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ABSTRACT

In this paper, we propose a novel kernel called a semantic parse tree kernel that extends the parse tree kernel
previously studied to extract protein-protein interactions(PPIs) and shown prominent results. Among the
drawbacks of the existing parse tree kernel is that it could degenerate the overall performance of PPI extraction
because the kernel function may produce lower kernel values of two sentences than the actual analogy between
them due to the simple comparison mechanisms handling only the superficial aspects of the constituting words.
The new kernel can compute the lexical semantic similarity as well as the syntactic analogy between two parse
trees of target sentences. In order to calculate the lexical semantic similarity, it incorporates context-based
word sense disambiguation producing synsets in WordNet as its outputs, which, in turn, can be transformed
into more general ones. In experiments, we introduced two new parameters: tree kernel decay factors, and degrees
of abstracting lexical concepts which can accelerate the optimization of PPI extraction performance in addition
to the conventional SVM's regularization factor. Through these multi-strategic experiments, we confirmed the
pivotal role of the newly applied parameters. Additionally, the experimental results showed that semantic parse
tree kernel is superior to the conventional kernels especially in the PPI classification tasks.
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1 FUNCTION word_sense_disambiguation(word, POS, context, level)
2 word = target word to be disambiguated:

3 POS = Part-Of-Speech of the word:

4 context = neighboring words of word:

5 level = synset level to be considered in extracting synset words:
6 BEGIN

7 synsets = search_word_in_WordNet(word, POS):
8 IF (synsets IS EMPTY) THEN

9 RETURN NULL:

10 max_dups = 0:

11 max_synset = NULL:

12 FOR EACH synset IN synsets retrieved

13 BEGIN

14 sw = get synset words(synset, level) :

15 dups = get_duplication_count(sw, context):
16 IF max_dups { dups THEN

17 max_dups = dups:

18 max_synset = synset:

19 END IF

20 END FOR

21

22 RETURN max_synset:

23 END
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(3 Aem(nt, N2, A, o0, a) AAH ZT2|=

1 FUNCTION Semantic_Delta(TreeNode nl, TreeNode n2, A, o, a)
2
3 BEGIN
4 IF nl and n2 are both terminal nodes THEN
5 conceptl = get semantic_concpet(nl, a):
6 concept? = get semantic concept(n2, a):
7 IF conceptl == concept? THEN
8 RETURN 1:
9 RETURN 0:
10 END IF
11
12 IF nl and n2 are from different productions THEN
13 RETURN 0:
14 END IF
15
16 IF the productions of nl and n2 are the same THEN
17 IF nl and n2 are pre-terminal nodes THEN
18 RETURN \:
19 o
20 RETURN iHu " (0'+SemanticiDelm(ch,{‘,ch”/z,/i,o-,a))
21
22 END IF
23
24 END
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semantic_concept T (GE 1)ollA] AAgH F=

Al 7nk 013 o] o4 A BE
g3k, dA| whofol] 7HF A e synsetS W
Sk, SAlel a gtoll whet —’r“o@} s T
sy gict o3 /id A AxH(get_semantic_c
oncept T & AFACE AuEd vy
2,

o

°|

ul

lo o

O A T = gH(Ro)) FAHO0E 77}

o) H/5  s g(RH of3) 4

® (& 1>9 word_sense_disambiguation
(word, context, POS, level) & 2Z3}
of Aol 7MY =& Tl synset=
A%

@ AAH synsetdl] EIA ¢ T BR
synset &2 o|F

® °lF ¥ ¥ synset offsetS 93] 7Ee
2 Rsk



ol T EZoA o3& Yl ©E
Tl FtEo] AgEn FE Eg AE <l
Ape} AFAgle] 7 de] Y8k 15 od
0= REkeHAl |k (G 3ellA A LaE

1 L}Di 1 B2 Moschitti(2006) 7} #l o+t

Eg| 7{20f thet 24 &2

(A D& 7R (4] 2)= AlY & EF
Aol (1) o13] 9% fFAR=(lexical semantic
similarity, simex(T1.T2.a)) <} (2) 752 AL
L (syntactic similarity, simsn(T1,To\0)) S
Fatste] A 22 AL e UERH

th o} o)A fakmi P Eel] Wi

-

Bt oo 2 AR, 724 fARE A
e 98] kES R o Foldith §
A mll A ARjkekE o18] ju A fAbe
oA Tk AFA QD AL 2 v (4 3) 2
2

