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Agent-based simulation of adaptive
organizational structures to environmental
changes

Shingo Takahashi and Yusuke Goto

Department of Industrial and Management Systems Engineering, Waseda Univer-
sity, 3-4-1'Okubo, Shinjuku, Tokyo 169-8555, Japan '

Summary. This paper proposes an agent-based simulation model for analyzing
adaptive processes of organizational structures to environmental changes. The
model is based on a framework of ¢omputational organization theory (COT) and
performed using the method of inverse simulation with genetic algorithm. The
model specifies an ‘activity process in organization that is composed of tasks,
agents and environments. The roles of agents: normal and leader, are defined
based onsonie basic tasks of agents: recognizing tasks from environment, sharing
knowledge required for processing tasks, and coordinating tasks among agents.
Organizational structures are distinguished according to the configuration of the
roles of agents resolving the tasks recognized. Adaptation process is represented
as learning process of agents’ internal models of environments. Environments are
“expressed as task generators and fall into 5 types. This paper shows some funda-
mental relationships between organizational structures and dynamically changing
environments.

Key words. organizational structure, agent-based simulation, inverse simulation
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1 Iﬁtroduction

The purposes of this paper are to present an agent-based model for analyzing
adaptive processes of organizational structures to environmental changes, and to
show some simulation results on organizational adaptation. The model developed
in this paper is intended to investigate the dynamical change of organizational
structures adapted along with dynamically changing environments.

Organizational adaptation has been researched mainly in organization theory.
Contingency theory developed by Lawrence and Lorsch (1967) are concerned
with static aspects of the relationships between organizational structures and envi-
ronments, based on empirical studies.

In computational organization theory (Carley and Gasser 1999), though there
has been many researches based on agent-based approaches (Deguchi 2000) to
analyze learning and adaptation processes in organization (March 1991; Taka-
dama et al. 1999), few research has dealt with similar problems of adaptive organ-
izational structures as in this paper.
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Carley and Svoboda (1996) developed a model of adaptive process of organiza-
tion to environment by applying simulated annealing method. Their model does
not consider the processes of formation and convergence of organizational struc-
tures adapting specific environments, and does not deal with different types of en-
vironments that dynamically change in time.

In our model each organization adapts its structure to environments by selecting
autonomously and dynamically its form. We model an organization as a task-
based system, which is mainly applied in computational organization theory. Then
we use inverse simulation method to classify organizational structures that adapt
virtually provided environments and observe adaptive processes of learning in or-
ganization:

Each agent in the model is planned to Tearn his role in an organization for re-
solving tasks that are supposed to require knowledge. This paper considers an or-
ganizational structure to be determined by the formation of the roles of agents in
the organization, In our simulation model genetic algorithm and inverse simula-
tion method are used when agents in an organization learn their roles and decision
rules in an evolutionary manner.

2 Model of organizatioh

2.1 Activity process in organization

The agents in an organization manage, in a cooperative manner, tasks generated in
the environment of the organization. How much tasks are successfully managed in
the organization depends on the knowledge and skills the agents have.

The main activity process in an organization for the management of tasks is
given in the following flow. Tasks are generated in the environment of the organi-
zation. ; ‘ ;

1. Some agents as leaders in the organization recognize the properties of the tasks

that should be processed in the organization. - :

2. The results of the agents’ recognition of the tasks are exchanged with the other
agents, and each agent revises his recognition of the tasks if necessary. The ex-
changed recognition of the tasks is defined as the organizational recogmtlon of
the tasks.

. The leader agents coordinate the assignments of tasks to agents.

4. According to the assignments, the agents exchange the requlred knowledge

necessary to resolve the tasks.

5. Bach agent resolves tasks by using his knowledge resource, and gets a posmve

evaluation if the tasks are successfully done.

6. After a series of tasks, the organization makes some action to the environment

and gets some evaluation representing how good the result of the activity is for

the current environment.

W
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2.2 Task

We define a task as a set of components of knowledge that are required for resolv-
ing the task." In the simulation in this paper, each task is characterized by specify-
ing 8 elements of knowledge. For example, a task characterized as having the 1st
and 3rd eléments of knowledge represents that the task requires the 1st and 3rd
elements of knowledge to resolve it.

A task is expressed by '/ bits strings, each of which is either 1or 0. If a bit in a
task is 1, then the knowledge of that bit is required to resolve the task. For exam-
ple, a task expressed by (1,0,0,1,1,0,0,0) requires the 1st, 4th and 5th elements of
knowledge to resolve it. ' ‘

2.3 Agent

In an organization we suppose there are an enough number of agents to' manage
tasks. Each organization is composed of one leader agent and the other normal
agents. A normal agent recognizes and specifies what knowledge is required for
tasks, and then exchanges the recognized tasks with other agents in an organiza-
tion. A leader agent coordinates tasks as well as the role of a normal agent, and
has a set of decision rules as his internal model for organizational decision mak-
ing. The rules are (1) how many agents participate in recognizing tasks, (2) tasks
of concern are coordinated or not, and (3) how many agents participate in ex-
changing knowledge to resolve the recognized tasks.

2.4 Organizational structure

Basically there are two types of organizational structures: hierarchical structure
and network structure. Every organization lies between hierarchical and network
structure. In this paper we represent an organizational structure as a specification
of the decision rules of leader agents.

We put-two basic provisions for organizational hierarchy. In an upper stratum
of an organizational hierarchy tasks are recognized to be resolved. In a lower stra-
tum of an organizational hierarchy tasks are actually resolved, after the required
knowledge is exchanged among the agents whom the leader agent assigns to re-
solve the tasks. ,

In a typical hierarchical structure one leader agent recognizes tasks and in a
typical network structure many agents participate in recognizing tasks.

We classify organizational structures by specifying the values of the decision
rules mentioned above. If the number of agents who recognize tasks and exchange
the knowledge with other agents is small, then the organizational structure be-
comes hierarchical.
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2.5 Environments

An organization is surrounded by environment that i is dynamically changmg We
here model environment as a task generator and a response function. An environ-
ment as a task generator provides an organization with tasks. An environment as a
response function evaluates the output of the activities of an organization. The en-
vironment evaluates the output of an organization based on three indicators: qual-
ity, cost, dehvery Quality indicator expresses how much complex tasks. suc-
ceeded. Cost indicator expresses how small number of agents engage in resolving
tasks. Delivery indicator expresses how many tasks succeeded.

We consider 5 types of environments according to the marketing concepts in
the standard theory of marketing (Cotler and Armstrong 1999): production-
oriented environment, sales-oriented environment, consumer-oriented environ-
ment, society-oriented environment, environment-oriented environment.

The weighting characteristics of the 5 types of environments are shown (Table

1.

Table 1. Characteristics of environmentsk

Environment Quality Cost Delivery

Production-oriented ver'y IOYV hlg.h . hlg.h .

weighting weighting weighting
. low high high

Sales-oriented weighting weighting weighting

Consumer-oriented medium medium medium
or weighting weighting weighting

. . high low low
Socnety—onentedk weighting ~ weighting weighting
very high very low .very low:

Environment-oriented Do T i
w n-onen weighting weighting weighting

Five types of environments are defined by evaluation functions that evaluate the results of
organizational activities. The evaluation functions are expressed with a combination of
weights for quality of tasks, cost of resolving tasks and delivery evaluation,.

2.6 Adaptation process

This paper basically uses the inverse simulation method, which was proposed by
Kurahashi, Minami and Terano (1999), to investigate the adaptation process of or-
ganization that simulates autonomous organizational learning, structural change of
organization by revising decision making rules in organizational activities. Our
model of adaptation of organization is composed of the following 5 steps.
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1. Organizations as population in simulation are produced from the given gene
pool of organizations.

2. Each organization has the given number of agents each of whom has his own
initial characteristic values.

3. Each agent makes a series of activities in a given period in accordance with the
rules of activity in the organization to which the agent belongs.

4. An environment of which we are interested in investigating the property is rep-
resented by an evaluation function to evaluate the results of organizational ac-
tivities. ‘

5. After the evaluation of the organizational activities, organizations as population
revise their genes by applying the genetic operators in genetic algorithm.

Here we should notice an interpretation of the adaptation process on actual organi-
zations. Bach organization is described as a chromosome in a  gene pool. The
adaptation process is applied to the given gene pool. This seems that the
adaptation process modeled might be effective for not a ‘singlé organization but
some amount of population of oraganizations. Our model, however, does not
necessarily interid such adaptation process for a set of ,,real” organizations.

The gene pool could give executives as decision makers some set of
alternatives to be selected in making a decision of an organizational structure
adaptive to a currently recognized environment. Then the gene pool represents a
»virtual“ set of organizations as alternatives. The whole process of adaptation
shows that of executives’ adaptive decision making.

3 Simulation model

3.1 Chromosome of organization

The chromosome of an organization C,, is composed of genetic attributes P,,,
and activity attributes 7, :C,, = (P,

L) - The genetic attributes are specified at
the initial stage of the simulation and revised according with the adaptation proc-
ess. The activity attributes represent the results of the activities of agents in every
period of the simulation steps. The initial values of the activity attributes are set as
0, and rewritten in the processes of organization.

The genetic attributes are defined as gene sequences:

P, =(n,,n,,cord, AK, AP)
where n,, is the number of agents participating in recognizing tasks, », the num-

ber of agents participating in sharing knowledge, cord expresses the leader’s de-
cision on coordination: 1 for coordinating, and 0 for non-coordinating,
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AK ={ak',...,ak™ | ak” =< ak",..,ak] >,ak!" & {0,1}} the knowledge structure
of agents (=8 in this paper) for resolving tasks,
AP ={ap',...,ap" | ap' €{0.90,0.93,0.96,0.99}} the accuracy indicator of each
agent; which: provides the possibility to recognize tasks. In the knowledge struc-
ture of ‘agents, ak"'=1 means that agent m' has the i th knowledge. The leader

agent has all the elements of P, but other normal agents i has only ak’ and

en >

api . The accuracy indicator ap’ is coded as 00,01,10,11 corresponding to
0.90,0.93,0.96,0.99 respectively. ‘

3.2 Simulati‘on process

In the simulation each organization first performs tasks during the period that is
predetermined as a parameter of the experiment, and the gene pool of the chromo-
somes of organizations are revised during the generations also predetermined as
an experimental parameter.

The simulation is basically composed of 10 steps with two phases.

Table 2. Parameters in environments

Environment Types of tasks Weights for evaluation
Variety of .
Complexity ~ generation Wg W, Wy
dynamics
Production-oriented simple constantly 0.1 0.7 0.2
Sales-oriented simple gradually 02 05 0.3
Consumer-oriented complex phased 03 04 03
Society-oriented complex random 0.5 0.2 0.3
Environment-oriented complex random 0.6 0.1 0.3

Types of tasks are defined by the complexity of tasks and the variety of task generation
dynamics. The weights for evaluation depict the valuesw, , w,, and w,; used in the

evaluation function in each environment.
Task resolution phase.

1. Generation of tasks. Tasks are characterized by complexity and variety of
change. What kinds of tasks are generated depends.on the environment that
generates the tasks (Table 2). '

2. Recognition of tasks. Each agent of selected n, agents recognizes each task by
"scanning every bit of the task. The possibility that an agent i correctly recog-
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nizes a bit of a task is defined by ap’ - ap, , where ap, is 0.99 or 0.9 that de-
pends on the difficulty of the task. Then 7, = {tq, |i=1,..., n,} is obtained.

. Constructing organizational recognition of tasks. The results of the recognition
of a task are exchanged to be common in the agents. Comparing each bit of the
recognized tasks by the agents, the organizational recognition T of the task is

Torg
defined by using the majority rule for the bits of the agents’ recognition.

. Coordination. Each agent can perform only one bit in a task. If a task is com-
plex and cord =1, then the leader agent coordinates who should perform the
task. ,

. Sharing knowledge. The agents who actually resolve the organizationally rec-

ognized task T, are randomly selected. The number of agents is #, . The bit

of T, that has the value 1 is needed to be resolved by some agent. Such a bit

org

with 1 of. 7, is assigned to the agént whose corresponding bit is 1, which

means that he can actually resolve that bit of T,

e - 1f no agent has a bit of 1,
there is no assignment of that bit.
. Resolving tasks. Based on the sharing knowledge and assignment of a task to

the n, agents, the task is actually resolved. This resolution succeeds if all the
bits of 7, are assigned to some agent, otherwise the resolution fails. If the
resolution of the task succeeds, then 1 adds to succ or k= succ according to

the complexity of the task. If the period of task resolution phase does not termi-
nate, repeat from the step 1, otherwise go to the next phase.

Adaptation phase.
. Evaluation of results. The results of the task activities in an organization are
evaluated with a fitness function representing how much the organization
adapts the environment of concern. The fitness function is defined by
f=w,q+w.c+w,d . The values of the weight parameters depend on the envi-

ronmental types (Table 2). The detail definition of the fitness function is given

by ‘
hsucc AT A1 - COF d Succ
-——t~——+wc- R A B +w, -
n[l

t

f=w,
If the termination condition does not satisfy, go to the next step, otherwise the
simulation ends.

. ‘Selection of organizations. By using the roulette rule of genetic algorithm, or-
ganization genes for the next generation are selected. The simulation in this pa-
per a linear scaling is applied to the fitness functions. The activity attributes are
initialized for the next generation process of task resolution.

. Crossover of genetic attributes. A two-point crossover is applied on the genetic
attributes of organization genes. The crossover probability is set to 0.6.
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10. Mutation of genetic attributes. Mutation with the probability 0.01 is applied
on the genetic attributes of organization genes. The steps are iferated for the
next generation.

4 Experimental results

We show three types of experimental results concerning the relationships between
adaptive organizational structures and environments. The parameters of the ex-
periments are; the number of generations: 500, the number of activity processes of
resolving tasks in each generation: 500, the population of organizations: 100, the
population of agents: 30.

Table 3. Organizational structures adaptive to environments

Participants : Participants
: : : for : o for Fitness
Environment . Coordination .

recognizing sharing value

tasks knowledge
Production-oriented 1 1 7 0.94
Sales-oriented 1 1 11 0.94
Consumer-oriented 3 1 28 0.83
Society-oriented 7 1 29 0.90
Environment-oriented 11 1 30 0.94

Participants for recognizing tasks and sharing knowledge mean the number of agents who
participate in these activities. The Coordination with value 1 means that the leader agent
coordinates who should perform the task: :

4.1 Adaptive organizational structure for environment

First we show the result of the experiment in which we search the organizational
structures most adaptive to each of the 5 types of environments. The result is
shown in Table 3. :

From the result on the number of participants for recognizing tasks, we see that
inproduction-oriented and sales-oriented environments hierarchal structures are
most adaptive; and-in environment-orienteéd environment network-structures. are
most adaptive. :

i



Agent-based simulation of adaptive organizational siructures to environmental changes 9

4.2 Adaptation process for changing environment

The second experiment is to see the adaptation processes of organizational struc-
tures when the type of an environment changes to another type, while in the first
experiment the environment is fixed through the adaptation process. We here
show the results on two types of the envitonmental changes: change. from produc-
tion-oriented to sales-oriented, and change from sales-oriented to society-oriented
(Fig. 1, 2). ~ ; o

In the experiment, the environments change at 300th generation. The results
shown in Fig. 1 and 2 imply that the differences on characteristics between chang-
ing environments are critical for the adaptation process of the organization.
Though the production-oriented environment and the sales-oriented environment
are not so effective to the adaptation process, the characteristics of society-
oriented environment are effectively different from those of sales-oriented envi-
ronment.

1

0.8
0.6

SSoURL)

04
02

0 ! L I ] L L L i I { L
0 50 100 150 200 250 300 350 400 450 500 550

generation

e gVEYALE fitNESS maxinum fitness =———— minimum fitness

Fig. 1. Adaptation process in changing environment from production-oriented to sales-
oriented
The environment changes from production-oriented to sales-oriented at 300th generation.
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1
0.8

..0.6
04

ssouy

02
0 i ‘; i L L .
0 50 100 '150 200 250 300 350 400 4506 500 550

] I I i i

generation

s AVErage fitness maxim fitness: s minimum fitness

Fig. 2. Adaptation process in changing environment form sales-oriented to society-oriented
The environment changes from sales-oriented to society-oriented at 300th generation

4.3 Sensitive analysis of adapﬁve orgahizational “s‘tru‘cture

In this experiment, we compare the characteristics of organizational structures and
adaptive organizational structures to environment. We are here concerned with the
scale of an organization and industrial properties: labor-concentrated industry or
knowledge-concentrated industry. The results are shown in Table 4 and 5.

Table 4. Adaptive structure in participants

. Group ) Section Branch
Environment (n,=10, /=4) (,=30, I=T) (n,=60, /=10)
n, [ nj 1, c Iy o, c i
Production-oriented 1 0 X 1 1 6 1 1 9
Sales-oriented 1 1 6 1 1 8 1 1 12
Consumer-oriented 3 1 8 3 1 27 5 1 60
Society-oriented 5 1 8 7 1 28 11 1 60
Environment-oriented 7 1 9 9 1 30 11 1 60

Notation: #, shows a degree to how many agents participate in the activities of recognition
of tasks and sharing knowledge; / knowledge length; #, and #, the numbers of

participants for recognizing tasks and sharing knowledge respectively; éx}d ¢ coordination
value taking 1 if the leader agent coordinates who should perform the task, 0 otherwise.
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The adaptive organizational structure in a group, which has small number of
agents for activities, shows the largest variety concerning the environmental dif-
ferences.

The number of agents, »,, can be considered as a degree to how much agents

participate in the activities of recognition of tasks and sharing knowledge. The
smaller the number of agents is in an organizational structure, to the greater degree
agents participate in the activities.

A remarkable result in adaptive organizational structure concerning types of in-
dustries can be seen in the relationship of the labor-concentrated industry and the
environment-oriented environment, in which a group structure can be found in
recognizing tasks and sharing knowledge.

We can also see a general relationship between industry types and knowledge
length /. The larger / is, the more agents participate in sharing knowledge.

Table 5. Adaptive structure in industries

) : Labor-con. Average Knowledge-con.

Environment (n,=40, [=3) (n,=40, =6) (0,40, [=9)

np C 1y np C 0y np [d 1y
Production-oriented 1 1 6 1 1 7 1 1 7
Sales-oriented 1 1 8 1 1 10 1 1 10
Consumer-oriented 7 1 8 5 1 20 5 1 40
Society-oriented 9 1 0 11 1 29 9 1 40
Environment-oriented 11 1 10 15 1 31 12 1 40

The nieaning of notations are similar as in table 4. Three types of industries: labor-
concentrated, knowledge-concentrated and average, are specified according to the
complexity of knowledge lengths.

5 Conclusion

In this paper we developed an agent-based model for investigating adaptive organ-
izational structures, which seek the structure with the maximum fitness value to
environment. We defined 5 types of environments by specifying 3 aspects of qual-
ity, cost and delivery. The simulation results partly showed the most adaptive or-
ganizational structure for each type of environments. We obtained other simula-
tion results concerning the fundamental relationships between the changing
environments and the characteristics of organizational structures. These results are
basically consistent with well-known things in the theory of organization. The
main contribution of this paper is to provide rigid agent-based framework to build

11
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a model to get adaptation processes of organization in dynamically changing, i.e.
non-stationary environment.

