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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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mejny, wheteh, B o, BAT BAST, BARAS, 2o, Lo, 2
AZt}, vl2jsicy, o) eksiey, Qs WA, Welth W A, wgst %A
Ao, 7]}, ARsith, BT, Rodn, RS, RAdag, A,
a0}, Brbssich, B4, Bosich, Bu s, vk West, ek,
whuk5ic}, WX}, wel s}, wahc), mm e, YTy, AEDT} A4 AAX
otk AU SEIAT Sxoh Andc, A4, At Ao, A4s,
sopic), £ulgith, LR ohU-SAITH oh4ith, QeERRCH ofufstch, okaict, oF
Asity, ol g, ol olAsttt, ofolgitt, oAt AN, s,
Flth, Qe Quit, Aokeit, ST, ST, Sgd, o, &Y ALY
o}, kBT AT, A, AstE ), AR, A4, 2o s}, 245
o}, &u}, A, AR, AUAT, Ao, AR, A2 AL, AR s,
Ao}, Bgeln), W2 Ao s Dol At Adsi), xekeiny, 2aH
2280}, st epsic), gebt, B2, B st Subsit, YA,
97T}, Bobuny, sl7lehc, s Rolc}, Zo)elnh, SHAISHT), BRIT) At
sigstch, s Asi), s gsT, B, svich, YA, BRI, FIsi, 3
stoh, F3)3te, S, FF, sei), Es), WS,

o] oIE &AM T 18] 2Ae 2ol LT BYe) E2BAo)
2 Qe ¥4 ok 2 2 Aol E T 130 2 A S A7} u]8e)
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ZTEE 9 FREAT 7145 716 o] BElE HAE =X A5 R4

A W7ol 222 HEE FHI}A = FUt) olHE S FUMHor 75T
AL A5 453 FAo] 7=, A 23499 doeg AR s AN
£23 A9 e FEE Wtz E go] tggo] HRE &= UAS
A4sE 5 Qo

o] 3 oA B Ao A Alshe 71AMG Alage] HEHS =284 b
o2 TR Uk Jo] YYojAEE 4T 5 vk FH o] At =
EA o tf-g3he Gof dhojof tis AEY=EY 5] =2 AHE FE3A o
Z 3Fo] oo =2 & uiAbs oz slotd & 7] wiol|, FF =z EAWE
A3l 7)o fo)dit} o2 So] ‘A=*17} BEAHTE > A bev satisfied’ 2} 7+
B ol A ‘satisfied’ 2] =2 PR E AEY=ulS F2T 3¢, ‘AFE=2=0.625,
Ae2=0375, £F=2=07 2 Z7%E A Bt F, 4o Do ‘satisfied’ &
F2 FHAEZRE ALES ¢ F Aok olE B3 fEe AFE o dojd di§
e o] 8 ‘USAHY I F A=Y AYL F2Y 4+ Aok EE o3
AZYolAE 2139 2u)7t AEY=dolA ojd Al FFe=xE HE3 7
ghotsfof A%, =2 S WA EoR FEIEH 2 220 B F U ¢
T th o] ¥igke] giF A B =foAME OFA 47| 1 g5 7R
g71E5 3t

ol rlo e [0 2

5. 7|A1gr G 7 =R E A

4 ALY E2AFEAL ADL HEFOE PEHE Ro] oY)
YolE RS B4L HAThe 24 2 ohieh, B9 £27H $AE FHOR T
dog BESA o, A} R4 53} 2 BAROR BR8P 9ol 2
shetsty] oldthe FAIE Qe thee] e Mak

E=}
= o
me & 2

BN

(26) AL ‘HA2'E Pk AFEA WBE A= 3o

(27) E2Ed] AFE HI o] =0l ofdHl A7 W7l {2 AS< T W
o Rasd

AE (2604 FHERE FM e FHE2Y YAS B EIH
(7)elAe) EREZE WL ek BAE B3 D €45 AD7 £2EA
BN E B3 =28 AR 29 SA Y44 2e g0 BNy
o Aoz & A AR E B3 £ £2E ALTE 1Y e
eSS 2o B4 £27 §d0] ohd WAt B4 53 2L g BAE §
o ®9" A9, 2R £2E stetalAl s ol et oo £ ATAE AUY
(unigram) & AFE 7178 71vke] EEATEF B Y SN £4
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Aojst BH A4 A2E

