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I_ IEE: MI!!
L %1% “baked apple”
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e 100DODDOO: OOOODO “What does the speaker want to eat?” [ 0
O00000000000DO00D0D000D0000 a baked appled 00O 00O
0000 “A baked apple“0 00 0000O0OO0O
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you?’ 00000000000 O0ODOOODOODOO

e OO DDO: DDOOLODLODOOOULOULOULULLULULULOOOOLODLODDDO
goboboooobbboooobobbooooooobod



O0o0D00o00oo0oooDoooooooooooooooooooan
000000000 0b00bO0oo0obO0O00obO0boooD0ooboOooDOoDO
Ooo

0000000000000 0000000O00DO000o0O000oO0O0onDn
0000000000000 0000O00000o0bO0oooooDooooon
O0000000DO00o0oooooooooooooooooooooon
000000000 0bO000O0ooOoO0O00ooO0booooOOoboOooDOooO
OO00D0DO0DbOooOooog

000000000000 0DO00D00DO000O0O0o0o0DOoDOOooogn
000000000000 0000D0000O00O000DO0DbO0o0oOooDooon
0000000000000 000oD00oooooooooooooooon
0000000000 0bO000O0b0o0ooO0obooobO0oooOOoboOooDOoDO
000000000000 00O0O0bO000O0b0o0oDO00ooD0obOoOOoDOoOO
000000000000 00O0000O0000DO00DO0bODOO0DOOoO0oDOooOO
Oo0Doo0oo

000D00000oOoooo0oDdoooooooooooooooooogn
OO0000bO000O0bO00bO0ooOo0bO0ooooobD0oooOOoboooDOobDo
000000000 0DO000O00DO0DOO00O0O0DO00oOO0DbOoOooDOoOO
000000000000 000DO000000000b0o0oDoO0DOoOOooDOooOO
00000000000 0000000000000O0D000000000oDo000n
0000000000000 000D0000o0oo0ooooooooooon
O0000000o000o00ooo0oooooooooooooooooooon
O “apple” O “banaene” 00000000 “eat” 0 “apple” OO0 OO0OO0O00O0O00O
O00“at” 0 “banene” 0000000000000 DOOODOOODODOODOODOO
O00000000D00000000 “ee”00000DO0OO0O0OOO0ODOO
OO000000O000000ooooooobooog

0000000000000 0000000O0000O0O0O00OODO0O0O (4
0) 0000000000000 00000000o00O00oooooooDOoog
0000000000000 000DO000O0O00O0DO00DO0oDbOOoODOo0OO



0 (50)0



root

N '

I saw you with her

O 1: “I saw you with her.” OO0 OO DO0O0O0O

2 00

21 0000

0000000 L={h,...,I;}0000000000 ¢ =w...w, 100
0000000000000 G=(V,A)0000000000V = {wp...w,}
O000000000000ACVxLxVOOODODOOODODOoOooDooo
goooooooobobououoooooooooooonooog 1agd
L={oull} 000000000100 x=wy...ws= “I", “saw”, “you”, “with”,
‘her”, €7000000000000O0OV =4 47, “saw”, “you”, “with”, “her”,
“7 Y0 A ={( “saw”, null, “I”), ( “saw”, null, “you”), ( “saw”, null, “with”), (
“with”, null, “her”), ( “saw”, null, <)} 00000000 ni0DO0O001000
0000 (w,w;) 0000000000000 1000000 (w,w;) 00000
00w, 000000 w; 00 (parent)d 000 (head, governor) 000000 wy;
000000 w; 00 (child)JO OO (dependent) 0000000 10000 10
00000 (saw, ) 0000000 saw’000000""O0000000O0OO

gobdoooooooooboooooooooooooooooobooooon
001000000000 00000000000000D00000O0OD [2]
O0CKYODODOOOODOOOOOO B|00o000ooooooooooood
O shift-reduce 0000000000 4000000000000O0O0O0OO0O



0 2: “The boy wants to go.” 000000 0OOO AMRO

OO000D0 10000 shift-reduce0 000000000

2.2 Abstract Meaning Representation (AMR)

Abstract Meaning Representation (AMR)[5|0 00000000000
0000000000000 0000AMROOOOOODOOOOOOODOOOO
gooboboboboobobooobbdodoooooobobobbbboooooooooo
O00000000000000 (concept)DO 0 (relation) 000000000
OO0000000000000D00b00000Db0OD000OProposition Bank
(PropBank)[6, 7, 8] D00 00000000000000

“ The boy wants to go.” 0000000000000 AMROO 200000
O AMRODO

e IDUUOUOODD want-0100 0 O

e 1JJUDDDO (ARGO)I O boyO O OO



e 10UJUD (ARGHODOODOODODDDODODO go-010000O0
e 000 go-0100000 (ARGO) IO Owant-010 ARGOO OO boyOd OO

0000000000000AMROOOODOO0000000000L={h,...,I}
00000000 C={e,...,q0}000000000AMRGO G = (V,E)D
0ooooo

e OO ODD V:ODOODOODLOODLOODDODODDODO v;O100
oboood e 0o

e IIDDODOD E:-DO0ODLOODODOODDOODLOODODOODDO
OOe; 010000000 ¢, 0000

AMROOODOOOOOODOOOOOODOOOOOODOOOOOOD
0000000000 Q000000000 oooooooooooooog
Oo0o00o00o00oooooooooooooooooooooo (1o, 11, 12]
gboodbbuogoboooobobooobbobbooobbuogoboobooon
OAMRODOODO

ggbbbuooobbbouoodoobbbooobbboooob

2.3 Proposition Bank (PropBank)

Proposition Bank (PropBank) 00 000000000000 000O0O
OO00000O0000b00bO0o0b0oooO0ooooobDoooOoboOooDOoDO
00000oooooooooooo e, 7, 8]0

PropBankO OO O OO0000O0OO000D0ODOOOODODODOOOODODOOOODOO
0000000000000 00000DO0000Do0ooooooo00oooooo

O000000000ooo0oooon 300000 3000 “want, desire” 000
O0000000 “want-017 OO “eat, consume” DO 000000000 “eat-
0170000000 “eat-01” O “ARG0” OO O O “consumer, eater” 0 00O 0O
O0“ARGI” 0000 ‘meal” 00000000 OOOCODOODOODO



Class want-01 want, desire

ARGO Wanter
) Class eat-01  eat, consume
ARG1 thing wanted
. ARGO consumer, eater
ARG2 beneficiary
. ARG1 meal
ARG3 in-exchange-for
ARG4 from

O 3: PropBank OO ODOOOOODOOOO

His eating carrots constantly has tinted
eat-01 his skin a suspiciously bright orange hue.

