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Abstract Complexity Is an important varisble to organization theory. Here we focus how arganization
evolves and how organization’s routines change according to the degree of complexity. As the complexity of
organization depends on the intercorrelation strength amoeng routines, T use NK model to describe the
organizational fitness landscape and the degree of complexity. Especially, from the characteristic of evol ving
organization [ use Genetic Algorithms to describe how an organization adapts.
In this process, we show the exponential increment of knowledge and desirable routines as time goes on and
the need of exchange information between individual especially in complex environment. Moreover
organization should get over the ‘premature problem’” or ‘Jock-in effect’ trapped in Tocal optinunm with the
mutation technique such as outsourcing new routings f{rom other organizations. I also find the three
developing stages which organization evolves such as dramatical improvement, forming the structure with
ac,a,umulalr,cl improvement and incremental improvement. This suggests that organization’s strategy to the
environment should be faunched according to its history Le., stages and levels of complexity. I draw 3 3by3
strategy matrix overview how an organization handles this problem.

INTRODCUTION that accumulate data and transform it into

optimization of organizational evolution, This is
the reason I focus on the organizational routines
as an integrated information structure,

First this article aims to discuss complex adaptive
system (CAS} - a self organizing system of
interacting components that evolves by constantly

information that ts helpful to-decisiom=making g~

adapting 1o 18 changing environment and itseff -
in the point of organizational theory and the

evolutionary adaptive strategy of organization to

environments.  Hven though the traditional
organization  thecry  such  as  scientific
management or behavioralism relatively neaglects
the envircnment as an exogenous variable, the
resource  comstraint  originated  from  tough
competition among organizations doesn’t aliow
such approach. Especially environment itseif has
changed so rapidly and complexiy that to find the
way to adapt is not an option but & necessity for
organizations to survive.

Second, T'll deal with complexity using Genetic
Algorithm (GA) which 1 developed in biclogy
and  computer science  to  simulate  how
organizations  develop and  optimize. The
characteristics  of  organization’s  dynamic
evolationary process has a similarity with the GA,
which enables us to describe the organization’s
interactive responses to the complex environment,
Third,
information as an organizational key resource in
dynamic process. Computer science gives us tools

possibiliies . in. the .

I will focus on the importance of

Fourth, the critical issue in all CAS is the relation
and trade-off between the exploration of the new
search. . space . and .. the...
exploitation of the ofd certainties. Exploration
implies  variation,  experiment play, and
innovation; while exploitation implies selection,
unplementation and execution, refinement, |
briefly explain how GA performs the exploration
and exploitation,

2. THE CHARACTERISTICE OF
ORGANIZATIONAL EVOLUTION.

I specify the characteristics of organizational
evolation in the empirical stance. First, the
organization is coerced into adapting to the varied
environment by redesigning the organizational
reutine or restructuring,  Because  knowledge-
based companies such as network industry or
high-tech industry are competing in winner-take-
most markets in which milien, management
becomes aot production-oriented  but mission-
oriented and a new product aeeds to be twice or
three times better in some dimension such as
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price, speed, convenience (Arthur, 1996}, Second,
the organization needs to redesign itsell using its
accumnujated  or  “learned”  information by
organizational learning to keep its continuity.
Because the organization will pay more sunk
costs raised in the redesign process. Third, to
perform upper process, the organization needs to
estimate the existing organizational routine to
decide whether it is favorable or not using the
fitness function and to find decision rule. Fourth,
in this dynamic process the organization redesigns
itself by outsourcing new factors not contained in
present organizational routines.

3, BUILDING A MODEL
3.1 Model assumption.

From the characteristics of organizational
gvolution 1 suggested above, 1 make some
assumptions to build a model. Assumption 1) The
environment 15 not static but dynamic and
complex. Assumption 2) The organization
chooses the desirable organizational routines that
enhance the adaptability o environment.
Assumption 3) The members of an organization
change desirable informaticn each other and

change  information  accumulated as  an
organtzational learning. Assumption 4} The

redesigning process of organization is stochastic

higher than average fitness tends toward zero
(Kauffman, 1993; McKelvey, 1996). So when
K=0, the fitness landscape is single peaked
landscape and as X grows, the fitness landscape 18
multipeaked landscape.

