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MAEE (Knowledge Graph)

* “Knowledge graph” was used by Google 2012
* Knowledge engineering, expert system
 CYC: the world's longest-lived Al project (1985)

Knowledge
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IBM Watson

Watson is a Question answering (QA)

computing system built by IBM. IBM

; o describes it as "an application of advanced

| s21,600 I Natural Language Processing, Information

e e B Retrieval, Knowledge Representation and

e 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.
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Barack Obama

44th U.S. President

Barack Hussein Obama Il is the 44th and current President of the United
States, and the first African American to hold the office. Wikipedia

Born: August 4, 1961 (age 53), Honolulu, Hawaii, United States Barack Obama
Spouse: Michelle Obama (m. 1992)
Office: President of the United States since 2009

www.barackobama.com @

+2 Follow

Presidential term: January 20, 2009 —
4,723,528 followers | 103,921,572 views

Parents: Ann Dunham, Barack Obama, Sr.
Siblings: Maya Soetoro-Ng, Mark Okoth Obam

Recent posts on Google+

-3 Barack Obama
4,769,268 followers » Shared publicly

“It's long past time for us to raise the minimum

wage." —President Obama Add your name if you
28 M“.UBN agree: http://ofa.bo/b1Do #With1010 10 Oct 2014
AMERICANS

WA i 9030 st o o

Web Images News Videos Maps More v Search tools

XA
@ Barack Obama

"It's long past time for us to raise the minimum wage." —President
Obama

Add your name if you agree: http://ofa.bo/b1Do #With1010

A higher minimum wage would give a raise to

28 MILLION
AMERICANS

What would $10.10 mean for you?

.l #With1010

+1473  A112 Bl “E
e
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All Videos News Images Maps More Settings Tools

About 4,590,000 results (0.73 seconds)

Andy Lau / Spouse

Carol Chu

m. 2008
More about Carol Chu
Feedback
Images for XN E-FRiE
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Artificial
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machine
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clustering rule
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- perceptron
- expert system

1B -
- data mining
- knowledge discovery
- hidden pattern
- association rule
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- artificial intelligence

- machine learning
- deep learning
- neural network
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1. Devlin Jacob et. al. BERT: Pre-training of Deep Bidirectional Transformers for Language Understanding. NAACL. 2019. J Tang, Tsinghua 19
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SYSTEM 1 VS. SYSTEM 2 COGNITION
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System 1

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

e Current DL

£ Mila

1. From Bengio’s NIPS’2019 Keynote

THINKING,
FAST..SLTOW

P —
DANIEL

KAHNEMAN

System 2

Manipulates high-level /

semantic concepts, which can

be recombined
combinatorially ~ |

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

* Future DL

J Tang, 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?
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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: OCCIPITAL
Dorsclateral Prefrontal WA :hv?goen)
(executive & logcal) f
A TEMPORAL
Olactory Bulb 4 LOBE
(language)
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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. J Tang, Tsinghua 27
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BERT A Tiii)l| Z& ) Transformer

(ZEZHEFEE ﬁmﬂ>,ﬁw
NLP27 k5 i AT B AR T 22
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AKE ZO(L2)HE K,
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MAKH TARCICNAFAE IR, A
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sssss

BERT

Tok Tok Tok Tok

(a) Sentence Pai 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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i Q: Who is the director of the 2003 film which has scenes in i

it filmed at the Quality Cafe in Los Angeles?
DT E e Tely e A ! emRecall

CogLTX: Applying BERT to long texts

V|

PN

Wiz 3] -

Start/End Span

=0
BERT (reasoner)
0=

z §[CLS] [SEP] z

Probabilty for each class

17

iLong text ZX:The Quality Cafe (aka. Quality Diner) i ([Q]’ x) i Kobe Bryant and seven others to a youth basketball tour-

'is a now-defunct diner
i ber of Hollywood films, including “Training Day”, “Old

... as a location featured in a num-

iSchooI”... Old School is a 2003 American comedy film

| released by DreamWorks and directed by Todd Phillips ~> Annotations Of

1.

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

nament did not have alcohol or drugs in his system, and all
|
' nine sustained immediately fatal injuries when their heli-

! i copter slammed into a hillside outside Los Angeles in

relevant sentences
to train “judge”

iJanuary, according to autopsies released Friday. ...

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

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

iLong text X:LOSANGELES -- The pilot flying

MemRecall Itember, due for release tomorrow,

({1, x)

Ming Ding, Chang Zhou, Hongxia Yang, and Jie Tang. CogLTX: Applying BERT to Long Texts.

CAEIRIZ R R, PRKBERTANEE XL

Merge the results of all x[i]

w | v | or | . | Token-wise result of x[i]
BERT (reasoner)

Zi[CLS},x[i] [SEP] z

i X [ 0 ] 2 Confidence in the pound is widely expected
1 to take another sharp dive if trade figures for Sep-

i X [ 1 ] 2 fail to show a substantial improvement from
1 July and August's near-record deficits” is considered,

Decomp J Long text X

su(l;-sequences (c) Token-wise Tasks
x[0]...x[n] e.g. POS tagging
NeurlPS'20.

J Tang, Tsinghua 29



MemRecall#{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.
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Dual Process Theory (Cognitive Science)
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AH]

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

R4t 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

J\
Old school Gone in 60 seconds

\

\

Todd PHillips Dominic Sena
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Cognitive Graph G
Before Visiting x

A% 2:

— o o o o o o o = -

explicit
, J decision
- N
A s~ >¥ Pass clues Ar-— = Results of The
INexrt! to “Next”“Ans” I Ans Step of
X[x] N Y | ns | ep
N ———a visiting x
< <
L] L] y
\{ ) Hop span Ans span V4
e o e o e e e e e e e e e e e R e —EEEE T = = = fEr———— — — — — — -
|Name of entity “Next” | |Possible answer “Ans” |

]
i>
3
Bli=s
Y
B

(7] - ()0 (5] - (7] - (5] -« [(2)[%]

| 1
I |
I I ,
j ~fseml, @ clues] System 1 (BERT) 13 EE
I . . .

: EjcLs) E; ven Eyn Eisgp E; res . e Ey | Im pl |C|t
g 7 Cr— 1| knowledge
I [CLS) Tok, Toky [SEP] Tok, Tok)y 1| expansion
\ \ - ) ~ g J I

N _ _ _ _ _Question + clues[x,€] Paragraph(x] _7

1. M. Ding, C. Zhou, Q. Chen, H. Yang, and J. Tang. Cognitive Graph for Multi-Hop Reading Comprehension at Scale. ACL’19. J Tang, Tsinghua 35
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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 y
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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
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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
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Thank you'!

Collaborators:

Jie Zhang, Ming Ding, Jiezhong Qiu, Qibin Chen, Yifeng Zhao, Yukuo Cen, Yu
Han, Fanjin Zhang, Xu Zou, Yan Wang, et al. (THU)

Hongxiao Yang, Chang Zhou, Le Song, Jingren Zhou, et al. (Alibaba)
Yuxiao Dong, Chi Wang, Hao Ma, Kuansan Wang (Microsoft)

Jie Tang, KEG, Tsinghua U http://keg.cs.tsinghua.edu.cn/jietang
Download all data & Codes https://keqg.cs.tsinghua.edu.cn/coqgdl/
https://github.com/THUDM
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