The model developed in this paper could become more sophisticated for further
research on orgamzatmnal adaptation in several folds. In theoretical treatments of
organization, our model could provide a basic way to consider organizational
learning, especially double-loop learning. From a positivism point of view, by
adding to the current model more detailed properties of specific organizations that
we are actually concerned with, we could get more deep insights on actual prob-
lem situations in organizations.
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Agent-based Model for Analysis of Customers’ Features
in Target Marketing .

Daisuke TAKASHIMA, Shingo TAKAHASHI and Takahiro OHNO (WASEDA University)

Abstract : This paper builds an agent-based simulation model of consumers behavior, the model which
describes heterogeneity of consumers and dynamical process of preferences. The model proposed in this paper
is developed based on the framework of EMoCA (Evolutionary Model for Customers as Agents) but has an
essentially newly feature that can analyze customers’ features in a target market. This provides a new way of
approach to target markets in which we have no purchasing records such as newly developing goods still in a
design process. This paper conducts a simulation experiment on a virtually specific automobile market to verify
the effectiveness and validity of the model.

Keywords : Agent-based Modeling, Target Marketing, EMoCA, Genetic Algorithm
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Effective Guidelines for Organizational Learning
in the Organizational Cybernetics Framework

Yusuke Goto and Shingo Takahashi

Department of Industrial and Management Systems Engineering, Waseda Univer-
sity, 3-4-1 Okubo, Shinjuku, Tokyo 169-8555, Japan

Summary. This paper proposes guidelines effective in organizational learning for
organizational functions. We model an organization that has four functional layers
(self-organization, adaptation, coordination, and process) as in organizational cy-
bernetics. Agents in each layer take organizational leaming to resolve tasks more
effectively. We propose guidelines in organizational learning for each functional
layer. Then, we test their effectiveness with agent-based simulation: whether or
not the guidelines improve organizational performance.

The guidelines tested as effective are as follows. In the self-organization layer it
is desirable to evaluate agents’ internal models by the evaluation values of organi-
zations. In the adaptation layer the effective improvement comes from using an
extent of differences between a realized evaluation value and an expected one in
the evaluation of agents’ internal models. In the coordination layer it is necessary
that agents evaluate their internal models with the degree of improvement of the
internal evaluation values in each layer. In the process layer it is important for the
successful task resolving to evaluate from an extent of differences between a re-
quired resolution plan and the one actually made.

Key words: computational organization theory, organizational cybernetics, organ-
izational learning

1. Introduction

For realizing adaptation and being viable, organizational learning that pro-
gresses the ability of organizational decision makings is essential. On organiza-
tional learning, Argyris proposed double-loop learning concept that revises agents’
internal model (Argyris and Schon 1978). For successful revisions, it is essential
to evaluate their internal model properly. Argyris and other empirical researches,
however, haven’t given us the answer: how to evaluate their internal model prop-
erly.

In computational organization theory (COT) (Carley and Gasser 1999),
ORGAHEAD (Carley 1997) and OCS (Takadama et al. 1999) especially focus on
a general model of organizational learning and organizational adaptation.



ORGAHEAD represents an individual rule-corrective action (individual single-
loop learning) and an organizational decision-corrective action (organizational
single-loop learning). OCS implements Argyris’s four learning-loops as an adap-
tive mechanism, but they deal with specific situations where agents can get clear
feedbacks and their evaluations. In the situations where agents cannot get clear
feedbacks and their evaluations, Putro et al. modeled the situations as a hyper-
game. They modeled an organization as a network-based flat agent-group, and
proposed an operational process model of tevising agents’ internal model, and
confirm some guidelines effective in organizational learning (Putro et al. 2000).
These guidelines suggest that agents had better evaluate their interhal model’ as
helpful when the difference between an anticipated payoff and realized one is lit-
tle, and the difference between an anticipated competitor’s strategy and actual one
is little:

Problem situations and constraints in decision makings are different in each
function in the organization. Effective guidelines in organizational learning . for
each function depend on these situations and constraints. So we model an organi-
zation that has four functional layers (self-organization, adaptation, coordination,
and process) as in organizational cybernetics. (OC) (Beer 1981; Takahara 2004)
and an agent-based organizational learning in each functional layer. In this model
we. attempt to propose guidelines effective in organizational learning for each
functional layer and test their effectiveness with agent-based simulation.

2. Model

We introduce the concept of OC into the framework of COT. An organization
has a process function that resolves tasks in COT. manner, and three functions
(self-organization, adaptation, and coordination) that manage.the process function
as in OC. Functional layers defines agent-groups and their relations. This agent-
based model can grasp organizational learning activities. Our approach enables us
to classify problem situations and constraints in decision makings, and to test pro-
posed guidelines by computational ways.

We attempt to observe the progress of the ability of organizational decision
makings as the improvement of an organizational evaluation value calculated by a
response function in the environment, and test the effectiveness by comparing the
organizational evaluation values.

2.1 Environmental model

An environment as a task generator provides an organization with n tasks. For
the 7 th section of the organization, a task is expressed by / -valued m -long
strings. The task means a series of the demand for the service or the product that
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the section provides. For example, if the . j th digit in the task for the .7 th section is
four, then there is the demand of four units in' j th term.
An environment as a response function evaluates the output of the activities in

an organization. An organizational evaluation is evaluated by calculating the re-
sponse function
L 1
f=%ax ~(ﬁls+ﬂ2r+ﬂ3m+ﬁ4g) 1
where «; and B, ~ B, respectively show a real prbﬁt and a cost coefficient, x/
values determined from the degree of task resolutions in the process layer. Organ-
izational costs consist of the total number of agents in the organization s, the
amount of resources for the task execution r, the interval of how the agents’ in-
ternal models are revised in each layer v, ~ v, , and the number of organizations in
aninter-organizational network g-. . : SR

2.2 Functional hierarchies in an organization

Figure 1 represents an organizational model that consists of four functional lay-
ers: a self-organization layer, an adaptation layer, a coordination layer, and a proc-
ess layer that has n sections. The descriptions of each functional layer are as fol-
lows.

¢ Self-organization layer in which decisions are made concerning organizational
restructuring and domains of organizational actions. Agents decide three vari-
ables; the total number of agents in the organization ‘s, the amount of resources
for the task execution r, and the active vector a . The active vector
a=(a, -,a,-,a) defines which section resolves the task for each section; if

. an task resolution is taken in the ¢ th section, a; =1, otherwise a; =0 .

¢ Adaptation layer in which environmental situations are recognized and policies
of the organization are made to be adaptive to the recognized environment.
Agents recognize the real profit and the cost. coefficient of the response func-
tion, The agents decide the values of decision variables x, for maximizing f
after recognizing ¢; and f ~ S.. Decision variables x; represent the resource
allocation plan in the process layer, and the r defines the amount of them.

¢ Coordination layer in which the agents of the organization are coordinated to be
allocated into each functional layer in the organization and each section in the
process layer. The allocation is expressed by a sequence of numbers of agents
for the functional layers and sections s ~ s, under a given total number of
agents s, where s, for self-organization layer, s, for adaptation layer, s, for
coordination layer and s, ~ ss., for the sections in the process layer. Agents
recognize internal evaluations of each functional layer f,+-,fs, -, fus. The
evaluation value f is of the self-organization layer, f, of the adaptation layer,



# of the coordination layer, and fi,--, f..s of the each section of the process
layer. By referring their decision criteria hy and comparing f, with 4, , agents
decide the number of agents s, in the functional layer or section 8; if f, > hs,
the agent cuts down the number of agents s, for the functional layer or section
@, otherwise increases.

® Process layer in which tasks are resolved following a resolution plan. Agents in
active sections (a; =1) make a resolution plan. q}= (g}, -, q}.--. g} ) based on
their. recognitions §; = (§u,*-, 4.+, 3w ) .. When the task i is performed, the de-
gree of resolution is evaluated as x/ =237, q,, and Gy.= {ZZ lc;ftgzrzviqsye, for an
active section i .

Environment Organization

Response function: Self-organization

=" ax ‘ Number of agents: se N
i=t i :

~(Bs+ B+ B (1w +v, +vi+v,)+ fig) Amount of resources: re N

Task generator: Active vector:
g,= (quw o1, ) a=(a,a,a,),a={01} =]
S, ggeilnl :
e ltoli \ Adaptation
-\ iPolicy:

gy n —

(If @ =0,x,=0,0therwisex, € N} | |

Coordination
Allocation of agents:

w (515 %2860+ Sin )3 Do Sy =

(If 9 =z 4anda,_, =0, then s, =0)

Process
Resolution plan:

A USSR
(Ifai =0,q; =0,otherwise g € N) '

zm,- ,
=t 9y =% <

Figure 1. Decision variables in each functional layer and their configurations in the organi-
zation.
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2.3 Organizational learning

We reinterpret the four learning-loops (Espejo et al. 1996) in an operational
way as an agent-based: organizational learning model.  The described organiza-
tional learning cycle is taken in each organizational layer in an organization.

1: Each agent recognizes the problem situation as a model; and defines the value
-of the decision variables in the model by referring their decision criteria. (indi-
vidual single-loop learning). We define the relationship between an agent’s in-
ternal model and agent’s (organizational) decision variables (Table 1). In our
model this process (individual single-loop learning) is implemented algo-
rithmically and has no influence with the progress in the ability of organiza-
tional decision makings. . R

2. Organizational decision-making in each functional layer values of agents’ deci-
sion variables into values of organizational (functional layer’s) decision vari-
ables (organizational single-loop learning). We implement this process by av-
eraging the values of agents’ decision variables, and take the average value as
organizational decision values. For example, in the self-organization layer, if
agent k ’s values of decision variables are defined as (s, f, e, @1 ax ) » the

organizational decision variables (s, r, al,---,ai,u-,an) are determined as
TSk Lk S0 2 Gk
S1 ’ 51 % 8t ! ’ S1

3. Bach agent revises his recognition of the problem situation and his decision cri-
teria from the situational response (individual double-loop learning). We im-
plement this process by using genetic algorithm (GA).

4. Bvaluating agents’ internal models subjectively. In the concerning problem
situation, with available information for them, agents evaluate their internal
models. Since their internal models are not necessarily explicit ever for them,
they are forced to evaluate their internal models indirectly via evaluations for
their decision variables that are connected with their internal models. The fit-
ness function in. GA defines. what values of the decision variables of the agents
are better or not.

5. Applying GA operators. After the evaluations of agents’ internal models, we
apply GA operators (selection, crossover, and mutation) to agents’ chromo-
somes that code the agents” internal models.

6. As a result of ‘good’ individual double-loop learning, each agent shares their
good internal models in the relation between agents’ role and the problem situa-
tion (organizational double-loop learning).



2.4 Simulation model

A step that has five processes in the simulation model consists of two parts: the
task resolution part and the learning part. Processes of the learning part are option-

ally performed in accordance with simulation parameters (v,v,,vs,v.) .

Task resolution part. ,

1. Generation of tasks. The Environment generates n tasks at a time. For the i th
section of the organization, a task is expressed by /;-valued m; -long strings.

2. Activities in the organization. The activity (decision making) process in each
layer is as follows: (1) each agent makes a decision from his:internal model, (2)
the organizational decision making is done based on individual decision mak-
ings, (3) the organizational action is taken according to the organizational deci-
sion making. -

3. Evaluation of the organization. The results of the organizational activities are
evaluated with the response function (Eq. 1) that represents the organizational
performance in the step. If the revision of the agents’ internal models is needed
in the step, go to the learning part. If the termination condition is not satisfied,
the step returns to the top of the processes and the next step ¢+ 1 begins, oth-
erwise the simulation ends. '

Learning part.
1. Evaluation of the results in the functional layers. When the step tmody; =0
(i=1---,4), the learning part is taken in the i th functional layer. In this model

the interval of learning .v; = 0 _means that the learning part is never taken in i th
functional layer. To revise the agents’ internal models (individual double-loop
learning) in the functional layer, the results of the performances based on the
agents’ internal models in the functional layer are evaluated with a fitness func-
tion representing how much the agents’ decision makings adapt to the problem
situation. "The fitness functions proposed as desirable attempt to realize good
organizational double-loop learning described in the agent-based learning cycle
model.

2. Applying GA operators. The selection of agents’ internal models by using the
roulette rule, the two-point crossover, and the mutation are applied on the
coded internal models of the agents. After this revising process of the individ-
uval internal models, if the termination condition is not satisfied, the step returns
to the top of the processes and the next step ¢ +1 begins, otherwise the simula-
tion ends. ‘
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Table 1. Elements of an internal model and decision variables in each functional layer

Functional Agent’s” recgnition ‘of | Agent’s decision L .
R o Decision variables

layer the problen situation Criteria

1..present evaluation for

the organization f 1. number of agents s
Self- 2. number of agents s To select s,7,a for | 5 sy6unt of resources
organization | 3. amount of resources | better evaluation f r

I : i 3. active vector'a

4. active vector a

1. - recognized:. profit |' 14" distribute - the

coefficients a Allocation plan of

resources r t0 | resources

Adaptation : . N .
2. ‘<recognized - cost | active +'sections x=( Yol )
coefficients f§ ~ S, effectively R
Internal evaluations of | To allocate agents to | Allocation plan  of
Coordination | €ach functional layer realize better | agents
performances in A
f fg’ B f"+3 each layer (50755 5)
Recognized confronting | . , .
task ..., from the To: make a'plan g, Task resolution plan
Process environment to resolve the

G = (Gl o) | 0BT G bl gl

3. Proposed guldellnes in orgamzatlonal Iearnmg for each
functlonal layer

We propose guidelines that are effective for the confronting situations. In self-
organization and adaptation layer, the guideline we propose is to use the inter-
organizational learnmg for the evaluation of agents internal models. In coordina-
tion and process layer, we propose to learn from using the differences between the
each functional layer’s decision variables and agents’ ones (a kind of the feedback
action in an organization).

Inter-organizational learning (Knight 2002) provides a reciprocal network that
shares their own values of decision variables of organizations and evaluation val-
ues for them among g orgamzatxons confronting the same environment. The re-
ciprocal network also enables agents in the organization to evaluate their internal
models with the shared information. In self-organization layer we think that good
values of agents’ decision variables realize good evaluation values of the organi-
zation. The evaluation function e, of agent k ’s values of decision variables in the
self-organization layer is expressed by

e = f*,and u = argmin (isk =84+l —r4+ i[aik —;ag‘l) 2
u i=t




where f* is the evaluation of the u th organization in the network, s*,r*,a* the
values of decision variables of the u th organization in the network, s.,r.,a, the
agent k ’s values of decision variables in the organization.

In adaptation layer we assume that if good values of decision variables are de-
fined, the anticipated evaluation value f* is consistent with the actual evaluation
value f“ in the organization u . The evaluation function ¢, of agent &k ’s values
of decision variables in the adaptation layer is expressed by

ek=(1+ 1 )

) 3)

and u= argmin(‘xk —xH

f’u —- fu
where f”is the ariticipated evaluation value that is defined by synthesizing val-
ues of decision variables of each agent in the u th organization, x* the values of

decision variables of uth organization in the network, x, the agent k ’s values of
decision: variables in the organization.

Internal feedback learning uses the evaluation value for each functional layer as
a kind of (negative) feedback from the concerning problem situation to evaluate
their internal models with the information. In coordination layer we expect that we
can evaluate their internal models well with the degree of improvement of the in-
ternal -evaluation values in each functional layer.. We evaluate agents’ internal
models with internal evaluation values of each functional layer /¢ at the step 7
and 72, at the step #—1; in self-organization layer, adaptation layer, and process
layer, the internal evaluation values of each functional layer are defined like those
of agents in the functional layer (in the self-organization layer, f,f =f.), and in
coordination layer it is defined as the average of internal evaluation values in other
three functional layers ( f* = f} +f2 + [+ + fi*3 /n+2 ). The evaluation
function e, of agent ks values of decision variables in-the coordination layer is
expressed by

ex=yekl , 4
. 5
2 1fftfl >~ft6,S~§>Sg Orft€1<f10aszssﬂa
and ef =41 elseif £5 <f?,s§>s4, where ef is the evaluation

0 otherwise

value for the agent & ’s decision variable s§ in the functional layer or the section
0. :

In process.layer we think it is important for the successful task resolving to
evaluate from an extent of differences between a required resolution plan-and the
one actually made. We use the stock information (g, = ¢;?) and the backlog in-
formation (¢, <'q; ?) for the evaluation of agents’ internal models. The evaluation
function e, of agent k’s values of decision variables in the process layer is ex-
pressed by
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1 ifgf 2 gy,q5 < qfF 0rq,<q, qi > qiF
— k k — i ey i /) >4y g .
K Ze,,,and {0 otherwise )

where ef is the evaluation value for the agent k’s decision variable g% of the

j th term of i th section.

Table 2. Parameters in the experiments

Parameters Value

Number of tasks: n 2

Profit coefficient: (@, @) (80,20)

Cost coefficient: (Si; B 55, Ba) (0.05, 0.05, 20, 0.2)

Task:  (b,k) , - (10,10)

(rm,1m5) : (5.5)
Number of organizations in inter-

. 20

. organizational network: £ :
Interval of learning: (vi, vz, v3,ve). 1,1,1,1)
Number of steps: : 100

4. Experimental design and results

We test the effectiveness of guidelines with three experinients: (1) comparing
the-average evaluation values of organizations in various situational settings, (2)
the analysis of the process of organizational adaptation, and (3) the sensitive
analysis of organizational learning cost. Parameters in the experiments are shown
in Table 2.

4.1 Comparing the average evaluation values of organizations in
various situational settings

We define Y8, f*/g as an average evaluation value of organizations that

forms an inter-organizational learning network, and regard a guideline as effective
when the average evaluation value increases. First we consider the case where the
learning part in the simulation steps is taken in only one functional layer, the oth-
ers not. In this case, for each functional layer, we compare the average evaluation
value of organizations when the agents evaluate their internal models randomly
with the one when by the guideline proposed. The results shown in Table3 (sepa-
rated) suggest that all guidelines improve the average evaluatlon value of organi-
zations.



Table 3. Average evaluation values of organizations in various situational settings

Separated Under Interrelations Mal-function
Without | With Without With Functional Mal-
guideline | guideline | guideline | guideline function
Self- 72| 197 % 27.7 18.6
orgamzation
Adaptation 8.4 9.9 * 147 159 * 32.0 30.5
Coordination 12.6 13.7 * 16.0. * 29.9
Process 15.3 18.0 ** 18.3 ** 24.5

Each situation is simulated 100 times. **: 1%, *: 5%.

Second we consider the case where the learning part is taken in all functional
layers. And we compare the average evaluation value of organizations when the
agents evaluate their internal models randomly in all functional layers with the one
when evaluate by the guideline proposed in one functional layer and randomly in
the others. In this case we can consider interrelations (interactions) among effects
of each functional layer’s organizational learning. The gained results shown in
Table 3 (under interrelations). suggest that all guidelines also improve the average
evaluation value of organizations under interrelations of effects of each functional
layer’s organizational learning.

Third we consider the case where the learning part isn’t taken in one mal-
functioned layer and is taken by the guideline proposed in the others. In this case
we can consider the negative effect when organizational learning isn’t taken by the
guideline proposed in one functional layer. The results shown in Table 3 (mal-
function) suggest that the mal-function of organizational learning in one functional
layer makes the average evaluation value of organizations lower than the case
where organizational learning is taken functionally in all functional layers.

