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ABSTRACT

In a world of increasing complexity and turbulence organizations run the.risk to loose effectiveness as well as
efficiency when managed on the base of linear thinking and shonsrghted decision making. System thinking and
organizational learning mstead will become a prerequisite for competitiveness and survival.

In our paper we propose an mtegrated snmulauon-leammg toolkit" to support strategic decisionsin the field of
flexible assembly systems.

With the help of this toolkit the user wxll be led through a structured modellmg process in which he will develop
his specific managenal rmcroworld Startmg froma genenc model the user follows dlﬁ’erent stages of abstraction
and specification. i Goas '

THE CHALLENGE FOR STRATEGIC MANAGEMENT

The main goal of strategic management is to insure the competitiveness of companies and wrth it their long term
chances for survival. In this context, it is important to keep in mind that companies must operate .within a
complex environment. The structure of cause and effect in this operational environment has grown more
complicated. It is changing constantly, making a shift to conditions difficult to comprehend. This clrcumstanoe
can be observed in the surprisingly rapid transformation in demands of the market, changes whrch make it
necessary for companies to develop new capabilities and resources continually. .
Until now, the perception of complexity in management was largely distinguished by a reductionist method: to
make a major problem comprehensible, it would be seen in terms of a conglomeration of smaller problems. The
integration of the resulting individual solutions was assumed to then benefit the whole system. Astonishment is
great, because this principle frequently does not function in a system of advancing complexity - instead of total
opnrnmmon, the result was a collection. of less than optimal and often conflicting solutions. Slowly but surely
the realization is becoming more widespread that a more promising method for the management of complex
problems lies in the simultaneous assessment of the whole system..
Tt would be too much to expect of normal powers of comprehensron, however to observe all the vanables ina.
complex system at once. The management of complexrry requires the ability to distinguish between the 1mportant
and the trivial and to act accordingly.
Since priorities change from day to day, this must be a continual process For the eﬁ‘ects to be long term,
planning cannot be a sporadrcally undertaken procedure; it must be seen as an constant learning process (de
Geus 1988)
This view leads to a shift in paradrgms in management characterized by changes
* away from mechanistic thinking in linear causality to a more complete view of things, mcludmg eonsrderatron
of feed-back;
* away from planmng asa deterrmmstrc constructron to the view of planning as learning;
* away from a static understanding of strategy as ‘manifested in positions of product/market combinations to a
dynmmc understanding of strategy as the expression of business behavior.
According to Senge (1992) strategic managers "must become system thinkers as well as better learners”.
Until now, in business practice only a few tools exist that make it possible to experience complex systems and
train decision making techniques in a simulated environment (Zahn 1991). In a world of turbulent change,
policies need to be examined more critically and frequently modified to conform to. changed conditions. This
implies, however, that the mental models of top management must first be altered and improved (Forrester
1992). In such a complex world CEO's are demanded in their role as "corporate designers” (Forrester 1992).
Only by rethinking the logic of cause and effect will they be able to effectively reengineer business and open the
door for a strategic renaissance of their companies (Zahn 1993).
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Rethinking at the level of top management alone is not enough. For total re-orientation, employees on all levels
must join in. As Ferdinand Piéch recently pointed out at a meeting of German executives:
"Most European businesses today - and this includess VW - are expedient partnerships
(Zweckgemeinschaften). They are characterized by management that tries to convey its wishes to its
employees and expects those wishes to be understood. As you well know, this concept of management is
singularly unsuccessful.” (Piéch 1993) o
Apart from mere lip-service, the realization that the mobilization of knowledge on all levels of a company is
necessary to survive in international competition is gradually being accepted - at least in Germany. With the new
slogan "diagonal communication”, German companies are trying to promote discussion between participating
employees through all levels of company hierarchy and utilize the entire pool of available knowledge to shape
the future. It is not the strategic managers that produce the added value of a company but the employees on the
operative level. In the past, this available knowledge was not used enough in shaping policy. The pool of
knowledge must also be expanded in the opposite direction. Employees on the operative level must understand
the ‘strategic dimension of their performance in-order to follow the strategic vision of the company. In and
between all levels of hierarchy in a company, the reciprocal exchange of knowledge should guarantee that the
entire experience of the work force is applied to the solution of problems. Since organizational knowledge is not
a static quantity, and given the dynamic of change never can be, constant adaptation and expansion of the basis
of knowledge in the sensec of organizational learning is mecessary. Unrestricted and mutual exchange of

knowledge has one basic prerequisite: the mental models of the participants must correspond. _ .
As a result, strategic managers have a further function beyond their individual learning function: they must
moderate the collective learning process. In order to do this, they need tools that will enable them to ! -
* view issues in their entirety; ,

