BREAFIUERRK BLEICIS FMRAENE S ERFEDERANIR

ETAREF IR ERE

Xl E

Vil
AL

FRER=ER B ISR

RIVIRAI[EZRE RSN
2016 FE4817H




hse

IR-based QA

KB-based QA

Template-based QA
Expert System

Community QA

1960 1990 2000 2010

BaseBall MASQUE Swer
TREC
LUNAR VaEoO!

Text REtrieval Conference (TREC)
MACSYMA drmisimigt gl s ANSWERS

S Large tvxr colNvoriean.

SHRDLE Publications = velsations - = 5] Wolfr amAlpha

answer. computational.

. knowledge engine
discover. Il ge eng
Frequently )
Asked o*®, i ME W M M3 @ BH GOOGLE
b Qﬁ < -} ¥ Questions Bai®W il == #y
> el KNOWLEDGE GRAPH
Data | Emnin > mwae )

RN BRAOE  SRROE KissBaidu.com

Past TREC Contact ‘ iiir%x)vmm. 40 Nasdaq BAIDUMES HBA T TNA IS 2000 1A 6FRE, &
B AQETARPEN HTEANEE “NQ TER" HEemRSEt. “=5r

Results Information SFRF PRI HRE ?ii]%) wa: ~RE RN
25FF BUWRE 54T -2007-11-21 88 ARAH

O Emiaio s ‘
“roBase




IR-based QA

BT AR
Y

o] & RS

Community QA

@%%

MR,
ﬁ?ﬁﬁ—_

P R TR
EIE=SuRE
RN

N

YaHoO!
ANSWERS

A

SHRSFEONT. HBENAN

LN
JJ) =K

KB-based QA

Knowledge
Base

18 X T

WolframAlpha

mputatic
Kr ‘(_)\;|(,L ge l_,ﬂu.ﬂ(,
y

GOOGLE
KNOWLEDGE GRAPH




445117E§\'f] }¥)/JE f%ﬁ\giié

. ZEREE .

B

Mary journeyed to the den.
Mary went back to the kitchen.

"%/ . :
MEANFHER FRFNEAH John journeyed tc the bedroom.
Ja Mary discarded the milk.
) BIE Rl WE BE BN B8 B» /"d\' @?EB‘J&FEBLM&{‘BF&I‘S?&T Q: Where was the milk before the den?
¢ R RERS A. Hallway
Brian is a lion.
ZBFNEAHE H Julius is a lion.
226cm Julius is white.
iz 2 3
3, 19802 F LAMRTE, AMRINE, PHRRBD "D BRE=2T? Bernhard is green.
R, 1998048, RARTHGARNERI, FMEETH, 2002 L) Q: What color is Brian?
F, LU B BNBASRN A NS, 20 A. White
wRIEFIEA .
s BAR Sam walks into the kitchen.
& ‘ | Sam picks up an apple.
/"q SHNBERBNET Sam walks into the bedroom.
7' nokia . EEFERT, BAET, Sam drops the apple.
TENES), WBhET Q: Where is the apple?
A. Bedroom
Windows PhoneFHLEAE H
=

N ENARNMRKBMNET

X windows phone . AT,
ST
)! [ 4




KB-based QA W

AT FHZD

& WolframAlpha

MR WX KE XNE & F B WA BE XF BB

how big is China 8 ’ %1008 B 22 43 493,03 WETR

O == Iy = Examples =>2 Random SkEE B

226cm

a3, 1980F£F EFRICE, EMRIIRE, PEERED
‘ ‘ 8, 1998F4 8, AETIHEAMNERI, FIERERE, 2002
Assuming total area | Use population instead . LU B ENBARIF R RS IAR S, 20, HHD>

Assuming “how big" Is intemational data | Use as referring 1o socioeconomic data or referring 10 species or
referring 1o administrative divisions instead

China total area

Show non-metric

9.597 « 10° km? - world rank- 4™

9.507 « 102 m?
3.705 million mi?
1.033 ~ 10" f?

x 0.96 - total area of Canada (9 98467 - 10" km* )
x (0,996 - total area of the United States (93142 - 107 km*

* largest extent of the Roman Empire Mm*
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Semantic Parsing
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SELECT DISTINCT ?x
WHERE {

y ElEE ?x.
res:HkER EC1 ?y.
}
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SELECT DISTINCT ?x
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What states borders Texas

relation/mention

relation meéntion entity mention

Ax.state(x) Aborders(x,texas)