Wl Ax 2 B8t £ AolA 83 ‘Support Vector Machine’-2 A<l
o] A g HofollA ojn] £dARE del AHE Yol A T ATt opillAE
Hl A A4 Hulolnz A SE7N =284 PPES UET]Y $A U
Aol A ‘Support Vector Machine’ o] tf 3+ Ul8S WA ThF7|2 st}

5.1 ‘Support Vector Machine’ & £33 7|AstE 7
7)A18t% (Machine Learning) o|2t Q17+e] &5 58S FAFHE F3 FdsI
A% =89 sz, Z¥H ulolE (empirical data) & 7|9k 2 3fo], HIAAA
gt JA L 53 Fo]2 Ho]HE £ (classification) 8t A Y 153} (clustering)
7] 99 B9e Bohlt HAL BTk ol AT PUL A dolH E5E
A% AALA 8ty (supervised learning) ¥e]E3F IF3E AT v|AAY 5
(unsupervised learning) SAAZOE he 4 9tk AAE B¢ LTASL BF
A} 3= Z+ oAl (example) o §& #EF 19 hS5hs SHLS HEE o] F
017 3t HlolH, & (A, E¥2) Fel2 FA4E &5 HlolEE 7ukez A9
EAGETN 5= S ol jFAAE A= T T2 F3AL FAFEHE
53 5oz Fohn, o|§ 7|uke g M2 A7} FARE wfol] 2ol &3
= SU92E 958

o] v AAA g GuEE2 7 dAY 53 FEVLER o]FoA TFH
tolHE 7oz fARE A 2FS As2o2 Fopdo N g olH
AE 289 4 S3E godste AE FHLR Frt

H d3e g2aE =3 AFEAL A g ¢nEgFS 53 Fo3 24
5o FHAEY =28 AT ¢ T2 FALS AP AR 3432 + A
ot} AAMA &5 ¢ 8]E 0 2= ‘Support Vector Machine’ (©]3} ‘SVM’ 2.2 A ¥,
A1 7%} (Neural Network), 2% E2] (Decision Tree) 52 Tt ¥HEo] At
E3] o] F SVM' & 2 o8] $8& Hopoll A LHI lon, F2 52 HoF1
o] B2 FEZ Wy o 2EE B dFdAE H2E =X A5 E4S 9
3 3t IH2 0 EF]E 4 EFFEY =2 & A= F+E SVM' S 0| §35o
535la o] 7o g AR o] Fo|A Y =X & d5taA} gt

Cortes& Vapnik(1995) o] 25 A<t ¥ ¢l ‘SVM' 2 F 7)9] SHAE o] Fof
7 35 dlojEl o) i3] F S £ EE $13 24 AW (decision boundary)
Z9 o] Hojste] vpA (margin) & ZEE 24 < (decision function) & 353}
Eor HYupAER{7] (maximal margin classifier) 2t % g}, ofgf 182
‘SVM’ A% 4383 AA AW (linear decision boundary) & 7}A+= 48 =
We |88 7Y A HFE A0E, ¥ 359 ANEY + 2ehast -2
A8 & FEIEA o9 upAe 2= 2 AAUEY €& BT Yot (23

2
o
L
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TEE Y TEAD 71ASE 7] ol HBE HAE £2 AFEA

wxx+b=1

wxx+b=0

wxx+b=-!/'

(23 1] SVM S A8 ed

Sist 2ol 24 FAW] AP H (linear) ) 2 B, F EH2E

L 24 5= ‘wx+b=029 Fejz A, 47|H wt 2R FAEY 7]
718 Yet= 752 HE (weight vector) ©]3 b= Hfo]o]A (bias) & ] v] gt
a23te] o7 B do|HRZEE T3 AT detvEd wetkbE
&AL 53 2% B AFqAE 284S A8 At Java’E 7HE
‘SVM’ glol B2 2] ¢l ‘LIBSVM’ 9] 2.89 A& &3t AP it

_L]
w A
N,

5.2 gojgty 54L& wgd *5': 4’3'—

5.2.1 g3 57 do] A9, = %—1‘?—1@ f3 g ZAn L £ 4 £F
ErHE =23 FUIH (umgram)—% ‘SVM’ 718k 3h52 23 ¥ EA (input
feature) &2 AFE3c}, tieh o33 EAES BF u ¥ F¢ 2 Rdo] ¢
B n &g A7he wo] ZdEe whd g A UE2YA ®E A7
217] & U213 EAE F ‘CPD (Categorical Proportional Difference)’ gke]
Ao AT AENE FE319 FEHA AL FojR DdojwE X
ot Bgo] Ze2 coll B2 w, To] we] Fefa cofl Yigh ‘CPD’ g2 ofef gt
Zro] A4tdtt,

