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Abstrakt
The article continues previous text published in "Management Business Innovation" (no. 6, 2010) under the title
Stock-And-Flow Thinking In Decision Making. Towards Systemic Procedure of Problem Solving. The
methodology presented there is shown in the practical context of water supply management problem in one of
the largest cities in Mexico. Basic methodological implications for computer supported problem modeling and
simulation are shown, beginning with the Partitioning&Tearing Method, causal diagram of the problem as well
as the computer simulation model structure drayn with the Vensim™ software.
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Introduction

There 1s an extensive number of different approaches to the modeling process and
models (Wolstenholme 1994; Morecroft, Sterman 1994, 2000). Most of them emphasize
mnternal nature of models and type of variables they mvolve. Others are based on physical
features of means used in modeling process. In this study we use a different perspective. This
text 1s a continuation to the one published under the title “Stock-and-Flow Thinking in
Decision Making. Towards Systemic Procedure of Problem Solving” (see: Management
Business Innovation, No 6, 2010). System methodology of problem solving is presented in
two layers here: theory and practical application. This text 1s devoted to the latter stream.
Modeling is not only a means for predicting future but it could also be a powerful instrument
for understanding the nature of the problem and learning from and about the problem. In fact,
learning through testing difficult problems structures and behavior is a major advantage of
problem solving process.

Common tradition in modeling practice 1s to acquire ready-to-go models from experts
in the field and use them for selected problems. It seems that it has become dominant in the
field of professional education; instead of learning "how to learn" we provide decision makers
with the knowledge of "where to look for". Research works at the Tavistock Institute
(Winnicott 1971 and Trygvar 1985) show that there is a remarkable relationship between
playing, learning, and problem solving. Modeling contains all these activities; imported
models can be replaced by authors' own experimental vision of the problem which can be then
changed, re-arranged, and re-interpreted. While playing with the problem and its variables we
acquire knowledge of the problem, verify learning through our intuitive process of evaluating
its future behavior, and see into possible solutions. We can do that using formal approach
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consisting of a structured methodology imposing order upon our creativity and friendly
computer simulation testing our understanding of a problem.

The paper presents such methodology, beginning with the problem conceptualization

phase and ending with the construction of the problem’s formal, computer-supported model.
It is not only a theoretical essay; the paper results from many years of hands-on experience in
modeling and simulation of real problems of which dynamic complexity was a trigger for
accepting them as the analysis topic. Some of them were presented at international
conferences, 1 many cases work results were adopted as official guidance for policing those
problems. An incomplete list of those problems includes solid waste management, water
management and policy, urban development, air pollution, urban logistics, and others.
It seems that proposed hereafter methodology and technology is of special importance in
public administration. Most problems, especially in public administration, are solved on a
very superficial and lineal knowledge base and emerging solutions results from existing
budgetary constraints rather than from problems structure contents; frequently, reached
solutions usually become counter-productive and short run fixes.

Cycle of Problem Structuring, Modeling, and Simulation

Problem modeling occurs in a broader intellectual setting which can be called problem
solving. We always attempt to model a problem in order to understand and solve it. The term
"model" and "modeling" refers, in this context, to a cycle of intellectual activities aiming at
discovering problem structure, its codification in accepted language and symbols, and
understanding present and future behavior of the problem and its variables. That cycle,
therefore, 1s much more than a problem statement and simple algorithmic approach to its
solving. For this reason we depart from the concept of problem solving, interpreting it as a
sequence of three phases: structuring, modeling, and simulation. Each phase contributes to our
problem knowledge and is linked with problem solving through some specific mental
mstruments. The exploration and use of those mstruments 1s another objective of this study.