Rop AEgolZ Al AW ¥ BF AT 261
sim,a(T,,Tz,a)Esim(WTI,WTE,a)
(A 3-1)
~ Z [ ZSim(wl,wg,cl,cz,a)]
(A 3-2)
= Z [ ZI(concept(w,,cl,a),concept(wz,cz,a))]
el e\ waell, e el
(A 3-3)
=~ Z { z 1 (Synsel(w1 ,Cs a), synsel(w2 NN a))}
w el Wt \ wyelby, e, 2
(A 3-4)
= z [ Zl(pus(synset(w,,c‘,a)),pus(synset(wl,cz,a)))]
(A 3-5)

W E B2 TE P4k Bl Aol
B, wp o] FoA u, Fle] Bul go} 13t
o)), & ERolNE ol AT 013 o]
4 SAEE e o) Held,

(el 1) 7 &ge] o3 ojnH FAE
(lexical semantic similarity) = °]& #3<
TP BE "olEe] et Y X WAt v
1 (conceptual cross-comparison) & EA]
&5 3& o3 71 (lexical concept) =

o 7o)k
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(el 2) 54 o¥e] o ¥ 7)Y (lexical
concept)<& 1 ©Folo] tj el ) =ull(WordNet)
o419l synset H solAl, TH £H Hols
7 7} AAJS= synseto]t) mepA] Fd gl
ol o njelx] oRE o F JES 1}
g +

nui

(B2 2)5 7|HEo& (2] 3-4)0 M= e
(GE DollA AREEE 3] oA 4 daels
= Eﬁﬂ/ﬂ TZH N o3EY synsetE0]

Wt YudlelM 54 synset> HA 3}
‘44 o A€l 1A JHE AHE F gloug
ARE 7oz AAA0Z vy AL
o} mEAEE 2ol A pos(S)+= synset S

A AEE BEBISiT) BE 2elA X
”ﬁ} TE AX A& as THE o139
9 F43t 75 245 #

I

o Bl e fabes

O_u

o il

}_

En,%ﬁ-hdmd_
%fﬂ-@w
JJ"_W' 0
= ox =

oo

rot
&
-t 5g
e
o,

o
rr
@
3
s
=
ﬂ
7
rlo
=
2
O
=8
=
~
(e}
(e
>

Simsyn(TlaTzaﬂ“aO_)E z [ ZA(H|,I’ZZ,/1,U)J
meNy m&Ly \ myeNpy.nyely,

(4 4)

NyE T B o AA k= el

= nlaJr mE AP ZEE A E
29 & st Egl /i Akt garelgoelth
(2] 4)of thst ZpMISH W82 Collins and Duffy
(2001) 9+ Moschitti(2006) ol A AHA|3] 7]1&3}
Itk (2] 3)3 (4] 4)9 2As, AlwiE

- Ef A v Ze] x8E i

K\””(T",Tz,ﬂ,a,a)z z { zl(pus(synse(m,c,,a)),pus(synse(w:,cz,a)))
sl e\ welby e

* " s‘\‘; el (w E.\‘ZI«?L()Z‘ ’ nz ’ Z" U)J
(4 5)
(4 5) e 72 E2) Adel AR
AR S eIt AoAE & 5 9ol
e ) FL o3 ) S, A
P TRA FAEE e, A3 A4 %

FEE
gl Ad FAE Alkele g B4ske 2
oity Iy Y FIolMeE gL k= &
A s tigk of3] u)d fAEE AL

=
e
B
il
rlo
o,

3!
S
)
=2
2
ot
of

(e}
oX
:‘n:i'_',
[

FEjFo] AgHo] Jdstert o o] A/
sigtol] Ueh = 2= AAE o] 7ide] 4
B2t S YedleAe] 3 Aol “inhibit”
S} “suppress”' = FLT 3] EOE APIE
A g 2R 2oL “rate” €} “proportion”
< OE Ndoz E oA M2 e g
A7 A= A
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\

