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World Wide Wisdom Web (W4)

€ To discover the best means and ends

€ To mobilize distributed resources

@ To enrich social interaction

@ To enable users to gain practical wisdom
of living, working, and playing

*» Wisdom: (Webster Dictionary, page 1658)

The quality of being wise; knowledge, and the
capacity to make due use of it; knowledge of

the best means and the best ends
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W4 Challenge #1

Discovering the Best
Means and Ends




Semantics of Web Information

Ontology: Define meanings and relationships of vocabularies
(in terms of classes and properties)

Semantic Web: Add semannc meanings to Web information
based on pre-defined ontology

Benefits: Enable better human-computer communications as
well as software agents access

Example: DARPA Agent Markup Language (DAML)
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Goal-Directed Reasoning

¢ Classic example: STRIPS
¢ States: conjunctions of ground literals

At(Home) » Sell(Supermarket, Banana) * Sell(Supermarket, Milk)
A Sell(Hardware Store, Drill)

Goals: conjunctions of literals (containing variables)

Have(Drill) » Have(Milk) » Have(Banana) » At(Home)

At(?x) N Sells(?x, Milk)

Operator: Action: Buy(?x)

Preconditions: At(?store) ~ Sell(?store, ?x)
Effects:

additions: Have(?x)

deletions:




POP Algorithm

¢ Ordering constraint
Si <°5;

ANHWSE)  Selis(HWS,.Dnlil)

+ Step S; occurs
before step S;

Casual link

C
Si — Sj AtSM)  Selis(SM.AK) | At(sh) Selis{SM.Ban.)

AHWS)

| Buy(Milk) | | Buy(Ban.} |

« S; achieves the
precondition c of Sj AK(SM)

Open condition
pr < Hawe{ Milic) AtfHome) Hawve{Ban.) Have(Dal)
<+ Precondition that is

not causally linked

Source: Russell & Norvig
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Ontology Modeling

<I-- Planning dom
<rdfs:Class rdf:I1D=""Domain"/>
<daml:ObjectProperty rdf:I operators'>

<daml :domain rdf:resourc Domain"/>

<daml :range rdf:resource="#0perator"/>
</daml :ObjectProperty>
<dam bjectProperty rdf:ID="initial">

<daml :domain rdf:resource="#Domain"/>

<daml:range rdf:resource="logic:Predicate"/>
</daml :ObjectProperty>
<daml:ObjectProperty rdf:I1D="goal">

<daml :domain rdf:resourc #Domain"'/>

<daml :range rdf:resource="logic:Predicate"/>
</daml :ObjectProperty>

/'a\, Predicate
OperatOrS
% Predicate

Operator «—— Domain
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<daml :comment>An example for logic ontology</daml:comment>
</daml :Ontology>
<I-- Term -->
<rdfs:Class rdf:ID=" />
<I-- Variable -->
<rdfs:Class rdf:ID="Variable'">
<daml :subClassOf rdf:resource="#
</rdfs:Class>
<!-- Constant -->
<rdfs:Class rdf:ID="Constant'>
<daml :subClassOf rdf:resource="# />
</rdfs:Class>
<daml :DatatypeProperty rdf:I1D="value'>
<daml :domain rdf:resource="#Constant"/>
<daml:range rdf:resource="http://www.w3.0rg/2000/10/XMLSchema#string"/>
</daml :DatatypeProperty>
<!-- Predicate -->
<rdfs:Class rdf:ID="Predicate'>
<daml:subClassOf rdf:resource="#Term"/>
</rdfs:Class>
<daml:0ObjectProperty rdf:1D="arguments'>
<daml:domain rdf:resource="#Predicate"/>
<daml:range rdf:resource="#Term"/>
</daml :ObjectProperty>
<I-- Common Property -->
<daml :DatatypeProperty rdf:ID="name'>
<daml:domain rdf:resource="#Variable"/>
<daml:domain rdf:resource="#Predicate"/>
<daml:range rdf:resource="http://www.w3.0rg/2000/10/XMLSchema#string"/>
</daml :DatatypeProperty>




