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Challenge: “Composability” of Agents

-
= Agent-Orientation:
= Approach to the development of complex, distributed systems
= Agent-Oriented Software Engineering:
= Rich toolset to design agents / interactions
 Agent Development: Composing Agents: A
Ager_lt . .
Agent -~ frchiedwe —» Agent Autonomy: MAS Functionality
Model T lbescoes ) E=»  Plan for the effects 4
\ Coordination of agent coaction —>
Infrastructures ,J J_L &{ 8 é%
N i . R 8
Here: it can make a qualitative difference whether
Design-Time Approach: agents (inter-)act in small or large populations
* Appropriate = Intended:  Decentralized coordination
abstraction level > Self-Organizing MAS
* Examine the structure = Unintended: = consequences of coaction
of the interde_pendencies e.g unwantéd synchrorcllizations 7 : ’
Of System entities T ! _ €.0.: Parunak 1997,

_ oscillations, state swapping,... HP, 2005 )
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Modeling MAS Dynamics

e p\
=« Collective Phenomena:

« Mmutual interdependencies of system elements
« Approached by System Sciences, e.g. System Dynamics

- Interdisciplinary modelling approach gf """" =
| System State: given as a set of system variables i 3_!
' Behaviour: Characterized by causal relations / .
! rates of variable changes & Canrying
| Circular Structures: Feedback Loops | e T

balancing (-) / reinforcing (+)

. Proposal: Systemic Modelling of MAS “’“é‘ Ve YT —
2 /11N System Behavior

= Abstracting MAS Designs . " L m
= Modelling the causal structure v

@ Systemic Model:
H L Feedback Structures
of entity activities g ot : ’
mechanisms [design ﬁpvojecﬁng agent ﬁ
behaviors [analysis]
MAS
. Implementation

< macro, system state
— agent interaction

N | | \ & ares Y,
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Describing the Causal Structure of MAS

\

-
« Agent Behavior Dependency Graph (ABCG)
Sudeikat & Renz, 2009

= graph-based model:

ACBG =< Vcgas Eacees
Ences : set of Edges (Vaces X Vaces)

Vacpg | Set of nodes
Characterize causal influences:

Characterize macroscopic MAS state

by abstractions of:
| - direct (e.yy), o
- Agent-Behaviors e.g. inter-agent communication, ...
- # of currently activated Roles r(x), . mediated (e.,),
. # of active Groups g(x), e.g. shared environments, ...
. Environment L=
. accumulative values of =" A
environment-elements e(x) FEEEY R B
NG [E e
- | | =5 —
Programming Adaptivity by Complementing Distributed Systems ' MMLab
and Information Systems Labor flir multimediiale Systerne

Agent Function with Agent Coordination



Systematic Procedure

4 )
= Optional Development Activity:

« Describe the conceived application design as a dynamical
system and examine the space of possible behaviors.

AQSE Mehaology g Manual examination
peci s Q=
e (525 Coortinmtion Analysiy Q of feedback structure
=110 = - e m e ol [ e e e I 17 =" "Model 1
Environment(s] T : Interaction A?njgtr:c?;?:rﬁaorg:! : : Bﬁ?\gc:o?gsail ,:Jr[—> Inspc;czon :
S ~q é’%’” [B)---+ - B e o — [ et Formal
= e P E|——— T3 - |=| - - r Pl - - - |=| Differential
Notation: S| T e B T Thanerstcn =) 2uaiors| [N— treatment
otation: Agent(s) = :* 3‘_> _____ > U il : : Identification .| Analysis : _
Software Specification | _ _ - i = Ny - e <":| Experimental
Ergclgzzrlng E} - | Bxtracton ‘éﬁr}g‘imgg{ : : | :gngx = Model | Exploration of
|\_/| ¢ del Organization | I I I behavior
(_S(lé:) EI’I\T/]S e Spectlflcat:on Il Design Processing (A) 'l Madel Construction (B)JI Il Behavior Analysis (C) : Space
Z//\Z?E.'.?I‘fji-,..._ o N AN e [3
T . T N o T T T T .7 T T
. Application i:  (Pre-) processing i ACBG Construction Analysis !
. design . = Identification of : : = iterate Models ! « Behavior Animation !
1 . h . : 1 . . 1
i sMethodology i* * Interactions v = ldentify nodes \1 > Simulation !
1 1 1 . 1 . . 1 . 1
| specific 1! = Behavior Space 1 = ldentify links ¥ models :
! ¥ = of system E ' » Understanding of :
e ! elements : . the causal structure
1 1 1
1 }
} 1