To simplify the model, I define N=8, each with 2
allele (0,1) and K will be a parameter describing
the uncertainty. Here [ use the fitness landscape in
three cases that single-peaked, smooth correlated
fitness landscape, and high correlated fitness
tandscape corresponding to the K=0, 0<K<7 and
extremely random fitness landscapes having
multipeaks to the K=7.

Table i Comparison of the evelution
biology and organization science terminology

Notation | Biology Organization Science

N No. of genes No. of organizational routine

K No, of | No. of interactions among
interaction organizational routines

A No. of alleles No. of possible selections

3.2.2 Genetic Algorithm.

GA is a search algorithm based on the mechanics
of natural selection and natural genetics that has
two main goals: (1) to abstract and rigorously
explain the adaptive processes of natural system,

process.
3.2 The basic concept of NK model and GA.

Here I introduce the NK model to construct the
fitness landscape and GA to show the dynamic
adaptation of organtzation:

3,2.1 MK model and Fitness Function.

A useful starting point for an  analysis of
adaptation  and  selection processes is  a
specification of a mapping from a characterization
of an organization’s form 0 a statement of its
relative fitness or likelthood of survival, ie.,
fitness landscape.

Kauffman (1993) demonstrates that the topology
of the fitness landscape is determined by the
degree  of interdependence of the fitness
contribution of the various atiributes (genes) of an
organism. In the NK model, N is the number of
genes randomly assigned fitness contributions of
(0.0 to 1.0, drawing from a uniform distribution. K
stands for the average number of other sites that
are interdependent with the N sites. The web of
intercorrelation {complexity) grows in size, the
likelithood that a particular N" site will achieve

and (2} to design artificial systems that retains the
important mechanisms of natural
systems{Goldberg, 1989). From the 4 model
assumptions, b can-use GA to describg the
dynamic adaptation of organization.

The main operator is reproduction, crossover, and

“mutation” operator “that enable parallel search in

uncertain environment. | show why organizational
learning increases in exponential mode usiag the
schema theory. This can well operate in the well-
structured information database which enable the
selecting the desirable figures,

Here 1 also discuss the premature problem that
causes the jocal optimum setiling and the usage of
mutation angd crossover. The mutation plays a role
in introducing the new information to the
organization and the crossover plays a role in
sharing the well-fitted information among the
individuals who consist of the organization.

Table 2: Comparison of Biology, GA and
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Organization Theory terminology

. Genetic Organization
Biology .
= Algorithm | Theory
Choromosome | String Individual
Feature, .
Gene ’ Routine
character
The number of
Feature ossible ontions
Allele P > OpHe
value that each routine
has
String The order among
Locus . .
posifion routings
Individual's
Genotype Structure .
- routine type
The input value
A decoded | put varu
Phenotype of organization’s
i structure - . .
fitness function.

In the case of organization, the organization itself
is regarded as a population, the characteristic of
an individueal is phenotype and each routine that

routines on his or her own way which is evaluated
according to the fitness function’s value and
organization will use the desirable individual's
reutine to the next generation’s design with high
probability.

Let's look over more specifically in example
how GA is different to the traditional searching
method so called hill-climbing method.

I have an equation (eqa.l) and given interval of
x, y and finding maximum vaiue is our goal.
Fx,y)=Sin(x* Sin(y)) s.t) O<x, y<=7 ...
Hga. 1.

As you see, Eqa. 1) shown in below graph, It
will be hard to find maximum value.
ffig. 1] Example of mutipeak landscape

4. SIMULATION RESULT & CONCLUSION
The following graphs are one of simulation results

of organizational evolution in the high degree of
complex eavironment.

an individual has is mapped to genes. In the end,
an individual responses to every organizational

Figure |
Simulation result in high level uncertain
environment |
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The above graphs show that there are 84
kinds of genotypes in generation 1 and the
number of individuals who have a same
genotype are described with the height of bar.
We get a desirable solution as the generation
goes on that in the 15" generation most of the
individuals gathered to the desirable value
x=121. In the 30" generation, there are iwo
genolype and the most individuals have a
same genotype 01111001, phenotype x=12.

To see more detail, We draw the genotype

number according to the generation goes on,

Fig. 2 Evolution of
organization in the given environment

Organization gets some standard routines
structure.