ARGO His
REL eating
ARG1 carrots
ARGM-tmp constantly

0 4: PropBank OO O OOO0OOOOOOOO

0000000000000 D0000D 400000 400 “His eating carrots
constantly has tinted ..." DO 000 “eat-01”" 00000000 0O0O0OOOOO
0000000 “REL” O “eating’ 00000 “ARGO” 0 “His’0 0 “ARG1” O
“carrots’0 000000 “ARGM-tmp” O “constantly” OO0 D OD0O0O0O0DOOO0O
00000000000 DO00bO0o0oDbOOoobooooooOo “ARGM-tmp”
O000000 “ARGM-loc” D000 0O00O0DOOO0DODOODOOODOOODOO
ooon
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D00000000000000000000000000 (Pointwise Mutual
Information; PMI) 0 0000 0000000000000 D0000DOO00OO
00000000000 D0O0000
000000000000 00000000000000000000000
0000000000000 00000000000000000000000
D00000000000000000000 M eR™"0000000000
MDO30000000000
M=UxV" (1)

000U eR™mOO00O000O0O0XeR™"0 MO 0000000000
00000000V eR™0000000000000000000 d(<r)O
0000000000 S, eR™"O00000MVE, 000000040000
0000000000000 [14)0

Mikolov 00O OODOOO0OO0DO0O0D0DO0O0O00O0O00O000O000O000000
0000000 [(15000000000000000000000000000
000000000000000000000000000000000000
oooooQ
00000000000000000000000000000000000
000000000000000000000000000000000000
O0000000man0000 kingDDOOwoman D 000000000000
000 O Vidng — Vman + Uwoman & Vqueen 1 0000 00000000000000
ooooooo
000000000000000000000000000000000000
00000000000 00000000000
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gbooboooobobobooooboodao

KooO [16]0 Brown 00O 00O (170 00000O0O0O0OOOOOOOO
gbogobobobobbobooboobooboobooboobooboon
obobooboobnb0obOoobo0oboobobbobooboobon
oooobobobodo,ig20bbooooobobobobobuoobooon
gboboobuogobooobboobboogbboobbuoooboboon
gboodboggbogbbobboouobbobobooboobooboboonon

BansalO (18] 0 0000000000000 OOO0OCOOO0OOOOOOOO
goobobobobbooboboobobobobooboboobobon
obooboob20000000000000000O000O0ODOODOODOO0
gbobogboboodgbbooooobbuooobbooobboobbooon
gooo

gob2000bobugooogbobbuogboboodgbooobbooon
gooobobogoboboobobooobooobooobbuooboboboon
gboodbbuoggbooabbooobboobboobobboobbooob
gbbobuoooobbbuoooobob

Andreas0 [19)|0 0000000000 CCOOO0O0OO0O0O0O0OOOOOODOO
0000000000000 0000000000000(1) 00000000
0000000000000000000((2)000000000000000
00@3) 0000000000000 00000ooO0o0Dooooo30D0000d
gbooboodgbbuoobugobboobbuooobboobbuooobooon
O000000000000D0Andreas00000O0OCOOODOOOODOOOO
gbobobuogoobbboogoobbbooooboboboooobbboooon

goboobuodgbbuogboboobbuooobooobbooobboon
000 [20,21,22,23,24, 25|00 000000000000000000O00O00O0O
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gbbogbboobboogbbuobobooobbooobooobbab
gbobuogobbuogobbuooobbooobbuooobbuooobboon
gbooogoboboogoooon

3.2 AMROOOOOODDOO

Wang O [11, 12O 0AMROOOOOO0OO00OOO PropBankOO OO O OO
O00000000000000000 26000000000 AMROOOOOO
O00000000Brandtd 270 0000000000C0O0OOOCODOOOO
ODOoO00oOoO0o0oooooobD AMROODOOODOOODOOOOODOOO
OO000OD0PropBank OO OOODOOOOOOOOOOODOODOODODLDOOO
OO00oO0DO0bDO00OPrepBankODOODOOOOODOODOODOODOODODOOO
gbbobuoooobbbuoooobobuoooobooooon

O0000O0OPrepBank OO DO OOOUODOOOODODLOOOOODOODOOODOO
OOO0O0O0OAMROODOOOOODOOOODOOOOOOOODOOOODOO

Puzikov O [28] 0 O Wang O [10, 11|00 00 AMROOOOOOOOOOOO
gboogobbooobboobbboobboobbuoooooobbooob
gbobogbobooodbbuooobboobbogbboobbogbooon
gobogbboogobbuoogbbooobbogobbooobbuoon
goboooobbobooboboooobbuooobbbooobbooon
goo

00000000000000O00 10, 1100000000000 000Qd
gboboobbouoooboboobbuooobboogbbobbuoooboboon
0000000000000 0PuzikevO (2800000000000 OOO0O
gboobogboboogdbbuogoboooobboobboobobooobboon
gbobooaobn

