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2006�"	 Web 3.0 6$�%
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• Linked Data+2006�-Dbpedia+2007�-YAGO-Freebase-
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7G6J (Knowledge Graph)
• “Knowledge graph” was used by Google 2012
• Knowledge engineering, expert system
• CYC: the world's longest-lived AI project (1985)
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• IBM Watson

–2011C9�7Jeopardyx�i¡�K��~¨L
–u#1)r�T��®�}�¦�Dq
–fG�x�t���Qo3]%

•¤pKnowledge Graph

–ue�?���	t�J m£'��c'tx�8�
–�J]%tXE��°�R�à=���R�

• DAPRA: Machine Reading

–ue��`5�\��&t³�V_�o���
–fG�?UO£'�x�
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IBM Watson 
Watson is a Question answering (QA) 
computing system built by IBM. IBM 
describes it as "an application of advanced 
Natural Language Processing, Information 
Retrieval, Knowledge Representation and 
Reasoning, and Machine Learning 
technologies to the field of open domain 
question answering" which is "built on IBM's 
DeepQA technology for hypothesis 
generation, massive evidence gathering, 
analysis, and scoring

In 2011, as a test of its abilities, 
Watson competed on the quiz show 
Jeopardy!, in the show's only human-
versus-machine match-up to date

Watson had access to 200 million pages of structured and unstructured content 
consuming four terabytes of disk storage including the full text of Wikipedia, but was not 
connected to the Internet during the game. For each clue, Watson's three most probable 
responses were displayed on the television screen. Watson consistently outperformed its 
human opponents on the game's signaling device.



J Tang, Tsinghua     12

H	R%

•��#-�/!.���

���&

��

2�



J Tang, Tsinghua     13

H	)=��<)=



J Tang, Tsinghua     14

�7G6J�D76J

However, real AI is still far away…
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Artificial 
intelligence

data mining machine 
learning

clustering association 
rule

����
- artificial intelligence
- perceptron
- expert system

����
- machine learning
- deep learning
- neural network

����
- data mining
- knowledge discovery
- hidden pattern
- association rule

D76J
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2��BERT, XLNet, GPT-3
•"�� +�����)�

��0��
•���(��#-�2�!� *

BERT XLNet GPT-3 >1700���
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:�:2�6���BERT��

• �,�z¶{o8���T7µlT
– �x«Qotª¤¯b
– [-Y��Jt�>MS!�

• asI�#U9x�K7�o
– BERT>�±V_Z²|²l�B<
– vPg�Yj��;hQo0tw�I

• �����4�"w«¦[x��+yu¯ Q�

1. Devlin Jacob et. al. BERT: Pre-training of Deep Bidirectional Transformers for Language Understanding. NAACL. 2019.
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Dual Process Theory (Cognitive Science)

System 1
Intuitive

System 2
Analytic
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1. From Bengio’s NIPS’2019 Keynote
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D76J(Cognitive Graph)
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• �����&G�LSTMª§±Zf-�oX°d Qz¬
R�>$���&zRNN}r� �c:q�.z#U�

• Memory Networkz	�*G��\( y�^z Qn�
�Memory slots� N�.��z´6¯�'ª§6¯}�
K1�M�

• End-to-End Memory Network\(<��,�?�<� y
 Qn� N7k��J�²���!=�

• Dynamic Memory Networks©�ª§3=z´��gc`
|.z�G� Q6¯��

1. Weston, Jason, Sumit Chopra, and Antoine Bordes. "Memory networks." arXiv preprint arXiv:1410.3916 (2014).
2. Sukhbaatar, Sainbayar, Jason Weston, and Rob Fergus. "End-to-end memory networks.” NIPS. 2015.
3. Kumar, Ankit, et al. "Ask me anything: Dynamic memory networks for natural language processing." ICML. 2016.
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CogLTX: Applying BERT to long texts
• ���
������������BERT��	
��

BERT (reasoner)

[CLS] Q yes no [SEP] z

Start/End Span

Q: Who is the director of the 2003 film which has scenes in 
it filmed at the Quality Cafe in Los Angeles? 

