)

1=

BALEL S SEOSIRMEIR RS B L (20204E3 )

SR, DOKY T —  AEOEEEE
B & UTARRME D B BhHh Y

T 28541

HERE !

A 8 12

P AR RSB R R BB R T S B A B AR SR
> AL AW R RRE OIS v & —

{yamaguchi.yasuhiro.yw2, shindo, matsu}@is.naist.jp

1 FUL®IC

WEAF OB TIEFEM R PSR I —DT — &
EIEL, T—XR—=A & UTEH - AT 2 AT
bNTWBL Gh 60T — 2 IZAF T O T
WA, Bl OSBRI, GRS s
HEINZRY v —F — X 283 200 flAas b
TW3 ], F—AR—AZHSNE K v —F— &
DI>3bL L BIBET—RTHY, dwxhTlERICEL
HOENTWVWBGENL . —f, R~ — OBz
B 2R ACHIcTFF A N LTRREINDGE
MW\ (B2, “Py-PC4MA was soluble in toluen”
BE). ZO5UETXFA MRS HRE BB CTHIHT
572017, HASENEEMOIGH PR TE 5.

AL TIXEMFR LD T F A MhR SR v — L%
HOBREEWMAEHET VEHVWCHBIL T2 L
ik ATz, HhE OEFRIXE A R Z A 7 & R
HWRATD 20153605, FAERHEHRX AT
&, AN XFRSRY Y —IBED ANV % F
W9 5. BE, FEARHABHDOZAZIZEVTEHWIE
ExEEKRLTWBEET LDV L DIZ BILSTM-CRF[3]
NP 5. AW TIE BILSTM-CRF (230 < [EA XK
RE T IVOMER LGl 217> 72, — 75, BafR#H &
AT T, XeRY < — - BREOZN VDG Z 507z
HeT, R~ —CEEBOR OEfREIC B DL 5Bk %
FHIT 2. KU v—F—RIZEHEND BB RIAL
CERIED 2TEENGFAT B0, T2 TIEERDZD
W RIAIRED B W GBI 24T 5 7.

WS [4] REXHDTFZ b o EY v — L EED
BERZ BB T 272010V — Vit OL BiEE2 R
KUz, WSOFETIE, BEEOEMMIZED S F—
7 — K (“soluble” % “dissol”) # FORDTHE, %
NoEEUXITHET 2R v — LKA TRTHEB

Ihttps://polymer.nims.go.jp/
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DBV S 7 Fu—FTHFRHEEZT-oTWS. Z
DFEIEE W Recall ZiEK T 5 —HT, “Py-PClA
was soluble in THF, DMF, and DMSO but not in
toluene” D & S 12 1 XD HIZ RIAIE L MO /i H3
BEENAXIZHUTELOWTFRIZITD 2B TE RN
MENRD L. AR TIZZOMERERT 57012,
XHIZEENER) = BEHEDOTRTORTIZDON
TEfRE FHIT 28BS EE T IVOMERERAZ,
512, fODIL—NL_R=2DFHlZRKHEL LTET
JIZHLD ANTEHE T2 Z & CRGHEE T VO T
KEOWEEIT 7.

F7z, AL TERERILPOTFAMNTEEI N
72 BERT € 7V Td % SciBERT([1] % [E 4 KB 72
CEBRIE A A7 O FTHAT 5 Z L 2 Az,
BNz RA L VDT FANTEHINZETVE
o CTHEETHZ LT, FEARBGR L BTN
TiDRXAZIZEWTFHREEORENR S Nz,

2 ER
2.1 T—4%tvb

T—Xty MRS [4] DFEE L= DEFIHL7Z.
ZOT— Xty MIKEFEIRCTH S Macromolecules
(HifR AL : American Chemical Society) ® 2 % 2016 4E
BDE3FMIZDONVWTT /) T—YarvhfrbhTna,
R — CEBIZEE 2508 D H 5 3I R T 599 XX
HH, R —HRBEOEERH, BXCBEMIEICD
WCTT /) T—=Yaryantnsa.

