HRATBEEHT— 4

Jie Tang

Computer Science
Tsinghua University

PPTH]RAFEFE T T #: http:/keg.cs.tsinghua.edu.cn/jietang/ ¥ : Google “Jie Tang” 1



http://keg.cs.tsinghua.edu.cn/jietang/

Artificial Intelligence Strategies -:-

March: Pan-  May: Al October:  December:  March: Alat  April: First  April: UK May: White May:  June: Towards Fall 2018:
Canadian  Singapore Al Strategy Finland’s Al | the Service Workshop Al Sector House Summit Sweden’s Al an Al Strategy  EU’s Al
Al Strategy Announced 2031 Strategy of Citizens  for Strategy Deal on Al Strategy in Mexico Strategy

== I'0 B

M= LIEER

Y g
395 |

* * EERVVE.
& T

March: Al july: Next December: January: January: March: April: May: May: Al June: Fall 2018:
Technology Generation Three-Year Blockchain and Strategy for France’s Al Communication Australian R&D National Germany’s Al
Strategy Al Plan Action Plan Al Task Force Digital Growth Strategy onAl Budget Strategy Strategy for Al  Strategy

2018-07-13 | Politics + Al | Tim Dutton

KEG, Tsinghua 2



Mint(e?&
(AIS&ERS EX3

KEG, Tsinghua 3



19501 EHIREHIER

A I g ﬁgsﬁmaﬁﬁ% Pc Claude ;hannon

Shannon, Claude E. "XXII.
Programming a computer
for playing chess."
Philosophical magazine
41.314 (1950): 256-275.
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Alan Turing

Turing, Alan M. "Solvable
and unsolvable problems."

Science News-ens. fr 39
(1954).
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John Marvin Nathan Claude
McCarthy Minsky Rochester Shannon

McCarthy, J., et al. "Dartmouth
Conference." Dartmouth Summer
Research Conference on Artificial
Intelligence. 1956
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Herbert  J.C. Shaw Allen Newell
Simon
Newell, A.; Shaw, J.C.; Simon, H.A. (1959).
Report on a general problem-solving
program. Proceedings of the

International Conference on Information
Processing. pp. 256—-264.
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Bobrow, Daniel G.

" "Natural language input
for a computer problem
solving system." (1964)

Joseph
Weizenbaum
Weizenbaum, Joseph.

"ELIZA—a computer
program for the study of
natural language
communication between
man and machine."
Communications of the
ACM 9.1 (1966): 36-45.
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Edward Feigenbaum

Buchanan, Bruce, Georgia Sutherland,
and Edward A. Feigenbaum. Heuristic
DENDRAL: a program for generating
explanatory hypotheses in organic

chemistry. Defense Technical
Information Center, 1968.
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Applications of meta level
knowledge to the
construction, maintenance
and use of large knowledge
bases[M]. Stanford
University, Computer
Science Department, Al
Laboratory, 1976.
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Drew McDermott, Jon Doyle
McDermott D, Doyle J. Non-monotonic

logic I[J]. Artificial intelligence, 1980,
13(1): 41-72.
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Hans Berliner

Berliner H J. Backgammon
computer program beats world
champion[J]. Artificial
Intelligence, 1980, 14(2): 205-

220.
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Rodney Brooks

Brooks R. A robust layered control
system for a mobile robot[J].
Robotics and Automation, IEEE

Journal of, 1986, 2(1): 14-23
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Gerry Tesauro

Tesauro G. TD-Gammon, a self-teaching
S '_ backgammon program, achieves

emEsLE master-level play[J]. Neural
computation, 1994, 6(2): 215-219.
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Tim Berners-Lee

Berners-Lee, Tim.
"Semantic web road
map." (1998).

2004 OWLIES

McGuinness, Deborah L., and
Frank Van Harmelen. "OWL web
ontology language overview."

W3C recommendation 10.2004-
03 (2004): 10.
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Hinton, Geoffrey E.,
Simon Osindero, and
Yee-Whye Teh. "A fast
learning algorithm for
deep belief nets." Neural
computation 18.7
(2006): 1527-1554.
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Le, Quoc V., et al. "Building high-
level features using large scale

unsupervised learning." arXiv
preprint arXiv:1112.6209 (2011).
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Markoff, John. "Google cars drive -—~-'---_

themselves, in traffic." The New "‘-_
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JeopardygZE
IBM" s Watson

Markoff, John.
"Computer program to
take on ‘Jeopardy!’."
The New York Times
(2009).