A-B

A+ B (8)
A: 2ol ool £ BRNA Bol wrt dehb: 8%

B: 2o col £3k7) 92 B Tol wrt tehhe R4

7 LIBSVM o] tf3 A= Chang & Lin(2001) 3=

CPD(w,c¢)
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Aoje} AH A4d A2s

A9 £4€ ol gstel, 4UIA SHo2 221 7 tholo] thste] Se|ruz
‘CPD’ gt AN F ofele} 2ol Anizke 2 Wolg ‘CPD' goz AF 24D
t}. &, 707 o] wol tjat ‘CPD' gk obehs} o] AT},

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

o]FA ¥oj7 ‘CPD’ g2 o] Z A (binary class) 9 B3-% 03} 14}0)9] Zt
< 7. A4 ‘CPD’ & 718 2 g9 191428 Yoz 388 3, 10
2ol 22 ZAHF (10-fold cross validation) o] 3] AW A7}7} H Ao B5
g5 & 7K & ‘CPD’ k2 YAk (threshold) © 2 Ag3}o] 1 3t o]Are] ‘CPD’ &
e YUY SFEL 3289 SVM’ 7|8 B8 7] sgof ARSI

AA AR AHSR B IH22RE 229 AA YUY 53 @oj 27t
3l ‘CPD’ gt& AlbslE A}, 72 gho] 191 97} wo] LASYT o] & we
Bl AA B vehd NES7) 19 97} R BTk 185, B A
oM AA EFE F 2 29 olAo] Yl EA dojule 223 % 2
=¥ 574 H=0 did ‘CPD’ gt A4bste] ‘SVM' 7] 579 33 Y 54
oS 2R 47 £7719 9 54 Doj7t 2FH W, 7 98 =4 tho]
o] RI=47) obd EA e (presence) o] we} 1 (presence) Ei= 0 (not presence)
22 343 #&e 7= 57 98 E JY tlolE 2 X834 "k (cof. Bo Pang
et al.(2002))

5.2.2 ¥4 9919 =2EAHL 3 SVM 7 RE). =
o £2ATEALS A9 oldst 2L Wz SVM Aw 2eolE 4
%, el B4 0] Holde £ =2 ERVE 535 A/ 2 /829
7] ZUAar BF{37) 96, 2949 o)F hr‘-n-7|E AHg-gc) W 2
of sl Fels BHS +33ta o2y 29 U1y =3 2,
g 573 dold g 54 e g 4T ¥, °T"“-H aFo| A%t Zo] ¢
(Subjective/Objective) EF 712 B3 249 =25 ‘%-ﬂ-/ Aoz
F& EF A= thA] ‘Positive/Negative’ (P/N) 28712 E3) 24 =
T4 =28 AT Bdshe 2049 B{E AT} °]E o, 4 B AT
L2 AR/IR/ R T e v22 349 (29 2)
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228 9 FEEAT AARE 7 SolHels A £2 AFEA

M

Input Sentiment Classifier Classified Results

— Objective Sentence
HEH4 Obj':“'“ S
Subjective Sentence
. Negative )
™ Subjective
Yy / Megative Sentence
=8 Subjective | . > Neg
N Classifier Positive
Classif # Positive Sentence

(29 2] 294 ‘SVM’ 7|8 2% =2 £F/7]° g3 =2 2584 37

6. StolHeT YrE =2 AR

6.1 sfoluz= ¥4 Py
£ AToN Adshe daE = 4 N2de 24 F 7Y B9 BE2
450l slod, 2 2EE eAfon 220 duEel A2 B3 7

[

A4S AXA HE A g7 22717 890 @7 227 =2
"'&IEHE‘ DBE &8st =24 Hd9 A& /\15?5}“1 o] FE B¢

249 =28 WA $RTY dabolnls] EAIRE FUAF F, vt o]
8 ojo] So| 24 o AR 234} ke A3EAADE 2980,
2~ AR ST 2L BN ~a ) 53} 2L Foin)z} EAsH
Aoz £28 EAATI} 240) uiFlol 245 A AL,

T v o] AssHE o] 2L 522004 2ABAE 7 A% 7))

