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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
in North America.

Alessandro Moschitti %,/ I8 :
Alessandro Moschitti is E‘ Q
a professor of the CS
Department of the ¥ %
University of Trento, N\

Italy. He is currently a )

Principal Research

Scientist of the Qatar oc IKIPEDIA
Computing Research The Free Encyclopedia
Institute (QCRI)

Todd Phillips Tsinghua University

Todd Phillips is an
American director,

Tsinghua University is a
major research university in

producer, screenwriter, Beijing and dedicated to

and actor. He is best academic excellence and

known for writing and global development.

directing films, including Tsinghua is perennially

Road Trip (2000), Old 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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graph_net
* By DeepMind

Box 3: Our definition of “graph”

Attributes

€L < : > < : > . .
I\VSko'_>‘\V/rk1'

Here we use “graph” to mean a directed, attributed multi-graph with a global attribute. In our
terminology, a node is denoted as v;, an edge as ey, and the global attributes as u. We also use
s, and 7 to indicate the indices of the sender and receiver nodes (see below), respectively, for
edge k. To be more precise, we define these terms as:

Directed : one-way edges, from a “sender” node to a “receiver” node.

Attribute : properties that can be encoded as a vector, set, or even another graph.
Attributed : edges and vertices have attributes associated with them.

Global attribute : a graph-level attribute.

Multi-graph : there can be more than one edge between vertices, including self-edges.

Figure 2 shows a variety of different types of graphs corresponding to real data that we may be
interested in modeling, including physical systems, molecules, images, and text.

https://arxiv.org/abs/1806.01261
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REALM: Retrieval-Augmented LM

BERT : p(y|z)

REALM : p(y|z) = Zp (y|z, z)p(z|z)
2€Z

* where Z is the supporting set.

B tuiuir il Pre-training -~ “sample Supervised
.-~ sample .-~ sample
v---Unlabeled text --------------- Caaaaanans P . corpus (X)) -~ Input query ------------- ,p

E The [MASK] at the top of the pyramid (1) ' . what’s the angle of an equilateral triangle? (1):
retrieve Textual ' retrieve L)
[Neural Knowledge Retriever (0) ]« —————— knowledge ' Neural Knowledge Retriever () <-=---"- knowledge
* l corpus (Z) ; corpus (Z)
(z,2) (z,2) y
\\»[Knowledge-Augmented Encoder (o)] \[Knowledge Augmented Encoder (o)]
- Answer----=------------ : - Answer -¥-----,
: [MASK] = pyramidion (y) 60 degrees (U)

_____________________________________________
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Abductive Learning
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Abductive Logical Program

They use deep learning to extract high-level concepts and logical
rules to make predictions based on concepts.

The optimization is difficult since it involves non-differentiable
logic learning.

1. W. Dai et al. Bridging Machine Learning and Logical Reasoning by Abductive Learning. NeurIPS. 2019, pp. 2811-2822.



Inductive Logic Programming
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/ ! “An object that has wheels and windows is a car”

” Car(ﬁ) - Of(@ ﬁ) A Window( -,

“An object that is inside the car with clothing is a person”

Person(iPPE) « Car(BEalelis) 1 Inside (WP, Eiite
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They apply inductive logic learning on scene graphs generated by
deep learning, to extract explainable rules of predicting the object
class labels.

. \a
R
Inside

:lnside
Ground Person

1. Yuan Yang and Le Song. Learn to Explain Efficiently via Neural Logic Inductive Learning. ICLR. 2020.



Challenge: only System 1 DL

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 System 2

THINKING,
* Intuitive, fast, UNCONSCIOUS, B il [ * Slow, logical, sequential, CONSCIOUS,
non-linguistic, habitual o linguistic, algorithmic, planning, reasoning
e Current DL | * Future DL
DANIEL