EERBHEBBD OO T =Ry Mlk, &7 %
A NFOBEGEIZN LT BIO 2 7T 21To72. &7
DOFE¥ILKR Y ¥ — (polymer) &AL (solvent) D Z 1
ZFNAH Y, D5 DIZ7 B B-polymer, B-solvent,
I-polymer, I-solvent, O.
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(a) BERIRBAET L

B-polymer O (6] o} B-solvent
CRF <~
Bi-LSTM
HERE DAL
Py-PC1A was soluble in THF

(b) BEFRMHETIL

Bi-LSTM

..... PAGP in THF

[ 1: (a) EERERBE TV, WEHDAAE BI-LSTM TTY 3 — R U724, CRFIZE D X 7 %5% FHlT 5.
(b) BRI ET V. Bi-LSTM Z HHWCTRAEZ Ty a— R U7z, K 3 — (“PAGP”) L#EHE (“THF”) DD

N7 MVZEDWTHEBIEDOREDEEZ THIT 5.

BRI X 2 7 TlE, 13Xz R Y v — LBz &
LxEmO L, X, RYx— B\ ARy, K
S BHOBRY SR BT — X2y NEERLEZ. R
) v — LRI OMOBRIE, RV~ —h Bz
(BRI mED»D 2HTH 5.

2.2 HFEIEDHIA

.ﬁ%fﬁwuuﬁztﬁgﬁ‘THJHjODﬁﬁ@ﬁZ? BT,
char-CNN &, ¥ A BERT € 7))V Cd % BERT-
Base[2] & SciBERT[1] Z AW TEMDIAA T &1
TV DVERE % G U 7=,

char-CNN [E30F L~V O E % G159 5 FikD
—DOTH5b. TITRXFHDAA% 1{R6 CNN T
BHIAH, max-pooling 175 Z & 'C“%?E@bi&o&’&
FHEU. XFHEDIAARIT R X7 DRI FE T 5.

BERT-Base 1 12 8 DX A A Transformer 7* &
KENDETFIVTHS. I I Tl Wikipedia F D
B —NATIRE 172 ¥ WA BERT €7V TH
% BERT- Base272ﬂﬂ5j L7z. BERT £ F)h 5 HEE
WOIAAZEEFDT-DIZ, %ED Transformer D HJ1H
bﬁmhﬂm?5ﬂ4AXT/7®Aﬁ%w%ﬁbﬁ
U, TNSDEMITHDRY MLEHGEHDIAA L
LTHS. EBOXZ MVIZEID BT o2 EARE
WEFENT A= ULTCHIMR IR NS, £z,
BERT-Base I3 .55 % WordPiece IZ & % 77— NiZ
DEILTHEELTWEN, ZITIHHEDAAL L
THEEEZWKT 2V 77— RO S bEHEOY 77— R
DDA A% HEEMDIAA L UTHHL 7.

2https://github.com/google-research/bert
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SCiBERT?IZAEMIEF Y 2V ¥ a— XY 4 TV A4
B OEMER S O T F A bR HWTEE L7 BERT
EF)LVTH 5. SciBERT ®7 —F 52 F v 1% BERT-
Base YU THD. L7=M->T, SciBERT 7o HiE
HDAA%EFHH T 5 FIESH BERT-Base D54 & Ak
DFEEFH W=,

2.3 EBARERH

FAERHTEGNRAZ A7 T, BRoh-XroZ2Z
ai%é$U7~tmﬁ®ZA/%%ﬁTé.E%%
2, XHOFKHEFBIZEH OB TENBERE BIO X2
=T 5.

[EA REZ#HE T I21E BILSTM-CRF € 5L % F]
95, ETVOMERK 1-a 2R, BEHDIAA
Ty, -, xp % 2D Bi-LSTM %@ L 72, CRF %
FAWT R I RF y = (y1,- - ,yr) DIEREZEIHT 5.

(hl, ce 7hT) = BILSTM(SIJl, s ,LET) (1)
T T
p(y‘hlv T 7hT) X €xp <Z eyt—lyyt + ng‘,ht>
t=2 t=1
(2)
HREE hy,---  hy DIRIGIE 50 Rt & U7z,

lemﬂ%ti%m%mcmF@ BT A—RTH
5. FEHRIZIEZATOENBRE 2 R/MET 5 X512
Bi-LSTM ¥ CRF M85 2 — X 2 Fi#5 5.

Lxer = — Y logp(ylha, - hr) 3)

Shttps://github.com/allenai/scibert
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2.4 FEFRmE

BRI X A 7 TIESC e R Y v — - B 280 )3
12252560, K< — L ABOREMRYE % TS
5., ZITREBREOAEZNRET B2, FHITS
BRI Y ¥ — B EEO RIFENE LD 2{HTH 5.

