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Concept of collective intellgence

B Collective intelligence

Shared or group intelligence

= Emerges from the collaboration and competition of many
individuals

A form of networking enabled by the rise of
communications technology, namely the Internet.
= Web 2.0 has enabled interactivity
= Generating user's own content.

B Definition

* Groups of individuals doing things collectively that seem
intelligent ”

= Defined by ‘Center for collective intelligent, MIT’
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Concept of collective intellgence

B Crowd's "collective intelligence”

Producing better outcomes than a small group of experts
(Users add value)

= Network effects from user contributions or experiences
Requirements for Collective Intelligence

= Diversity of opinion

= Independence of members from one another

= Decentralization

= A good method for aggregating opinions

B The study of collective intelligence

Subfield of sociology, business, computer science, mass co
mmunications and mass behavior
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Concept of collective intellgence

B Four principles need to exist
Openness
= Allowing others to share ideas and bid for franchising

Peering

= Horizontal organization with the capacity to create
information technology and physical products

Sharing
= To expand market and bring products out more quickly
= Collecting experiences

Action globally
= Using standard of web services or technologies
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Concept of collective intellgence

B Collective dynamical behaviors (Couzin, 2002)
Swarm
Torus
Dynamic parallel group
Highly parallel group

Swarm can be viewed as a
group of agents cooperating
to achieve some purposeful
behavior and achieve

some goal
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Concept of collective intellgence

B Why Do We Care About Collective Intelligence on
the Web?

Signal vs. Noise in the Long Tail

Pareto’s law Vs. Long tail law
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History

B William Morton Wheeler, 1911

Collaborative process at work in ants

Larger creature that the colony semmed to from a
‘superorganism”

B Haward Bloom, 1986

Concepts of apoptosis, parallel processing, group selection
and the superorganism

= Producing a theory of how a collective intelligence works

B Marco Dorigo, 1992

Ant colony optimization
B James Kennedy et al, 1995

Particle swarm optimization
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History

H 1990's
World Wide Web
= Hypelink
Environment for collective intelligence

B Collective behavior (Couzin et al., 2002)

Homogeneity
= Every bird in flock has the same behavioral model

Locality
= Nearest flock-mates only influence the motion of each bird

Collision Avoidance, Velocity Matching, Flock Centering

B Advent of Web2.0

Attract web engineer’s attention
Using user’'s experiences and behavior
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Basic principle

B Fact : X«

Xk = a + nk
= a: correct fact (knowledge)
" Nk : noise

K K
T = E X = Ka + E .
k=1 k=1

B Using many facts

K .

rorli] = Z {Iﬁlgk] i: ; i = Kali] + v Kin
k=1 '

Xk[ik] = afik] + nk
= |-th knowledge of user K
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Methodology - ACO

B Ant colony optimization (ACO)
Inspired by foraging behavior of ants
Ants find shortest path to food source from nest

Ants deposit pheromone along traveled path which is
used by other ants to follow the trail

This kind of indirect communication via the local
environment is called stigmergy

Has adaptability, robustness and redundancy

11
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Methodology - ACO

(1) Ants finished all using the
same path

(each one of the 2 paths,
50% of times)

(2) Ants use the short path

(3) Ants get to find the
shortest path
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Methodology - ACO

B Modeling ants colony

It is known that the ability of ants in finding the shortest
route between the nest and a food source can be used to
solve graph problems.

Graph Natural Ants Model
Individual Ants = Agents

Nodes Places where Cities
ants can stop

Edges Routes

Actions that an agent performs:

= In a city, it chooses a route based on the intensity of
the pheromone over the available paths

= When it finds the food source, it starts the return
travel on its own pheromone trail

All actions require only local information and
short memory

13
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Methodology - ACO

Each artificial ant is a probabilistic mechanism that constru
cts a solution to the problem, using:

= Artificial pheromone deposition

= Heuristic information: pheromone trails, already visited cities
memory ...