* determine the results of decisions through the inclusion of feedback;

* include all participants; o

* compare and contrast the views of participants critically;

* experience difficulties in déaling with complexity;

* regularly identify new critical success factors of business;

* communicate acquired insights;” e

* and continue to expand the basis of knowledge. , AR S,
The tools that are based on the system dynamics philosophy have acquired a new topicality in the context of the

DEMANDS FOR LEARNING TOOLS

In our opinion, the work with system dynamics tools for decision-making in business has lead to two significant
* Company decision-makers should not only employ finished System-Dynamics-Charts that describe the results
_ of alternative policies, they must use the model actively in ordeér to generate know-how not only know-that.
* Managers must already participate extensively in the modelling process in order to avoid the development of a
black box which offers him no help neither in the explanation of the dynamics of his company nor in designing
The formation of the kinds of long term forecast that are used in strategic planning has always been a_doubtful
undertaking. With increasing complexity and turbulence, long term forecast begin to resemble fortune telling,
The probability that long term forecast will actually come true is perhaps 50%. A business that relies on such
predictions unquestioningly operates as if decisions for the futuré could be reached by the flip of a coin. Only
through the confrontation with causal and dynamic relationships, for example with the use of learning models or
so-called gaming models, can the decision-maker's assessment be sharpened. The work with learning models
helps in the perception of dynamics but it will not lead to the comprehensive mobilization of knowledge that can
be achieved by the use of system dynamics tools. . , S
As Vennix and Scheper (1990) point out, many system dynamics modelers now see the process of model-
building as more important than the output of a validated simulation model. ‘Model-building itself generates
basic insights into causal effects of various policies. This more comprehensive knowledge base is frequently only
available to the model-builder and is not communicated within the company. In work with gaming models in
particular the' danger of a video game syndrome exists, in which participating managers have fun playing the
game but don't grasp the causal relationships (Senge and Sterman 1990, Kim 1990, Machuca 1991), .
The development of explicit learning laboratory concepts take this danger into account. In this case there is no
model-builder who presents a validated model after interviews with the managers involved. Instead, the system
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dynamlcs expert is’ the mentor who guldes ‘the model-bulldmg The actual model-bullders come rom t.he

company itself and produce thelr own simulation or learning models with the mentor's help.

In the rest of this article,’ we outlific our conoepuon for a tool that would' allow' successive model-building by -
managers.~ The “prototype” of ‘such a “tool was  developed in a “project ‘- financed by the" Deutsche
Forschungsgememschaﬁ DFG (Sonderforschungsbereich 158); This integrated simulation ‘and’ learmng toolklt :

should promiote stratégic deaswn—makmg concerning the design of flexible assembly-systems.

The proposed conception is based largely on object oriented programmmg In the following sectlons we wﬂl’

present the object oriented form of knowledge representatmn as used in our prototype "Bamboo”.

OBJECT ORIENTATED KNOWLEDGE—REPRESENTATION

Object orientated knowledge representation allows a clear description of chosen objects or frames by using then'
characteristics. ‘Characteristics and procedures are linked to.the object in so-called slots. Analogous to the real -
world, the slots make it possnble to save characteristics of a'particular-object directly within ‘this’ object. Related-
knowledge is not divided into pieces and stored af dxfferent places As in reahty the object and its charactenstlcs

can be found "at the same place” in the model.
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Figure 2: An Object Orientated Causal Diagram

