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A bstr a ct — We p r o p os e R E A C T C L A S S t h at a ut o m ati c all y m a ps
t h e l o w-l e v el c o n c r et e c h e mi c al e ntiti es i nt o t h e hi g h-l e v el r e a c-
t a nt g r o u ps wit h o ut h u m a n eff o rt f o r t r ai ni n g d at a a n n ot ati o n.
R E A C T C L A S S is d esi g n e d t o t a k e t w o s p e ci al c h a r a ct e risti cs
of t h e c h e mi c al m ol e c ul es i nt o c o nsi d e r ati o n. T h e fi rst c h a r a c-
t e risti c is t h at e a c h c h e mi c al m ol e c ul e c a n b e r e p r es e nt e d i n
t w o m o d aliti es: a c h e mi c al n a m e i n t h e t e xt a n d a m ol e c ul a r
st r u ct u r e i n t h e g r a p h. We p r o p os e t o us e c r oss- m o d al s u p e r visi o n
t o a ut o m ati c all y c r e at e t h e t r ai ni n g d at a f o r c h e mi c al n a m e
cl assi fi c ati o n i n t h e t e xt vi a m ol e c ul a r st r u ct u r e m at c hi n g i n t h e
g r a p h. T h e s e c o n d c h a r a ct e risti c is t h at t h e r e is a k n o wl e d g e-
a w a r e s u b w o r d c o r r el ati o n b et w e e n t h e s u rf a c e n a m es of t h e
c h e mi c al e ntiti es t o b e cl assi fi e d a n d t h at of t h e r e a ct a nt g r o u ps
as cl ass l a b els. We p r o p os e t o t r ai n a cl assi fi c ati o n m o d el b as e d
o n t h e s u b w o r d c r oss- att e nti o n m a p b et w e e n e a c h c h e mi c al n a m e
a n d t h e c o r r es p o n di n g r e a cti o n g r o u p. E x p e ri m e nts d e m o nst r at e
t h at R E A C T C L A S S is hi g hl y eff e cti v e, a c hi e vi n g st at e- of-t h e- a rt
p e rf o r m a n c e i n cl assif yi n g t h e c h e mi c al n a m es i nt o h u m a n-
d e fi n e d r e a ct a nt g r o u ps wit h o ut r e q ui ri n g h u m a n eff o rt f o r
t r ai ni n g d at a a n n ot ati o n.

I n d e x Ter ms — C h e mist r y Te xt Mi ni n g; C r oss- M o d al S u p e r-
vis e d L e a r ni n g; Att e nti o n M a p R e p r es e nt ati o n

I. I N T R O D U C T I O N

S ci e nti fi c k n o wl e d g e c a n b e d es cri b e d o n v ari o us l e v els of
a bstr a cti o ns: fr o m hi g h-l e v el c at e g ori c al c o n c e pts t o l o w-l e v el
c o n cr et e e ntiti es. F or e x a m pl e, i n Fi g ur e 1, t h e Cs p 3 - Cs p3

S u z u ki cr oss- c o u pli n g r e a cti o n is d e fi n e d b y c h e mists as a
pr o c ess i n v ol vi n g a p air of hi g h-l e v el r e a ct a nt gr o u ps (i. e., t h e
M-si d e r e a ct a nt gr o u p “ pri m ar y al k yl b or o n at e ” a n d t h e X-si d e
r e a ct a nt gr o u p “ pri m ar y al k yl h ali d e ”). W hil e i n t h e c h e mistr y
lit er at ur e, t his c h e mi c al r e a cti o n c a n als o b e d es cri b e d as a
pr o c ess i n v ol vi n g t w o l o w-l e v el c o n cr et e c h e mi c al e ntiti es
( e. g., “ 1- br o m o d o d e c a n e ” a n d “ B- n- o ct yl- 9- B B N ”). T his g a p
b et w e e n hi g h-l e v el a n d l o w-l e v el a bstr a cti o ns of s ci e nti fi c
k n o wl e d g e is a c o m m o n p h e n o m e n o n i n v ari o us d o m ai ns s u c h
as bi ol o g y, c h e mistr y, a n d p h ysi cs.

We pr o p os e R E A C T C L A S S t h at bri d g es t his g a p b y a ut o-
m ati c all y m a p pi n g t h e k n o wl e d g e d es cri pti o ns fr o m l o w-l e v el
c o n cr et e e ntiti es t o hi g h-l e v el c at e g ori c al c o n c e pts wit h o ut
r e q uiri n g h u m a n eff ort f or tr ai ni n g d at a a n n ot ati o n. R E A C T -
C L A S S b e n e fits v ari o us d o w nstr e a m a p pli c ati o ns, s u c h as
c h e mistr y k n o wl e d g e b as e c o m pl eti o n [ 1 1], c h e mistr y i nf or-
m ati o n r etri e v al [ 4], [ 9], [ 1 4], a n d pr e di cti o n of c h e mi c al
r e a cti o ns, pr o d u cts, a n d pr o p erti es [ 1], [ 2], [ 5], [ 1 2].

Cs p 3 -Cs p 3 S u z u ki Cr oss -C o u pli n g 
R e a cti o n

R e a cti o n Gr o u p s

C h e mi c al N a m e s

S ci e ntifi c 
Lit er at ur e

C h e mistr y
K n o wl e d g e

W e c h os e t o e x a mi n e t h e 
u n pr e c e d e nt e d S u z u ki cr oss -c o u pli n g of 
a n al k yl br o mi d e t h at c o nt ai n s b et a
h y dr o g e n s (1 -br o m o d o d e c a n e ) wit h a n 
al k yl b or a n e ( B -n -o ct yl -9 -B B N ). 

R e a ct Cl a s s

M : Pri m ar y A l k yl B or o n at e
X : Pri m ar y Al k yl H ali d e

Fi g. 1: R E A C T C L A S S a ut o m ati c all y cl assi fi es t h e c o n cr et e
c h e mi c al e ntiti es i n t h e t e xt i nt o t h e hi g h-l e v el r e a ct a nt gr o u ps
d e fi n e d b y t h e c h e mi c al s ci e ntists.