iy
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WATSON

2011 BAAEESAE
Apple’ s Siri

| Sadun, Erica, and Steve
Sande. Talking to Siri:
Learning the Language
of Apple's Intelligent
Assistant. Que
Publishing, 2013.
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National Al Strategy
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National Al Strategies

Example Countries

— In 2017, Canada launched Pan-Canadian Artificial
Intelligence Strategy
 AMII, Vector, Mila

— This year, UK is putting Al and Data at the heart of its
Industrial Strategy

— In March 2018, France announces his Al strategy with
investing €1.5 billion over 5 yrs on Al research and innovation

— US recently also release a national strategy for artificial
intelligence. Moreover,
* OpenAl : =

. :
TensorFlow t T Tttt T T,_ T to

|=r. | Task Force Dlghal Growth gy on AI !udge« smmgv strategyforkl ﬁexv
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— Vector Institute (Hinton)
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OpenAl

« Research Director: llya Sutskever

+ Sponsored by @

- O
— Y Combinator 2 & /REF S OpenAI
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Mila (Bengio)

* Founder: Yoshua Bengio
s ULAATRBAIES
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- %&3¥Deep Learning
- Bl el
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Vector Institute (Hinton)

* Founder: Geoffrey Hinton
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Al in Tsinghua

* In September, we established Tsinghua Al Institute
— By Prof. Bo Zhang

* Focus
— Fundamental theories and methodologies
— Interdisciplinarity
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Beijing Al Institute

* |In November, Beijing launched Beijing Al
Institute

— By Dr. Hongjiang Zhang
* Focus
— ground-breaking research
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Al History

Hot degree

First

$ /956

® ¢ %
& v W ".‘:".‘:

/980 2000

Third

*Logic Theory Machine
* Perceptron

* Expert System
*Decision Tree

*Big Data

*Deep Learning
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g N[ Recognize A (Organize and\
Storage & text, images, generate
Computing objects, knowledge,

N AN voices JAN reasoning )

tE R TAFA

Stochastic vs Deterministic
Uncertainty!
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Classification Models

'
Decision tree ﬂ

Bayesian Classifier
Perceptron
Neural Networks

Sequential Learning

HMM, MEMM, CRF,
Voted Perceptron

@l'

Graphlcal Models

Factor Graph,
Exponential Model,
Topic Model (PLSI, LDA)
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SVM
1

(Vapnik)

I2n

Deep Learning

DNN, CNN, ResNet

ﬂ.

Recurrent Nets

RNN, LSTM, GRU

For more from http://aminer.cn/

LN,

Reinforcement Learning
Q-Learning Q
Policy Gradient ¥
Actor-Critic

TRPO

DBN, AutoEncoder,
VAE, G;AN,_“_GAN
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E Frank Rosenblatt

| Cornell University
H psychologist

'
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Geoffery Hinton
University of Toronto
deep learning

BPNN/MLP (1986)

¢ e
>erceptron(1958)

T qb y=([ZWX,-0]

Neocognitron(1980)
[convolution & pooling]

Hopfield Network(1982)
[recurrent & feedback]

RNN/LSTM(1997)

PP

Jiirgen Schmidhuber
IDSIA
Universal AI

Yoshua Bengio
University of Montreal
Deep learning

David Silver
DeepMind
Reinforcement
learning

E

Neural Probabilistic
Language Model(2003)

RNN in Speech
Recognition(2013)

Deep Q- 1earn1ng(2013) — > DDPG(2015)

Stacked Capsule
Autoencoders(2019)

Kaiming He (fa]|Eh)
MSRA => FAIR
computer vision
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contrastive loss.
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simarty !
Yann Lecun >4 —_——> ¢ ko ky ka ... f
New York University | constrastive aueue | 0
deep learning E - learning _— p— |
et !
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' i
uer key key ey '
LeNet/CNN (1998 i ResNet(2016) g g g ey
( ) ! NAS(2018) :
| / -\ :
! DenseNet (2017) ¢
| VGG(2014) SENet (2018) s s RegNet
|
! GoogLeNet (2015) EfficientNet 2020
( )
| (2019)
; : Z ; : ; 5‘_ 60,000 original datasets :
90/ a4y s Testemor095% !
'
' AutoEncoder (1989/2006) VAE(2013)
Denosing Autoencoder (2008) E=jar)
Variational B@ITTTTTEIIIESEEESSSSSossomsooooonoos
Inference [FERGIISCONNGD [ vecoser
Encoder _,E_, Decoder _, in beta-VAE(2018)
—— VQ-VAE-2(2019)
| inp X)) (50X Max Welling
! Fﬁ%ﬂ Sample ¢ rom N0, 1 University of Amsterdam
i A statistical learning
0 GAN(2014)
I
l stack !
f Ian Goodfellow
Deep Belief | Taining set mmmm, @ } Google Brain
.- ea deep adversarial learnin
Nets (2006) ' = P g
53.’;‘;“’“ Fake DCGAN(2014)
WGAN (2017)
Generator Fake image BigGAN(2018) StyleGAN(2018)  ___________
sinGAN(2019
word2vVec (2013) U )
IRGAN(2017) ¢ 5,
NPT PROEETION. ouTPt SeqGAN(2017) ~ *> ELECTRA(2019) L
¢
f Christopher Manning
« Seqg2Seq(2014) Stanford University
N .. N BERT ( 2 0 1 8 ) natural languge process
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A e 0.2
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Transformer(2017)

