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Abstract

A causal relation is a relation of cause and effect between two events, such as
“it rains” and “the ground gets wet.” In other words, it is a relation in which an
event written in one sentence likely cause an event written in another sentence.
A collection of pairs of sentences under the causal relation is called a causality
database, which is regarded as one of the common sense knowledge. A causality
database is useful knowledge for natural language processing, and used for reason-
ing in text understanding and for showing evidence of users’ evaluation in opinion
mining. Studies in natural language processing on the causal relation include re-
trieval of sentence pairs under the causal relation from a large amount of text,
and classification whether two given sentences have the causal relation or not. In
this study, a model to perform the latter task is called the causality classification
model. Most of the previous studies are based on supervised machine learning that
requires labeled training data. However, in general, it is necessary to manually
annotate sentence pairs with gold labels indicating whether the causal relation is
held or not. It is very costly and time consuming to prepare a large amount of
a manually labeled dataset. Therefore, it is preferable to construct training data
for the causality classification automatically. The goal of this study is to obtain
a causality classification model by supervised machine learning without manually
labeled training data.

The proposed method consists of the following steps: “Initial data construc-
tion”, “Unlabeled data construction”, “Training of model”, “Evaluation of model”,
“Causality classification”, “Data selection and addition”, and “Decision on stop”.

First, in “Initial data construction” step, we use the corpus of Mainichi Shimbun
news article data to automatically collect sentence pairs under the causal relation
using some heuristics. We define a conjunction indicating the causality between
two clauses as “causal keyword”. Complex sentences including a causal keyword
are supposed that two clauses in them have the causal relation. Then, such complex
sentences are retrieved from news articles. Next, pairs of clauses (single sentences)
connected by the causal keyword are extracted from these sentences. In this study;,
two conjunctions “2*5 (kara)” and “OT (node)” are used as the causal keywords.
In addition, pairs of sentences that are not under the causal relation are made by
randomly shuffling those collected sentence pairs. The constructed initial data is
divided into training data, development data, and validation data. In “Unlabeled
data construction” step, we collect sentence pairs using the causal keyword “7z®

” in the same way, where some pairs of sentences have the causal relation

(tame)
and some do not.
The entire procedure of training of the causality classification model is performed

by the bootstrapping method. In “Training of model” step, a model is trained using



Bidirectional Encoder Representations from Transformers (BERT) with the initial
training data and the development data. The development data is used to optimize
the parameters of the model. In “Evaluation of model” step, we apply the trained
causality classification model to the validation data and measure its accuracy on
the causality classification. In “Causality classification” step, we apply the trained
causality classification model to each pair of sentences in the unlabeled data and
determine whether they have the causal relation. In “Data selection and addition”
step, we get the value of the output node in the BERT model as the reliability
of the decision, select instances with the high reliability score, and add them to
the training data. By repeating the above procedures, the number of the training
data is increased incrementally. In “Decision on stop” step, the iterative procedure
is terminated when the accuracy of the current model becomes worse than that
of the previous model. Here the accuracy is measured on the validation data in
the step of “Evaluation of model”. Through the above iterative learning, a large
amount of training data is constructed without manual annotation, and a highly
precise causality classification model is obtained.

We conducted an experiment to evaluate the proposed method. First, the initial
data consisting of 2,236 instances were constructed by our method. Next, the
correlation between the reliability of the classification of the BERT model and
the accuracy were investigated. It was confirmed that the accuracy became high
as the reliability increased, and reached 0.906 at maximum. Next, the causality
classification model was applied to the unlabeled data and the most reliable 2,000
instances were chosen and added to the training data at each iteration step. After
three iteration steps, the number of the training data was increased from 2,236
to 8,236. We prepared 200 sentence pairs as the evaluation data. Two workers
judged whether each pair had the causal relation or not. The inter-annotator
agreement was 0.72, and the kappa coefficient was 0.44. When the judgments of
two workers did not agree, they discussed and determined the final label. The
causality classification model trained by the proposed method was applied to the
evaluation data and the accuracy of the classification was measured. The accuracy
of the model trained from the initial data only was 0.475, while the accuracy of the
model trained from the training data after two iterations was improved to 0.520.
However, after the third iteration, the accuracy decreased to 0.495.