R E A C T C L A S S is d esi g n e d t o t a k e t w o s p e ci al c h ar a ct eristi cs
of t h e c h e mi c al m ol e c ul es i nt o c o nsi d er ati o n. First, w e pr o p os e
t o us e cr oss- m o d al s u p er visi o n t o a ut o m ati c all y cr e at e t h e
tr ai ni n g d at a f or c h e mi c al n a m e cl assi fi c ati o n i n t h e t e xt
vi a m ol e c ul ar str u ct ur e m at c hi n g i n t h e gr a p h. S e c o n d, w e
pr o p os e t o tr ai n a cl assi fi er b as e d o n t h e k n o wl e d g e- a w ar e
s u b w or d cr oss- att e nti o n m a p b et w e e n e a c h c h e mi c al n a m e
a n d its c orr es p o n di n g r e a cti o n gr o u p. R E A C T C L A S S is hi g hl y
eff e cti v e, a c hi e vi n g st at e- of-t h e- art p erf or m a n c e i n cl assif yi n g
t h e c h e mi c al n a m es i nt o h u m a n- d e fi n e d r e a ct a nt gr o u ps wit h-
o ut r e q uiri n g h u m a n eff ort f or tr ai ni n g d at a a n n ot ati o n.

II. R E A C T C L A S S : ME T H O D O L O G Y

R E A C T C L A S S c o nsists of t w o p arts: ( 1) a ut o m ati c tr ai ni n g
d at a cr e ati o n wit h m ol e c ul ar str u ct ur e m at c hi n g, ( 2) cl assi fi-
c ati o n m o d el wit h k n o wl e d g e- a w ar e s u b w or d cr oss- att e nti o n.

A. Cr oss- M o d al S u p er visi o n of M ol e c ul ar Str u ct ur e M at c hi n g

B y d e fi niti o n i n c h e mistr y k n o wl e d g e, t h e tr ai ni n g d at a f or
e a c h r e a ct a nt gr o u p c a n b e a ut o m ati c all y cr e at e d b y fi n di n g
t h e c h e mi c al n a m es wit h gr a p h r e pr es e nt ati o ns t h at m at c h t h e
gr a p h r e pr es e nt ati o n of t h e r e a ct a nt gr o u p.

T o c o n v ert t h e c h e mi c al n a m es i nt o t h eir gr a p h r e pr e-
s e nt ati o ns, w e first c oll e ct a l ar g e n u m b er of c a n di d at e
c h e mi c al n a m es [ e. g., “t ert- b ut yl ( 4- br o m o- 2- nitr o p h e n yl)
c ar b a m at e ” i n Fi g ur e 2] fr o m b ot h t h e c h e mi c al r e-
a cti o n k n o wl e d g e b as e ( R e a x ys 1 [ 6]) a n d t h e c h e mi-

1 htt ps:// w w w.r e a x ys. c o m/ #/s e ar c h/ q ui c k

20
22

 I
E

E
E 
In

te
rn

at
io

na
l 

Co
nf

er
en

ce
 o

n 
Bi

oi
nf

or
ma

ti
cs

 a
nd

 
Bi

o
me

di
ci

ne
 (

BI
B

M)
 | 

97
8-

1-
66

54
-6

81
9-

0/
22

/$
31

.0
0 

©2
02

2 
I

E
E

E |
 

D
OI

: 
10

.1
10

9/
BI

B
M5

56
20

.2
02

2.
99

95
48

9
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C C ( C ) ( C ) O C ( = O ) N C 1 = C ( C = C ( B r ) C = C 1 ) N ( = O ) = O

X = Br, I, Cl

A r y l  H a l i d e

t e r t - b u t y l  ( 4 - b r o m o - 2 - n i t r o p h e n y l )  c a r b a m a t e

S u b gr a p h 
M at c hi n g

R e a ct a nt Gr o u p

C h e mi c al N a m e

S MI L E S Stri n g

Fi g. 2: Ill ustr ati o n of cr oss- m o d al s u p er visi o n of m ol e c ul ar
str u ct ur e m at c hi n g.

c al n a m e d e ntit y r e c o g niti o n ( C h e m N E R [ 1 3]) r es ults i n
t h e c h e mistr y lit er at ur e. T h e n w e c o n v ert t h e c h e mi-
c al n a m es i nt o t h eir c orr es p o n di n g S MI L E S stri n gs [ e. g.,
“ C C( C)( C) O C( = O) N C 1 = C( C = C( Br) C = C 1) N( = O) = O ” i n Fi g-
ur e 2], a c h ar a ct er- b as e d s e q u e n c e r e pr es e nt ati o n of t h e c h e m-
i c al m ol e c ul es. T his c h e mi c al n a m e t o S MI L E S stri n g c o n v er-
si o n is a ut o m ati c all y d o n e b y li n ki n g t h e c h e mi c al n a m es t o
a c h e mistr y k n o wl e d g e b as e ( P u b C h e m 2 [ 8]) w h er e w e c a n
dir e ctl y fi n d t h eir c orr es p o n di n g S MI L E S stri n gs. Fi n all y, t h e
S MI L E stri n gs c a n b e c o n v ert e d i nt o m ol e c ul ar str u ct ur es f or
t h e n e xt st e p of s u b gr a p h m at c hi n g, usi n g a n o p e n-s o ur c e
c h e mi nf or m ati cs s oft w ar e R D Kit 3 .

T o c o n v ert t h e h u m a n- d e fi n e d r e a ct a nt gr o u ps i nt o t h eir
gr a p h r e pr es e nt ati o ns, w e first g et t h e t e n r e a ct a nt gr o u ps ( e. g.,
“ Ar yl H ali d e ” i n Fi g ur e 2) f or S u z u ki cr oss- c o u pli n g r e a cti o ns
fr o m c h e mists. T h e n w e c o n v ert t h e r e a ct a nt gr o u p i nt o a
s u b gr a p h r e g ul ar e x pr essi o n. F or e x a m pl e, i n Fi g ur e 2, t h e
r e a ct a nt gr o u p “ Ar yl H ali d e ” c a n b e c o n v ert e d i nt o a s u b gr a p h
r e g ul ar e x pr essi o n of a b e n z e n e ri n g wit h a Br c o n n e ct e d t o
c ar b o n # 1, w h er e t his Br c a n b e r e pl a c e d wit h eit h er I or Cl.
B y d e fi niti o n i n c h e mistr y k n o wl e d g e, a c a n di d at e c h e mi c al
n a m e b el o n gs t o a r e a ct a nt gr o u p if a n y s u b gr a p hs i n its
m ol e c ul ar str u ct ur e m at c h t h e s u b gr a p h r e g ul ar e x pr essi o n
of t h at r e a ct a nt gr o u p. S o a n y c h e mi c al n a m es ( e. g., “t ert-
b ut yl ( 4- br o m o- 2- nitr o p h e n yl) c ar b a m at e ”) wit h a m ol e c ul ar
str u ct ur e t h at c a n m at c h t h e gr a p h r e pr es e nt ati o n of “ Ar yl
H ali d e ” c a n b e cl assi fi e d i nt o t h e “ Ar yl H ali d e ” r e a ct a nt gr o u p.
T h e s u b gr a p h r e g ul ar e x pr essi o ns of t h e t e n r e a ct a nt gr o u ps
ar e als o d e fi n e d b y c h e mists.