TD3(2018)
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A3C(2016)
* ~a
AlphaGo(2016)
* ___, Double DQN(2015) M PR e 1Y @
Dueling Net(2016) — \* /I
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Alpha Zero(2017)

BERT
XLNet (2019)
[w]e]- E-E - —» Roberta(2019)

(=) -3 3 Albert(2019)
T T5(2019)

Sentence 1 Sontence 2

SAC(2019) *

Sergey Levine
UC Berkeley
Robotics
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/ AN /
Input [CLS] W my dog is ( cute W [SEP] he ( likes M play | ##ing | [SEP]
Token
Embeddings E[CLS] Emy Edog Eis Ecut:e E[SEP] Ehe EIikes Eplay E“'ing E[SEP]
= = = = = - = = = = =
Segment
Embeddings EA EA EA EA EA EA EB EB EB EB EB
= = = = = -+~ = = = = -
Position
Embeddings E0 El EZ E3 E4 ES E6 E7 E8 E9 ElO

« Fii)l| ZxPre-train
e iEFine tune

 Beat all state-of-the-arts on 11 NLP tasks in 2018

https://arxiv.org/pdf/1810.04805.pdf
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Video-to-Video Synthesis

he best video synthesis performance

https://arxiv.org/abs/1808.06601



contrastive loss

i

contrastive loss

B % 3]— MoCo

contrastive loss

q-k q-k q-k
q k q k q k
sampling momentum
encoder q encoder k encoder encoder e
memory
B bank -
B " B > "
(a) end-to-end (b) memory bank (c) MoCo

7]\

« TEIRICHER, BIAIZE 3 ERZ
Momentum contrastive learning
- WREZBHFREFIER

https://arxiv.org/abs/1911.05722

IS

KEG, Tsinghua 35



SIMCLR

% Supervised ... SIimCLR (4x)

< o ___--*Si“mcLR (2x)
3 et eCPCv2-L
S 7OF *sin MoCo (4x
= *SimCLR oCMC ¢ (4x)
Q eoPIRL-c2x
< AMDIM
— 65 R eMoCo (2x)
a QCPCVZ PIRL-ens.
= PIRL eBigBiGAN
%J 60 QMOCO
o) LA
&
£ eRotation

99 e|nstDisc

25 50 100 200 400 626
Number of Parameters (Millions)

« Simplified contrastive learning framework

* Qutperform previous self-supervised and semi-
supervised methods on ImageNet

https://arxiv.org/abs/2002.05709
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GPT-3

Output: Probabilities over tokens

*

SOLI . Transformer Block
} bW/ Repeat x L=12
Transposed embedding WI
PR e CEe ~\ h, = transformer_block(h,_;)
I 1
! C Add & Layer norm )4 : ¢=1,...,L
I I
| C Pointwise feed forward ) :
| |
| |
| ! 1 1) 5 by S
| C Add & Layer norm )47 | . CPTRESEE
[ A |
| |
: ( Masked multi-headed self-attention ) : e
I\ II % 1000
T xWe+ Wy~ ’ g
Embedding matrix W,
Input: x

https://lilianweng.qithub.io/lil-log/2019/01/31/generalized-language-models.html KEG, Tsinghua 37



https://lilianweng.github.io/lil-log/2019/01/31/generalized-language-models.html
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1. J. Qiu, Q. Chen, Y. Dong, J. Zhang, H. Yang, M. Ding, K. Wang, and J. Tang. GCC: Graph Contrastive Coding for Graph Neural Network Pre-Training. KDD '20.
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o i 1) i ) R SR T R 2 SR A

— ANFTEHERE )18 de Bt 4%
— SR EBRN] “NPrsE”

o ToVE A E B AL TR AL AR
— BERTX T SC A [a] 23 [R] v #E B K

— BN RTIAHE 2 DHERE R

o NP ANEKAUARIRIZ A HERE,  HFe
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Start/End Span
L)) o))~ ()
BERT
S
(o)) ()] - ()

i R ?

