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There is enquestionable nced ror sound and disciplined-
methodology of experimenting withh SD models, Nurber of va-
lueable papers shows various ways utilising sensivity analy-
sis, programming of cxperiments and otler aypEOacbcs.

But should not we attack tho probler more fundar.cutally
before getting into more specific and costly analysis?

Ya would like propose a differcnt %ind ol approach, it
is analysis ol SD models based on experirents with facilies
of trajectories,

Using SD we aim at getting answers to the probleus wiiieh
can be generalised as followip:: 1s the specitie gool sttaine
able within acceptable initiagl conditious? can syster. une-
wind its trajoctories within given limits‘/which cannot bLe
explicite forrulated in the modql/ ? Lven probleis solved in
the most classical industrial dyanmuics models, it is: houw to
explain in terms of intornal structure and external sloc's
actuak bebaviour of the compauy? can be formulated in the
abovo.form. These goneral questions refer in fact not io tie
single but to tho whole family of trajoctories, Lach partie -
~ cular question is equivalent to looking for fanily of rodel
trajeatories having the spoci?ic atritute, Therefore such a
question may Lo transformed to ttie definition of the corsos=
pondine family, It is obvioug that such rarilies of tiajcce
tories are infinite. In appraach whiclh may be called tradie

tional is able to perform only limited nuiber of oxperincuts

and fyom its output, using bis Lest knowledpe bas to draw

co )
nclussions about gystom bohaviour /souetivies of course uti.

lising spocific teciniques for analysis/,

Thoso'exporiment
s
Give in fact sanple$ of infinite number of

e possible,

. » s paper wo propose a way of dotiﬂinc Tfamilies of
:ajectorios-and method for finding them with finite numbor

10

' simulntions, The thoory of mothod based on pattern recow

. gnition opproach will be presented,
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Tho gxamples of questions andg corrospdhdiné definiti
of families will be discuss}d in some dotaily 7 -
The practical way of utilizing oxisting DYs:
in a specialised package will also be presonted
flowchart 1ilustrating the principle of this ope;a

AP compiler
including
tion,
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There is 2zn unyuesticnable need for a sound and discipli-
ned rethnodclogy of experimenting with SD models. A number of va-
iuable papers shows various ways of utilizing sensitiﬁity analye
sis, prograuaing of experiments and other approaches.

But should not we attack the problem more fundamentally
vefore retiing into more gpecific and costly analysis ?

We would like to propose a different xind of upproach, it
is tne an2lysis of SD models pased on experiments with fomilies
of trajactories.

Uzang 32 we aiw at setting ansvers to the problems which
can be gereralized as following: ia the specific gozal attuinable
within acceptable initial con@iticns? Can the aystem unwind its
trajectories within the given liwmits /which caunpot be formulated

_explicite in the wodel/ ? Even the problems solved in the most
eingsical indusirial ¢ynanmics podelz, 1.e.:how to exvnlcin the ac~
tual behaviour of thé company in terms of the internsl structure
and external siocks ?, ¢an be formulated in the above form. The-
se genersl guesiions refer, in fxet, not to the single but to the
whole famiiy of trajeciories. Zach particular question is equi=~
valent to looking for the family of model trajectories having the

specific atribute. Therefore, such a-question may be transformed
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to the definition of the corresponding'family. It is obvious
that such families of trajectories are infinite. In the ap-

proach, which may be called traditional, one is able to per-

form only the limited number of experiments and from its out-

put,'usihg his best knowledge, has to draw conclusions about
the system behaviour /sometimes, of course, utilizing sveci-
fic techniques for analyéis/. These experiments give, in fact,
just samples out of the infinite number of the possible ones.

In this paper we propose a formal way of defining families
of trajectories and a method for finding them with the finite
number of simulations. The theory of the method btased on pattern
recognition approach will be presented.

The examples of questions and corresponding definitions
of families will be discussed in some detail.

The practical way of utilizing the existing DYSMAP compi-
ler in a specialized package will also be presented, illustra-

ting the principle of this operation.

Notes
/1/ System Researca Group is organized and supported alss by the

Tnstitute of Chemical Industry in VWarsaw, Poland.



Intrniuction

There is an unquestionable need for a sound and discipli=

ned methodology of experimenting with SD models. This need extends

even furtier., We are facing the lack of the "appropriate techno=-
logy" walch would cover all stages of the SD approach, ise. from
the problem formulation through the model building simulation or

exgerimarting with models and the analysis of the results, /e

assure that these stages include the appropriate input data : ve-

rificatlon, model validation and the like procedures/.