Next, the precision, recall, and F-measure on retrieval of positive samples (sen-
tence pairs under the causal relation) as well as negative samples (sentence pairs
not under the causal relation) were measured. Through the iterative learning,
the F-measure for the positive samples was declined, while that for the negative
samples was improved. The initial model failed to classify the causality for the
negative samples, but the errors were reduced by incremental enlargement of the



training data by the proposed method. From these results, it was confirmed that
the training data automatically acquired by the bootstrapping method contributed
to improve the quality of the causality classification model. However, the accuracy
of the causality classification was not high, 0.520. It should be improved.

One of the future work is to improve the automatic construction of the initial
data. Although we supposed that sentences including the causality keyword always
represented the causality, we found that it was not always true and some instances
were wrongly created as the positive samples. Therefore, it is necessary to develop
rules that precisely select pairs of sentences in which the causal relation is truly
held. In addition, the method of creating unlabeled data to extend the training
data needs to be improved. Although we collected data using “7z® (tame)” as
the causality keyword, it is insufficient to retrieve the cause-effect sentence pairs
exhaustively. Some sentence pairs under the causal relation may include another
causality keyword, and some may not include any keywords.

It is necessary to develop more patterns that can extract the sentence pairs
under the causal relation.
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nBHDORER T v 7P THEEINLHREBRMEEET VE M, 32T, T2
5, M, ZFHOWTIIRT — 2230k L, HREOT—X T M, xHY¥E3 5. %
7z, W7 =X o B XN RRERHEEETVIEM, &35, —7F, nBIHOD
RETHIET — X IEDDICHWE IRV R LT —ROEER U, 3.
7z, Up={(Cy,E;,?) } £55. 17 BZRREBROEEIAHTDHZ Z 2RI
5TH3, TOESRIARBEBRHEET LD nBHDRT v FITBIT 2 KIEFE
DR, HloTF—2Ey VEHAET 3. Thbb, U,(n=1,2,3,...) AWV
Bt 5r—XREy beT 5.

T OFETHRT — 2 Z2H5RT 5.

L 7 — 2 5 KERBAGRIEE £ TV My 28T 5.
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2. BTN M, ZHWTIRVR LT —& U, DXOMITH U THEREROH
2 HES .

3. U, O SEHEEDRKRENT—R 2L, JIrT—22 L TEMT 5.
4. PR OBEERKEYIRT.

TRV LT =R LU THREROEELZHET 2 %, ZOHEDRFEE
HEMT 2. HEDEMEEX, Z 2 TIEBERTIC X 3HEBEGRHEEETLICBT
LW — RO 3%, BERT O]/ — ROEER, %77 A2 ORISR
TH5. SEOHEIFIELE AFlD 2 ESETH 570, IEFITDH 3R &fl
THHMERBH TSNS, HEROEWITHIHERR L2 5.

FIHEEBR T, EEED MO F—&2DZ LD, KRBGRHEEET ML -T2
DD DNCHREARDBILT 5 L HIEI N T W, D% b, HEDEEEN L
NDT—RDIFE AEDBIERTH 7=, 2D, 7T —XIEMNT 37 —&
PUERL S BRI, [ERL BBIDONS > ZAZE S, KRR TIE, #IHF— & % EH)
CEBIDFEEE 2B XD HMER LD RIS, RRBEFRHEEET LV EYEE TS
72D DT — &%, EF AFORICRD BB WAPEL TWS EEZS.

BARINZIE, BINT — X DEE Nygg LXET % L =, BHE DK E WIEIZIES]
DEDY Npaa /2 THICEET 2 FTEMT -2 2HGT 2. ZoFicEshsaflo
DS Nppey DEE, Nyaa)2 — Npeg FOEBPNIZHF TR T 5. Z0EHBNE, HIH
T — X DIERRE & ARk, 2L LT—& U, ODFP SRR ERCE T VX
LHHAEDETERT 5. BEINCER]  ABIOEDPE L\ Nygg thD 7 — &2 %
WRT =2 L, Zhzilfs —xBMT 5. DI, R L3I — %% H
WTHIRBERHEEE TN ZHEE T 5.