1. Devlin Jacob et. al. BERT: Pre-training of Deep Bidirectional Transformers for Language Understanding. NAACL. 2019. KEG, Tsinghua 44
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Question: Who is the director of the 2003 film which has scenes

in it filmed at the Quality Cafe in Los Angeles?
QuaityCate T
uali afe . .
. y Quality Ca&fe (diner) Los Angeles
(jazz club)
Los Angeles
Quality Cafe was a location featured i a number of officially the City
1-hop historical cluding "Old of Los Angeles
W A restaurant and one in 60 and often known
IKIPEDI jazz club... N by its initials
. ~N
The Free Encyclopedia - LA.,..
w =
Old Scho Gone in 60 Seconds
Old School igfa 2003 Gone in 60 Seconds is a
2_h°p American co 2000 American action heist
film...
directed by Dominic Sena.
1
/7 N\
Todd correct { Dominic \
3-hop - |
Phillips answer \" Sena ,
N ~ 7

- -
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5!

5 (where) W%k

FRONT Antesior Cingulale MOTOR BACK
(motivation) ~ SENSORY
\
FRONTAL LOBE PARIETAL
{pfanning) LOBE
(movemeant)
: OCCIPITAL
Dorsclateral Prefrontal WA :hv?goen)
(executive & logcal) f
A TEMPORAL
Olactory Bulb 4 LOBE
(language)
Lateral Osbitofrontal Hypothalamus . .
(appropnate sociall X \ CEREBELLUM
emotional response) Amygdala \X\ (cooedinate
(basic emotions) ' mavement)
Entorhinal Corex " DpocornuS BRAIN STEM
ory) ; ,
(memory) (body basics)
LIMBIC SYSTEM
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(Working Memory) #1 2 -

Working Retrieve Long-Term

BEMANTE, RATE rv AGHIONY  Momory |iead | Memory
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. &R TAE=S A (Global Workspace Theory) 2 EL i
S LARICICAR B R, IOy “RiR7 s A Al ik
Fra7 oy AR RS B 45 R

Forgotten

KEG, Tsinghua 48



LN =

Fe LA AR 9% A

P 2% 22 gl TAELSTMIE I 14 L], ALK 12 1 a8t
S5, 52 HARNNA LR IC(EE 2 2 2 BiE B
Memory Network)— 25 TAE, &8 H S 8ric 2 fEhr
(Memory slots) idxZ Bt HE MR E, i@ R = 10
FEERT
End-to-End Memory Network# H Un ] i 21w 52 > Aie] {5 F
WCAZFEALIC SR AR R, IR VR0 1
Dynamic Memory NetworksiZ 42 i +) F [ Ba 3 7 R 58 5T
HAErm “ TARdfzm=" .

(0]

Weston, Jason, Sumit Chopra, and Antoine Bordes. "Memory networks." arXiv preprint arXiv:1410.3916 (2014).
Sukhbaatar, Sainbayar, Jason Weston, and Rob Fergus. "End-to-end memory networks.” NIPS. 2015.
Kumar, Ankit, et al. "Ask me anything: Dynamic memory networks for natural language processing." ICML. 2016. KEG, Tsinghua 49



BERTHS AT B8k

BERT A Tiii)l| Z& ) Transformer

(ZEZHEFEE ﬁmﬂ>,ﬁw
NLP27 k5 i AT B AR T 22

WﬁNWﬁﬁﬁaﬁ,#ﬁﬁ?
AKE ZO(L2)HE K,
Tl B PR 70 B T B U] e LS B K

HHERE .

MAKH TARCICNAFAE IR, A

<, NPt

A LB A

sssss

BERT

Tok Tok Tok Tok

@) Sentence Pal ssification Tasks:
MNLI, QQP, QNLI, STS-B, MRPC,
RTE, SWAG

Start/End Span
] )] ()
BERT

[ewalle ] (o (oo ] - [oi]

Question Paragraph

(c) Question Answering Tasks:
SQuAD v1.1

ingle Sentence Tagging
CoNLL-2003 NER
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CogLTX: Applying BERT to long texts

o G KEICZ B TAEICZ i, PRKBERTALEE XL
VN

V|

Starr/End Span Probabilty for each class Merge the results of all x[i]

