CORPORATE SIMULATION MODELS - A REVIFY AND REAPPRAISAL

Williem F., Ramilton

Department of Management
The Wharton School
Univereity of Pennsylvania

Philadelpihia, Pennsylvania

119104

ABSTRACT
This paper examinee the potential and the practice of simulation modeling

for corporate financial plauning.

planning process are reviewed and appropriate design features are proposed,

The contributions of formal models to the

Conm=

parative analysis of simulation and optimization applicatione in corporate planning

poinrts to subastantisl functional complementarity and opportunities for combined

B use,

An actual plamning system involving both simulation and optimization tech~

niques is described to illustrate the feasibility and potential of the hybrid

modeling approach,

Computex-based corporsate modals have gener~
ated coneiderable interest among management aci=
emtists and corporate plannera. in recent years
({9,201 . Not surprisingly, the size and complex~
ity of corpo_rate-level planning problems have
favored the development of simulation models
for evaluating the implications of selected
planning alcernatives, Recent atudiés indicate
that such modelz permit plannera to consider a
far greater number of alternatives in detail
and with gieater confidence than is poseible
using traditional plaemning methods [10,18].

The potential benefits of corporate mod-

eling are impressive, but a veview of current
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.are reviewed in the next section.

applications reveals a substantial gap betwsen
the potential and the practice. 7n many caseas,
models have been judged useful in improving core
porate planning and worth the costs of develop~
ment and application. At the same time, there
is mounting evidence that some modeling efforts
have fallen far short of their potential con~
tributione [1i,12]. The reasona are many and
vavied, ranging from technical model design
to organizational deficisenciea. |

The rols of formal modeis iu cofporat:e
planning and basic model design considerationa

This is

followed by a discussion of the relative merits



of simulation and optimization methods and
their functional complementarity in corporate
modeling. The paper ends with a description of
a corporate model system which incorporates
botl. simulation and optimization capabilities,
This systsm has demonstrated that efiective
analytical support of the p‘ianhmg process can

be achieved through combinad use of modeliing

and information system technologies,

MODELS IN CORPORATE PLANNIRG

In many companies, support for the devel-
opment of 9.‘ corporate ﬁodel has geneorally
growm out of frustraticn with the inherent
shortcomings of manual plans preparation [4].
Corporate planning is often limited in wanual
gysteme to simple analy#is of a few velevant
variables and asgumptions. Both time and
resource requirements typically preclude de-
tailed consideration of more than a fow plan~
ning alternstives. Centinuouve revision of
established plans and evaluation af' new oppore«
tunities in changing compstitive situations is
virtually impossibie, Toe often the informa~
tion available for planning decisions is in-
adequate and i{;:relevant, placing undue relianée
on judgement and intuition. As a result; there
has been increasing recognition of the need to
improve both ‘the planning process and its
operation,
jgses of Corporate Plamning Models

Corporate models are constructed and

applied in oxder to make infarences about

future parfommance of the corporate system, In
contrast to the syatem itself, a model can be
manipula_ﬁ:ad essily by modifying inputs and other
patameter‘s describing the system aud its planning
environment to allcw estimation of the impact

of such modifications,

Corpovate plamning requires the identi-
fication, evalustien, and gelection o. alter~
native courses of -action. In oxder to plan
effectively, corporate managcnent wust unders
stand the interactions between corporate activ-
ities and the effects of deeiﬁiona- on these
activities and on ovérall coxporate performance,
They must examine ¢he many alternative courses
of action which arz available, and they must
anticipate and be able to vespond quickly to
changing conditions. In this context, a compute
et-baaed corporste model can sarve a number of

vsaful purposes. Those most frequently cited by

| corporate model builders and userz includes
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{1} rapid and sccurate evaluation of plan~
ning alteinatives;

(2) prediction ¢f the effects of changing
environmentcal conditions;

(3) estimation of the semsitivity of cor-
porate performznce to planning aasump=
tions;

(4) screening and evaluation of acquisition
candidates;

{5) development of ineights into the com=

plexity of corporate activities and
intercctions.

