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Introduction

A particularly interesting area for the application of system dynamics
methodology is in business management; especially the interplay of quantitative
(Zinancial, economic) and qualitative factors (motivation, morale), and the
decisjon-making cﬁoices which confront management. When a firm has a pro@uct
which can be measured in economic terms, the construction of a mpdel»can be
quite straight-forward. Even in non-quantitative areas such as research and
de&elo?men:, models have provided insight into the decision-making process.
While these models have been informative from both a system dynamics and
ﬁanagemen: science perspective, the practical application of the results has
heen too oftgn lacking. For a businessman, simulations and models are academic
exercises unless they provide some measure of practical guidance.

It was from a basis of requiring that the system dynamics model pro-

vide practical decision-making guidance in real-world environments that we have

attempted several studies of R & D projects.

Problem Statement
It has been possible to develop models which describe the alternative
scrategies present in.projects where there is a choice of adding staff or using

extended working schedules (1).

The introduction of the economic constraints of a real firm resulted in
two different model environments. The first, and most common situation is that
of the profit-making industrial firm. This firm has a number of convenient
quantitative parameters which, while not always applied to a project, do give

a sense of "accounting" security to a manager. Return on capital, R0I, dis~

counted cash flow, and net profit will dictate the range and type of decisions

_acceptable to the firm.

The second situation is Ehe nonprofit (or not-for-profit) organizationm.
While some financial factors such as cash flow and liquidity are similar to a
for-profit firm, the measures of "success" are frequently stated in non=-
financial terms - socigl:benefit or obligation, public expgctscions and image.

The delay between an initial investment and the realization of a return
can be quite different in thé two cases. In the case of the nonprofit organi-
zation, the firm may operate for an extended period in a condition of account-
ing bankruptcy as long as cash is available éo pay for current operations.
Model Formulationm

We have attempted to combine the earlier work om R & D management with
models for financial plgnning. and to extend these models to a not-for-profit
firm. The model is not abstract, but attempts to describe the environment of
a Provincial Research Organization in Canada. While not-for-profit, the firm
canﬁot operate in a condition where expenditures exceed revenues beyond the
available liquid assets. (Depreciation is an interesting concept for a tax-~
exempt firm, but it does not pay salaries!)

Revenues are derived from comtracts and grants; contracts are derived
Delays between promotion

from promotion; promotion is non~productive labor.

and contract revenues must be considered; there being a very real danger of



significant oscillations fn revenue caused by a chain:

increased contracts decreased contracts increased contracts
decreased promotion - increased promotion - decreased promotion
Tevenues up . revenues down revenues up

If the up-swings provide reserves to cover for»the down period, every-
thing can work out for the grovwth of the firm. But staff genegally like sta-
bility, and down periods too often extend beyond the best reserves., It is
therefcre-;anagement's job to plan and adjust the levels of contract and'pra-
motion to provide stability, while recognizing that traditional accounting
meaSure§ of financial strength or weakness are of little or no value in asses~
sing current operations.

Cost of operatioms, Pricing of contracts, overhead allocation and re-

. covery, salary and equipment funding are all parameters which must bé consi-
dered in management planning and decision making. The determination of sensi-
civi:y'ta each parameter is of vital importance to the ongoing operation and

selection of strategic alternatives.

Results of Current Work

The fact that a model could be formulated which would display behavior
characteristic éf the organization was encouraging.

The model continues to show areas of instability which may or may not
reflect the real enviromment of the firm. This has now provid;; management
wiih a’challenge to better understand the model and the envirounment. Hopefplly
with the tools of both. system dynamics and management science, the firm will

be able to manage the future, rather than Just react to it.
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ACCESS TO MOCEL:

CLASS II DOCUMENTATION STANDARDS
FOR SIMULATION MODELS

Nare of Model: Euiﬂes (”/JJ r[ /aalﬁ’ Ph,c; E,”) 310

Name and current address of the senior technical De., \gﬁ
person responsible for the model's construction: R, e ¥ Ef‘_!!zsmé QJ'-‘E;EE:‘“. ?EI“ (3
who funded the model development? B.C. _E“Wulu. . -

In what language is the program written? T¥g._“.

On what computer system is the model currently
implemented? LST -1 Jox

What is the maximum memory required to store and
execute the program? 2t - L.-ﬂ

What is the length of time required for one typical
run of the model? & uatm.
. 4.

[

Is there a detailed user's manual for the model?

" PURPOSE OF THE MODEL:

For what individual or institution was the mod
designed? R,&. l‘ya& model

What were the basic variables included in the mod
el?
sh reserue L ‘behj e Commuateatren 5""“‘-\
Mar. Overthwme hours D - e iug us!ks&v"—

Masg, UI#LQ'G& N\‘—J [N l‘t}fﬁ“‘nm‘ do Vono? § auon o

Cver what time permd is the model’ supposed t
e Ay tame A v PP o provide useful information on real

Was the model intended to serve as the basis of:

an academic exercise designed to test the implications of a set
of assumptions or to see if a specific theory would explain his-

torical behavior 3
communication with others about the nature and impli.
cation
irportant set of interactions F = of an v’
projecting the general behavioral tendencies of the real lsystem v
predicting the value of some system element(s
&

Bt 1 i . (s} at some future —

6.

MODEL SPECIFICATION AND THEORETICAL JUSTIFICATION: . *

. Provide two diagrams i1lustrating the extxeme behavior modes exhibitec-l by the mﬁor

model elements:
Mot ynL L”y evatoded

1f they are not included in the body of the paper indicate where the reader
may find:

a model boundary diagram that indicates the important
endogenous, exogenous and excluded variables

Za #tllulwu
) !J‘/lu-!tﬁa

a causal influence diagram, a flow diagram, the com-
puter program and definitions of the program elements

I8 the model composed of:
simultaneous equations
difference or differential equations

[

procedural instructions

Is the model deterministic or gtochastic

continuous or discrete

!

—
DATA ACQUISITION

What were the primary sources for the data and theories incorporated in the model?

bata 2107 ‘4‘\“
theory Forvester [ Reberts pob heahons and shedent thera

What percent ofb the coefficients of the model were obtained from:

1] Vi 3

measurements of physical systems

inference from social survey data So . '.
econometric analyses 10
expert judgment

3o

the analyst's intuition

What was the general quality of the data? Ge d' L£$l¢.qjg actow n“'!-u. ML&
¥

PARAMETER ESTIMATION

1f they are not given in the publication, where may the reader obtain detailed infor-
mation on the data transformations, statistical techniques, data acquisition proce-

dures, and results of the tests of fit and significance used in building and analyzing
the model? ,Stzll &:-, g.a!‘J Y M

MODEL PERFORMANCE AND TESTING
Over what period was the model's behavior compared with historical data? z M;

o

What other tests were employed to gauge the confidence deserved by the model?

'Lo DMV lus'lt lo'l‘agns L-'l Reed '\4-“41
qud.

clﬂ‘ﬁul!on

_oud gewice




“Where may the reader obtain a detailed discussion of the prediction errors and the
dynamic properties of the model? __A;& e Bapny T
. 7

. . . EY

7. APPLICATIONS

What other reports are based upon the model? "!2‘- . )
Sea. 1 pager

Name any analysts outside the parent group that have implemented the model on another
computer system. ong, )

List any reports or publications that may have resulted from an evaluation of the
model by an outside source. Adowg.

Has any decision maker responded to the recomendaﬂons derived from the model?
B.C.
Will there be any further modifications or documentation of the model? Y&

Where may information on these be obtained?

311





