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This paper  is a sho r t  review of a conference held in Sevil la, Spain, in October 
1987. Organized by t h e  Systems Dynamic Society, i t  concentrated around con- 
cep ts  in methodology and applications of nonlinear system modelling within t he  
framework introduced by Jay For res te r  and his followers. 

The at t i tude to th is  approach is controversial.  For  example, t h e  respect ive 
methodologies do  not involve t h e  identification of system parameters  and t h e  con- 
struct ion of t h e  models from available da ta  does not  involve and may even contrad- 
ict with t h e  r igorous concepts and techniques of modern system theory.  

The review given h e r e  does not discuss t h e  re levance of 'System Dynamics". 
I t  merely gives some information on t h e  topics presented at t h e  conference in 
Sevilla. 

A. Kurzhanski 
Chairman 

System and Decision Sciences Program 



RECENT DEVELOPMENTS IN SYSTEM DYNAMICS SOFTWARE 

Zstvhn V6lyi 

This p a p e r  i s  to r e p o r t  r e c e n t  resu l t s  in system dynamics sof tware development re- 

lying mainly o n  t h e  mater ia l  p resen ted  at t h e  1986 Internat ional  Conference of t h e  

System Dynamics Society  held under  t h e  t i t le  'System Dynamics on  t h e  Move' [I]. 

The conference took p lace  between 22-24 October 1986 in Sevi l la,  Spain. Par t i c i -  

pan ts  came f rom more  than  twenty count r ies  f rom f o u r  cont inents and included 

leading personal i t ies of t h e  system dynamics community. 

System dynamics was developed at t h e  end of t h e  f i f t ies by Jay  W.  F o r r e s t e r  to as- 

s i s t  in  t h e  study of complex systems a r a t h e r  wide r a n g e  of users ,  with l i t t le  or no 

mathematical background.  According to D. H .  Meadows ([6] p.  31.): dealing with 

quest ions abou t  t h e  dynamic tendencies of complex systems, t h a t  is,  t h e  behav iora l  

p a t t e r n s  they  g e n e r a t e  o v e r  t ime. System dynamicists are general ly  unconcerned 

with p rec i se  numerical  values of system var iab les  in spec i f i c  y e a r s .  They are much 

more i n te res ted  in g e n e r a l  dynamic tendencies;  whether  t h e  system as a whole i s  

s tab le  or unstable, osci l lat ing, growing, declining, or in  equil ibrium.' In mathemat- 

ical t e rms  th i s  means t h a t  in system dynamics we use systems of o rd ina ry  nonl inear  

(functional) d i f ferent ia l  equat ions f o r  rep resen t i ng  rea l i t y ,  and quest ions and 

answers  are typical ly formulated i n  qual i ta t ive te rms.  A s  i s  well known, t h e  

mathematical t h e o r y  t h a t  dea ls  with such problems i s  r a t h e r  diff icult. 

G. P. Richardson a n d  A. L. Pugh 111, [77, ident i fy seven s t e p s  in approach ing  a 

problem f rom a system dynamics perspect ive :  



problem identif ication and definition 

system conceptualization 

model formulation 

analysis of model behavior  

model evaluation 

policy analysis 

model use or implementation. 

This procedure usually involves passing through t h r e e  s tages  of model representa-  

tion: causal-loop diagrams, flow diagrams and equations. The f i r s t  s tage  in 

developing t h e  formal model is  to draw causal-loop diagrams. Causal-loop diagrams 

a r e  d i rec ted g r a p h s  where nodes r e p r e s e n t  elements of t h e  system (i. e .  var iables 

of the  model) and edges t h e  causal  re lat ions connecting them. Edges are marked 

with posit ive or negative signs to indicate whether increase causes increase or de- 

c rease .  The second, intermediate s t e p  is  taken by drawing t h e  flow diagram, t h a t  i s  

to classify var iables in t h e  causal  loop diagram according to t h e i r  ro les  in the  

model (l ike levels, r a t e s ,  constants contain al l  t he  information needed to write the  

equations, tha t  is  the  final, analyt ical form. 