Barzdins O 29|00 0000 AMROOOODOOOOODOOOOOOOOOOOO
gboooboobobbbbbuoooooooboooobobbbbbbobbbbbbD
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0000000 WangOO OO [11]00000Barzdins00 000000000
gbbodgbboodbbuobboobboobbooobboobbooob
gbbobooodgbbboooobbbuooobbobooon
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4 0O000O00O0O0O0OOO0OO0O0OO0O0O0O0

gobooobbuogbobbooobbuoobobboogubbuooobboon
gbobogbbooodbbuobobooboobbooobbuooobooon
gbobogoboogbbooobbuooobboobbooobbuoooboon
OO00o00oooooooooooooooNLPOOOOOOOOOOOOOOO
gopoooboboooobbooooboboboooboboboobobon
gbobogbboodbbugobogbbuooobbooobboooboon
gbobodbbuogobobooobbooobbuoooboboobboooooon
gbobodgbbogobbogbbuoobooobboooboboobbon
gbooboooobobboooobboboogobbbuooonoon

00000 Shift-Reduce 0000000 [30,31|0 000000000000
gbobogbboodbbuooboboobbooobbuaobbobboogn
O0000OAndreasd (19|00 0000000CCO0O0O0OOODO (H)OODOODOO
000000000000000000(2)0000000000000000
gbooboooobbboooobon

4.1 Shift-Reduce0 OO0 O0O0OO

Shift-Reduce U0 DO DOO0OOO0OOODOOODOOODOODOOOOODOODOO
gbobodbuogobooobbooobbuoobobooobboobboon
obooboobogo

000000000oooo sSooS=(q,s,A) 000000

e 00 quOOUOOOODODOOOOO
e JDUI s DOOOOOODLODOOO
e 00 A 00O0OODDOODOOO

gotbobbbbdoodoooubbbodoooobbbooooooon are-
standard 0 000 [32,4,30) 000000000000
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oogoo s
gogd 0 godds gddaq ooog A

0 - [] [ I saw with her . | {}

1 Shift [1] [ saw you .. .| {}

2 Shift [ I saw | [ you with ...] {}

3 Reduce-Left [ saw | [ you with ...] {(saw, 1)}

4 Shift [ saw you | [ with her ...] {(saw,I)}

5 Reduce-Right [ saw | [ with her ...] {(saw, 1), (saw, you) }

O 5: shift-reduce 00000000 OOODO0O
1. shift: qUUUODOOOUOO0O0O0O sODOUOO0OO0OO

2. Reduce-Left: sOO OO0 500000 s, 0000000 (s9,5)0000
s sdggoogg

3. Reduce-Right: sO0 0000 500000 ;0000000 (81,50 00
OOsed sOOOOOO

Ozr=w..w, 0000000000000000 (Jwe...wy),[,{H) 000
0oooooo (),[s,A000000000000000000000000
0000

0000 saw you with her” 00 0000000000000000O005
00000000000000100000000 shift0000000000
00000’rP00000000000000 “e’ 0000003000000
000 Reduce-Left 000000000 (sew,[)0OOOO0O00000 “r00
00000000000

000000000000001000000000000000000000
000000000000000000000000000 {Shift, Reduce-Left,
Reduce-Right} 0000000000 {¢ )\ p}000 (2440000000000
0000000000000000000000000000000000000
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§=Ww- fonis:(95) (2)
)\:W'fReduce-Left(S) (3)
P =W - freduce-Right (S) (4)
000000 HuangO (30|00 00000000000 0OODOOOOOOOO
dbdbododooodoudooooooooououooooooouoooa
0000000000 sp8,...0000000000000 g,q,...0000
do0oooddsywl qowOOOOD00O0O setO000ooooooooon
OspwtUUOOODOODOOO0OOO0OO0OO000O00Osy U s 00O
so0 5,000000000000000000000 set0, 0000000
000 sewgwO 00000000
gddodoooouoouoooobooooouobooooouooooooo
O000OwO tO0OOo0ooooooooooooooooonoodgso3dnonn
000000000 goWyou, SotvBD, SoWsawbtvBD, SoitPRP; SoWsawdoWyo, U U 0T T O
DO0OO00oOooooboodin qw,, DOO0D00O000000000000
“you’ 100000 soweantvep, 10 00000000000000000 “you”
doooooooo «VvBbD’ououooooooooao
gdobdooooodouobooooobooooouo10ooooooo
OOone-hotOOODOO0O0OO0OO0O0O0OOOOOOOOOODOOOOO fshift(S,i)D
Freduce-£et(S,1)0 freduce-rige(S,4) 0 00,1000 20 0000000000000
oo ouoooouoouoooood
oo ououououoooogo
gddooodoooooooooodooouoboooouooooooo
oooooo000 z=w...w,.; 000000000 Ae0O0O0O0DO0OOOO
arc-standard 00000000000 yqeOOOOOOOOOOOOODOI0OO
O000000000oooooo (h)oooo

Shift,Shift, Reduce-Left, Shift, Reduce-Right, Shift,

Shift,Reduce-Right,Reduce-Right, Shift, Reduce-Right
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S0, S1, =0ood
00000 £(S,4) q, g
1000000000000 | sgw S1W QoW
| 4000000000 | swset swsit |
qowqot
SowSpts it Sptsiws it
Sow@gotgit S1tsgwqpt
$1t81ctSoW S$1t80WSqct
2000000000000 | sewsyw
| 4000000000 | swswsit . sowsotsiw |
SoWSgtsiwsyt
oo Sot s1t qot
Sptsit Sotqot
sotgotqit s1tsotqot
Sotsitsgt
S$1tS1tSot S$1tS1,ctSot
S1tSptSorct S$1tS1.tS0t

U l.gbbbuoooobbobooogbo

4.2 UO0OO0O0O0OO0OO0OO0OOOOOOLDOOOO

0000000 10000000000000000000000 O qgowye
SOWsauwb VD, SoWsawloWyee 0 00 000000000000000000000
00000000000000000000

000000000 7000000000004.1000000000Jonehot
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
O0000000000000000 onehot 100000000000 000
000000000000000000000000000000000000
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RILEEFE

(o) (a)(a]-

o6 o00o0ooboobon

B Fix BEERBRE

s0.word = imaginable
s0.word = thinkable

sk4nsE  s0.word = conceivable

BHARIRIL

437\

042

REFE THRREARNK

imaginable |0.69 | ..