Aft er w e g et t h e gr a p h r e pr es e nt ati o ns of b ot h t h e c h e mi c al
n a m es a n d t h e r e a ct a nt gr o u ps, w e us e t h e R D Kit s oft w ar e t o
c o n d u ct t h e s u b gr a p h m at c hi n g i n t h e m ol e c ul ar str u ct ur es.

B. S u b w or d Cr oss- Att e nti o n- G ui d e d C h e mi c al Cl assi fi c ati o n

B as e d o n t h e tr ai ni n g d at a o bt ai n e d fr o m t h e pr e vi o us
st e p of s u b gr a p h m at c hi n g, w e o bs er v e a k n o wl e d g e- a w ar e
s u b w or d c orr el ati o n b et w e e n t h e c h e mi c al n a m es t o b e cl as-
si fi e d a n d t h e r e a ct a nt gr o u ps as cl ass l a b els. F or e x a m pl e,

2 htt ps:// p u b c h e m. n c bi. nl m. ni h. g o v/
3 htt ps:// w w w.r d kit. or g/

i n t h e b ott o m p art of Fi g ur e 3, w e c o nstr u ct a s u b w or d
cr oss- att e nti o n m a p b et w e e n t h e c h e mi c al n a m e “t ert- b ut yl
( 4- br o m o- 2- nitr o p h e n yl) c ar b a m at e ” a n d its c orr es p o n di n g r e-
a ct a nt gr o u p “ Ar yl H ali d e ”. L o o ki n g at t his s u b w or d cr oss-
att e nti o n m a p, w e o bs er v e t h at t h e s u b w or d stri n g “ p h e n yl ”
i n t h e c h e mi c al n a m e is hi g hl y c orr el at e d wit h t h e s u b w or d
stri n g “ Ar yl ” i n t h e r e a ct a nt gr o u p. T his is w ell- ali g n e d wit h
t h e c h e mistr y k n o wl e d g e: “ Ar yl ” m e a ns a n y s p e ci es cr e at e d
b y r e m o vi n g a h y dr o g e n at o m fr o m a n ar o m ati c h y dr o c ar b o n
a n d “ p h e n yl ” is a s p e ci fi c ar yl r a di c al, w hi c h is cr e at e d b y
r e m o vi n g a h y dr o g e n at o m fr o m a b e n z e n e ri n g. Si mil arl y, w e
c a n o bs er v e t h at t h e s u b w or d stri n g “ br o m o ” i n t h e c h e mi c al
n a m e is hi g hl y c orr el at e d wit h t h e s u b w or d stri n g “ h ali d e ”
i n t h e r e a ct a nt gr o u p. T his o bs er v ati o n of k n o wl e d g e- a w ar e
s u b w or d c orr el ati o n als o m oti v at es us t o tr ai n a cl assi fi er b as e d
o n t h e s u b w or d cr oss- att e nti o n m a ps b et w e e n t h e c h e mi c al
n a m es a n d t h e r e a cti o n gr o u ps.

We first d es cri b e h o w w e c o nstr u ct t h e cr oss- att e nti o n m a p.
Ta k e n e a c h c h e mi c al n a m e e i = ⟨w 1 , w2 , ..., w|e i |⟩ a n d r e a c-
t a nt gr o u p g j = ⟨w 1 , w2 , ..., w|g j |⟩ as a s e q u e n c e of s u b w or d
t o k e ns w k , w e first e xtr a ct t h e r e pr es e nt ati o n f or e a c h s u b w or d
t o k e n fr o m l ast hi d d e n st at es of t h e fi n e-t u n e d C h e m B E R T
m o d el. T h e n w e c al c ul at e t h e c osi n e si mil ariti es b et w e e n t h e
r e pr es e nt ati o ns of s u b w or d t o k e ns i n t h e c h e mi c al n a m es a n d
t h e r e a ct a nt gr o u ps. S p e ci fi c all y, w e o bt ai n t h e cr oss- att e nti o n
m atri x as f oll o ws.

q = x gr o u p W q , k = x W k , v = x W v ( 1)

A = s oft m a x (q k T / C / h ) ( 2)

w h er e W q , W k , W v ∈ R C × ( C / h ) , C, h ar e t h e e m b e d di n g
di m e nsi o n a n d t h e n u m b er of h e a ds, x is r e pr es e nt ati o n of t h e
i n p ut c h e mi c al n a m e, a n d x gr o u p is t h e r e pr es e nt ati o n of t h e
i n p ut r e a ct a nt gr o u p. T h e att e nti o n m atri x A will b e us e d as
o ur i n p ut f e at ur e f or t h e cl assi fi c ati o n m o d el tr ai ni n g.

Ta k e n t h e att e nti o n m atri x A c o nstr u ct e d a b o v e, w e t h e n
d es cri b e o ur d esi g n of t h e cl assi fi c ati o n m o d el. We c o nsi d er
e a c h cr oss- att e nti o n m a p as a si n gl e- c h a n n el i m a g e a n d e n c o d e
it wit h a t hr e e-l a y er C N N, tr a nsf or mi n g t h e t e xt cl assi fi c ati o n
t as k i nt o a n i m a g e cl assi fi c ati o n t as k f or t h e fi n al pr e di cti o n.
F or e a c h c h e mi c al n a m e, w e first cr e at e p ositi v e tr ai ni n g d at a
b y c o nstr u cti n g a cr oss- att e nti o n m atri x b et w e e n t h e c h e mi c al
n a m e a n d its c orr es p o n di n g r e a cti o n gr o u p fr o m s u b gr a p h
m at c hi n g. We t h e n cr e at e n e g ati v e tr ai ni n g d at a b y c o nstr u ct-
i n g a cr oss- att e nti o n m atri x b et w e e n t h e c h e mi c al n a m e a n d
ot h er gr o u p n a m es. O ur l e ar ni n g t as k is a bi n ar y cl assi fi c ati o n
t as k. F or t h e l e ar ni n g o bj e cti v es, w e a d o pt bi n ar y- cl ass cr oss-
e ntr o p y l oss f or si m pli cit y wit h o ur cr e at e d tr ai ni n g d at a. T h us,
t h e tr ai ni n g l oss f u n cti o n f or t h e cl assi fi c ati o n m o d el c a n b e
f or m ul at e d as

L = −
1

|D |
x i , yi ∈ D

y i l o g (f (x i )) ( 3)

+ ( 1 − y i ) l o g ( 1 − f (x i )) ( 4)

w h er e D = { (x i , yi )} is t h e tr ai ni n g d at as et, x i is t h e att e nti o n
m atri x, a n d y i ∈ { + 1 , − 1 } .