4.2 Analysis of the process of organizational adaptation

We trace a process of the changes of the average evaluation value of organiza-
tions (see Figure 3(a)). In the case where the learning part is taken by the guideline
proposed in all functional layers, the average evaluation value is firmly improved
with the passage of steps. In the case where the learning part is taken by evaluat-
ing agents’ internal models randomly, the process of the changes of the evaluation
value looks like a random walking. And, in the last step, the differential between
them is enlarged. This result also validates that our proposed guidelines are effec-
tive.
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4.3 Sensitive analysis of organizational learning cost

In this model the evaluation of the organization is measured by the profit and
the cost of the organization. For identifying the cost situation that organizational
learning by the guideline proposed is effective, we make an sensitive analysis of
organizational learning cost by manipulating cost coefficients S, 5, . We define a
theoretical maximum profit as an evaluation value of an organization when tasks
are perfectly resolved (xf=1) with the minimum number of agents s and the

“ minimum amount of resources . Then we compare the average evaluation value
of organizations when the learning part is taken in all functional layers (v; =1) by
the guideline proposed with the one when the learning part is never taken in all
functional layers (v; =0 ). The result shown in Figure 3(b) suggests that organiza-
tional learning is effective when the organizational learning cost is less than the
thirty percent of the theoretical maximum profit.

: \ no-eaming
20

M VIR
Olr!s‘vil\ilxxiixlxl

Yo W % %

B8 5 8

i e 4 } Vi%wmmvfwﬁw
e WA Y,

T

organizations
S

S

[=]

Average evaluation value of
the organizations

Average evaluation value of

1 2 4 . 6 . 8 -10
Steps : Organizational Jeaming cost / theoretical
naxmumprofit
wwmns Byaluating randordy === Bvaluating by proposed manner
(a) (b)

Figure 3. (a) Process of organizational adaptation (b) Sensitive analysis of or-
ganizational learning cost

5. Conclusion

We proposed effective guidelines in organizational learning for each organiza-
tional function. We modeled an organization based on COT and OC that has four
functional layers, and an agent-based learning cycle of organizational learning.
Then we tested the effectiveness of proposed guidelines by ‘agent-based simula-
tion. And all of the results from experiments support that our guidelines in organ-
izational learning are effective.




The guidelines tested as effective are as follows. In the self-organization layer it
is desirable to evaluate agents’ internal models by the evaluation values of organi-
zations. In the adaptation layer the effective improvement comes from using an
extent of differences between a realized evaluation value and an expected one in
the evaluation of agents’ internal models. In the coordination layer it is necessary
that agents evaluate their internal models with the degree of improvement of the
internal evaluation values in each layer. In the process layer it is important for the
successful task resolving to evaluate from an extent of differences between a re-
quired resolution plan and the one actually made.
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Abstract

This paper proposes Agent-based Organizational Cybernetics (AOC), which combines
organizational cybernetic framework and computational organization theoretic approach,
especially agent-based computational learning model.

Organizational cybernetics provides a basic framework in which every organization is
comprehensively described to be composed of 4 functional layers: process, coordination,
adaptation and self-organization. In organizational cybernetics the difference between the overall
purpose of an organization and each function of it plays an essential role especially to provide
diagnosis for the organization of keeping viable. In this usage of the organizational cybernetic
framework no micro-macro problem between learning of each member and that of the whole
system can be seen.

On the other hand, computational organization theoretic approach focuses on agents’ task
resolutions and bottom-up description of organizational activities. Organizational learning process
described in computational organization theory mainly consists of error correcting activities by
each agent and organization itself based on the agents’ decision rules. k

Computational organization theory describes explicitly models to define detail dynamics on
learning in process'levels by agents. It is, however, not straightforward to describe double-loop
learning as sharingxinternal models among agents.

Though organizational cybernetic approach and computational organization theoretic one have
considerably different aspects:on micro-level and on macro-level, we can combine them and build
newly emergent model.

Our proposed model describes the two loops of organizational learning by representing both
processes of learning of internal models and resolving tasks by agents. The model can describe
essentially different levels of individual learning and organizational one so as to distinguish

effectively the two loops of organizational learning

Keywords: organizational cybernetics, computational organization theory, micro-macro problem,

organizational learning
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Agent-based Model for Analysis of Standardization Problems
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Abstract

The primary pﬁrpose of this paper is to propose a new framework for supporting market design, and to
analyze standardization problems. The main features of the framework are as follows: 1)economic units such as
firms or consumers are regarded as autdnomous agents, 2)essential interactions among these agents in a market
are éonsidered, 3)consumers” prefefenceé ahd firms’ technologies coevolﬁte in choices of products. We call this
CAMCaT (Coevolutionary Agent-based Model for Consumers and Technologies) framework.

The main target problems of this paper are standardization in market design. In recent years, a
technological progress and a globalization have been intensifying competitions between standards in many
markets. In these competitions, firms tend to pursuit short-term profits acquisition, and winners can get more
profits than losers. Moreover a firm strains on its own standard in the competitions. As a result, many
stakeholders suffer various types of inconvenience from these compet1t1ons based. on, a market mechamsm
Therefore some problems about the standardization are noticed in many markets It is a difficult problem how
we should specify a standard. e o

Then we would like to provide a new approach unlike conventional studies of a market structure and market
dynamics. This paper builds an agent-based model using CAMCaT framework to examine some essential
problems about the standardization and conducts a simulation on some scenarios that show some propositions of
the standardization to verify the effectiveness andkvalidity of the model. The result shows that this model has a

high potential to support market design process.

Keywords: Coevolution, Agent-based modeling, Market design, Market dynamics, Standardization problem
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Qualitative Evaluation of Information Systems
.in Terms of Organizational Learning

Takashi YAMAMOTO. (Graduate School of Creative Science and Engineering, Waseda University)
Shingo TAKAHASHI (School of Science and Engineering, Waseda University)

Abstract : This paper proposes a framework for qualitative evaluation of information systems in terms of
organizational learning. An organization needs Knowledge Management Systems (KMS) to accelerate its
ability of organizational learning for getting sustainable competitive advantages. However, we can find many
cases in which introducing KMS failed in improving the ability of organizational learning. Previous researches
suggest that qualitative evaluatioﬂ of information systems in terms of organizational learning requires to make
clear the relationships between organizational learning supports and information system functions. This paper
tries to explore their relationships, and classifies 50 KMS cases, using a multivariate analysis, and formulates
an ideal KMS model focusing on sales organizations. Then, each function consisting of the ideal KMS model is
specified to clarify how the information system functions support organizational learning. Finally this paper
shows our proposed qualitative evaluation framework in terms of organizational learning. ‘

Keywords : organizational learning, knowledge management system, qualitative evaluation, information

system evaluation
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Abstract
In this paper we propose a model of coevolutionary processes of firms technologies and
consumers preferences, and discuss some economical properties emerged from their interactions
in the whole market. The model can represent essential interactions of firms and consumers
based on their “individual diversity, then would be expected to be a tool for analyzing
coevolutionary processes of firms’ technologies and consumers’ preferences.

Using the proposed framework we also construct a simulation model to simulate macro
behavior of lock-in in a market. From the simulation we verify some economical propositions,
which should validate a part of the model. Then we apply the model to some real market
situation such as memory card market in which de facto standard competitions are going.
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Agent-based Model of Coevolutionary Processes of Firms Technologies and Consumers
Preferences
— Simulation of Lock-in Behavior —

Shingo TAKAHASHI and Kotaro OHORI

In this paper we propose a model of coevolutionary processes of firms technologies and consumers preferences,
and discuss some economical properties emerged from their interactions in the whole market. The model can
represent essential interactions of firms and consumers based on their individual diversity, then would be expected
to be a tool for analyzing coevolutionary processes of firm’s technologies and consumers’ preferences.

Using the proposed framework we also construct a simulation model to simulate macro behavior of lock-in in
a market. From the simulation we verify some economical propositions, which should validate a part of the model.
Then we apply the model to some real market situation such as memory card market in which de facto standard
competitions are going.

‘ 1. Introduction : ,
This paper presents an. agent-based model as a framework for analyzing the coevolutionary processes of
technologies firms possess and preferences consumers use to select products. The model clarifies heterogeneities
included in firm agents and consumer agents. ; ‘
The model represents interactions between firms and consumers through a product space. To keep the model
simple, other strategies such as sales, logistics or planning are not included in the model explicitly.
The researches of interactions of firms and consumers have been done mainly in economics. There have been
found some influential propositions concerning network effect or lock-in problems (Ida 2003 ,JRohlfs 2001).
In agent-based approach, some researches can be seen such as lock-in model with replicator dynamics(Deguchi
2003) , technology transition(Struben 2004), innovation(Cartier 2004) or consumer behavior(Takahashi 2004).
We consider interactions between firms, between consumers, and between firms and consumers,: in essential
way that each agent learns and evolves its decision rule. »
This paper aims at verifying some well-known conventional propositions in economics within our model. This
would provide validity with the model. In particular, we focus on the simulation of lock-in behavior, and apply our
model to memory card market.

2. CAMCaT:Coevolutionary Model
We introduce an agent-based model (CAMCaT: Coevolutionary Agent-based Model for Consumers and
Technologies) to analyze coevolutionary processes of technological innovation in firms-and consumers preferences
in choices of goods. The main framework of the model consists of consumer population, firm population and
product space (Fig.2.1).
2.1 Model of Firms
Each firm, based on its technology, inputs products into the product space. Each firm primarily performs such
activities as getting information on consumers’ behavior of choosing goods, recognizing other firms’ behaviors as an
environment, and developing its technologies.
1) Chromosome of Firm
The chromosome of a firm consists of three parameters that describe management strategy, technological strategy
and possessed technologies. The management strategy and technological strategy represent the firm’s vision
concerning its core competence and technology, while the possessed technologies representing patents or
equipments required for further developments.
2) Input of Products
Each firm has its own rule of inputting products, which is defined based on the management strategy and
possessed technologies. The input rule specifies how often firms input products into the product space. The
attributes of a product are specified depending on the possessed technologies. In our model only the variety of
products to be input is specified. The amount of them is constant. The main concern of CAMCaT is to consider the
evolutionary process of consumers and firms expressed as chromosomes, though in case of focusing on some
marketing research, how much products should be produced and input might be a main problem.
3) Evaluation of Firm
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Each firm evaluates the possibility that its possessed technologies survive in competitive markets. The
evaluation is calculated from the aspects how the possessed technologies fit the firm’s strategy and how the input
products are accepted in the market.

4) Acquisition of Technology (licensing, M&A)

Based on its evaluation of a firm, each firm gets other firms’ technologies. Highly evaluated Firms inherit their
technologies to the next generation in GA. Low evaluated Firms tend to get other highly evaluated technologies.
This process is performed with the selection operator in GA. Note that selected are not firms themselves, but
technologies. ‘

5) Acquisition of Technology (cross license, R&D)

There are cases where a firm develops technologies by itself or gets cross licenses with other firms. These
processes are performed with the crossover or mutation operators in GA. In our simulation the management strategy
itself does not evolve.

6) New Entry
In each generation, the population size of firms is renewed by entering new firm agents into the firm.
2.2 Model of Consumers ,

Each consumer recognizes the product space as a market environment, then selects and buys a product.
Technological development including innovation affects the behavior of consamers’ selections so that consumers
evolve their own selection rules.

1) Chromosome of Consumer

The chromosome of each consumer is defined by characteristics, cutoff values and evaluation weights. The
characteristics parameter is originally introduced in our model, the parameter which basically represents the
tendency of purchase by each consumer. The model can express very independent consumers who purchase
products without being affected from others’ behavior or very sensitive consumers to fashion. This formulation
provides us with analyzing the so-called band-wagon effect.

2) Evaluation and Purchase of Products

Each consumer evaluates products by the evaluation rule of products and purchases one having the maximum

utility bigger than the cutoff values.
3) Evaluation of Selection Rule

After selecting products, each consumer evaluates his own chromosome. Based on the evaluation result, the
cutoff values are revised.:

4) Band-wagon Effect

The parameters other than the characteristics are revised after. consumers evaluate their chromosome. The
partial selection of the genetic operators is used to revise the parameters of the chromosome. This can be considered
as the band-wagon effect that shows influences from other consumers.

5) Information Exchange and Gathering

Each consumer revises his chromosome after the evaluation of the result of his behavior. The revision of the
chromosome represents the core of learning process of the consumer, the learning process which is based on the way
of information exchange with other consumers or gathering information from advertising media. The process is
performed with crossover and mutation operators in GA.

g,

",
™,

/ consumer population “firm population

entry

exchange

: A JS———
information

{ product space
|
|

technological interlink

select investmen firm

CONSUIMNET ssseesciqurssaenesnsnspenshass
% "~product > k .
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chromosome
characteristic, value % strategy, technology
X i p selectional‘lsta‘ie/
R
evaluate consumer evaluate technology
select consumer —* genetic operation \ select technology — genetic operation
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et
Figure 2.1 Summary of CAMCaT
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: : 3. Simulation of Lock-in Behavior SR
Using the framework of CAMCaT, we present a specific simulation of lock-in behavior in a market. CAMCaT
has a very wide applicability for investigating various market situations. This paper aims at simply tracing the lock-
in behavior. : ; -
3.1 The Parameters in Product Space
The product space is a set of products with some attributes. Here we specify 6 attributes defined by
A=(a;),(1<a,; <200)where,i=12,.../, k=12,--6, i identifies an individual product, the maximum

number is 7. kis the attribute number of a product.

3.2 The Parameters in Firm Population
The initial size of the firm population is 5. A generation cycle in simulation is set by the steps 2) through 6)
described below. We performed 3000 generations in a simulation.
1) Generating Initial Population S ‘
The chromosome of a firm consists of the leadership degree L, firm’s vision C and possessed technology 7',
defined by Chromosome of firm i = (L, C, T ),where ‘

L=() (005<1,<0.15),C = () (Ycy =1),T = () (1< 1, $200),i =12, m k=1.2,---,6
k

i expresses a firm, the initial value of m is 5. m increases by revising - the -population size in step 6.
k expresses a technology attribute.
The  leadership degree affects the frequency of inputting products etc. The firm’s vision represents a
technological strategy seeing which technology-attributes.
2) Inputting Products
Each firm i inputs a product, according to the degree of leadership parameter, with the possibility function

pthrow; defined by

, s = tmod 25

pthrow,(Is) = —
' eA AT

fs is given by generation number ¢ modulo 25 .
The attribute 4 of input product j is set by calculating from the possessed technology T of the firm.
3) Evaluating a Firm
Each firm i is evaluated using the fitness function defined below.
£, =w, * share + w, * (1—risk) + w, * selfvalue

the number of consumers purchasing product i Z{ i~ e |
where share= P EP ) risk=t———
total number of consumers ' ,

selfvalue = Zcik *f .
%

share shows the share of the product firm i inputs. risk represents the difference between the most
purchased product j and firm’s technology. selfvalue shows the fitness of technology with firm’s vision. The

weight parameters are set to w, =0.18,w, =0.17,w, =0.65. Each parameter is normalized to {0,1], then the

maximum value of fitness is 1.
4) Selecting Technology
Chromosomes of firms are selected after the evaluation. We use Baker’s linear ranking method.
5) Crossover and Mutation ‘

We use random mask crossover with crossover rate 0.1. The mutation rate is basically 0.03, modified higher in
generation of no product entry. The mutated value is decided by a normal distribution with possessed technology as
mea:

6) Revising Population Size

The population size is revised in each generation according to some entry parameters such as leader or

follower firms’ entry rates and new technology.
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3.3 The Parameters in Consumer Population
The population size of consumer is 100. A generation is composed of 2) through 6) below. A simulation
repeats 3000 generations.
1) Generating Initial Population
The chromosome of a consumer consists of the degree to others D, cutoff value C, purchasing weight for
product attributes W, and the common attribute value A defined by chromosome of consumer i = (D, C, W, A)

where D=(d,) (0<d,;<1),C=(cy) (0<c, <200),W =(wy) (Zw,.k =1),4=(ay) (1<ay <200),
I3

i=12,-,m k=12,---6 j=12,---1.i is a consumer index, » is the total number of consumers, j is a product

index which varies by inputting products, and £ is an attribute index.
2) Evaluating Products
Each consumer rejects products below the cutoff values, and selects a product with the maximum utility. The

utility function of consumer i for product j is defined by u; = {2 by *ay *d, +ZW’C *ay x(1-d;)}i*c;,
% P

(c; ={0,1}) where b, represents the attribute of the most purchased product.

3) Evaluating Selection Rule
After selecting product, each consumer evaluates his own selection rule using the fitness function.

Ji =w, * (1= PS)+w, * sumcut +w, * 1/ maxcut
PS is the value of non-cutoff products, sumcut.is-the sum of cutoff values, and maxcut is the maximum. The
weights are set to w, = 0.56,w, = 0.38,w, = 0.06 . Each parameter is normalized to [0,1].

4) Selecting Consumers

According to the evaluation of consumers, chromosomes of consumers are selected with the roulette method.
5) Crossover and Mutation

Crossover rate is 0.6, and mutation 0.15.

4. Experimental Results
Based on the results seen from the experimentations with CAMCaT, we verify some economical propositions:
1) Ever evolving consuniers have cognitive limits of product technologies, 2)'1L.ock-in needs critical mass, 3) Early
entry is better for getting de facto standard, and 4) Lock-in wave changes standard. The forth is newly found in our
experimentation. Finally we see 2 memory card market simulation result.
1) Ever evolving consumers have cognitive limits of product technologies
We compare two cases: small and development capabilities by changing attributes in mutation (Fig.4.1)
High technology is difficult to get high fitness value. Consumers can hardly recognize high technology products.
2) Lock-in needs critical mass
This paper defines lock-in as the state in which a standard keeps 100% market share against other standards entries.
As a simulation result (Fig.4.2), the lock-in of a standard comes after some critical mass of share is reached. This
suggests that before getting the critical mass, acquisition of technology is more effective than product marketing.
3) Early entry is better for getting de facto standard
Short intervals of new entries do not allow early entry product to be a de facto standard. However, if the interval of
new entries is long enough, an early entry product tends to be a de facto standard.
4) Lock-in wave changes standard
Once lock-in is built up, how or when does it switch to another? This seems very tough question. Higher
technology is not necessarily a successor. In our experimentation, de facto standard 6 switches to a new de facto
standard 18 after the share has waved because of other firms non-expected entries (ex. standard no.17)(Fig.4.3). We
can see similar wave in consumer population as well. We call this situation “lock-in wave.”

5. Conclusions

This paper presents a framework, called CAMCaT, for analyzing coevolutionary processes in which
interactions between firms’ technology and consumers” demands.

Our model consists of firm population, consumer population, and product space. The agents in each population
learn and evolve their own behavior mutually depending on the other population. There are essential interactions
between the two populations by exchanging action results.

This paper performed some experimentation especially on lock-in behavior. We verified some economical
propositions and applied it to memory card market. This gives a part of validity of the model.
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Abstract: This paper proposes Agent-based Organizational Cybernetics (AOC), which combines organizational
cybernetic framework and computational organization theoretic approach, especially agent-based computational
learning model. ,

Organizational cybernetics provides a basic framework in which every organization is comprehensively described to
be composed of 4 functional layers: process, coordination, adaptation and self-organization. In organizational
cybernetics the difference between the overall purpose of an organization and each function of it plays an essential role
especially to provide diagnosis for the organization of keeping viable. In this usage of the organizational cybernetic
framework no micro-macro problem between learning of each member and that of the whole system can be seen.

On the other hand, computational organization theoretic approach focuses on agents’ task resolutions and bottom-up
description of organizational activities. Organizational learning process described in computational organization theory
mainly consists of error correcting activities by each agent and organization itself based on the agents’ decision rules.