Despite f requent  cr i t ic isms t h e  technique has been widely appl ied, and nowadays is  

considered as a profession. I t  has  proved to be  special ly useful in education and 

combined with gaming techniques. Argurner~ts were focussed around t h e  following 

points: 

problems re la ted to qual i tat ive validation, sensit iv i ty and parameter  tuning 

(' lack of empir ical base' ,  Oerlemans e t  al . ,  151) 

unwarranted use of mathematical ob jec ts  tha t  are sometimes very  diff icult to 

handle ( fo r  a l te rnat ives  s e e  e. g .  J. Talavage, 141) 

In s tandard  system dynamics, the  solutions of the  system of di f ferent ial  equations 

a r e  computed by way of approximating t h e  integrals by Euler 's  method with a given 

in terva l  length, i. e. considering the  r i g h t  hand s ide constant  in each interval .  This 

procedure i s  real ized in DYNAMO, [?I, a computer simulation language developed a t  

MI'I', t h a t  h a s  been associated with t h e  method from the  v e r y  beginning. Even the  

analyt ic form of t he  models, i .  e. the dif ferent ial  equations are normally formulat- 

ed in th is  language, r a t h e r  than in mathematical notations. Since t h e  mid s ix t ies 

DYNAMO is based on FORTRAN. I ts  la tes t  versions l ike DYNAMO I11 and IV became 

r a t h e r  f lexible as they a r e  capable to handle subscr ipted var iables and DO loops, 



a c c e p t  u s e r  def ined funct ions, or o f f e r  a possibil i ty of se lect ing between var ious  

in tegra t ion  methods. Mini-DYNAMO i s  a simplified vers ion  t h a t  r u n s  on  small com- 

p u t e r s  with 20K core memory while Micro-DYNAMO and Profess ional  DYNAMO are 

intended f o r  profess ional  pe rsona l  computers  l ike t h e  IBM PC. DYSMAP, developed 

in t h e  sevent ies  at Bradford  Universi ty,  UK, [3], and NDTRAN at Not re  Dame 

Universi ty,  USA are widely used as well. These are extens ions  of DYNAMO and 

o f f e r  b e t t e r  g raph i ca l  ou tpu t ,  and  more  sophis t icated opt ions f o r  model checking 

and  analysis.  A s ign i f icant  development i s  STELLA, [ 8 ] ,  a prog ram running o n  t h e  

Macintosh, fully explo i t ing i t s  exce l len t  g raph i cs  fac i l i t ies.  STELLA starts with de- 

fining t h e  model in t h e  form of flow d iagram o n  t h e  s c r e e n ,  and  deve lops  t h e  

ana ly t i ca l  form automatical ly.  Another  in te res t ing  system i s  DYSYS, [Z], developed 

at t h e  Univers i ty  of Kassel,  FRG, t h a t  i s  a simple simulation language wr i t ten in 

BASIC with minimal ha rdware  requi rements,  v e r y  well su i ted f a r  educat ional  pur -  

poses.  

The resu l t s  p resen ted  at t h e  con fe rence  re f l ec t  t h e  recogni t ion of t h e  problems 

b rough t  u p  by t h e  c r i t i c s ,  as well as t h e  e f f a r t s  to ease f u r t h e r  t h e  modelling p ro -  

c e d u r e .  

This r e p o r t  i s  divided i n t a  two p a r t s ,  o n e  deal ing with t rad i t ional  t y p e  so f tware ,  

and t h e  o t h e r  with e x p e r t  systems techniques.  

2. NEW SYSTEM DYNAMICS SOFTWARE 

W e  start th is  sec t ion  by a new implementation of a t h e  simulation language DYSMAP. 

The new vers ion  cal led DYSMAPZ, developed by Univers i ty  of Sa l fo rd  Computer 

S e r v i c e s  Sect ion,  UK, i s  a n  ex tens ion  of DYSMAP, i .  e. i t  a c c e p t s  any  DYSMAP pro-  

g ram with some minor modif ications. DYSMAPZ i s  intended f o r  use  on  microcomput- 

ers and i s  based on  i n te rp re ta t i on  at runt ime r a t h e r  t h a n  t h e  usual technique of 

t rans la t ion  in to  FORTRAN. This r e s u l t s  in: 

t h e  possibil i ty of handling runt ime (in addit ion to syntax)  e r r o r s ,  

in cases more than t e n  t imes f a s t e r  execut ion and 



improved i n te rac t i ve  possibi l i t ies.  