= I Action: Buy(?x)
I nStan Ce FI eS Preconditions: At(?store) ~ Sell(?store, ?x)
Effects:
<I-- Buy(?x) --> additions: Have(?x)
<plan:Operator> deletions:
<rdfs: >
<plan:action>
<logic:Predicate>
<logic:name>
<rxsd:string rdf:value="Buy"/>
</logic:name>
<logic:arguments rdf:parseType=""daml:collection">
<logic:Variable>
<logic:name>
<rxsd:string rdf:value="7x"/>
</logic:name>
</logic:Variable>
</logic:arguments> Buy(?x)
</logic:Predicate>
</plan:actijon>
'__ Preconditions ——
<plan:preconditions rdf:parseType="daml:collection">
<I-- At(?store) -->
<logic:Predicate>
<logic:name>
<rxsd:string rdf:value="At"/>
</logic:name>
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<logic:arguments rdf:parseType="daml:collection">
<logic:Variable>
<logic:name>
<rxsd:string rdf:value="?store"/>
</logic:name>
</logic:Variable>
</logic:arguments> At(?store)
</10giICc_rreaicacte~
<i--Seii(7store, 7x) -->
<logic:Predicate>
<logic:name>
<rxsd:string rdf:value="Sell"/>
</logic:name>
<logic:arguments rdf:parseType="daml:collection">
<logic:Variable>
<logic:name>
<rxsd:string rdf:value="?store"/>
</logic:name>
</logic:Variable>
<logic:Variable>
<logic:name>
<rxsd:string rdf:value="?x"/>
</logic:name>
</logic:Variable>

</logic:arguments> Sell(?store, ?Xx)
<7Togic:Predicates>

P =
7 praT-PTrecCornuT CrorTS.
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Case 2. Machine Configuration

¢ A consultation system for machine configurations

1. To suggest compatible hardware components
(e.g., Socket €-> CPU, FSB €<~ bus speed)

2. To meet user preference
Hardware Ontology: hardware-onto.daml

Product information is located in distributed instance
files, as well as in local sources

Motherboard

L

<<subclass>>

<<subcIass>>LHard)$Varef<<subclass>>

<<subclass>>

- [
Display Card Soundcard

]
Hard disk |

L= = == 1
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W4 Challenge #2

Mobilizing
Distributed Resources




Case 3. Distributed Resource Sharing

¢ Acourier company receives thousands of delivery orders every day
¢ On-demand routing is needed to determine the best route of a delivery

¢ Grid computing offers aresource sharing solution by distributing routing
tasks to idle Grid nodes in regional offices of different time zone

How to utilize idle
Grid nodes in an
optimal way?
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Grid Node

¢ The broker does
not have complete

knowledge Of E ; 7] Routing Service = Nod;;
nodes capabilities "™

Bidding; Service

Bidding Service

A Snapshot WI/ —
Lo
<

- —
e >

Each agent (node) —__P Request
estimates its own > Notify ReutngSEieE
capability based on > sid ClLne
its memory status,

CPU loading, and

estimation value

All the agents
(nodes) share their
resources through
competition

ARNA Aa
PAVIG N




Bidding and Selection

¢ Grid node i makes an estimation E(T) for each task T,
and announces bid value B{(T) to the broker

B(T)=a " E(T){fai [o4]

¢ a is therisk factor determined from the current
loading of the node

¢ The broker selects a node i to execute the task based
on the probability:

Selected
Node

7 »
Accept <broker> <id> =1
Grid Node
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Reward and Update

¢ Areward is sent from the broker after a task is finished
¢ The node updates the estimation value of an executed task

EXY(T)=EN(T)- B(T)+R, ~
5
«
>

Reward <broker> <id> <value> |y
Grid Node

¢ Observation 1: Services in a Virtual Organization are
modeled as an organization of interacting heterogeneous
agents

Modeling Service-oriented' Architecture

Implementing




w, ' similarity 2(Ana,vj- Aomj)

Qo

similarity 1(CnaN » C o ):

o ) C.., : configuration of a new node
where : a w AJ =1 C,q - configuration of an existing node
j w,l : weight of jth attribute

A . jthattribute of a new node
A4 :j"attribute of an existing node

VORegistryService 0 X =
3 d ode
0
opfiguLd O = Highest
NEW o = Similarity
Node o1 oeiE
L B QLE. atio y
a ode
0 atio —
00 4 a

Case 4: Distributed Problem Solving

Given:

¢ Different owners set different policies
and constraints (e.g., resources A and
B will not be used at the same time)

¢ Policies and constraints are NOT
openly published (i.e, not centralized)

Question:
¢ How to satisfy all constraints?

I

— rhe _ yk
F=pZ,C; where C;=Vi,l




Local Search
(Selman, Levesque, and Mitchell, 1992, etc.)