A ut h ori z e d li c e n s e d u s e li mit e d t o: U ni v er sit y of Illi n oi s. D o w nl o a d e d o n S e pt e m b er 0 4, 2 0 2 5 at 1 9: 4 3: 3 2 U T C fr o m I E E E X pl or e.  R e stri cti o n s a p pl y. 
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R e a ct a nt Gr o u p : A r y l  H a l i d e C h e mi c al N a m e : t e r t - b u t y l  ( 4 - b r o m o - 2 - n i t r o p h e n y l )  c a r b a m a t e

S u b w or d Cr oss -Att e nti o n M a p

K D D ’ 2 1,  A u g u st 1 4 – 1 8, 2 0 2 1,  Virt u al E v e nt, Si n g a p or e. Xi a ot a o  G u a n d  Zi h a n  W a n g, et al.

T h e [ h e at isl a n d eff e ct] is fr o m … T h e t er m h e at 
isl a n d is als o us e d … [ h e at isl a n d eff e ct] is f o u n d t o 
b e … 

… li k e ot h er [ citi e s i n cl u di ng ] [ N e w Y or k]… 
h a p p e ns i n [ citi e s i n cl u di ng ] …  a b o ut [ N e w Y or k].

li k
e ot h

er
citi

e s
i n c

l u d
i n g

N e
w

Y or
k

li k e

ot h er
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Fi g u r e 1:  A n o v e r vi e w of o u r  U C P h r a s e:  u n s u p e r vi s e d c o nt e xt- a w a r e q u alit y p h r a s e t a g gi n g.

p hr as es ( e. g. , “of a ”),  w e c o n d u ct si m pl e � lt eri n g of st o p w or ds b e-
f or e � n ali zi n g t h e sil v er l a b els.  N ot e t h at o ur pr o p os e d sil v er l a b el
g e n er ati o n f oll o ws a p er- d o c u m e nt  m a n n er.  T h er ef or e, c o m p ar e d
wit h t y pi c al c o nt e xt- a g n osti c dist a nt s u p er visi o n b as e d o n e xist-
i n g k n o wl e d g e b as es or di cti o n ari es [3 4 – 3 6 ], o ur s u p er visi o n r o ots
d e e pl y i n t h e i n p ut d o m ai n a n d c o nt e xt, t h us h a vi n g u ni q u e a d v a n-
t a g es i n pr es er vi n g c o nt e xt u al c o m pl et e n ess of  m at c h e d s p a ns a n d
c a pt uri n g  m u c h  m or e e m er gi n g p hr as es.

We f urt h er d esi g n a t ail or e d n e ur al t a g g er t o � t o ur sil v er l a b els
b ett er.  Tr ai ni n g a c o n v e nti o n al n e ur al t a g g er b as e d o n sil v er l a b els
us u all y f a c es a hi g h ris k of o v er � tti n g t h e o bs er v e d l a b els [2 4 ].
Wit h a c c ess t o t h e  w or d-i d e nti � a bl e e m b e d di n g f e at ur es, it is e as y
f or t h e  m o d el t o a c hi e v e n e arl y z er o tr ai ni n g err or b y ri gi dl y  m e m-
ori zi n g t h e s urf a c e n a m es of tr ai ni n g l a b els.  Alt er n ati v el y,  w e � n d
t h at t h e c o nt e xt u ali z e d att e nti o n distri b uti o ns g e n er at e d fr o m a
Tr a nsf or m er- b as e d n e ur al l a n g u a g e  m o d el c o ul d c a pt ur e t h e c o n-
n e cti o ns b et w e e n  w or ds i n a s urf a c e- a g n osti c  w a y [ 1 9 ]. I nt uiti v el y,
t h e att e nti o n  m a ps of q u alit y p hr as es s h o ul d r e v e al disti n ct p att er ns
fr o m or di n ar y  w or d s p a ns.  M or e o v er, att e nti o n- b as e d f e at ur es bl o c k
t h e dir e ct a c c ess t o t h e s urf a c e n a m es of tr ai ni n g l a b els, a n d f or c e
t h e  m o d el t o l e ar n a b o ut  m or e g e n er al c o nt e xt p att er ns.  T h er ef or e,
w e p air s u c h s urf a c e- a g n osti c f e at ur es b as e d o n att e nti o n  m a ps
wit h t h e sil v er l a b els t o tr ai n a n e ur al t a g gi n g  m o d el,  w hi c h c a n b e
a p pli e d t o n e w i n p ut t o r e c o g ni z e ( u ns e e n) q u alit y p hr as es. S p e ci � -
c all y, gi v e n a n u nl a b el e d s e nt e n c e of # w or ds,  w e � rst e n c o d e t h e
s e nt e n c e  wit h a pr e-tr ai n e d  Tr a nsf or m er- b as e d l a n g u a g e  m o d el
a n d o bt ai n t h e att e nti o n  m a ps as f e at ur es.  T h e # ⇥ # m atri c es fr o m
di � er e nt  Tr a nsf or m er l a y ers a n d att e nti o n h e a ds c a n b e vi e w e d
as i m a g es t o b e cl assi � e d  wit h  m ulti pl e c h a n n els.  A li g ht w ei g ht
C N N- b as e d cl assi � er is t h e n tr ai n e d t o disti n g uis h q u alit y p hr as es
fr o m r a n d o ml y s a m pl e d n e g ati v e s p a ns.

T h or o u g h e x p eri m e nts o n v ari o us t as ks a n d d at as ets, i n cl u di n g
c or p us-l e v el p hr as e r a n ki n g, d o c u m e nt-l e v el k e y p hr as e e xtr a cti o n,
a n d s e nt e n c e-l e v el p hr as e t a g gi n g, d e m o nstr at e t h e s u p eri orit y of
o ur d esi g n o v er st at e- of-t h e- art u ns u p er vis e d, dist a ntl y s u p er vis e d
m et h o ds, a n d pr e-tr ai n e d o � -t h e-s h elf t a g gi n g  m o d els. It is n ot e-
w ort h y t h at o ur tr ai n e d  m o d el is r o b ust t o t h e n ois e i n t h e c or e
p hr as es — o ur c as e st u di es i n S e cti o n 4. 7 s h o w t h at t h e  m o d el c a n
i d e ntif y i nf eri or tr ai ni n g l a b els b y assi g ni n g e xtr e m el y l o w s c or es.