Problem Structuring

Problem structuring is oriented toward ordering of all internal elements contained
within a problem. Problem exploration (such name assigned to this stage of problem solving
M. Mazur - we follow his terminology hereafter - 1980) begins thus with a precise definition
of problem boundaries; this separates the problem from its environment and defines its
variables as controllable or independent. Exploration is intimately related with problem
classification; we cannot define problem boundaries unless we possess the knowledge of the
variables constituting that problem — to classify a problem means to make a list of all
variables within and outside the analyzed problem relevant for its solution.

Problem structuring is aimed at specifying problem variables and their distribution in their
logical space (which variable affects which other), physical space (spatial distribution), and
time. Thus, a structured problem must contain:

+ its boundaries (exploration),

 all mvolved variables (classification),

« relationships existing among variables (problem explanation).

Brainstorming 1s only one of many thinking tools we can use for this phase. If a
problem remains in our domain, brainstorming allows us to make a preliminary list of
variables. In most cases, however, the knowledge of a problem requires accessing information
and knowledge depositories belonging to other parties and we need to seek relevant
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mformation. We can assist brainstorming with some simple mnstruments, like Variables
Inventory List, Double-Q-Diagram (Fish-Bone Diagram) or similar.

It 1s also very helpful in the Structuring phase to think of the variables in terms of what
type of behavior they may present (dynamic properties of variables). While analyzing
possible behavior of a variable over time, only three distinguishable behavior patterns can be
detected:

« variables with present states depending on their previous states; those variable
show the accumulation or depletion of certain resources (tangible and/or
intangible) important for the problem. Those variables are called stock, state or
level variables: level variables represent resources within a problem,

+ variables that take in the conversion of resources; level variables change over time
according to a certain transformation rules contained in another variable, linked
with level variable; those variables are called flow or rate variables and they
directly increase or deplete resources level, thus absorbing their dynamics,

« variables that are neither level nor rate variables; they usually intervene between
level and rate variables and/or between a problem and its environment; as those
variables convert internal or external influences into a language understandable for
level and state variables, they will be called conversion variables (converters).

The importance of attributing one of mentioned behavior patterns to problem variables
stems from different contribution that level, rate, and conversion variables make to the
problem structure and behavior. A link between structure and behavior is perhaps most
important paradigm of the Systems Dynamics (Senge 1990). Any problem has a structure and
the problem behavior 1s not dominated by its variables alone but it depends on a set of
relationships existing among them. Therefore, the problem structure must be analyzed as a
whole entity paying special attention to feedback loops existing among variables in the
structure. Thus, 1t 1s not variables themselves but what occurs in and among variables that
determines problem behavior (symptoms) and possible solutions of that problem. In other
words, solving a problem implies our intervention in its structure, particularly in its feedback
elements. No problem can be solved without purposefully changing its structure.

Another assistance to structuring a problem can be obtained from Dynamic Thinking.
Dynamic Thinking attempts to identify all feedback loops included in a problem structure. We
can perform it by drawing Causal Loop Diagrams or using more formal algorithm, e. g.
Partitioning Method.

It 1s easy to draw Causal Loop Diagram in the case of simple problems. It becomes
more challenging if the problem complexity increases. In such cases we may use the
Partitioning Algorithm. The Partitioning Method, mvented by Gerald Kron in 1963, was
mnitially used to structuring (partition) complex and large equation systems. It allows us to
group all problem variables into blocks where a block contains variables linked with a
feedback and where there are no feedback loops between blocks. That means the Partitioning
Algorithm locks in all feedback loops into structures called blocks, interpreting the block as a
variable or set of variables not connected to other variables (other blocks) with the feedback
links. Thus, feedback can exist only within a block (unless block contains one single variable)
and never between them.

This phase of problem structuring moves us closer to dynamic properties of the
problem and its variables. To get an insight into dynamic behavior of the problem variables,
we can use other tools, e. g. Behavior Over Time Diagram and Graphical Function Diagram.
Behavior Over Time Diagram presents changes in variable values over time, taking into
account any inter-relatedness in their behavior. This gives us a reference mode for capturing
relationships between variables in a more detailed way (Graphical Function Diagram).
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