The SD models grow in size and complexity missing thus the
goal of any modelling : to get the understanding of the heart of
the matter which is pictured in the model through the simplifica=-
tion of a
The mddel rnay become more and more complex and may contain a great
numuer of variables and parameters but sti]i it can remain simple
ane understandable, provided that we have tools enabling us to ma-
n;gulate and handle them easily through all stages of the problem
solving, Ve would not state here such obvious rules-for practical
srodlen solving, if such toolé forming aiscipline and methodology
would exist and be sufficient, On the contrary, the demand for it
czists and is growing through all twemty five years old history of

23, The lack of the ful fillment of this demand.is one of the rea=-

suns standing behind the disappointment of 5D, its practical appli=

cations ani impact. The lack of the probleins which have been solved

with the help of SD combined with other tools, technics or methods
can be considered an offshoot of thé dcséribed situation in the

field of methodology. And very orten the real life problems cannot

real world, The term “simplicity" is, of course, relative,
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be solved ‘with one particular method } this view being suppor=
ted by ‘many practitioners,!

In this paper we would like to concentrate on this stage
of methodology of SD application which deals with experimenting
with the models. In the next sectlion we will present the roots
of our approach and idea of the method of the SD models analysis
based on experiments with, so called, families of trajectories
or MEFT /Method of Experiments with Family of Trajectories/;
Tais will be followed by the sectlion dealing with the theory
which was developed and utilized in-order to convert our idea
and approach into the practical tool, It is very important to
underline that the theoretical solution has led to the utiliza-
tion of a very general théory of dynami¢ models in conjunction
to the method based on the theory of pattern recognitions All
this seems to be rather remote from the traditional SD approach
We mention this here since one of the dangers affecting also SD.
is something which we ‘call the "tooler’s effect", This effect
takes place when people are oriented towards the application of
the particular tool /favour it/ rather than towards taking the
problem solving orientation.

Theoretical section is followed by the deséription of the
implementation of MEFT in the DYSMAP compiier. Tne problem is for=-
milated in terms of MEFT and then the assumptions taken for the
implementation are described, -The way of the implementation within

the compiler-is also glvens

The Idea of MEFT

) Ve have already mentioned that there is an unquestionable
need for a sound and dlsciplined methodology of experimenting with
the System Dynamics models. A number of valuable papers shows va-
rious ways 6f utilizing sensitivity analysis, programming of ex-

norimentes and ather annrnaches.
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pefors gatting into more specific and costly analysis ?

Wa would like to propose a different kind of approach, it
is the analysis cf SD models based on experiments with families
of trajectoriese _

Using SD we aim at getiing hnsﬁers to the problems which can’
be generalized as following: is the specific zoal attainable wi-
thin acceptable initial conditions? Can the system unwind its
trajectories within the given 1imits /which cannot be formulated’
explicite in the model/ ? Even the problems solved in the most
classical industrial dynamics models, i.e. 3 how to explain the
actuzal hchgviour of ihe company in terms of the internal structu=
re and external chociks ?, can be formulated in the altove forme
These general questions refer, in fact, not to the single but to
the whole family of trajectories, ﬁach particular question is
ezuivalent to lookinz for tne family of trajectories having the
srecitic atribute, Tnerefore, such a question may be iransformed
%o the_definition of the corresponding family., It is obvious that
such familizs of trajectories are infinite. In the approach, which
may Te called traditional, one is able to perform only the 1imited
number of experiments and ffomits output, using his best knowledge,
has to draw conclusions about the system behaviour /sometimes, of

" course, utiliz ing srecific techniques for analysis/. These expe-
riments zive, in fact, justvsamples out of the infinite number of
t+he nossible ones.

in this paper we propose a formal way of defining families
of trajectories and a method for finding them with the finite num=
bter of similations.

Tne negati&e side effect of traditional experimenting with 8D
models can be called thé output information flood. From every expe=

riment we obtain a substantial ariount of information, This growing
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amount tends to be more and more difficult for comparison bet-
weén resulté, pfocessing of data and drawing the final conclu-
sions, With this respect MEFT may be also helpful in dealing

with the "information flood"; It responds to the need for sim=
plification and suppresion of the information volume which, as
we have said in the previous section, is ohe of the important

goals of modelling.