G E T 2B 1-b 12533, BEEM DA A
T, -,z % 1BO BI-LSTM @ L7, RY~v—
RO DRINZHINT BT MV hy, - h, ZE
DT, ZZTLr 3R Y — B2 ELR/ND A
NRYDWIHDA VT 7 A%ERT. ZOFRY) < —-J
MOERI b %, XZ ML w EORABIZE->THES
NBEH a ITHEDESEAMIEH c 2E51ET 5. &
2 2 J@OIEEE M =2 —F 0V %y b7 —2 FFN %[
WTRZ MlehroFHIAITE2KRD 5.

(1, hp) = BILSTM(xy,- - ;@) (4)

ay = ’UJTht (5)
c= 27: athy (6)

t=1
score = FFN (¢) (7)

22T, W@ hy, - hy DIRITTIZ 50 IRTTE L7z,
FRZ MV wEETLVDEENRTA—RTH 5.
IR OB E % 5/MET 2 X5 ICETILVOFEE

2175,
=ply =1z T lr)—;
P=PW =T, 2, 6T = 1 + exp(—score)
(8)
Lre = — {Zyz log p; + (1 — y;) log(1 _pi)}
(9)

y IRIEEfR T R TH Y, KV v — L EEOMIZ BT
BHBIGEIZL, TOTHEWEAIZ0 RS,

1 XOHIZEBDORY v~ — L BB 55dd % &
BIGER, THEZRTRTORY v — - BHORTIZD
WTENETNHEMREOAKE FHIT 5.

51T, WS [4] ON—ZED L FHIS REE L
LTCHET AL ZERT.

score = FFN ([¢; Jrule))

RV —BREDRTDRZ ML e IZNV—ILR—2A
DFH Jrute € {0,1} ZREE L TFHELTS. Jrue 1E
W= R=ZADFRNDPERRMED D DEGEIZL, £5T
RWEEIZ0 2T 5.
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3 WREEE
3.1 EBRETH

R —LIEED AT ) F— a v iz 599
& HWT 5 D EIRREMGEE 21T\, F1, Precision, Re-
call ZEH U748 2% 1127”3, SciBERT & char-
CNN O HFEMDAAZFES L2 ET VA RE EW FL
A37 (91.6) &7 >7-. BERT-Base, SciBERT @&
55 TH, char-CNN Z2FH LT NLVDIES> A F,
Precision, Recall § X TTHREOHENR SNS. K
D ¥ —REHIZ “Py-PCIMA” % “CHCI3” 7 & —fi%
72 BAEEIZ LR TR 2 CFHN IR B 58 D3 W 28,
char-CNN (2 & 5 X FFORBESFHICEHTH 5
&z 65, £7-, BERT-Base & SciBERT % kX
% ¥ SGBERT €T ZHW/ZETIADN L D EHWKEE
272> T\W5. SciBERT 1X 43 X 3 — /8 A CTHHl
FEET->TVWE O, WEAFSHEOTFAMIE
BELPTWEEZONS. 2L “poly” 2ETH
#kl%, BERT-Base O&EEHIZIE 7 EAET 5 DI
U, SciBERT OfEHIZIX37THEETNT WS, FHil
FEETNVDUEREEATVNSZ LT, FHlICAE
B DAANRRONE EEZ ONS.

3.2 FEfkHb

XHIZR Y v — LD O ANV R AT 161
X% HWT 10 D EIZAMEE 24T\, F1, Precision,
Recall ZHH U 2R 22K 2 1[TRT. BEEHEOIAA
IZ SCiBERT % W TV — b R— 20D Tl & Rz
BIMUZETARRBKMEEN LS, F1 237821 &
%57z, BERT-Base & SciBERT OW§HDE T IV
ZBWTH, L= R=Z2DFHlZMHIMAE I L
T Recall DELR SN -, £z, BEfRMHZ RS
ZHWTHEFARHEMX A7 L FHKIZ SCiBERT %
HWZE TV DIE S A BERT-Base (2 AT &K
PROND L WIFERIZR -7, FHKER 2 RT3
&, “The more polar Py-PC1A was soluble in THF,
DMF, and DMSO but not in toluene” @ & 3 IZ Bi&
BEBRBEOM G 2E50XITEVWTHELWTHIA
HWRETH B Z & Wbhrorz. LA L, “The polymers
rP-1 and sP-1 are readily dissolved in apolar solvents
like CHCI3 and THF, while sP-3 to sP-5 are soluble
in polar solvents like DMF.” ® & 512, EWXTH#
BofizcENTRY) v — L IEHOBGEM IR I NS
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char-CNN  BERT-Base BERT-Base + char-CNN  SciBERT  SciBERT + char-CNN
F1 87.1 &+ 1.67 88.7 &+ 3.47 89.0 £+ 3.35 91.1 £+ 3.02 91.6 + 2.80
Precision | 88.8 & 1.18 86.9 & 4.24 87.4 + 4.01 90.2 £+ 3.51 91.4 + 3.87
Recall 85.5 +2.92 90.6 + 2.75 90.6 + 2.68 91.2 + 3.14 91.8 + 2.31

2%1 [ A RRAFRE TV OEBIEER, “+char-CNN? (B ZEHDIAAIZ char-CNN 22 5 & 5 172§

EALTEELZETIL.