Relatio Relgtion / entity

<
KB




EB1BX BN A

« BN RN (Semantic Parsing)

- HETEBEIEE (Combinatory Categorical Grammars)
[Zettlemoyer, 1995]

o “BAI-FIAN"#HS (Shift-reduce Derivations) [Zelle, 1995]

« EF1E% (Synchronous Grammars) [Wong, 2007]

« SEEH (Hybrid Tree) [Lu, 2008]

e XCFGiEiLt (CFG-like Grammars) [Clarke, 2010]

SCYKEE (CYK-like Grammars) [Liang, 2011]
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Which software has been developed by organizations founded in California, USA?

<

%Eféﬂ‘ﬁ,}ﬂu : software developed by organizations founded in California

<

ﬁ;}?\ Eg&%{f . dbo:Software dbr:developer dbo:Company dbr:foundationPlace dbo:California
lj;l%éﬂ/ﬁ\ <dbo:Software, dbr:developer, dbo:Company> <dbo:Company, dbr:foundationPlace, dbo:California
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* Yinh et al. Semantic Parsing via Staged Query
Graph Generation: Question Answering with
Knowledge Bas, In Proceedings of ACL 2015
(Outstanding Paper)

 Zeng et al. Relation Classification via
Convolutional Deep Neural Network, in
Proceedings of COLING 2014 (Best Paper)

« Zeng et al, Distant Supervision for Relation
Extraction via Piecewise Convolutional Neural
Networks, in Proceedings of EMNLP 2015

* Xu et al. Classifying Relations via Long Short Term
Memory Networks along Shortest Dependency
Paths, In Proceedings of EMNLP 2015
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Progress

Bordes et al. Open Question Answering with Weakly Supervised
Embedding Models, In Proceedings of ECML-PKDD 2014

« Basic System

Bordes et al. Question Answering with Subgraph Embedding, In
Proceedings of EMNLP 2014

 (Contextual Information of Answers

Yang et al. Joint Relational Embeddings for Knowledge-Based
Question Answering, In Proceedings of EMNLP 2014

e Entity Type
Dong et al. Question Answering over Freebase with Multi-Column
Convolutional Neural Network, In Proceedings of ACL 2015

e TJopic Entity. Relation Path, Contextual Information

Bordes et al. Large-scale Simple Question Answering with Memory
Network, In Proceedings of ICIR 2015

 Memory Network



Basic End2End QA System
(Bordes et al. 2014)

HEjRAAMEEXZR (Single Relation) B9e)a (Simple Question)
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Basic End2End QA System
(Bordes et al. 2014)

WkBRRYZ 2 E UE?
matching

flg)= D Ew,) [] I{Z [] —

g(q)=>Y E(e,)

Object: L=0.1-5(f(q).9(t))+S(f(q).9(t"))
S(f(q).9(t))=f(q) g(t)
S(f(a).9(t))=f(q) Mg(t)

Multitask learning with paraphrases:

S (f(@).f(a,)= (@) f(q,)




Considering More Info (Bordes et al. 2014)

el

e Entity Information El(e,)

« Path to entities in question
gla)= 2, Ele)+ >, E(r)

e, €Path(t,) r€Path(t,)

entity in q

e Subgraph of the answers (contextual Info)
gla)= 2, El)+ 2 E@)

e, Context(t,) reContext(t,)

Score 5{q.a) e ::: mm’"' J
)|
embeddng of the | [ fi\ S | fbciceof the

D
Z Z max{0,m — S(¢:,a;) + S(gi,a)}

-~ L=enesl
I | embedding matrix W | 20t product | | embedding matrixw | I
2= S - - - ' =1 aeA(a)
ncoding o
the question oY) | 1L ;A\' I e 10 S B oy ey el
[—] _ T
(‘ = G S(q,a)=f(q) g(a)
| Question ¢ O KPresion m' ) I
“Who did Clooney marry in 198777 i- ,_7,_“,‘__\'
7 Subgraph of a cancidate
- —— | answer @ (here K. Preston) | »l';*_')l
- Hcm:tv in the question - .