Convolutional
ParseTree
Comparisons profilin | inhibits the
00462092
All Pairs of - 4
Terminal Node :.x:_
Comparisons & 3
00462092

profilin

extention

synset keys

elengation

rate of muscle actin
13816649 05289297 14731334
- “‘s - “‘s -
x\ —x\ ﬂx\
£ A &7 A £ A
13815742 05289297 14731334
proportion of muscle actin

4, A== A

o AL B ERolq TR AZHL
ARAoR Auel 1 54 0 340 o
s THETh olElAe] T Al AR o
S5 2T S 2 =Re] Azgle) 23

o] M7= FEEA7], 714 A4 71(CRF
Chunker), &=} B1A(CRF POS-tagger) 5
ot} F#E417]= Charniak Parserd) & =9
stod AJZglol] o] AT FEg =elAE
SEHA) ot TR Aol thkst
o] dojatd FE8 FJslAl 71AT 12171
2 EAL AL 5YF o7 seste] Al 2w

8) <http://www.cs.brown.edu/people/ec/ #software).

2ol et 2 4 Aok

712 J9EH o7 v ZAE G

B A F

T W RS T A JEE o]&ste 7t
A2 7)(parse tree pruning)E F-3Y3sic},

(1" 504 B upel 7ol & =FollA
71RA o E AlFEE 7HAA7] 71 Zhang
et al.(2006) ©] 2LQkgh TheFgh Wy Foll A 7}
A Aol 22 7o P Qe AR X
s} Eﬂ Path-enclosed tree pruning) 71%H-&
T T Aol

ﬂﬂﬂﬂﬂ
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The addition of i AVP increased PROTEIN_KINASE C i activity

[nNe | [ veD |
[ [

(2l 5y ZZZst E2|(Path-enclosed Tree) 7FAIX7| o

A =7

SVM (&2 libsvm)

I EEErEEEr FEEEEEEEE

R LIE Dl
AP

ey

=g 1a

A2 2=

TEAE2E
(Pruning)

EEEES:

—u-— —a-—
—- -
A xSt T

(A8 6) A2l 7=

LT 7 dde Aotk AFZel AE87] AT EEolt

o9 A #2711 w4l Hd FAH HA w =ollA A A" 7B 71AIe
ol AT 14e Tl AEE FAE & RdS 7o FSHATH(IE 6) ).
B 71A T RS 3 w7 ol 2R ol 4 SVM 719t #AIFES S18IAME libsvm
e ol Iit A2 WEHE skt 2899 & AR Bsio] o7l 7 Eg
AREETE HA A 271 SR A 7142 olAMZITE AAH O libsvm AAHL

g 54 AE7F AFET olE Adstste] & Z Algshs vl 7HA 712 AE(Ad9, ok RBF,

9) <http://www.csie.ntu.edutw/ ~cjlin/libsvm/).



Sigmoid) ol FREEAYH EFAL(E 7
93} TREADS AFA A S FH
o% ATHES AT, & =R A%
ARy 8 22 Ade ey A ol
FO4 Sl A29E FUSHER ofsh WAl

A AZAEo] Uk 03] FoA A dEFE
A R &&= Yt H APl
ATl Wz R A 7| EH 08 AlFetil A
AR W3/ ggste] 8ISk Aol dEE

¥ 2dS #8s17] $J8iA Maximum Entropy
Modeling Toolkit for Python and C++10)&
ol-g-3}3ich

01]*1 Eﬁ‘ﬂoi %ﬁ}% shte] 9714 JE=

5. 4% o 24
o] Aol B =Rl Ak AlIE T
£ A99) 452 vetsp) Slald Tk @
$4) 7le] 49 AE AN, 53] F1Ee]
Qoks gel Wul 4Fs 24 APA(PPI) %
o 63 Al el g
?.