Long text x: The Quality Cafe (aka. Quality Diner) 
is a now-defunct diner  … as a location featured in a num-
ber of Hollywood films, including “Training Day”, “Old 
School”… Old School is a 2003 American comedy film 
released by DreamWorks and directed by Todd Phillips

MemRecall
([Q], x)

BERT (reasoner)

[CLS]  [SEP]     z

MLP

Long text x: LOS ANGELES -- The pilot flying 
Kobe Bryant and seven others to a youth basketball tour-
nament did not have alcohol or drugs in his system, and all 
nine sustained immediately fatal injuries when their heli-
copter slammed into a hillside outside Los Angeles in 
January, according to autopsies released Friday. …

MemRecall
([], x)

0.6 0.3 … Probabilty for each class

BERT (reasoner)

[CLS]  x[i]  [SEP]   z

Long text x 

MemRecall
([x[i]], x)

NN IN DT Token-wise result of x[i]…

x[0]:Confidence in the pound is widely expected 
to take another sharp dive if trade figures for Sep-
tember, due for release tomorrow,

 x[1]:fail to show a substantial improvement from 
July and August's near-record deficits” is considered,

…
Decompose into 
sub-sequences 
x[0]… x[n]

z }| {
<latexit sha1_base64="WkmkOQqV4y/G2CwEGjey+GFekFc=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2VGi7osuHFZwT6gM5RMeqcNzWSGJCOUobjxV9y4UMStX+HOvzHTzkJbD4Qczrn3JvcECWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcY3ud95AKlYLO71JAE/IkPBQkaJNlLfPvJiYweSUMi8kUry+9JJ9HTat6tOzZkBLxO3IFVUoNm3v7xBTNMIhKacKNVzzRw/I1IzymFa8VIFZv6YDKFnqCARKD+brTDFp0YZ4DCW5giNZ+rvjoxESk2iwFRGRI/UopeL/3m9VIfXfsZEkmoQdP5QmHKsY5zngQdMAtV8Ygihkpm/YjoiJg9tUquYENzFlZdJ+7zmXtScu3q1US/iKKNjdILOkIuuUAPdoiZqIYoe0TN6RW/Wk/VivVsf89KSVfQcoj+wPn8A712XuA==</latexit>

Merge the results of all x[i]

(a) Span Extraction Tasks 
e.g. question answering

(b) Sequence-level Tasks 
e.g. text classification

(c) Token-wise Tasks 
e.g. POS tagging

Annotations  of 
relevant sentences 
to train “judge”

z+

z+ z+

1. Ming Ding, Chang Zhou, Hongxia Yang, and Jie Tang. CogLTX: Applying BERT to Long Texts. NeurIPS'20.
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MemRecall*�

Q x0 x2 x8 x13 x14 x25 x31

Q: Who is the director of the 2003 film which has scenes in it filmed at the Quality Cafe in Los Angeles? 

x0: Quality Cafe is the name of two different former loca-
tions in Downtown Los Angeles, California. …

x8: "The Quality Cafe (aka. Quality Diner) is a now-defunct 
diner …but has appeared as a location featured in a number 
of Hollywood films, including "Training Day", "Old School"

ŏ

x40: Old School is a 2003 American comedy film released 
by DreamWorks Pictures … and directed by Todd Phillips.

Z

Get scores by judge

0.83

0.79

0.42

Concat respectively

ŏ

BERT

MLP(sigmoid)

Input

1.0 0.84 0.71 0.91 0.64 0.78 0.32 0.48

Select highest 
Scoring blocks

Q x0 x2 x8 x13 x14 x25 x31

Q x0 x8

Next-step Reasoning

new z

ŏ

ŏ
ŏ

Judge 

1
2

3 Select highest 
scoring blocks

4

5

Forget other blocks

6

MemRecall (initial z = [Q], long text x = [x0 … x40])

Q

+

+

+

Retrieval competition

Rehearsal

Decay
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1. Ming Ding, Chang Zhou, Hongxia Yang, and Jie Tang. CogLTX: Applying BERT to Long Texts. NeurIPS'20.
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Dual Process Theory (Cognitive Science)

System 1
����

System 2
����
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D76J6(42�

• System 1:
– Knowledge expansion by association in text

when reading

• System 2:
– Decision making w/ all the information

System 1
Intuitive

System 2
Analytic
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D76J6(42�

• ������
����	�
• 15 1

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

• 15 2
– Do reasoning based on semantic vectors and graph
– Feed clues to System 1 to extract next-hop entities

Question

Quality café

Todd Phillips

Gone in 60 secondsOld school

Los Angeles

Dominic Sena

System 1

System 2

Cognitive Graph

…location featured in a number of 
Hollywood films, including Old School, 
Gone in 60 Seconds…

input

input

clues

predict

extract
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D76J6(42�

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

�� 1: 
implicit 

knowledge 
expansion

�� 2: 
explicit 

decision
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D76J6(4I1

• HotpotQA is a dataset with leaderboard similar to SQuAD
• CogQA ranked 1st from 21, Feb to 15, May (nearly 3 month)

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

https://github.com/THUDM/CogQA
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D76J6(4I1

Question type

Jo
in

t F
1 

sc
or

e

Av
er

ag
e 

ho
ps

0

0.1

0.2

0.3

0.4

0.5

0.6

2.4

2.6

2.8

alternative
general

which what who other
where when

Average 
hops

CGQA

CGQA-
onlyR

BIR

Yang et al. 
(2018)