W 1N | ot | .. | Token-wise result of x[i]
BERT ( reasoner)
‘ BERT (reasoner)

z i[CLS] [SEP] z | z i[CLS}.X[i] [SEP] z

3 Q: Who is the director of the 2003 film which has scenes in i S S N | ‘ Lt SRt
e N EX[O] 2 Confidence in the pound is widely expected i

,,,,,,,,,

i it filmed at the Quality Cafe in Los Angeles? |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘ emRecall : o ! " ) ‘
PTTTTTTTTTTToTmmooomomomoomooooomoeooeoooooy ; Long text X:LOSANGELES -- The pilot flying ! ito take another sharp dive if trade figures for Sep-

iLong text X:The Quality Cafe (aka. Quality Dlner) ([Q]’ x) i Kobe Bryant and seven others to a youth basketball tour- ! MemRecall itember, due for release tomorrow, ‘ emReCClll
'is a now-defunct diner ... as a location featured in a num- ; nament did not have alcohol or drugs in his system, and all i i x [ 1 ] & fail to show a substantial improvement from i .

i ber of Hollywood films, |nc|ud|nq "Training Day”, "Old i I nine sustained immediately fatal injuries when their heli- ([] x) iJu\y and August's near-record deficits” is considered (['x[l]]7 -x)
iSchooI”... Old School is a 2003 American comedy film | icopter slammed into a hillside outside Los Angeles in i

i released by DreamWorks and directed by Todd Phillips ™ Anl’lotatlons Of iJanuary, according to autopsies released Friday. ... i N .

relevant sentences Long text x

to train “judge”

sub-sequences

x[0]...x[n]

(c) Token-wise Tasks

(a) Span Extraction Tasks (b) Sequence-level Tasks
e.g. POS tagging

e.g. question answering e.g. text classification

1. Ming Ding, Chang Zhou, Hongxia Yang, and Jie Tang. CogLTX: Applying BERT to Long Texts. NeurlPS'20. KEG. Tsinghua 51



MemRecall#:1/E

_________________________________________________________________________________________________

+ P T
Z | 9 | | | | | | | I RSN @ Next-step Reasoning

Concat respectivel N +
P Y @Get scores by judge . new z
IR 70 N N N R
' X0: Quality Cafe is the name of two different former loca- i——-> 0.83 Decay || Forget other blocks
: tions in Downtown Los Angeles, California. ... |
o o ] ! 0 | xo | x2 | x8 | x13| X14 | X25  X31 |
““““““““““““““““““““““““““““““““““ reh 1 Select highest
X8: "The Quality Cafe (aka. Quality Diner) is a now-defunct @ ehearsa Scoring blocks

1.0 |0.84/0.71/0.91/0.64/0.78/0.32 0.48|

> O O O O

MLP (sigmoid)

diner ...but has appeared as a location featured in a number
of Hollywood films, including "Training Day", "Old School"