FEH TR T — ZDIRDO T2 T 3.

1. g7 — 20 5 KRBARHEEE TV My 28T 5.
2. n=1&2735%.

3. ETN M, ZHWWT, U, NOXDM (C;, E;, ) i LT, FIRBIFROHE
ZHES 5. FARICHEDEHEE D KRD .

4. U, DHEFIZHEDEFEDORZWIEIZHANR S, IEFI DR Noga/2 12725
T, BHEEIRZFVIEICHENZERTS. Zhons5h, EflofsEz: P,
BHlOEEE N, £ BL. BUIOEE N, o(=|N,|) &5 3.

5. P, DFERC % U, I2BIFB3FNOHEFDORERTE 5V X LI ANIRZ B2 21
£n, Noda/2 — Nieg Eoafz24mL, Zx N, Iz 5.

6. IEFIOES P, L AFIOESE N, 2T — XIZBMNT 2. BNX 2 Hp|
DENE Npga FTH 5.
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7R LA T — 2 b (WI0) BIFT — 22 RAWT, KRBGRHEET L
M, ZH¥EET 5.

HERTT5.

9. i+ i+1&L, ATv T3 ITR5.
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F4F  FHM

AETIX, 3ETHNREFEOFHIFERICOWTIANS. 4.1HTIIHIAT—
ZDVERIZDOWTEAT 2. 4.2 T3 BERT 12 X 2 HEDEEEDH Iz oW
THRAET 5. 4.3 TR T — X DM 21T 5. 44 I TIIREFIEIC L - TH
Ban-RNRERHEEE T VR MBS 5.

4.1 PHAIT—XERFOER

32 TRz X912, a— 225 RA MR 2L, EflE &flZ1E
B THIFT— 22 HET 2. Z2TIlE, Z2OFERCE-oTESALIT—
X DFERZRT.

a— 81, 2009 D5 2013 FOHHFE O E T — X 2HH L. 4112
FBIED X DMEE RRBEFRF -V — F 2SO XOBERT. HiiE T — X E U
DEL, ZRZFNOXIHEEFZF—TV—F 06 (OT) BEENINEF =y
L, F—U—FREGEUOXEMHELE. ZhE2OHT—XE2ERT 272000
BEY L ZHUSH L, 328 CHilH L 7= T = 12w, 17— 2 2B L 7=.
R E LT, 1B, &fl2 1,398 13D, A& 2,796 tFO XX Db &7 2987 —
RSz, ZOFAT —& % 8:1:1IZHnH LT, IO T — &, BT —%, M
AET— 2 %2187, ZOWNRZRA2ITRT. R41TWE The) ToT) 280X
MBEZATHERES FHEEZEELATWIDIINL, T — X DE» D7k
VDX, 32 TR MFICEDROWIDHIBREN/272DTH 5. HNEEARF—
7—F 25 TOT) OERAFHFETIZRWLD L =, FHESCRERIBE N
= JRESCRERATEINE ST =X, FIHiT— & LTt LT,

4.2 1EFEEOERM DR

34 fiTlx, BERT €7 VO 1/ — FOEZHEDFEEL L, ZhdEw
T =R EHlT — RGBT 2 FEEZRRE L. LrLADS, BERT €710
1/ — FOEPARBICHEDBEELR T DD, THROEHI — FOMENE
WE I ZDHENIE LWABEEDNE K B o TV B DI DWTIE, MRS 5
DERH L. bL, HIEDEHEHENMEATERWVMETH 2 4561F, ThhEmns—
REFRT — 2B 2B FIRIEZ Y TH S LITE AR,
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£ 4.1 HEBEFZRF—vV— FE2ELXOHME
XD s DT
2009 4 | 2,302,031 9,335 11,842
2010 4 | 2,116,336 7,762 9,415
2011 4F | 2,192,350 7,814 10,233
2012 4F | 2,048,843 6,992 10,224
2013 4F | 1,993,419 6,827 9,687
aaf 10,652,979 38,730 51,401

