Al Magazine (1995)

Al and computer science
have already set about trying
to fill ... niches, and that is a
worthy, if never-ending,
pursuit.

But the biggest prize, | think,
Is for the creation of an
artificial intelligence as
flexible as the biological
ones: that will win it.

Ilgnore the naysayers;
go for it!

Nils J. Nilsson The Eye on the Prize
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Chapter 1 - Four Basic Topics:

1.1 Cooperation: Intelligent Agents
1.2 Representation

1.3 Search

1.4 Learning




1.1 COOPERATION: Intelligent Agents

1.1.1 Agent Architecture

1.1.2 Multiagent Systems
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1.1.1 Agent Architecture




- Rao, Georgeff (91); Russell, Norvig (95)

- Wooldrige, Jennings: - Autonomy
- Reactivity
- Pro-activity
- Communication
and
Social Organization
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Properties of Agents (Jennings/Wooldrige)

Weak Notion Stronger Notion Other

of Agency of Agency Properties

Autonomy Knowledge/Belief Rational

Social Ability Intentions Truthful ?

Reactivity Desires/Goals Benevolent

Pro-Activeness Obligations Mobile
Emotions
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[ Extension J

[ Basic Model ]

Sensors ©
Mouth: Communication
Device

Actuators =

Motorics L

Robots
Softbots
Mobile Agent
PDAs et

i) A y
s SAARLANDES W




AIMA code

The code for each topic is devided into four directories:
agents: code defining agent types and programs

algorithms: code for the methods used by the agent programs
environments: cOde defining environment types, simulations
domains: problem types and instances for input to algorithms
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(setg joe (make—-agent
:name joe
:body (make agent-body)
:program (make—-dumb-agent-program)))

(defun make-dumb-agent-program ()
(let ((memory nil))
#’ (lambda (percept)

(push percept memory)

"no-op)))




function SKELETON-AGENT (percept) returns action

static: memory, the agent’s memory of the
world

memory € UPDATE-MEMORY (memory, percept)

action € CHOOSE-BEST-ACTION (memory)

memory € UPDATE-MEMORY (memory, action)

return action




What the world
is like now

" - What action |
Condition-action rules should do now




function SIMPLE-REFLEX-AGENT (percept)

returns action
static: rules,
rules

a set of condition action

state € INTERPRET-INPUT (percept)
rule € RULE-MATCH (state, rules)
action €RULE-ACTION (rule)

return action




TYPE 2: State-based Agents
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\\ Sensors ™
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What the world
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(state ~ internal representation of the world)

function REFLEX-AGENT-WITH-STATE (percept)

returns action
static: rules, a set of condition action

rules
state € UPDATE-STATE (state, percept)
rule ¢ RULE-MATCH (state, rules)
action €RULE-ACTION [rule]
state € UPDATE-STATE (state, action)

return action
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@ow the world evolves What the world

IS like now
: What it will be like
@hat my actions do it | do action A
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- What action |
<Goals ™ should do now
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Learning Performance
element element
Problem

cenerator




tion or Agents

Utility-based Agents/Learning Agents:Type 4

Goal-based Agents: Type 3

State-based Agents:Type 2

Simple Reflex Agents: Type1

, Russel & Norvig
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AgentControlUni

ENY

IR O NMENT

Hierachical Agent KB

control flow

inform ation access
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Cooperative
Planning Layer

Local Planning
Layer

Behaviour-Based
Layer



/ Deliberation \ | Cooperation \

- Knowledge | | - Game Theory
_Representation _ | | | - social Competence
- Plarfn_Ing - Natural Language

- Decision Theory Processing

A VY | € 4

DAI integrates many Al topics
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1.1.2 Multiagent Systems

Cooperation




Shift of Programming Paradigm

divide and conquer

devide

local problem
solving &
interaction

l integration

solution
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Natural MAS:
Ants have astonishing Abilities
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The Red Amazon Ant

UNIVERSITAT y
DES )
SAARLANDES




Ant Attack: Description

Plate 15. The red Amazon ants (Polyergus rufescens)
iInvade the nest of Formica fusca to capture the pupae.
At this moment, the scouts that discovered the site are
leading a raiding party into the nest interior. Some
defenders grasp the brood and attempt to flee. The
mandibles of Polyergus are specialized fighting weapons
with which they can easily penetrate the Formica worker’s
cuticle.

(From Holldobler, 1984d; painting by J. D. Dawson
reprinted with permission of the National Geographic
Society.)
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The African Weaver Ant
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Weaver Ant: Description

Plate 6. The African weaver ant, Oecophylla longinoda, establishes
large territories in tree canopies. The maintenance and defense of the
territories are organizes by a complex communication system.
Confronting a stranger (left foreground), a worker displays hostility
with gaping mandibles and the gaster cocked over the forward part of
the body. Another pair in the background are clinched in combat.
Rushing toward the leaf nest (upper right), another ant lays an odor
trail with secretions from the rectal gland at the abdominal tip. The
chemical substances in this trail will lead reinforcements to the fray.
When capturing a prey object, such as a giant black African stink ant
(Paltothyreus tarsatus), ant organize cooperation by means of
chemical short-range recruitment signals from the sternal gland and
alarm pheromones from the mandibular gland.

(From Holldobler, 1984d; painting by J. D. Dawson reprinted with
permission of the National Geographic Society.)
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VIAS-Resear

ze::;al Connection Ant-Hill Net of Contract Human
e Machine Bee-Hive Computer  Net iolﬁif?
DA .
like: On, L oto. Minsky's - - o
S " Society Theory Society of
of Mind Actors

DAI = Distributed Artificial Intelligence
Agent = cognitive entity with problem solving capacity
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DFKI: Autonomous Cooperating Agents

Commonsense Reasoning
Intelligent Expert

=

Technical Applications:

* Interacting Robots

« Air Traffic Control Systems

» Scheduling and Planning in CIM and Logistics
 Storehouse Administration

» Games

- efc.

SOFTBOTS
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Traffic Telematics is one of the Main
Application Areas

( Transportation Agency 1

Compan
Age%t 1y

J Truck Agents )
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DFEKI: The Project TELETRUCK

ad
2=
% 4 éhipping Company

I
nmarsat - .
Modoacom Shipping
C-Net Company
D-Net Intergration
—Vehicle Company
Tracking Agent
Datex-P L Optimi-
v il &
L | Truck Agents /
Ch|p —_— Card ,
Card Reader
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Company resources:
Pnl% p y

PEr

E N
N Resource Allocation Protocol

Extended Contract Net Protocol

* Delivery tasks

* Planning and execution time
» Repair capacities

* Fleet size

* Freight monopolies

» Geographical dispersion

Inner-agent resources:

* Fuel

* Load capacity

» Repair state

» State of the human dirver
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THE CONTRACT NET:
/ I \

/ Announlce Task \

\Bid folr Task | /
Vo

VERTICAL COOPERATION

Awarcl Task |
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ROBO CUP: Examples

 Ressources:
— stamina
— attack
— defence

« Emotional States:

— fear: - attack
- flight & run
SFB-387:
— hunger: » appetence “Resource Limited Cognitive
Processes”
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Future of MAS

Emotions and Resources

Emotions are part of a management system to
co-ordinate each individual’s multiple plans and
goals under constraints of time and other
resources. Emotions are part of the biological
solution to the problem of how to plan and to carry
out action aimed at satisfying multiple goals in
environments which ate mot perfectly predictable.

— Qatley and Johnson-Laird
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Resource Driven Concurrent Computation

Meta-Control

Resources

o wmm

e

;. Computational
> Thread

Process Space
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