guides sys. simulation

________________________
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ACBG Construction

-
Derivation of Interaction Model Derivation of Behavior Model

= Search designs for Interactions = |dentification of agent behaviors
between system elements > = e.g.for BDIagents, sudeikatet al. 2006

* Agent/ Agent . Identification of causes for
- Agent / Environment

\

. ) behavior adjustments
- Environment _

> Abstraction guidelines: " Adop'-uon.
depend on the modeling notation « Termination

gent Interacfion
Model
[
;
i

MAS Element (]

, | connected by

oxhibitablos™

Change Model

elements

Behaviors

Element

elements

1 | causes

join leave
1.4 1.0

|
Interaction Link
7

| | ©° ‘contributives
In ler—Ag_e nt Inter-Agent Agent-Intern
Interaction Interaction Interaction

Systemic model (ACBG):
Mapping the identified inter-agent interactions
_ to the causes of behavior changes
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Case Study : Marsworld Dynamics

- N
= Hypothetical Scenario: e.g. Ferber, 1999

« Agent teams mine ore on a far distant planet
« Agent types:

= Sentry: Equipped with sensors to find/examine ore locations
« Producer: Equipped with mining devices to mine ore
« Transporter. Moving ore to home base

« Default behavior: search the environment

= Small scale implementation available
« E.g.In the Jadex system
« Fluctuating exploitation of resources

= Examine the dynamic properties of
larger systems (is more different?)

\ http://iadex.informatik.uni-hamburq.de/bin/view/Usaqes/ExampIes/
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Dynamical Structure

4 N
= Agent types are described by two role nodes
= activated
= Searchin :
. J _ 4 balancing feedback-loops:
= Environment: . continuous removal of resources
= # of unexploited resources - Activation of Sentries

Handling Production Requests
Handling Transport Requests

Producer
(passive)

i
I
I
I

workload :

I

I

avgilabiliy (-} (- :
# onbioys : [ira:s;mer]:

diwﬁn: Production ™ Umm: F‘rod_ucer sctvaions|  (active) :
requests (active) |

l:') # envisys J
. Ioitatio
Ressources explotaton

# envisys

+ xamination

Requesis activation

random ——=
encounter
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Marsworld Analysis

-
« Validate Systemic Model:
« Causalities in the systemic model
—> (cross-)correlations of
agent activities

« Agent-based simulation (Netlogo)

-> highly fluctuating, stationary regime:
system characteristics can be observed

-0.1
-20018016014012010080-60 -40-28I e(i aI2y0 40 60 80 1001201401601 8200

= Anticipate MAS Characteristics: s
. LA ivaled procucor agents
« Comparing it =
« ACBG animation zolipl |
= MAS simulation " i A |
= Characteristic Initialization behavior:  * ;51@ Fae
. Initial overload of Sentries T oy [
o *ﬁﬁ'dﬁ;ﬁ»’ bt el M e Gt A
\ 0 1000 2000 3000 time 4000 5000 6000 /
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Conclusions

4 )
« Systematic Development of MAS has to plan for

collective phenomenal!

= Proposal: Systemic Modeling level

= examine the qualitative characteristics of MAS

« E.g. oscillations / state swapping, steady states, ...
= Anticipate collective phenomena in MAS designs

= Structured process to derive systemic models
« Interface AOSE design models
= Optional activity in MAS development

- | | J
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Thank you for your Attention!

.

Questions / Suggestions are welcomel!

J
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