0.11

thinkable [0.64 ] ..

0.13

conceivable |0.71] ...

0.09

FAHARIKMIL 038

.1-0.21

“thinkable” M E &
“imaginable” M E#

BHEOWEKRE

thinkable
> imaginable

conceivable

g7o00b000od
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gboogbodbogbooggbogbuooboobooboobboobbonon
gboboogboodbboobbuoobooobboobobooobboob
gooo

100d0boooobuodobb wddboOsbboobobbuoobbodoboo

O0swO 1000000000000 000O0swO one-hotOODOODOOOO
e=()i<i««O000wOdOODODOOOOOOOO0ODODOOOODO0O0O0OO swO

gebbDUOOOon sep,...,seqUUOOOO se0OUOOOOODO

se = Zvi - (se;) (6)

00000 “aw’ 00000000 ey = (06,...,02) 000000000
0 sowee 10 70000000

S0€saw := 0.650e1 + ...+ 0.2s0€q4. (7)

00O00Oseer,...,s5e0 000000000 swd 000000000000
000000 2z00000000000 sew, 00sgen,...,s0eq0 000000
000000000000000000 sew,0000000000000000
00000000000 000000000d000000000000000
000

1000000000000000000000000000000000
one-hot 100000000000 000 setvepwee 000000800000
Sotvepess 1000000000

SotVBDesaw = 0.68013\/]3])61 —|— Ce —|— O.QSQtVBDed. (8)

000000stw0000000000000000000000000000
0000000000000000000000000000 sgtyepese 0 00
00000000000000000000000
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200000000000000 swewl0O000200000000000
000000000000000000000000000000000000
00 2000000000000003000000000000000000
0000e; = (u)i<icaD e3= (01121 0000000 w, 0 w000 D0O00O
00000000000000000000000 swwOOOOOO

e OUTER PRODUCT (®):

d d

e1®e2 E gulv] seze]

=1 j5=1

0000 esm=(06,...,0.2)0eyp, = (0.5,...,0.8) 00 0 O 5oWsquioWyou O
0000000

5040(€saw ® €you) 1= (0.6 x 0.5)s0qoe1€1 + . . .
+ (06 X O.S)Soqoeléd + ...
+ (0.2 x 0.8)s0q0€q€4-

e SUM (+):

s(er +ey) = Z:(uZ +v;) - (s€;).

=1
000000000 seWseuioWye, 10000000

5040 (€saw + €you) = (0.6 + 0.5)sogoe1 + - .. + (0.2 + 0.8)spqo€q-

e CONCATENATION (&):

e169e2 = E Ui + sel —i-g vj - sej

000000000 sWseuioWye, 10000000

5090 (€saw B eyou) = 0.650q0e1 + ... + 0.250g0eq + 0.550G0€1 + . .. + 0.850¢0€q.

18



e ELEMENTWISE PRODUCT (0):

d

s(ej oeg) = Z(uzvl) - (se;).

=1

OD00000000 soWsaw@owye, DO OO0 OOO0O

5040 (€saw © €you) = (0.6 x 0.5)s0goe1 + . .. + (0.2 x 0.8)spqoeq-

Oooodd sew,Ogw, 00000 one-hot 00 00000O0O0O00O0O2000
0000 seweqowy, 0 Osow, 0 gow, 10000000000 0OUTER PRODUCT [J
00000000000 0430000000 Outer ProbpucTO 4000000
000000000000000000004d00000000000d?0000
OO0000000SumO ELEMENTWISE PRODUCT O d 0 O O CONCATENATION
O020000000000000000000000000000ELEMENTWISE
PropucTt O OuTER PrODUCTO OO OOOOO0O0OO0OOOOO0OO0OOOOO
gobgoouoooooobooood

4.3 0OU
4.3.1 0O0O0O0O

HuangO 31|00 0000000000000 0O0O0OOO 420000000
gogboobobbobobbobbbbbbtbdbddduoouooooooouoaoa
o8 oooooggg
00 max-violation0O0 OO O0O0 3|0 0000000000000 OOOOO
0000000000 HuangDOOOOD '0000000O0 Penn Treebank O O
0000000 Stanford Tagger? 0000000000000 O0O0OODOOOO
00000000000 (Unlabeled Attachment Scores; UAS) D OO0 OOOO
gobooboobobobobobbbbobbbbobbbbdoouooooouooooo

thttp://acl.cs.qc.edu/ Thuang/
2http:/ /nlp.stanford.edu/software/corenlp.shtml
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goodboogboboobdo 1ebuuboougbboboboobooboonon
gbboooodgboboboodan

0000000 LevyOO OO [33,14 00000 New York TimesO0 O O QO 3
(20070 10-20070 60,0 15000)0000000005S000000000
gosodooooobobbobobbbbougooooob24000000000
ooboboodbooboobobobooboooboobobobo pMIDOObDOOO
gbboodgbbooobboobbuooboboooboobbuoooboboab
g3b0bbugaobobooaabn

e PLAINDDOODOODOODOODLO3ODOOODOOODOODO

e TREEUJUDUODUODUOODUOHuang OO OOOOOODOODOODOODODO
O300000b0b0bo0obo0og

e STATE Huang O OO 0D DO0O0OD0DOO0OD0DOOODOOOOOOOsoO00O0O
DDDDDDDDDDDDDD{SDS% 53, Sol, Sor, S1y Sir, 40, Q1aQ2}DD
O0ooooooooooonon

TrReeO Stare0 0000000000 DO0OODOOODOOODOOODOODOO
gbooooodgoboboooobobobogad

4.3.2 00

OO0obOoo0o0obD20000000O0uTeRrRO0O00O00OO0DOODOODODOODO
Stare000000000000O0O0O0OO0OOO0OOO0ODOOO0ODbOOODbDOO
gbbogoboobobooobuooobbuoooboobobooobbooon
gbobogboboobbooobbuoobbooobbooobbooooon
gboobuoooobbbuoooobobuoooon