Computational organization theory describes explicitly models to define detail dynamics on learning in process levels
by agents. It is, however, not straightforward to describe double-loop learning as sharing internal models among agents.

Though organizational cybernetic approach and computational organization theoretic one have considerably different
aspects: on micro-level and on macro-level, we can combine them and build newly emergent model.

Our proposed model describes the two loops of organizational learning by representing both processes of learning of
internal models and resolving tasks by agents. The model can describe essentially different levels of individual learning
and organizational one so asf“to distinguish effectively the two loops of organizational learning. ‘
Keywords: organizational " cybernetics, organizational learning, computational organization theory, micro-macro

problem .
1. INTRODUCTION

This paper presents a comprehensively hybrid model
that combines organizational cybernetic framework and
computational  organization - theoretic  approach,
especially agent-based computational learning model.
The framework of organizational cybernetics includes
no agent concept innately, but originally aims to
contribute to diagnosis of organizational failure based
on Ashby’s law of 'variety. On the other hand,
computational organization theoretic approach contains
agent-based  task resolution’ “processes “ in  detail
operational manner, but describes only & - “flat”
organization that has no hierarchical relationship
between™ subsystems.” The -hybrid model ‘this paper
presents - 'is ‘‘comprehensive © in~ understanding
organizational“ learning in the sense that the learning
process’ includes essentially the following steps: each
agent resolves tasks in every functional layer in an
organization; the results of the resolutions of tasks are
unified to be’ organizational output performance; the
organizational performance should be evaluated from
environment; each agent change its internal model
based on the evaluation results.

We call our newly: developed approach Agent-based
Organizational - Cybernetics(AOC). An organization
considered in AOC is formulated: to have 4 functional
layers defined in organizational cybernetics: process,

coordination, adaptation ~and  self-organization.
Organizational cybernetic model has originally no
concept of agent. AOC introduces the concepts of agent
and communication process among agents into each
functional layer of an organizational cybernetic model.
An agent is_characterized by individual situatedness and
internal model principle, and is defined as an
autonomous decision maker who constructs individually
an internal model to describe its recognition of situation
surrounding that agent.

The basic features of AOC can be listed:

1. .Interaction between environment and decision

makers (from organizational cybernetic viewpoint),

2. An autonomous decision maker makes an decision

according to his decision principle,

3. An. organization is-structured in a multi-layer

hierarchical form with some functional subsystems,

4. In each layer of the hierarchy some agent groups

are involved and interact one another,

5. Every: agent has its own internal model that

describes the situation. surrounding the agent (called

individual situatedness), and

6. Every agent can learn its internal model and the

organization can learn by sharing agents’ internal

models.

AOC allows us to deal with organizational problems

such as organizational learning in essentially operational
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manners. Results:analyzed using -AOC could suggest
how we should effectively and operationally manage
complex problems on the organization concerned. The
principal target of AOC is to provide design criteria of
prescription, especially which has been not yet validated
in actual situations, on how an organization of concern
should make a decision and take an action to adapt itself
to dynamically changing environment. AOC can also
provide an  effective way to evolve new design of
functions working in an organization by re-combination
of subsystems.

In the sequent sections we see. briefly the
characteristics of organizational cybernetics,
organizational learning as a target problem in AOC, and
basic ‘components of AOC model. In"the last part'a
specific -simulation: -model.-will be -explained  as. an
example.

2. BASIC ELEMENTS FOR
ORGANIZATIONAL CYBERNETICS

Organizational cybernetics has been developed by
Beer as its father, his colleagues and subsequent
cybernetic researchers [3,6,19]. Beer’s viable system
model(VSM), which has been considered .as. the origin
of organizational cybernetics is composed of functional
layers from system 1 through system 5 each of which
includes again iteratively the 5 functional layers as
subsystems.~ Each layer - system separately  receives
inputs from environment. ,

VSM could provide a comprehensive description of
an organization in question. Then some diagnoses are
analyzed for organizational problems such as failures on
organizational learning, typically based on the law of
requisite variety developed by Ashby.

These considerations by using VSM can give fully
comprehensive, but very descriptive analysis so that it
can help us only to understand actually recognized
failures on organizational learning in the organization.

Takahara [4] formalized a general organization model
as a hierarchical goal seeking system. The model is
composed of “basically 4 functional layers: process,
optimization & regulation, coordination, and adaptation
& self-organization layers (Fig.1). Based on the general
model; a basic organization model is formulated (Fig.2),
which can deal with typical and essential organizational
problems ¢ suchas *coordination - ‘principle “in a
hierarchical system:This* model cai’be - essentially
helpful’ to- get ‘general “insights and-understanding of
structural relationships of - functional* subsystems: that
seek theirownlayers’ goals: '

An' organization = can-" be  characterized; - from
cyberneticiviewpoint, as a system’ with: the following
properties: 1) open socio-technical system; 2) contrived
system to achieve its purpose; 3) hierarchical system; 4)
having negative. entropy for -structural stability; 5)
dynamical - equilibrium. system; 6)  having. feedback
mechanism; 7) adaptive; 8) growth by . internal
elaboration; 9) equifinal: and open; . 10). managerial
system-to achieve organizational goal.

Under dynamically changing circumstances we face
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inexperienced situations that need new prescriptions that
might be difficult to validate their effectiveness in
observable ways. Hence we are required to make our
models operational to manage such dynamical
circumstances.
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3. COMPONENTS OF ORGANIZATIONAL
LEARNING

The concept of organizational learning we use for our
framework has similar aspects of Argyris® concept that
individual learning processes are innately connected to
organizational _learning process. Our framework
explicitly distinguishes individual levels of learning and
organizational . onesy and also does the levels of

- single-loop learning and double-loop one. We can sce

the explicit distinctions of the 4 types.of learning loops.

The distinction by Argyris of single-loop learning and
double-loop. one. is originated, as Argyris stated [2],
from - similar ~notions - in  cybernetics developed by
Ashby[1]. Based on organizational cybernetic approach,
Espejo has provided a basis of the way how to.apply the
double-loop - learning -notion and. process to .- actual
organizations [3].

In:.AOC. 'the concept of organizational learning,
especially the learning-loop processes. are. realized. in
operational ways that each agent evaluates and revises
its- internal - model. ‘By = implementing

v
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mechanisms of organizational learning in agents, the
micro-macro problems can be explored effectively so as
to tackle complex organizational systems.

The essential elements of organizational learning in
AOC are the four learning-loops:
individual-/organizational- and. - single-/double- loop
learning. AOC implements the learning processes as
evaluating, revising and sharing processes of internal
models possessed by agents.

1. Individual single-loop learning.

An agent builds its internal model to describe the
environmental - structure and - the problem situation
recognized, which includes some decision variables and
decision criteria. The agent uses its internal model to
optimize the decision variables. This:learning does not
enhance any ability of making organizational decisions.
2. Organizational single-loop learning.

To achieve the given organizational goal, subgoals
are specified to agents in inferior subsystems The values
of the individual decision variables, which must be the
results of the individual single-loop learning, are unified
by the organization. The organization makes a decision
based on the unified results:

3. Individual double-loop learning.

Each agent evaluates its internal model, based on the
results of the decision performed just before. Then the
internal model is revised.

This process of revising internal models by agents
can be implemented effectively by using genetic
algorithm (GA).

The evaluation is defined by a fitness function that
indicates what kind of information is available and how
it should be utilized for the evaluation.

After the evaluations of the internal models, applying
GA operators such as selection, crossover and mutation,
the internal models are actually revised for the
subsequent decisions.

4. Organizational double-loop learning.

As aresult of ‘good’ individual double-loop learning,
the agents share in the organization their good internal
models that provide them with better decision capability
and allow them to keep the organization viable.

4. BASIS OF AGENT-BASED
ORGANIZATIONAL CYBERNETICS

4.1 Hierarchical organization model in AOC

Combining hierarchical” model ~of " organizational
cybernetics and "agent model in computational
organization theory, AOC consists of two basic models:
hierarchical organization model and situated agent
model.

A hierarchical organization model is a-multi-layer
system that has basically adaptive, coordination, and
operational levels (Fig.3).

In AOC the function of each level is realized by a
group of agents. Every agent belongs to one of the
subsystems of the hierarchy. Each subsystem seeks
possibly different goal from other subsystems. Hence an

agent is conducted based on the goal of the subsystem
of which the agent is a member.
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Figure 3 Basic Hierarchical Model in AOC

Adaptive level is composed of intelligence and
institutional functions. In this level, based on
environmental information observed by the intelligence
function, the organization creates policy or strategy that
could” achieve a given organizational goal. If the
organizational goal is recreated, the organization would
go to a self-organization phase.

Coordination level has a function that determines
coordination variables to control inferior subsystems in
a decentralized manner. Coordination principles, which
define how to coordinate the inferior subsystems, are
essential to achieve a coordination goal.

In operational level agents determine decision
variables autonomously, each of whom aims to optimize
the process assigned to him. The processes interact with
one another. The optimization process is given as a task
resolution one, the result of which is reported to the
superior subsystem, i.e. coordination level.

Computational Organization Theory has focused so
far on models of the operational level. AOC formulates
the operational level as a layer of the hierarchical
subsystems of the overall organization model.

4.2 Situated agent model in AOC as autonomous
decision maker

An agent concept in AOC as an autonomous decision
maker has basically the following features (Fig.4).

1) An agent recognizes a process as a target of its
decision making, and builds its model internally, which
is called internal model.

The internal model describes the behavior of the
process and external inputs from environment, which
can include agent’s recognition of the surrounding
situation. An agent has its own internal model to
describe the surrounding situation Every agent is
considered to be involved in its situation that is
individually perceived by that agent. We call it
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individual situatedness.

2) An agent applies a decision principle to a problem
concerning - the process so: that the agent evaluates
options or alternatives to solve the problem.

The decision principle’ represents.-a -criterion for
preference . ordering of the alternatives. It can be
formally defined as a function from the class of
problems to be solved into the ordering structures of
preferences. '

Goal

— Individual Situation
A4
Autonomous: Decision Maker
Decision Principle -
Internal Model of Situation

Feedforward ; Decision Vangbles Feedback
v
. Process N
»1 " Target of Decision Making’ 4
Input : Output
Task . Resolution

Figure 4 Situated Agent Model as Decision Maker

An eminent feature of AOC is to deal with, in an
operatjonal manner, micro-macro problems such as a
problem of the relationship between individual learning
process of each agent and organizational one. An agent
is typically a member of one of the autonomous
decision groups defined in the multi-layers of an
organization. The overall environment  can “be
recognized as interpreted information from shared
internal models of individually perceived situations.

4.3 Typical internal models

We here ‘consider typical “internal’ models in each
‘hierarchical level. ‘

A typical internal model that an agent in adaptive
level has is its recognition of the environmental
structure, ‘especially the  recognition how  the
environment makes responses to an agent” and ‘the
organization in'a form of cost-profit function.”

Another typical internal model in this level is the
decision’ principle that an agent uses to make its
decision. : ‘

An internal model used in coordination®level is the
recognition”™ of ‘the 'process  in which assigned tasks
should be actually resolved.- v

In operational level a typical internal model can be
how an ‘agent recognizes tasks to be resolved as well as
the task resolution process itself. '

The point in considering learning problems in an
organization is how each agent should evaluate its
internal model, based on which the agent revises its
interhal’ model, i.¢." the recognition of its individual
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situation and shares it among agents.

4.4 Target fields of problems in AOC

AOC basically provides effective operational ways to
explore solutions - for problems on the double-loop
organizational learning in  various . types of
organizations. :

Typical types of problems to which AOC aims to
contribute can be described, for example, as follows.

1) Suggesting effective guidelines. for organizational
learning in - dynamically changing circumstances
surrounding an organization.

2). Verifying - the  effectiveness to introduce
information systems to organizations from a viewpoint
of organizational learning.

3) Designing incentive systems and organizational
institutions to promote the motivations of organization
members.

5. BUILDING SIMULATION MODELS

Simulation models should be specified as to problems
we should explore. Here we briefly describe a model as
an example formulated in AOC [11]. The model aims.to
provide effective guideline for organizational learning
from a general aspect.
1) In adaptive level environmental situations are
recognized and policies of the organization are made to
be adaptive to the recognized environment.

An environment is recognized as a response function

defined by y = ZL (i ™ B.r . An agent recognizes

as its internal model the real profit and the cost
coefficients of the response “function:

(@, [3,) that represents the structure of the

environment. ;

After recognizing the environmental structure, an
agent in this level makes a decision of task resolution
structure. a=(a, -, a, . %) and resource allocationr .
The task resolution structure is expressed by active
vector a=(a,-a, ,a) that defines which section of
agents resolves the task; if an task resolution is taken in
the ith section, then we set a, =1, otherwise. @, =0.

Internal model in adaptive level is decision principle

used in making 'a decision as an ordering and choice
criterion on alternatives.
2) In coordination level an agent determines the
values of coordination variables that represent how
tasks should be allocated into each agent of the
operational level. ‘

Given a task structure a=(a,-,a,.a) and a
resource allocation 7, an agent in the coordination level
determines the values of coordination variables

y=(0,".Y,) and Z; y, =, which are assigned

to the agents in operational level. Each agent in
operational level performs task resolution based on the
assigned coordination variables, then reports the
resolution result*to the cootdinator. The agents in
coordination level again calculate new values of the



coordination variables. The coordination process
described here realizes a learning mechanism.

3) Operational level provides detail task resolution
processes performed by agents. Given the coordination

values y=(,-",%,) and the recognized  task

u, =(u,, .4, ), an agent, who is assigned the task
according to the task resolution structure in the adaptive
level, makes a plan of resolution ¢/ =(q4, -, g qM) .
The performance how much the assigned tasks were
resolved is evaluated based on the value of the ratio of

ue:(uelﬂn'9uen) and q::(q"h:qr;»’ql’m)

These formulations described above can be served as
rather general specification of a simulation model. Even
this kind of general model can provide us with useful
insights; e.g. effective guideline for organizational
learning [11].

More specific models would be required for dealing
with more specific problems  of  concermn. . The
complexity of a specific model to what extent we should
describe necessarily depends on the specific problem of
concern.

6. CONCULUSION

We have propose Agent-based Organizational
Cybernetics (AOC) approach, which has the following
characteristics:

1. Environment-Decision Maker interaction,

2. An autonomous decision maker with individual

decision principle,

3. Multi-layer hierarchical structure of organization,

4. Agent group in each layer in the hierarchy,

5. Agent with its own internal model; individual

situatedness, -

6. Learning internal models by agents and

organization and sharing internal models in

organization.

Agents belong to some layer of the hierarchical
structure of the organization. The agent concept of AOC
includes as basic features:

1. Individual situatedness; each agent is involved in

individually recognized situation.

2. Individually surrounding situation is represented as

an internal model by each agent. .~

3. An internal model includes decision principle that

is applied to evaluate the problem of concern.

A primary concern in AOC is in problems on how to
design a new organization to manage various kinds of
failures originated from learning problems. AOC allows
us to deal with the organization of concern in an
operational manner. Hence we can verify innovative
design, for which we have few enough data, by creating
and testing “scenarios” on dynamical changes of
interactions of organization and environment.
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Abstract. This paper proposes guidelines to evaluate agent’s internal model
effectively in organizational learning. We developed an approach named Agent-
based - ‘Organizational ~ Cybemetics (AOC). to describe - problems in
organizational learning with -an agent-based model and to design some
‘prescriptions for them. This paper focuses on four typical evaluation problems
of internal model in organizational learning: (1) environmental scanning, (2)
policy making, (3) coordination, and (4) task resolution.” We design somme
guidelines for each problem, run simulations in various settings, and test the
robustness._ of results. The results provide some robust effective guidelines in
organizational learning. Organizational-performance(OP)-based evaluation
realizes organization’s high performance in all four problem situations: The
OP-based’ evaluation; “however, cannot guarantee that an agent gets a right
iriternal tmodel-all-the time. So, it is effective to also consider some other
complementary eévaluations. ‘

Keywords: organizational cybernetics, organizational learning, computational
organization theory, agent-based organizational cybernetics

1 Introduction

Agent-based approach for organizational learning sounds promising. Agent-based
modeling can describe the behavior of an organization as a result of individual agents’
behaviors. So we can discuss the micro-macro problems of complex organizational
systems in an operational manner.

Computational organization theory has attacked some problems in organizational
learning. March has described a simple double-loop learning mechanism with a
concept of exploration and exploitation (March 1991). Takadama et al. have
developed an Organizational-learning oriented Classifier System to model four-loop
learning in organizational learning operatlonally (Takadama et al. 1999). Some
models have considered organizational structure in orgamzanonal learning (Carley
and Svoboda 1996; Takahashi and Goto 2005).

However, computational organization theoretic approach describes either only a
“flat” organization that has no hierarchical relationship between subsystems, or higher



subsystems as super-agent activities (Takahashi 2006; Chang and Harrington 2006).
The model in this paper represents a “hierarchical” organization that bas four
functional layers defined in organizational cybernetics: = intelligence, policy,
coordination and resolution.” All functional layers are described as an. agent-based
system. We call this approach Agent-based Organizational Cybernetics.(AOC),

This: paper . focuses on typical evaluation -problems of internal model in each
functional layer: environment scanning,.policy making, coordination, and task
resolution. We design and test some guidelines for each problem.

In the following sections we. briefly introduce the main features of AOC, and
describe the typical problems in organizational learning, simulation.model, and
guidelines for effective organizational learning. In the last part, we report results and
discussion.

2 Agent-based Organizational Cybernetics

AOC is a hybrid model that combines organizational cybernetic framework and
computational organization theoretic approach. The main target of AOC is to describe
problems in organizational learning with an agent-based model and to design some
prescriptions for them (Takahashi 20006).

The basic features of AOC can be listed: (1) interaction between environment and
agents, (2) agent’s decision making according to his decision principle, (3) multi-layer
hierarchical organization with some functional subsystems, (4) agent-group in each
layer of the hierarchy, (5) situatedness of an agent, (6) organizational learning of
revising and sharing agents’ internal models.

%)

3 Typical problems in organizational learning

It is natural to be thought that problems in organizational learning are different within
organizational functions. We define four functional layers in the AOC manner, and
describe typical problems for each layer. An organization considered has the
following four functional layers.

1. Intelligence. An organization should recognize the environmental structure
properly to realize an adaptive organizational policy. The environmental structure
is scanned.

2. Policy. An organization defines own structure and input to be viable in an
environment. A task resolution structure and a resource allocation are defined as an
organizational policy.

3. Coordination. An organization has to coordinate inferior subsystems to realize
better organizational performance. The values of coordination variables are
decided. ‘ ‘ ‘

4. Resolution. An organization resolves tasks in an environment. A plan of task
resolution is selected. ‘

We can specify a typical problem in each layer.
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1.-Scanning " environment; - In - intelligence - layer..the . right recognition -of the
environmental structure 1is offered.

2. Policy  making. In-policy layer it is difficult to-be ‘viable or adaptive without an
adequate decision principle to evaluate organizational policies.

3. -Coordination. ' In:coordination layer: the proper anticipation of a‘coordination
variable - value:'to - a subsystems performance level ~is. essential for . better
coordination.

4. Task resolution. In resolution layer the nght recognition: of the task is required for
effective task resolution:

Learning: is essential for an organization to tackle these four problems. We
especially focus on internal model evaluation in learning. If an agent cannot evaluate
his internal model properly, he will fail to revise it successfully. So we, in this paper,
seek guidelines for the evaluation of an agent’s mternal model in each typical problem
in organizational learning.