E � ci e n c y  wis e, t h a n ks t o t h e ri c h s e m a nti c a n d s y nt a cti c k n o wl-
e d g e i n t h e pr e-tr ai n e d l a n g u a g e  m o d el,  w e c a n si m pl y us e t h e g e n-
er at e d att e nti o n  m a ps as i nf or m ati v e f e at ur es  wit h o ut � n e-t u ni n g
t h e l a n g u a g e  m o d el.  H e n c e  w e o nl y n e e d t o u p d at e t h e li g ht w ei g ht
cl assi � c ati o n  m o d el d uri n g tr ai ni n g,  m a ki n g t h e tr ai ni n g pr o c ess
as f ast as o n e i nf er e n c e p ass of t h e l a n g u a g e  m o d el t hr o u g h t h e
c or p us  wit h li mit e d r es o ur c e c o ns u m pti o n.

T o t h e b est of o ur k n o wl e d g e, U C P hr as e is t h e � rst u ns u p er vis e d
c o nt e xt- a w ar e q u alit y p hr as e t a g g er. It e nj o ys t h e ri c h k n o wl e d g e

fr o m t h e pr e-tr ai n e d n e ur al l a n g u a g e  m o d els.  T h e l e ar n e d p hr as e
t a g g er  w or ks e� ci e ntl y a n d e � e cti v el y  wit h o ut r eli a n c e o n h u m a n
a n n ot ati o ns, e xisti n g k n o wl e d g e b as es, or p hr as e di cti o n ari es.  We
s u m m ari z e o ur k e y c o ntri b uti o ns as f oll o ws:
• We pr o p os e t o  mi n e sil v er l a b els t h at r o ot d e e pl y i n t h e i n p ut d o-

m ai n a n d c o nt e xt b y r e c o g ni zi n g c or e p hr as es, i. e.,  m a xi m al  w or d
s e q u e n c es t h at o c c ur c o nsist e ntl y i n a p er- d o c u m e nt  m a n n er.

• We pr o p os e t o r e pl a c e t h e c o n v e nti o n al c o nt e xt u ali z e d  w or d
r e pr es e nt ati o ns  wit h s urf a c e- a g n osti c att e nti o n  m a ps g e n er at e d
b y pr e-tr ai n e d  Tr a nsf or m er- b as e d l a n g u a g e  m o d els t o all e vi at e
t h e ris k of o v er� tti n g sil v er l a b els.

• We c o n d u ct e xt e nsi v e e x p eri m e nts, a bl ati o n st u di es, a n d c as e
st u di es t o c o m p ar e U C P hr as e wit h st at e- of-t h e- art u ns u p er vis e d,
dist a ntl y s u p er vis e d  m et h o ds, a n d pr e-tr ai n e d o � -t h e-s h elf t a g-
gi n g  m o d els.  T h e r es ults v erif y t h e s u p eri orit y of o ur  m et h o d 1 .

2  P R O B L E M  D E FI NI TI O N

Gi v e n a s e q u e n c e of  w or ds [F 1 , . . .,F # ] , a q u alit y p hr as e is a
c o nti g u o us s p a n of  w or ds [F 8 , . . .,F 8+ : ] t h at f or m a c o m pl et e a n d
i nf or m ati v e s e m a nti c u nit i n c o nt e xt.  T h o u g h s o m e st u di es als o
vi e w u ni gr a ms as p ot e nti al p hr as es, i n t his  w or k,  w e f o c us o n
m ulti- w or d p hr as es ( : > 0 ),  w hi c h ar e  m or e i nf or m ati v e, y et  m or e
c h all e n gi n g t o g et d u e t o b ot h di v ersit y a n d s p arsit y.

T o e � e cti v el y c a pt ur e p hr as es  wit h p ot e nti al o v erl a ps, e. g. , “i n-
f or m ati o n e xtr acti o n” i n “i nf or m ati o n e xtr acti o n s yst e ms”,  w e a d o pt
t h e s p a n pr e di cti o n fr a m e w or k,  w h er e e a c h p ossi bl e s p a n i n t h e
s e nt e n c e is assi g n e d a bi n ar y l a b el.  T o a v oi d a q u a dr ati c gr o wt h of
t h e si z e of c a n di d at e s p a ns,  w e f oll o w pr e vi o us  w or k [2 5 , 3 4 ] t o s et
a  m a xi m u m s p a n l e n gt h  .  We als o e x pl or e alt er n ati v e cl assi� ers
b as e d o n t h e s e q u e n c e l a b eli n g fr a m e w or k i n S e cti o n 3.

3  U C P H R A S E:  M E T H O D O L O G Y

Fi g ur e 1 pr es e nts a n o v er vi e w of U C P hr as e .  As a n u ns u p er vis e d
m et h o d, U C P hr as e � rst  mi n es c or e p hr as es dir e ctl y fr o m e a c h d o c u-
m e nt as sil v er l a b els a n d e xtr a cts s urf a c e- a g n osti c att e nti o n f e at ur es
wit h a pr e-tr ai n e d l a n g u a g e  m o d el.  A li g ht w ei g ht cl assi � er is t h e n
tr ai n e d  wit h sil v er l a b els a n d r a n d o ml y s a m pl e d n e g ati v e l a b els.
Al g orit h m 1 s h o ws t h e d et ail e d tr ai ni n g pr o c ess.

3. 1 Sil v e r L a b el  G e n e r ati o n

As t h e � rst st e p,  w e s e e k t o c oll e ct hi g h- q u alit y p hr as es i n t h e
i n p ut c or p us f oll o wi n g a n u ns u p er vis e d  w a y,  w hi c h  will b e o ur
sil v er l a b els f or t h e t a g gi n g  m o d el tr ai ni n g.  A c o m m o n pr a cti c e f or
a ut o m at e d l a b el f et c hi n g is t o c o n d u ct a c o nt e xt- a g n osti c  m at c hi n g
b et w e e n t h e c or p us a n d a gi v e n q u alit y p hr as e list, eit h er  mi n e d

1 C o d e a n d d at a: htt ps:// git h u b. c o m/ x g eri c/ U C P hr as e- e x p.
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Fi g u r e 1:  A n o v e r vi e w of o u r  U C P h r a s e:  u n s u p e r vi s e d c o nt e xt- a w a r e q u alit y p h r a s e t a g gi n g.

p hr as es ( e. g. , “of a ”),  w e c o n d u ct si m pl e � lt eri n g of st o p w or ds b e-
f or e � n ali zi n g t h e sil v er l a b els.  N ot e t h at o ur pr o p os e d sil v er l a b el
g e n er ati o n f oll o ws a p er- d o c u m e nt  m a n n er.  T h er ef or e, c o m p ar e d
wit h t y pi c al c o nt e xt- a g n osti c dist a nt s u p er visi o n b as e d o n e xist-
i n g k n o wl e d g e b as es or di cti o n ari es [3 4 – 3 6 ], o ur s u p er visi o n r o ots
d e e pl y i n t h e i n p ut d o m ai n a n d c o nt e xt, t h us h a vi n g u ni q u e a d v a n-
t a g es i n pr es er vi n g c o nt e xt u al c o m pl et e n ess of  m at c h e d s p a ns a n d
c a pt uri n g  m u c h  m or e e m er gi n g p hr as es.