Algorithm 1 Ant colony optimization metaheuristic

Set parameters, initialize pheromone trails

while termination conditions not met do
Construct AntSolutions
ApplyvLocalSearch foptional }
UpdatePheromones

end while

14
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Methodology - ACO

B Update pheromones
Increasing the pheromone values
= Associated with good or promising solutions
Decreasing the pheromone values
= Associated with bad ones

Tij — (L—p)-Tis +p- Z F(s)

SEE‘updlfi =

» S0 1S the set of solutions that are used for the update
» o (0, 1] is a parameter called evaporation rate
» F is a function commonly called the f#itness function

15
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Methodology - ACO

B The ACO can be used to solve graph problems such
as the Traveling Salesman Problem (TSP).
Of High computational complexity
For which the exact algorithms are inefficient
For which we don't need the best solution but a good one.

Iteracion: 100 Costo: 256.55 . Iteracion: 250 Solucion 16
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Methodology - PSO

B Particle S warm Optimization (PSO)

Modeling human or insects social behavior. &Z
Individuals interact with one another 4 ......... e
= learning from ,x&/g &L
» their own experience A =y &=
» gradually move towards the goal "’:::’_'__’____,é‘ff <
<t =L

Bird flocking is one of the best example of PSO in nature.

One motive of the development of PSO was to model
human social behavior.

17
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Methodology - PSO

H Algorithm

Each particle (or agent) evaluates the function to maximize
at each point it visits in spaces.

Each agent remembers the best value of the function
found so far by it (pbest) and its co-ordinates.

Secondly, each agent know the globally best position that
one member of the flock had found, and its value (gbest).

18
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Methodology - PSO

B Algorithm - phase 1

Using the co-ordinates of pbest and gbest, each agent
calculates its new velocity as:

V; = V; + ¢; X rand() x (pbestx; — presentx;)
+ ¢, X rand() x (gbestx — presentx)

where 0 < rand() <1

presentx; = presentx; + (v; x At)

19
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Methodology - PSO

B Algorithm — phase 2

In n-dimensional space :

coghitive

/component
V =V + rand() x ¢,e(pbest, - present,)
+|rand() x ¢,e(gbest - present,)

\ social

component
Note that the symbol ® denotes a point-wise vector multiplication.

20



Dept. Computer Science, Korea Univ. Intelligent Information System Lab.

Methodology - PSO

Randomly generate an initial population
repeat

for i = 1 to pcecpulaticon size do

if f (present,) < f (pbest)

then pbest = present,;
gbest = best (pbest) ;
for d =1 to dimensions do
velocity update () ;
position update () ;
end

end

until termination critericon 1= met .

21
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Applications

B Amazon recommendation

[ amazoncom | | Jassuns See Al 35 Your Account | N ot | our L
| |I Armiazan. cam Product Cakeqaries
‘ Gift Certificaces | International | Mew Releases | Top Sellers | Todaw's Deals | Sell Your St
Search | Amazon com v Go

l Hello, Jaesun Han. We have recommendations for you, tIf wou're not Jaesun Han, click here.)

l Customers who bought this item also bought ] Similar Books to Explore ]
Foundations of 41ax (Foundation) by Ryan Aslason R R RREIE al_s'] RRgEE
Professional &jas (Programmer to Programmer) by Micholas C. Zakas ft"‘“r'"—;mj"eﬁ!d SARLRCD I”L“'“"—-“T':E;
Hibernate in Action {In Action series) by Christian Bauer - EE‘;.?‘
Agile Web Development with Rails; 4 Pragmatic Guide {Pragmatic Programr
Programming Runy: The Pragmatic Programmers' Guide, Second Edition by B L. s
e alf

b Explore similar items : Books (s0)

Und 'f‘-\1d"ll'|ll"l.| Search Information Betrisval  web Technologies
Engine Paperback Hardcouer by Willam  Besesrch and
by MIL -ael BErry E. Hersh Paperback

These phrasss occur frequently n each of these books: "document
wectors" (learn more)

[What do customers ultimately buy after viewing this item?