# 4.2: AT — %
AT — & BT —& MEET — &
EBIEL 1,118 140 140
=L 1,118 140 140
2T 2,236 280 280

LRl Z e ZWEET 57012, HIEDEHE & HEMHE OMHBEERZHE L .
3, WEDOEHEDORMEt #RET 5. H2T—XIHNLT, HEDEEENt
DEor %, 207 =212 2HREGROEEZIVET 5. MEt 2Bz 20w
=121, RRBEBROEEIIHETETRVWDHDE TS, ZOL ZOHEDKEE, ¥
BRHOBETNMIE > THRBEREHET 2B TERLT—ZDS 5, HENE
LrolbD0EE%2KD 3. BEZLICRELEZLEZORERZ P, 2 T5%. 20D
EREN (4.1) 1ITRT.

 BHEED t L LT OMEDE LW T — 28
b EHENt L Er 257 — &K

t #ZLE B ZOREE P, 0OLEZHNS. HIEDEEE L FEEDOMICIEDOM
BrH2r %X, bbbtz RESHETIIEIE P, BEL kb %, BERT €7
NOWT 7 — FOEIFHIEDEHEHE L LTEYTHHLFERS.

MR RRBMRHEEE TV My ZFWVWS. ZHUX, T — X 2R S 2RO #IH
F—Z B L -HEERHEEET L TH S, PEfiRE-HDDF—&IZ4.14i
TEtFA L7z, BEIMERIC X > TIE SN2 280 tFOMGEE T — X 2 W, BRME ¢ 13,
05705 1.6 FTO1XATEEXHE 3.

ERERA3IRT. ZoRIZ, KBERQRAIB), BEtUEDF—RIZBT3
IEf e Al (3F1H), 205 BHEMENIEL -7z TDIEHE &aflo (4
FIE) 2T, 25 HoFERAE, HEDEEENBIE L EoF— 28y, 20
IBHEDIE Lo 7T —2E e RT. T$hbbR (4.1) DD FLaRHCHEET 3
BThsd. —Ff, £431RLIZt 2 P,OMBRE I 7 TRLEZDDR4.1TH 5.

BMEt DREVEECHEDKEERE W 225, BERTEFLOHN, —FD
BEEHEDEHEEL T2 IIZUTHIEWVWR D, BELH 1.4 DS THEER

(4.1)
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R 4.3: HED(SHEE & HIEH DR R

t FEE P, B &f R E
€N (IEfRED &)
0.5 | 0.692 (128/185)  99:86 T1:57
0.6 | 0.710 (115/162)  91:71 69:46
0.7 | 0.717 (99/138) 85:53 65:34
0.8 | 0.733 (88,/120) 76:44 62:26
0.9 | 0.787 (70/89) 63:26 57:13
1.0 | 0.797 (55/69) 58:11 54:1
1.1 | 0.839 (47/56) A7:9 A7:0
1.2 | 0.860 (43/50) 43:7 43:0
1.3 | 0.897 (35/39) 35:4 35:0
1.4 | 0.906 (29/32) 29:3 29:0
1.5 | 0.895 (17/19) 17:2 17:0
1.6 | 1.000 (7/7) 7:0 7:0

0.9 % EZ-. ZORER, HIHGRIN-T —XDOMEZRIET 2 =012 5
WEWEEZS. LELEDYS, t=1402 % FELLELZEF7—Z20HD 32
HFIZE->TWa., I T — 28280 FD 11%ITHYE T 5. 72, HEDEHE
EnEl b, ABOBDPER O LD k)Pl kaEmd Ao, 3
bh, HIEDEEENEVE &, HEIEGFNIR 2 MHEADFRNZ L 3bh o 7.

4.3 HL5RT — X DFF

TIZT, T PRIy RIS Ko THRRE NI T — 2 25l 5. 88
MU T — 20y, 77— ATy FBIC & 23 KB FHIZOWT
W 5.

REFIETIE, WAET — X DIERRIM E LR L B o RR Tl — & DB
IS 25, 5RO TIIABRICREREE 3 Bl RET 5.