An important  possibi l i ty f o r  checking t h e  c o r r e c t n e s s  of t h e  model i s  th rough t h e  

dimensional ana lyzer .  The i n te rac t i ve  s e t u p  means t h a t  a n  i n te rac t i ve  sess ion 

starts with a bas ic  r u n  of a model and then t h e  u s e r  i s  allowed to s e l e c t  any  form of 

ou tpu t  (including co lou r  p lo ts  of any  var iab les ,  numerical  values on  t h e  s c r e e n ,  o r  

in f i les in ASCII format) ,  then  p a r a m e t e r  va lues and even equat ions c a n  b e  modified 

and t h e  model r e r u n .  Data communication th rough f i les i s  poss ib le in two d i rec-  

t ions. The re fo re  t h e  i n te rac t i ve  environment makes i t  easy  to app ly  optimization 

f o r  p a r a m e t e r  tuning or sensi t iv i ty  analys is .  I t  i s  in f a c t  planned t o  include th is  

f e a t u r e  in to t h e  package.  In addit ion to computed resu l t s ,  o t h e r  supplementary in- 

format ion i s  avai lab le th rough t h e  HELP opt ion. 

A r e l a t e d  p a p e r  by R. Kelohar ju  (Helsinki School f o  Economics, Finland) and E. F. 

Wolstenholme (Universi ty of Bradford Management Cen t re ,  UK) p resen ted  a new 

vers ion  of DYSMOD (Dynamic Simulation Model Optimiser and Developer)  t h a t  w a s  

developed in t h e  l a te  sevent ies  as a supplement  to DYSMAP. The so f tware  i s  

c u r r e n t l y  under  f u r t h e r  development by Bradford and Sa l fo rd  Univers i t ies,  UK, in 

o r d e r  t o  b e  combined with DYSMAPZ. DYSMOD uses  a hil l  climbing rou t ine  f o r  op- 

t imization. The DYSMAP simulation ruri i s  used in t h e  con tex t  of t h e  optimization 

rou t ine  t o  compute t h e  value of t h e  goal  function. According t o  p r a c t i c a l  exper i -  

ence ,  a r a t h e r  l a r g e  number of i t e ra t i ons  (100 o r  more)  i s  needed to ach ieve  t h e  

optimal va lues,  bu t  t h e  individual i t e ra t i ons  are not v e r y  expensive.  

The a u t h o r s  l i s t  t h e  following uses  of optimization in  system dynamics models: 

f i t t ing t h e  model to p a s t  d a t a ,  

finding des i rab le  p a r a m e t e r  (and tab le  funct ion) va lues f o r  b e t t e r  p e r f o r -  

mance of t h e  system, 

f inding des i rab le  decis ions,  s t r u c t u r e ,  or simplif ication, by tak ing e. g .  con- 

vex combinations of express ions ,  t h a t  r e p r e s e n t  a l t e rna t i ve  pol ic ies, at t h e  

r i g h t  hand s ide  of equat ions,  o r  forc ing t h e  e f f ec t s  of c e r t a i n  p a r t s  of t h e  

model to ze ro ,  

sensi t iv i ty  analys is ,  by re lax ing  t h e  found optimal value and check ing  t h e  

l a r g e s t  possible change in key  pa ramete rs .  

Unlike t h e  t rad i t iona l  ways of c a r r y i n g  o u t  t h e s e  tasks ,  t h e  method allows a l l  th is  

to b e  done simultaneously, a f e a t u r e  t h a t  const i tu tes a major  conceptua l  advan- 

tage.  The s t r u c t u r e  of t h e  p rog ram i s  shown in t h e  F igure 1. 
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The presentat ion by H. Krallmann, B. Rieger and G .  Hentzelt of the  Technische 

Universi taet (West-)Berlin r e p o r t s  about  a system tha t  const i tutes a user  fr iendly 

communication and contro l  system f o r  existing system dynamics models implemented 

on a mainframe computer. I t  should be  pointed out  h e r e  tha t  the  system is univer- 

sal in the  sense tha t  i t  could be  easi ly extended to handle o t h e r  types of models as 

well. I ts major aim is  given by the  au tho rs  to ass is t  in: 

select ing preformulated models 

generat ing a l te rnat ives  by changing model parameters  

controll ing simulations (storage and handling of model resul ts)  

g raph ic  processing of resu l ts  

providing model documentations. 

Current ly  the  system consists of a l i b ra ry  of DYNAMO models, a (commercial) sta- 

t ist ical analysis package cal led SAS 83 to perform the  graphical  representa t ion  of 

resul ts  and t h e i r  own cont ro l  program. The operat ion of the  package is  done 

through menus and is  suppor ted by the  HELP fea ture .  I ts  s t r u c t u r e  shown in Figure 

2. 

