

A3 AALA 84 (supervised learning) €8 &3 IFIE Y3 v AAA g5
(unsupervised learning) €1 B E2 2 Y 5 Ut AAE g &L B R
3R} 3he 74 oAl (example) o EX FEF o L3 L AHE o|F
017 st HolE], & (A, Ed82) FEl2 249 g5 vlolHE Ve g A9

EAZER S Fla 2o B BAE RHE 5 T2 3L AFEE
23 502 ol o] & s|ulo® A=g A7} Fo) AL wlol] 1o ]85}
£ 232E 9 &3,

ol v AALA by G & 7 dAlY 53 FEVLE o]FoX i
HolElE 7|We 2 fAS AEY 215 S A5oE Fopdo g A Ehgd ol el
A" 259 v 3L godshe AL EFoz 3t

B A7 daE =2 AFE42 AAE g 4SS 53 FoAR BA
T2 EHEY =28 BAH%E ¥+ T2 7S A BAE g438E + 3
o} DALY 8¢ dae]E 2 2+ ‘Support Vector Machine’ (0] 3} ‘SVM’ 2.2 A8,
21737 (Neural Network), 24 E=2] (Decision Tree) 52 t}st BHgEo] St
E3] o] FSVM' 2 H T o8] &8 Fofdll 2851 Jon, FL 45& RoAFY
Rl g2 FEE w1 vk 13rE B dFdiME g2E =2 AFE4E A
) g TH 2o THE 4 FAEY =28 AA T YFE SVM S o83
5ol o] 7INte g ARo] FoiF £ =X § d 534} drh

Cortes& Vapnik(1995) of) 2] 8] A +5 ¥ o) ‘SVM' 2 F /2] EEjAaR o] Fof
R g tlolElol] U3 F Fejazte] FEE 93 AA AAH (decision boundary)
Z o) oigte] vlA (margin) €& #EE AA T4 (decision function) & 53}
=i oz HubAEF 7] (maximal margin classifier) 2t % $to}, o] 182
‘SVM’ 7‘°1]H‘: A¥7 24 AW (linear decision boundary) & 71A= A% B
qE o] 79 dE HoFE Aoz, F 7Y MAERL + SFHa -2
~EF :r’“v:ﬁ}‘?i’\‘l A9 v 2t 2F FAEY A8 BoAF1 gk (2¥

¢

]

o g
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(2% 1] SVM e} AR =d

H9Jr ol 24 Aol 4 A (linear)dl 2 FF, 7 FH2E
24 ¥ ‘wx + b =09 Y2 B, VA we EHAA
S|

V& 4’5}"“% 7vZ 2 HE (weight vector) ©] T b HlolojA (bias) & & wjgtch
a8jste] F07 g tolH Y FIHez ATy sEtEd wek bE
STETHAE B3 2R} B dFoAs =X BAL Y &bl Java’ 2 TEE

‘SVM' glo]Hej2}dl ‘LIBSVM’ 9] 2.89 W AE A3t A8-& $3stdt”

5.2 o3 5X4-& whld “\‘T’v:% dxelE

5.2.1 48 53 do] Hd. =2A524 APS A3 g5 AAL] £33 4 2F
EE8YH F33 ¥ (umgmm)—g—
feature) © 2 AMR-3ic} o}k, ol EAES B
ERASIA I gy A7 Wol Zel+= Wt g5 A
A7 wEel Fy 2

“ﬂiﬂﬂﬂ AXE A

EAE % ‘CPD (Categorical Proportional Difference)’ ‘O]
AEDS 35359 S50 ALt Fold B wE
cofl FE i, @o] we] Feha cof gk ‘CPD’ g2 °}"«H£}'

. _ A-B

CPD(w,c) = Z—p (8)
A B ol S8 BRNA To} wrt ehbe 2%
B: Ze2 cof £87 e BN Tl w7t hehbe 4

7 LIBSVM o} t}#] 4+ Chang & Lin(2001) Z=
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Adojgt R A4E A2%

A9 5418 o 85ted, $UTW SHOE 228 74 Bolof thote] Bej2dz
‘CPD' & A4S T obels} 2ol AThghe 1 Boldl ‘CPD'ROE A% AHY
o &, 7ol ©of wol th ‘CPD’ ke ofels) 2ol Axtg).

CPD(w) = maxi{CPD(w,ci)} 9)

o]gA 2o}zl ‘CPD' g2 o7 Zehx (binary class) ] A< 03 1Akl 3t
7t AR ‘CPD’ e 743 2 3 1A RH ydAceos FEs —ﬁr‘—, 10
21 325 (10-fold cross validation) o] 2] A3} E A7} A EF
7} ‘CPD’ k& YA (threshold) 0.2 AM&-3to] T 3t o] A}e) CPD’ g
U1l EAEL 5353k ‘SVM 7]t B77) Shol AREFTh
AA Ao A88 g ZHa2 R £29 A YUY 53 D] F
o3l ‘CPD’ %k" AR A, 2 gho] 10 F97}h Bo] AL o] F ‘3&*‘9*
Aol AA BFE vebd x4 190 FL7t iRl it 31313}04
’3"1}4’: A *v"%}" F Ha 29 ool Yehtes B dojve 28 5?:, +
g 5% A= g3 ‘CPD’ 32 A4t ‘SVM 78 &% 1-4 % 99 &4
?}‘ﬂ% ARG 4 BR719 948 54 dolrt ZRHY, 4 9 §F dof
9 Hixa7) opd A oJH (presence) o] W} 1 (presence) == 0 (not presence)
o2 ZAYE gL /A= X WEE 9 volE) 2 AME-81A Atk (of. Bo Pang
et al.(2002))