3AFTHRANRIZED, AT —ROILRIZ TNV LT — R EHCTERT 3.
SRV LT =R, 7 — &2 e RERICERFBOFBEGEE T — X1 55 L
72 WBET — R BERT B1DD T~V KB LT =2 % U, 23 5. i 3IRERAT v
TOREIRT . R TIE U X 2013 4, Uy 120124, Us i& 2011 FE 4 H#RE
DILET =X oER L. K44 TEFOXOBRBEMEBINZTNVR LT —
RO ERT.

U lZZNZNHDED T =X 0o G LD TH 37280, HWICER D IR
V. F7z, IO REREEGREF - — R0, ¥ —&2TIE The) 2 ToT)
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0.300
0.200
0.100
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05 06 07 08 09 1 1.1 1.2 1.3 14 15 1.6

ESH(EL

X 4.1: HIEDEHEE & HIER K DRI

£ 4.4: F0LI LT — X DFE
FATIE X 742
Uy | 20134 1,993,419 5,581
Uy, | 20124 2,048,843 6,063
Us | 20114 2,192,350 6,350

THHDIIHL, TNV R LT —XOEBIWCHWIKREFRF— v — NX (729
ThHhH, RREARF—V— FPRL B2, U X7 —2 2 ERZ DXV,

F451%, FNPTUDORERT Y T ilZ2WT, IR LT—X U O (35]
H), 7T — 2D (451H), BXOWEET — 2 TOIEMRER (55H) Z/RLTW
%. SEIOERTIE, —BIORKIETEMT %7 NIUTET—XDEN,q4q % 2000 &
RELE. 200, A7 v 722122000 $odlT— & 3mL, s —
2D 2,236 HF22 5 8,236 (FETHEM Uz, ERT v FIZEIT S Nygg & Ny (IEFID
B Noga /2 PR32 2 FTHEDBHEED LNOF— X EBR LIzt 2IcEEh 3
BHlOE) OBEE 46T, BEEOENDDIX, SEDERTIZITNTIEHR
CHPE XN, Ny EHIC0TH o7z, Lo T, IRT—XIBMNT 3
B 1,000 1, $RTI VXA EHAGDES 2 TEKR L 7.

MGE T — X COIEMHRIX, 1BEOKETH EL, 0.657 &R o725, ZHLIE
BEEFNIDHZDDD, ZOEMRREWMZ 23T, ZOZehs, FIfH
T—REJIRT S Z LI L o TIERDOM EIZRIAD 253, LR T — X DIERS
B HIEZOWTIEIMETOR/MDD 2 Z e 3bhoiz. YEEERT — XD T <L
FIEEHETITOATWE D, e ZHEDRHEHENSWT —X2E R Lz L
Td, T —RIGEMT 2HFNRDBEENE Z L 22T 5 Z 21X T
v, Bz, RA3ITHEZ =14 RELE 21X, 0%DHERTELW
EERMELNDD, D 10%IRD TH 5. o EHH»—EII T — 2180
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% 4.5 NRERHEEE TV ORIEFE DGR
i BTV U, R EER
0 M, — 2,236 0.639
1 M, 5581 47236 0.657
2
3

M, 6,063 6,236 0.636
M; 6,350 8,236  0.650

# 4.6: FIRT— X D RIBIRIRIZIBT % Noga & Nieg

{ Nadd Nneg
12000 0
22000 0
3 2000 0
XNz, TADKIETEEENETNOREFXE 2BV ET-CERL, &

Re UTKIERIBIIEZ 2 L HIEDIEMEMET T2 EZ 6N 5. 5ElOERK
TlE Nadd = 2000 LRE L7203, Tz d o ERWEIZERE TIUL, 33h OHA
PEIMENDARENEZ KL TE 3. HIWE, BIMFEERET 2D TIERL, B
FHEPBMEL LT — 22 BIMT 22 W ARIEBZONS. —77, 1EIOKIET
BT 2HFOBERS T, ToREDOINBT —XBEON2ETIIET K
EEBHDHEML, R U TREFE2ROFHERMNIERT 22 07XV v
DB,

JRT— &2 L TR LNLEFOFZL TIORT. ik, REBEFRF—v—
R 170 2yt h, KHEBEFRHEE T LVTCEMEfHxhzd DT
H5.