An essential element of this conception is the creation of object classes. Within the. emerging object hlerarchy,
the inheritance mechanism allows the characteristics of a class of objects:to be transferred to.objects lower in the
hierarchy. The basic idea of the concept assumes characteristics that are usually "typical” for the observed object
within a certain problem area. A hierarchically structured object system consists of prototype representations of
knowledge and of more specific objects. These objects are derived from generic structures and - in some case -
are specifically adapted for modelling complex reality.
The creation of object classes makes. it unnecessary to save shared attribute values in the slots repeatedly. This
means that an object "inherits" the:characteristics of an object higher in the hierarchy. An object is thus always
"a spemﬁeahon of a'more generic class” (Fikes and Kehler 1985). An object lower in the hierarchy is also seen
as an instance of one or more "generic” objects. As Kleinhans (1989) points out, the instance process follows two
principles:. ooncreuz.atmn and modification. An object is described and made concrete through the choice of
admissible / allowable values from the assigned standards. Changing a characteristic value, or removing or
adding a characteristic results in a modification.
The example in figure 1 shows the application of object ori¢ntated knowledge representatlon for a ngen busmm
context.
The market is the most "generic" object in the hierarchy. On this level, the value range of the characteristics for
a commonly seen feature in a general market object are determined. These features refer on the one hand to

"technical” characteristics that can be observed in every object of the model, such as the type of the object, the
hierarchy within the object tree, or the actual value in a simulation. On the other hand, further characteristics. of
the object that are not present in ail the objects of the model can be saved, because they refer to a certain class of -

objects. In the:example in figure. 1 objects from the object class "market" are characterized more precisely by

characteristics like "customers”, ”development of demand"”, and-?market type". In addition, -every object is given .

an additional slot, "commentary", that points to_ the existence of explanatory. text on the object While working
with BAMBOO, explanatory text can be called up for interactive use.

In objects that are low on the hierarchy, features are concrete. The subordmate automotwe parts market

(gearsystems)" for example is characterized as “oligopol"; "development of demand" is usually described as
"strong". Customers can not be clearly identified on this level as "large- or small scale costumers”; the entry is
"mixed".

The "automotive parts market (gearsystems)" as an instance of the market inherits all the technical
characteristics, since an exact specification can not yet be reached. Only. at the next lower instance can more
precise determinations be made. These objects refer to. three different markets of three companies.. Further

instances of this object level of companies might be different markets in which the companies are active. In the.
hierarchical structure of the frame, modelling can be achieved simply by the introduction of new instances; by

"hanging" further objects on the object tree.
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Figure 3: An Integrated Simulation and Leaming Toolkit
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OBJECT ORIENTATED CAUSAL DIAGRAMS

With'this theoretical basrs we developed the object orientated causal diagram.- (Zahn et al 1990, Zahn et al
1992). An example of an object orientated causal diagram is shown in figure2. The ‘model on which this
diagram is based is meant tobe utrhzed for strategrc investment and automatron decrslons in the assembly work
of a selected company. ‘ :
The complete model is orgamzed into the submodels market, market eqmlrbnum, sales assembly, use of
capacity, and profit and loss: Use of capacity is included complete in the assembly model: The models market,
market equilibrium and marketing overlap. The individual models have different characteristics. Market-is
characterized by strategic success factors: time, price, quality. The examination of the models market and
assembly make the principle ‘of inheritance clear. So-called flexibility generators such: as physical and human
resources, and logistics for example are instances of the assembly model ‘and, as a result; inherit the preexisting
model structure that is determined by the elements and- relations of ‘the: submiodel assembly. Actually, there are’
three assembly models, but with the- inheritance  mechanism; :they need not be displayed: mdmdually The
drstmctron between physical resources human resources and logrstrcs is made automatrmlly

FROM GENERIC'TO SPEC]FIC MODELS

Within the framework of a phase concept as'shown in figure:3, the user should be introdiced to the simulation’
step by step and with the help of a:computer. In‘the first phase; the user works with-a computer implemented
causal diagram of a generic model in which the basrc structure of the problem appears in'the: form of a hypertext
net.

Problem cases from the same area of application: usually drsplay a smular basic structure The ldenuﬁmtron of
such basic structures make it possible to create a generic model. Such a structure ic similar to.all models that are
based on a concrete case from the observed area of application (Graham 1988). From an object orientated view of
the problem this implies understandmg the observed systems of an application:as objects .and developing a
relatively universal object as "generic model”. From this object, all other apphcatlons can be denved as specral
cases or instances of object orientated knowledge representation.