75% buy the item featured on this page: Ajax in Action by Dave Crane #offnrd §29.57
9% buy Professional 4jax (Programmer to Programmer’ by Micholas €. Zakas #onnl $26.29

6% huy Head Rush Ajaw by Brett Molaughlin ¥ $26.39 SO m a ny

6% buy JavaScript: The Definitive Guide by David Flanagan *rofs 32,00

499 buy CSS Mastery: Advanced Yeb Standards Solutions by MV_Reeo mm end atlo n SI

(_Compare these items | Ewplore Similar Items
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Applications

B http://del.icio.us/tag

Practice and method of collaboratively creating and
managing tags to annotate and categorize content

collaborative tagging, social classification, social indexing,
and social tagging

net advertising ajax apple architecture art arice au audio blog blogs books business
collaboration comics COMMUNity computer cooking cool crafts C88 culture design development diy
download dupal €AUCALION  email envionment fashion fic fim finance flAash food free
reeware fun funny QameES googe goemmem graphics green gid hardwarz health history home
NOWEO wmi humor illustration images imported india INSPIrALION interactive interesting
internet iphone java javascript jobs languace leaming lbrary liehacks [INUX literature mMac maps
marketing math media microsoft mobile money movies mp3 MUSIC News online opensource
osc  photo  photography  photes  phoioshop  php  politics  portfolio  produciivity
programming psycnology python rais reading recipe recipes Feference research resource
resources ruby science search securty seo sga shop Sthpiﬂg slash social Software
teaching tecn t€Chnology tins tools toread travel tutorial tutorials t typograpny

uounty VIA@O igecs WED web2.0 webdesign wedding wiki windows wordpress work
writing youtube 24
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Applications

B Thesaurus tagging

Collaborative thesaurus tagging
the W|k|ped|a Cﬁanes FIJr{damentaI
Academm

= Jakob Voss, 2006

Dlscmllnes TDP 10 Nature Knowledge

\_\V

Science

Biology Healh sciences Humans

S

Medicine

A
a h“‘\,

Diseases  pjeical specialties

Cancer

Oncology
|

Types of cancer o
¥p o -

Stomach Cancer

from the English Wikipedia
25
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Applications

B Google page rank
The Philosophy of PageRank
Uniquely democratic nature of the web
= By using its vast link structure as an indicator of an individual
page's value
= Interpreting a link from page A to page B as a vote, by page
A, for page B

PageRank Algorithm

N PR(B) FPR(C) PR(D)
PR(4)=1 d+o_’.(L[B) * T T Y )

- PR(A) : PageRank of page A

- L(A) : The number of links
going out of page A

- d : damping factor

26
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Applications

B Google page rank

Damping factor
= HE MIEH7F O HO|X|& HCF7F XA FH M A
T CHE HE HO|X[& #AE =&
- EMFOZ 085 8
» MEiMO =z £

L
O

Example

= d =05 PR(D) =PR(X) =5
PR(A) =05+ 05 ((PRX)/ 1)+ (PR(D)/1)) =55+0.5 PR(D)
PR(A) = 5.50, PR(B) = 3.25, PR(C) = 2.10

d = 0.85, PR(D) = PR(X) = 5
PR(A) = 8.65, PR(B) = 7.50, PR(C) = 6.52

27
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2120
- EelxO| MAFH
» AH|A HSAHO|M =2X 2 Hat
ZCIK| NS 0|88t SERX| MA
- AL MM 2EZX|E AR
- FCHR|MO| HfES RSt WK SERR| MA
HAl 222X > 07 222X -> QIF5 22X

==X 449 HEs 2o E 5| Z

¥ o

I7|
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My paper — ujd

= El H14A 2| (2001)
= NEHXIQo o|0|E HEEI}F AAR QX
» AtsH2 2 HO0[HE XNe

> 24 HEY BHUN KA FAIKOl B
=X 249 49
= RDF, DAML+OIL, OWL 52| A
+ ST 2RO SHYE ALS
- 22X 4929 02F
> A YO 2R
> 2R MY XIS} 02
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My paper — ujd

m #20
A 7|gEe =1 0|2 #0E2 7|¥E2 &5 =&~
= O'Reilly Media - 4| ¥ T=5{E|
e A FHO H
= MH|A XM ARE AL
= ZICHX|/d(Collective intelligence)2| 2H&
» Ct=0| AREXZE MENE AE K AE FH
» Wisdom of crowds, Swarm intelligence
HO|E 2| HHat
= XML 7|} §|O|E{ Z=EH
MH|A K| SHE
= REST, SOAP S9| MH|A EE2EZ
DAl (Mash-up) O Z2[#| 0]
* MH|A HS A7) MS 5= APLE 0|88t O Z2[# 0|