fr o2
o M gy

M Mt o

5.2.2 #% 99 =2E4E A% SVM I E77). E d7gME 2FE
9 =2AFEAE A3 otesl 2 FEHE SVM 7W ERIVE AAFNTH
%, G4 40 Hode AL =2 EFVE &8 AR/ IR/ RF A 37
A PR ER77) A6, 294 oA BFIE ARSI WA R £F
o 3 Fela FAE A o]2HEH F52F FUIY SAEL 7ve g ¢
g 53 dojo tig £X A g 74 F, ol ZRAY Zo] T/ AW
(Subjective/Objective) 77| & B3l 39 =2 & ‘FF/ 4R ‘02 EHsla,’
F3 240 gsiAE thA] ‘Positive/Negative’ (P/N) E&H71E 58 34 &&
FA4Y =2 E HE A3t 2949 B£FHE AR o8 B3, 4 232 IAF
How ‘AF/3H /R 59 shie] =22 A=) (14 2)
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TEE 9 FEEAH 7|ATE 79 dlo| Bl A =2 AR

Input Sentiment Classifier Classified Results
o e e 5 0 e 1 P B 7 0 5 1
L Objective Sentence
SEa Objective | L ——— -
20| / N ; Subjective Sentence
e Subjective egative
EHolgle /
=X Subjective . Megative Senterice
Classifier Positive
Classifier Positive Sentence
R A kit e s o

6. sfol= HAE =2 AFEH

6.1 stolnel= 24

B TN Adehs dAE £x2 AFEN AAYE 2 T A9 B9 BER
TAso] gov, 7 REL ¢AMe A3AY 4geRel Y4 BT 7
22AL ARNA =9 $4 AAAN 22717 AU ARG 2EE w2
4919 DBE Bg3te] 284 Hue) e AEsie, el B3y A4
Bl £22 WAE $AIN Faolule] EAARE FAT F, wef ol
& o3 Sol EASA pevhd AdvF A} vz A%z 249

A~ A T 22 FA Y ‘va ) S 22
davdes =39 B2V 340 v o] 28 Aot

Tt she v ol Asfstd o
FE7)e 4gah 71AES 7] 227 48Eel oS SvM ¢

-
= -
g3 £4 2 w27 ABAAN FRAANE BekE

M
o,
rlo
ot
o
]
=2
X
B
=
ok
38
an
N
2
i
o
N
I,
Lo

dr e
B N
N, ol el
e tlo 1x

T R

24 9] o 3, wrep
BHo|ehy BV W A 2Rz RAEZANE B Aot

(29 3)

o5} 22 WHEL AT AP LREANEL SUA0E A B
o) U AW AL ¥ 4 98 Be ohe, el 2T Yx B, 5,
2Ye) £2 2w ole} £29) ERo] Sx HA AR FHH0E Hetd £
Stk 4ol Atk =8 e PEece oty 44 Bt B3 v2E
FAR0E ARG 7Y BHRRS AERORA BN AFE B oh)
ABEE 2D 4 drke Aol Utk the AL oleie PR 452 3
sl A% ARel BRT AE AT
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6.2 4597t @ A

B =RolA Aotsle EEe B AE37] 98 e
Stk AA, B 472 98] 7238 aH20A 229

83 <4 A PPy Z%e3 AAe

JASE e AEeT ARG ZABET AM, B =8
870w S S A e T sojns PYeg

& ZAT A A AR, T iR PEEL B8 ATE B =RoA Agsts
Wy wwsly) 9% wWolagtelo s B85 L)

Aol AHEE HAEAL & 401202 ZAHUCE SEFHAY SIS
ZANN 228 ERNAW geTHAY BREH FRAAL FYch F 4018
B oisl SEAHNAE T2 AFo] A& 299 AR} =2EAE $H5
GTES 401 Bgol = AT ALY 53 2e ARA =29 3, 3Rz °

oAlA Adste

8 MMz & 4502 AT =2 S PG 239 AR HFZAFH AR tde2x =
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7]8) SlolHe|E HAE =% AERA

9,

b
ki
u
H
ﬁl
9
)
£
]
v
Iv
)
[>
it
S,
=2,
X
of4
o
o
4z
ol
o

] S A4S 2 F 67709 EF dH ==
o] 2§50} o] F 53709 o] FEA EAHU. o= & 79.11%
J#-gol ARl FAL AP &L BF NI F-measure’ g2 oF o] 40

3 <F 0.28 o]t}

HA <&
}H;iH o]

5

o lo ¢n

F-measure = 2*Precision*Recall/(Precision+Recall)
F-measure = 2*0.7911*0.1670/(0.7911+0.1670) = 0.28
‘SVM' 718ke] &4 7| A £R S AL 25 5 4018480 sl =

=] O
a1 = "
F A51E 29y on, 258 BAS guta A BEE5gth wEbA 64.34% ) A
B o, ‘F-measure’ ZH-& <k (.78 o]t}

F-measure = 2*0.6434*1/(0.6434+1) = 0.7830

HEHoz2 B AFoA Aot dlojHeis WHES HL5 A F 401F
T F 2602EAS 2nt2A EREar) o 23 65.34% 9 &S A, F-
measure’ FH2 2k (.79 o]t}

F-measure = 2*0.6534*1/(0.6534+1) = 0.7903

2 Ao A AL stel B s Bz AFEA WHEL V€Y oodd
719k BAlo] Zhe #49) AEEL A HAA oA AFER APES EF
22 & ‘F-measure’ ZHAN & B FFE 7HAE 5 &2 B4oh 28u €=
71A3E 71Nk e va RS We FEEH F-measure’ o] FWM b
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