EE2EA F2700 4892 71ARE 7Y 227 dYEl dis) sV &
12EFE B8t $A EFY =271 ABHAA FAHAXNE AS F, wef
27t FEH o1 FEHY Al IR EXAA FB=2AAE FsH o
(29 3)

ojg 2L YHELS HEY AL =2 EMADE FHF 22 F B3] 39
X UF G E4E T £ e B ol dEe] 23 e A, F,
T8 =2 B ol £29 EFo| HE ‘BA /AL FHHOE A
Ath= FA ol a’lrﬂr. =3 A

9
g0z shotstr] 47 gt B3 £2E
A$ o= 243 AA 2L oyt
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doje} HE A48 A2%

ze
JR
Mo
0

===

W2 24|

FEENJ|

I
‘

[ solmelc =xgsy

eV =8 F

(29 3] sholHelE Bz ASRA

6.2 4547 9 AFHEH
2 =2oAA Adsh= e BAEE AF3] A8 o 2L 4 e
ok AA, £ d7€ A3 752 o2 2EE INE =2 E4HELE
8% o a7 PHed A8 APEES =AYk E4, SVM 7]t
71AESE B e AP LS AT AR, B =RolA AgEe I
A7 e 71A S HeS 4T stolHes e AE A
= A 9 A HA), F AR PEES 58 A £ =704 AgEe
BRET v2d7] AT dolagiles 4 U

Ao AHEE El2EAL F 401273202 TAHUAY. SgIHae Y93
SHAAM Fe FRoIAY A5 20] EHET FEIANE SUTh FO1E
ol disl FeIHAE 75T FHol e 299 AQAL =xHAL £H5
AtH® 401 EFolls AFY AHSPE 5% 22 ABH =29 %, 3F=2 ¥

8 AARE & 450 23] H =2e]7S FAAoY 299 AR AP} A2 gED =
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e 9 FEEAF 714 %S 71 So|HIE HAE =2 AFE4

1% 23 o 2y H2EANA 347 £33
AL AT (&3 F=F)

[E 3| H2EAN =28 ¢

3
=]
FAER | FHe2 | 4¥=2

T

3 124 124 153

WA & AeE7ue] PHENS F43 A3 F 670 FAC A ==
A ] HLEo o] F 5370 &l FFsHA BAHJUS. ol oF 79.11%
o] AEgo| Atk FEEH AHFES EF ¥HF 3 ‘F-measure’ -2 ofef o] 4]
o}3) 2F 0.28 o]t}

F-measure = 2*Precision*Recall /(Precision+Recall)

F-measure = 2¥0.7911*0.1670/(0.7911+0.1670) = 0.28

‘SVM' 71uke] ¢4 71 A8 ER S H88E 27 3 401 27 sl =
T 292 24P on, 258 RS Sul2A R webA 64.34% 2 FELS
X o0, ‘F-measure’ gt 2F 0.78 o| T},

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

HEAHoZ B Q7oA AL FolH= PPEL HE3 A F 401F
Z F 262584 2ul2A BRI o 23 65.34% Y HAFES B4, F-
measure’ g2 F 0.79 o]t}

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

(& 4] =284 45371 29
ZxA S | €440 | stone|= whyE

AEgg 0.79 0.6434 0.6534
F-measure 0.28 0.7830 0.7903
B g A3 sto|HEE EFER AFEA PHEL 7€y 49"
714k kA o] k= B FHEL IA HA A ?&'9-‘31/4 e &S EF
23 ‘F-measure’ SN E BE F4E 7HAL & U2 2o 2y <
NATE 71wy e ﬂlﬂﬁ% HH{— "JE}-EJ—}- ‘F-measure -J oAl k7t

@] A7} Q= FAES AAR F, AFH oz 401702 RAvter AHE A
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ojot FE A4 A2%

3

A PAEL 4 7A%E PPEAN S85hs AT 2L 2P wed
/94 2PN B ohe}, take) oW Ao) el FH /%A %5337}
AYHEAE 2HH 0 ot 4k AR PAL AAL 4 Ytk oS T
‘TR YR AR .07 2 BRE Bed) R Exew gokshs o)
ohJeh, ol Aol ‘TR olehe FolEY Aol that R rxYL ANHEL
59 Yohd 5 YT

