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Classification Models

'
Decision tree ﬂ

Bayesian Classifier
Perceptron
Neural Networks

Sequential Learning

HMM, MEMM, CRF,
Voted Perceptron

=
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Graphical Models

Factor Graph,
Exponential Model,
Topic Model (PLSI, LDA)
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SVM
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(Vapnik)
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Deep Learning

DNN, CNN, ResNet

Recurrent Nets

RNN, LSTM, GRU

For more from http://aminer.cn/
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Reinforcement Learning

Q-Learning

Policy Gradient

'

TRPO

Actor-Critic §

DBN, AutoEncoder,
VAE, GﬁN,&,GAN

I:* &y
o B

Jie Tang, Tsinghua 6


http://arnetminer.org/expertisesearch.do%3Fkeyword=Machine%2520Learning

« %

I
I
I
'
1
E Frank Rosenblatt

| Cornell University
H psychologist

'

1

I

I

'

Geoffery Hinton
University of Toronto
deep learning

BPNN/MLP (1986)
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>erceptron(1958)

T qb y=([ZWX,-0]

Neocognitron(1980)
[convolution & pooling]

Hopfield Network(1982)
[recurrent & feedback]

RNN/LSTM(1997)
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Jiirgen Schmidhuber
IDSIA
Universal AI

Yoshua Bengio
University of Montreal
Deep learning

David Silver
DeepMind
Reinforcement
learning
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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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Transformer(2017)

TD3(2018)
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 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
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Momentum contrastive learning
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https://arxiv.org/abs/1911.05722
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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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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

Alessandro Moschitti

Los Angeles

now-defunct diner in
Los Angeles, California.
The restaurant has

Los Angeles is the most
populous city in
California, the second
most populous city in

Alessandro Moschitti is 3 Q

a professor of the CS
Department of the
University of Trento,

appeared as a location the United States, after gally. 'HelisRcurrentrI]y a == o
featured in a number of New York City, and the rincipal Researcl

Hollywood films, third most populous city Scientis't of the Qatar oo IKIPEDIA
including Old School, in North America. Computing Research The Free Encyclopedia

Gone in 60 Seconds, ...

Institute (QCRI)

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.

Tsinghua University

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

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

School (2003), Starsky academic institutions in 3
& Hutch (2004), and China, Asia, and
The Hangover Trilogy. worldwide... V .
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E[SEP]
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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
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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): Manipulates high-level /
semantic concepts, which can

be recombined

combinatorially ~ |
System 1 I System 2
* Intuitive, fast, UNCONSCIOUS, - et » Slow, logical, sequential, CONSCIOUS,
non-linguistic, habitual o linguistic, algorithmic, planning, reasoning
e Current DL ——— * Future DL
DANIEL

KAHNEMAN

&5 Mila

1. From Bengio’s NIPS’2019 Keynote Jie Tang, 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
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* 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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1. M. Ding, C. Zhou, Q. Chen, H. Yang, and J. Tang. Cognitive Graph for Multi-Hop Reading Comprehension at Scale. ACL’19. Jie Tang, Tsinghua 26
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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

Jie Tang, Tsinghua 29
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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

Jie Tang, Tsinghua 30
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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

| .
v (Retrieved)
.. IS a song Walking with
by Lithuanian Elephants

producer Ten
Walls. / \
\ / ...best known for

his 2014 single

Ten Walls “Walking with
Marijus J Elephants”.
Adomaitis ... l
his stage name
Ten Walls. Marijus
Adomaitis

(3) Cyclic Graph

E

R
<
\m
71

1TLd

« CogQA gives the answer

“Marijus Adomaitis” while
the ground truth is “Ten
Walls”.

By examining, Ten Walls
IS just the stage name of
Marijus Adomaitis!

Without cognitive graphs,

black-box models cannot
achieve it.
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Edward Feigenbaum
Turing Award Winner

Big Data

NI SHEE

—Trillion-scale common-sense knowledge graph

-

Knowledge

* 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.

-

Intelligence

Tim Berners Lee
Turing Award
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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. 34
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KDD'08.
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http://keg.cs.tsinghua.edu.cn/jietang

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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