4 Model

We here consider a_simple maker-type organization that has some processes. The
organization an‘ampates characteristics of an environment, defines a task resolution
structure and a resource allocation, distributes resources to each process, and resolves
a task in each process by using the resources (see Figure 1).

Task

A task means a series of demand for a service or a product that a process provides.
For effective task resolution, supply. need to fit demand. Much supply requires a lot of
resources. There exist # tasks u u, in an environment. An organization

€i? 2 Fen

u

R
selects tasks to resolve, and resolves them.
We assume that an organization use the common resource that can resolve every

task. The ith task wu, that has a ¢ -long string is expressed as (um,---,uei,,---,ueiq).

The [thelementofthe u, means the amount of the demand in the I th term.

Environment ~
In the AOC framework an agent is confronting her own environment, and an
organization is’ also confronting its own environment. We build an environment
model of the organization as a task generator and a response function,

The task generator provrdes the organization with n tasks every step. We define

the task resolution plan 'm, as (md, Sy, ) Task resolution performance with

the m, isevaluated by the fitness of the demand and the supply (Eq. 1).
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Fig. 1. Hierarchical organization model. Based on a model appeared in WCSS06 (Goto and

Takahashi 2006), the model in this paper is newly developed in the AOC manner (Takahashi
2006).

The response function evaluates the output of the task resolution activities of an
organization. An organization’s performance is evaluated by the response function

y: Z:;laeiyi - er H (2)

where @, and S, respectively show a real profit coefficient and a cost coefficient,
y; is a task resolution performance in the ‘i th process.

Functional hierarchy v
An organization is a three levels hierarchical system: adaptive, coordination and
operational levels defined in organizational cybernetics (Beer 1981; Takahara and
Mesarovic 2003). Every agent belongs to one of the subsystems of the hierarchy, and
makes a decision of the subsystem.

Adaptive level consists of intelligence and policy functions. In an intelligence
function the environmental structure sz that considers the profit coefficients

a,, 0, a, and the cost coefficient B of Eq (2) is observed. In a policy

function a task resolution structure a,,---,q,,---,a, and a resource allocation r are

defined as an organizational policy p. The task resolution structure defines processes
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in which the tasks are resolved; if task resolution is taken in the ith process, then we
set a =1, otherwise a,=0. We assume that the tasks and the processes are one-to-
one correspondence: the task wu,, in the environment is resolved in the ith process

in an organization.

In coordination level a coordination function sets the values of coordination
variables to manage the operational level under the organizational policy. The values
of coordination variables y= (7, % -%,) represent how to allocate resources 10

the prdcesses; 7, represents that agents in the ith process use y resources to
resolve the tasku,;if ¢,=0,then »=0.

Operational level consists of a resolution function and n processes. The
resolution function has n agent-groups. Based on the coordination variables every

ei ?

agent makes -a ‘plan of task resolution m,={m,, -,mi"),z:;mi, =7 in the ith
process. The plan m, is a series of the supply for the service of the product.

Agerit and Internal Model

An organization has some agents. Every agent belongs to one of the four functions.
We call an agent in an intelligence function a scanner, in a policy function a policy
maker,.in_a_coordination function a coordinator, and in a resolution function a
resolver, respectively. Every agent refers his internal model and makes a decision.

A scanner observes an environment structure st, has the recognition as his
internal model, and reports the aggregated one to the policy function.

A policy maker gets the anticipated environmental structure from the intelligence
function, applies his decision principle of his internal model, and selects the most
preferable organization policy. The decision principle consists of three types of
preference: coverage pursuit (CP), profitability pursuit (PP) and cost aversion (CA). A
policy maker has an attitude for each type: agree (1), disagree (-1) and not considered
(0). The decision principle is represented as DP =(CP, PP, CA), and every preference

takes a value of {1,0,-1} . The CP is a preference for resolving more tasks. The PPisa

preference for resolving more profitable tasks. The CA is a preference for paying
more costs. We here skip detailed description of them. A policy maker selects the
alternative that maximizes the sum of the preference values.

A coordinator has an anticipation of a task resolution performance YooY Ve

realized by a coordination v .

" A resolver in the ith process recognizes the task u,, and has the recognition o,
as his internal model, and selects the plan of task resolution m, that seems to realize
the highest task resolution performance. i

Organizational Learning ‘

We reinterpret the four-loop learning (Espejo et al. 1996) in an operational way as an
agent-based organizational learning model. We represents double-loop learning as
three processes: evaluation of agent’s internal model, revision of the internal model,



and sharing of agents’ internal models in an agent-group. The  described
organizational learning cycle is taken in each organizational layer in an organization.

1. Individual single-loop learning. Every agent refers his internal model that

describes confronting environment, applies his decision principle to optimize his
decision alternatives, and selects a decision alternative. This process has no
influence with the progress in the ability of organization’s decision making.

2. Organizational single-loop learning. Agent-group’s decision is taken by unifying
agents’ decisions. The most selected decision alternative is adopted as the group’s
one.

3. Individual double-loop learning. An agent evaluates his own internal model from
the result of the decision made just before. Then he revises his internal model.
These processes are implemented by using genetic algorithm (GA): a fitness
function corresponds with agent’s internal model evaluation, and genetic operation
corresponds with revision of ‘the internal models. The implementation by GA
represents the evolutionary aspect of organizational learning. Design of the fitness
function is the key to success of effective organizational learning.

4. Organizational double-loop learning. As a result of effective individual double-
loop learning, agents in the group share their helpful internal models. The group
(or an organization) progresses its ability of decision making, and can be more
viable or adaptive.

Guidelines in Organizational Learning

We have described four typical problems in organizational learning: scanning
environment, policy making, coordination, and task resolution. In these problems
proper evaluation of agent’s internal model is essential. So we, in this paper, seek
effective guidelines to define how helpful agent’s internal model is to a situated
environment.

A critical constraint in these problems is that agent does not know.the “right”
internal model in organizational learning. Then we assume that an agent can get data
of organizational performance and task resolution performance as a response from an
environment. '

For scanners’ scanning environment
Scanners’ problem is to recognize the environmental structure st=(a,, . a,.5,)

correctly.. We design the following three- guidelines to evaluate scanners’ internal
model properly.

1. Organizational-performance-based evaluation (OP). If a scanner has a right
recognition of the s¢, then the organizational performance will be improved.

2. Task-resolution-performance-based ~ evaluation (TRP). If the organizational
performance will be improved when a scanner has a right recognition of the st,
then the task resolution performance will be improved.
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3. Organizational-performance-anticipation-based evaluation (OPA). A scanner can
get information of an organizational policy: the task resolution structure and the
resource allocation. If a scanner has a right recognition st , then the difference
between an expected performance 'y -and a realized performance y’ will gets

smaller. We set an expected environmental structure st =(d,,--.a,,f5) and

define the expected performance as y' = Z La.— .

There exists a problem. Each of these three guidelines cannot apply to scanners
directly, because these correspond with the function’s (group’s) decision making. So
we. take an indirect approach, A scanner uses retrospective data that the organization
got, and he evaluates his internal model by the retrospective decision that is most
similar with his decision. This approach is common in the following problems. In the
retrospective data we set most similar organizational performance y*, the expected

performance of the decision y* and the realized task resolution performance
¥ y", . Then OP, TRP and OPA are defined as

OP = y* /maxof y, 3)
TRP=Yay' /> a, @

OPA=1/1+‘ u ®)

If the value of evaluation is high, then he has a helpful internal model in terms of
the guideline:

For Policy makers’ policy making :
Policy makers’ problem is to get an adequate decision pr1nc1ple We design. the
following two guidelines to evaluate policy maker’s internal model effectively.

1. OP. If a policy maker’s decision prmc1ple is desirable, then the organization will
realize high-level performance naturally (see Eq. 3).

2. TRP. When an organization realizes high-level performance, the task resolution
performance will be also high-level (see Eq. 4).

For Coordinators’ coordination

Coordinators ‘aim 4t having a sure anticipation of a task: resolution performance

realized by a resource allocation.
We design the following three guidelines.

1. OP. If a coordinator’s internal model is helpful and realizes effecuve coordination,
then the organization will finally realize high-level performance (see Eq. 3).

2. TRP. Effective coordination realizes high task resolution performance naturally
(see Eq. 4).

3. Fitness for retrospective data (FRD). If the anticipated task resolution performance
with a coordinator’s internal model fits to the retrospective fact data, the internal



model seems to be helpful. We set the j th retrospective data of the task resolution

performance y’;--,y’ by the resource allocation y , the coordinator’s

n

i’

anticipation for the y as y’ -,y .

FRD=1/1+ £ 37" Jax! ~an! ©
J

For Resolvers’ task resolution
Resolvers in the ith process should have a right recognition of the task u,. We

design the following three guidelines.

1. OP. The helpful internal model realizes effective task resolution. As a result, the
organization will achieve high-level performance (see Eq. 4).

2. TRP-2. If a resolver’s internal model is helpful, then task resolution will be taken
effectively in his process.

TRP-2 = y*, @)

3. Difference between task..and plan (DTP). If a resolver gets the magnitude
correlation between task and plan, he will be able to evaluate his decision. We set
the resolver’s decision m, =(,,---,m,,) .

» L if (uy 2 my,m, < m,)or(uy, <my,my, >m;) ®
DTP= e Le = eil it i il il il
2 l/ 1@ {0, otherwise

N

Experimental design and results

First we confirm two classic propositions in organizational learning for model
validation. Next we review which guideline is more effective in each problem.

Model validation
We here test whether the built model can generate results that are compatible with the

propositions of foregoing empirical studies. We choose the famous propositions by
Argyris (Argyris and Schon 1996).

o P 1. “If the organization has a right recognition of the environment, the
optimization of organizational actions by the organizational single-loop learning
(OSL) will lead to be adaptive to the environment.”

* P 2: “If the organization doesn’t have a right recognition of the environment,
organizational learning is not significant. The ° organization “requires
organizational double-loop learning (ODL) that also revises the recognition of the
environment.”

In this model the Argyris’s OSL can be interpreted as the learning in resolution
layer. The ODL can be interpreted as the learning in all four layers. In the proposition
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1 situation, scanners, policy makers and coordinators have a proper internal model,
though resolvers can have an inadequate internal model that is generated randomly. In
the proposition 2 situation all agents can have an inadequate internal model that is
randomly generated.

180 OsL ODL
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) 4'0 ] 1 1 i1 1 1 1 3 12 i L L L i i 1 1 1
0 100 200 300 400 0 100 200 300 400
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- with ODL e with OSL
without learning without learning

Fig. 2. Process of adaptation with OSL or ODL. OP represents the average organizational
evaluation value of 1000 runs in a setting.

The left graph of the Fig. 2 shows the result for the P. 1. An organization with OSL
or with ODL improves OP rapidly. On the other hand, an organization without OSL
seems to stagnate. Then the P. 1 is confirmed.

The right graph of the Fig. 2 shows the result for the P. 2. Both of organizations
with OSL and with ODL improve OP. The organization with ODL improves OP
twice as much as the organization with OSL does. An organization without learning
seems to stagnate. Then the P. 2 is also confirmed.

Effective guidelines in organizational learning

We here review which guideline is more effective for each problem. We have got
results that the OPA (Eq. 5) in intelligence layer and the DTP (Eq. 8) in resolution
Jayer are effective (Goto and Takahashi 2005; Goto and Takahashi 2006). However
we haven’t compared them with other guidelines.

We set the number of tasks n=3 and the number of agents in each layer 30. The
task w, is randomly set its values. A run of simulation consists of 500 steps of task
resolving and learning.

In this paper we consider three response function types and three task length
settings ( ¢=3,57 ) to make robustness tests. The response function types are
classified into,

1. all tasks should be resolved: y =4y, +3y,+4y; =71, )
2. two tasks should be resolved:- y =4y, +4y, +1y; =31, :
3. and a task should be resolved: y=4y +y,+y,—2r.

Fig. 3 shows the review of the proposed guidelines in three response function
types. Basically, we think that the improvement of ‘organizational performance



represents the effectiveness of the guideline. Every proposed guideline is effective
itself in almost types. In the case of single guideline, the OP-based evaluation is most
desirable in every layer, because the evaluation seems to improve organizational
performance most.

However, if we consider combined . guidelines, the OP-based evaluation. is not
always the best one. In intelligence layer a combined evaluation of the OP and the
OPA is most desirable. In coordination layer and resolution layer a combination of all
evaluations is as desirable as the OP only. We think that the effectiveness of the
combined evaluation comes from complementary relations among evaluations.

We show a typical case in intelligence layer. We define Intelligence Fitness (IF) to
measure the correctness of scanners’ internal model. Higher the IF is, more correct the
scanner’s recognition of the environmental structure sz is.

F=11+d : ~ 9)

d : hamming distance between theactual structure and the recognized one

When we review the guidelines in terms of the IF, the OPA is outstanding. On the
other hand, the OP is very bad. This data suggest us that the OP evaluation learns for
the organizational performance, not for the “right” recognition of the environment. So
we need to consider some other complementary evaluation for simultaneous pursuit of
better organizational performance and right internal model. In this case a combination
of the OP and the OPA seems to realize the synergy effect.
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Fig. 3. Review of proposed guidelines for three response function settings. OP (IF) improve
means the percent of organizational performance (IF) improvement from the first step to the
last 100 step. 1000 runs for each setting.

We here confirm whether the results of this paper consistent with the ones of our
previous papers. The results of previous papers (Goto and Takahashi 2005; Goto and
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Takahashi 2006) are supported, but partially. In some types the OPA and the DTP are
ineffective: These two also seem to be less-effective than other single evaluations (cf.
the OP or the TRP-2).

Figure 4 shows a review of proposed guidelines. in resolution layer in three task
length: settings.” We set. the response-function to -y =2y, +y, +4y,—2r. The result
suggests that the effectiveness of the guidelines in-resolution layer is robust for task
length setting:

15 |3
@ TL:S
B TL:7

OP Improvement (%)

TRP2&DTP ALL

- o
DTP  OP&TRP2 OP&DTP
guideline

OP TRP2

Fig. 4. Review. of proposed guidelines in resolution layer for. three task length (TL) settings.
1000 runs for each setting. .

In summary the guidelines tested as more effective are as follows. In intelligence
layer it is desirable to consider both of the OP and OPA. In policy layer a policy
maker should evaluate his internal model in terms of the OP. In coordination layer a
coordinator had better consider all of the OP, the TRP, and the FRD-based
evaluations. In resolution layer it is necessary for a resolver to consider all of the OP,
the TRP-2, and the DTP-based evaluations.

Discussion

We, in the preceding paper, have presented an effective guideline for each layer (Goto
and Takahashi 2006). We, in this paper, proposed some guidelines for each layer, and
reviewed which. guideline is more effective. The results in this paper provide some
new implications for effective organizational learning.

An agent must consider the organizational performance that is realized by his
decision when he evaluates his internal model. The OP-based evaluation generally
leads the agent in each layer to achieve high organizational performance. However,
achieving better organizational performance doesn't always assure that an agent has a
"right" internal model. In intelligence layer a scanner should also consider the
difference between the realized organizational performance and the anticipated one.
We found some complemeéntary relations between two evaluations. For example, in
coordination layer a combined evaluation of all evaluations is as effective as the OP,
though the FRD itself is the worst among the three evaluations.

Guidelines in organizational learning should be effective in any situations
universally, because it is hard for agents in an organization to appreciate the situation
in which they are. So we seek robust guidelines that are independent of environmental



contingency. We presented some robustness tests for the response function types and
task length settings. We should additionally test some other key parameters: the task
number =, the parameters of GA operations, and so on.

Conclusion

We proposed some guidelines to evaluate agent's internal model properly in each
layer, and reviewed which guideline is more effective. We built an organization
model in the AOC manner. We confirmed model validity with the Argyris's
propositions in organizational Iearning. We compared each guideline’s effectiveness
in terms of improvement of organizational performance.

The guidelines tested as more effective are as follows. In intelligence layer it is
desirable to consider both of the OP and OPA, In.policy layer a.policy maker should
evaluate his internal model in terms of the OP. In coordination layer a coordinator had
better consider all of the OP, the TRP,.and the FRD-based evaluations. In resolution
layer it is necessary for'a resolver to con51der all of'the OP, the TRP-2, and the DTP-
based evaluations.
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_Abstract. In this paper we focus on some phenomena generated by lead users
developing innovations and build a model of a consumer network and a firm
population using coevolutionary agent-baséd framework provided in our
previous study. Then we consider mechanism and dynamics of market with the
users” innovations. The innovations changes a conventional market concept-that -
consumets and firms are‘entities that respectively demand and supply products.
Tt is hard for marketérs: to- predict ‘the: market” dynamics and mechanism
generated by the change: of market invoked by innovations. Conventional
studies related with user innovation have analyzed the lead user’s features based
on empirical or case studies, but could not see market dynamics generated by
the lead user’s features. Our model is built based on the lead user’s features and
actions that are derived from the conventional studies, and simulates artificial
market with the users’ innovations. From the simulation results, we show two-
propositions: 1) the innovations developed by lead users are capable of
destroying innovations based on conventional firms’ strategies, 2) the focus on
a innovation community as a new firms’ strategy” is requited to manage the
users’ innovations,

Keywords: Lead user; Consumer network; Coevolution; Market dynamics

1. Introduction’

In recent years innovation researches (von Hippel 1994; Christensen 1997; von
Hippel 2005) with novel market concepts discuss marketing strategies, which
differ from ones noted in conventional marketing theories. The marketing theories
mainly focus on market attributions that are consumer’s characteristic or
preference. The innovation researches, by contrast, focus on market conditions
that are market network or interlinking; . :

In the future firms will have to create novel strategies for managing the rapid
innovations and the changes of market structure. Then they will need to consider
not only the marketing theories, but also  the innovation researches since their
decisions based only on $egmentation, targeting, and positioning (STP) in
marketing theories especially will have a high risk.



This paper focuses on user innovation phenomena for a consumer product market.
The phenomena result from interactions among users including lead users in a
consumer population. Hippel(2005) has described that the lead users are ahead of the
majority of users in their population with respect to an important market trend, and
they expect to gain relatively high benefits from a solution to the needs they have
encountered there. The lead user who is both a consumer and supplier drastically
changes the market mechanism. Therefore managers and marketers in firms have to
create novel strategies to manage such the changes.

The purpose of this paper is to show that conventional firms” strategies based on
marketing theories are ineffective in markets with users’ innovations, and to provide
useful strategies to manage the user innovation phenomena. We apply agent-based
approach for archiving this purpose. The approach can analyze some scenarios in
artificial market, and consider future market conditions that have uricertainty.

In the following chapters we show key problens of user innovations that are
described in conventional studies (see Chapter2), build an' agent-based model of lead-
users, users, firns, and products with agent-based modeling (see Chapter3), show
simulation results with “respect to some scenarios (see Chapter4), discuss user
innovations phenomena and provide two propositions (see Chapter5), and conclude
this paper and note future possibilities of this study.

2. Background: Users’ Innovations for Consumer Products

In this chapter we deseribe conventional studies related with user innovations for
consumer products. Some " studies have’ discussed ‘user-innovations for industrial
products: that are OPAC (Urban and von Hippel 1998) and: PC-CAD (Morrison,
Roberts and von Hippel 2000) ete. In this case the lead users who will develop
innovations are firms, and we call them user firms. Sincé the innovations developed
by the user firms need long term, manufacturing firms can observe the source of the
innovations and manage them. On the other hand the innovations for consumer
products 6n which this paper focuses have a strong possibility that the innovation take
market share from firms, since the consumer product markets has three problems as
follows: lead user’s features (2.1), information asymmetry and. information
stickiness(2.2) and innovation community(2.3).

