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Steve Jobs was the co-founder
and CEO of Apple

(Apple, Steve Jobs, founder)
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o £F/A—1 [Zhang et al., 2017]
o B A ST [Wang et al., 2018]
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Freebase

( Apple, Steve Jobs, /business/company/founders )

Free texts

1. Steve Jobs was the co-founder and CEO of Apple.

2. Steve Jobs passed away the day before Apple unveiled iPhone 4S in late 2011. <
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The unit is [well designed] and [perfect reception]

o 1fMda: well designed, perfect reception

° TEMIXIZR: unit

o iRk Z: (well designed, unit), (prefect reception, unit)
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Name Pattern Output Example
amod .
bl w1 2 w0 g i w1.np It 1s aagnigol] case.
w1.pos € NOUN, ws.pos € ADJ — W2 case > cool
acomp
- wi P T = wi.vp The ca:g:oi;)oks [great].
w1.pos € VERB, ws.pos € ADJ O = w2 looks —— great
p3 wy 22y e T = wq The cover c{nag:hes [perfectly].
wi.pos € VERB, waz.pos €ADV O = wo matches —— perfectly
Wi nsubj Wo T — w1.np
y w1.pos € NOUN, (O = wa.np This c:as]eD 'is [an excellent choice].
wa.pos € NOUN or VERB or ADJ O = wa.vp case +—= choice
has a coplua verb between w; and w2 O = ws.adjp)
conj
wr +— (0", T") T =T’ The case looks [great] and very [cute].
Cl O'.pos. € ADJ or ADV O = w; cute & (ereat. looks)
wi.pos € ADJ or ADV steat
nsubj
- (O, T") —= wn / T = w; The case [fits perfectly].
w1 .PpOS c I\I()[H\I7 T .poOsS € VERB O — T/O/ (perfectly, ﬁtS) nsubj the case

O'.pos € ADV, T' and O’ are adjacent

* SRR, RA[CEX
o {MEE ZRAIMMEIER R
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System Phone Movie Food Pet
P R F P R F P R F P R F

Adjacent 386 657 486 | 300 588 397 | 314 465 375 | 284 622  39.0
Bootstrapping | 440 629 51.8 | 269 493 348 | 436 540 482 | 33.6 577 425
Pattern 694 644 61.1 | 622° 424 504 | 76.0° 419 541 | 599° 513 55.3*
LR 60.1 647 624 |556 570 553 | 655 49.2* 562 | 476 59.3° 528
NN 63.4 67.9* 65.6* | 56.8 58.2* 575 | 705 4777 56.9* | 514 580 545
NN-+Pattern 644 705 673 | 582 599 591 | 684 508 583 | 549 582 565

F AL AT DA B Az i &

* DRI LAIRS

o 5NN F Pattern HJZ

BE(NN > LR)

oom BJ DA

Tt I%RE
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Systems P R F

Klinger et al. (2014) - - 65.0
Jebbara et al. (2016) 87.0 75.0 &1.0
Pattern 51.4 20.7 29.5
LR (end-to-end) 49.5 27.8 356
NN (end-to-end) 43.3 40.1 41.6
LR (gold) 39.1 479 62.3
NN (gold) 814 62.8 70.9

RO EAEIE L
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ACEO05 i e AR AR i L NYT

PER (person) FAC (facility)

_ PER (person)
LOC (location) VEH (vehicle) LOC (cistan
ORG (organiztaion) WEA (Weapon) ORG (organiztaion)
GPE (geographical entities)

ACEO5 . RelationTypes .- NYT

ART (agent-artifact) /business/company/founders
GPE-AFF (gpe-affiliation) /business/company/ipdustry
ORG-AFF (organization-affiliation) /location/country/capital

PART-WHOLE (part-whole) /location/location/contains
/ le/ /nationali
PER-SOC (person-sacial) people/person/nationality

/people/person/place of birth
PHYS (phisical) PP Eiiiait

o SLIRKRBIMKXAKRERER
o BN AR —1F
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wremEsE 0 XY ——— 5 bilSTM —|> A5
— AR
biLSTM HEES

" — Y 2ZYR
AL AR EEHE X biLSTM ——|—> BIa{ES

o LIFFFIER (HZE-TAH)

o MMHEIRTMIBRINGI, “TXREDE
o FEFA M ESES I RRILBIEE R A

o HEFEE5EBESZEM—MLE Fieq(Bls) =
o GERSEENE

E : Seq
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PRSI R PRI N

o M2, M, =TI
L5 — | Pi — Moo Potoll2, V€ {a,b}.

trans seq™ seq

o TE1An

Livans = [|1Pes = Mg Pll2, v € {a,b}.