= ZQI(Plug-in)af H|==3t 7| 4 30
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My paper - 7|= 2E2X| MM

H OTKM

OnTo Knowledge Methodology

= for development and evolution of Ontology-based Tools for
Knowledge Management

Of=2|A0ld X[ 2= =X| HE0 =5
== 2 A S0 St A2t A HE &8

B ONIONS (Ontologic Integration On Naive

Sources)
el 222X E 24 se=s =55
B Protege

GUI7|EF 2= 2X| XA
== 2A[S AFEXAE 220] M &

31



Dept. Computer Science, Korea Univ. Intelligent Information System Lab.

My paper - ZIEIX|ME2 0|

B AAE EAC] 8 H

(@) — ] e — —he
MNEXSO0| O FX| A JHEE A5t 28 &= AN
Ofgt
M2 A2 /88 F7H
- 322 804
» Open APIQ| X|&
o =271, 97|, ZIHAE S2[ 2.0 0| Z2[AH0[ 0| M Of2[ & o =2[A|
O|ME HM2e = U= Open API7} M| S k|0 OFgh
* MEAE0| 22X dd Al §22] &0|d M=
= APEO| HOld
» QAL XE0| AFESH |0 L Z o7 /ES 2E=2X
» =offA A 729 2 £d ®Holg 2[4}
e o OFR A, X, ol A = ohd
¢ X|SHRestriction)2| X| 2
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My paper - ZEixidg o183

| ===

m g0{2] Fo
HAl 252X

= AFEAS0| E2.0 O{ZE|A 0] 0N M ATt 2E =X
" AFEAE HSOM MHE HE

047 2= =X

" HAl 222X 5 ST SULES 2E2X

" AREAEOA HEE2 FA2EERXE MHOM S
(s 2=24X

= §EXd= 0|8ot0] 2= =EXE 7t SRSl 2E 2K
= MEO|A S-8oH0] ALEXHO| HE
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My paper — Zict

B A AF] OF7|EA

Blog, Wiki and other
Web 2.0 Applications

Tagging system

Public Ontology Base

Collective intelligence based
ontology ranking engine
Select general ortclogy

Ontalogy maker

Publishing
Iasi-up Application Primitive sl 2
antology Primitive Accepted

cntology ontalogy
repasitory repasitory

Public knowledge
viewer

Personal knowledge
viewer
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My paper - ZEcix

22X 448 38 A 24X
(SEEPNES

= JH017F HE| o|Ar2d s S 0| 85t0] 2[X2 4= & BHMSt=

o:|)kl-o '=')$II

" HEEs OI ot0j CHE 7HOl=1f QAtaS
» HEE ZE0 M2 s §0 85 12

ZER 4o Mg B

o = o 4 Lovelle et al, 2 =t
140 2HUS 28 i
JM. Cueva Lovelle et al. Swarm ~ == ' g A=8 HA=R
Intelligent Surfing in the Web” Aol 4 Zzpolet e/ H 490 &7
ICWE 2003, LNCS 2722,
S A 21l 2la)l sk A ZF Aoy 2E
pp 43]_440/ 2003 El;| -.Hoﬂ n_ZH\_ A=l = o Wli_"_. iz]
it 2 A% I EE
AZE g e 21 goly 940 2E=7 44
%H] - = = s}
e
HEE 2 Aol A o] tFA4 =,
IR (Popularity) 2 24 27 WF 435
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My paper - ZIEIX|ME2 0|

B R2ESX|o| AHA HiH Ol X%}

EH% EX'O' AHA‘| I—IX'.
+ Stepl) YA RERX|O| M4
> 2 AEAE0| BA| 25 2X][E 44
r 222X HY22 22X E WS
- Step2) YA| 2EZX| 9| X[t
> HEE2 HA 252X E 7T
» St JhE0l Ot 252X =8
+ Step3) D7} SEZX|Q| A4
» S HE0 oot Bl At 8l S
+ Stepd) [|5 2 E2X/9| M4

» Of7 2=2X[2| RDF E2[E SUHM =2 T =
= MEHo}oq (= 2LEZX|Z MM

}
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rHJ
N
ujo
N
rir
H
Iy

36



Dept. Computer Science, Korea Univ. Intelligent Information System Lab.

