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Modeling does not take place in splendid isolation. It is
embedded in a social context.
The real world problem determines the nature of the
model.
And always there are clients that you are trying to
change their mental model and finally behavior.

Steps of The Modeling Process:
The steps are inherently creative yet all successful
modelers follow a disciplined process that involves the
following activities.













But, we have to consider that modeling is not a one-shot activity that yields 
The Answer but an ongoing process of continual cycling between the virtual 
world of the model and the real world of action. 

Indeed, modeling is an iterative process:





Problem articulation:

What is the real problem, not just the symptom of difficulty?
What is the purpose of model?

No model can represent an entire system (simplicity vs. complexity).

Models try to address a specific problem and must simplify.

The art of model building is knowing what to cut out, and the purpose of the
model acts as a logical knife (purpose-driven models).

In sum: always model a problem. Never model a system.



There are many methods to elicit the information needed to define the problem
dynamically;

Tow of most successful processes are establishing reference modes and
explicitly setting the time horizon.

Reference mode, literally a set of graphs and other descriptive data showing the
development of the problem over time. (recognition of relevant variables and
concepts) (break out of event-oriented worldview)

Time Horizon, it extend far enough back in history to show how problem
emerged describe its symptoms. It should far enough into the future to capture
the delayed and indirect effects of potential policies.

A good rule of thumb is to set the time horizon several times as long as the
longest time delays in the system.



Formulating a Dynamic Hypothesis

Once the problem has been identified and characterized over an appropriate
time, modeler must develop a theory called “dynamic hypothesis” that
accounts for the problematic behavior.

It is dynamic because it provides an explanation of the dynamics
characterizing the problem in terms of the underlying feedback and stock
and flow structure of the system.

A dynamic hypothesis is a working theory of how the problem arose.

Theory development often happens in a team of clients.

But, system dynamics seeks endogenous explanations for phenomena.



Endogenous= arise from within

An endogenous theory generates the dynamic of a system through the
interaction of the variables and agents represented in the model.

By specifying how the system is structured and the rules of interaction (the
decision rules in the system), you can explore the patterns of behavior created
by those rules and that structure .

Exogenous (arise from without ) explanation , explains the dynamics of
variable in terms of other variables whose behavior you have assumed.

Is system dynamics blind to exogenous variables?



Mapping  System Structure

System dynamics includes a variety of tools to communicate the
boundary of your model and represent its casual structure.

Model boundary chart: it summarizes the scope of model by listing which
key variables are included endogenously, which are exogenous and which
are excluded from the model.

Usefulness: they are tools of inquiry but not weapons in a war of
advocacy.

Example: feedbacks between energy system and economy





Subsystem diagram

It is the overall architecture of a model. Each major subsystem is shown
along with the flows of material, money, goods, information, and so on
coupling the subsystems to one another.

Subsystem diagrams convey information on the boundary and level of
aggregation in the model by showing the number and type of different
organizations or agents represented.







Causal loop diagrams

Model boundary charts and subsystem diagrams show the boundary and 
architecture of the model but do not show how the variables are related.

Causal Loops Diagrams (CLDs) are flexible and useful tools for diagramming 
the feedback structure of systems in any domain. 

Causal diagrams are simply maps showing the causal links among variables 
with arrows from a cause to an effect. 





Stock and flow maps

Causal loop diagrams emphasize the feedback structure of a system

Stock and flow diagrams emphasize their underlying physical structure. 

Stocks and flows track accumulations of material, money, and information 
as they move through a system. 

Stocks, population 
Flow, birth and death 

Stock          state of the system            information            policies           rate of 
the flow            stocks  (closing the feedback loops)

Population policies? 





Policy structure diagrams

A causal diagram showing the information inputs to a particular decision
rule.
It focuses on information cues the modeler assumes decision makers use to
govern the rates of flow in the system.

The show the causal structure and time delays involved in particular
decisions rather than the feedback structure of the overall system.



Formulating a Simulation Model

Dynamic hypothesis, model boundary, and conceptual model,
We must test them.

Virtual world comes in.

To do so, you must move from conceptual realm of diagrams to a fully
specified formal model, complete with equations, parameters, and initial
conditions.

Conceptual model formalization, real test of your understanding of
system.



Testing 

Testing begins as soon as you write the first equation. Part of testing, is
comparing the simulated behavior to the actual behavior of the system.

• Every variable must correspond to a meaningful concept in the real world.
• Every equation must be checked for dimensional consistency.
• The sensitivity of model behavior must be assessed in light of the

assumptions uncertainty, both parametric and structural.
• Model must be tested under extreme conditions

It shows the flaws of your mode set the stage for improved understanding.



Policy Design and Evaluation

Developing confidence in the structure and behavior of he model, it can be 
used to design and evaluate policies for improvement. 

Since the feedback structure of a system determines its dynamics, most of 
the time high leverage policies will involve changing the dominant feedback 
loops by redesigning  the stock and flow structure, eliminating time delays, 
changing the flow and quality of information available at key decision 
points. 

Interactions of different policies must be considered. Commination policies 
interact in non-linear ways and they can balance or reinforce each other.  