We f urt h er d esi g n a t ail or e d n e ur al t a g g er t o � t o ur sil v er l a b els
b ett er.  Tr ai ni n g a c o n v e nti o n al n e ur al t a g g er b as e d o n sil v er l a b els
us u all y f a c es a hi g h ris k of o v er � tti n g t h e o bs er v e d l a b els [2 4 ].
Wit h a c c ess t o t h e  w or d-i d e nti � a bl e e m b e d di n g f e at ur es, it is e as y
f or t h e  m o d el t o a c hi e v e n e arl y z er o tr ai ni n g err or b y ri gi dl y  m e m-
ori zi n g t h e s urf a c e n a m es of tr ai ni n g l a b els.  Alt er n ati v el y,  w e � n d
t h at t h e c o nt e xt u ali z e d att e nti o n distri b uti o ns g e n er at e d fr o m a
Tr a nsf or m er- b as e d n e ur al l a n g u a g e  m o d el c o ul d c a pt ur e t h e c o n-
n e cti o ns b et w e e n  w or ds i n a s urf a c e- a g n osti c  w a y [ 1 9 ]. I nt uiti v el y,
t h e att e nti o n  m a ps of q u alit y p hr as es s h o ul d r e v e al disti n ct p att er ns
fr o m or di n ar y  w or d s p a ns.  M or e o v er, att e nti o n- b as e d f e at ur es bl o c k
t h e dir e ct a c c ess t o t h e s urf a c e n a m es of tr ai ni n g l a b els, a n d f or c e
t h e  m o d el t o l e ar n a b o ut  m or e g e n er al c o nt e xt p att er ns.  T h er ef or e,
w e p air s u c h s urf a c e- a g n osti c f e at ur es b as e d o n att e nti o n  m a ps
wit h t h e sil v er l a b els t o tr ai n a n e ur al t a g gi n g  m o d el,  w hi c h c a n b e
a p pli e d t o n e w i n p ut t o r e c o g ni z e ( u ns e e n) q u alit y p hr as es. S p e ci � -
c all y, gi v e n a n u nl a b el e d s e nt e n c e of # w or ds,  w e � rst e n c o d e t h e
s e nt e n c e  wit h a pr e-tr ai n e d  Tr a nsf or m er- b as e d l a n g u a g e  m o d el
a n d o bt ai n t h e att e nti o n  m a ps as f e at ur es.  T h e # ⇥ # m atri c es fr o m
di � er e nt  Tr a nsf or m er l a y ers a n d att e nti o n h e a ds c a n b e vi e w e d
as i m a g es t o b e cl assi � e d  wit h  m ulti pl e c h a n n els.  A li g ht w ei g ht
C N N- b as e d cl assi � er is t h e n tr ai n e d t o disti n g uis h q u alit y p hr as es
fr o m r a n d o ml y s a m pl e d n e g ati v e s p a ns.

T h or o u g h e x p eri m e nts o n v ari o us t as ks a n d d at as ets, i n cl u di n g
c or p us-l e v el p hr as e r a n ki n g, d o c u m e nt-l e v el k e y p hr as e e xtr a cti o n,
a n d s e nt e n c e-l e v el p hr as e t a g gi n g, d e m o nstr at e t h e s u p eri orit y of
o ur d esi g n o v er st at e- of-t h e- art u ns u p er vis e d, dist a ntl y s u p er vis e d
m et h o ds, a n d pr e-tr ai n e d o � -t h e-s h elf t a g gi n g  m o d els. It is n ot e-
w ort h y t h at o ur tr ai n e d  m o d el is r o b ust t o t h e n ois e i n t h e c or e
p hr as es — o ur c as e st u di es i n S e cti o n 4. 7 s h o w t h at t h e  m o d el c a n
i d e ntif y i nf eri or tr ai ni n g l a b els b y assi g ni n g e xtr e m el y l o w s c or es.

E � ci e n c y  wis e, t h a n ks t o t h e ri c h s e m a nti c a n d s y nt a cti c k n o wl-
e d g e i n t h e pr e-tr ai n e d l a n g u a g e  m o d el,  w e c a n si m pl y us e t h e g e n-
er at e d att e nti o n  m a ps as i nf or m ati v e f e at ur es  wit h o ut � n e-t u ni n g
t h e l a n g u a g e  m o d el.  H e n c e  w e o nl y n e e d t o u p d at e t h e li g ht w ei g ht
cl assi � c ati o n  m o d el d uri n g tr ai ni n g,  m a ki n g t h e tr ai ni n g pr o c ess
as f ast as o n e i nf er e n c e p ass of t h e l a n g u a g e  m o d el t hr o u g h t h e
c or p us  wit h li mit e d r es o ur c e c o ns u m pti o n.

T o t h e b est of o ur k n o wl e d g e, U C P hr as e is t h e � rst u ns u p er vis e d
c o nt e xt- a w ar e q u alit y p hr as e t a g g er. It e nj o ys t h e ri c h k n o wl e d g e

fr o m t h e pr e-tr ai n e d n e ur al l a n g u a g e  m o d els.  T h e l e ar n e d p hr as e
t a g g er  w or ks e� ci e ntl y a n d e � e cti v el y  wit h o ut r eli a n c e o n h u m a n
a n n ot ati o ns, e xisti n g k n o wl e d g e b as es, or p hr as e di cti o n ari es.  We
s u m m ari z e o ur k e y c o ntri b uti o ns as f oll o ws:
• We pr o p os e t o  mi n e sil v er l a b els t h at r o ot d e e pl y i n t h e i n p ut d o-

m ai n a n d c o nt e xt b y r e c o g ni zi n g c or e p hr as es, i. e.,  m a xi m al  w or d
s e q u e n c es t h at o c c ur c o nsist e ntl y i n a p er- d o c u m e nt  m a n n er.