265

=] > =
12 7o e} T “oo
DA Z vt offf Ao 2 =79 A
o AREEE T FFE BE Aol tial A A
Eis=d

% Pyysalo et al.
Lo A= "JW_E

A <
B e dE = 7Y F=4 9 2
g0 &3 ItHBunescu et al. 2005:
Pyysalo et al. 2007: Fundel, Kuffner, and
Zimmer 2007; Ding et al. 2002: Nedellec 2005)

(E D D).
(1" D3 (™ 2014 B bk} o), &
g w7l 27H olte] wE o] Fo] s,
ARG AL A= gleH

d 3l WSH/‘L_ ofef 7] oA

T

g} B2 o] A =L el B o] thilz] o]
ol TAlsiH ek 4524 A7t Aol
YA ot Jeag T3 BT BEY F
B FAOl ARE = 3k ol 7oz

10) <http://homepages.inf.ed.ac.uk/lzhangl0/maxent_toolkit.html).
11) <http://mars.cs.utu.fi/PPICorpora/eval-standard.html).
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(E 4) Five PPI Corpora 72 2 L2

TFA AlMed Biolnfer HPRD50 IEPA LLL
=g N 1,955 1,100 145 436 77
T 7 AL 3 24
SR T ee s BV 1,000 2534 163 335 164
(Positive instance)
Em‘J 2 7k /\]-izl—_g_ H_LEU]- T,‘z_;g-
4,834 7,132 270 482 166
(Negative instance)

A& Pyysalo et al.(2007) o] 7H&$t Biolnfer!2)
DA E Z-E435130th Biolnfer+= A 9|8l wof
Z—]H F==o 23k B3} WE X2 A] o] Fof A
o] 2EA FE9 1100709 gl o
A @l el A (individual protein), ¥ wh
Z(protein complex), THlA F(protein family
or group), 7% X3 (function property) =

Teo 8 st 25719 W ERE °]
Zre] AFFAE AAE 52 Jfolth &
wollM= 919 o] 7EA] AAE Tl ©
W2 (individual protein) ol Thsi A qE A&
et (GE 5+ Al AH-$ Biolnfer
BFR ] Fo2g /e 7F FAME AAE s

to e i ru{n

Y e

1

(3E 5)°lA E—O] =0l A A2 Biolnfer

12) <http://mars.cs.utu.fi/Biolnfer).

13) Biolnferel| Al e #A (F2a2g) 82X "NOT”, "REL-ENT"& 23314
TGO, B RN BAG 2% v ko] REALANE

14) g5 S0, (& 5)lA “Negative” #AE

P AT AL A8 dERge AZHe
2 PYsel o8, Y9 JEAEe) BR
£ % o7polt) B9 gaag sFos

“Assembly "7} 7 B2 7887119] Q1AHAE
7R AL Q)31 “Full-Stop™o] A5 171¢] A=
HAE 7S vk AR e R & o, QX
20 P Aol Aokl AEA P 73
Holy vk webA ks 7 Al ZH5 3]
%d(data sparseness) A7} B 7FsA 0]
¢ =

Pyysalo et al.(2007) o] A|AIgk 2147 Biolnfer
o] I EZ A (relationship ontology) &
Aehs T = EELS A7 Lo(relation pred-
icate) & if?ﬁ‘}l ":‘r °] 4 IAE £
S FAMFE Y
ERH Aojrh14) W}E}H T o] BA 2EZA
£ shtel E FHE EopY, o] EFe 9
(& 5y0llA Hol 4474] 8 Ze2(relation type
class) & U= B9 WA €0 LE=E
2 7 AUtk (& 6>°1W o] F ETFY
o] &% ¥3}¥ Biolnfero] #A SE24

b

ay
i #

-

% 7149 AE 4ols
17} e gl

“DOWNREGULATE, INHIBIT, SUPRESS"¢] A] 7}A¢] #A &

o]2 33ty 9o, “Full-Stop” #AE “HALT, INACTIVATE” £o]& Z3Hsith g &2 [24]0]

