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Al artificial

Intelligence): Think, act,
humanly or rationally

"The exciting new effort to
make computers think -
machines with minds, in
the full and literal sense.”
(Haugeland, 1985)
"Al - Is concerned with
intelligent behavior in
artifacts.” (Nilsson, 1998)

KE (Knowledge

engineering) Is an
engineering discipline
that involves integrating
knowledge into

computer systemsin

order to solve complex
problems normally
requiring a high level of
human expertise

KR (Knowledge

representation) is
dedicated to
representing
information about the
world in a form that a
computer system can
utilize to solve complex
tasks such as diagnosing
a medical condition or
having a dialog in
a natural language.

KG (Knowledge

graph) is a large scale
semantic network
consisting of
entities/concepts as
well as the semantic
relationships among
them
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Google
Search

Web
Images
Maps
Videos
News
Shopping

More

The web
Pages from Hong

Vann

obama birthday

August 4, 1961

Barack Obama, Date of birth
Show details

Barack Obama - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/Barack_Obama - Cached

Obama was born on August 4, 1961, at Kapi'olani Maternity & Gynecological Hospital
(now Kapi‘olani Medical Center for Women and Children) in Honolulu, ...

Early life and career of Barack ... - Family of Barack Obama - Obama administration

Obama Birthday Weekend: President Celebrates 51st With Golf ...

www.huffingtonpost.conv.. /obama-birthday_n_1741215.nt... - Cached
4 Aug 2012 — WASHINGTON — President Barack Obama celebrated his 51st birthday
Saturday with a round of golf and a quiet weekend at Camp David, ...

“ SafeSearch stict v

Barack Obama

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

Born: August 4, 1961 (age 51), Honolulu
Full name: Barack Hussein Obama Il
Net worth: USS 11.8 million (2010)

Education: Harvard Law School (1988-1991), Columbia
University (1983), More

Siblings: Maya Soetoro-Ng, George Obama, Mark
Nrecandin



KGIE#1 : large scale

* Higher coverage over entities
and concepts

Concept

KGs # of Entities/Concepts # of Relations

YAGO
DBpedia
Probase
BabelNet

CN-DBpedia

10 Million
28 Million
2.7 Million
14 Million
17 Million

120 Million
9.5 Billion
70 Billion
5 Billion
200 Million

Concepto ° e

® ® Concept
Concept

Existing Taxonomies | Number of Concepts |

Frequency

400000 countries scheduling algorithms
cor.npanles pharmaceutical companies political analysts
artists saints o fishing regulations
oo cities o nonprofit organizations : inappropriate compensatory behaviors
organizations renewable energy technologies self-management strategies
languages pop.ular se?rch engines sustainable design principles
brands toxic chemicals hydrocarbon liquids
4000 diseases dancestyles modern scientific theories
drugs ancient civilizations microeconomic concepts
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Freebase [3]
WordNet [13]
WikiTaxonomy [26]
YAGO [35]
DBPedia [1]
ResearchCyc [18]
KnowltAll [12]
TextRunner [2]
OMCS [31]

NELL [7]

1,450
25,229
111,654
352,297
259

~ 120,000
N/A

N/A

N/A

123

Probase

2,653,872 |




KGHEZ2: semantically rich

* Higher coverage over

semantic network

numerous semantic \ N

knowledge

relationships >

DBpedia 1,650 ey
YAGO1

lparr of
natural language part of artificial
——————————— . .
understanding intelligence

1 4 made of lexicography

games with a

YAGO3 74 PHIPEsE |
linked data similar to the Svsmbantlc
. 7 /. e
CN-DBpedia 100 Thousands Ly
has a Web API W JSON-LD
has property

open content

y multilingue
Isrnom'm
Sy

Z=iE

multilingual
domain-general

motivated by goal

let computers understand what people already know



* High quality ®
* Big data: Cross validation by multiple sources %\@/

« Crowd sourcing: quality guarantee 90“‘[0‘“53

~
Web sit Fact Obiject 2%
CD SIIECS acls JCCS W

. .
5
—
3 ] o
1/ . - =
, . A
.‘ .D.’
=
\‘ -------
A A Al T
~ -
.

