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@e.. An ordering game

[ Selbstorganisation Simulator ©:7: 555
File About

M S kniatdiagram = e

Rightta left

Lefttoright

Tteration count

[ observer
+Emergenz [ controller
max
—_— Available rules
[ selectarule - o° - S
— | O Left > Right g
OLéft > Faane ® Right > Left §
@® Right > Left =
© Color © Color &
]
Run agents Stop agents 2
| 3]
8]
min
2 |deas on Self-organization Berlin February 2007

Seite «<Nr.»




@e-» TANSTAAFL

TANSTAAFL*
There

Ain‘t

No

Such

Thing

As

A

Free

Lunch * Club of Rome
Limits to Growth, 1972

~
5
8
H
g
°
=
5
%@
]
3
=
3}
)

3 ldeas on Self-organization Berlin February 2007

o6 TANSTASO

TANSTASO
There

Ain‘t

No

Such

Thing

As

Self-
Organization

~
5
8
H
g
°
=
5
%@
]
3
H
3}
°

4 Ideas on Self-organization Berlin February 2007

Seite «<Nr.»




An Ordering Game

+ Properties of each stick:
Height

Color

+ Ordering objectives

increasing height
decreasing height

color clusters
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+ Ordering activity?
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Ordering Activity 1: Quicksort

6 Ideas on Self-organization

v
\ Quicksort
1 Observation

2 Model building
3 Simulation

4 Enactment

+ Global objective := increasing height
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> Ordering Activity 2: Intelligent Agents

‘ | | ‘ 4+ Global objective := increasing height lj

Local objective: right > myself
Local observation: right < myself

Local decision:
if right < myself then Switch

places; else: nil

Local enactment
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’ Self-organization?

4+ Global objective := increasing height

A

Quicksort

Quicksort
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Self-organization? No Self-organization? Yes
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@e' Self-organization?

4+ Global objective := increasing height

Quicksort

Quicksort

Self-organization? Maybe Self-organization? Yes
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@e.» Notions of SO

4 Self-organization is the change of organization controlled by active
entities within the system.

Organization: Elements and their relationship; behavioral parameters
Self-organization requires internal control.

OC systems need external control!

4 The degree of self-organization depends on the ratio of internal vs.
external control.
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» TANSTASO

There Ain‘t No Such Thing As Self-Organization.

4+ Self-organization is an effect observed from the outside.

4+ Inside-inspection reveals: Self-organization is an effect of collective
interaction.

4 There is no violation of the principle of cause & effect!
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’ Observer/Controller

4+ Measurement of the degree of self-organisation?

4+ Architectures for self-organisation?
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] Productive System [ ]
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’ Self-organization

External control

Self

4+ Self-organization := ,Self-control* > ,External control*
4+ Complexity reduction := ,Self control* — ,External control*

4 Goal: Find architectures that minimize high-level-control in favour of self-
control ...
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4+ ...while keeping overall control!
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. Configuration space

U Configuration space: all possible (configurable) configurations of a system
U Variability = Size of configuration space = number of description bits

Control

——
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@e-» Internal vs. External Configuration Space

U 2 configuration spaces:

= Internal: Self control

= External: High level control
U Run time vs. design time

External control High level configuration space

b -

Internal control Self configuration space m,!

- Productive system
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@ev Static degree of self-organization

U High level configuration space: Variability H

U Productive system: Variability V

U Complexity reductionR =V - H

U Static degree of self-organization S :=R/V (0=S=<1)

High level configuratiqn space Hl

Complexity reduction R
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- variability V -
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» Development trend of OC systems

A
S
1
\ development trend of OC systems
degree of
self-organization
complexity
reduction R D
\
>
variability v
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' Dynamic degree of self-organization

U High level control flow h(t)

U Low level control flow v(t)
12

U Complexity reduction r = f(v—h)dt
il

U Dynamic degree of self-organization s=-"—F7——

High level control flgw h i B

Complexity reduction r
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- Low level control flow v ‘
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’ Critique

4+ Practical determination of system variability?

4+ Quality of self-organization is not taken into account.
Better: Figure of merit (i.e. control effort vs. self-organization result)
Control effort: Accumulated external control flow
SO-result: Emergence?