|

|

|

Select highest |
scoring blocks e |
|

|

|

|

|

rican comedy film released — 0.42

and directed by Todd Phillips. i
______________________________________________________ Input %’_________gygqe__l
0 | X0 | X2 | X8 |X13/X1a X25 X310 N
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Table 1: NewsQA results (%). Table 3: 20NewsGroups results (%).
Model Accurac 52 Robert-large
Model EM F 1 y 8 EZZI CoglTX
Match-LSTM [44] 349 50.0 BoW + SVM 63.0 2 . I
BiDAF [37] 37.1 523 ] BI-LSTli’I 73-2 £ Fted cupi
FastQAExt [47] 4238 56.1 Masstgext [[ 253%] ;2'1 c B B
AMANDA [20 48.4 63.7 -CNN : o ) j o
MINIMAL %24} 50.1 63.2 Text GCN [50] 86.3 > The capacity of RTX 2080ti > ="
. . o z
[39] ‘ ' LSTM over BERT [29] 84.7 2 “B
RoBERTa-large [22] (sliding window) 49.6  66.3 <
CogLTX (Glove init 87.0 Q 5 -
CogLTX 552 70.1 gLTX ( ) = : : £ -
only long texts 87.4 : . . I
— intervention (Glove init) 84.8 0 512 1024 1536 2048
. A _ . Bm?25 init 86.1 Text Length (tokens)
Table 2: Results on HotpotQA distractor (dev). (+hyperlink) means usage of extra hyperlink data in
Wikipedia. Models beginning with “—” are ablation studies without the corresponding design.
Model AnsEM Ans F; SupEM Sup F; JointEM Joint Fy 16 - EObi;t;lzrg_esbs= g 1
Baseline [49] 4560 5902 2032 6449 1083 40.16 V- Cog 9= ’
DecompRC [25] 5520  69.63  N/A N/A N/A N/A 14 = sliding window bs=8 £
QFE [26] 5386 6806 5775 8449 3463  59.61
DFGN [32] 5631 6969 5150 8162 3362 59.82 Table 4: A+ result (%). 1p | ~® Robert-large bs=1 Y
SAE [41] 6036 7358 5693 8463 3881  64.96 n ¥V CoglLTX bs=1 %
SAE 6692 7962 6153 8686 4536 7145 ; o :
HGN [13] (+hyperlink) 6607 7936 6033 8733 4357  71.03 Model Accuracy Micro-F7 Macro-F; 310 - sliding window bs=1 ’ %
HGN-large (+hyperlink) 6922 8219 6276 8847 4711 7421 T
BERT (sliding window) variants B0W+SVM 89 9 85 8 55 3 g 8
BERT Pl 5584 6976 4288 8074  27.13 5823 ) ’ ’ : =
LQR-net + BERT 5720 7066 5020 8242 3118  59.99 Bi-LSTM 70.7 62.1 48.2 -6
GRN + BERT 5512 6898 52.55 8406 3288 6031
EPS + BERT 6013 7331 5255 8320 3540 6341 TextCNN 05.3 94.1 91.3 a
LQR-net 2 + BERT 6020 7378 5621 8409 3656  63.68 1. .
PBERT 6118 7416 5138 8276 3542 6379 sliding window 94.5 92.7 89.9 5
EPS + BERT(large) 6329 7636 5825 8560 4139  67.92
CogLTX 6509 7872 5615 8578  39.12 6921 :
— multi-step reasoning 6200 7539 5174 8310 3585 6535 COgLTX(tlny) 95.5 94.4 92.4 512 1024 2048 4096
— rehearsal & decay 6144 7499 774 4137 536 3774 CogLTX(]arge) 98.2 97.8 97.2 Text Length (tokens)
— train-test matching 63.20 7721 52.57 84.21 36.11 66.90

1. Ming Ding, Chang Zhou, Hongxia Yang, and Jie Tang. CogLTX: Applying BERT to Long Texts. NeurlPS'20. KEG, Tsinghua 53
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Dual Process Theory (Cognitive Science)
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SYSTEM 1 VS. SYSTEM 2 COGNITION

2 systems (and categories of cognitive tasks):

System 1

* Intuitive, fast, UNCONSCIOUS,
non-linguistic, habitual

e Current DL

£ Mila

1. From Bengio’s NIPS’2019 Keynote

THINKING,
FAST.. STOW

P —
DANIEL

KAHNEMAN

Manipulates high-level /
semantic concepts, which can
be recombined

combinatorially ~ |

System 2

 Slow, logical, sequential, CONSCIOUS,
linguistic, algorithmic, planning, reasoning

* Future DL

KEG, Tsinghua
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Question: Who is the director of the 2003 film which has scenes

/ in it filmed at the Quality Cafe in Los Angeles’7
uality Cafe . . T
Q Y Quality Cafe (diner) Los Angeles
(jazz club)
Los Angeles
Quality Cafe was a location featured i a number of officially the City
» 1-hop historical Hollywood films, jhcluding "Old of Los Angeles
W restaurant and School”_g6one in 60 and often known
IKIPEDII & jazz club... econds”... ~ _ by its initials
. ~N
The Free Encyclopedia LA,
“ =
Old Scho Gone in 60 Seconds
Old School igfa 2003 Gone in 60 Seconds is a
2_h°p American co 2000 American action heist
film...
directed by Dominic Sena.
1
/7N
Todd correct { Dominic \
3-hop - I
Phillips answer \" Sena ,
A .

e

KEG, Tsinghua
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« System 1.

— Knowledge expansion by association in text
when reading

e HETR FR R

¢ System 2:

— Decision making w/ all the information

N

System 1 System 2
Intuitive Analytic

—_

KEG, Tsinghua 57




N IES):

v B

J

E Rt

* An iterative framework corresponding to dual process theory

¢ System 1

— extract entities to build the cognitive graph
— generate semantic vectors for each node

¢ System 2

— Do reasoning based on semantic vectors and graph
— Feed clues to System 1 to extract next-hop entities

[ System 1 ] Xlracy

input

...location feat ed in a number of

Hollywood film | i6bURfg Old School,

Gone in 60 Se| dnds...