  Question type

   
  

3.0

3.2

2.2

2.0

   
 

         
Yang et al. (2018)
Average hops

Yang et al. (2018)-IR

CogQA
CogQA-onlyR

CogQA Performs much better on question with more hops�
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D76J6(4I1
4��.HQ�3UXLWW�ZDV�D�5HSXEOLFDQ�PHPEHU�
RI�DQ�XSSHU�KRXVH�RI�WKH�OHJLVODWXUH�ZLWK�

KRZ�PDQ\�PHPEHUV"

.HQ�3UXLWW

)ORULGD�+RXVH�RI�
5HSUHVHQWDWLYHV

)ORULGD�
6HQDWH

�� ���

4��:KDW�&DVRQ��&$�VRFFHU�WHDP�
IHDWXUHV�WKH�VRQ�RI�5R\�/DVVLWHU"

5R\�/DVVLWHU

/$�
*DOD[\

$ULHO�
/DVVLWHU

4��:KDW�/LWKXDQLDQ�SURGXFHU�LV�EHVW�
NQRZQ�IRU�D�VRQJ�WKDW�ZDV�RQH�RI�WKH�
PRVW�SRSXODU�VRQJV�LQ�,EL]D�LQ�����"

:DONLQJ�ZLWK�
(OHSKDQWV

7HQ�:DOOV

0DULMXV�
$GRPDLWLV

�5HWULHYHG�

����7UHH ����'$* ����&\FOLF�*UDSK�

0DULMXV�
$GRPDLWLV����
KLV�VWDJH�QDPH�
7HQ�:DOOV�

.HQ�3UXLWW�ZDV�D�
5HSXEOLFDQ�
PHPEHU�RI�WKH�
)ORULGD�6HQDWH�ŏ

ŏ�SUHYLRXVO\�D�
PHPEHU�RI�WKH�
)ORULGD�+RXVH�RI�
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• Tree-shape Cognitive
Graph

• Users can verify the
answer by comparing it
with another possible
reasoning chain.

• “Upper House” in the
question is similar to
“Senate” not “House of
Representative”
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• DAG-shape Cognitive
Graph

• Multiple supporting facts
provides richer
information, increasing
the credibility of the
answer.



J Tang, Tsinghua     40

D76J6(4I1

4��.HQ�3UXLWW�ZDV�D�5HSXEOLFDQ�PHPEHU�
RI�DQ�XSSHU�KRXVH�RI�WKH�OHJLVODWXUH�ZLWK�

KRZ�PDQ\�PHPEHUV"

.HQ�3UXLWW

)ORULGD�+RXVH�RI�
5HSUHVHQWDWLYHV

)ORULGD�
6HQDWH

�� ���

4��:KDW�&DVRQ��&$�VRFFHU�WHDP�
IHDWXUHV�WKH�VRQ�RI�5R\�/DVVLWHU"

5R\�/DVVLWHU

/$�
*DOD[\

$ULHO�
/DVVLWHU

4��:KDW�/LWKXDQLDQ�SURGXFHU�LV�EHVW�
NQRZQ�IRU�D�VRQJ�WKDW�ZDV�RQH�RI�WKH�
PRVW�SRSXODU�VRQJV�LQ�,EL]D�LQ�����"

:DONLQJ�ZLWK�
(OHSKDQWV

7HQ�:DOOV

0DULMXV�
$GRPDLWLV

�5HWULHYHG�

����7UHH ����'$* ����&\FOLF�*UDSK�

0DULMXV�
$GRPDLWLV����
KLV�VWDJH�QDPH�
7HQ�:DOOV�

.HQ�3UXLWW�ZDV�D�
5HSXEOLFDQ�
PHPEHU�RI�WKH�
)ORULGD�6HQDWH�ŏ

ŏ�SUHYLRXVO\�D�
PHPEHU�RI�WKH�
)ORULGD�+RXVH�RI�
5HSUHVHQWDWLYHV�

7KH�6HQDWH�KDV�
���PHPEHUVŏ

7KH�+RXVH�LV�FRPSRVHG�
RI�����PHPEHUVŏ

+H�LV�WKH�IDWKHU�
RI�/$�*DOD[\�
SOD\HU�$ULHO�
/DVVLWHU�

ŏKH�KDG�VLJQHG�
ZLWK�/$�*DOD[\ŏ

ŏ�LV�D�VRQJ�
E\�/LWKXDQLDQ�
SURGXFHU�7HQ�
:DOOV�

ŏEHVW�NQRZQ�IRU�
KLV������VLQJOH�
ŉ:DONLQJ�ZLWK�
(OHSKDQWVŊ�

• 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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