* _
.
-
Y '\ Sse
. -
A ‘\‘ Seo

- > ~ -

~~~~~ Y -~ Q InfoBox

. - b .,
.................
W, \J4q JTTTmeemeemeealy

.,
.
.
.
-
~ N,
e N
‘‘‘‘‘

""""""""""""""""""""""""" WL 250 o

L2 =P G o

EEEID rhig \RHANEHEED W o)

[Yin, etc., Truth Discovery with Multiple Conflicting i SCRTSREBAELEE - | o
Information Providers on the Web, kdd07] e I - (o




KGHEE4: friendly structure

subclassO subclassOf @ %

instan ceOf instance

 Structured organization
* By RDF
* By graph

hasChapter follows HhIZEBA RIGRI DR CGEEREK)
R1 \/ / t_‘]ﬁé 7
i \ hasChapter [ g3 5
createdBy \v <
John Do kﬂjﬁﬁz
el it ST IRk
Subject Predicate Object -
R1 hasChapter R2
R1 hasChapter R3
R3 follows R2
R1 createdBy "John Doe"




Yago, WordNet, FreeBase, Probase, NELL, CYC, DBpedia--.

e [ AR E S E s’

2017-03-16 1,139 B

2014-08-30 570 E

2011-09-19 295

2010-09-22 203

2009-07-14 95 .
2008-09-18 45

2007-11-07 28

2007-05-01 12

"Linking Open Data cloud diagram 2017, by Andrejs Abele, John P. McCrae, Paul
Buitelaar, Anja Jentzsch and Richard Cyganiak. http://lod-cloud.net/"
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KGZH i - Node-Entity

* Entity/Objects/Instances
* Wikipedia: An entity iIs something
that exists as itself, as a subject or as an

object, actually or potentially, concretely
or abstractly, physically or not.

« BIRR /NBEE) | e 7R, 1F
A—VE M E’]ﬁ%ﬁtﬁﬂﬁ%zﬁﬁﬂ’]?ﬁ




KGZB - Node-Concept

. C ¢ CATEGORIZATION:
oncep 1. the process of formation of
* In metaphysics, and especially ontology, a categories; -
concept is a fundamental category of existence. 2. the process of identifying X
, , as a member of a particular
* (mental) representations of categories category Y:
* Category e ey oy
 Groups of entities which have something in T BoandGame s
. = CardGame (edit)
Common1 . %ales (edit) DBped|a Types
= Sport (edit)
o Type/C|aSS . A_‘«'_hleiu:s (;‘:cht}
= Boxing (edit)
* WIKITIONARY: A grouping based on shared o
characteristics; a class. = L] company NS
\JUL\/&UII\/Q

microsoft e @ software company (Basic-level co

= largest OS vendor



KGZE F% - Node-Value

* Date
- FFERE B EH 194656 H14H

. String
FEAE fEAT LN iE fhaﬂi ( Donald Trump ), BASEEERZ, 1946
¢6H 1AB& T2y, EEXMTEBEER

* Numeric
« BFRAE IR 71




* Relation
o« MIE I {E(individual)z [BIE % &
* Examples:

* Sitting-On: An apple sitting on a table
* Taller-than: Washington Monument is taller than the White

House

* Property/Attribute/Quality
* A characteristic/quality that describes an object

* Examples:
* size, color, weight, composition, and so forth, of an object



Models of Knowledge Graph

Entities

*Concepts
e|nstance
*Value

Knowledge

Graph

Relationships

*|SA
*Co-occurrence
*Synonyms
*Others: .




What is a graph?

* A collections of entities and

relationship between them @

* Entity
* Relationships
S
e Fuler

* Seven Bridges of Konigsberg

17



Models of graphs

* Weighted graphs
* Directed graphs
* Probalistic graphs

* Evolving graphs

18



Notations

* Vertices/Nodes * Example graph

* Edges/arcs

V X

* Degree of a vertex
* Subgraph
* Shortest path

19



Representation of a graph

1. 2 3 495

* Adjacent list 1 I2E17) e
* Space efficient on sparse graph Bl tlosema

5 4| 1| 2|/ 3 1 OO SO ¢ e G ¥

* Matrix @ | (b) ©

Figure 22.1 Two representations of an undirected graph. (a) An undirected graph G having five
vertices and seven edges. (b) An adjacency-list representation of G. (¢) The adjacency-matrix rep-
resentation of G.

123456

1 2] P4/ 1fo1 0100

2| +{5]/] 2/0 00010

(D) &y (3) 3| el P57 3]0 000 1 1
4 2]/ 4/0 1000 0

n 5 4|/ 50 00100
(4) &) OW, 6 6]/ 6/0 0000 1

(@) (b) ©

Figure 22.2 Two representations of a directed graph. (a) A directed graph G having six vertices
and eight edges. (b) An adjacency-list representation of G. (¢) The adjacency-matrix representation
of G.

20



RDF: Resource Description
Framework

* A framework (not a language) for describing resources,
recommended by W3C

* Facilitating reading and correct use of information by computers,