A gohd % gl



AE FE B AdS ol &e ARt Rof Adagoizt #A A B B AT 267
(& 5) Biolnfer &3xILHe| HHE 4oXE SF H ALHA N
Relations and #Instances
56
205
Amount 39
12
Full-Stop 1
Dynamics Negative 48
(190) Positive 80
Start 7
c
Causal (1,658) Change(1,599) Unspecified %
Location 255
3
Physical Assembly 788
vsica Break-Down 14
(910) —
Modification 44
(100) Addition 56
Condition(3) 3
HUMANMADE (4) 4
95
5 ANZ) Equality(30) | 30
27
Observation(55) Spatial 7
Temporal 21
PART OF(318) Collection: Member 256
Object : Component 62
RELATE(87) 87
{FE 6) Biolnfer Relationship OntologydilM2e| =¥ = i
Level 1 2 3 5 6 #Total
# Relation Type Classes 4 8 6 2 0 28
# Relation Predicates 4 6 20 26 5 68
# Total 8 14 26 15 28 5 96
o el FEHEE 7242 R E GE UE Al &ol= 68710t Agol A= (G 5ol U
ik R B HEE IR0, AA 257149
(GE 6)°ll4 & 2A=°] Biolnfer®] #A = A 3 S0t 4 FEFE AlAEe] 3
E2AE 6709 520 90e] =5 FA SRS WA HHOE 1AW I/ B
ahH, olF A £ FElie T 280l # A& Egete] gt 4714 EeAE o]-8-5f]
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Ade FRsH WS (& 5elle vehl

A gskort Aol WA EolE w3
W QYL AEIET, E DL oI 474

£ AW A(granularity) = 7H= 34 I3 4
7HAE AHESIATE olo] e s 54

© 550014 AuiEn

o1

2 2 Uiy A2

| Zpel7k g

(F 8)3 2tk

Aitah oAk 10614 7070 TR 945
o}, mAEO 2 (2ol A ojF) A
298 5% A4 QA E 1712 A
o, gel o5 Al 7K slEsE
3 % 28071K)9] o] EEET), B ko]

M ol A A Azl thalA 107 Ak
_]

=
BF A

b3 ds EHIIE
& wEdlA AR AT S 712 A 3

o+ 71¥F F-2F o) (macro-averaged F-score)
o} Al H 719k F-2~F 0] (micro-averaged
F-score) oIt} -1 AAl 3+t 719k WS m
7he] Sl A TP 02 Ao} A

@go] e [-2FolE ALYl ol me

T Bl A AR A 01614 FH) 2 Ure HS ALtsle ol o] vk
LO7FA] 0.1 @912 10708 A3kt SVMe HA] Het 7 WS A A5 vlolEE 7]
& T) MEOl ABE BARE S7 2 %
A A3 v A &
RCP_L1 HFS FEY A IY 6
RCP_L2 T WA FEA Y A A 12
RCP_L3 Al AR 7R A IS 22
RCO A Fgave s pAE AN 25
(E 8 M A AAH ME R Y WS
) 7l 4= 47 (details) 9] (range) AN
A TFEEIAL L2BIA 01 ~ 1.0(=41: 0.1) 10
C SVM A-+ts} wi7ida 10 ~ 7.0(&4: 1.0) 7
0 Node concept ZItHZ AR
g 7EED AN o} _
Al fLEjﬂ ‘ﬂ = X< o 1 A4 node concept?] FEE Al
a el tisk 343t 5 AA AR . ——= 4
. 2 A node concept®] ZHEE AL
(generalization level)
N 71E i E A
BRI PR 280
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D AR HojFn) F 5709 TeAE Y

° 2 3 AYo)A [EPAE A3 Yz 2=

3 o} AREoI7 ¥ 4 ¥ BF AT 269

N

Jol A Al E 1 E] AL(SPTK) ] 71
Aes YERAL 2dch HPRD50> 4k
Eg] AL(PTK) & AW E +F E #A
Aol T o3 Mg Fdst &

2 194 7HE 22 A5 eI

Uk 5 Eg] ARG

N ope S HE
fo 1o o rlo
rlo

M
Do
e <
2
rr
o
ol
s

oX
olr
o
g
>
rir

[J U
ox
tlo
.
2
al
2
A
=
U
>
il

g5 Ag 7 E Ade &9 347}
©orow Biolnfer Ta3ldll thall A= 2071<]
|25 oA F 17707 AlalE -2 EE] A

