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According to an implicit "start simple" principle widely accepted by 

system dynamics practioners, model's complexity must be progressively increased 

during the modeling,process. How thfs increase in complexity should come 

about has yet to be explained. 

In this paper, two strategies are discussed and evaluated. Since a 

top-down strategy starts with a high level of aggregation but includes. in 

the model all the main variables since the first formulation, it· is to be 

preferred to a bottom-up scheme. llore·over, the top-down strategy ensures 

the global coherence of the model at any stage of its conception and appears 

to be much more consistent with the system dynamics philosophy. 

This paper emphasizes the need for an adequate computer modeling language 

and briefly 'describes a first attempt. The main property of ·such a language' 

is to allow a hierarchical description of models, where any composing unit· 

can be altered without the need for a complete recompiling· of the whole. 
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I - TilE "START SIMPLE" PRIN~IPLB 

The systems analysis and modeling proceaa ia, in ita very natura, progrea- · 

live and iterative. Once the goala of the atudy - the questlona to be answered 

by the model - have been stated, the analyat defines a first simple model 

which will be expanded when necessary. Every (??.systems dynamics practioner 

will agree on this start simple principle, but no precision has ever, been 

given to the method of expanding the model. Although it is certainly impos

sible to settle pre.~ise rcles, some general guidelines ·can be provided to 

assist the system analyst, 

Relationships and variables are added to a model either because a claaa 

of system phenomena have been neglected in the past, or because the level of 

aggregation appears too broad to satisfy the objectives. On the other hand, 

relationships are removed when they link variables which appear to have no 

influence on the dynamics of the whole or when they embody an unnecessary 

fineness in the level of aggregation. As a direct consequence, the question 

of gradual model's expansion is directly related to the problems of choice 

of variables and of the level of aggregation. 

The aim of the guidelines presented here is to reduce as far as possible 

the number of removals or replacement of relationships. These alterations are 

indeed very costly, since they generaly force the modeler to recompute the 

corresponding data (parameters and initial values) and always necessitate 

structural modifications of the model. All these manipulations consume. com

puter and. analyst time without bringing further understanding, 

The guidelines take the form of a building strategy which explains how 

to increase the complexity of a model. Two main options are available, both 

of which make great use of the notions of sub-systems and sub-models. "Sub" 

is the name given to any part (a set of variables and relations) of the 

system and of the otodel under study. We shall formally represent such a part 

as a base supplied with i~puts and outputs, as indicated in Figure J, 

Input 
variable s ---

... 

... 

_ .. ... --- .. ... 

!!J1ure 1. Symbolic H·prcscntation of suh-modcl oo· r.uh-syst<·m 

Output 
variables 
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I - J.IOTTOM-UP VERSUS TOP-DOWN 

While following a bottour:ue strategy, the .adeler first concentrates on 

a· well-know or easy-to-model aubaysteiD, He builds and testa the corresponding 

submodel by feeding its inputs - the variables not defined by the submodel 

but which intervene in its dynamics - with exogenous time series or with in

formation supplied by an over-simple environment model. In the same way, he 

builds the other sub-models and, by making them interact, obtains a global 

model which constitutes the upper level of a beginning hierarchical structure, 

On Figure 2, which visualizes such a process, all the interconnections 

are direct, that is, an output from a box is a direct input to another box. 

Such is rarely the case in reality. An input to a box is generally obtained 

as a functional combination of other box outputs. These linkage equations 

constitute the dy~aonics of the new level. 

The model obtained can itself be considered a subowdel whose inputs 

.are all the variables which have not been internally defined and whose out

puts are all the variables supposed to feed into the other submodels now to 

be connected. Each time a new level is constituted, the limits of the system 

are widened. The process stops when, regarding the questioo~s of interest, all 

the phenomena have been included. Clearly, however, this convergence is not 

generafly ensured. 