00000000000 (16, 1800000000000 OOOOOOOOO
gbooodbbuodbboobbbuooobbuooobbooobbboob
O00000000Bansal 0 (1800000000000 O0O00OOYO0000

3https://catalog.ldc.upenn.edu/LDC2008T19
4http:/ /ttic.uchicago.edu/ mbansal/
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gooddd4,6,8 12, 16,2000 0000000000000 0O0000DO0O0O0O
gbobooaoobn
000000000 O0Chen0 0000000 ODOOOODODOOODODO [22]
OO00o0obo0ChenOODODOOOOOOOOOOODODODOOOOOO
goboboboboooobbbobootododoooooooooobobboboobbDb
goooboboobobobbbbobooogsogoonooboboboboboboboobbn
oboob3gboobobooboboobobooboboboobobon
gddodgooouoouoobbbbb3bbiodooooooouaaouoon
Stare0000000000O0O0OO0ODOO0ODOO0ODOOOOObODOOOODOO
OO00OSTaTe 0000000000000 0O0O0O0O00HuangDOODOOODOO
0000000000000 00bO0b0obO0obO0obOoDogChendOOOO
HuvangOOOOOOOOOOOOODOOODODOOOOOOOODOOODOOOO
gbbodgbbuooobboobbuoobooobbooobbooooan
gbobobuoooobbbuoobobbbooogoobobod
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0o 0o 0o

Huang 0 (000D O0O) [31] | 91.93 | 91.68 | 89.01
Stare00000000000D0ODOOOO0ODO:

OUTER 92.57* | 92.20* | 90.27*

SuM 92.25* 91.85 90.10*

CONCATENATION 92.18 91.86 89.96

ELEMENTWISE 92.18 91.84 89.91
OurTer0 0000000 OOOOODODOOOOO:

PraIN 92.33" 91.78 90.08*

TREE 92.37* | 92.09* 89.82

STATE 92.57* | 92.20* | 90.27*

ogoooon:

PrLain 91.71 91.20 89.18

TREE 90.38 90.07 88.00

STATE 91.31 90.96 89.04

Bansal O [18] 92.06 91.75 90.13

O0000ooooooo [22:

Random 86.37 86.19 81.06
PrLan 90.68 90.48 87.02
TREE 91.06 90.82 87.38
STATE 91.03 90.57 87.88

O 2 UASODOODOODOO. 00000000 O0obOD0ob0oboboboboooo
00000000 (1OOOOO0oooooooooooooooooooooo
00000000000000000000000 (p<0.05)
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-30 15

O &8 0D000bodboboubibdb200000sw, UODODDO0ODOXOO
see, DO ODOO0ODOYODOODOO

4.3.3 OO

gbdbooodouooodouoooouoooouobooouoooooo
dodouooudooouoouoooo sgu ooooooouooood
Oodooodd0ddooooouoooonooonoooooogd sow, 00O
000000 XO0OOO0OoOOoooOOd sge, JOOOO0OOOYOOOOOO
O0000000sw, 000000000000000000000 W(sew,) OO
O00se, 00000000 sge, 0 OODOODOO (W(sger),--.,W(soeq)) D OO
oo sodououoooououotsgw, 00oood
OO0 spe, UOODODOOOOOOOOOOOO0OOOUOOUOOOOOOOOOOO
gododooooooodooouoboodoooooouoooooon
gododotuooboooouobooooouobouoouoooooouoon
godotudootiodotdouoooouooonooooooouooon
oo ououooooouoooooouood
ooo

gdoooodooddouoooooooooouoouooouoooooo
0900000000 200000000000DLOD0O00O0DODO0ODODO0ODO XO
O,100000b0b0doboobod0ooooooouooooobouoo vo
oo ouoooooouoon
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0.3 . 03

0.2 : ; . ; . 0.2

09 0boobbobbobobobobooobob 200 z,y00000XDOO 2,y
DoobooboboobobooyYydo -,ybooooboboobobon
goobodgd

gboboooobbuoobbobooobbbogoobboono20bu0gn
obooobooobboooobo0 Xbooobooobooobbooo
ooobobobobobooybobooobooooobooobobobobobooo
gboobobgbooboboooobobobooobobobooobobon
Dooboboobobobooboboobooooboboobuoobobon
OO000000000O0O00DOO00DO00DOo000oDO00nD Andreasd
(0000000000000 000O00000O0O0DLOOoOULOOO0OO

. 0obgboobooboobooboobo

2.00000obobooooboboboooooboobo

gboobooogon
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(a) Using Lexical Features (Red is wrong)

root

TN Y

., it is of course conceivable that

(b) Using Embedding Features (Green is correct)

root

NN Y

., it is of course conceivable that

“Whale it is possible that the Big Green initiative will be ruled unconstitutional,

it 1s of course conceivable that in modern California it could slide through.”

U 10: Doogoobbbuogbobbboooobbbogo

obooboobouobdooboobdood200booboooobooooan
obobodbooboilcgbobbobooboobobbobooboob
OO0000000%“oncewable” OO0 O0O0OD0OO0OOO0OOOOOO0OODODOOO
gbobodgbboooboboobbobbooobboobbuoooboboan
000000 10(2)000000 “conceivable” DD 0000000 “subjective” O
“undeniably” OO0 DO OO00O0O0O0ODOOO0OOODOOOOODOODOOODODOODOO
00000000000000000000O0OO0OO 10(b)0o

gboboggboodbboobbuoooboobuoobobooobboon
gbbobooogboobuooobobbooogn

e 55t st 0 JJ, JJS, JJRODODOODOO0O0OO0OO0OO

e st 0 CC,Comma 00000000 0OOODO
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(a) Using Lexical Features (Red is wrong)

Wi

., one of the fastest and most sensitive monochrome films .