>

Collection Kzrr;};s Abitéijlon DF(A) R‘;g;i?;f(go“ mi-F1 | Precision | Recall | ma-F1
Almed SPTK 1 05 70 89.33 | 8486 | 7745 | 8099
Biolnfer SPTK 0 05 50 89.00 | 8722 | 84.81 | 8600
[EPA PTK - 04 70 7917 | 7851 | 7830 | 7841
HPRDS0 | SPTK/PTK |  0/1/2 07 6.0 8522 | 8474 | 8341 | 8407

LLL SPTK 1 04 40 8848 | 88.64 | 8847 | 88.55

ma-F1: macro-averaged F1

mi-F1: micro-averaged F1

SPTK: Semantic Parse Tree Kernel
PTK: Parse Tree Kernel
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(E 10> ma-F1 7|& A2 2004 A|AEOIMe MY 22

, SPTK
Collections PTK SPTK(total) | Coverage rate
a=0 a=1 a =2
Almed 4 5 4 13 65%
Biolnfer : 7 5 5 17 85%
IEPA 12 4 3 1 8 40%
HPRD50 6 4 4 6 14 70%
LLL 5 5 6 16 80%

A1 Airola et al.(2008), Miwa et al.(2009)
Aot Fdgt Afst JAAE ALeen, E
AL A= BF 042 IAAF S
oA B uiel 7ho] & =olA e HY As
= Hol& A|&do] 7|E AT AL"ET
HAAOE =A YeUaL ot A5 e

=]

“increases” ©|eh= AR YERATE TH

LI
o
BED A2 S RS A9 9 T

HagFo] FAT B4 Ul Bl g /R)E D5Holn, 48 A7l Miwa et
A olgo] 2E3HE 45 77| vhE dud al.(2009) oM = FER AG-S X33 ook
o1f Y UF BN HE4E ¥H 3 AUS FY ASASIIE BT 4%
Ade gebd otk g So), "PROT A o] mluliR olfE o] /A7) vA g
inhibits PROT _B that increases PROT C's uZolglal FA4E 4 9tk F WAE A E
activity” 2k 7304 PROT A<} PROT B g Age AEAA st A5 FHAslo|t
o] AFS AL “inhibits" B SAIE BHEE 2= 71EA R i Bl A 5 U]
CE 11) Bt A2EIe] Ms HlI(SLYst s A A&, C = 1.0)
g Al2E Almed Biolnfer HPRD50 [EPA LLL A
Airola et al.(2008) [13] 56.4 61.3 63.4 75.1 76.8 66.60
Miwa et al.(2009) [14] 60.8 68.1 70.9 71.7 80.1 70.32
Our system(PTK, A = 04) 754 81.2 779 75.1 85.5 79.02
Our system r c c
(SPTK. & = 0. A = 0.4) 755 814 719 75.6 85.2 79,12
Our system c c
(SPTK. a = L A = 04) 75.2 81.3 779 75.1 85.2 78.94
Our system c c
(SPTK. @ = 2. A = 04) 74.8 81.2 779 75.1 85.5 78.90
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(smoothing Value) Ag-S efst

ROV} ThE A28z 1) wa|A

IEEERR

o o2 ¥R

s /}}i-}*‘l *“ﬁ(PPII) o] Alw

LU

o 9
>r9ﬂ

i

B Aol 94e] 51.20014 27138 Biolnfer
3 ool chald 7k Ao 2k

CE 12> 2t 24 deE 20 ds2

LEfH=E 48 ot * o

3 o} AFEoIZ WA 4 W BF AT 271

s ol e e 4 2H4E ok ¢
A0 ofel oM 540049 rEE7EA = 28070 9]
AZE ol A Adse veils 2%< Al
Algtt o714 (GE TellA veRd A2 o
WA Age ez e dde sdsiit

OE BF A9 v 7 45 2R
AROIHE (F 12014 Bz uist o] wE
W AN ABY PR Ee) AYY A5
o] 7P B Ueidth AAHOE WA
= 549 AgelHRT} ek e SH2 A
A3 Gk A £o15 A AA 25749)