Results

Method

P@il
(%)

Baselines

Our approach

Subgraph & A(g) = 40.4| 39.2 | 43.2
Ensemble with (Berant & Liang, 14) 41.8 | 45.7
Variants

Without multiple predictions 40.4| 31.3 | 34.2
Subgraph & A(q) = All 2-hops 38.0| 37.1 |414
Subgraph & A(q) = 34.0| 32.6 | 35.1
Path & A(q) = 36.2| 353 | 38.5
Single Entity & A(q) = 25.8| 16.0 | 17.8




Multi-Column CNN (Dong et al. 2015)

HIEID SRR, SERERNEHERIER

Ranker ——= Answer

I

N.\Ofching Score Answer Type
(oooo)/cégoo ©000 (©000 ©000 Answer Context
Iype Relation Context Type Relation Context
el e | Answer Path

Multi-column
Convolutional Neural Networks
I e

Candidate Answers

Question ~ Freebase

S (q, a) - entity in q
fi (q)"g1(a) + f2(q) &2 (a) +f3(q) " &3 (a)
—— e \—— e \a— p—

answer path answer context answer type e3




Framework
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Score Layer
Dot Product
0000
5060 (e]e]e]e)
Max-Pooling Layer ns = QOO0
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Shared Word

Representations
<>

did

Avatar release

in

when did Avatar release in UK

L4 .
Y @ film.film _regional_release *

'’ _date.release_date

h filmAfilm. _p| mogdp17z
Avatar y _.release_date_s
) !

type.object.type

"
.'
-

m.Obth54
. film.film_regional_release s
‘. date.film_rele ion
nmmau@ R
/ film.filmrelgase | United Kingdom >
_date_s “*~{.  m.07ssc
JamesCameron | T N eI LLL.ee”
m.03 T
type.object.type
type.object.type film.film_regional_release

_date.film_release_region

<
United States

of America value_type

m.09¢7w0

i film.film_regional_release _date.release_date

2009-12-18



Results

Method F1 P@]
(Berant et al., 2013) 314 -
(Berant and Liang, 2014) 399 -
(Bao et al., 2014) 37.5 -
(Yao and Van Durme, 2014) 33.0 -
(Bordes et al., 2014a) 39.2 404
(Bordes et al., 2014b) 29.7 31.3

MCCNN (our) 40.8 45.1




Neural Attention-based Neural Model for QA
with Combining Global Knowledge Information

(Zhang et al. 2016)

g: Who is the president of France?

//\\\

— Topic entity —#* France Candidate
. - . ' r
rencration
Attention-base Neural Network
-/ \

answer entity: /m/05qtj

answer relation: capital o Paris
answer type: /location/citytown : |
\ : answer context: /m/0276jx2, /m/ | French :
0jd4j, /m/0f3vz, '
N I  Semi-presidential system :
| s
Stq.ay) Slgay .. R A R ——

|
Ra“k’"g: | Freebase |

A

——————— n————————'

Method F,

Bordes et al., 2014b  29.7
Bordes et al., 2014a 39.2
Yang et al., 2014 41.3
Dong et al., 2015 40.8
Bordes et al., 2015 42.2
ours 42.6




Memory Network
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e Input Component
FNTRE :

|\

=7tH (head, r, tail)
= TtAHFET: V(triple):%' Z.IV(item)
EU /EU : itemetriple
T FHRHIANE (SFNMREFRSEE, KA R 11EEERIT

V@)= S VW)

* (Generalization Component

MAREIREER (FhREXNTT) , BEfiMemory
BUEITE . 1HHF



e QOutput Component

Soalgq,y) = cos(Wyg(q), Wsf(y))

* Response Component

o« Iim = cZHRJobject
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* Multitask Learning

gQA(qa Y, y,) = [’Y - SQA(q$ y) + SQA(Qa y,)] +

£0q(g,4',4") = [v—Sqq(a,d")+Sqq(a,4")]
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[ WebQuestions | SimpleQuestions Reverb
F1-SCORE (%) ACCURACY (%) | ACCURACY (%)
BASELINES

Random guess 1.9 4.9 35
(Berant et al., 2013) 31.3 n/a n/a
(Fader et al., 2014) n/a n/a 54
(Bordes et al., 2014b) 29.7 n/a 73
(Bordes et al., 2014a) — using path 353 n/a n/a
(Bordes et al., 2014a) — using path + subgraph 39.2 n/a n/a
(Berant and Liang, 2014) 399 n/a n/a
(Yang et al., 2014) 413 n/a n/a
(Weston et al., 2015) — the original MemNN n/a n/a 72