2.1 Lead (ser’s Features

The studies related with users” innovations in consumer product markets have picked
up personal digital assistant (PDA), sports-related product, outdoor-related product
etc. Especially some studies with the sports-related and the outdoor-related product
declared for remarkable Tead user’s features (Luthje 2004; Luthje, Herstatt and von
Hippel' 2005). The lead user will purchase a new product immediately after the
product is lunched, search a new use of the product, and develop yet another one. In
particular a third of consumers in the outdoor-related product markets have various
ideas for innovations and develop innovations depending on new needs and
dissatisfaction at existing products. Moreover consumers who often use the existing
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products tend to develop a new product. The. consumers who will develop the new
product, namely lead users, do not want to make a profit on ficense. of their product,
and strongly agree to share their product. From these features lead users freely reveal
their innovations to the other consumers and lead users.

2.2 Information Asymmetryk and Information Stickiness

Hippel (2005) has taken up two key concepts that are relevant to user innovation. The
information asymmetry means that firms and.consumers are experts of their own
technologies and own needs, respectively. So firms will develop products depending
on the technologies, in contrast consumers will prefer and demand the product that
fits the needs better than other products that are developed based on the firms’ core
technologies. The problems concerning information stickiness is that firms cannot
find the tacit needs and technologies of consumers since they are very sticky and
cannot be transferred to firms from consumers by low-cost. Although firms can find
the surface needs and technologies, for example, by surveying questionnaires
naturally, they are useless for firms’ innovations.

2.3 Innovation Community -

Conventional studies related with an innovation community have dealt with open-
source software (Krogh, Spaeth and Haefliger 2005). A recent study . observed

_ innovation communities in markets with sports-related products (Franke and Shah

2003). Most of members in the sports communities of canyoning and bordercross etc.
positively developed innovations. The innovation communities themselves do not
have the ability of innovations, but play the key role of assisting among members for
innovations and innovation diffusion process.

3. Model

In this chapter we build a market model with user innovation by agent-based
modeling.. The model is supported by CAMCaT (Coevolutionary Agent-based Model
for Consumers and Technologies) framework that can be useful or market analysis
(Takahashi and Ohori 2005). In the framework: consumers and. firms. have their
respective fitness functions, then they achieve coevolution through the product space.

_So a model based on the framework can show emergent phenomena that correspond

to ones in a real market. The market model in this paper is also based on CAMCaT
framework and consists of a consumer population, a firm population, and a product
space (see Fig.1). In the following subsections we describe the three elements in the
model, which are model of products (3.1), model of consumers (3.2) and model of
firms (3.3). '
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Fig. 1. Market model with user innovation

3.1 Model of Products

There are some products with 5 attributes in the market. The attributes are defined by
A=(ay), where g, €{12,...,100} , i=12,...,] , k=12,...,5, i identifies an

individual product, the maximum number is /. k is the attribute number of a product.
The products developed by firms and lead users are launched to the product space and
consumer population, respectively.

3.2 Model of Consumers

In the consumer population there are lead users who. will develop innovations and
choose a product and users who will only choose a product. The population size of
consumer is 100. Each consumer has an internal model consisting of some
chromosomes. And each one, based on his/her internal model, decides about choice
and development of a product, and revises his/her own internal model in an
evolutionary learning process. We -call a series of these economic activities
“generation”, since the revision of internal model was performed by genetic
operations. The generation ¢cle in a simulation is given in 3.2.2 through 3.2.5
described in following subsections.

3.2.1 Internal Model of Consumers
The internal model of a consumer consists of the potential of development [ ,
sensibility to other consumers D , edges with other consumers E , link with
community N, cutoff value C , purchasing weight for product attributes W , and
possessed technology T'.

The internal model of consumeri is denoted by IM = (I, D, E,N,C,W,T), where
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I=() i, e{0l},D=(d) 0=d, <1, E=(e;) e;€{0]},
N=(n) neldl},C=(c) cpefl2..l00} ., W=0r) D we=1,
Tk

T=(t,) tpsil2:. 100y, 4,7 =12,...,100,k =1,2,.....5,
i,j identifies a consumer index, k is an aftribute index.

The potential of development / shows that whether the consumer is a lead-user or
a user. The sensibility to other consumers D shows that how degree the consumer is
affected by a trend product, and cotresponds to “diffusion theory” (Rogers 1995).
The edges E and the community N show the information stickiness and information
asymmetry that are key concepts of user innovation (see 2.2). The cutoff value C
and purchasing weight W for product attributes show the preference of the consumer
according to.previous our study. The possessed technology T shows the niche
technology of the lead user that is depending on his/her hobby or occupation. The
lead users, based on the technology, develop the new product that is unexpected for
firms. v

Finally we build a network model to generate edges and community. Conventional
studies that are related to innovation communities have not discussed the network
index. So we try to generate some networks, and to analyze market phenomena.
Uchida and. Shirayama (2006) show that the network index of social networking
service (SNS) is similar to the one of connecting nearest neighbor (CNN) model
(Vazquez 2003), so innovation communities on web also may be similar to CNN
model. Since the network index of many networks in a real world has the structure of
scale-free (SF), innovation communiies also may be similar to BA model (Barabsi
and Albert 1999). In this paper we adopt CNN model, BA model, Random model.

3.2.2 Activity Model of Consumers: Choice of a Product -

Each consumer evaluates products by the evaluation rule of products and chooses one
having the maximum utility value bigger than the cutoff values. The evaluation rule is

defined by the utility function »;; of consumer i for product j .
w,= (O by * ay, *(d)+ D wy *ay *(A-d)*e,
k &

0 - if consumer i cutoff product j

where ¢, ={

£l

i otherwise

b, represents the attributes of the trend product. a,; répresents the evaluation

¥

value of attributes £ of product j that consumer i evaluate.

3.2.3 Activity of Consumers: Development of a Product
This phase corresponds to user innovations. Each lead user (i, = 1) develops a product



and launches the product’into edges arid/or community in the consumer population.
The launch timing of a new product is different among lead users, since they will
develop the innovations because of a passing fancy, enjoyment, and agency cost. So
we set the launch rate 0.05 as constant values simply.

The lead user who is going to launch a product decides attributes of the product by
development rule of products develop, .

develop ay, if ke, <ty)
develop; =

not develop otherwise
This formula represents that the lead user will develop and improve the attribute if
he/she has a higher technology than a cutoff value. Since this paper does not imply
technology attributes in detail, the technology and product attributes are one to one
correspondence simply.

3.2.4 Evolutionary Learning: Self-evaluation
After choice and/or development of a product, each consumer i evaluates his/her

own decision and internal model.

Evaluation after Choice of a Product
Each consumer i evaluates his/her own choice and preference by using the fitness

function fp,.
ﬁ?i =w, * (1 - ncut)+ wy, * sumcut+w, * (1/ maxcut) + w,; * trend
where w, +w, +w_ +w, =1
ncut is the number of non-cutoff products, sumcut is the sum of cutoff values,

maxcut:’fs the maximum cutoff value, trend is the difference between attributes of
trend product and attributes of the consumeri ’s preference . The weight parameters

are set to w, =0.30,w, = 0.30,w, =0.10,w, = 0.30 .

The fitness function shows that a consumer who has a higher evaluation can
reduce recognition effort of products’ attributes and know market trends very well.

Evaluation dfter Development of a Product
Each consumeri evaluates his/her own development and téchnology by using the
fitness function f,.
B =w, *share+w, * overcut +w, * (1/ maxtech) +w, * sumtech
where w, +w, +w, +w, =1

share shows the share of the product consumer i launches, overtech shows the
difference between technology values and preference values, maxtech shows the
maximum technology value, sumtech shows the sum of technology values. The
weight parameters are setto w, = 0.40,w, =025, w,=0.20,w, =0.15.

The fitness function represents that a consumer who has a higher evaluation can

gain reputation fom other consumers, develop a high spec product, and assist the
other consumers’ innovations.
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3.2.5 Evolutionary Learning: Selective Crossover and Mutation

Based on the evaluation of consumers, each consumer revises his/her. own internal
model in evolutionary learning. The revision of consumers. is not performed by
conventional genetic algorithm (selection, crossover and mutation), but are performed
by “selective crossover” as a novel genetic operation and mutation. Evolutionary
leaning of consumers operates preference and technology in the internal model,
individually.

Evolutionary Learning of Preference

Consumeri’s preference is revised by the selective crossover and the mutation. The
selective crossover is our original genetic operation used in a network structure. The
operation is’ a fusion of the selection and uniform crossover. Next we explain the
procedure for the selective crossover (see Fig.2).

fitness value fitness value
0.8 agent A 443334 0.8 agentA 443334
mask 101110 = mask 101110
06 agent B 332333 0.7 agentB 342334

Fig. 2. Selective crossover

By one consumer is selected at random in the consumer population. The selected
consumer performs selective crossover with the other consumer linked with him/her
according to the probability of crossover. The fitness values of the two consumers
are compared, then the preference of consumer who has a higher value copy to the
preference of another one.

The operation implies the information exchange among consumers. Lastly each
consumer mutates his/her preference, which implies gathering information. The
crogsover and the miutation rates are 0.6 and 0.05, respectively.

Evolutionary Learning of Technology

Likewise, the evolutionary learning of technology is performed by the selective
crossover and the mutation. This implies technology assistance and notice of
technology for innovation. The crossover and the mutation rates are 0.6 and 0.05,
respectively.

3.3 Model of Firms ‘ : \

We build the model of firms based on one in previous our study (Takahashi and Ohori
2005). The population size of firm is 20. Each firm has an internal model as well as
consumer and decides the development and launch of a product. The revision of the
internal model is performed in evolutionary learning. A generation cycle in a



simulation is set by 3.3.2 through 3.3.4 described in the following subsections.

3.3.1 Internal Model of Firms
The internal model of a firm consists of the firm’s vision ¥, possessed technology T,
and firm’s focus F" . '

The internal model of firm is denoted by IM = (V,T,F) , where

V=(v,;) Zv,-kzl s T=(t;) t,;e{l2,...000}y , F=(f) fief0)}
p : : ,

i=12,...10, k=12..,5,iis a firm index, k is an atfribute index.

The firm’s vision 7 shows that what technology the firm thinks core or important.
The possessed technology 7' shows the attributes that are used for developing product.
The firm’s focus F' shows whether the firm focuses on only the product space or on
the product space and consumer population. In previous our studies a firm can focus
on a product space since all products are in the product space. In this paper some
products that are launched by lead-users are in the consumer population, so we
modify firms’ sight. If firm i can focus on the consumer population, we set Jitol

3.3.2 Activity Model of Firms: Development of a Product

Each firmi develops and launches a new product, according to the launching rate
0.05. The attribute 4 of the launched product is set by calculating from the possessed
technology T of the firm.

3.3.3 Evolutionary Learning: Self-evaluation

After launching a product, each firm i evaluates its own decision using the fitness
function ff, (3).

Jf; = w, * share + w, * (1 —risk) + w, * selfvalue + w, * sumtech

where w, +w, +w, +w, =1

share shows the share of products firm i launches, risk shows that the difference
between a trend product and firm’s technology, selfvalue shows the fitness of its own
technology with its own vision, and sumtech shows the sum of technology. The
weight parameters are set to w,=035w,=025w, = 0.30,w, =0.10.

3.3.4 Evolutionary Learning: Selection, Crossover and Mutation
The internal models of firms are selected with Baker’s linear ranking selection after
the evaluation. This implies licensing or M&A. The revision ‘of internal model is

performed by the crossover and the mutation. If £ is 0, the mutated value is decided
by a normal distribution with possessed technology, otherwise, by a normal

distribution with the trend product. This implies cross license and R&D. The
crossover and the mutation rate is 0.6 and 0.05, respectively.
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4. Simulation Results

This chapter conducts some simulation experiments with the market model and shows
some results by two scenarios. First every firm, based on conventional strategy,
focuses on only the product space in the market (4.1). Second every firm, as a new
strategy, can focus the product space and the innovation community in the market
(4.2).

We put some general assumptions common in both scenarios. A percentage of lead
users in the consumer population are 15. A generation of launch started by lead-users
is 50. We adopt the CNN model, BA model, and Random model for generating
consumer networks. This paper shows some results by using only a consumer network
based on the CNN model (see Fig.3), since simulation results ' with any model came to
same propositions that are described in Section 5.

Fig. 3. Consumer network with CNN model

4.1 Scenariol: Focusing on Only the Product Space

In this scenario every firm focuses on only the product space and cannot have access
to the consumer population. Lead users develop a new product and introduce it to
other consumers. In the scenario 1.1 lead users introduce product developed by them
to only consumers linked with them. Additionally they can introduce to the innovation
community in scenario 1.2.

4.1.1 Scenario 1.1: Contagion among Edges , -

Fig.4-(a) shows the transition of the market shares of firms® products and lead users’
ones: The lead users’ products gradually grab the high market share and spreads to the
consumer. population: The main reason for this result is that firms did not aware that
lead users’ development and contagious information among consumets because the
model can represent the information asymmetry and stickiness by generating the
network structure. Since this paper does not consider the growth of network, the
maximum share of lead users’ products is given by the number of consumers linked
with lead users. In a real market a consumer network must grow rapidly, so firms will



not grab the market share.

4.1.2 Scenariol.2: Contagion among Fdges and the Innovation Community
In this scenario lead users can introduce their products to the innovation community
and exchange information in the community, The community consists of some lead
users and non lead users. 32 percentages of whole consumers belong to the
community. Fig.4-(b) implies that the information exchange can be taken wing in the
innovation community  and- the technology of lead users exceeds firms’ one. This
corresponds to the phrase “Given enough eyeballs, . all bugs are shallow” described
as Linus’s law (Raymond 2000). Though each technology of lead user is inferior to
firm’ one, the sum of lead users’ technologies can destroy firms’ ones. So the
innovation community can promote the evolutionary learning of preferences and
technologies.

(a) Scenariol.1 (b) Scenariol.2
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—firms’ products =+ <+ lead users’ products —firms' products - = - - lead users’ products

Fig. 4. Transition of market share in scenario?.1 and scenariol.2

4.2 Scenario2: Focusing on the Product Space and Innovation Community

As we have said it is difficult for firms to grab market share in the market with users’
innovations. The firms failed to prevail against lead users “innovations mainly because
they would consider that the optimum decision is to follow the trend. Firms should
focus on wnsumers’ preferences and technologies to overcome the failure. Since
consumers’ information, as we noted (se¢ Section2), is sticky, firms cannot collect this
information directly. Hence we analyze a new strategy for uisers® innovations as the
scenario 2. The strategy is that firms' positively focus on a trend product in the
innovation community. Since the trend product has consumers’ preferences and
technologies, firms can gain the consumers’ needs and niche technologies that firms
cannot develop. Namely it is that firms-do not compete with lead users but adopt and
manage the lead users’ innovations.

In this scenario firms can develop and launch a new product by using the trend
product in the innovation community. Fig.5-(a) shows the transition of market share
of firms” products and lead-users” ones in this case. And fig.5-(b) shows the transition
of average of firms” fitness values in this scenario and previous scenario 1.2. The
results show that firms can grab the market share and manage the lead users’
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innovations by using the community, compared with previous scenario. Regrettably
firms, however, cannot always grab a high market share since the users’ innovations is
presented as the set of niche technologies. :

(ayMarket share . = ~ (b) Fitness value
100 [T AR B
10 Ad S y ] 4
o 80 s ggg 1Y
£ o0 —F—H f Tos !
B X * .05 "
£ a0 e % 04 e .
T N . H g ! S 03
E ; A AR TR 20
20 “ " q < 0 02
. ¥ TR
Il AR OO 1) Q1
0 i 0
1981101 151201251 301 3517401 451 i 51 101 151 201 2517301 351 401 451
generation generation
———firms’ products = -~ -lead users’ products —— scenario2 - - - - scenariol 2

Fig. 5. Transition of market share and fitness value in scenario2

5. Discussion

This chapter discusses the simulation results in the previous chapter and provides two
propositions on user innovation phenomena for a consumer product market. First
consider the scenario 1 (see Section 4.1). This scenario corresponds to conventional
marketing and technological strategies. Firms always pay attention to a market trend
and gain only surface information by segmenting the consumer features and product
attributes. In a market with users’ innovations, however, the most important
information that is often ignored in conventional marketing theories is sticky, deep,
and. asymmetric. . So_firms, as we mentioned in the section 2, cannot @in the
information at te low cost. As the result lead users’ innovations take the higher
market share than firms’ ones do. :

Next we discuss the scenario2 (see Section 4.2) that suggested firms’ new. strategy.
The strategy is that firms should focus on the trend product in_an innovation
community. From the result firms cannot grab the market a little, and manage the
lead-users innovations. So the strategy may imply that firms should stop developing
its own technology and adopt lead users’ technologies that have some niche
information fitted with consumers’ preferences.

Then we can inferthe two propositions as follows:

Proposition 1: If firms take the conventional strategies based only on conventional
marketing theories and management of technology etc., lead users’ innovations take
the high market share from firms’ product. , P

Proposition 2: If firms focus on the innovation community as the new strategy, they
can manage the lead users’ innovations.

Some conventional studies partly showed the cases that correspond to. these
propositions. The primary purpose of this paper is to confirm these propositions from
the simulation results by modeling lead user’s features and the market dynamics.



6. Conclusion

In this paper we have proposed the market model with consumer network, analyzed
some scenarios by computational simulations, and provided the two propositions on
user innovation phenomena. The primary purpose of this paper is to understand the
market mechanism and dynamics in the ‘market with lead users’ innovations. The
results of our simulations show that the management of user innovation needs to
change into the new strategy that is the focus on a innovation community. The
phenomena that are similar to the simulation results have been actually observed. This
could support part of validity of the results to a real market. We would like to
emphasize that the model proposed is built from important characteristics that are
derived from various conventional studies on user innovation. This paper analyzes
general market phenomena with the proposed model. As a future direction of this
study we will analyze specific market with users’ innovations by specifying the
abstract features of the model ‘
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Abstract: This paper: proposés guidelines in organizational learning. We
developed an approach named Agent-based Organizational Cybernetics (AOC)
to-describe problems in organizational learning with an agent-based model and
to design some prescriptions for them. This paper focuses on four typical
evaluation problems. of internal. model in organizational . learning: (1)
environmental scanning, (2) policy making, (3) resource allocation, and (4) task
resolution. We design and test some guidelines for each problem. The resuits
provide some effective guidelines in organizational learning. Organizational-
performance-based evaluation realizes organization’s high performance in all
four problem situations. However, the OP-based evaluation can not guarantee
that an agent gets a right internal model all the time. So, it is effective to also
consider some other complementary evaluations.

Keywords: organizational cybernetics, organizational leamning, computational
organization theory, agent-based organizational cybernetics

1 Introduction

Agent-based approach for organizational learning sounds. promising. Agent-based
modeling can describe the behavior of an organization as a result of individual agents’
behaviors. So we can discuss the micro-macro problems of complex organizational
systems in an operational manner. ‘ ‘ ‘ '

Computational organization theory has attacked some problems in organizational
learning. March has described a simple double-loop learning mechanism with a
concept. of exploration and exploitation (March 1991). Takadama et al. have
developed an Organizational-learning oriented Classifier System to model four-loop
learning in organizational learning operationally (Takadama et al. 1999). Some
models have considered organizational structure in organizational learning (Carley
and Svoboda 1996; Takahashi and Goto.2005): ’.