C: B EFRERD TiF7-
E: REEFRICZ > T\

C: 3ADOHEETIIINEDL > T-
E: BEETIZZ Ik -T2

LR 7T — & e LT Aol zl Ticrs. Bz L5112, HED
EHEEDOEWD DIZETIER L X720, ZNH50EHIEEE T V&
LDIBATER I N2 DTH 5.

C: ZEBYEZIET %
E: WADNEETS

C: ANDBNEZD =— XL LTV 3B
E: ADORTCEERERICETT 7V EZBAT EATVWS
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K AT —FHDHEDTEIR

HEH 2 . .

e ] KEEBARD D | KRR L
KRB D D 56 46
KRB fR72 L 10 88

£ 4.8: “HOHEDO—BEE L kB
—BE K

0.72 0.44

4.4 FREIRHETE €T )LD

2T, 3AHICTHBARZNEEREEET TV EITHMET 2. BINEHTEHO 7 —
ZDVEBIZOWTIRAN S, KiZ, Tz W TRREBERIEE T 7L % 55l U 7=55
RERT. BRRICZ 7 —0hEiTv, EFEORESE RAZHL 5.

4.4.1 FHERT—2 DIERK

4.3 HICIXRRBERIEE T T L OFHE % 4.1 B CHEER L 7-MGEE T — X 2 W TiT-
TV, CHUIHEIMEIN-bDTH 570, EFLOMEERZHIZ T —Xt v
FELTREATLBBEYI TR, 2070, Zhridilic, HEBEGRtETEET
NOWRER IEMEICHI 2 720, FHMEIH T — X %2 AFCIERR L7z, AFIER S -5
il 7 — &2 EHW2 Z 2T, HEMEELZRREBRHEE T T X ZHED NI
XBHEL ERLITIEVSDTH 302 BB T 3.

FHIiH 7 — 2%, 1T — X DIER E [AREOFEEZ AW THH Lz, Thbb,
RRBEFRF -7 — F 2B X2 SRR EERCOMEME L. #Hiti (205 ]
PRREGRF—7—Fe LTHE LZXOME 504, ToT) ZRREGRTF—7—
FeL7zbD%50H, 172 ZREREFBF—T7—F e LzdD% 1004, &AE5F200
HOXOMEFHMEH T — 2 LTt Lz, 25 IXE ICHERBEGRNPKNL ST 5D
FTIREWZ CICHFERELTWEEERW. £, M7 — 21348 HHE O 2008
FEDOF—Z oM Lz, #1H17 — & 13 4.1 Hiclb X728 D 2009 FH 5 2013 FD
AEF—rHME L, WEET— X132 2011 225 2013 F0ELHE T — &0 5 HiH
L7728, FHiiH T —& & DFEEKIZR V.

295 LTHELNZ 200 XD LT, 2 HDOEEEIHAIICHRBEZRD
FE7 ) 7—ay . ZEHEOHEDTHRERATIORL, HEDO—ERL
kKRB ZER A8 ITRT. —BHRI 2% e RemW0D, k REIKMEW. ZFHTHED
B DI, RERBEMRDIRAL T 2 0% HE T 2B, Y2 EBEERE -
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% 4.9: B 7 — &

| EEERE
(5 ] 18 32 50
DT 18 32 50
72 33 67 100
2T 69 131 | 200

TTFRAFZEDDH DI WVEREMM S 2B L TREN PN S Z N ERR
KTHo7z. UTITHlZZET 3.

T—&1

C: 2iklzo7=

E: FEBORREIE W

T—R2

C: WY a LT —X 2B LT\
E: BimERILE T 5Nz

T—X 1T, FhDERIC X > THRRBEBRDKAL T 20020 L TE RS D
N7z, 1ZBDOHEEF 2R E VIR VERTIFERIERS RV ML, KIRES
HBD3D 2 LHE LD, b5 1 HDOHEE 2 DDLUV BEEIEA 22 &
L, RREGRBZWEHIE L. F—& 2T, E@mERE) 18 L TERR S
Pz, 1 BOHES X TRGIHERE ] BN L TORMHELR DD 5
72N DRIRBRD 72 W HE L7223, 5 1 HDHEZFIRR C oFIzy
AVEWSHEENRD D, BEMNERII A ay Lo shDT AT TS
ETHHEEZ, RRBARPDHZ2EHE L. DK, XHORKE G H
ET AT, N EREERE 5SS 5 T RN