Theze uses of a corporate model veflect its
primary role as a tool to assist in the execu~
tion of the planiing process. By reducing

the time and resource requirements for plan



evaluation, a model can facilitate th: consid=
eration of a number of alternatives rather than
just a limited few. This can be an important
step toward iwproving the quality of corporate
planning, |

The development and implementation of a
corporate planning modei can also have ihpor-
tant implications for improving thg plananing
process itself, Aq Ackoff ha~ noted [1]:°

The principal contribution of
scientiste to planning may not iie

in the development and use of relevant

techniques, but zather in their

systemization and erganization of theo
planuing process, and in the increased
awareness and evaluation of thie procesas
that their presence produces,
& model can contri?ute significently toward
this end, 1t provides a systemstic and explicit
structure to the planning process and requires
corporéte‘planneravtc specify and cooxrdinate
their planning assumptioms, logic, and data
‘requitementa. It can thus help to ensure
internal consistency and repfoducibility among
the plana of diverse corporate groups., A model
also formally representa the current state
of knowledge about the corporation and facile
itates communication in the planning procesa by
providing a comion framework for discussion and
analysis,

It is.esaential to recognize, however,
that m&ny important p}anning functions lie be-
yond the scope of even the most sophisticated
- formal models. Most models provide increased

power to explore and evsluate planmning alter-

natives, but the identification, selection,
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meaningful model etudies can be conducted,

and implemen:ation of aiternatives remain crit-
ical management cesponsibilities, The corporate
plan can be no batter than the set of aglter-
natives congidered, and the outcome of the plan-
ning process depends ultimately on successful
implementation of the selected alternatives,
Similarly, the development and evaluation of
model inpute and assigrment of appropriate vale
uee *9 judgemental factors are required bafore
A
very real danger associated with the &évelopmant
and use of a corporate wmodel ig the tendeﬁcy
toward overemphasis on the computational aspects
of the plaming proceéa at the expense of more
fundamentel and impoxtant causiderations re~
quiring manszement judgement and {atuitionm. if
properly used, however, a corporate model can

enhance and encouraga, rather than limit, cree-

tive manggement inputs to planting.

Model Characteristice

At least two juoportant issues arise in ate~
tenpting to develop a corporate mjdel capability
consistent with the uses indica:u& above, These
relate to the intenﬁed "sger" of the model und
its relationship te’existing manval planning
practices, | | |

Cerporate planning'medels are typically
designed for one of two potential users: A
executives with ultimate responsibility for
planning deciaioné, or staff plannafb. Mﬁst

modeling efforts to date have been directed



towarcd developing 8 tool for eteff plaumers

[4, 10], rather than cme which is appropriate
for use by mansgers [3, 5]. Although involved
in the same planning process, these two groups
have diffirent requirvemants and ave likely to
use medels differently., For example, the
piannar is mors likely to be inferested in
datsiled snalyses and specialized cutputs

which reveal the mature of subsyotem intevs
gcti&na, whila the mnagef wil!.v ganarelly prrefer
aggvegeied outpute in femiliar £o§maté. The
manager is also less likely to understand de-
tailed or sophisticated wodels vhich might

be wmore appropriate for the plaming studies
conducted by his specialized plaming gstaff.

It is tharéfore egssentisgl that the intended
user(s) be clearly identified at an early

stage in model dasign. Curremt opinicn seews
divided as to the most appropriate user, and
there is en appereat tvemd toward systems which
-permit pevtitioning of operating requivemeonts
and outputs to mset tha meads of both potemtisl

uger groups.