• We pr o p os e t o r e pl a c e t h e c o n v e nti o n al c o nt e xt u ali z e d  w or d
r e pr es e nt ati o ns  wit h s urf a c e- a g n osti c att e nti o n  m a ps g e n er at e d
b y pr e-tr ai n e d  Tr a nsf or m er- b as e d l a n g u a g e  m o d els t o all e vi at e
t h e ris k of o v er� tti n g sil v er l a b els.

• We c o n d u ct e xt e nsi v e e x p eri m e nts, a bl ati o n st u di es, a n d c as e
st u di es t o c o m p ar e U C P hr as e wit h st at e- of-t h e- art u ns u p er vis e d,
dist a ntl y s u p er vis e d  m et h o ds, a n d pr e-tr ai n e d o � -t h e-s h elf t a g-
gi n g  m o d els.  T h e r es ults v erif y t h e s u p eri orit y of o ur  m et h o d 1 .

2  P R O B L E M  D E FI NI TI O N

Gi v e n a s e q u e n c e of  w or ds [F 1 , . . .,F # ] , a q u alit y p hr as e is a
c o nti g u o us s p a n of  w or ds [F 8 , . . .,F 8+ : ] t h at f or m a c o m pl et e a n d
i nf or m ati v e s e m a nti c u nit i n c o nt e xt.  T h o u g h s o m e st u di es als o
vi e w u ni gr a ms as p ot e nti al p hr as es, i n t his  w or k,  w e f o c us o n
m ulti- w or d p hr as es ( : > 0 ),  w hi c h ar e  m or e i nf or m ati v e, y et  m or e
c h all e n gi n g t o g et d u e t o b ot h di v ersit y a n d s p arsit y.

T o e � e cti v el y c a pt ur e p hr as es  wit h p ot e nti al o v erl a ps, e. g. , “i n-
f or m ati o n e xtr acti o n” i n “i nf or m ati o n e xtr acti o n s yst e ms”,  w e a d o pt
t h e s p a n pr e di cti o n fr a m e w or k,  w h er e e a c h p ossi bl e s p a n i n t h e
s e nt e n c e is assi g n e d a bi n ar y l a b el.  T o a v oi d a q u a dr ati c gr o wt h of
t h e si z e of c a n di d at e s p a ns,  w e f oll o w pr e vi o us  w or k [2 5 , 3 4 ] t o s et
a  m a xi m u m s p a n l e n gt h  .  We als o e x pl or e alt er n ati v e cl assi� ers
b as e d o n t h e s e q u e n c e l a b eli n g fr a m e w or k i n S e cti o n 3.

3  U C P H R A S E:  M E T H O D O L O G Y

Fi g ur e 1 pr es e nts a n o v er vi e w of U C P hr as e .  As a n u ns u p er vis e d
m et h o d, U C P hr as e � rst  mi n es c or e p hr as es dir e ctl y fr o m e a c h d o c u-
m e nt as sil v er l a b els a n d e xtr a cts s urf a c e- a g n osti c att e nti o n f e at ur es
wit h a pr e-tr ai n e d l a n g u a g e  m o d el.  A li g ht w ei g ht cl assi � er is t h e n
tr ai n e d  wit h sil v er l a b els a n d r a n d o ml y s a m pl e d n e g ati v e l a b els.
Al g orit h m 1 s h o ws t h e d et ail e d tr ai ni n g pr o c ess.

3. 1 Sil v e r L a b el  G e n e r ati o n

As t h e � rst st e p,  w e s e e k t o c oll e ct hi g h- q u alit y p hr as es i n t h e
i n p ut c or p us f oll o wi n g a n u ns u p er vis e d  w a y,  w hi c h  will b e o ur
sil v er l a b els f or t h e t a g gi n g  m o d el tr ai ni n g.  A c o m m o n pr a cti c e f or
a ut o m at e d l a b el f et c hi n g is t o c o n d u ct a c o nt e xt- a g n osti c  m at c hi n g
b et w e e n t h e c or p us a n d a gi v e n q u alit y p hr as e list, eit h er  mi n e d

1 C o d e a n d d at a: htt ps:// git h u b. c o m/ x g eri c/ U C P hr as e- e x p.

C N N Pr e di cti o n: X 4

H a l i d e

b r o m o
A r y l

p h e n y l

Fi g. 3: Ill ustr ati o n of s u b w or d cr oss- att e nti o n- g ui d e d n a m e cl assi fi c ati o n.

T A B L E I: D at as et St atisti cs

D at as et S u z u ki C o u pli n g

# Tr ai ni n g S a m pl es 3 0, 4 8 8
# Vali d ati o n S a m pl es 3, 8 5 5
# Testi n g S a m pl es 3, 8 5 8

# Gr o u ps 1 1

D uri n g i nf er e n c e, w e c o m p ut e t h e s c or es of t h e att e nti o n
m atri c es b et w e e n e a c h c h e mi c al n a m e a n d all t h e t e n r e a ct a nt
gr o u ps t o fi n d t h e r e a ct a nt gr o u p wit h t h e hi g h est pr o b a bilit y.

III. E X P E R I M E N T S

A. D at as et

We cr e at e a d at as et f or o ur t as k of c h e mi c al n a m e cl as-
si fi c ati o n. We first g et t e n r e a ct a nt gr o u ps fr o m c h e mistr y
e x p erts t o s er v e as o ur cl ass l a b els. E a c h r e a ct a nt gr o u p
h as a c orr es p o n di n g r e a ct a nt gr o u p n a m e ( e. g., “ M 1 ” is
“ Pri m ar y B or o n at e ”) t h at c a n b e us e d i n o ur e x p eri m e nts.
T h e n w e c oll e ct t h e c h e mi c al n a m es t o b e cl assi fi e d fr o m
b ot h t h e r e a cti o n d at a b as e ( R e a x ys [ 6]) a n d t h e n a m e d e ntit y
r e c o g niti o n ( C h e m N E R [ 1 3]) r es ults i n c h e mistr y lit er at ur e.
L ast, f oll o wi n g t h e tr ai ni n g d at a cr e ati o n pr o c ess d es cri b e d i n
S e cti o n II- A, w e a ut o m ati c all y cr e at e ar o u n d 3 8 K tr ai ni n g d at a
f or t h e t e n r e a ct a nt gr o u ps pl us a n “ Ot h er ” cl ass wit h cr oss-
m o d al s u p er visi o n of m ol e c ul ar str u ct ur e m at c hi n g. We s plit
t h e 3 8 K tr ai ni n g d at a i nt o tr ai ni n g/ v ali d ati o n/t est s ets wit h a
r ati o of 8: 1: 1. T h e d at as et d et ails c a n b e f o u n d i n Ta bl e I.