The generic model is not as concrete and, as a result, smaller than the concrete case model Small,
uncomplicated' models are much better for:thefirst confrontation with' the problem. The' model-bullder ﬁrst
becomes aoquamted wrth the:generic model and acquires a basic understanding of the problem.
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Figure 4: The Concrete Case Model "ME"

With the knowledge provided by the static "structure description model” and the help of a modelling tool, the
user can create a generic learning model that makes it possible for him to generate basic knowledge about
dynamics in his field of interest. For this purpose, he chooses from available modules and assembles a first
learning model that suits best "his" reality on a general level. Archetypes of market development, for example,
are available: linear market growth, market development with chance influences, etc.. The purpose of a first
learning ‘model is to create a better understanding ‘of basic. patterns omrupresent in workmg with complex

systems (shifting the burden, eroding goals, etc. Senge 1990).

Only then does the user-create "his" model from the existing, generrc structures. The: system then makes: all

functions available that allow him to independently construct an appropriate model for his problem situation.

Thesimple: causal diagram introduced in-the preceding section reflects the: structure of the generic model

implemented in BAMBOQO. Clicking on the mouse at the appropriate object- gives the user access to all the

general information in' that problem section and generates a concrete model on the basns of the information and

modelling tools. .

Output in the second phase is not a functlonmg s1mulatmn model but rather a stmcturally expanded hypertext

system which makes information available to.other users of the company. v

Figure 4 shows the object orientated causal diagram of the.case model "ME". Necessary adaptatlons and changes

specific to the company are recognizable when ‘compared to the generic model: ,

* In this company, assembly of the products under examination go through four assembly statxons that can either
be configured in automated or manual way. The object orientated causal diagram contains the structure of the
assembly only once. Through the object orientated form of presentation, this structure is "inherited" on all four
assembly stations (S1, S2, S3, S4).

* Within the.scope of the-investigation of the concrete: case, two market segments with different products-had to
be considered - as.opposed to the. generic model with only one market or market segment. In both of the market
- segments under consideration; success factors such as delivery time and price determined the market success of
the company. The quality of the products was not considered.

* Logistics as flexibility factor was: not included in-this- case study. In order to-do justice to:the concrete
allocation of tasks in a real situation, it was necessary to include both a modification of market structures as
-well as a detailed description of the specific assembly system. For this reason, the ﬂexxblltty generators were
specrﬂed by usmg productron data. .

FROM QUALI'I‘ATIVE PRESIMULATION TO QUANTITATIVE SIMULATION

In the third phase the user detemunes the relatlonsmps of the model entities (modelled as objects-in the system)
on the qualitative level. The qualitative specification .of the relations includes. setting -the -direction (dir
[positive/negative]), the delay (delay [<numerical>]) and the strength of the relationship (force [+/=/-/#]).
Possible values for force are increasing (+), constant (=), decreasing (-) or qualitative (#). Moreover, the user has
the possibility to store constraints in verbal form that describe the restrictions of relations.
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Model structures specxﬁed in this way allow a quahtatwe presunulauon in advance of the quanutauve
simulation.

The term quahtauve presimulation” is used to distinguish it from “qualitative simulation" and quahtatwe
© reasoning" as used by Kuipers 1986, Forbes 1984 and Kleer and Brown 1984. The qualitative presimulation in
' BAMBOO *"only" provides a static view of the system. Eberlein et al. (1990) have provided a simiilar analysis
. option in their program VENSIM.

An interactive "causal path analysis” which allows to examine all the paths between two important elements of a
- model concerning for example their direction and delay may help to learn the way how the system works as a
-whole. A path consists of numerous elements and their relations between two elements. As a rule, numerous
. paths exist that are combined to make what is referred to as a "set of paths". The same functions exist to examine
loops and "set of loops". For strategic decisions where intangible factors play a considerable role such a problem
view of decision support may provide decisive insights.