Opinion iz also divided on the extent to

which a plsuning model should automate
exiating plamning provedurss without imposing

additionsl requirements or changes, <C(onputes-=

. . based modais can be designed to pevmit far mere

sophisticated anslysis of & broeder ramge of
plamning problems and date inputs than is
posaible in ml planning cystems, Aiso,
models can oftan make possible "top=down,'

iterative stratepic plamiing in corporations
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where existing mmmial proceduraes could cops
only with a éecenﬁ:raiﬁad "hoktomeup! planning
process., As Hertz [15] has obzerved:
Business strategic plamming is
“top=down," long runge corpovrte planing
. that challenges the basic gorls and
directions the. have guided the enter-
prise in the past. DMore tachnically
statad, it ehould be prospectiva
decision makiag, done after the
systematic evaluation of all reagon-
able altermative courses of action...
This is often best accomplished through
centralized evaluation of plamning alizrmatives
facing tha corporationm, Oun the other hand,
where formal plamning procedures are well |
established, attempts to implement a wmodel
which requ:lreé altering thase procedureas -
rather than simply 5u_t:mt1ns existing inputs,
calculations and cutputs ~ may be doomed to
implementation problems and ultimate failure.
The number and variety of corporate
models now in use offer the opportunity Lo
compare model characteristics &nd select those
which seem most appropriate for future wodeling
efforta, Seven besic design characteristics
with particular implications for planning
effactivenass and afficiency were idemtified
in the process of developing a corporate
planning system [14] and are discussed briefly
below:
(1} Scops  Although heavily oxiented toward
the financilal aspects of ;zlaming dacisions,
mast corporate models raflect the full rauge
of corperate activity over multipla time
periods, This scope is essuntial if important

subsystem interactions and lopg-term implica-



tions afe to be adequately reflected in pian-
ning stu&iea.
(2) Structure The structural characteristics
of.existing corporate models vary widely
[7,20i. 1In some instances, the model 1§ a
single’construct ﬁhich jincorporates desired
features of the system teing planned, often at
a considérable level of aggregation. This
approach facilitatea representation of inter-
actions between corporste subsystems and
usuelly offers some econonic advantages, How-
ever, the magnitude of the effort also preseats
the danger that the wmodel will beccome obsolete
or will be abgndoned before it gan’be made op-
erational and useful, Another approach is to
construct separate models reflecting different
corporate activities and/or planning analyaes.
These can be iinked to each other and to a
common planning data base o0 create a corporate
model system, Component mudels can thus be
developed over time and upplied in the plarming
process as they become operational, Horecver,
this approach generally permits use of a

variety of analytical techniques which could

not be accommodated in a single model structure,

{3) Realism If it i3 to be useful as a
planning tool, a corperzté model must provide
a realistic representation of the syatem beinp
planned, At the same time, a wmodel is by
definition an abstraction from reality. The
most appropriate level of asbstraction will
vary with the intended purpose cf the model

and the desired results, This implies caxe-
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ful selection of a subset of relevant variables
and relationships in model design. Inadequate
detail may result in a model with limited
usefulness for evaluating plans under changirg
conditions; toc much detail may result in
excessive data requirements and development
costs, Existing planning models range in
abstraction from highly aggregated accounting
information compileras to detailed models of
corporate operations [2]., The majority of
these models conaider ;He total corporation
using summary variables (usually financial
in nature) rafher thau representing corporate
operations in detail [9]. The most common
model outputs are pro forma'finaucial gtate~
meants or, less frequently, aggregate prcduction
plans, Only a handful of models reflect, even
in a8 limited fashicn, the stochastic nature of
corporate activities and performance, Risk

and uncertainty are inherent in the planning
process, hut most corporate models purmit only
daterministic projections {9,12,20]., As these
“"first generation™ models are accepted and
implemented, however, much greater emphasis on
stochastic modeling extensicng can be expected,
This direction will be further encouraged by

continuing advances in both computer and mod-

eling technologies,

(4)

usefulness, a corporate model must be flexible

Flexibility 1If it is to be of continuing
enough to reflect changes in corporate struc~
cure (through organization, acquisition, diver-

sificatior, etc) or expansion in scope without



extensive development effort. Plaxmi#g is com~
ducted in a rapidly changing corperate eaviron-
ment and provigion mwust aiso be made for easily
updating planning relationshipy and data,
Another important aspect of model flexibility
is 1ts’ appiicebility to a wide range of plan-~
ring problems in both the éﬁﬁual planning
cycle and interim studies of new opportunities
or chauging conditions, A modula: modeling