MEMORY NETWORKS (never trained on Reverb — only transfer)

KB TRAIN SOURCES CANDS | ENSEMBLE
WQ | SIQ | PRP | As NEGS

FB2M | yes | yes yes - - 36.2 62.7 n/a
"FB5M | - - - - - 18.7 4435 52
FBSM - - yes - - 22.0 48.1 62
FBSM - yes - - - 22.7 61.6 52
FBSM - yes | yes - - 28.2 61.2 64
FBSM | yes - - - - 40.1 46.6 58
FB5M | yes - yes - - 404 474 61
FBS5M | yes | yes - - - 41.0 61.7 52
FB5M es es es — — 41.0 62.1 67
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Mary journeyed tc the den.

Mary went back toc the kitchen.

John journeyed to the bedroom.

Mary discarded the milk.

Q: Where was the milk before the den?
A. Hallway

Brian is a lion.

Julius is a lion.
Julius is white.
Bernhard is green.

Q: What color is Brian?
A. White

Sam walks into the kitchen.
Sam picks up an apple.

Sam walks into the bedrocom.
Sam drops the apple.

Q: Where is the apple?

A. Bedroom



Comparison in Benchmark of

WebQuestion

F1
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P
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Berant
2013
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2014

Bao
2014

Yao

2014a 2014a
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Yang
2014

- End-End DL-based System
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2014b
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Zhang
2016
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2015

Dong Yao+Yang Yih
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B Traditional Method Promoted by DL

Some materials coms from “Min Zhou. Latest Progress of Knowledge-Based Question Answering. in CCIR 2015”
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Which song are performed by person who was born in New York and played a role in Valentine’s Day
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Which song are performed by person who was born in New York and played a role in Valentine’'s Day

e T _— General —__
Now 4 gerbirthPlace ™
mur:performer ;Ijﬂfl‘?ﬁi.----v._b‘ :
| o— .: =) \gee:Anpl_Hathaway gee:New_York/
mue:l Dreamed muc:Ange ) e P,
_a_Dream Hathaway — s
. et Sowl:sameAs
h - owl:sageAs o N
_“\--—.,_'4 OVie B

' mor:starring

[~Jr\\oc:.»\nnc Hathaway

moe:Valentines /

|
Dey(2010)”

people KB

SELECT ?vi WHERE {

{(?v1, mur:perfomer’, 2v2)

C (?v2, owl:sameAs, 7v3) )

movie KB

{?v3, mor:starring, moe:Valentines_Day(2010))

C {(7v3, owl:sameAs, 7v4) )

(?v4, ger:birthPlace, gee:New_York) }

«  ZAMREETIR. FW

. BENF
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e | ink Prediction
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o HEIXRT, EMWRRE
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nationality . . .
............... grandpa ...
e®e e + ~~~~~~~~~~~~~~~~~~~
A e T
4 A (X X (X X :
_’ L 4 _B'" —children ¢ Ch_elsea ——children —»{ Charlotte
.—-_ Clinton Clinton
Composition P -

o000
LS
Y ¥

Bill spouse - H ~be born in » Chicag containedby » |

be husbtlmd of spouse be wffe of

be most city in
......... locate in
T T T A

country
= . USA
containedBy

- ory y b nois = in > USA e T
Chinton Clinton ¢ any containedby l me .
nationality



AFFHITN

| 2RSS

VEIR S # U | # MK H1H 50 R AT [a)
ATIS 8297 3211 ATIS SE S 1994
Geo880 880 GeoBase EHDE 2001
QALD-I 50 50 DBpedia FHEA & EE 2011
QALD-2 100 99 DBpedia & YAGO | 5P & EE 2012
QALD-3 100 99 DBpedia & YAGO | ZHIE L& HF%E | 2013
Free917 641 276 Freebase LE 2013
WebQuestion 3782 2037 Frecbase 5% 2013
WikiAnswers 2.4M 698 Reverb S 2013
QALD-4 100 50 DBpedia & YAGO | ZH L & % 2014
QALD-5 170 59 DBpedia & YAGO | ZHIEL & HF%E | 2015
SimpleQuestions | 86755 21687 | Freebase & Reverb F 3 2015
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