not necessarily by people

* Resource, Property, Property Value =Subject, Predicate, Object of
a statement

* RDF identifies resources with URIs



RDF representations

* RDF offers only binary * From the example,
predicates.

e X = http://www.w3schools.com/RDF
* Think of them as P(x,y) where P« y = 35, Egil Refsnes
s the relationship between the
objects x and .

e P = author




<?xml version="1.0"?>
<rdf:RDF Root element of RDF documents

xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:cd="http://www.recshop fake/cd#"> ¢, ce of namespace for elements with
<rdf:Description cd prefix
rdf:about="http://www.recshop.fake/cd/Empire Burlesque">

<cd:artist>Bob Dylan</cd:artist>

Source of namespace for
elements with rdf prefix

<cd:country>USA</cd:country> Description element describes the

<cd:company>Columbia</cd:company>  rasource identified by the rdfabout

<cd:price>10.90</cd:price> attribute.

<cd:year>1985</cd:year> ,
</rdf-Description> Cd.country etc are properties of
<rdf:Description the resource.

rdf:about="http://www.recshop.fake/cd/Hide your heart">
<cd:artist>Bonnie Tyler</cd:artist>
<cd:country>UK</cd:country>

<cd:company>CBS Records</cd:company>
<cd:price>9.90</cd:price>
<cd:year>1988</cd:year>

</rdf:Description>

-+ </rdf:RDF>.
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Knowledge is power in Al

* Al system=knowledge + reasoning

* Edward Feigenbaum: "father of expert
systems”

* Knowledge is power, and the computer is an
amplifier of that power. We are now at the dawn
of a new computer revolution... Knowledge itself
IS to become the new wealth of nations.

http://www.computerhistory.org/fellowawards/hall/bios/Edward,Feigenbaum/

Big Knowledge i1s Big Power in Al



From Strings to Things

New Frozen Boutique to Open at Disney's Hollywood Studios

= Diengp  (TUDISS

T

/wiki/The_Walt_Disney Company /wiki/Disney’s_Hollywood_Studios
/wiki/Frozen (2013 film)

* Mapping text to a mental world consisting of entities and concepts

* Enables

* From Search keywords to answers
* Ex: obama birthday

* Text understanding



Big data analytic

AN EFRHENE RAWRETIE BURER

AR BN EE SIS RE S B ERE R X

* Big data analytic needs more o DTS 3 = =
background knowledge for FEoR BB ANZS ONAB RN D ERR R HENUE A EX
* A better accuracy CCEFAMHBEENEEREAEEEFRENTEE, TFAAEHBCH
« More intelligence RN EE AR TN TSR T TN T AN TE RSN TR

AMAEE T EENEFTATAEXINNGFEE, TERET, IR
FEMEFNEFAAFTENEFITEXRT, RMEIEXHFEFER
* Example FENEE ! [FEFOEE, ERFEFAH ]

* How hot is baogiang’s divorce on
web?

* Why baogiang select Qizhun
Zhang as his lawyer?




Smart Robot Brain

: http://robobrain.me - -
* Smart robot brain needs R Y a8 | -
background knowledge to E' ,2 e

* Interact with the world
* Understand the world

* Robot Brain
© EERT
. E'H\ IBMEz BXit X b
« FEXNITX] -
Eﬁkﬂm
« ML KEERX




Knowledge-powered tasks

* Human can learn concepts from
few samples because we are
knowledgeable

* Knowledge+
e Search
* Recommendation

* Machine learning

* Must or must-not constrain in semi-
supervised learning

* Regulizers with knowledge as
constraint

“People learning new concepts can often
generalize successfully from just a single
example, yet machine learning algorithms
typically require tens or hundreds of
examples to perform with similar accuracy..”

RESEARCH ARTICLES

COGNITIVE SCIENCE

Human-level concept learning
through probabilistic
program induction

Brenden M. Lake,'* Ruslan Salakhutdinov,” Joshua B. Tenenbaum?®

People learning new concepts can often generalize successfully from just a single example,
yet machine learning algorithms typically require tens or hundreds of examples to
perform with similar accuracy. People can also use learned concepts in richer ways than
conventional algorithms—for action, imagination, and explanation. We present a
computational model that captures these human learning abilities for a large class of
simple visual concepts: handwritten characters from the world’s alphabets. The model