spproach invoiving a set of linked suhmodeis

{® moat likely to provide such flexibility,

(5% Ease of Use A corporate model bas value
as a planning tool only to the extent that it
1§'éctu811y used in thé planning process.
Wherever possible, therefore, ;:he wodel should
be deeigne&'as that it can be easily under-
stood by the user(s) and operated with a min-
{mum of inconvenience, This is especially
important whexre the user is a manager v.vith
limited time, patience, and analytical back-
ground, Only when the user understands the
capabilities and limitstions of the model and
its data base ia it likely to be used effaec~
tively oi, perhaps, usedv at all, 1Ic ia‘ not
essential, however, that the user fuliy under-
stand the techrical development or internal
10319 of the model, The ability to intesrprel
model outputs quickly in light of explicitly
stated model assumptions and to compare ﬁhem
with ot:&ier types of plamming information is -
generally sufficient,

A number of model operatiing features

strorgly influance its ease of use and theve-
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fore deserve dreign comsideration. Provision
for sutomatic or computer-assisted imput gen-
eraticn, data base editing and vpdating, snd
Some

sutput report preparation is essential,

existing corfbrate models require days (or even

weeks) for input preparation and translation of

model sutputs into deeired formats. This not
only greetly irureases the time and ccst
associated with model oﬁération, but also
gexioualy »11!&1'\‘;3 eﬁfectiv& use of the model
as a creativ‘a plmﬁiﬂg tool. (:c-rporate"plarming .
18 inherently an interactive, investigative
process in which intermediate results may
indicate appropriate directions for tuther
analysis, Therefcre, access te the model and
data base via vemote terminals (whecre econom-
ically feasible) and provieion for wmultiple

input/output optiors can greatly facilitate .

model applicai:ion.

(6) Resource Requirements The time and cost

requited for model development, updating/mod-

| ification, and operatiou are important consid-

erations which depend heavily upon, and often
restrict, other design.‘sharactefiatics. For
exampla, the aophiatication.and flexibility
provided in an initisl model version may be
limited by budgetary restrictions and by
presaurss to demonstrate the feasibility of
the corporate modeling approach in a short
time period. It general, the broader the scops,
the moze mocular the structure, the greater

the realism, the greater the flexibility, and

the easier the model is to use, ths more costly



it %11l be, As is often the case in modeling
efforiis, nowever, the initial costs of design
and de,z2lopment must be balanced against beth
the quality of results and the time and man-

pover required to generate them,

(7) Capabilities The primary purpose of cor-
porate pisanning studics is to evaluate alter~
natives and identify those which in some sense
best satisfy corporate performance sbjectives.
This implies boch the evaluation and selection
of planning alternatives. Corporate models
fypically assaist in this process in one of
two ways:

(8) by projecting the implications of

pre-selected aiternatives; or

(5) By selecting the best alternative(s)
‘ from the available set,
' This is not simply a play on words, Most
existing corporate planning models are computer~
based financial simulations which are used to
test the feasibility and project the effecis
of proposed alternatives, The Xeroxbplanhing
model dsscribed by Brown [4], for example,
computes the financial implications of alter~
native mérketing and productian policies éﬁder
different envirommental conditions and gen=
erates projected financial statements for each
gat of inputs, In all but the simplest cases,
there are a great many diatinct.planning alter~
natives and combinations of aiternativesqto
be considered. This suggests the desirability

of optimum=-geecking capsbilities to aesist in

the selection, rather than just the evaluation,

725

of alternatives, As hes been noted elsevhere,
a great deal more activity can be exéected in
the development of optimization models for cor-

porzte plamning [6,7].