However, computational organization theoretic approach describes either only a
“flat” organization that has no hierarchical relationship between subsystems, or higher
subsystems as super-agent activities (Takahashi 2006; Chang and Harrington 2006).
The model in_thisk paper represents a “hierarchical” organization that has four
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functional layers defined in organizational cybernetics: - intelligence, policy,
coordination and resolution. All functional layers are described as an agent-based
system. We call this approach Agent-based Organizational Cybernetics (AOC).

This paper focuses on.typical evaluation problems of internal model in .each
functional layer: environment scanning, policy making, resource allocation, and task
resolution. We design and test some guidelines for each problem.

In the following sections we briefly introduce the main features of AOC, and
describe the typical problems in organizational learning, simulation model, and
guidelines for effective organizational learning. In the last part, we report: initial
results and discussion.

2 Agent-based Organizational Cybernetics

AOC is a hybrid model that combines organizational cybemnetic framework and
computational organization theoretic approach. The main target of AOC is to describe
problems in organizational learning with an agent-based model and to design some
prescriptions for them (Takahashi 2006).

The basic features of AOC can be listed: (1) interaction between environment and
decision makers, (2) agent’s decision making according to his decision principle, (3)
multi-layer hierarchical organization with some functional subsystems, (4) agent-
group in each layer of the hierarchy, (5) situatedness of an agent, (6) organizational
learning of revising and sharing agents’ internal models,

3 Typical problems in organizational léarning

It is natural to be thought that problems in organizational learning are different within
organizational functions. We define four functional layers in the' AOC manner, and
describe typical problems for each layer. An organization considered has the
following four functional layers.

1. Intelligence. An organization should recognize the environmental structure
properly to realize an adaptive organizational policy. The environmental structure
is scanned.

2. Policy. An organization defines own structure and input to be viable in an
environment. A task resolution structure and a resource allocation are defined as an
organizational policy. S

3. Coordination. An organization has to coordinate inferior subsystems to realize
better organizational performance. The values of coordination variables are
decided.

4. Resolution. An organization should resolve tasks in an environment. A plan of task
resolution is selected.

We can specify a typical problem in each layer.
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1. Scanning -environment. In intelligence layer the right recognition of the
environmental structure is offered.

2. Policy making. In policy layer it is difficult to be viable or adaptive without an
adequate decision principle to evaluate organizational policies.

3. Coordination; In coordination layer the. proper anticipation of a coordination
variable value to- a  subsystems performance level is essential for better
coordination. ,

4. Task resolution. In resolution layer the right recognition of the task is required for
effective task resolution.

Learning is essential for an organization to tackle these four problems. We
especially focus on internal model evaluation in learning process. If an agent cannot
evaluate his internal model properly, he will fail to revise it successfully. So we, in
this paper, seek guidelines for the evaluation of an agent’s internal model in each
typical problem in organizational learning.

4 ‘Model

We here consider a simple maker-type organization. The organization anticipates
charactéristics ‘of an environment, defines a task resolution structure and a resource
allocation, distributes resources to each process, and resolves a task in each process
by using the resource (see Figure D.

Task

A task means a series of demand for a service or a product that a process provides.
For effective task resolution, supply need to fit demand. Much supply requires a lot of
resources. There exist n tasks w,,-,u,,-u, inan environment. An organization

selects tasks to resolve, and resolves them.
We assume that an organization use the coramon resource that can resolve every

task. The ith task w, that has g -long string is expressed as (ue,.,,---,ue,.,,-u,ueiq .

The 1th element of the u,, means the amount of the demand in the [ th term.

Environment
In the AOC framework an-agent is confronting ‘her -own :environment, and an
organization is also confronting its own environment. We build an environment
model of the organization as a task generator and a response function.

The task generator provides the organization with: » tasks every step. We define

the task resolution plan m, " as (m,.l,u-,m,.,,-n,m,:q). Task resofation performance with

the m, isevaluated by the fitness of the demand and the supply (Eq. 1).

N Ay g, f = Uy, Ty Z U,y @™
Y -E’=‘ P T  p otherwise
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Fig. 1. Hierarchical organization model. Based on the model appeared in WCSS06 (Goto and
Takahashi 2006), this model in this paper is newly developed in the AOC manner (Takahashi
2006). - "

The response function evaluates the output of the task resolution activities of an
organization. An organization’s performance is evaluated by the response function

y= Ellaﬂyi - ﬁer > (2)

where o, and B, respectively show a real profit coefficient and a cost coefficient,
», is the degree of task resolution in the jth process.

Functional hierarchy
An organization is a.three levels hierarchical system: adaptive, coordination and
operational levels defined in organizational cybernetics (Beer 1981; Takahara and
Mesarovic 2003). Every agent belongs to one of the subsystems of the hierarchy, and
makes a decision of the subsystem.

Adaptive level consists of intelligence and policy functions: In an intelligence
function the environmental structure that considers the profit coefficients
G5, and the cost coefficient g, of Eq (2) is observed. In a policy

e > en

function a task resolution structure a,---,a,---,a, and a resource allocation r are

defined as an organizational policy p. The task resolution structure defines processes
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in which the tasks are resolved: if task resolution is taken in the ith process, then we
set a =1, otherwise 4, =0. We assume that the tasks and the processes are one-to-
one correspondence: the task w,, in the environment is resolved in the ith process
in an organization.

In coordination level a coordination function sets the values of coordination
variablés to manage the operational level under the organizational policy. The values
of coordination variables & = (y,,-+-,7,,,7,) Tepresent how tasks should be allocated

into each agent of the operational level; y, represents that agents in the ith process
use y, resources to resolve the tasku, ;if 4 =0,then v, =0.

Operational level consists of a resolution function and processes. Based on the
coordination variables every agent in the operational level is assigned into the

process, then he makes a plan of task resolution m, = (myro-om,, ),Eilm,, =v,. The
plan m, is a series of the supply for the service of the product.

Agent and Internal Model

An organization has some agents. Every agent belongs to one of the four functions.
We call an agent in an intelligence function a scanner, in a policy function a policy
maker, 'in a coordination function a' coordinator, and in a resolution function a
resolver, respectively. Every agent refers his internal model and makes a decision.

A scanmer observes an environment structure st , has the recognition as his
internal model, and reports the aggregated one to the policy function.

A policy maker gets the anticipated environmental structure from the intelligence
function, applies his decision principle of his internal model, and selects the most
preferable organization policy. The decision principle consists of three types of
preference: coverage pursuit (CP), profitability pursuit (PP) and cost aversion (CA). A
policy maker has an attitude for each type: agree (1), disagree (-1) and not considered
(0). The decision principle is represented as DP = (cP,PP,CA), and every preference
takes a value of {1, 0,~1}. The CP is a preference for resolving more tasks. The PP is a
preference for resolving more profitable tasks. The CA is a preference for paying
more costs. We here skip detailed description of them. A policy maker selects the
alternative that maximizes the sum of the preference values.

A coordinator has an anticipation of a task resolution  performance ;- Vis Vi
realized by a resource allocation.

A resolver in the ith process recognizes the task u,,, and has the recognition w,
as his internal model, and selects the plan of task resolution. ‘'m; that seems to realize
the highest task resolution performance. )

Organizational Learning E

We reinterpret the four-loop learning (Espejo et al. 1996) in an operational way as an
agent-based organizational learning model. We represents double-loop learning as
three processes: evaluation of agent’s internal model, revision of the internal model,
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and sharing of agents’ internal model in an agent-group. The described organizational
learning cycle is taken in each organizational layer in an organization.

L. Individual single-loop learning. Every agent refers his internal model that
describes confronting environment, applies his decision principle to optimize his
decision alternatives, and selects a decision alternative. This process has no
influence with the progress in the ability of organization’s decision making.

2. Organizational single-loop learning. Agent-group’s decision is taken by unifying
agents’ decisions. The most selected decision alternative is adopted as the group’s
one.

3. Individual double-loop learning. An agent evaluates his own internal model from
the result of the decision made just before. Then he revises his internal model.
These processes are implemented by using genetic algorithm (GA): a fitness
function corresponds with agent’s internal model evaluation, and genetic operation
corresponds with revision of the internal models. The implementation by GA
represents the evolutionary aspect of organizational learning. Design of the fitness
function is the key to success of effective organizational learning.

4. Organizational double-loop learning. As a result of effective individual double-
loop learning, agents in the group share their helpful internal models. The group
(or an organization) progresses its ability of decision making, and can be more
viable or adaptive.

Guidelines in Organizational Learning

We described four typical problems in organizational learning: scanning environment,
policy making, resource allocation, and task resolution. In these problems proper
evaluation. of agent’s internal model is essential. So we, in this paper, seek effective
guidelines to define how helpful agent’s internal model is to a situated environment.

A critical constraint in these problems is that agent does not know the “right”
internal model in organizational leamning. Then we assurne that an agent can get data
of organizational performance and task resolution performance as a response from an
environment.

For scanners’ scanning environment
Scanners” problem is to recognize the environmental structure st=(o, .0, B.)

correctly. We design the following three guidelines to evaluate scanners’ internal
model properly.

1. Organizational-performance-based evaluation (OP). If a scanner has the right
recognition st , then the organizational performance will be improved.

2. Task-resolution-performance-based evaluation (TRP). If the organizational
performance will be improved when a scanner has the right recognition st , then
the task tesolution performance will be improved.

3. Organizational-performance-anticipation-based evaluation (OPA). A scanner can
get information of an organizational policy: the task resolution structure and the
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resource allocation. If a scanner has the right recognition sz, then the difference
between an expected performance y and a realized performance. y' will gets

smaller. We set an expected environmental structure st = (a;l,-»,a;,,,ﬂe’) and

define the expected performance as~ )’ = Ea;,.a,. ~Br.

There exists a problem. Each of these three guidelines cannot apply to scanners
directly, because these correspond with function’s (group’s) decision making. So we
take an indirect approach. A scanner uses retrospective data that the organization got,
and he evaluates his internal model by the retrospective decision that is most similar

with his decision. This approach is common in the following problems. In the
retrospective data we set most similar organizational performance y*, the expected

performance of the decision -y and the realized task resolution performance
¥*,,++,y", . Then OP, TRP and OPA are defined as

OP=y"/max0fy, 3
e =Y as /S, @

OPA=1/1+

¥ yl . (3

If the value of evaluation is higher, then he has a helpful internal mode! in terms of
the guideline.

For Policy makers’ policy making
Policy makers® problem is to get an adequate decision principle. We design the
following two guidelines to evaluate policy maker’s internal model effectively.

1. OP. If a policy maker’s decision principle is desirable, then the organization will
realize high-level performance naturally (see Eq. 3).

2. TRP. When an organization realizes high-level performance, the task resolution

performance will be also high-level (see Eq. 4).

For Coordinators’ resource allocation

Coordinators aim at having a sure anticipation of a task resolution performance

realized by a resource allocation.
We design the following three guidelines.

1. OP. If a coordinator’s internal model is helpful and realizes effective coordination,
then the organization will finally realize high-level performance (see Eq. 3).

2. TRP. Effective coordination realizes high task resolution performance naturally
(seeEq..4). - :

3. Fitness for retrospective data (FRD). If the anticipated task résolution performance
with a coordinator’s internal model fits to the retrospective fact data, the internal
model seems to be helpful. We set the  j th retrospective data of the task resolution
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performance.--y,,--,y’, - by . the resource allocation 4 , the coordinator’s

i

anticipation for the & as y”,--,)" .

FRD = 1/1 + Z E:=I!aiyi’ -ay/
7

(6

For Resolvers’ task resolution
Resolvers in the ith process should have a right recognition of the task wu,. We

design the following three guidelines.

1. OP. The helpful internal model realizes effective task resolution. As a result, the
organization will achieve high-level performance (see Eq. 4).

2. TRP-2. If a resolver’s internal model is helpful, then task resolution will be taken
effectively in his process.

TRP-2 = 3, ’ (7

3. Difference between task and plan (DTP). If a resolver gets the magnitude
correlation between task and plan, he will be able to evaluate his decision. We set
the resolver’s decision m, = (i#,,--,m, ).

n 1 if(u. zm,,m, <. )or(u <m,m >ﬁf1’.) (8)
DTP = e , e = t eil (1 kR 7] 75 eil i il
E"’ ,/q ! {0, otherwise

Experimental design and results

First we confirm two classic propositions in organizational leaming for model
validation. Next we review which guideline is more effective in each problem, and
analyze the characteristics of organizational learning in each layer.

Model validation

We here test whether the built model can generate the result that is compatible with

the propositions of foregoing empirical studies. We choose the famous propositions

by Argyris (Argyris and Schon 1996).

* P 1: “If the organization has a right recognition of the environment, the
optimization of organizational actions by the organizational single-loop learning
(OSL) will lead to be adaptive to the environment.” '

* P 2: “If the organization doesn’t have a right recognition of the environment,
organizational  learning * is not significant. The organization requires
organizational double-loop learning (ODL) that also revises the recognition of the
environment.”

In this model the Argyris’s OSL can be interpreted as the learning in resolution
layer. The ODL can be interpreted as the learning in all four layers. In the proposition

1 situation, scanners, policy makers and coordinators have a proper internal model,
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though resolvers can have an inadequate internal model that is generated randomly. In
the proposition 2 situation all agents can have an inadequate internal model that is
randomly generated.

OsL : ODL

Step ’ ’ = Step

With O8L
e Withowt Lesning |
With ODIL :

Fig. 2. Process of adaptation with OSL or ODL. OP represents the average organizational
evaluation value of 1000 runs in a setting.

The left side of the Fig. 2 shows the result for the P. I. An organization with OSL
improves OP rapidly. On the other hand, an organization without OSL. seems to
stagnate. Then the P. 1 is confirmed.

The right side of the Fig. 2 shows the result for the P. 2. Both of organizations with
OSL and with ODL improve OP. The organization with ODL improves OP twice as
much as the organization with OSL does. An organization without learning seems to
stagnate. Then the P. 2 is also confirmed.

Effective guidelines in organizational learning
We here review which guideline is more effective for each problem. We have got
results that the OPA (Eq. 5) in‘intelligence layer and the DTP (Eq. 8) in resolution
layer are effective (Goto and Takahashi 2005; Goto and Takahashi 2006). However
we haven’t compared them with other guidelines.

We set the number of tasks » =3, the length of tasks g =5, the response function
y=2y+y +4y,—~2r, and the number of agents in each layer 30. The task wu, is

randomly set its values. A run of simulation consists of 500 steps of task resolving
and learning.

Fig. 3 shows the review of proposed guidelines. Every guideline is effective itself,
because they improve organizational performance. In the case of single guideline, the
OP-based evaluation is most desirable in every layer, because the evaluation improves
organizational performance most.

However, if we consider combined gu1dehnes the OP- based evaluation is not
always the best one. In coordination layer a combined evaluation of the OP and the
FRD is most desirable. In resolution layer a combined evaluation of the OP and the
TRP is as desirable as the OP only. We think that the effectiveness of the combined
evaluation comes from a' complementary relation between the OP evaluation and
other evaluations.
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We show a typical case in intelligence layer. We define Intelligence Fitess (IF) to
measure the correctness. of scanners’ internal model. Higher the IF is, more correct the
scanner’s recognition of the environmental structure s is.

IF =1/1+d ; ‘ 9

d : hamming distance between the actual structure and the recognized one
When we review the guidelines in terms of the IF, the OPA is outstanding. On the
other hand, the OP is very bad. This data suggest us that the OP evaluation learns for
the organizational performance, not for the “right” recognition of the environment. So

we need to consider some other complementary evaluation for simultaneous pursuit of
better organizational performance and right internal model.
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Fig. 3. Review of proposed guidelines. OP (IF) improve means the percent of organizational
performance (IF) improvement from the first step to the last 100 step.

Adaptive behavior in each layer
We compare the behaviors of organizational learning. Most of studies discuss the
behavior of organizational learning in a single layer. So it is impossible to compare
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the behaviors between  different layers. An: AOC-based ‘model can discuss' the
characteristics of adaptive behavior in multi-layers and co-affection of organizational
learning among the layers. S

Figure 4 shows the process of adaptation in each layer. In intelligence, policy, and
resolution layer organizational leaning is realized rapidly in the first 100 steps. On the
other hand, in coordination layer organizational learning is taken gradually in about
400 steps. We can say that organizational learning in each layer has the characteristics
described above.

s Intelligence g Policy
§ Hre i s e i o N PN
0.6+ A
3 s 10
5 93 5 ¥
90} :
5 B 1 i L i H i SO E) ] 1 i i
1 100 200 3040 a0 it 10 00 300 400
Step Step
Coordination 05 Resolution .
94 e L et et e
¥ 3 'W
9 . 10.0
sooh 5
st 93 F
864 i
i 1 1, A 1 i 3 ) 9.4y t 1 i A i L
0 ) 300 300 46 a 100 200 300 400
Step Step

Fig. 4. Process of adaptation in each layer.

Discussion

We, in the preceding paper, have presented an effective guideline for each layer (Goto
and Takahashi 2006). We, in this paper, proposed some guidelines for each layer, and
reviewed which guideline is more effective. The results in this paper provide some
new implications for effective organizational learning.

An agent must consider the organizational performance that is realized by his
decision when he evaluates his internal model. The OP-based evaluation generally
leads the agent in cach layer to achieve high organizational performance. However,
achieving better organizational performance doesn't always assure that an agent has a
“right" internal model. In intelligence layer a scanner should also consider the
difference between the realized organizational performance and the anticipated one.
We found some complementary relations between two evaluations. For example, in
coordination layer a combined evaluation of the OP and the FRD is more effective
than the OP, though the FRD itself is the worst among the three evaluations.

Guidelines in organizational learning should be effective in any situations
universally, because it is hard for agents in an organization to appreciate the situation
in which they are. We presented the initial results that are examined in particular
settings. Since we need to test the robustness of the results, we are now testing some
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key parameters: the task number #, the task length ¢, the environmental structure
st , and the parameters of GA operations.

Conclusion

We proposed some guidelines to evaluate agent's internal model properly in each
layer, and reviewed which guideline is more effective. We built an organization
model in the AOC manner. We confirmed model validity with the Argyris's
propositions in organizational learning. We compared each guideline's effectiveness
in terms of improvement of organizational performance. We additionally compared
the behaviors of organizational learning,

The guidelines.tested as more effective are as follows. In intelligence layer it is
desirable to consider both of the OP and OPA. In policy layer a policy maker should
evaluate his internal- model in terms of the OP. In coordination layer a coordinator had
better consider -both of the OP-and FRD: In resolution layer-it is necessary for a
resolver to consider either the OP or the OP and the TRP-2.
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Abstract. This paper introduces a new framework for market analysis, and
discusses éssential micro interactions among economic entities used in the
framework. Finally, we observe market emergent phenomena on a simulation

" using a model supported by the framework, and emphasize the importance of
specifying micro interactions: Since various descriptions of interactions on
agent-based modeling -have. directly adopted exiting simulation technologies
based on computer science and artificial-intelligence etc., it is difficult . for
modelers to specify the essential interactions on a model that correspond to
intentions of actions in a real market. So we need to propose novel simulation
technologies.