Qualitative’ knowledge is “contained". explnc:tly and 1mphclt1y in: the system The user .can retrieve thls
mformatmn through various funcuons ; R

Sﬂ_cm_rsz_\_n_alysl_s_

The s1mplest system function generates the description of the objects contained in the model. The obJect and its

slots as well:as the text of the commentary-slot are given. The prerequisite for conducting a path analysis. is the

data on the individual paths in the system concerned, which is difficult to identify without technical help.

BAMBOO provides functionsto find and analyze these paths. The qualitative effect of a path with:regard to-the
- -direction (dll’), the strength (force) and the delay factor (delay) is detenmned accordmg to the link matrix in
~figure 5:- ; y

- Policy Analysns

* The-results of the structural analysns are the. pomt of departure for. this: class of mvestlgatlons The paths and
Toops that have come to light between the elements of a model are combined in so-called sets of paths and sets of

“loops and ‘can be analyzed as'a whole. The major elements "capacity” and: "profitability” in case study model
"ME" for example-are linked by:'S causal paths. Some of the results of this path analysis as generated by
BAMBOO are presented in figure 6. All of the paths between the beginning and final elements of the causal
chain, as defined by ‘the user; have been investigated by. BAMBOO. according: to:the overall effect of the
qualitative parameters of influence: These results serve as‘..inpu’t for further sensitjvity analyses. :

Sensitivity Analysis S
With the help of this: analys1s funchon, the sensitivity of model objects can be detemuned In addmon, lt is
: p0551ble to dlscover wluch restncuons apply to sets'of paths and loops. ,
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Total effect. ... . negative 0.5-0.5 # 11 constraints !!!

2. Path from MEcapacity to MEprofitability ( p_MEEI13_MEEI9_2 ).

dir delay force ~constraints -
MEcapacity ,
effects MEcapacity_activated .. - positive 0-0 = = *
effects MEdelivery positive 0.5-0.5 = If there aren’t limitations
i in logistics
effects MErevenues positive  0-0 = o
effects MEprofitability positive  0-0 = *
Total effect _ positive  0.5-0.5 = 11! constraints i1}
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A dir. . . . delay force constraints
MEcapacity . - T : o ’
effects MEcapacity_activated - positive  0-0 =. *

Figure 6 : Analysis of a Set of Paths =

““The simplest- functions determine the: sensitive ‘successor or predecessor of an eiemént with regérd to.the
direction (dir), the strength (force), or the delay function (delay). With a further function, the sensitive relations
in a path can be ascertained. These results are automatically saved in objects created dunng the running of the
system.

“The ctitical ‘paths in the sets of paths and loops present a- much more complex analys:s For this purpose,

BAMBOO nnplements algonthms that reduoe the number of paths between two elements to the most relevant.

'Devnahon Analysis , - ' '
Important decision support can' be provxded by the analysns of structural devxahons in: the assembly area: of one's
own company as compared to general structures. The awareness of these deviations can be used as a basis for the
identification of strengths and weaknesses of a company compared to its competition, and as such, form an
important basis for the development of strategy. In addition, a model management tool allows the change
~between the generic model and the individual case models shown in BAMBOO. With diversified companies in
" patticular, ‘the figure of different assembly structures with. very: different market forms makes: little. sense.
However, the immediate accessibility of the data of the generic model as well .as the information on various
assembly areas of the oompany ‘makes the companson of structures and operatwns of systems possxble

In the next stage of concepnon the user defines quanutatwe functlons for individual model objects and tlansfers
the model in a further:phase in' a new:condition. .In the fourth phase, the: usual user-friendly functions of a
System Dynamics quantitative simulation are available to the user.
At any time during the work with the quantitative model, the user has the option of returning to the qualitative
level and using the available analysis schemes to better-understand the output of his quantitative simulation.
The preliminary conclusion of the model building is the conversion.of the validated simulation model with the
help of a toolkit into a specific learning model. This managerial microworld can then be used in the company as
a tool of organizational learning. The users of this micorworld can refer to the qualitative components of the

. system at any time and investigate the causal structure of the model using the analysis functions described above.
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An essential element of the use of the tools is the discovery of correlations that have remained hidden. New
model building on a regular basis is an important part of a continuing learning process. In this way, the danger
of believing in a supposedly definitive picture of reality and confusing this illusion with the real world is averted.
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