¢ Take the solution space [gsaT (1992) |walkSAT
(i.e., the Cartesian (1994)
product of all variable
domains) as a search g\é\gi?T \(’llggk%AT/Tab“
space, and search it
based on a certain rule (i\é\gAT/TabU Novelty (1997)

+ Randomly select one R-Novelty
1997

position as the start -
point to search  INovelyr 1999 |

+ At each step, move to R-Novelty+
a neighboring position 1999
according to some SDF (2001
heuristics Unitwalk (2002

2003-11-4

Case 4: Distributed Problem Solving

Given:

¢ Different owners set different policies
and constraints (e.g., resources A and
B will not be used at the same time)

¢ Policies and constraints are NOT
openly published (i.e, not centralized)

Question:
¢ How to satisfy all constraints?

Centralized s

#  methods

cannot be
directly
applied!

ey ki
where (= Vil




Multi-Agent SAT (MASSAT)
(with X. Jin)

¢ Use multiple computational
agents

Decompose the search
space into several sub-
spaces

Each agent decides how to
locally search a sub-space
(i.e., its environment)

Through local interactions
between agents and their

environments, the agents

coordinately find a global

solution
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Formulation

Divide variables into u groups
Agent a;: variable group \ASSAZHSSEEAS:
Environment e, of a;; Cartesian Product of the variable group,

Agent % position e;l: oD
j value combination in LA

The position combination of all agents

a possible solution

ST OTIM E = = o eval (¢/ ) >eval (¢))

B =T e Lo o] B s lol - - " =¢ & isarandom position in D

ARNA Aa
PAVIG N




MASSAT Procedure

For 1=1 to MAX-Cycles
If all clauses are satisfied Then return T;
For distributed agents

Select one (or more) of three behaviors
{Best-move, Better-move, or Random-
move};

Perform selected behavior(s);
EndFor
If no agent moves Then Wit ={

Modify the weights of unsatijls
C|aUSGS; where W} is the weight of clause C; at time ¢.

Wi it T(CF) = True
Wi +46 if T(C})= False

End 4 is a learning rate.

Update T according to new positions of
agents;

EndFor
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Agent Networks

¢ In multi-agent problem solving, an agent network is a
virtual graph
< nodes are agents
<+ edges are the implicit or explicit relationships among agents

¢ The topology of an agent network reflects the
connectivity of the network

Variable-Based Clause-Based
Representation Representation

(MACCAT)
(VIAROOA |

~AvBv~C Clause: ~Av Bv~C

a; C(}.

Br=Fv=0




Agent Networks

¢ How does the topology of an agent network reflect
the complexity of solving distributed SAT?

& Constraint satisfaction in a small-world is inefficient
(Jin & Liu, 2003)

Classic example:
Small-World
(Milgram, 1967)

Highly clustered

The shortest path
length between any
two nodes is small

¢ Observation 2: The agent networks formed in
MASSAT do not have small-world topologies!
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Case 5. Decentralized Delegation

¢ Alarge number of tasks / / / / / /
are to be transferred ¢ ¢
among nodes ///'/ //
* Artificial ants in Anthill ///////
can disperse piles of A
objects on Grids ¢
(Mon)tresor & Meling,
2002 *
/)

¢ What is the macroscopic ! eyt e
behavior having # Tasks are carried and transferred
incorporated a time by agents

delay between search #Agent local behavior:
and transfer? leaving and queuing




A Scenario (m=2)

» the maximum team size
is

> : the rate of
wandering agents ~
meeting an idle node

» ¢ : the rate of wandering
agents 7Joining a team of
size one

» ¢ : the rate of queuing
agents Jeaving a team of
size 2

2003-11-4

A General Model

= \y(t — 7) + daya(t) — cry(t — T)yu (t) Observation 3:

S RN G RN VAR GE NGy ¢ ~Jeni-based load
. balancing with time
—eyt=T)ys(t). 2<s<m—1) delay converges to a
dj—/m( . ) Steady state
dt ) - Cnlfly(t - 7).77’77171 (t) - dm:Um(U
m o<l The convergence
( . © here 0< e speed decreases as
y‘\t) + Z=5'y.s<t) = S where 0< u<\1.n<‘ do <1, tI’F]Je frroa delay
— - ;1\‘ :l\

. - increases
> the maximum team size

> the rate of wandering agents ~ The period of

met?mg tan |td|ehr_10:|e den ¢ oscillation increases
> e rate at wnich a wanaering agen as the time delay

meets and joins a team of size )
INcreases

> tl_therate at which a queuing agent in a
team of size | leaves

ARNA Aa
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Macroscopic Performance (with Time Delay)
‘

the longer the time delay,
the longer the period of oscillal

=1
—=-1=20
sooe 1=40
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W4 Challenge #3

Enriching
Social Interaction




Social Interaction

® Social Networks: user groups, or communities
of common expertise or practice

= Social Interaction: a self-organizing pattern of
information exchange or experience sharing