Theory
For the simplicity of the description concerning theoretical

principles of the presented method and also the conditions for its

application, we start from mathematical properties of SD modelss

Let us assume that each 5D model can be presented as Cauche ‘8

problem in the following ways

x = £{x,t)

x(0) = %,
provided that SD models which are written in problem oriented proe

n/

gramming languages are not, in fact, continuous and the differen=-
tial qperator is reallzed by the numerical algoritihm,’ Properties
of the SD model can be identified by carring out tne simulation
of its behaviour, i.e. through obtaining the numerical solutions
of the problem /1/. Simultaneously, the restriction of the model
is assumed, 1.e. te[o;ﬂ ; XEA ; xées 3 and scACR? 3 u is 2 nun=~
ber related to the number of the model levels.
Assumption 14
For each xaES there is one and only one solution of the problem 11/
/in a numerical sense/. ‘
Let us denote this unique solution as ?(t,xo)

The following set we will further on call the trajectory of tne



5e .

5D model from the point X,

T(x,) = {xéA» s9le,x) te{o,r}} 12/

The set of all model trajectories denotes then the set of starting
roints,

B(s) = fﬁ(xo) : xOE‘S}‘ /3/
Tne described method HEFT assumes that the relation QCTHS)x7W$
generztes the partition of the.set'z(s) into the families of trae
Jectories according to Q.:

Telsa ={itesy or /4
vhere I is.the set of families names and
vl (s.) = T(s /5
sert 1 (s) /

'Ti(si')" ij (Sj) =f  ;1,J6I; @ = an empty set

As the result of the assumption 1, the. sets S;, 1€I consti-
tute also the partitioh of the set S with properties /5/ § lees
that the families of trajectories can. be represented by the rese
pective sets of starting points.
Ahssumption 2,
The prbblen/1/'represehting the SD 'model is continuous regarding the
initial conditions with respecf to the relation Q, It.is:the réstri-
ction of the plassicdl continuity condition of the differential equa~-
tion Bolution with regard to the initial conditions only to the in=

torior of ‘he setg»si;, ieI , and it is aIlbwed that the .sets Si cone

sist of the finite number of disjoint fragments,

The method MEFT assumes that the global studies of SD models
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properties can be reduced to the search for the families of tra=-
Jjectories of the model with regard to the-previously‘defined ree
lation Q, The-relations of this very kind ref;ect the -questions
which an experimentator‘can ask as far as the dynamics of the model
1s concerned, _

In order to find. the families of trajectories /of the sets
Sy, 1€I / it will be suggested further on to utilize the method.
of the pattern recognition treated as an extrapolation-interpola=

tion algorithm,

We shall give here the general definition of the pattern re-
cognition syste41£;ailing ourselves of the-already used symbols.
80 as to present the way of application of this system for the me-

thod MEFT, By the pattern recognition system we mean the aggregate:

/ Sy I, R, u/f
where: ]

S = the space of the recognition objects: j .here, the set of

starting points.of the SD:-model
. I = the segfihe pattern names j here, the set of names of
the model trajectory families /and also of the sets Sl/

R’ = the fémily of the recognition functions :

Rar: S-1

u.~ the learning function

us SxXidV -»-reR

adding that the set .U termed as. tihe learning. set con-
sists of the pairs /x,i/ - the object [ the starting point from
the set S representing the trajectory/ and the name of-tne tra-
Jectories family to which the trajectory s derived from this point,

~ pelongs.
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The system defined in this way will be searching for the fami=
lies of trajectories in two sfeps.vFirét, the learning set will
be generated basing on a small rumber of simulation runs. It
will be accomplisned through the derivation of trajectories for
the staftlng points from the random generator and determination
of the names for tinem with reference to the relation Q, Next the
families of trajectofies will be pointed out through the recog-
tion of tne chosen starting points,

- In-4ne definition of the learning system symbols R,u repre-~
sent the structure of this system. A considerable number of va=
rious pattern recognition systems is known and described 1n.the
literarure at present, i.e. the systems corresponding to the abo=
ve given definition and at the same time suitable for application
in the method MEFT,

Assumption3,
The form of the function R,u /structure of the pattern recognition
system/ is such that enables, in a geometrical sense, the approxi-
vn'ticn of the sets Si’ jel with the aid of tais system,