TARTHRCO) ol thst 52 AAH 7]k
F M2 6540tk FollA HE npe} 7ho] 1]
AlE718E F 5ot AAE @7 F A5
zpol= gls] vERdth 53] 6709 249 +
FAToZ 7AE RCP_LIoIAMS wAHF

F H4E 916302 ¢ =2 738 v
BRI Qlout AAFF7|HHF Ao 68515
o HA] ereth o) (& 5olA XA g A3}
ol 7} FA|AME AX'A HAFEgo] 1
Adelct,

AlRE T EF] A A A BEE
B} Ads] AuE7] 9siA 549 (G 10yl
A—1 xﬂ/\]%} 74;4. 7Lo] 7{/\]5;1-7-7-7]13]— F @z\r 7]
TOF A9 305 o] Alzwle] tigh B
2 BAsle] (& 13)9] Jeridt

MR

,0

MF 32

or

o

Relsa(;[tlon KZ;?;S Abitiz?on DF(A) Rel:g;clgiz(eétl)on mi-F1 | Precision | Recall | ma-F1
RCP_L1 SPTK 2 0.3 5 91,63 75.05 63,03 | 68,51
RCP_L2 SPTK 0 0.2 7 90.52 76,65 60.27 | 6748
RCP_L3 SPTK 1 0.1 4 78.06 71.86 52,65 | 60.77

RCO SPTK 0 0.4 5 78.02 75.46 5774 | 6542
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(E 13> ma-F1 7|& A9l 3070 A|AHIMel M 2x
, SPTK
Collections PTK SPTK (total) Coverage rate
a=0 a=1 =2
RCP_L1 8 9 7 6 22 73.3%
RCP_L2 9 8 7 6 21 70.0%
RCP_L3 8 9 7 6 22 73.3%
RCO 5 9 9 7 25 83.3%
BE A Al disiA AiE i Ed = A g IFAQ] dAdolt),
7do] =& HARE&S HolA 3tk 53] RCO npREre 2 AnkAQl 7 E] AE(PTK)
A3l tialiX = 30709 A9 Al2E] Foll A 25 I A E T Eg] AG(SPTK) 2] Bk A
N7F AlE At E] AEE 83% ©l/de] Hf gt A HlaE A (GE 14)9lx= PTK
$ =29 EE ARES YepY 9k o] o] A A5s UeE 593 AAE 71F0
3t A YA #A 3] A 78 F 2 F A AT BluE Stk
2| ~(relation type class) 9 A &o)(relation 14)A & = %ol I zfeol= dA s}
predicate) 7} €AE tha vIAAFEQl EFA A A é‘i}oﬂ SPTK7} 9 Y+

0]
Aol Wl RCOE shihe] st BFAA

e Zol 7}

(E 14) PTKS] HMSHET SUsh MEoA2l SPTKelel MisH|m
AR F(EA) EYALYESF mi-F1 Precision Recall ma-F1
PTK 91,94 75.68 62.23 68.30
RCP_L1 SPTK(a=0) 91.90 75.63 62.37 68.36
(A=03, C=7.0) SPTK(a=1) 91.72 75.55 62.29 68.28
SPTK(a=2) 91.68 75.02 61.72 67.72
PTK 89.99 76.47 58.91 66.55
RCP_L2 SPTK(a=0) 89.90 76.43 58.80 66.47
(A=02, C=5.) SPTK(a=1) 89.90 76.61 58.88 66,58
SPTK(a=2) 89.81 76,66 58.03 66.06
PTK 78.02 71.84 51.81 60.20
RCP_L3 SPTK(a=0) 78.10 71.65 52.73 60.75
(A=0.1, C=40) SPTK(a=1) 78.06 71.86 52.65 60,77
SPTK (a=2) 7753 71.29 51.54 59.83
PTK 7788 74.90 57.05 64.77
RCO SPTK(a=0) 78.02 75.46 57,74 65,42
(A=04, C=5.0) SPTK(a=1) 77384 75.50 5751 65.29
SPTK(a=2) 7744 74.96 57.09 64.82
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