My paper - ZIEIX|ME2 0|

m A 22X F g
StLEe| ’A|2E2X| PO, F&tst @Al 222X e S
= S ={PO, PO, .., PO/
PO RDF EZ|Z Do| X!
= D={(sro0)/( 1,0 & PO}
B HIE M (HEZ AL
22 p, H22 Yz V, OpX|2 M3 AIZHT
“ (p:D—>VXT)
» H 2= 2T - Pvd)
¢ H9Q:0~1
» XIAZF - Pvd)
e H:1~2

SOj| &3t 0|t subject S, & Z= DE9o| T

(d)= numberof D
Py number of entities in S,
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My paper — x| L =7}

B 2A 2E2X| PO, PO, POs

i i i
7
k/ \ n k- ;] O\ k/ ;n

{A,1,C}-D1, D2 {A ], C} -D3
= Pv(d) = 0.66 Pv(d) = .033
X PHd)= 12 1Y

B O 2SEX|QHE 2SEX]

0.6 i
0.33
1.0 1.0
1.0 ko o

“{AJ G M A
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My paper — x| L =7}

B Protege?}?9| H| 1

= Protege =4

874 =3 el 2 Elci ey
Ag A A&7t 5 =7}
4= Ao BS54 o

GUI 29 219

=9 OWL-DL RDF/OWL-lite
Aol = = 3t

+=E oy 57}

39



e}
o
|
|
(0]
)
(o]
>
[ ]
=]
(°]
oy
o+
o
g
=
(o]
Y4
=]
(=1
P
=
(]
o
o=
—
—
(]
FE)
=
L |

Dept. Computer Science, Korea Univ.

S AlAl

EX| & A[LE O HA

=75

e
i

L4
o1

ol

=LL

0

1
(OLN
70

Ko

2200 HE

El 2l
==

q
Bl
il
=~
= M
B o) A
EE
™
Mﬁ Mo &
=0 M nl
o H <
MOME
7 E
s:
1 0o
o) = T
— = ol
ME_E%
ol K-
mo oo <
~ < <

40



Dept. Computer Science, Korea Univ. Intelligent Information System Lab.

Discussion about CI

B Weak and strong points

Weak point

= Hard to understanding computing model

» Biological terms + statistical knowledge + linear algebra +
various clustering algorithm + etc

= Hard to establish computing model for problem solving
= Unexplored field

Strong point
= Unexplored field

= Distributed computing environment
» Useful for agent system
» Routing
» Knowledge processing, datamining

= Computing cost is very cheap!

41
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Discussion about CI

B How to adapt collective intelligece to Web?

Swarm methodology
= ACO, PSO

Optimization algorithm aiding
= Eucildean distance, K-means algo., etc
B Where we adapt collective intelligence?
Ontology creating
Web document classification
Making thesaurus
Information retrieval
Intrusion detection
Network routing

B Can we make something new?
Various parallel algo. , agent technique 42
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Conclusion

B Rising technique
Web2.0
Web service
B In the distributed computing environment

Low computing cost
= From the agent point of view

B Using user’'s experiences
To make robust web
Mass classification

43
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Conclusion

B My impression
A HLE QE HAf
= 1900 CH =80l A 7H'F0| S
O] 2(Theory)2| tHA|Of| O|2X|= X
= JfEnt WHE2 CHISHA HA
= J2fLt SHLto| O[22 M Yhd U= REO| MAE K= %S
A2l =ty
= J|EQ €1EE W ANEFE0| ALEAS "gY'g x
» CHOFSH 22|50 HE 7Hs
olsdEZe 85 Ytsd
Cr&et Z0F0IM A+ A= 3
= AIME F, 7Y EALH, E-learning, HIEHA &
» 200785 7|42 2 2008H0]| Chek OFO|T|Of A|A|
Or50| S &ar SA0 8012 =S

= —AA O
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Thank you
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