The design characteria:icsydiscuabed above
are important determinants bf the gxteﬁt to
which corporate models are likély to aﬁhieve:
their potencial as planning toole, Further -
consideration of the nature and reiative merits
vof simulation and optimization mefhods 1n cor- -

porate modeling follows in the next saction,

 SIMULATION OR OPTIMIZATION ?
| 'Simulat;on~§ﬁd 6§timizaﬁion hav; generally
been viewed as alternatives in the design and
development of corporate models. Selectioﬁ -
of the most appropriate aéptoaéh“is #jsighif-
icant_at?p'in modélkdesigﬁ whichystraﬁgl&
1nf1q£ﬁ¢es both the functionel role and tech-

nical structure of the ﬁoﬁel; Ao indicated -

atove, the eassential functional difference is -

~ between an alternative tester (simulation) and

an alternative gselector (optimization).

cOrggrate Simulation Models

In his survey of‘corporate modelihg,
Gershefski [9] reported that the overvhelming
majority (95 percent) of corpoiate wodels
were "computer a;mulatiohe which utilize case
studies to determine the effect of differeq;,'
strategizs,™ locher stud1ea have configmed
this popularity [7,18,20]. There are wmany

reasons for the vidéspread acceptance and use

‘of computer simulation in coxporate modeling.



Simulation techniques are epplicable in situa-
tions which are too complex for sanalytical for~
mlations and, in general, permit & greater
degree of model realism in other cases, More-
over, the development and application of & com-
puter simulation model requires only a minimkm
of mathematical kndwledge,nften avoiding the
need for highly trained staff specialists and
aiding management understanding of model capa-
bilities and limitations,

A major disadvantage cf simulation @8 a
corporate planning tool is the "case study"
procese by which planning alternatives must be
avaluated. Most corporate planaing analyses
are directed at optimization ~ i.e., at identi-
fying the most desirable investment and fingn-
cing alternatives. Usjzg simwlation, each
computer model solution corresponds to a
determination of the implications of a gingle
proposed alternative or specified comdbination
of alternatives. The search for improved plens
proceeds via repetitive model solutfoms,
ordered in response to previous results or
other inaights into potentially desirable
alternatives. Sensitivity analysis of model
solutions requires similar procedures. Vhere
a large number of corporate planning alterna-
tives snd environmental conditions must be
considered, the simulation spproach implies
eveluation of an excessive number of cases,
one at & time, In practice, this usually
forces a substantial reduction in the number

of availsble alternativss which are actually
-

considered for datailed smalysis. Even
under such conditions, simmlation cen be ex-
pensive if adequate detail snd scope are pro-
vided.
Corporste Optimization Modela

In contrast to the widespread use of
corporate simulation models, few practical
applications of corporate optimization wodels
have been reported [9,i3]. There are at least
several apparent reasons for this:

(1) Optimization implies the existence
of a defined planning goal (or goals)
which can be formslized in a model.
In practice, a varlety of differert
system performance indicatoxs are
typicelly of interest, but these
are seldom defined explicity or in &
form aprropriate for optimization
modeling.

(2) Simplifying assumptions about the
detailed nature of model varisbles
and relationships are required Zor
many optimizing algorithms, often
limiting the attainable level of
model realism consistent with
computational feasibility.

(3) Optimization modeling may involve
different data requirements and
planning procedures than those

which exist 1n'm3ny corporations.

In addition, the relatjvely high deyree of

matherzatical sophistication and related

126



technical problems associated with optimization
have probably been limiting factors. |
Experiences with several operating
corperate optimization modeles indicate that
whars these problems can be dealt with
effectively, the enalytical power of optimizing
techniques (especially mathematical programzing)
and available computing software offer signif-
icent benefits for corporate planning. Each
optimization model sclution correeponds to the
evaluation of an entire set of planning alterna-
tives and selection of thosc which best sat-
isfy the ;iefined performance cxiteria., Effi-
cient sensitivity and parametric analyses of
model assumptions and changing conditions are
also possible using the same computational
techniques, With this approach, & vast pumber
of complex planning alternatives cen be evalua-
ted and priorities can be assigned with a frac-
tion of the effort tequired for equivalent

anslyses using simlation,

Hybrid Models

Several observations about the simmlation
and optimization modeling approaches are in
order at this point:

(1) Neither modeling approach is ideally
suited for use as a corporatz plamning tool =
each suffers from important deficiencies,

(2) Considerable functional complementarity
exists between the two approaches. Simulation
offers descriptive power and broad applicability

but often requires extensive analysis; optimi-

zation, on the other hand, offers analytical

power but is wegker in descriptive accuracy and
applicability. Thue, the strength of ome-
modeiing approach complements the weakness of
the other.