4+ Intelligence of agents (amount of code)?

4 Distribution of control activities: Architectures ...
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’ Observer/Controller architectures

4+ Architectural options
Hierarchy: Multiple levels of observer/controller

* Decreasing level of detail

Span: Multiple subsystems

* Subsystems are autonomous

* Coordination?

Combinations
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OC systems

4 Distributed cooperative
self-organized system

[ | L]
[ [
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Multi-mode system

Multi-mode system
w1 oo
R 2
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4+ Low variability . . g
Single Multiple
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Example Multi-mode system

einer Reihe von Faktoren selbstlernend den entsprechenden Gang. Zum
Erkennen des personlichen Fahrstils werden Stellung und Betatigung des
Gaspedals kontinuierlich registriert. Antriebsschlupf und Antriebsmoment
werden miteinander verglichen und die Schaltvorgénge den Strallen-
bedingungen ,Normal“, ,Winter* und ,Berg/Anfahren” angepasst.

Adaptive gear box (AGS). p
Die Adaptive Getriebesteuerung (AGS) errechnet im Automatikmodus aus

Freude am Fahren

4+ Observer 4+ Controller
Monitor, data collector Modus selector
Classification Selects economy or
sport
=
* PrOdUCtive SyStem I Multi-mode, isolated l
Adaptable gearbox functions

Sensors for driver and engine behavior
Modes: economy, sport etc.
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’ Reconfigurable system
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Example: Reconfigurable SoC

FUNCTIONAL layer

Autonomic
Control
Element

£—4— monitor

evaluator
actuator
communication i/f

AUTONOMIC layer

4 Productive system

Reconfigurable
integrated circuit (SoC)

Sensor equipped
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4+ Observer

4+ Controller
Configurator

Assigns additional
ressources (CPU,
bus bandwidth)

Monitor + aggregator

collects load
data, determines
load situation

Aggregator -

Configurator

Parameterizable /
reconfigurable, networked

Berlin February 2007
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Brokered system
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4+ Intelligent subsystems

4+ Higher-level coordination
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Single Multiple
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@e-» Example Brokered system

BROKER

Inference Engine

Ontology

= EvoArch (DCX)
= ObES-System (SRA)

=]
Aggregator Coordinator/ broker

4 Observer/Controller: Broker Distributed, cfoperative
. . agents
Broker: central matching service

Agents: active, passive .- ..

Assessment of solutions by MultiCriteria
27 Ideas on Self-organization Berlin February 2007
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Decision Making (MCDM)

@e-» Multi-level learning controller
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+ Level 1: Short term control . |

i Multipl
4 Level 2: Long term prediction Single ultiple
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> Example: 2-level Observer/Controller for Organic Traffic Control

\
e
Pro-active simulation-based rule S Lavera
generator Obyserverlcontrollerz
Quality|of control )
3
Learning Classifier System for Situation
context adaptivity \ Layer1
Observer/Controller 1
Context Parameters|
J .
Productive System: Adaptable n | Layero !
Traffic Light Controller e i D :
...... S oos )
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> Distributed cooperative self-organized system
o EEEeEe
s el EeEs A oics-
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4 Level 2: Cooperative O/Cs Single Multiple :
s
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Example Distributed

cooperative self-organized system

4+ Traffic system: complex, high load,
difficult central optimization

4+ Decentralized structure, local

horizon

4 Cooperative, adaptive system

4+ Goal: Self-organized progressive

signals
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Refocussable
predictor

Aggregator

Autonomous self-organizing
agents
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Coach/Guard
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Self-organization types

SO type
0 . No planned adaptivity, “
Rigid no external control
1 ) Single modes, isolated functions, » S
Multi-modal small configuration space
2 Reconfigurable/ Large configuration space, -ﬁh
parameterizable networked components DQCID
3 Active agents, . k
Brokered mediated » — .'. l‘ ~
system cooperation
Y P Oa .
4 Distributed Autonomous agents,
cooperative self- | w/o central control { ‘
organization [ [ [N [ ][]
.
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@e" Conclusion

+ First steps towards a quantitative assessment of SO

+ Architectural classification of SO systems
Apply to more example systems!

Implementation: Cost and benefit of different distribution strategies
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oc

+ Thank you for your attention!
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