(b) Using Embedding Features (Green is correct)

W

., one of the fastest and most sensitive monochrome films .

“The Rochester, N.Y., photographic giant recently began marketing T-Max 3200,

one of the fastest and most sensitive monochrome films.”

U ll:0bouodgbobboooobbbdo

00000000000 “lack and whete” OO0 00O OO O O sgw =“white”d syw
= “black”0 sqqw = “and” 0000000000000 0O0O0OO “black and white”
0000000V = {(white, and), (white, black)} 000 000000000000
O0000D000 Reduce-Left 00D O0OOOOOODOOOOOOODODOOO
000000000 98.8%0 Reduce-Left 000000000 ODOOODOOOO
O0000000 New York TimesO O OO0 0O O OOO O Reduce-Left OO
000000000 %%/ 0000000 ooooooooooooooog
Oo00b0o0oooboooobobooboooooooobooooboooo
OO000OReduce-Left 000D DODOOO 994%00000000000O0O0O0O0O
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gbodbbuogobboobboodboobbooobbuoobbooob
gboboobbuogobbooobbooobbugboboboobuoobbooon
gbobuoooobbouooooD 11oogon
U1i200b0o0o0bbooudgoooooobboobbbotboodoooooon
OO00O000O0b0o00O0ob0bOOoobDOobobo vASOoboooooboooooo
gboboodbbooobbodobbuoooboodobbobbuooobboab
gobboboobboboougooodg120bbbobbbduooooooonn
gbobooboobbuooobboobbooobboobbuoooboboon
gboogbbogbbooobobbooobuooobbooobbuooobbogn
gboobogbooobbogobboobbooobboobbuooobboon
Dbhooobbooobooobboobboobobooobboobbuoobn
gbobodgboboobbuoobboobbuooobboobbuoooboboab
gbobogobbuogbbuboobbooobbooobbooobboon
gbobogoboobbobooobbooobbooobbooobboooon
gboobuogoobbbuoooobbbooogboboboooobon
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UAS acuracy

(o)
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+— Dbaseline
oo STATE + OUTER] |

(o]
N

0.01 0.1 1
Used proportion of training data

012 0000000000000 0000DO0DO0ODbDO0O UASOD
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o UUOUOOooOoooooooooooogn

000000000000 00000O0DO000D00D0DOoO0ooDOoOooDgn
0000000000000 00000000O0000000ODO0000o0oDoOO
0000000000000 0000O00000ooo000oooooooon
O000000o0o000nooooooooooooooooooooonon
0000000000000 000000 Abstract Meaning Representation
(AMR)[5]0 0000 AMR O Proposition Bank (PropBank)[6, 7, 8]0 0 0O O
000000000000 0OPropBankO0 0000000000 ODOODOOOO
0000000000000 00Dodooooooooooooooooon
ooo

O000D00O0DAMROOODDOOOO PropBankOOODOODODOODDOOODO
OAMRODOODOODOODODOODOODOODOODOOOOODODOODOOOO
000000000000 00000000DO000O00DO00DOoOooDoon
O000D04000000000000000D000000

O0000OPropBank 0D OO OD0OODODOODOOOOOOOOODOODOODO
OO00000O0O0bO00ObO0bO00oO00ob0oooO0boooOOoboOooDOoDoO
ooogd

51 000 AMRODO

WangOOOOOOOOOO AMROO [10, 11, 12)|0 00000000000
gbuodgoboodgbboobboobbooobbuoobboobboob
Oo0O00000O0CO0O0AMROOOODOOOODOOOOOOODOO

O0oooooo so S=(g,p,A0000000

e 00 ¢: J00DDOODOO0OOODsOOOODODO o000 = aglo’
good

e U0 p: U000 DOOOOODODOOODOpODOODO BOOO
B=06|p 0000
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e AMROO &G

O00000000 pDO00O0O0OC0CDOO0ODOO0OO0C0OOOOoOCcoOoDOoOoOno
Oodooopoooogoooooooooooooooboouogoboooooono
O Sinitlj S@'m’t:(O-initv[]'Ginit>DDDD

e 0, UOO00OO DOODOOOODOOODOOO0OOODODO0OOOOOOO
00002000000 g4 = [the, boy, to, go, wants) O 0 0 O

e G,y UODOUODO DOODODOOODOODODODODOOODOO

gogbobobooogbboobouoon

e DeleteNode DO DO ooUOODO GOODOOOOOsOODOODOOODOO
0000000000000 DO000DbOO00OD0DO AMROODODOOODODO
O0O0000DO000b00Ob 1300 “The boy wants.” OO0 DOO0O0OODOO
oo ="“The”0 oy =“boy” 00 0O ODeleteNode 10 OO AMROODOOODO
O«“The00D0O0ODODOODOODODOOOO

e NextNode(c)UDOUODOUOO coOUODOODOODOODO cOOODOODOOODO
cO0000D0000e,0000DODO0ODODc0OD0D0O0O0O0O0ODO 0000
O0p00000000000000000DO0DO00O0DODOO0OODOOO 14
00 “The boy wants.” 0000000000 130000 0 NextNode (boy)
D000 oo="boy” 0000000 OODOO “boy”000OOOODO

e NextEdge(r) DO OO0 (00,5p) 000000 r00000000000
00 0 0000000000000 00O0000D00O000DOO0O00nOd
OO0O000DbO0Ob0O0o0nDO 1500 “The boy wants to go” OO0 O OOOODOO
oo =“wants”0 Py =“boy” 0D O 00O OO NextEdge(ARGO) DO D OO
OO000 00000000

e Swap(r) 000 5000000000 O0O0O0O00B 0000000000
O (Bo,00) DODOODODD0 r 000000000000 OOOBOAOOODO
O00c0020000000000O000ODOOOO AMROODODOOO
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O00D00000DOO000 1600 “South Korea and Israel oppose” [ 0 O
OD00000OSwap(op) DODOD0OBy =“and” OODAMRDOODDOODOO
Ooyg=“Korea” 00000000000