On the other band, a top-down strategy tends to include in the model all 

the relevant relations and variables as early as the first formulation. In 

order to keep with the "start-simple" principle, a very high initial level of 

aggregation is then required. Indeed, some of the phenomena will not be com

pletely described. They will appear as black boxes whose outputs are in fact 

inputs for the present model level and participate in its dynamics. 

In order to test the model, such outputs have to be fed with time-series 

or with siotple equations, which will be replaced by more complete and detailed 

submodels whcn.the current level of aggregation will appear to be insufficient. 

At their turn, these submodels will be composed of equations which link black 

boxes. Each. time a lower level is developed, the level of aggregation is redu

ced, and the process continues until a satisfactory level of aggregation is 

reached, 
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The tdp-dovn conceptioy doea not inevitably imply modular design as ve 

assumed up to nov. In practice, due 1110re specificnlly ~o the lack of an ade-

'quate computer modeling language, a new mod~l will be reformulated each time 

a black box is opened. A hierarchy o( models is then obtained, instead of a 

hi.erarchlcally structured unique model. Anyhow, the basic principles are 

identical in both cases, although • modular design presents self evident 

advantages concerning the reduction of the apparent complexity of the model. 

Figure 3 sums up the presentation of the two strategies by showing the 

trajectories followed by an analyst in an hypothetical two dimensions space 

in either case. It is a highly simplified diagram since, in fact, the level 

of aggregation and the limit of the system are not each other independant. 

Limits 
of the 
ayatem 0 <! Top-down )( 

t .... _,, 
-+--------------~ Level o"f 

aggregation 

Figure J, 

"Top-down and bottom-up strategies as trajectories in an hypothetical concep

tion apace". 

Because of its apparent facility, most model makers have decided for a 

bottom-up strategy, although their procedures are certainly not so schematic 

it would appear from our description. However, a top-down analysis is PIUCh 

more consistant with the systems approach, since at any level the emphasis 

is on the interconnections rather than the very details of the phenomena in

volved. tloreovcr, the global point of view has a central role from the begin

ning. On the other hand, the use of a bottom-up strategy supposes that a mo

deler can study a part without knowledge of its environment. Such an accom

plishment is tu>t possible however without the trials and errors which every 

mollt.'lcr w.1nts t:o rednl~c. 
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III - EVALUATION OF THE TWO•STRATEGIES 

This evaluation will be conducted while detailing the variou1 ltaae• of 

each strategy displayed in Figure• 4 and 5. 

When using a bottom-up scheme, the initial problem is to fix a-priori 

level of aggregati~n for each subsystem of tile lowest level. This choice 

may have several motivations. The analyst could want to disaggregate at a 

given level because! for him, complexity and size of model "are synonymous 

with va\idity and scdousness. In the case of a demographic submodel for 

. instance, he may decide to take into account eighty age levels and thereby 

hopes to increase his chances for a realistic model. Another motivation in 

the choice of level of aggregation may be the availability of corresponding 

data. The modeler rarely has at his disposal the necessary data without 

transformation and he could be tempted to ·fit the structure of his model 

to the available statistics. 

Many other reasons can be involved in aggregation decisions, such as 

personal knowledge and the available litterature. The only valid rationale 

of course is really wether or not ·the level selected will allow to answer 

.the questions raised at the beginning of the study. But it cannot be denied 

that all the reasons listed above intervene in practice. This intervention 

is quite unavoidable when the choice must be made without knowledge of the 

other parts of the fi!Odcl. 

Suppose that all the submodels associated to a pnrt of the system under 

study have been bull t. This part of the system may hnve been defined in 

various way. It may have been delimited according to a well defined disci

pline : ecology, financial economics, demography and so on. In the case of 

a big pt·oject involving several subgroups, it can be simply the product of 

overall planning. Then, the following step consists in 1 inking the sub

models to get a model of the superior level. The linkage equations define 

the necessary outputs of each .submodel and the inputs to the present global 

model. Problems of linkage coherence may (and probably will} then appear. 