It is very icportant in the method MEFT to choose the pat-

tern recognition system adequate to the geometry of the sets Si’

‘1,e, tu the problem of their cohesion, the type of a boundary cure

ve, etc,

- The assumptisns mentioned above determine in a general way
+he conditions concerning the application of the method MEFT,
These assumptions usually are fulfilled but there is always the

possibility of checking them up at each stage of its applications

DYSMAP Innlementaiion
An Tllustrative Czse

The implementatioézggsumes the possibility of SD models
examination through searching for the answer to the following

problem, There is given the SD model and hypothetical or desira-
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ble range of levels values in which the system should contain it~
self in a given time, It is necessary to determine the subset of
starting points from which the trajecﬁories find their way to the
target determined in the above. presented way,.

It i s the problem of finding two families of trajectories /two
subsets of starting points related to them/ which in terms of MEFT
18 as follows ¢

There is given thg target set BCA and the time of obtaining
of the target tz€[0,T]  The relation Q in this case is following :

(Tix), 7)) € e g(x ,t)en /61

The set of the names I contains only two names @ 11= in the tare
get", 12- "outside of the target",

In the described implementation one of the historically ear-
liest pattern recognition system was used, namely so called NFAREST
NEIGHBOUR, This system avails itself of the'existence of the met=
rics in the space of objects / Euclidean metrics has been accepted/,
The form of the recognition function is following ¢

r(x)- i &< f{\(x) - m;‘.n f’ (x) ,

. 17/
f§&)=Vi£%-hﬁ ;(erU

Symbols used in the formula /7/ are analogical to those accepted
in the preceding chapter, »

| On the basis of the learning set the system deternines the
attacﬁmeﬁt pf the trajectory to the family taking into considera~
iion only its starting point /without the run of the model/.

In case of the applied pattern redognition system it will be the
fam i1ly to which the nearestblin’terhs of Buklidean metrics/ gtar—
ting point of the learning set beiongs.




DYSMAP Simulation Lahguage

DYSMAP /Dynamics System Modelling and Analysis Package/
is a Pre=Compiler specially designed for computer simulation
of dynanmic systems. Its character set and syntax are based on
the DINAMO A5/, The package is written in FORTRAN and compiles
models fo FORTRAN, all the routines of which may be used,

Therefor, DYSMAP belomgs to the family of computer lan-

guages like,‘for instance, DWNAMO, The full information about
DYSHAP is given in /4 /.

Assumptions for Implementation

In the implementation of the method MEFT the following as=
sumptions have been accepted which enable, with relative ease,
for the. implementation of the method @

1/ There are two phases of the method. The first phase clo-
sely connected with DYSMAP /simulation/ produces the re=
sults suitable .for the second phase which, in turn, gives
ansvers to the user’s guestions,

2/ Retaining of the compiler modular structure, The utilie
zation of the method MEFT during the compilation of the

_model is realized through the MEFT routines without -es=
sential alterations in thé existing routines of the cdm-
piler,

3/ Parzametric control of the -compiler run, Since for bhe
murnoses of the method it is necessary to have relative
data concerning SD'model and also a specified way of
storln’ ‘the simulation results, a parameter of a compiler
control card was introduced, which brings about the cor=

resvondxng mode of its work., Such an approach enableq
for the utilization of the DYSMAP package not only for the
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purposes of ‘the typical simalation without-any loss of the com=
piler time, central or outside ‘memory but-also for the purposes
of MEFT, The above mentioned remarks are related to the fact that
the transfer of data between the first and second phase /point1/
takes place through the external disc file.
4/ Retaining of syntax of ‘the DYSMAP language, .

For the purposes of the method MEFT it was necessary to

introduce the additional NBT instruction -defining the in-

terval of the initial conditions for the model levels and

also the desirable interval of the final values /tar%et/;
Syntax of the NBT instruction in Bachus«Naur notation is follo-

wing ¢

<1nstruction NBT) :: = NBT (the name of the 1eve1)-=§(h1>,
(up)s{uz) '<%7)
‘where
<the name of the leve1> R <the name cdefined by “the instrue
ction L without the time subscript )h{>
<u1, 1= 1,b): -(number>]<constant>)‘*