trans rel
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Relation
Model P R F Entity Relation
Gormley (2015) 553 154 240 Model P R F P R F
Mintz (2009) 258 393 31.1
Tang (2015) 335 329 332 only D | 82.6 91.2 86.7 | 61.8 43.3 50.9
Hoffman (2011) 33.8 327 333 D*UD" | 845 919 88.1 | 60.7 42.3 49.8
L&J (2014) 574 25.6 354 only h° 83.5 93.1 880 | 656 420 51.2
Ren (2017) 423 351.1 46.3
Zheng (2017) 61.5 414 495 he+ L£°¢ | 86.2 925 892 | 66.5 454 539
Wang (2018) 643 42.1 509 + Lirans | 82.8 89.6 86.1 | 64.8 46.2 54.0
gun 5038{ %j jég g;z -Liﬁgns 86.6 929 89.6 | 704 45.6 554
i 2 2 O -crel 1872 939 904 | 729 409 524
Sun (2018)(exactly match) | 65.2 40.6 50.0
Our Model(exactly match) | 68.3 442 53.7
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entity | joint decoder
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shared SRS , HE .
parameters ? - [ entity decoder I8 relation decoder
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Minimum Risk Training

dl'g min EyNP(y‘X)A(y, y)
P

o A(V,y) =R 8Mmm vy MEXNE Yy ZIBEINER
o N UBEERMMUERTFRFIAIINKKE, ELUIFIDE
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min ) P(y]s;:0) (A(F.y) + () +¢
yeY(s)

st. T'(y")—T(y)>1-& £>0,

*—aro min I'(y
y 3 min (¥)

TIXE, T MEAH ') =1-P(y[s:0), BHIRKEA

> P(yls;0) (A(¥,y) — P(y]s;0)) + [1 — P(y|s; ©) + P(y*|s;©)] .
yeY(s)

Hoh [u]4 = max(u,0) & Hinge loss
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ERTE V() KB V() (SIRMEK)

Lurt(©) = > QF]s0,1,0)Ay,y)
yeY’'(s)
HA Qls;0,p,0) & P(y]s:0) FEFE V' (s) WEFHTA—1t
1

Q(y1s:0, p.a) = —[P(£]s,0p)" P(R|s,£,0r)' 7]

Z= > [P(E]s,0p)"P(R]s,E Op) "]
(ER)EY(s)
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Joint Learning with MRT
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Model Entity Relation Model Relation
P R F P R F P R F

L&J (2014) 852 769 808 | 654 398 49.5 (Zheng et al., 2017) | 61.5 41.4 49.5
M&B (2016) | 829 839 834 | 572 540 55.6 NN 618 43.3 509
Zhang (2017) | - i 83.5 | - i 57.5 MRT 674 42.0 517
K&C (2017) 840 &81.3 826 | 555 51.8 353.6 (Ren et al., 2017) 423 51.1 463
NN 840 829 834 | 595 56.3 57.8 NN (exact match) 504 4177 49.0
MRT 839 83.2 83.6 | 649 551 59.6 MRT (exact match) | 65.2 40.6 50.0
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biLSTM
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o SLRIASFIRA
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Toefting was convicted of assaulting a pair of wokers during
a night out with national squad teammates in the capital ...

PER-SOC

Toefting teammates capital
PER PER GPE
Entity  Entity . . Relation Relation
Types  Nodes Entity-Relation Graph Nodes Types
PER Toefting (Toefting, teammates) PER-SOC-RIGHT
PER teammates (Toefting, capital) PHYS-RIGHT
GPE capital (teammates, capital) PHYS-RIGHT

o WTBIPIREXM, FEAA—TEAETR
o WTBIEMR-LAY, FEAAN—TRATR
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Relation
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® Hard A : A ZEIFHIPI=IEFE
o tNE P(b=1|ry,s) > 0.5, M A, ..
o A P AZLITTREAN 1.0
o Hitn{yE#B 0.0

® Soft A
°* Ac,ri,
o APXA%ITTREEN 1.0
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Detection

l

H T GCNREA S LRk A FHEN

Entity Relation
Type Type
Y1 Y2 Y3 L L I3
Pt 1 I
Softmax Softmax
Pt Pt 1
S8/ ||k 8
‘oo le ||/am/ua
L 2B JIRK HE N
GCN

Node

Embeding
Extractor
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Binary
Relation

H B
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Activation
Function &
Dropout
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GCN Layer




e GCN HY

ST
e\
Model Entity Relation
P R F P R F
L&J (2014) 85.2 769 808 | 654 398 495
Zhang (2017) | - - 83.5 | - - 57.5
Sun (2018) 839 832 83.6 | 649 351 59.6
M&B (2016) | 829 839 834 | 572 540 55.6
K&C (2017) | 84.0 &81.3 82.6 | 555 51.8 53.6
NN 85.7 82.1 839 | 656 50.7 57.2
GCN 861 824 84.2 | 68.1 523 59.1
FRIFAISSIRRAIERE, HIRIRARIMEVIEEE
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Model Entity Relation Entity Span Binary Relation
P R F P R F P R F P R F
Sun (NN) (2018) 840 829 834 | 595 3563 578 | - - - - : -
NN 85.7 82.1 839 | 656 507 572|912 896 904 | - - -
GCN (static) 85.0 82.6 838 | 66,6 513 578 | 90.8 90.2 90.5 | - - -
GCN (dynamic + soft) | 85.3 82.3 838 | 67.3 516 585|908 90.2 905 | 773 564 65.2
GCN (dynamic + hard) | 86.1 824 84.2 | 68.1 523 591 | 91.2 895 904 | 782 563 654
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