Keywords: essential micro- interaction, . emergent phenomenon, genetic
operation, market analysis

1 Introduction

Some conventional studies of market analysis have focused on market characteristics
concerning product diffusion and standard competitions[7].The Innovator’s Dilemma
and User-innovation that form novel trends of market studies have shown. various
influence of innovation on a market[1][2]. Since these studies are' ex post-case
analysis, they seem unable to analyze future market that will change rapidly through
globalization and technological innovation: '

On the other hand, recent studies try to analyze market phenomena with virtual
experiments of computer simulation. Agent-based modeling has been applied to
various fields such.as. society, economy, or organization, The progress of ‘social
simulation has been able to simulate some phenomena in a real world.

Some studies with agent-based modeling have focused attention on market
dynamics. Deguchi[3] has formalized a lock-in model-that different two populations
interact each other in various markets with technological innovation, and analyzed a
Jearning process; which is called social learning dynamics: Struben[4]-has focused on
decisions of consumers and firms, and have proposed a transitions model of
technologies. However, most of models for analyzing market dynamics have
supposed the premise of economics, ‘and have considered leaming only within
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population. These models cannot describe emergent phenomena observed in a real
world.

In this paper, we introduce a new framework for market analysis that can
correspond to various phenomena in a real market. The framework represents
essential micro -interactions among economic entities and evolutionary learning
processes. We discuss the possibilities of these representations and the observation of
emergent phenomena.

2  Framework

In this chapter, we would describe the new market framework using a model of
coevolutionary processes of firms’ technologies and consumers’ preferences[8]. The
framework has the following features: 1) economic entities as firms or consumers are
regarded as autonomous agents, 2) essential interactions among these agents in a
market, 3) consumers’ preferences and firms® technologies co-affect their
evolutionary behavior.

Each consumer recognizes a product space as an environment, and then he/she
selects and buys a product for maximizing their utilities. Each firm develops their
technologies for gaining higher market share. Consumers and firms affect each other
through the launching or choice of products. We call this framework CAMCaT
(Coevolutionary Agent-based Model for Consumers and Technologies) (see Fig.1). In
the subsequent sections, we describe internal model (2.1), activity model (2.2), and
evolutionary learning process (2.3).

ﬂmsume\r population \ ﬁrm population ?\

GonsumeD ConsumeD entry
(™ interlinking

« g product spac :
consumer
Internal Model | ) access access |
‘
=

evaluate genetic evaluate genetic

Q)nsumer operation/ thology operation/

Fig. 1. CAMCaT framework

firm
Internal Model

2.1 Internal Model

An agent has an internal model consisting of the chromosomes that describe market
situations and the agent’s characteristics in his/her mind. Each economic entity, based
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on its internal model, makes decisions of economic actions that are the choice or
launching of products in a market that is difficult to forecast the future due to high
uncertainty.

Each consumer has some chromosomes that are rules for selecting products. The
chromosomes of consumer are defined by Preference, Consumption Propensity,
Possessed Technology, and Market Situation (see Fig.2).

interal Model
Shrémpsamé
Preference Consumption
Propensity.
Possessed Market
Technology Situation

Consumer

Fig, 2. Internal model of consumer

~ Each firm also has some chromosomes that are rules for developing a new product,
and gaining higher market share. The chromosomes of firm are defined by
Management Strategy, Technology Strategy, Possessed Technology, and Market
Situation. ,

We néed to set parameters as chromosomes depending on the target of modeling in
detail. This framework has no restriction on building the internal model.

22 Activity Model

Consumers and firms, based on their internal models, make their decisions in a
market. Each consumer evaluates products and chooses a product in a product space
(see Fig.3). Each firm decides whether to develop and launch products. These
decision makings are considered as micro level activities in a market. ‘

2.3 Evolutionary Learning

After micro level activities, each consumer evaluates his/her ovx}n. choice and internal
model by using a fitness function. Similarly, each firm ‘evaluates its own
development, launching, and internal model by using a fitness function. The fitness
function defines how desirable each economic entity is in a market. This is formulated
depending on a target of modeling. For example, the consumer’s fitness consists of
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preference values and sensibilities to trend etc. The firm’s one consists of technology
values and market share eic.

Based on the self-evaluation results, various genetic operations realize a series of
economic actions. To take an example of consumers, bandwagon-effect, information
exchange and gathering information correspond with the selection, crossover, and
mutation in genetic algorithm (GA) [5], respectively. We call a series of operations
“Evolutionary learning process”.

The long term result of evolutionary learning process achieves the coevolution of
consumers and firms through the choice and development of product.

Internal Model

1.evaluation 2.choice

Fig.3. Activity of consumer

3  Micro Interaction and Micro-macro Link

The primary feature of CAMCaT framework is to realize the essential micro
interactiorfs among economic entities. The micro interactions represent neither a two
player game nor a change of decisions depending on macro information like
interactions in conventional studies. We represent the micro interactions as essential
individual ecoriomic actions that are specified as the revision of internal model as
rules for an agent’s action (see Fig.4). So the micro interactions do not change the
agent’s action itself directly.

action micro interactions reaction

genetic operation

Fig. 4. Micro interactions in CAMCaT framework

Some internal models in a population which are revised by the micro interactions
change some agent’s actions. This change results in a macro level behavior, then the
macro level behavior affects the micro interactions and decisions. Therefore, this
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process represents a micro-macro link which corresponds with the change of
economic actions and behaviors in a real market.

3.1....Micro Interactions

In this section we discuss evolutionary learning process of consumers’ preferences as
micro interactions. Our framework applies the analogy of evolution not to the
population level learning but to the individual level one. The population level learning
can be achieved as a result of the individual level one. These genetic operations that
correspond with economic actions are originally introduced and reinterpreted in
CAMCaT framework. The economic actions represented by genetic operations can be
essentially effective in market analysis since we have been successful in explaining
the micro interactions and macro phenomena on the analogy of evolution in our
previous studies [8][9]. In following subsections we explain intention-driven genetic
operations in own previous studies (3.1.1), discuss genetic operations on evolutionary
process (3.1.2), and state necessity of a novel genetic operation (3.1.3).

3.1.1Correspondence between Intention and Genetic Operations

The micro interactions are composed of three phases using genetic operations. First, a
consumer population initially set out in the model selects the consumers’ preferences
that realize higher evaluation values. This implies a kind of bandwagon effect.
Second, a pair of consumers is combined at random in the consumer population, then
they uniformly crossover each partial gene in their chromosome of preference. This
implies the information exchanging between two consumers. The crossover process
has an effect to spread various preferences over the consumer population. Finally,
each consumer mutates partial génes in his/her preference. This implies gathering
information through advertising media (see Fig.5).

bandwagon g consumer A Selection

effect
i
COD,V
L1

SN
transcribe
£\ [\

consumer B consumer C

8 crossover mutation

il
gathering

8 Information

information I
exchange

[N

Fig. 5. Implications of genetic operations
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3.1.2 Evolution Process by Genetic Operation

We here point how the evolution of a consumer population has achieved in our
previous studies with CAMCaT framework. Consumers’ evolutionary learning was
performed with roulette selection, uniform crossover of a random pair in GA, and
mutation. The uniform crossover could cause the temporal decline of the genes values
on the chromosome of preferences (see Fig.6). The decline of genes values seemed to
prevent the evolution, but it did not fail from the viewpoint of the evolution by
combining the selection and the uniform crossover. Though genes values were
temporarily declined by the uniform crossover, varieties of the consumer population
increased. And then consumers that had higher evaluation were selected with the
roulette method. Finally, evolution was achieved in the consumer population (see
Fig.7).

uniform crossover; decline of genes values
evaluation o
0.9 @ preference 34@4@4 0.8 preference 34@4@4
mask 110101 mask 110101
0.6 9 preference 222124 0.7 preference 223144
A

crossover and mutation selection crossover and mutation

Fig. 6. Deqline of genes values caused by uniform crossover

crossover and mutation selection crossover and mutation

high evaluation

N
e G

2 Q 2 g

increase of varieties decrease of varieties increase of varieties

Ol evolufion >

Fig. 7. Evolutionary learning process in previous studies

R
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313 Necessity of novel intention-driven simulation technologies

So far we explained that genetic operations ‘are correspondence with intention of
economic actions. However we here should notice that the existing genetic operations
based on classical GA cannot be promised to succeed in future analysis of essentially
different types of problems. ‘

‘Let us consider the analysis of market that has a network structure. A recent study
on agent-based modeling has adopted a view of social network that a market structure
determines the activities of economic entities[10]. A model with the network structure
specifies the links between economic entities, which: restrains feasible interactions
among Consumers.

Agent-based modeling with the network concept does not suit the selection and the
uniform crossover adopted in our previous studies. Next we show the reason why
these operations are useless in this case.

The selection cannot imply bandwagon effect in a market network because it
neglects links of network (see Fig.8). Copy(l) expresses that a consumer affects
linked another one and can imply spread of information by bandwagon effect.
However copy(2) cannot imply in a real market, since a consumer is affected by not
linked another one. So we should not adopt the selection in a network structure.
Besides if we do not adopt the selection, the uniform crossover cannot be useless for
evolution ‘either. The reason is that a consumer replaces his/her genes with genes of
linked and fixed consumer every generation with the uniform crossover, then the
varieties in the consumer population do not vary all the time. So these operations
cannot achieve evolution, and are not adopted to specify micro interactions in the
market network.

Selection:

Not selected consumer

Not selected.consumer

Fig. 8. Non-correspondence between bandwagon effect in network structure and selection
based on GA
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We propose a new operation for representation of the bandwagon effect and
information exchange in the market network. The operation is a fusion of the
selection and uniform crossover, and can imply the economic actions in the market
network. We call this operation “selective crossover” (see Fig.9).

Selective crossover:;

evaluation evaluation

0.9 g preference 343444 0.9 g preference 343444

mask 110101 mask 110101
0.6 preference 222124 07 preference 223144

Fig. 9. Selective crossover

Though the selective crossover is based on uniform crossover, it does not perform
exchange of the genes between linked two consumers. Fig.9 shows that genes values
of consumer B that has lower evaluation values copy from genes values of consumer
A that has higher ones. The selective crossover expresses the spread of information
over the consumer population depending on the market network structure. This
operation, without adopting selection, will achieve the evolution of preferences in the
consumer population with the market network structure.

What  needs to be. emphasized is that we have to consider relation of
correspondence between economic actions and genetic operations, and have to
propose the intention-driven simulation technologies. Though most of agent-based
modelers* have agreed with necessity of learning process, effective simulation
technologies have not been developed yet. Agent-based modelers have tended to rely
on existing simulation technologies in computer science and artificial intelligence
etc., and then were restricted on modeling of agent’s actions and internal model. For
the future of agent-based modeling we will have to consider some technologies that
can represent essential micro interactions as in this study.

3.2 - Micro-macro Link

Micro interactions specified as evolutionary learning revise agents’ internal models in
populations. The revision should imply economic actions in a real world (see Section
3.1), and change agent’s decision as purchase and launch. The change of decisions in
populations affects market products, market share, and a trend product in a product
space. The whole market results in different behavior with which are compared a few
generations ago. This macro market behavior affects economic actions in the next
generation. So micro-macro link is described.
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4.M0deling and Emergent Phenomena on Simulations

In this chapter, we provide a market model by using CAMCaT framework and show
the macro phenomena that emerge on a market simulation. The target of the provided
model is competition among some standards.

4.1 Model

According to the CAMCaT framework, the market model consists-of consumer
population, firm population and a product space. The size of the consumer and firm
population is 100 and 20, respectively. The number of product standards is 5.

41.1  Model of Product
In the product space there are a lot of products that firms launched. We specify the
attributes of the product which are consisted of specs a; and standard s, defined

by A ={(aj;s;) ay é{l,2,...,100}, s; €{,2,...,5} where k=12,---5,i identifies an
individual product, k is the spec number of a product. '

4.1.2 = Model of Consumer

1. Internal Model ~ :
The initernal model of a consufrier 7 consists of the sensibilities to other consumers

d, , standard to adopt s, , cutoff value for product attributes c; , and purchasing

weight for product attributes w, , defined by IM =(d;,s;,c,Wy) where

d efx|0<x<ly, s ell2..5), cgefl2.,100), D wy=1,i=12,-100,
, p ;

k=12,--:5, i is a consumer index, k is anattribute index.

2.Activity Model

Each consumer evaluates products by the evaluation rule of products and purchases
one having the maximum utility bigger than the cutoff values. The evaluation rule is
defined by utility function of consumer i for product (1).

wy=(Y b *ay *di+ Y wy tag *(A=d)*e,*s, @)
Tk k .
(o if consumer i cutoff product j 0 if s;#s
where ¢; = ) ‘ 8, = i o
1 otherwise 1 otherwise

b, represents the attributes of the trend product.

3.Evolutionary Learning Process
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After selecting product, each consumer i evaluates his/her own action and internal
model by using the fitness function fc, (2).

1o [T Wt (1—ncut) +wy, * sumcut +w, * (1/ maxcut)+w, *(network) 2)

ncut is the number of non cutoff products, sumcut is the sum of cutoff values,
maxcut is the maximum cutoff value, network is the number of consumers which
adopt the same standard with consumer i . The weight parameters are set to
w, =0.50,w, =0.40,w, = 0.05,w, =0.05. This function represents that a consumer
has higher evaluation can reduce recognition effort of products and can gain
advantage by network effect.

We adopt a series of GA (roulette selection, uniform crossover, and mutation)
since we do not consider network structure on this model. According to the evaluation
of consumers, internal models of consumers are selected with roulette selection. And
the revision of internal model of consumers is performed with uniform crossover and
mutation. Crossover and mutation rate is 0.6 and 0.05, respectively.

4.1.3 . Model of Firm

LInternal Model
The internal model of a firm i consists of the adopting standard s,, technological

concept c¢; , and possessed technology ¢, defined by IM =(s;,cy,t;) where

s;€fl205h, D ep =1, ty €{l2,.,100), i=12,20, k=125, i is
k

firm index, k is an attribute index.

2. Activity Model
Each firm i launches a new product, according to the launching rate that is 0.05. The
attribute 4 of launching product ; is set by calculating from the possessed

technology T' of the firm.

3. Evolutionary Learning Process
After launching the product, each firm i evaluates its own actmty using the fitness

function ff; (3).

: =W, *share+w, * othervalue+w_ * selfvalue +w , * network 3)
i a b c d

where othervalue = Zcik *Lig s selfvalue = Zcik * Ly
k % ;
share is the share of the product firm 7 inputs, othervalue and selfvalue(3) shows

the fitness of other firms’ and own technology with its own technological concept,
and network is the number of firms which adopt the same standard with firm i . The

weight parameters are set to w, = 0.25,w, = 0.05,w, = 0.65,w, =0.05 .
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Internal models of firms are selected with Baker’s linear ranking selection after
the evaluation. This implies licensing or M&A. The revision of internal model of
firms is also performed with crossover and mutation. This implies cross license and
R&D. Crossover and mutation rate is 0.6 and 0.05, respectively.

4.2 - Simulation results

In this section, we simulate the competition between standards in a market using the
model (see Section 4.1) and show emergent phenomena in the market. Fig.10 shows
two market share transitions of standards on simulations using the same parameter.

As the simulation result in Fig.10-(a), the market share of standard 5 reaches about
100% at about 50 generation, and keeps high share. This state is called “lock-in” and
is also observed on simulation in conventional studies. As for the simulation result
Fig.10-(b), de facto standard 5 switches to a new de facto standard 2. We can observe
two phenomena that correspond with two simulation results in a real world.

The two points that require clarification are that 1) why did the simulation result in
Fig.10-(a) differs from one in Fig.10-(b) ?, 2) why did de facto standard switch to
another? It should be clear that the evolutionary leaming affects the two points.
Agent-based modelers who have ever built a model that had been equipped with
learning mechanics do not doubt as to the first point. However, as for the second
point, many agent-based modelers must wonder about the market phenomenon. The
market phenomenon is one of emergence, and is caused by the essential interactions
among economic entities. We call the phenomenon in Fig.10-(b) “lock-in wave”. To
take an example of mechanism of lock-in wave, the adoption of a standard whose
market share is low by opinion leader produces.a new.trend in the consumer
population depending on the change of the product space and consumers’ learning.

Therefore CAMCaT framework can represent the various emergent phenomena
can been seen in a real market, and has a high potential to explain more interesting
phenomena that could not be observed in conventional studies.

(a) Lock-in (b) Lock-in wave

100 100

s Mﬁ%ﬂm@mm IV
5 80 e e standard1| | = " i .
= ard1 S - standard
T adard2 | 5 M
@ 60 oooslandardl o -~ - -standard2 ||
G 50 standard3| | 2 e standard3 ||
40 1 - standard4 .. B standard4 ||
g 30 i - ~—— standard5 'g e standards L

i
10 ¢

YT : Y RN |
b : KA

A Ad

1 51 101 151 201 251 301 351 401 451
generation

1 51 101 151 201 251 301 351 401 451
generation

Fig. 10. Emergent phenomena of Lock-in and Lock-in wave
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5. Conclusions

In this paper we propose a new framework, called CAMCaT, for market analysis, and
suggest that the simulation technologies are required to specify essential micro
interactions that are correspondence with economic actions in a real market.

We should note that CAMCaT framework has most of essential elements in a real
world that are the micro interactions among economic entities, the decision making of
economic entities, the interaction between firm population and consumer population,
and macro phenomena in the whole market. The market model using CAMCaT
framework can show lock-in wave as an example of emergent phenomena. This
observation strongly results from the specification of the micro interaction. We expect
that models using this framework can explain various phenomena in real markets and
analyze various markets.

Finally, we should emphasize that modelers will have to develop simulation
technologies for specifying interactions in order to develop agent-based modeling.
Existing simulation technologies in artificial intelligence often restricted modeling of
agent. In such case some modelers have ignored the partial characteristics of target
that they would explain. Moreover, simplification of modeling has inclined to assist
the ignorance. So we will consider the intention-driven simulation technologies to
prevent the elimination of important characteristics.
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Coevolutionary Agent-based Model for Market Design
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IGraduate School of Science and Engineering, Waseda University, Japan

2Faculty of Science and Engineering, Waseda University, Japan
Abstract

* The purpose of this study is to propose a new framework for supporting market design, and analyze one
market system as a standard. The features of this framework are to regard an economic unit of a firm and a
consumer as an agent and consider essential interactions among these agents in a market, and consumers’
preferences and firms’ technologies coevolute through products. ~ So we call this framework CAMCaT
(Coevolutionary Agent-based Model for Consumers and Technologies) framework.

A theme of this study that market design intends for is the standardization problem. In recent years, by
influence of technological progress and globalization, competitions between standards are intensifying in many
markets. Because of these competitions, the symptom that firm tends to aim at short-term profit acquisition was
seen, and differential profits between winner and loser arose. Therefore some problems about standardization
attracted attentions, but it is a difficult problem how it should establish a standard.

Then we would like to build an agent-based model using CAMCaT framework to examine some problems
about standardization and conduct simulation of some scenarios about proposition of standardization. - And we
show high possibility that this model gives an indicator of a market design by considering a simulation result

enough:

Keywords: coevolution, agent-based modeling, market design, market dynamics, standardization problem
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Abstract:

The purpose of this paper is to provide a marketing system for supporting decision making of firms in target marketing.
It is hard for firms’ marketing departments to decide the target customers, since they have no past purchase data of
customers when developing or launching new products. The marketing system is helpful for them to extract customers

who give a higher evaluation to a product developed by them. This paper conducts some demonstrations as an example

of simulations in the mobile phone market by using the system. The result shows that the system is valid and effective,

since the system developed can extract customers’ features based on a system user’s cognition to the market.
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