< number‘) and < conutant> defined as in jJ4/

Semantics of the instruction NBT
The instruction NBT-sets up two intervals for a variable
<the'name of the level>~: )
[u1,fu2,]»~'the admissible interval.of initial values for
a given level . ) )
{iu3,.uh]~a the admissible interval of final wvalues for the

given level

» The followinn relations are required to take place between para=

meters u, of the instruction @
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The meaning of the parameter u, in case of the constant or nume

ber is obvious. Tne case of "A" can be presented as follows3:

- iU} = g then{u1 assumes the value = oo
u3 u3

which corresponds with the lower bound of the variable

REAL of a given computer
- 11‘{ Uyl , mgn  thend Y2{ assumes the value +9¢°
Yy vy

which corresponds with'the upper bound of the variable
REAL
Ezamplies 3
WBTeLevEL = (-1 8., G.35402, 21491, 3990.1)
in this case parameters u, assume the following values:
u, = =1
w, = 3.
= 21,
i = 30081
The c2s ¢ in' which parameters Uy u3, u;, areconstant, defined in.
the instruction C, is presented below.
nsrv LEV = (€1, 8.1, C3, C4 )
cyCi = $.5, C3 = 281, C4 = 3979
KT Lt = (*, 190.1, - 0., %)

The above case defines the following intervals of admissible initial

and final values of the level LE 3
(-0, 1#9.1) =~ initial values
(-3¢¢¢.', *90) - final values

NBT AlA (1¢, ¥, c1, c3]
In the last case the level ALA has the initial condition identi-

. -12.
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cal with the one in the inmstruction : N ALA = 1§, The instruction
NBT format is analogical to the remaining 1nstruct10ns format which
are described in /4/.
5/ In case of the method MEFT it is required to apply the ine
- gtruction NBT for each level and not the instruction N,

6/ In case of the method MEFT there is no posibility of care
rying out the typical simulation / from the viewpoint of
the i)ackage/ , and what follows, no possibility of carrying
out re-RUNs of the model. '

7/ In case of the method MEFT the alteration of the resulting
code, which is generated by the compiler, brings about »
a number of pro‘cedures which examine conditions and tran-

' gfer the data to the phase II,

8/ For the purposes of the method implementation the addiitio-
nal diagnostics generated by the compllier was 1ntroduéed
/fatal errors, warnings, information about simulation/.

The above assumptions enabled for the implementation of the method .
MEFT in a version described, From the user ‘s point of view, carry-

ing out the simulation by means of the method MEFT is divided into
two phases /as it was already mentioned/ ; see Fig.l.1.

In the first phase the user should exchange all cards N for
cards NBT in a source model, point out to the mode of the compiler
work through the control card paremeter and accomplish the single
simulation /from his point of view/. In fact, the repeated simula=-
tion is accomplished in order to complete the relative set of data
for the phase II.
In the second pkase the user chooses the type of learning procedure
availing himself of the program LEARN and also gives the answer to
the question stated in the section : An Illustrative Case. It is
worth while mentioning that this answer is obteined without the



Fhase I

(h

“13e
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model SD cont,

oo instruction N3T

Phase II

contrd card
containing a parameter
chooging the mode of work

[

DYSMAP Source
diagnostie
compiler g;nz;; model in inform
ation
code FORTRAN
File of
Learning patterns
FROGRAM
LEARN

Parameter choosing
a type ol learning

procedure

(|

data for procedure
/starting points of a
trajectory/

Results

Fig. 4.1.The computer implementation of the method MEFT

necessity of carrying out simulation experiments, It seems reso-
nable to accomplish the phase II in the conversational mode,

The methcd NEFT has been wholly implemented in the lanéuge
FORTRAN on mc. CDOC CYEER 72 under 0.S, SCOPE 3.4,
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Supmary
In this paper we have shown the method called MEFT for expe=

riments with SD models bagsed on the concept of the family of traje=
ctories. The origin of the idea was displayed as the one stemming
from the true demand of SD modelling. The theoretical background
was given to show the mathematical foundation of the method., Howee
ver, ot all of the possible "MEFT problems™ were displayed, For
the illustration the attention was concentrated on the specific ca-
se of the MEFT application, The number of other cases is alsc possie
ble which would lead, in practical terms, to the implementation of
the new DYSMAP instruction or modificaticn of parameters of those
already developed, Of course, the implementation of the method is
not at all limited to the DYSMAP language. It can be 1mplementéd in
any other language provided that tha same formal conditions of a ge=-
neral mot limiting type are met.
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