Classic example:
> Self-Organization in Game of Life

(Conway, 1970)

" ¢ Life’ rules are applied to an initial
population of live cells (i.e., black cells)

2003-11-4

Case 6: RoboNBA Games (with C. H. Ng)

¢ Live cells > & Distributed player agents
& Life’ rule > & Decision/strategy

¢ Environment > ¢ Virtual court

¢ Patterns > & NBA-like games

Basketball competition is a complex behavior
« Team players interact IocaIIy
e It is difficult to predict a cOmplete match




(1 of 8)

10N

Act

(@))
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Mov

Example

old position
& red circle —offender’s

¢ blue circle —defender’s

old position

¢ blue square —defender’s

new position
¢ red square —offender’s

new position
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RoboNBA Games (30 matches)

¢ Teams used for testing RoboNBA:

Team Name Rank in NBA Wins

Dallas Maverick 1st 0.75%

Philadelphia Sixers
Washington Wizards
Cleverland Cavs

TEAMS

Sixers

10th
20th
29th

Wizards

Cavs

Mavericks

(87.0

{1

22-8
- 83.7)

laWi
1

24-6
(86.0 — 73.5)

25-5
(82.7 - 72.9)

Sixers

o

[oW/AY
=)

(106 101)
(o0 TUxy

18-12
(78.7 - 76.5)

(2Q oN)

{114 Q2)
L C.T IS

24-6
(75.4 - 69.0)

Wizards

(O0 oYy}

(116 102)
=* 9O TUSY)

14 - 16
(69.3 - 74.3)

(03-84)

0.592%
0.461%
0.197%

RoboNBA
Real NBA




Summary

€ W4 enables humans to gain practical
wisdom of living, working, and playing

/7

*%* Wisdom: (Webster Dictionary, page 1658)
The quality of being wise; knowledge, and the

capacity to make due use of it; knowledge of the
best ends and the best means

€ W4 provides

* amedium for knowledge and experience
sharing

a supply of self-organized resources for driving

sustainable knowledge creation and
scientific or social development/evolution
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oy i
Problems

(best means/ends)
7. Semantics 6. Meta-knowledge 5. Coordination 2. Personalization
(relationships) (planning control) 8 (global behavior) (identity)
4. PSML 8. Association ! SO.C'al &
] psychological context
(representation) (roles) =
sensitivit
10. Self-aggregation 9. Reproduction
(feedback) (population)

AA Aa A
PAVIG N




W4:. A Goal for Web Intelligence

Web Intelligence (W1)

Wl explores the fundamental roles as well as  computer
practical impacts of | i

Artificial Intelligence (Al)

(e.g., knowledge representation,
planning, knowledge discovery, agents,
and social intelligence) and

Advanced Information Technology (IT)
(e.g., wireless networks, ubiquitous
devices, social networks, and
data/knowledge grids)

on the next generation of Web-empowered
systems, environments, and activities

Zhong, N, Liu, J , and Yao, Y Y (eds.) Web Intelligence, Springer, 2003
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WIC Introduction

[T} has baen recognized as & nes direction for scianific resserch and
devalkipriert o sxplang the fundamemal rdes 38 well as practica irmpacts of Amificial realigence (Al
(e, krdmdeade reprasentaion, planning, krowdedge dis ooy and data mining, intioant agents,
and social natrrk inteligance] and advence d information Tachrology (IT) ieg., wareless nebworks,
ukiquitous devcas, social netwirks, end detalknosdedga orids) on (e pas! generadian of Wish-
AmyICeed occts, syElanns, seicas, snd acihas LS ona of B mosimpaitan as wal o=
promising [T raseanch fiakds intha era of Web and agant intelipance

The Wek infelligence Congortium WIC)E - 1is anintemationa, non-profit
ArEnZanon dackcared 1o &Jx‘dlll'.ll'll:.l waordwide stiendhc ressarch and indusirial devslopmeant in ha
fisddd af Wab Inbaligance (0. & promaotas collaborations among wirkl-wids W resaprch canters and
arganzational mambers, Bchnology showcasas at W ralated canferencas and wirkshops, WiZ oficial
Bocds And jolrmeal pubdications, YT resaketers, and WIC offical relesses of R industns solutions
and sterdards

Tha majar actrilies af WAD inchde
« Drganing nternational and regional Web and agent inteSigence related

conferenceshvorkshops
- The|EEEMVIC WELST [0t corference series (|2, The IEEEMIC internatonal Conferance
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Sunrise in Grand Canyon (Liu, 5:23am 8/10/03)