The modeler may recognize that one or mo~::e submvdel is unable to provide 

the infonnat ion some otl~~>r submodel needs, These f indinr.s neccss.itate a 

reconsideration of submodels involved and the transformations of structure 

thus Imp I i<•d cnn b!' V<'ry ir.1portant : they can affect both the I evel of ag

gr<'gation and the iimits of the subsystt-ms. The level of aggregation at 
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a given level ia indeed heayily dependent on the precedent choices, even 

after several iterations, unlosa the modeler decides upon a complete refor

moalation, as happens quite frequently while 'using the bottom-up strategy, 

In the other hand, tlae complexity of one or more or submodel may appear 

useless for the amount of information needed by the other submodcls of this 

level. Although useless complexity does not by itself necessarily requires 

rcfonuulations and alterations, it can lead to a.much bigger model than ne

cessary, with all the well-known consequences for subsequent understandings 

and applications. 

Moreover, errors of fonuulation may appear much later in the study where 

they will have much more severe consequences when, for instance, work of se

veral groups has .to be joined. To avoid trouble requires a level of iuter

couununication which in practice is very difficult, if not im.,ossible, to sa

tisfy. 

In short, the confrontation between the emerging model and the goals of 

the project generally occurs too late : many irrevocable choices have been 

already made. The result will be often a partial failure even if the final 

report tries to say otherwise. 

Wi d1 a top-down strategy, the initial problem is quite the same as with 

a·bottom-up approach. The analyst has to define a level of aggregation, but 

this time the choice is easier and less decisive. As previously explained, 

some subsystems are enclosed in black-boxes for which the level of aggrega

tion will be established later, The present choice implies only the intel

connectious. Since the whole system is under consideration from the begln

ning, it is much easier to conciliate the level of aggregation with the 

objectives of the study. 

1'hc model can be tested by using tio1e-series to feed the outputs of the 

submodels, which then arc inputs for the present level. llowever, it is oauch 

more efficient to usc simple over-aggregated submodels instead, since then 

feedbacks exist between the inputs and outputs of the boxes, making the test 

more useful and realistic. • 

The black boxes are opened -that i.s, their associated models are disng,

grcgatcd- when the dynamics of the whole apparently cannot be correctly re

pt-t.'th·ntt•,t ur lht• (lrt'!->t•nt Uh,«.fr•l thw:.. nnt p.-nvi~IP thl' vari:thlt.•s which could 

answer thl' <1ucstions. ln any case, Lhis disaggrc.~gatjon is t~n .. •:tlly assisted 
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by the predous definition pf the interconnections, which include the inp~ts 

and outputs of each submodel. The analyst baa two guidelines at his ~isposal 

the variables which must be used by the sub~del ,' and .the. variables which 

must be generated. The minimum level of aggregation is determined l.n this 

way, and coherence with already defined parts of the whole model is ensured. 

The same argument helds when the analyst wishes to take advantage of exiS

ting generic submodels or dynamic structures. Strictly speaking, such a 

prac.tice is a violation of top-down principles. But we arc interested in 

developing guidelines, not rules; so variations have to be accepted. The 

obvious danger in using generic structures lies in the temptation to force 

the analysis and the model to fit the features of the struct11re which, in 

fact, may have been defined in a totally different context. Such a danger 

is considerably reduced in a top-down analysis since the context of use of 

sny submodel is defined before the submodel itself. 

The process will go down unti 1 disaggregation looses further merit. 

Returns on previous levels will of course take place from time ·to ~ime when 

the constraints imposed by s superior level cannot be satisfied. In any 

cases, they will be very limited in extension and number, because, in opposi

tion to the bottom-up scheme, the analyst does not have to make a priori 

choices and coherence of the.whole is insured at any star,e of conception. 

Horeover, the complexity thereby obtained is certainly minimal. If 

the modeler has disaggregated one submodel too far, he goes back too an 

earlier less disaggregated version. 