(28) & o] FR AE5|0] £27} LERH oo|c}. o] JBo| = 2HEZ
do] 2350 Ik ‘WA 7} S PR, ‘WIS 3Hch o] ﬂMﬂOi =
22 2RHAG o] AL oful ‘~ve 7 BB =28 2HAA RRoe
HFRE 482 87) HEe] o] B4 £2E A oz BAHE o] Yok 17
w}ofu] ‘wa A& G4 FolE2 75 ek Ao) oh7] mjEe] @ A2del s
28 HHE ofu2 S250| A gt}

p
}

lo

(28) AT+ AA7ZHA Hdth7t 21§ Eojof 5 8A)...

o2 (20) & oIk FAE AN, £2E uHE AT PAolv] So] Fhe
o] ohyeh SA S ABTY 7 T Arh. ofd) B SR olhTy 7} A
28 AYHE olFo|nz, $AEZAD] A8 o] AA £ w27} B
2 Rt 280 YuH o B oYtk A4 HAsre Yujojnz
Aoz $ReE Ao gainh

[o rr »

of

(20) 53], U UL S BAsto] A4 AR & HA FOE ABAEE 47 2g
3o A8 4 YES & WL 2nlEEo] oYtk AL HPHw 22
47 AYAAE AH8Y & A e

ol F A2 ¢t BF JIATEIN REL SulaA BRE HololA, 3

olHIE WYL F5E d ¥Vl AsAME $AHF oz FEN EHRE
& E9°F ¥ Aoz BAY.

O AE (30) 2 HE7|RE By o] 7|ASS 70t vhg E9) wjw st upe
”'ﬂﬁi’%— Yshe Atolth o] BZol: ‘Frb ek FH3 7 Aoy
SR 22 FEolFr 2FE A9ol7] wj'ell, A7 REAAE B
'EZ2E F4EY 234 fFUIETE 1ss Z1ATS 7w REAE o
€ ‘I ez ER3A

0o 7 A

¢

(30) WMol £57I 2gut wglx I Fodu

ofefl ol & (31)2 A Lol Atz 7|

Alsts BE
g &t Z1AIgE 7)W BAREL ol 23S ‘Zk*?_’-‘#’—Q-E S ] s A
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328 9 FREAT AR 7% Soluels dAE 2 AFEA

Mo

ol %t oblE o ol FACI H £2E 238 5 Yt oW A= 57
87 97l ME Aol

(31) AFAE ofo]& 3 WA B olo] E hFPulE o]H E£& EAF=7
A 2254t

olg| g BAl+ ¥ FgulolEY 5o YT B okt uie]l 2 F
FEEFoE 3T 9 o=Ax JEE + AL ALz HUh

m]o

-
iTh]
o

AT E HAE =29 AFEAS A3 Aol 7S &8 a7
EA43} 7| AgE 7Nk =284 i E AP NS ZFs stolBeE Y

A ¥kt 3ol HE%E e FENE $HEY 2 AFET /83
A FAHehs FEE A FAEA dd|uke] RAFLE AHHAE @
] JE2 EAE 717#13}%71% 2L ALsto HAsA o] A =5
e 7)uke] AL 0.289] £38Q Y ‘F-measure’ 27017} 0.79 2 A53S
ARt

flo r4rz ru e e
= mlo Bx

B =RoA A i 45 o w017 A8 FF A7YFgerE 34
F 7R AFE € & Atk AR 7Y =27} RA o Fdojv] TLeg
7= a o] ofue}t Yyt ojF 9 oujof o] WA= Fol e A2 HJ‘*&OI
: (32) ol 53 ‘G olzhes A dutdoE BAAHA =
g %i%?fF thoo| 2| gk, o] WAle] &of ‘BH 3t} 9 ojFju| g Q| FA = :‘-’:7}
FA=zE WA A

(32) 3t AR R A3t DS 2Tk

e IS o 8Qog s B3 Ao ofn]gt Fdojn] TS 13}
7] Wl fet 22 3 IS SutE vhetetr] 7} oyt =3 71 A%
dho] BN E U RS 12 3A7] wi&ol o] EF S4E 0= 3
}5t71e 4A gtk ol £AE A A3 A3 PAe g vio]2H FRE 7|A
359 5oz AT & ARAA, o FA] dojg R5EA | FRE 754 <]
E7] W&ol oiFojujE nejd e 1ol BoHTE ¥ £ ok

EAE A 4730A AFE ukel Zo] G AP Foiti o] BEE
43t Fo] §9 EXPRE VWAFLE TH3 Yok AE Y=
22tg gojoiFe] xR} ) Yo FHE 8 A= v2AF
24 99 B9 ohet dFo] FRAHTE WA or 35T 5 S AR
Bolr},
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