[ System 2 ]

nput

predict

Question

Cognitive Graph

P N

Quality café

Los Angeles

T —

Old school

Gone in 60 seconds

\

\

Todd E#ill

ips Dominic Sena
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System 2:
explicit
decision

N

r
|Possible answer “Ans” |

— e o e o S e e o e e e DS e e DS EEe B D B e e ey

)
’/

M. Ding, C. Zhou, Q. Chen, H. Yang, and J. Tang. Cognitive Graph for Multi-Hop Reading Comprehension at Scale. ACL’19.

=) (2] () (o) (] i) - )] |
|
F{semle, @, clues]| System 1 (BERT) 1| System 1:
EicLs) E, En E(sEp E; Ey : | m pl |C|t
= 7 T 1| knowledge
[CLS] Tok, Toky [SEP) Tok, Tok, I expansion
~ ~ - . !
~ — _ _ _Suestion + clues(x,6] _ _ _ _ _ _ _ _ _ _ _ _ __ Paragraphtx] ~_ _ _ _ _ _ _ _ e
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Cognitive Graph G
Before Visiting x

System 2:

— o o o o o o o = -

explicit
, J decision
s>  Pass clues NarF - - 1ts of Th
a1 'Ne:L‘t\l to “Next”“Ans” | Ans ! Resustesp oof ©
| X[x] Moo !____: Visiting x
| <. <
| L L /
: N Hop span Ans span 7
| e o o o o e o S e S S e e B e e S e —fﬁﬁ“ —————— ,——-—é—-—-\ ————— -
e e e e e e |Name of entity “Next”| _ |Possible answer Ans’|
- F5 Sl Sl s Sulniel o Sk 4 Su SR
[
IR (o ) [T [ | oo [@ )| o [T ESIEaNE
|
[
| |
o7 Azeml, @ chues] System 1 (BERT) /| System 1:
I : . .
: EjcLs) E; Eyn Eisep) E; Ey | Im pl |C|t
ey T e 7 {7 !| knowledge
I [CLS] Tok, Toky [SEP) Tok, Tok, 1| expansion
\ N — , N — _ /
N - o _QﬂeS_ti_on_+ _clieS_[xLG]_ ______________ P_ariglfpg[i] _________ _ /

M. Ding, C. Zhou, Q. Chen, H. Yang, and J. Tang. Cognitive Graph for Multi-Hop Reading Comprehension at Scale. ACL’19.
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HotpotQA is a dataset with leaderboard similar to SQUAD
CogQA ranked 1st from 21, Feb to 15, May (nearly 3 month)

Model Ans Sup Joint
EM Fi Prec Recall | EM Fi Prec Recall | EM Fy Prec  Recall
Yang et al. (2018) 239 329 349 33.9 5.1 409 47.2 40.8 2.5 17.2 204 17.8
Yang et al. (2018)-IR | 24.6 34.0 35.7 34.8 10.9 493 525 52.1 52  21.1 227 23.2
Dev BERT 227 31.6 334 31.9 6.5 424 546 38.7 3.1 17.8 243 16.2
CogQA-sysl 33.6 450 47.6 45.4 237 583 67.3 56.2 12.3 325 39.0 31.8
CogQA-onlyR 346 46.2 48.8 46.7 147 482 564 47.7 83 299 36.2 30.1
CogQA-onlyQ 30.7 404 429 40.7 234 499 56.5 48.5 12.4 30.1 352 29.9
CogQA 376 494 522 49.9 23.1 585 643 59.7 122  35.3 40.3 36.5
Yang et al. (2018) 240 329 - - 3.86 37.7 - - 1.9 16.2 - -
Test QFE 28.7 38.1 - - 142 444 - - 8.7 23.1 - -
DecompRC 30.0 40.7 - - N/A N/A - - N/A N/A - -
MultiQA 30.7 40.2 - - N/A N/A - - N/A N/A - -
GRN 273  36.5 - - 12.2 48.8 - - 74  23.6 - -
CogQA 371 489 - - 22.8 57.7 - - 12.4 349 - -

Table 1: Results on HotpotQA (fullwiki setting). The test set is not public. The maintainer of HotpotQA only
offers EM and F for every submission. N/A means the model cannot find supporting facts.

** Code available at https://github.com/THUDM/CogQA .



https://github.com/THUDM/CogQA
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CogQA Performs much better on question with more hops'!