Finally, lop-down analysis and modeling present some more practical 

advantages concerning documentation and reliability ·of the project. If a 

modular approach is conjointly used,the resulting model displays a hierar

chical structure as shown in Figure 2. The documen.tation report can then 

also follow a top-down procedure while. desc.ribing the model. The emphasis 

is put on the overall structure and assumptions of the model. The reader 

has not to bother with very details if he does not want to or has no ti.noe 

for. Ol!viously, this reduction of apparent complexity comes also into play 

during the modeling phase. Unfortunalo!ly, no computer modeling language 

alluw~ f~>r strul'Lur;~J do•s.:ript ion in a suit~hlc way. Tlw softw<tre des~rihl'd 

in tiH' Appo•ndix is a Lcnlativ<' realization in that dirC'ct·ion. 
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·.The increased reliability of a pr:-oject is directly related to the way 

the model "is developed. With a top-down strategy, a working model exists at 

any stage of the study. Co11111unlcation betw11en m~·deler· and client -if any

is therefore improved. The same with the moacler' morale since th~ progress 

in the project is much more apparent. Finally, if accidentally the project 

budget h cut back or. the deadlines cannot be respected, an operational and 

complete, although simplified, model is nevertheless available. 

CONCLUSlON 

The dop-down strategy and its associated computer language have been 

applied during the actual development of a urban regional model (4). The 

project focuses on the dynamics of interurban migrations in response to 

local employment variations. Although the goals are far from being attained 

at the present time, a simple model already exists which allows the study 

~f the interurban linkage equations·. At that level, each city involved is 

modeled through elementary equations. 

These models will be expanded oniy when a satisfactory formulation of 

the current level will be retained. 
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APPENDIX 

The need for- an adequate computer language in tbecoutext of 110dular top

down modeling approach bas been emr•hnsized in this paper. Such a ·language* 

bas been defined and implemented. As it has been thoroughly described else

where (2,3) and as ita functional· properties are similar to those of other 

"continuous simulation" languages, this Appendix will only present its struc

tural pro.perties. 

The description of the two modeling strategies has nondc great use of 

the term submodel with the meaning of "part". In fact, two main types of 

submodels can be distinguished which differ due to their interpretation re

garding the system. 

The aim of geographical partitioning of a model into regions is to allow 

for spatial disparities. Each compos.ing region is considered an open system 

in the sense that its frontiers are crossed by material flows, partly con

trolled by its in~ernal dynamics. The dynamics are described by an associated 

model, Each region can in turn be divided into s.ubregions so that the l"e

sulting structure is a hierarchy, the levels of which are called geographical 

levels. In the lnnguage, the same generic modoH can be assigned to several 

distinct regions, with different respective sets of coefficients. 

Each model associated with a region consists of sectors. This division 

has the aim of reducing D10del complexity and permitting a progressive top

down construction. To each sector, a list of inputs/outputs indicating the 

logical connections with the other sectors is attached. Within a region, the 

inputs or outputs of a sector which are not connected to other sectors cor

respond to interregional relationships. 

For example, the following text : 

Sector S(B; C, F); 

Sl(B, E; B, G); 

S2(G; c, I); 

SJ(A, D; F, E); 

~ S; 

definca the suucture diaplnyed in the lower part of Figurc 2. The description 

of such a sector as Sl may be provided anywhere· in the text 11nd can be used 
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several tlmea as needed, with different sets of parameter and initial values • . 
E~cb sector-. description can include declarations and relationships to other 

sec ton. This inclusion facilfty defines a 'hierarchical structure which 

coexists with the geographical hierarchy. 

-The majority of present day simulation languages offer possibilities 

of definition and ins~rtion of macros, generally in a recursive nonnner (1). 

Nevertheless, macros are not apt to encompass the type of structur·e described 

above. First, macro mechanisms are generally hard to handle bec,.use of their 

universality. For instance, parameters, initial values and tabulated func

tions are associated to different macro calls (expansions) in a particularly 

·inflexible fashion. 
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