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Toolbox

Each Toolbox presents a different systems tool using relevant business examples.
encouraged fo practice using these lools by applying them Io issues of personal interest. See page
10 for a symbol key to the diagrams.

From Causal Loop Diagrams
to Computer Models—Part |

Pen-and-paper tools such as systems
archetypes and causal loop diagrams are good
for capturing the basic relationships in a system.
In order to understand how that system will
behave over time, however, we need to move
into the world of computer simulation models.
This two-part series outlines a process for
converting causal loop diagrams into computer
models. In this issue, we discuss how to develop
a structural diagram as the starting point for
building a model.

sources director for a company in a

rapidly growing industry. Your lat-
est strategy meeting focused on develop-
ing a human resource policy to keep up
with the expanding needs of the busi-
ness. At this session, you developed a
simple causal loop diagram that reflects
your current staffing strategy: whenever
there is a gap between current staff and
desired staff, the company has tradition-
ally hired or laid off workers until the
gap decreased (Bl in “Staffing Policy”).

Now you are wondering what the be-
havioral consequences of this strategy
might be. Although the loop provides a
general description of the staffing pro-
cess, it gives no indication of how this
strategy actually plays out over time.
You know there are significant time de-
lays involved in the process: the time it
takes to recognize the gap, act on it, and
hire or lay off staff. You wonder if there
will be a smooth transition to the de-
sired level, or if there will be large
jumps in staffing numbers.

Here is where the computer model
comes in. In the world of archetypes
and causal loop diagrams, all of the ele-
ments of a system are defined without
quantifying any numerical values, so

I magine you are the human re-
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you can only speculate about what be-
havior the system will produce. On a
computer, however, you must quantify
your assumptions about how elements
are interrelated, which prompts deeper
inquiry. Computer models also provide
a way to test your hypotheses before act-
ing on them.

But how do you get from archetypes
and causal loop diagrams to computer
models? The following steps provide a
process for converting a causal loop dia-
gram into a structural diagram as prepa-
ration for creating a computer model.

1. Identify the Behavior of the
System

One of the questions beginning model-
ers often ask is, “How will I know if my
computer model accurately represents
the loops I've identified and the story
I’'m trying to tell?” Sketching the be-
havior of the system up front can help
answer that question because it provides
a reference point for gauging how well
the model matches the expected behav-
ior of the system. Past trends can be
very useful at this stage.

In the employee staffing example, if
the actual number of employees is less
than the desired level, we will begin to
hire employees to increase the numbers
to be more in line with the desired
level. Chances are, the number of em-
ployees won't increase steadily until it
reaches the target number. Instead, we
will probably overshoot and oscillate
around the target as our employee num-
bers fluctuate over time (see “Staffing
over Time”). This diagram of the be-
havior we expect in the system should
at least qualitatively match the output
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we get from our computer model later
on.

2. Identify the Accumulators
When converting a causal loop diagram
into a structural diagram, we begin by
identifying the major elements—the ac-
cumulators and flows. In general, each
loop in a causal loop diagram contains
at least one accumulator—a stock of
something that accumulates over time,
like inventory, people, money, etc.

A key characteristic of accumulators
is that they are not a function of time.
Therefore, a good way to identify the
accumulators in a diagram is to use the
“Freeze Test”: if we froze the system,
what would be the things we could
count! In the staffing example, we
would be able to count the number of
employees in the building, the current
staff. In our structural diagram, we
would represent this by creating an ac-
cumulator called “Current Staff.”

3. Identify Flows
Next, we want to identify the flows.
Flows are like taps on a faucet, control-
ling the stream of contents into or out
of the accumulator. To find the flows
in our diagram, we would ask how the
accumulation of staff changes. What
causes the current staff number to go up
or down? The number of people being
hired or laid off. We can represent that
relationship by drawing the flow be-
tween “Hiring or Layoffs” and “Current
Staff” (see “Drawing a Structural Dia-
gram”). Another good rule of thumb for
Continued on next page

Staffing Policy
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Employee staffing can be described by a simple
balancing loop that says if there is a gap between
current staff and desired staff, actions are taken
(hiring or layoffs) to bring the current level in line
with the desired (B1).
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K& Continued from previous page
identifying flows is to look for those
things that are dependent on time.