Reattach(k,r) OO 00O (00,0p) 000000000 O0OOOOrO0O
00 (k,3)000000000000000 AMROOODOOOOODO
O000000000ooooooonD SwepODOODODODOOODO 1700
“South Korea and Israel oppose” 00 00O O OO0 Swap(opl) OO OO
Reattach(and,op2) DO OO fy=“Israel” OO0 “and” 0000000

ReplaceHead U Doy OO DO ODOOOOOODOOOOODOOODOBUODOOO
Oooboobgdgbee00000O0O0OO00OD pOOUODOODODOO
OO000000b00O0 AMRODODOODOOODODOOOODODODO
180 0 “lve in Singapore” OO O DOOOOOOAMROOODO o9 =“n” O
ReplaceHead U U U OO DODOODO OO

Reentrance(k,1) 0000000000 0000 (k,6))00000O0OO
0000000000000 0o0o0o0o0oobo0obO0obOobobOoDOoDo
OO0DD000000 1900 “The police wants to arrest” OO0 OO DO OO
O0pBy =“police” OO DODODOONO “arrest” OO O O Reentrance(arrest,
ARGO)OODOODDODDOODODOODOOOO

Merge OO0y O o 00000 c0p0000000O0O00O0 100000 o
O00U0DecUO0U0OU0O0O0OOOOODDODOOOOOOOOOOODOODOD 100
O00000000boooooon 2000 “Micheal Karras” D000 OO
O00O0O0MargeU OO OOOO0OUOOoDOOOoDOOODOD

Infer(c) 00000000, 00000 0000000000000
00000000000 ¢00006,0000000000000000
0, 000000(01,04)0(04,00) 0000000000 (01,00)00000
0000006, 0¢020000000000000000000000
AMROOOOOO000000D0000000 2100 “minister” 0000
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o o = [boy, ']
A =0 B =0

0 13: DeleteNode

OO0000 “have-org-role-91" 000 U0O0OOOOOODOOOOOOOODOO
“minester” OO minister 0000000000000 0OO0OO0OOOOO
gbooodd

OOobDoOooobob0 AMROODOODOODOOODOODODOODOODOODDOY
gbooboodgbbuooobboobbuooboboobboobbuooobooab
gboooboooobbouoogon

5.2 JUUobpooooobboogd

O00DbO0O05100000000 AMROODODDODODAMROODODOOO
0000 PropBank OO OO AMROOOODOOODOOOODOOOODO

PropBank OO ODOOODOOO AMROOOOOOOOOOOOOODOODO
OO00o0bO0bOob0oo0oobooboobo0oboboboooboOndPropBank O
OO000000ooo00o0o0oo0oob0o AMROOODOOOODOODOODAMRODO
OO0Db00000O000O0obO0bO0o0ooO0obooboobOOobDOo0ooOonD AMRO
gbbogobboooboobbuooobbuooobbooobbboboob
gobobobbbobobbbobdddooooooooooooobbbbobbb
gbbobooobobbboooobbobuoooobbbouoobon
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-

—[bcy wants, **+] U = [wants, ***
= = [boy]

O 14: NextNode(c)

() ()
Coado, = CmD o
ARGO
COICOENOICD
B, B, B,

g = [wants , ==*] g = [wants, =]

B = [boy, go—01] B =[go-01]

O 15: NextEdge (1)
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0 = [Korea, oppose] o = [Korea, and, oppose]
B = [and, Israel] B = [South, Israel]

0 16: Swap(r)

Korea, oppose]

]

0 = [Korea, oppose]

g
B = [Israel] B

=[
=[
O 17: Reattach(k,r)
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Bo

o = [in, live] o = [Singapore, live]
B = [Singapore] B =0

U 18: ReplaceHead

want (o5
'
/reentrance
!
(i) 5.
o = [want] o = [want]
B = [police, arrest] B = [police, arrest]

O 19: Reentrance(k,r)
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>

O = [Michael, arrest] 0 = [Michael Karras, arrest]

B = [Karras] B =1

0 20: Merge

= [minister] ¢ = [minister, habe—org—role—91]

a B =10

O 21: Infer(c)
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AMRODOOOODOODOODOODODODODOOOOUODOODOODOODODO
OO000000PrepBank OO ODOOOOO0OOODOOOODOODOODODLOOOO
gboboodgbbuooobboobboobbuooobboobbuooobobogon
OO0bOO000o0b0ob0ob0o0bo0bo0oooobbOOoDO PropBankDOOOODOO
gboobbooobobobboooobboboogobbbuoooon

UOx=w...w, 000000000 PropBank OO ODOO0OOOOOOODOO
00400 pb=(f,v,s,a) 000000000000 OOOODOOOOOOOO
OoO0o0oOooOo0oOoD AMRODOOOOOOODOO

1.»000000 fOODODOOO

2200000000000 DO0OO0OO0OLOOODLODODOODDOODOOD
OoooooDooo (vil,e)DOOOODOOOOOOOOO sO00OO (v,a)0
goooo

3.000«00000000000000000000000p, 000000
000000000 (v,prep,p.), (p.,pobj,) 0000000000000
s0000 (v,e)000000

4. cO0oO0D0O0OO00OD0OO0ODOODOODODOODOOOLODODOOODOObLODO
00000000 (q,l,,0v)00000000s0000000 s'0000
(a,v) 00000000000 0ODOOODOO0ODOO0O “ARGO”OD0OO “ARGO-
of”00000OD00ODOODOLOOOOODOODODUODbOO

5.v0«0000000000000000000000000000000
2,000000000 ,L,.000000000 (2, ba,v), (Te, lo,a) 0 O
000000000000000000000 s0000 (v,e)000000

oooobooboobDobooooboobooboobo AMRODOOODOD
gbobogobbuoggbuoboobbooobbooobbooobboon
000 00, 000000000000 0O00O00OOODOODOOOB=[J000
bbb cscUUoooooddbeebbbddooooooooobbbobb
OO00000000000PropBank 000 0O0OOOOOOODOOOODO400
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pb=(f,v,s,a) 0000000000000 00000OOOOOOODOODOO
AMROOODOOOODOOOODOOOOOO