HENEL Z XD ONTIE, FEHE2HDEHRICE ) BN 7L ERD
2. TR T —=XOEREIZ 69, AFEIE 131 L RkoTz. BRREBF—TY—F
T DIER A0 EE 4.9 18T

4.4.2 EERERrER
KRB R HEE T L2 3T 2 B, MUTFD 3 DOFMliE%ER v 3.

o TR
o THEEMED D) 25 AT SHE, HEE, FH
o TEEMERE L) 25 AT SHE, HEE, FH
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# 4.10: T X B TRl & EfRED 5 EIFR
ETFILD

LIEEES A1 anl

Ef7

I TP(True Positive) | FN(False Negative)
=L FP(False Positive) | TN(True Negative)

EERIX, ET M Ko TTENKIRBEROHHEDHIE ORGRD EM & —5L
THEETHS. ETNLOTHIFER L BEORRE (IEfR) £ o bBRE R 4.10 O X
212773, TP & True Positive, FP & False Positive, FN & False Negative, TN
'¥ True Negative TH 5. ZD& =, [EMRRIIN (4.2) DEXSITERINS.

e TP+ TN

s = T PP PN TN (42)
TRRBARD D ) 77 AT 2E, HHE, FEZE, 72ty hoHF»s
RREFRD D ) ZIERT OUFFOT — &, 320 ERERBERNKAL S 5 XD
PMBT 5 XA 7ITBIT BHEE (precison), I (recall), F{H (F-measure) T
H5. LT, ZNENE Ps, Rpos, Fpos EWVIEHTHT. posZIEH (postivie
sample) I B4 TH 2 Z e 2 RT. ZNHIEIKRERDKILT 2 X% &
NZFIEMEICHETE 20 RTIBETDH D, Pros, Rposy Fpos DEFRE I (4.3),

(4.4), (4.5) ITEHLZIRT.

TP

Poy=——"— 4.
bos TP+ FP (4.3)
TP
R,s=——— 4.4
P TP+ FN (4.4)
2-P-R
FOS:M 4.5
P Ppos+Rpos ( )

THRBRR L) 77 RSN 1E, BI%E, FHEE, 7—-2ty FOHFD5
MRISRBIRZ Ly ZIEME S NOWNZHRD T — &, $705 RIRBRDAL L 72 WS D
PR T 2 XA 7IZB1T 2FEH (precision), I (recall), F fH (F-measure) T
HB. LT, ENENE Py, Ruegy Freg EWVIFLETRT. neg l3EH (negative
sample) I T 2HEETH 2 Z e 2 RT. O SIFRRETRDILIL LRV D
ZENRITEMIDHTE LD ZRITIBIETDH D, Py, Rucgy Freg DEFEEI
(4.6), (47), (48) ICZNENET,

TN

Pne =
¢ TN+ FN

(4.6)
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TN

= 4,
Fneg TN + FP (4.7)
2 P R
F,,, — = ‘neg “tneg 48
7 Pneg + Rneg ( )

RISRBARHEE €T T & o T 441 THTHRARZFHAH 7 — X KRR O F L
HEL, T NVOMEREZ LELOFHMEFEIETHl - 72, FEERICH W - KR BE R E £
?wu,m%?—&#aiﬁémt%?ﬂwg,%ivmﬁ? R HWTHE X
NI=ET N My, My, My TH2. FERERAI1ITRT. T, K423 EME,
E43mfﬁ%%%@bj7§xkﬂ?5%£,ﬁﬁ¢,F@,l44ufl%%
BRABL) 77 RAINT 2EE, HHE, FHEEZ7 77 TRLEDDTDHS.