Joint F1 score

0.6

0.5

0.4

0.3

0.2

0.1

——&— CogQA

w M= C0gQA-onlyR
- «&= = Yangetal. (2018)-IR
Yang etal. (2018)
* Average hops

0

et

(\a’(\\'e ge(\e(a\ \N“\C\\ anat o otnet \N‘“e‘e aned

Question type

3.2

3.0

2.8

2.6

2.4

2.2

2.0

Average hops
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Q: Ken Pruitt was a Republican member
of an upper house of the legislature with
how many members?

l

Ken Pruitt was a ... previously a

* Tree-shape Cognitive
Graph

» Users can verify the

Republican en Pruitt member of the answer by comparing it
member of the / Florida House of with another possible
Florida Senate ... Representatives. reasoning Chain.

Florida Florida House of

» “Upper House” in the

Senate Representatives _ _ o
| | guestion is similar to
The Senate has The House is/composed “Senate” not “House of
40 members... of 120 members... Representative”
\/ \/
40 120
v (1) Tree
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Q: What Cason, CA soccer team
features the son of Roy Lassiter?
+ DAG-shape Cognitive
x Graph

He is the father
¢ LA Gal Roy Lassiter . .
of LA Galaxy * Multiple supporting facts

E::; eArf_'e' \ provides richer

Lassiter. A information, increasing

L assiter the credibility of the
answer.

...he had signed

=2 with LA Galaxy...

Galaxy

(2) DAG

KEG, Tsinghua 64
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Q: What Lithuanian producer is best
known for a song that was one of the
most popular songs in lbiza in 20147

Sl
<
\lm
7

« CogQA gives the answer
“Marijus Adomaitis” while

; (Retrieved) L
. i the ground truth is “Ten
.. Is a song Walking wit ”
by Lithuanian Elephants Walls”.
producer Ten /
Walls. \ « By examining, Ten Walls
\ __".best known for is just the stage name of
Ten Walls his 2014 single Marijus Adomaitis!
“Walking with
Marijus J Elephants”. _ .

Adomaitis ... l * Without cognitive graphs,
his stage name o black-box models cannot
arijus . .

Ten Walls. achieve it.

(3) Cyclic Graph

KEG, Tsinghua 65
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NI SHEE

—Trillion-scale common-sense knowledge graph

Edward Feigenbaum Tim Berners Lee
Turing Award Winner Turing Award
Winner
sz A
O |:> o4k
AEE || MR e

* Al = Knowledge + Intelligence

1. J.Tang, J. Zhang, L. Yao, J. Li, L. Zhang, and Z. Su. ArnetMiner: Extraction and Mining of Academic Social Networks. KDD’08. pp.990-998. 67
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* Next Al = Reasoning + Memory + Consciousness

1. J.Tang, J. Zhang, L. Yao, J. Li, L. Zhang, and Z. Su. ArnetMiner: Extraction and Mining of Academic Social Networks. KDD’08. pp.990-998. 69
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Thank you'!

Jie Tang, KEG, Tsinghua U
Download all data & Codes

http://keq.cs.tsinghua.edu.cn/jietang
https://keqg.cs.tsinghua.edu.cn/coqgdl/
https://github.com/THUDM
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Question: Who is the director of the 2003 film which has scenes

in it filmed at the Quality Cafe in Los Angeles?

Quality Café

The Quality Cafe is a
now-defunct diner in
Los Angeles, California.
The restaurant has
appeared as a location
featured in a number of
Hollywood films,
including Old School,
Gone in 60 Seconds, ...

Old School

Old School is a 2003
American comedy film
released by Dream
Works Pictures and
The Montecito Picture
Company and directed
by Todd Phillips.

Los Angeles

Los Angeles is the most
populous city in
California, the second
most populous city in
the United States, after
New York City, and the
third most populous city

e 7 !
Alessandro Moschitti Z
Alessandro Moschitti is ? Q
a professor of the CS
Department of the % 2%

University of Trento, N\

in North America.

Todd Phillips

Todd Phillips is an
American director,
producer, screenwriter,
and actor. He is best
known for writing and
directing films, including
Road Trip (2000), Old
School (2003), Starsky
& Hutch (2004), and
The Hangover Trilogy.

Italy. He is currently a et
Principal Research

Scientist of the Qatar O(' IKIPEDIA
Computing Research The Free Encyclopedia

Institute (QCRI)

Tsinghua University

Tsinghua University is a
major research university in
Beijing and dedicated to
academic excellence and
global development.
Tsinghua is perennially
ranked as one of the top
academic institutions in 3
China, Asia, and
worldwide...

KEG, Tsinghua
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BERT

Start/End Span

D A

Embedding Embedding

—o—r

BERT

E

N

EISEP]

e ]
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Question Paragraph

mem (©®

iZ: BIDAF, BERT, XLNet

i1

EY

XLNet

X4 R &y X4

Factorization order: 4 > 32> 1 > 2
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