The third stage, the organization pursues an
incremental improvement and consistently
accepts the new organizational routines, the
mutation. But in this stage, the fitness
improvement 1§ small. Of course, if the
nutation mntroduces the chaotic factors, the
organization witl faces new phase. Especially
chaotic factor will destroy the established
structure, which brings about the much cost,
We sometimes see the big and old company
(dinosaur} is bankrupted because of its
mnertia,

This  three  stage s similar to  the
organization’s history, that is birth, growth,
and declination. And we also find this pattern

In the complex environment, the organization
has three stages. First stage (from generation
{ to 9), the dramatical improvement of the
organizational routines with high fitness to
environment is achieved by reproduction
effect and share information among the
individuals. In this stage, the inferior routines
are removed rapidly and the diversity of
genotype is decline.

Second stage (from generation 10 to 18), the
accumulated  improvement  forms  the
structure that dominates the genotype that
will be described in organization theory as an
SOP  (Standard  Operation  Procedure).

2(medium  level of
{without  any

two  case

in  other
uncertainty), case 3
uncertainty).

But above simulation doesn’t always

guarantee the global optimum, x=121 with
fitness 1.75448. Sometimes we get the local
optimum like below figure even though same
parameter was given.

Here we f{ind important implications of how
complex environment influences dynamic
organizational evolution to lock in the local
optimum x=27 and fitness value 0.965331.
When we calculate the neighbor values x=26
and x=28, fitness are 0.768951 and 0.281522
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representing the complex environment which
has sharp peaks.

If the local optimum values are accepted in
the stage 1), it will have a great influence in
the  searching  process of  dynamic
optimization,  The  crossover  operator
spreading  desirable but not the best
information to offspring causes this inertia in
the uncertain environment. This implies that
organization has a dependency on the initial
population’s information suggested in Chaos
theory as “the sensitive dependence on initial
conditions” and stage 1) is very important to
determine the organization’s survival, This
phenomenon is called “path dependence” as
Paul Krugman captures the idea in a succinet
defimition: "the powerful role of historical
accident in determining the shape of the
economy” and Arthur suggest “lock-in”
effect (Arthur, 1996). In path dependence,
getting "locked-in" means that one have to
accept infertor standards or products, even
though superior alternatives exist, even
though it s known that superior alternatives
exist. Arthur claims that Microsoft’s success
in the personal computer software market are
due not to its best quality but to consumers’

optimam by instilling the diversity to the
organization.

Organization’s CEQ generally prefers the
stable status to the dynamic status exposed to
the risk and uncertainty. But the above figure
shows that the stable status will lead a local
optimum and at last fail in the competition to
the more optimized organization. So the
successive redesign by accepting the new
organizational routines not contained present
organization or forgotten routines  is
essentially necessary as long as the cost of
redesigning is cheaper than the improvement.

Ity 3 cases of environments according to the
uncertainty. And also try to tind the implication of
crossover, mutation and population size, In this
process, I find the fact that the organization has

typical three growth path that dramatical
improvement, forming the structure with
accumulated  improvement, and  incremental

improvement as time goes in given environment
whether it is certain or not. This suggests that the
age or history of the organization affect the
adaptation strategy.

Also 1 find the role of crossover and mutation is
more important in the complex environment. This
also suggests that environmental complexity

affects-the-adaptation-strategy-of -organization: 1

abitity to-escape from d path costrslled By
Microsoft (Leibowitz and Margolis, 1995),
To overcome this situation, we could give a
high mutation rate to exit from the local

summary the dynamic evolution strategies with 3
by 3 matrix shown below using the simulation
results.

Stage | {child) Stage2{adolescence) Stage 3 {old)
Fow . Directive leadership with | tDirective  leadership to | ! Directive leadership to
complex creative innovation focus in  producing  the | keep organization
environment organizational structure continuity with

incremental change

Medium
complex
environment

cLower-level
leadership

Creative innovation should
be emphasize

management

[1Management by Exception
:iNetwork such as crossover
should be emphasized
[1Check the inertia caused by
structure

LiCreative minority should
be encouraged

High :Autonomy of individuals (I Team work is emphasized
complex ‘Sustain a diversity. [iCoordinate the Interested
environment | . :Paraliel search groups

TiSuccessive  reinventing
organization using
mutation
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