EfgRZ 1B 2 BOKECTHEL, 3EEHOKETHD L. KIERED
20D XIZHRKT, 0520 8B o7z. YT —XDADPLFEELLEET VM, Lt
NRT0.045 KA Y N ERE L e20, AT — X DILRIINEDL D % Z L 3R
X, EERERZFERETHD, 2 N\OHEEF I HED—BR 2% It
RTHRLTEL 2L, WAEIRLRETHZ. /2, TRTOETIVIZBWTHE)
PER U 72 EE T — R TORER (R 4.5) X D S IEMRIIMEL IR o7z. THIIMGEET —
R Y FHiH T — 2B 2 A[OBWVERT 25D EZSNE. MilT —X
T, BlNET X 2IGEIR L= TH 2728, 200132 EEFRRZ L
ﬁ@ZAET%D,E%%%%%OEMZ@%%ﬁ%%%@%T%%Z%iéh

. 7, BT — &2 TR S &l S KRR R F — v — FORTRICHIIST 32X
T%D KR BRI D] & 2 DR 2 F o TW B ATREME D & <, EF L &R0
ERBIDEE LW HEI I NS,

"RRBERD D | 75 2D FEIZKEEDICONTIK TS 22, [RRE%RZ
Ll 772D FEZKEREDR 2 EFTRAETS. 202 ehs, JifiT—2D
AR, KRR LB WX OIS L TIEL S HENRTE 2 X5 3%
BHRKREVWEEZ 3.

R REARHEE € 7L D K1 OBIEICBIY 2 EfROEENCBWT, B
P—FEHL7RD5DIE, £45 OMEET — X DOIEMERTIIREREES 1 DL 2, £
4n®£ﬁm7 R DIERERTIIRKEBRBER 2D T, —HLTWRWL., Z

X, MEET— X LFHH 7 — X OMEPELRZ Z e ERO0 D EZ HN5.
MEET — R a— 20 5 HEIER E N =D TH D, FHiiHT7T—XIATFTS
NAUMFERTVWE W RTHENER S, £, M7 — X IR REFR Y —
T— R0 I8 TOT) THEIXDOERINT WS, FHliHT—X1 M5 )
(DT 1720 ZEOXDPOLERINTVWE I ERLZNTHS.
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& 4.11: RERBIGRHEE £ 7L DRl

ETI My, My M, M
IEffR 0.475 0.515 0.520 0.495
RISRBETR | K6 (Ppos) 0.368 0.383 0.378 0.364
»HH BHHE (R,) || 0.725 0.667 0.609 0.623

FAH (Fpos) 0.488 0.487 0.467 0.460

KIERBAfR | FEIE (Poey) 0.703 0.713 0.697 0.683
L FHHE (R,.,) || 0.344 0.435 0.473 0.427
FAH (Feq) 0.462 0.540 0.564 0.526
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0.515
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0.505
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0.495
0.49
0.485
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0.475
0.47

T M

4.2: 1R

KRR S Y

0.8
0.7

[

0.5
0.4
0.3
0.2
0.1

[

EFTIL M

—=@=—precision ==®=recall =—=@=Ff&

X 4.3: TRIRBARD D) 7 Z 20T 2 K6E, BHRE, FIE

REBEHRE L
0.8
0.7 o g -0
0.6 -
0.5 ._/—: —— -
04 / -
0.3
0.2
0.1
0
0 1 2 3
EFIL Mi
=@ Drecision  ==@==recall e=@=F{E
4.4: TREBEFRZL) 77203 2FE, BBE FHE
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4.4.3 IS—9

= O CIRERBIER T 71 kB HIED 5 —HHR1T5. FHIFF— &
CEFNBZEHELLTDADODGEICTEL, FNENTEITD.

1. A7 LOTHRREGZRD D, IEMHPKREEFRDD (TP)
2. YAT LADTHHRREGRI L, EMAKEREFRLR L (TN)
3. AT LD THHBKRERD D, [EMHSEREZRR L (FP)
4. AT LOTRIBEREFRZ L, ERBRRERD D (FN)

1, 23R T LDHEL ERP—HLEDD, 3, 413> AT 2DHE L IEfi@h—
R o/bDTHE. =7 —mincHOERREREEE T VX, BEIR
bEDoz2[MHDET N M, WS, ¥ AT LADHE L ERHR— L 7-%6l%
F£4.12, =B L7k oFHHER 413117
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