(3) This suggests that simulation and

- optimization should be considered as complemen-
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tary, rather than altermative, corporate
modeling approaches, Where possible, it is
desirable to exploit the stremgths of both

through some form ol hybrid model or model system.

The incorporation of heuristics or other
sptimum-seeking routines in computer simulations
is one possible avenue toward combine. use of
simlétion and optimization methods in corporate
modeling. This suggests use of computerized
routines to guide the search for improved solu-
ticns, thus reducing the amount of human inter-
vention required in favor of defined, systematic
search procedures. Of course, use of an optimum-
seeking routine does not guarantee that an opti-
mum will be found, nor does it completaly
eliminate human judgement from the #earch procass,
but it can speed up the search significantly.
Optimum-seeking search techniques and their
appiicability to simulation studies in a variety
of contexts have been discussed by others( 8,171,
Techniques with particular relevance for corpor-
&te finencial sismlation have also been identi-
fied |6},

A more promising upproach 18 ¢o link cor-

porate simulation and optimization models in

& corporate umodel system{ 6,14,211, The

primery role of optimization in such a system



is to search, identify, and screen planning
alternatives at an aggregate level, This
prelimitiary evaluation may cover a wide range
of possibilities over a multiperiod planning
horizon using efficient search algorithms and
available computer codes., The outcome ic &
set of preferred investment, operating and
financing aiternatives consistent with stated
planning objectives and conditions, A sim:la-
tion medel can then be used to project the
detaiied implications of selected optimization
results under specified environmental conditions.
Ite role ian the planning system is to provide

8 more realistic basis for evaluation of a
iimited number of promising alternstives, and

to tost the validity of the optimizaticn model
results when more detailed conaiderations are
incorporated into the analysis. Revised
plenning assumptions and parameters resulting
from the simulation can be fed into subsequent
optimization runs to refime the outputa. Such
a recursive solution approach livolving optim-
ization and simuiation models has also been
found useful in other contexts [19].

This combination of simulation and op-
timization offere corporate pianning support
beyond the capabilities of either techuique
whan used alone. In general, optimization
provides an overall evaluation of available
planning alternatives; simulation is employed
to examine those selected in grester detail.

Partitioning the overall analysis into "mucro

and "micxo" stages - with iterations between
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the two steges - therafore pevmits use of each
technique'to its best advantage in the plesnning
process, An operstional computer-bassd corpor-
ate planning system whichk incorporates simula-

tion, optimization, and other analytical modeis

is described below to illustrate thie approach,

A CORPORATE MODEL SYSTEM

A maicr diversified corporation hsg devei-
opad and implemented a system of planning models
to ilmprove the efficilemcy with which alterna-
tive combinations of corporste strategles, fine
encing methods, énd planning s&sgumptlons are
evalvated, The modeling system approach was
selected to give maximm flexibility in
developing & planning support capability cone
sistent with the scope and complexity of corpor-
2te-level plenning problems. Experience with
the system during the past two years has
demonetrated both the potential and the oper-
ational feasibility of this approach.

Details of the system &nd its applicatien
in a variety of stratagic plamning studies have
been presented elsewhere [13,14]. Thie dis-
cussion will only highlight important system
features, including the resvective roles of
slmilation and eptimizaticn techniques.