KAHNEMAN

£ Mila

1. From Bengio’s NIPS’2019 Keynote Jie Tang, Tsinghua 8



INFIEE(System 2 DL): BESIAAING S

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

Quality Café Los Angeles Alessandro Moschitti y/

The Quality Cafe is a Los Angeles is the most Alessandro Moschitti is 0y Q

now-defunct diner in populous city in a professor of the CS N

Los Angeles, California. California, the second Department of the %

The restaurant has most populous city in University of Trento, N\

appeared as a location the United States, after ltaly. He is currently a S

featured in a number of New York City, and the Principal Research

Hollywood films, third most pogulous city Scientist of the Qatar oc IKIPEDIA
including Old School, in North America. Computing Research The Free Encyclopedia
Gone in 60 Seconds, ... Institute (QCRI)

Old School Todd PhI”IpS Tsinghua University

Todd Phillips is an Tsinghua University is a

Old School is a 2003 American director, major research university in

American comedy film producer, screenwriter, Beijing and dedicated to

released by Dream and actor. He is best academic excellence and

Works Pictures and known for writing and global development.

The Montecito Picture directing films, including Tsinghua is perennially

Company and directed Road Trip (2000), Old ranked as one of the top

by Todd Phillips. School (2003), Starsky academic institutions in b
& Hutch (2004), and China, Asia, and
The Hangover Trilogy. worldwide... V .

Jie Tang, Tsinghua



« (B{ATRZEFIIRE

A EREZ N,

Fr: I

Modeling Layer

Attention Flow
LLLLL

eeeeeeeeee

LLLLL

Character

ooooooooo

UESISES)S
R A

BERT

Start/End Span

Query2Context . . .
""" [ Ty ][ TISE"I ][ T ] [ Tu ]
h, h, hy
Cartexzouery BERT
A
wl (RIS } U
-0 PP [rea ]l ] [ [Emn] (=] [
h, h, hy
= e ——r —
o o o
Word Character
8 CJ  Embedding Embeddin 9
q RN
_ Craronn

@E- HEE- @

Question

Paragraph

&% BIDAF, BERT, XLNet

i1

EY

mem (©) Xq X5 X3 Xy

Factorization order: 4 2> 3> 1 2> 2
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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

Quallty Cafe
(jazz club)
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Los Angeles

restaurant and School

jazz club...

WIKIPEDIA

Hollywood films,

» o«

Los Angeles
officially the City
of Los Angeles
and often known

~ by its initials

The Free Encyclopedia

LA.,..

Quality Cafe was a
» 1-hop historical

Todd correct

3-hop Phillips / answer

N\ T
Gone in 60 Seconds

Gone in 60 Seconds is a
2000 American action heist
film...

directed by Dominic Sena.
1

7N\
{ Dominic \
\' Sena !
\ /
~ 7

e

Jie Tang, Tsinghua
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Reasoning w/ Cognitive Graph

« System 1.

— Knowledge expansion by association in text
when reading

¢ System 2:

— Decision making w/ all the information

N

System 1 System 2
Intuitive Analytic

—_

Jie Tang, Tsinghua 14




CogQA: Cognitive Graph for QA

* 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 ] e)(”aof Question Cognitive Graph
—_— —,
Input Quality café Los Angeles
...location feat 'ed in a number of l‘
Hollywood film | i6bURfg Old School, -
Gone in 60 Se| )nds... Old school Gone in 60 seconds

[ System 2 ]

input N\

\

Todd PAillips
predict

Dominic Sena

Jie Tang, Tsinghua 15



System 1: BIDAF, BERT

* reading comprehension: target at understanding
the whole paragraph

BiDAF BERT XLNet

Start/End Span

Start End Query2Context . ' .
................. q 5
"""" [ e ][ T, ] [ T ][ TlSE”l ][ T, ] [TM ]
""""""""""""""""
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9 9;
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‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ttittt
nnnnnnn .HO‘. o‘
hooh by H } il }
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eeeeeeee
Factorization order: 4 > 32> 1 > 2
Question Paragraph

1. Rajpurkar, Pranav, et al. "SQuAD: 100,000+ Questions for Machine Comprehension of Text." EMNLP. 2016. Jie Tang, Tsinghua 16



Cognitive Graph: DL + Dual Process Theory
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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 17



