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Intfroduction

0 Why modeling an organization?
roughtly 80% of human economic activity in the American

economy take place in the infernal environment of business
firms.
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Intfroduction

0 Why modeling an organization?
roughtly 80% of human economic activity in the American
economy take place in the infernal environment of business
firms.
Organization as information processing system is a central
question in economic, organizational and computational
theory.
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" We can fhink of a decision as produced by
executfing a large computer program, each
subroutine having its special tasks and relying on local
sources of information. No single person or group
need fo be expert on all aspects of the decion”

Herbert A. Simon, 1969.
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decomposable

Swarm Fest 2002 Overlqy 4-c



Modularity and Robustness in Organizations, PP, SFI 2002

Model Requirements

Hierarchical topology
Nodes with limited computational capabilities
Learning occurs at Node level

The problem that the organization is facing is nearly
decomposable
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Model Requirements

Hierarchical topology
Nodes with limited computational capabilities
Learning occurs at Node level

The problem that the organization is facing is nearly
decomposable

Hierarchical feedlback mechanism
An organization can show redundancy

Possibility o explore the coevolution’s process of different
organizational forms.
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Hierarchical topology

[J An organization is represented as a set of computational nodes
organized in a tree.
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Hierarchical topology

[J An organization is represented as a set of computational nodes
organized in a tree.

O Each node is a function that maps an input in an output:
f:8" — S™withn >m
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Hierarchical topology

[J An organization is represented as a set of computational nodes
organized in a tree.

[0 Each node is a function that maps an input in an output:
f:8" — S withn >m
An organization is then a recursive composition of functions:
fo: 8" — S°ie.
fo(1) = fra(fra—1(fri—2()se ooy frao10=2())s ooy frg 1=1(0))

where [ is The number of layers, n, , the number of arguments of
the node of index p in the layer g, ...
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L1 Xy 3 T4 Iy e L7 T8 L9 10 11 12 I13 14 15 L16
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Nodes with limited computationadl
capabilities

0 Computation occurs through the application of
condition-action rules that fransform the input binary sfring in
an output binary string with lower dimensionality
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Nodes with limited computationadl
capabilities

0 Computation occurs through the application of
condition-action rules that fransform the input binary sfring in
an output binary string with lower dimensionality

0 The condition part of a rule uses the “"don’t care” symbol #.
Then the set of all conditionis {1,0, #}".
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Nodes with limited computationadl
capabilities

0 Computation occurs through the application of
condition-action rules that fransform the input binary sfring in
an output binary string with lower dimensionality

0 The condition part of a rule uses the “"don’t care” symbol #.
Then the set of all conditionis {1,0, #}".

condition | Inp. satisfied
0 Example for n = 4: O101# 01010
01011
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Nodes with limited computationadl
capabilities

0 Computation occurs through the application of
condition-action rules that fransform the input binary sfring in
an output binary string with lower dimensionality

The condition part of a rule uses the “don’t care” symbol #.
Then the set of all conditionis {1,0, #}".

condition

inp. satisfied

Example for n = 4: O101#

01010
01011

The action part of the rule belong to the setf {0,1}™ with m < n.
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Learning occurs at Node level

0 Node learn how to perform a "good mapping”
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IS assigned a strength that is adjusted by a credit assignment
algorithm.
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Learning occurs at Node level

Node learn how o perform a "good mapping”

Learning occurs through reinforcement and selection. Each rule
IS assigned a strength that is adjusted by a credit assignment
algorithm.

Search of new rules via genetic operators:
[1 Exploration using crossover operator

before \ 010##11  #010
after \010# HOTO#11
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Learning occurs at Node level

Node learn how o perform a "good mapping”

Learning occurs through reinforcement and selection. Each rule
IS assigned a strength that is adjusted by a credit assignment
algorithm.

Search of new rules via genetic operators:
[1 Exploration using crossover operator

before | O10##11 #010

after | O10# #OT0#11
[ Exploiration using mutation operator

before | O10##11
after O10#111
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Problem not decomposable

[0 The problem the organization has fo solve is not completely
decomposable.
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Problem not decomposable

[0 The problem the organization has fo solve is not completely
decomposable.

O H. A. Simon characterized a nearly decomposable system by a
infra-component linkage stronger then the inter-component
linkage.

O The level of nearly decomposability of a problem is closely
related to the presence of inferaction effects befween the
subproblems.
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Problem not decomposable

[0 The problem the organization has fo solve is not completely
decomposable.

O H. A. Simon characterized a nearly decomposable system by a
infra-component linkage stronger then the inter-component
linkage.

The level of nearly decomposabilify of a problem is closely

related to the presence of inferaction effects between the
subproblems.