represents concepts as simple programs that best explain observed examples under a
Bayesian criterion. On a challenging one-shot classification task, the model achieves
human-level performance while outperforming recent deep learning approaches. We also
present several “visual Turing tests” probing the model’s creative generalization abilities,
which in many cases are indistinguishable from human behavior.

SCIENCE, 11 DECEMBER 2015 » VOL 350 ISSUE 6266



User case: search engine

eads to answers instead of web pages coq. -

Al Images  News  Videos  Maps  More Settings  Tools

* Knowledge card provides rich background

Donald Trump - Wikipedia
hitps//en wikipedia.org/wiki/Donald_Trump ~

. . o
[ ] | n I f h n I fr m h r h k W r Donald John Trump (bom June 14, 1946) is an American businessman, television personality
politician, and the 45th President of the United States. Bom and
Donald J Trump for President: Make America Great Again!

. "
° hitps://www.donaldjtrump.com/ v

the standards of excellence in business, real estate and
Donald Trump <

President Donald Trump News, Twitter Updates and Quotes | Daily ... 45th U.S. President
www.dailymail.co.uk/news/donald_trump/ v
Get the latest news on U.S. President Donald Trump's inauguration, administration. Twitter and

donaldjtrump.com
immigration policy plus more on the Russian hack and Syria

Donald John Trump is an American businessman, television personality.

A Psychologist Analyzes Donald Trump's Personality - The Atlantic politician, and the 45th President of the United States. Wikipedia
i [} hitps:/www.theatiantic.co hive/2016/06/the-mind...trump/480771/ v | ’ ; )
GO g |e how old is trump Y O\ e ooty ; ‘ o e Born: June 14, 1946 (age 70 years), Jamaica Hospital Medical Center
personality might shape his possible presidency. Height: 188 cm

Spouse: Melania Trump (m. 2005), Marla Maples (m. 1993-1999), Ivana
i T 1977-1992
. . Donald Trump | US news | The Guardian rump (m o ) - )
All Images News Videos Maps More Settings Tools hitps:/www.theguardian. com/us-news/donaldtrump ~ Education: Wharton School of the University of Pennsylvania (1968).

mor
Collected news, analysis and commentary about the New York businessman and politician. ore

Children: Ivanka Trump, Tiffany Trump, Eric Trump, Donald Trump Jr.
Barron Trump
About 251,000,000 results (0.54 seconds) Donald J. Trump | Facebook

! https://www.facebook.com/DonaldTrump/ v Profiles
Donald J. Trump, New York, NY. 21269368 likes - 2168531 talking about this. This is the official ro
Facebook page for Donald J. Trump.

Donald Trump / Age

Donald J. Trump | Facebook Tuitter Facebook  Instagram  YouTube
htps://www.facebook com/Donald Trump/?fref=ts v .
Donald J. Trump, New York, NY. 21263206 likes - 2280452 talking about this. This is the official Movies and TV shows

Facebook page for Donald J. Trump.

Trump News — Trump News

trump.news/ v

Throughout his first weeks in office, President Donald J. Trump has continued to advance the agenda
he was elected to do, which is, primarily, undoing the

70 years

946 I i ;he L\(‘l\e 54 Lre Lhe
A¢ pprentice ascals 1998 timate pprentice:
JU ne W 4 1 J4 o Since 2004 1994 Merger Martha St
Searches related to trump 2010-2011 2005
trump poll melania trump People also search for View 15+ more
ivana trump donald trump education
donald trump on guns donald trump daughter
Melania Trump Hillary Clinton Barack Obama donald trump on immigration  donald trump age 4
Spouse 69 years 55 years Hillary Barack Melania Viadimir  Ilvanka
Clinton Obama Trump Putin Trump
46 years Go gle N Spouse Daughter

45678910 Next

o

Feedba



User case: recommendation

W& FiE ME E BR B R O ME XE 83

words, or items

XL (Andy Lau) , 1961593275&;?@1121;.‘%”35 N

F.AEAA HAAL 19B1FHRESAG{E (RE) . 19835
EJ‘-*;FJ HELE) EEERG2SUINCR. 19855EES
&L B“a. 198BS E D

* Recommend semantically related key **™ 2. . . ... =

SRR

* Recommend conceptually consistent o | s | ez

v 2% P IERERERE R =E TR
. .