System 2: Reasoning, and Decision

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

— =
-_—
- \\\
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<
uality Cafe . . o
Q_ ¥ 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 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.,..
u :
Gone in 60 Seconds
Gone in 60 Seconds is a
2-hop 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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Cognitive Graph: DL + Dual Process Theory

System 2 (GNN)

Cognitive Graph G
Before Visiting x

J

— o o o o o o o = -

oo +~>¥  pass clues Sar- - Results of The
'\]Vea:tl to “Next”“Ans” 'Ans: Step of

T~ X[I] <=7 !_ —_—a Visiting x
| N N
[ L L /
: \{ Hop span Ans span /7
| e o o o e e e e e e EE e EEe e e N S E———— — — — — — -
: |Name of entity “Next”| |Possible answer “Ans” |

PR el talal - s il G e e - o
'/ TP q4r 9t 1 q4r 1t
| 4 | - J J J | - — N\ \
! ) ) o) (o) )~ (2] - (2] -~ i) (&) |!
|
' |
‘I——--~[sem z,Q, clues ]
i [z, Q, clues] System 1 (BERT) |

|

: ElcLs) E; Ey Eiskp E; Ejy I
| _ﬁ ES S S s )
I L L L L L] I
I [CLS] Tok, Tokn [SEP] Tok} Tok), I
\ N v 4 ~ e - I

\ Question + clues[x,G] Paragraph[x] _ /

T o e o e o o o o e O S R S S R S S B S S R S S B S S S M S B S S S S S S e S e e

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

System 2:
explicit
decision

System 1:
implicit
knowledge
expansion

Jie Tang, Tsinghua 19




System 1: the BERT Implementation

' Hop span Ans span
Negative e e P —
threshold |Name of entity “Next”| |Possible answer “Ans” |
~ % {9 9% S . .
KR IEN N e [ [ ]
Initial
xra) o (el @ clues] System 1 (BERT)
Eicrs) Ey ves Ex Eisep) E; ‘e ves e Ey
> P SN ~
L] L L1 L1 L]
[CLS] Tok, - Tokn [SEP) Tok) . . "o Tokhy,
Question +vclues[x,G] Para;;aph[x]
(_—)Sans'Ti
. Y y Jues|z SEP Paralz Pst,art [Z] — g
lCLb] Question [SEP) clues([z,G] | ]/ - (1‘1(1.[.1]1 ans | 3 oSansT;
W NV J -
Sentence A Sentence B .
. e v . ndf :
endy, = arg max P&:;.,:- [.] ]

start, <j<startp+maxlL

« Extract top-k next-hop entities and answer candidates respectively
» Predict the start and end probabilities of each position

 (Generate semantic vectors for entities based on their documents

« Take the 0-th probability as negative threshold
» Ignore the spans whose start probabilities are small than the negative threshold

Jie Tang, Tsinghua 20



System 2: the GNN implementation

N

System 2 (GNN)

Cognitive Graph G
Before Visiting x

sernLr,CQ,clues]’

At each step, hidden representations X
for nodes are updated according to the

propagation rules:
A = o((AD HT o (X))
X' =o(XWy + A)

p,
it W 2 dIIIID /7> Pass clues  CAFT=1  Regults of The
Initial - | INext! to “Next”“Ans” IAns: Step of
X[x] X[ZL’] <=7 !____. Visiting x
N
L ﬁ y L] L
Hop span Ans span

Predictor # is a two-layer MLP,
which predicts the final answer
based on hidden representations X:

answer = argmax JF(X|z])
answer node x

Jie Tang, Tsinghua 21



Performance

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

Model Ans Sup Joint
EM Fy Prec Recall | EM Fi Prec Recall | EM Fi Prec  Recall
Yang et al. (2018) 239 329 349 339 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 34.8 109 493 525 52.1 52 21.1 227 23.2
Dev BERT 2277 31.6 334 31.9 6.5 424 546 38.7 3.1 17.8 243 16.2
CogQA-sysl 336 450 476 45.4 23.7 583 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 52.2 49.9 23.1 585 64.3 59.7 12.2  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 37.1 489 - - 22.8 57.7 - - 124 349 - -

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

Reasoning Power

CogQA Performs much better on question with more hops'!