S. Kauffmann developed a simple analytic stfructure to
represent epistatic inferaction, the N K model.
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Problem not decomposable

[0 The problem the organization has fo solve is not completely
decomposable.

H. A. Simon characterized a nearly decomposable system by a
infra-component linkage stronger then the inter-component
linkage.

The level of nearly decomposabilify of a problem is closely
related to the presence of inferaction effects between the
subproblems.

S. Kauffmann developed a simple analytic stfructure to
represent epistatic inferaction, the N K model.

Using the N K model one can control and measure the level of
decomposability of the problem facing the organization.
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Hierarchical feedback mechanism

[ The organization performance is measured at the top level:
difference between the organization informnation process and
the “theoretical” fithess from the NK model.
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Hierarchical feedback mechanism

[1 The organization performance is measured atf the fop level.
difference between the organization informnation process and
the “theoretical” fitness from the NK model.

[0 The error, or premium, is back-propagated through the
hierarchies (with presence/absence of friction/noise)

[0 Node use the premium as learning stimulus.
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Hierarchical feedback mechanism

[ The organization performance is measured at the top level:
difference between the organization informnation process and
the “theoretical” fitness from the NK model.

[0 The error, or premium, is back-propagated through the
hierarchies (with presence/absence of friction/noise)
[0 Node use the premium as learning stimulus.

0 Two flows of information: bottom-up information processing,
fop-down premium feedback.
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Organization redundancy

[0 Organization can shows an internal degree of redundancy: the
same “source of information” is object of computation in more
than one organization’s nodes
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0 Redundancy means overlap or replication of activities within
the organization:
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Organization redundancy

[0 Organization can shows an internal degree of redundancy: the
same “source of information” is object of computation in more
than one organization’s nodes

0 Redundancy means overlap or replication of activities within

the organization:
(1 high computational costs

[ learning takes longer
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[ organizations compete in d common environment
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Organizations population and coevolution

[ organizations compete in d common environment

O fitness is a function that takes in account the performance of all
the organizations
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Organizations population and coevolution

[ organizations compete in d common environment

O fitness is a function that takes in account the performance of all
the organizations

[0 population evolution through
[ selection
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Organizations population and coevolution

[ organizations compete in d common environment

O fitness is a function that takes in account the performance of all
the organizations

[0 population evolution through
[] selection
[0 GP-like mutation ?
[0 GP-like Xover ?
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Modularity and robustness

[1 Under which circumstances can an organization with an high
level of modularity (i.e. an high level of redundancy) produce a
performance that can sustain an higher organizational cost?
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Modularity and robustness

[1 Under which circumstances can an organization with an high
level of modularity (i.e. an high level of redundancy) produce a
performance that can sustain an higher organizational cost?

0 The answer is related with the organization’s properfies in term

of robustness against a changing environment:
[0 how the organizafion learning process reacts to an

environmental changes
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Modularity and robustness

[1 Under which circumstances can an organization with an high
level of modularity (i.e. an high level of redundancy) produce a
performance that can sustain an higher organizational cost?

0 The answer is related with the organization’s properfies in term

of robustness against a changing environment:
[0 how the organizafion learning process reacts to an

environmental changes

[0 how the organization topology reacts to an environmental
change

[1 an environmental change can be defined in ferms of:

[1 the organization is exposed to a new subset of the fitness
landscape

[ the structural properties of the environment are changing
l.e. the degree of inferdependency of the fitness function (K)
l.e. the level of decomposability of the problem
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GPOrganizations

+OrgList: Organization

+environment: Environment

+step(): void

+select(): void

+mutate(): void

1.7

<<Interface>> -
Organization

Node

+rootNode: OrgNode

+getOutput(return: Node) tep(): void
+step(): voi

A * ClassList

1.

OrgNode +listOfClass: Classifier

- +classGa: ClassGA
+newAittr: int

+step(): void

+listOfInputs: Node

_ +matchMessage(return: Vector)
+classList: int

+payTax(): void

+step(): void

InpNode +newOperation(): void

+auction(): void

+environment: Environment

Classifier ClassGA

Environment +condition: Vector +prmutation: Double

int +action: Vector +precross: Double
+in

tate(): void i :void
+getln(): void +mutate(): voi +step(): voi

. +Xwith(return: Classifier) +slect(): void
+getOut(): void

+match(): Float +mutate(): void

+cross(): void

+fortuneWheel(return: int
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Preliminary results

Org. eff. Vs problem decomposability
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To do

analyze temporal dynamic (environmental change)
analyze in detail the organization adaptation properties
explore organizations with heterogeneous nodes
explore population dynamic
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