4. Identify Other Relationships

To complete our diagram, we need to
characterize the other significant rela-
tionships in the system. If we know
that hiring and layoffs affect current
staff, our next question might be, “What
drives hiring and layoffs?”” The answer
would be the staffing gap. “Staffing
Gap” is not an accumulator, because it
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cannot be physically counted if we
freeze the system, nor is it a flow, be-
cause it is not dependent on time. The
best way to describe the “Staffing Gap”
is that it is simply a mathematical rela-
tionship between current and desired
staff (“Current Staff” minus “Desired
Staff” equals “Staffing Gap”). Such
mathematical relationships are called
“auxiliaries” because they help define
the relationship between different parts
of the diagram. We can show both
“Sraffing Gap” and “Desired Staff” as
auxiliaries by
drawing circles
with arrows link-
ing them. We
also want to show
that our “Staffing

Desired Gap” is depen-

Staff dent on the cur-

rent staff, so we
draw an arrow

»

Drawing the behavior of the system up front provides a reference point to

from “Current
Staff” to “Staffing

Time
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gauge how well the model matches the behavior you expect from the system. ap-
Drawing a Structural Diagram :h::':zl:, the

Diagram

1) Identify accumulators: Current Staff Matches the
Story
Once we have
completed the
structural dia-

2) Identify flows: Current Staff gram, we want to
double check to

O

make sure that it
retains the same
story as the causal

Hiring or .

Y loop diagram or
archetype. If we
walk through our

3) Specify other Current Staff diagram, we can
relationships: see that it looks

similar to the bal-

ok

Hiring or
Layoffs

Staffing
Gap

Causal loop diagrams and archetypes usually do not contain enough
specificity about the relationships between the variables to create a computer
model. By drawing a structural diagram of the system, we can identify the
different types of variables in the system and how they affect each other.

ancing loop, ex-
cept that we have
identified the dif-
ferent types of
variables (i.e. ac-
cumulators and

Dgst:f;d flows) in the sys-
tem.
We may find

that our structural
diagram has more

elements than our causal loop diagram.
That is to be expected, because as we
get more specific about the way the
variables interact, we may need to add
additional elements to further define
those relationships. For example, we
could have added “Retirement” or
“Turnover” to be more explicit about
how other flows affect current staffing.

6. Establish the Boundary of the
Model

Before we move from the structural dia-
gram into building the model, it is im-
portant to establish the boundary of the
system we will be modeling. Orherwise,
the temptation will continually be to
expand the model, as we discover more
and more factors that affect the system.

The term “Desired Staff,” for ex-
ample, could be considered a dynamic
rather than static variable. If we were
to expand our model to include factors
that determine the desired staff, we
might add additional links to the
company’s financial health, expansion
plans, etc. However, we are focusing
our model just on the factors that di-
rectly influence current staffing in order
to understand how changes in desired
staff impact our current staff. Within
the boundaries of the problem we are
studying, therefore, we can treat “De-
sired Staff” as fixed. Later, when we
simulate, we can explore how varying
the “Desired Staff” affects the overall
behavior.

Now that we have created structural
diagrams from our causal loops, the next
step is to bring the structure to life. For
a discussion of the steps in this process,
see next issue’s “Toolbox.”

The example and diagrams used in this
article were taken from “Moving Into Computer
Modeling” by Michael Goodman, which
appears in the upcoming Fifth Discipline
Fieldbook (Doubleday: forthcoming July
1994).

Michael Goodman is vice president of
Innovation Associates (Framingham, MA) and
a frequent contributor to The Systems
Thinker. He has been involved in the field as
an educator and consultant for over 20 years.

Editorial support for this article was provided
by Colleen Lannon-Kim.
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