0.6 o— CogQA 3.2
w M= C0gQA-onlyR
0.5 - «&= « Yangetal. (2018)-IR 3.0
Yang etal. (2018)
*» Average hops
0.4 2.8
o )
o (@
®)
© 0.3 26 2
:
£ 0.2 24 5
9) o <
0.1 i 2.2
0 2.0
“ema\'\\le ge(\e(a\ \N‘(\'\C\‘ \N‘<\3‘ Wno 0\‘(\3‘ \Nx\e‘e \N\(\e“
5\

Question type

Jie Tang, Tsinghua 23



Case Study

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
_ Ken Pruitt
Republican member of the
member of the Florida House of
Florida Senate ... Representatives.
Florida Florida House of
Senate Representatives
I I
The Senate has The House is composed
40 members... of 120 members...
\/ \/
40 120
4 (1) Tree

« Tree-shape Cognitive
Graph

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

» “Upper House” in the
guestion is similar to
“Senate” not “House of
Representative’

Jie Tang, Tsinghua 24



Case Study

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:se.; eArf_'e' \ provides richer

Lassiter. A information, increasing

L assiter the credibility of the
answer.

...he had signed

= with LA Galaxy...

Galaxy

(2) DAG

Jie Tang, Tsinghua 25



Case Study

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

« 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.

Jie Tang, Tsinghua 26



Summary

* lterative Framework --> Myopic Retrieval

« Cognitive Graph

Cognitive graph

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

\

Quality Cafe (diner)

Quality Cafe

Los A |
(jazz club) os Angeles

Los Angeles
officially the City
of Los Angeles

location featured in a number of
Hollywood films, including "Old
School”, “Gone in 60
Seconds”...

Quality Cafe was a
1-hop historical
and often known

by its initials
LA...

restaurant and
jazz club...

P

Old School (film) Gone in 60 Seconds

Old School is a 2003 Gone in 60 Seconds is a

2—h0p American comedy film... 2000 American action heist
directed by film...
Todd F:hillipg. directed by Dominic Sena.
777N
3-hop Todd correct { Dominic \
Phillips / answer \\ Sena /'
~ - — rd

--> Explainability
« Dual process theory --> System 2 Reasoning

CogQA framework

System 2 (GNN)

X[Preuvs)

aom«-[ 4 -f---am--
Wi

D < - -+-t---amm - -

X[Prev,]

‘

Cognitive Graph G
Before Visiting x

_____________________ ,W2 [EF> X|a]

N
-~ N -
,7~¥  Pass clues Ar 1 Results of The
'\Nea:tl to “Next”“Ans” :Ans: Step of
~-’ e — Visiting x
LJ LJ
Hop span Ans span

|Name of entity “Next”|

|Possible answer “Ans”|

S5 S S SD S NP WE 5
(o) (o) (3] o (2] - (2] = [ (&)

System 1 (BERT)

e ER e S

L L L L

(CLS) Toky ‘[SEP‘ Tok,
—_—

Question + clues[x,G]

Paragraph[x]

Jie Tang, Tsinghua
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More Applications: KG completion

« Completing knowledge graph with cognitive graph

One-shot Training Instance

Michael AthletePlaysIinGame | 1992
Jordan | Olympics

— e — — — — — — — — — — — — — — — — — — —- — — —- — — — —

Reasoning Process | Abstracting | | Reasoning ettt
Module .+ Module

_| Representation |
Output >

PlaySports _
Burak Y---"" "
Yiimaz

Inferred Facts

Neighbor

|
|
|
|
|
Aggregate B |
|
|
|
|
|

|
|
| System 2
. Athletel : ,

vy . _V\\ ~ _ _
Current ( tA \ | Next |

State 9 s | )

-~ -=== System 1

Jie Tang, Tsinghua 28
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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. 30
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