1. 000 o9 =v0p =] 0000NextNode(f)

2000 00000O000O0O0O00O00OO0O
000 oo =v0 By =a 0000 NextEdge (s)

3.000«000000000000000000
000 op=v08 =p0000k =al0000 NextEdge (s)

4. 00 0o00000O000O0O000O0O
000 op=al By =v0000NextEdge(s™1)

5. v0 0000000 OOOOOOOOONO
000 By =al0000Reentrance(v,s)

gboooboobo400000PropBank 000000000 ODOODOODOODO
Doobooboogon

e x = “The boy went”O pb = (go-01, went, ARGO, boy) DO 0O OO
(i) 0O S = (went|o’, boy|f’,G) O O O O NextEdge (ARGO)
(i) OO S = (went|d’,[],G) O O O O NextNode (go-01)

e x = “go to school.”O pb = (go-01, go, ARG1, school) 0 0 00O
(i) 0O S = (golo’, to|p',G)D OO OS = (go|o’, school|f’,G) 0 O O
NextEdge (ARG1)
(i) OO S = (go|o’,[],G) 0 0O O NextNode (go-01)

e x = “the washing machine” 0 pb = (wash-01, washing, ARGO, machine) O
gooo
(i) 0O S = (washing|o’,[],G) O O O O NextNode (wash-01)
(ii) OO S = (machinelo’, wash-01|4',G) O O O O NextEdge (ARGO-of)
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e x = “The boy wants to go” 0 pb = (go-01, go, ARGO, boy) DO O OO
(i) 0O S = (o,boy|f’,G) 000 OReentrance(go, ARGO)
(i) OO S = (go|o’,[],G) 0 0O O NextNode (go-01)

5.3 0UU
5.3.1 0O0OOO

000000000 WangO [12000000000°00000520000
O PropBank DO DO DOOOOOOOOODOOOOO0ODODOOODODOODOO
OO0WangO (12|00 0000000000000 OOOOOOO100000
gbbodbodgbbuooobboobbooobboobbuoooboboab
OO00C0O0O0O0O0DAMROOOODOOODOOOODODOO LDC2015E86: DEFT
Phase 2 AMR Annotation R1°00000000000000000O0O0OOO
OO000O000000D00AMROOODOODOOOOODODOOPropBank OO
000000 OntoNotes Release 5.0 0000 (ALL: 273,278 000000)00
Ooo0oobooooooooobooboooooboooooboooooonon Wall
Street Jornal 0 000000 (WSJ:103,630000000)000000000O
gboodbogbboobbogbooboobboobogboobooonn
OO0O0O00000 “be-01”00000OODOODO “have-02” 00 AMROODOODO
OOOo0bOooboobooboobPropBankODOOOg 1000000000
OOAMROOOOOOOOODOOOOOOOOOOODOOOOOODODOODO
SyntaxNet[23)* 0000 000000000000000O0O0O0OOOOOOO
00000000 FIOO000D000 (Smatch Score[34])00

000000 WangO [10,11, 12| 0 0000000000000 OOOOO0O
gbobodgbbuogobboobbugobooobooobbuooobboon
000 (Embed) 0000000 WangOOOOOODOOOODDOODOOOO 4.2

Shttps://github.com/c-amr/camr
Shttps://catalog.ldc.upenn.edu/LDC2015E86
"https://catalog.ldc.upenn.edu/LDC2013T19
8https://github.com/tensorflow/models/tree/master /syntaxnet
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0o 0o
000000 [12] 65.67 | 63.15
+ PropBank WSJ 65.66 | 64.00
+ PropBank ALL 65.41 | 63.60
000000 + Embed | 65.06 | 63.52
+ PropBank WSJ 65.66 | 64.56
+ PropBank ALL 65.55 | 64.37

O 3: Smatch Score 00D ODOOO. ODODODODODOOOOOOOOOO
gboboboogobobboooobboboogobobbuoonoon

oo ao
gpooogog 76.85 | 52.77
ODo0O0000 + WSJ | 77.22 | 53.57
000000 + Embed | 77.07 | 53.13

U4 0D000dobbobbouoogobobbodoooobbobbbouooon
OO0 rFi0o0oboooboobg rFrioboboboboboobooobooon

gbobogboboodboobboogbbuooobooobbooobban
O0000000000MikolovDOOOOODODO skipgramO 0000000
00 Wikipedial® 00 1000 000000000000

5.3.2 00O

00000 Smatch Score0 0 3000000000000 DO0O PropBankO O
gbouodgbobugbbbobobboobuoboobboobuooboonn
OO0O0booobood PropBankODOODODOOOOOOOOODODOOODOOOO
OoOo00o0oboobooobo0obobooboobobouobbddnPropBank
gbooobbobbooob booobobooobobobboooboboon

9https://code.google.com /archive/p/word2vec/
https://dumps.wikimedia.org/enwiki/20151201/
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0.66

0.655 ® o * ry

0.65

¢ Dev.

0.645
E Test
—#RFZE L (Dev.)

0.64 ] B — 8RR (Test)

Smatch Score

0.635

0.63
0 2 4 6 8 10

PropBank7 /T—33/iBMNE (n/10)

0 22: PropBank DO ODOOOOOOO AMROODOOO

O00O0OOPropBank OO OOO0OOO0OOOOOO0OOOALLOOOODOOWSJOO
gbobodgbbogobboobbuooboobboobbuoooboboon
gooboodgobobboooobbbooooobobboooobbobooo

gboboogbbodobbobbuooboboodobboobboobboob
OOooooooobooboooooooobbobooobo0ooboboogd PropBank
gbobogboodgbbooobbubbooobbuooobboobboon
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