System Components

Following earlier discussions, the key
to effective snalviical support of the corporate
planning process is not & corporate model, but
an integrated planning system. The system

under consideratfion reflects the corporate-



level focus, financial orientaticn, and distant
plamning horizon that characterize strategic
plasning in most corporatioms. It consists

of five functionelly distinct subsystems:

(1) The Information Manggement Subgystem con-

trois the flow of information, maintenance of
the plamning data base, and interfaces with data
sourccs, other system componente, and users,
Explicit provision is made for interactive use
of the system, including on-line input prepar-
ation, run initiation, and output generation
with a wide range of user options. Included in
the information management subaystem are system
executive routines, the system data base, and
conversational input editors and output gener=
ators. The input editors organize raw planning
data from multiple sources into appropriate data
base files, check for arithmetic and format
errors, and compare subsidiary projections with
historical data and econometric projections to
jdentify questionable estimates, The output
generatoxrs provide a variety of report options
to meet different needs including pro forma
financial projections, corpeorate and planning
unit performance summaries, detailed and sum-
mary optimization model results, and input
errox reports,

(2) The Optimization Subsystem selects an op-
timal set of funds sources and investments sub-
ject to a complex set of financial, legal, and
operating limitations at both the corporate and
It also permite testing

planning unit levels,

of the robustness of proposed plans and deter-
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mination of optimal reallocationg of ;orporate
resources in vesponse to changes iu the planning
environment, A large mixed integer mathematical
programming model is the basic element of this
subsystem, with operating support provided by
matrix generation and postoptimal analysis rou=-
tines, The most operationally effective optim-
jization objective used thus far for planning pur-
poses i8 maximization of a linear approximation
of earings per share over the planning horizon,
but other performance measures can also be eval-
uated with the model, The major planning vari-
ables are investment and financing alternatives
assocliated with proposed corporate and planning
unit plang, Corporate activities are subject to
numerous financial and operating restrictioms,
some imposed by management policy and others by
external forces. Among those represented explic-
itly in the optimization model are restrictions
on the pattern of earnings per share growth, re~
turn on assets and equity, corporate funds flow,
common financial ratios, short~term debt and
stock transactions, A current version of the
model contains 700 constraints and 1000 variables,
including 250 zero-one variables, Solution of the
model using the Univac 1108 computer typically
requires 10 cpu minutes tc reach the continuous
optimm and another 20 cpu minutes to find the
wixed integer optimum, Subsequent mixed integer
golutions using the previouvs optimal basis

require about 5 additional cpu minutes.

(3) The Simulation Subsystes performs a deter~



ministic finencial simlation for predesignated
corporate and plarming uvnit strategies. Like
moat corporate fimancial sisulation models, 1t
overates on accepted financial accounting
varisbles and relationships. Options are
provided for evaluating &ny desired combinations
of organizational groupings, corporate and
planning unit investment proposals, scquisitions,
divestments, and financial strategies. 'ﬁzé
simslation converte all funds to a common
currency, reflects all interpal and external
funds flows, finances funde deficits from a
corporate pool, incorpoiates proposed acquisi-
tions and divestments, and computes consolida-
ted corporate and planning unit finarcial
statemsnts. The financial comsclidation
usually requires less than 30 cpu seconds
using & Umivac 1108 computer.

(4) The Econsmetric Subsystem provides projec-
tions of petional gud industry economic condi-
tiﬁns for use ir testing the reasonsbleness

of planning unit projections a&nd in preparing
simulation and optimizetion model inputs. Cur-
rent econometric suppbrt for the system ig
purchased from a commercially availsble fore-
casting service; ‘

(5) The Risk Analysis Subsystem is designed

_ to provide insights into the variabilitcy in-
herent in planning astisates. It currently
connists of two models. The Profitability
Profile Model 1s deasigned to project perfore
mance distributions for planniug units based

on econometric forecasts, historical data,
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end subjective management evalustions of possible
futuze canditians. Thege distributions are then
used tc astinate confidence limits for verious
corporate profit Iavels. A pessimistic eatimste,
called the miniwmma income level, is derived for
avery strategy and is .i.ncorporsted in the optim-
ization enalysis. The Business Mix Model appliea
2 portfélio analyeis epproaéch to evaluate the
risk-return characterisiics of Lhe coxporate
plan and determine corporate asset ailocations
which maximize expected returns at different
risk levels,