FENRZT MLE

‘ rule-based BERT-Base BERT-Base + rule-based  SciBERT  SciBERT + rule-based
F1 728 £11.2 772 + 14.2 81.9 &+ 10.2 77.9 £ 10.2 82.1 + 9.70
Precision | 60.5 + 13.8 79.4 £ 11.5 80.3 + 11.2 79.6 £ 12.3 78.7 £10.4
Recall 93.8 + 5.25 79.4 £+ 11.6 84.5 + 12.6 82.5 + 11.6 86.3 + 10.9

# 2 BRI E TV OERGER.
BIZHWEZETIL.

&S LN DOV THUIKRIR & U TIE LW TN
HThsreEZOND,

7z, BFRHE XA 2128 W T char-CNN O i

TR E O IZF S Uish o7, SciBERT +
char-CNN + rule-based € 7 )L T 10 4> &[5 ZMEE %
To/-2Z %, FlAITIZT75+149 &7e-7-. B
FRIH X X 7 TldR ) ~ — 0o AR 723075 &
D%, “soluble” ¥ “dissolve” 7 ¥ DF—7— KW k&
DEBIIRLEZEZOHND.

4 BbHYIZ

YrE AL B O FEAfER S o R ) % — - D [E
AR L BIVEICEE S 2Bk BEM 217> 7. [
ARUHBBEEBHEOEL 5D XA 7IZBENWTDH
SCiBERT Z W= EF L TEWHEENGES -,
fRif 2 221280 TE, HHOHiZzE0XIIBIT5
FHIMEREICREEMR R SNz, F7z, BRMEICET 55
RO HIZIX “All these three polymers are soluble in
DMF.” @ & 5 \cR&G1% EOHIPERGFEET 5. Z
S U7X o SIEHmMT 247 5 729121, “these three
polymers” fﬁﬁ’&i‘?@?f)”’&ﬁﬂ 6 PITRBREDD B.
R&AZEEOXPS B R v —F— X2 HETHHT
7Bz ,7&iA/%%ma17 IHEMO MO FE
Thb.
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“rule-based” &I 5 [4] DFIE. “+ rule-based” 13— LN — 2D T % KL

BT EE

| SRR R R AN E - MORVIFZERERE (NIMS) (21
T)TF—=varvr—REIRt\WEEEELE 22
WZE LT, #E2boblLzwERVWET.

& 3k

[1] Iz Beltagy, Kyle Lo, and Arman Cohan. SciB-
ERT: A pretrained language model for scien-
tific text. In Proceedings of the 2019 Conference
on Empirical Methods in Natural Language Pro-
cessing and the 9th International Joint Confer-
ence on Natural Language Processing (EMNLP-
IJCNLP), pp. 3613-3618, Hong Kong, China,
November 2019. Association for Computational
Linguistics.

[2] Jacob Devlin, Ming-Wei Chang, Kenton Lee, and
Kristina Toutanova. BERT: Pre-training of deep
bidirectional transformers for language under-
standing. In Proceedings of the 2019 Conference
of the North American Chapter of the Associa-
tion for Computational Linguistics: Human Lan-
guage Technologies, Volume 1 (Long and Short
Papers), pp. 4171-4186, Minneapolis, Minnesota,
June 2019. Association for Computational Lin-
guistics.

[3] Guillaume Lample, Miguel Ballesteros, Sandeep
Subramanian, Kazuya Kawakami, and Chris
Dyer. Neural architectures for named entity
recognition. In Proceedings of the 2016 Confer-
ence of the North American Chapter of the As-
sociation for Computational Linguistics: Human
Language Technologies, pp. 260-270, San Diego,
California, June 2016. Association for Computa-
tional Linguistics.

[4] T2, SEEE, RN, ARG, AL, 2
AL 6 DR < —fRET — X O HEE. 5
FEALIR 2 B 05 [AAFIR K4, SRR 4: ) 2019.

All Rights Reserved.

Copyright(C) 2020 The Association for Natural Language Processing.