B. B as eli n es

We c o m p ar e t h e p erf or m a n c e of R E A C T C L A S S wit h s e v er al
b as eli n e m et h o ds as f oll o ws.

• B E R T/ Bi o B E R T/ C h e m B E R T + S oft m a x : T his is a si m pl e
b as eli n e m et h o d t h at dir e ctl y us es t h e o ut p ut st at es of a pr e-
tr ai n e d l a n g u a g e m o d el pl us a li n e ar l a y er f or pr e di cti o n. We
e x pl or e d v ari o us pr e-tr ai n e d l a n g u a g e m o d els i n diff er e nt

d o m ai ns ( e. g., B E R T [ 3] i n t h e g e n er al d o m ai n, Bi o B E R T
[ 1 0] i n t h e bi o m e di c al d o m ai n, a n d C h e m B E R T [ 7] i n t h e
c h e mistr y d o m ai n).

• C h e m B E R T + Tri pl et L oss : T o t a c kl e t h e cl ass i m b al a n c e
pr o bl e m i n o ur tr ai ni n g d at a, w e tri e d t h e tri pl et l oss t h at is
l ess s e nsiti v e t o t h e i m b al a n c e d tr ai ni n g d at a c o m p ar e d t o
t h e s oft m a x l oss.

• C h e m B E R T + S oft m a x ( O v e rs a m pli n g) : T o f urt h er t a c kl e
t h e cl ass i m b al a n c e pr o bl e m i n o ur tr ai ni n g d at a, w e l e v er-
a g e t h e w ei g ht e d b o otstr a p pi n g str at e g y t o e ns ur e t h at t h e
m o d els r e c ei v e a b o ut t h e s a m e n u m b er of d at a i n e a c h cl ass
d uri n g tr ai ni n g.

• S u b w o r d + C N N + S oft m a x : T his is o ur pr o p os e d m et h o d
t h at t a k es t h e s u b w or d cr oss- att e nti o n m a p b et w e e n e a c h
c h e mi c al n a m e a n d t h e c orr es p o n di n g r e a cti o n gr o u p as t h e
i n p ut f e at ur e a n d t h e n e n c o d es it wit h a 3-l a y er C N N f or
t h e fi n al pr e di cti o n.

• S u b w o r d + C N N + S oft m a x ( O v e rs a m pli n g) : T his is o ur
fi n al m o d el t h at h as t h e s a m e ar c hit e ct ur e as S u b w or d +
C N N + S oft m a x, o nl y a d di n g t h e w ei g ht e d b o otstr a p pi n g
str at e g y t o f urt h er t a c kl e t h e cl ass i m b al a n c e pr o bl e m i n
o ur tr ai ni n g d at a.

We us e t h e mi cr o- F 1 a n d m a cr o- F 1 s c or es 4 as t h e e v al u ati o n
m etri cs f or o ur p erf or m a n c e c o m p aris o n.

C. M ai n R es ults

Ta bl e II s h o ws t h e m ai n r es ults o n t h e t est s et of o ur
c h e mi c al n a m e cl assi fi c ati o n d at as et. C o m p ari n g diff er e nt
pr e-tr ai n e d l a n g u a g e m o d els ( B E R T/ Bi o B E R T/ C h e m B E R T +
S oft m a x), t h e d o m ai n-s p e ci fi c pr e-tr ai n e d l a n g u a g e m o d el
a c hi e v es b ett er p erf or m a n c e t h a n t h at is tr ai n e d i n t h e g e n er al
d o m ai n. C o m p ari n g C h e m B E R T + S oft m a x, C h e m B E R T +
Tri pl et L oss, a n d C h e m B E R T + S oft m a x ( O v ers a m pli n g), b ot h
t h e tri pl et l oss a n d t h e o v ers a m pli n g str at e g y ar e eff e cti v e i n

4 htt ps://s ci kit-l e ar n. or g/st a bl e/ m o d ul es/ g e n er at e d/s kl e ar n. m etri cs.f 1 s c or e.
ht ml

A ut h ori z e d li c e n s e d u s e li mit e d t o: U ni v er sit y of Illi n oi s. D o w nl o a d e d o n S e pt e m b er 0 4, 2 0 2 5 at 1 9: 4 3: 3 2 U T C fr o m I E E E X pl or e.  R e stri cti o n s a p pl y. 
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TABLE II: Main Results (F1 Scores in %)

Baseline Micro F1 Macro F1

BERT + Softmax 97.72 82.83
BioBERT + Softmax 97.85 85.00

ChemBERT + Softmax 97.95 84.20
ChemBERT + Triplet Loss 98.16 88.25

ChemBERT + Softmax
(Oversampling) 98.16 89.46

Subword + CNN + Softmax
(REACTCLASS) 98.28 83.44

Subword + CNN + Softmax
(REACTCLASS + Oversampling) 98.56 90.76

Fig. 4: Parameter Studies on Dimension K

dealing with the class imbalance problem in our automatically
created training data. The oversampling strategy is the most
effective one that brings the most performance improvement.
Our final model (REACTCLASS + Oversampling) achieves
98.56% micro-F1 and 90.76% macro-F1 scores with sig-
nificant performance improvements compared with all the
baseline methods. It demonstrates the effectiveness of our
proposed method that takes the subword cross-attention maps
between the chemical names and the reaction groups as the
input feature for classification.

D. Parameter Studies

We perform several experiments on the hyperparameters
in our framework to study the efficacy of our classification
model. One important hyperparameter is the dimension of our
cross-attention matrix K during training and inference. Due to
a large amount of computation in calculating cross-attention
maps, large dimensions result in much longer computation
time while small dimensions may cause information loss. We
conducted experiments on a dimension size K from 10 to 50.
In Figure 4, we observe that a larger dimension K will lead
to better performance. We use K = 50 in all our experiments.

IV. CONCLUSIONS

In this work, we propose a highly effective method, RE-
ACTCLASS, for reactant entity classification without requiring
human effort for training data annotation. REACTCLASS is
designed to take two special characteristics, multi-modal rep-
resentation and knowledge-aware subword correlation, of the

chemical molecules into consideration. Our method achieves
state-of-the-art performance in classifying the chemical names
into ten Suzuki cross-coupling reactant groups.
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