nt t @ 01 —EETHATE  (RE—WEEEM ) SN
e I I eS v 02 SRR {elements -EEZEE) > = *

v 03 FEE(R (ETER101)

* What amazon should recommend |if e BN
users search samsumg s6 and iphone 67 :

 What should taobao recommend if users

search ‘B IM{E"?




Use Case: Question Answering

This town is known as "Sin City" & Its
downtown is "Glitter Gulch"

Q: Sin City ?
— movie, graphical novel, nickname for city, ...
A: Vegas ? Strip ?
— Vega (star), Suzanne Vega, Vincent Vega, Las
Vegas, ...
— comic strip, striptease, Las Vegas Strip, ...
This American city has two airports

named after a war hero and a WW || battle

question
classification &
decomposition

D. Ferrucci et al.: Building Watson. Al Magazine, Fall 2010.
IBM Journal of R&D 56(3/4), 2012: This is Watson.

N X/
-I/ Y 7

9 : el
‘ Len I WATSON } BRAD
e 3
=« £ g ,V![
knowledge - 23  Dpipadia
WIKIPEDIA
back-ends e s
-
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K.Goh,M.Kusick,D.Valle,B.Childs,M.Vidal A.Barabasi: The
Human Disease Network, PNAS, May 2007

200000000

@ Bone

© Cancer

@ Cardiovascular

@ Connective tissue

© Dermatological

© Developmental
Ear, Nose, Throat

O Endocrine

O Gastrointestinal

@ Hematological

Q Immunological

@ Metabolic

@ Muscular

@ Neurological

@ Nutritional

@ Ophthamological

@ Psychiatric

@ Renal

© Respiratory

@ Skeletal

@ muttiple

O Unclassified




Use Case . Risk analytic
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* factual knowledge
* bornin (Stevelobs, SanFrancisco), hasFounded (Stevelobs, Pixar),

* hasWon (Stevelobs, NationalMedalOfTechnology), livedin (Stevelobs,
PaloAlto)

* taxonomic knowledge (ontology):
* InstanceOf (Stevelobs, computerArchitects), instanceOf(Stevelobs, CEOs)

* subclassOf (computerArchitects, engineers), subclassOf(CEOs,
businesspeople)



* lexical knowledge (terminology):
* means ("Big Apple”, NewYorkCity), means (“Apple”, AppleComputerCorp)
* means (“MS", Microsoft) , means ("MS", MultipleSclerosis)

* contextual knowledge (entity occurrences, entity-name
disambiguation)
* maps ("Gates and Allen founded the Evil Empire®, BillGates, PaulAllen,
MicrosoftCorp)
* linked knowledge (entity equivalence, entity resolution):
* sameAs (Apple, AppleCorp), sameAs (hasFounded, isFounderOf)



* multi-lingual knowledge:
« meansinChinese (,7F X EI&*“ K2), meansinUrdu (S =35, K2)
* meansinfr (,école”, school (institution)), meansinFr (,banc”, school (of fish))

* temporal knowledge (fluents):
* hasWon (Stevelobs, NationalMedalOfTechnology)@1985
* marriedTo (AlbertEinstein, MilevaMaric)@[6-Jan-1903, 14-Feb-1919]
* presidentOf (NicolasSarkozy, France)@[16-May-2007, 15-May-2012]

* spatial knowledge:

* locatedIn (YumbillaFalls, Peru), instanceOf (YumbillaFalls, TieredWatertalls)
* hasCoordinates (YumbillaFalls, 5°5511.64"S 77°54'04.32"'W ),
* closestTown (YumbillaFalls, Cuispes), reachedBy (YumbillaFalls, RentALama)



* common-sense knowledge (properties):
* hasAbllity (Fish, swim), hasAbility (Human, write),
* hasShape (Apple, round), hasProperty (Apple, juicy),
* hasMaxHeight (Human, 2.5 m)

* common-sense knowledge (rules):
* V x: human(x) = male(x) v female(x)
* V x: (male(x) = - female(x)) A (female(x) ) = = male(x))
* V x: human(x) = (3y: mother(x,y) A 3 z: father(x,z))
* ¥V x: animal(x) = (hasLegs(x) = isEven(numberOfLegs(x))



emerging knowledge (open IE):
* hasWon (MerylStreep, AcademyAward)
* occurs (,Meryl Streep”, ,celebrated for”, ,Oscar for Best Actress”)
* occurs (,Quentin®, ,nominated for®, ,Oscar")

multimodal knowledge (photos, videos):
* JimGray
* JamesBrucefalls

soclal knowledge (opinions):
* admires (maleTeen, LadyGaga), supports (AngelaMerkel, HelpForGreece)

epistemic knowledge ((un-)trusted beliefs):
* believe(Ptolemy,hasCenter(world,earth)), believe(Copernicus,hasCenter(world,sun))
* believe (peopleFromTexas, bornin(BarackObama,Kenya))
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Thank YOU |

Our LAB: Knowledge Works at Fudan University
http://kw.fudan.edu.cn