System Appiicstion

In essence, the subsystems dmascribed above
constitute & speclalized computer-based manage-
mﬁt informstion system with extensive &nalyti-
cal capgbilitiea. Its power 28 a8 planning
tool derives from the integration of diverse,
but cewplementary, planning models with user-
eriented information storage and handling
festuves, This integration is accomplished
through logical input-ocutput linksges in system
operation. Each of the subsystems and component
modsls cen be operatad independently from ihe
rest cf the system, but thiz is mnot typilcally
done,

The plamning date base is the primary inter-~
face betweon subsystem models and is therefore
the most important system iink. With few
exceptions, subsystem inputs and outputs flow
through the dats base, where they can be
accesgsad in responss to direct iaquiry ox for

further processing within the system, Economet-



ric forecasts, for example, &re stored in the
data base jor input editing and strategy for-
mulation purposes.

Inputs to the Optimization Subsystem in-
clude detailed information on proposed planning
strategies, avallable funds sources, gnd cou~
straint limits. Tha latter are estsblished
by maragement or are determined through studies
involving the Risk Analysis Subsystem mocdels.
The investment &nd financing strategies
selected in the optimization analysis are
stored in the data base for report preparation
end further anslysis using the Simulation and
Riek Analysis Subsystems. In view of the
approximations inherent in the corpnrate
ocptimization model, of course, these results
must be considered as only approximate, Never-
theless, they represent desirable, if not
optimal, gelections from among the vast
nunber available for consideration, These
selected gtrategles sre obvioua candidates
for more careful evaluation using the Simula-
tion Subgystem., In contrast to the opiimiza-
tion model, the simulation model requirea
few simplifying assumptions #nd thus provides
a more realistic test of strategy implications.
For example, the simulation model computes
corporate earnings per share quite precisely
for any selected set of strategies; the optim~
ization model can only approximate this

figure because 0f the non-linear effects of

expansion and contraction in thes vommon stock

pool,
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Applications of the cerporate modeling
system have included a wide variety of periodic
and ad hoc plemnning studies. Periodic studies
are conducted at regular intervals {(e.g., the
annual planning cycle) and typically zelate
to planning decisions involving the full scope
of corporate activity. Ad hoc studies, on the
other hand, are conducted in response to problems
or opportunities (e.g., an ﬁne*pected change in
international exchange rates) which require
evaluation prior to the next periodic planning
review, Periodic studies typically involve
all system components ard begin with cereful
input editing and preparation cf the system
data base. Because of rhe vast number of
alternatives to be considered, the optimization
model plays a major role in screening internal
investment strategies, proposed acquisitions
and diveatments, and financing opportunities,
Ad hoc studies typically require only minor
modifications of the system data bsse and rely

more heavily uvpon simulation of tha implica-

tions of partfcular problems or opportunities,

CONCLUDING COMMENTS

Corporate simulation models wili ac doubt
play an increasingly importent role in corporate
plamning during the 1970's., Applicationr to
date have demonstrated that modals can assist
in improving bqth the process and practice of
planning in a wide variety of contexts, and
the number of models in use or under develop~
ment 18 increasiig xapidly.

However, the vast

majority of corporate models in use today are



limited to deterministic *case study" simula=~
tions of selected planning altematives; This
spproach offers advsantsges In model develop-
ment and initisl implementaticn, but it cea
involve extensive computation and effort in
the search for improved corporate plsmns where
a large pumber of alternatives exist. This,
in turn, mRy Yimit the potential usefulness
of simlation models 88 cyeative planning
tools. Other model characteristics are &lso
importent determinants of plenning effective-
ness sud efficiency and muat be cavefully
considered in model desigu.

The continuing advance of computer
&nd modeling technologies, combined with
increasing fomlizaiion of corporate planning
efforts and growing acceptance of formal
planning wodals, has set tha stage for a
"second generation" of corporate phnn‘ing
modals. One promising direction for
evolution is suggested by the combination
of simulation and optimization capabilities
in @ corporate modeling system. A system
of models can provide A degree of flexibility
and analytical sophistication conaistemt
with corporate plemning problems while stiil
preserving the advantages of simslation as
a planning tool, Experieuce with & prototype
corporate model aystem has demonstrat~d both
‘the feasibility and potential.of this

approach,
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