Figure 2. 
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Finally w e  mention t h e  p iece  of so f tware  cal led SDSE (System Dynamics Sofware in 

Educat ion) by A. Toval, A. Requena, S. Martinez and J. Monreal of t h e  Universidad 

d e  Murcia, Spain.  A s  t h e  name indicates t h e  system w a s  designed to facil i taLe t h e  

teaching and use of System Dynamics in educat ion,  namely in schools  and  high 

schools.  The system was wr i t ten in  BASIC and  was implemented f o r  IBM PC (compati- 

b les)  unde r  M S  DOS. 

3. EXPERT SYSTEMS FOR SYSTEM DYNAMICS 

The e x p e r t  system type so f tware  to b e  in t roduced h e r e  have t h e  g e n e r a l  aim to 

c o v e r ,  in addit ion to t h e  numerical  a n d  adminisLrative t ype  opera t ions ,  as much of 

t h e  system analys is  p r o c e s s  as possible.  

This means, in more  deta i l ,  in t h e  system dyr~amics con tex t  to include: 

t h e  speci f icat ion of va r i ab les  and  implications connect ing them to estab l i sh  

t h e  system boundar ies  and t h e  causa l  d iagram, 

c lass i f icat ion of t h e  va r i ab les  t o  c o n s t r u c t  t h e  flow d iagram, 

writ ing t h e  model equat ions,  

and  (of c o u r s e )  simulation, ou tpu t  and  documentat ion. 

Let  u s  start with EASDM, or a n  E x p e r t  Aid f o r  System Dynamics Modelling t h a t  was 

p resen ted  by  J.C. Gonzalez and  G. Fernandez f rom t h e  Labo ra to ry  f Cybernet ics  

and  Systems Theory  of t h e  Poly technica l  Universi ty of Madrid. The major  novelty 

of t h e  system i s  t h a t  i t  i s  ab le  to c a r r y  o u t  t h e  th i rd  s t e p  of t h e  prev ious  l is t ,  t h a t  

i s  t h e  cons t ruc t ion  of t h e  flow d iagram in a semiautomatic way. EASDM was pro-  

grammed in  PASCAL and  PROLOG f o r  pe rsona l  computers  with M S  DOS ope ra t i ng  

system. (PROLOG c a n  nowadays b e  r e g a r d e d  as t h e  s tanda rd  language f o r  

'knowledge rep resen ta t i on '  t h a t  i s  f o r  logical  programming.) 



EASDM h a s  a modular s t r u c t u r e  consist ing of t h e  following units: 

definit ion module, to i n t roduce var iab les  and log ica l  connect ions, 

c lass i f icat ion module, to c o n v e r t  t h e  above  in to  a flow d iagram, 

equat ion module, t o  wr i te  t h e  formal model, 

p rocess ing  module, to t r ans la te  t h e  formal model i n to  a PASCAL, p rogram,  

simulation module, to per fo rm computat ions, and c o n v e r t  t h e  r e s u l t s  i n to  t h e  

des i red  numer ica l  or g r a p h i c  form. 

The functioning of t h e  c lass i f icat ion module i s  based o n  t h e  observa t ion ,  and t h e  

r e l a t e d  theo ry ,  t h a t  a c o r r e c t l y  drawn causa l  loop d iagram a l r e a d y  conta ins  all 

t h e  necessa ry  s t r u c t u r a l  information f o r  drawing t h e  flow diagram. Cor rec tness  i s  

a n  essent ia l  f e a t u r e  h e r e ,  t h a t  i s  ensu red  by t h e  d iagnost ic  capab i l i tes  included 

in to  t h e  module. 

Another  system with good suppor t ing  capab i l i t i es  in t h e  design of t h e  model i s  LSC, 

a Continuous Simulation Sof tware  developed in t h e  Inst rumentat ion and Contro l  La- 

b o r a t o r y ,  Alger ia p resen ted  by M.  Gaci and A. Babaamer. The system i s  p a r t l y  im- 

plemented on  a mainframe computer  and  i s  wri t ten in PASCAL and FORTRAN. 

The so f tware  leads  t h e  u s e r  th rough t h e  s t a g e s  of modeling as indicated in F igure 

Sys tem drf  in l t ion IC 
s e t s  desc r i p t i on  

Re la t ion  set  
descr ip t ion  

Sys tem reel  da ta  I 

ana l ys i s  

ode1  val id i ty a I Yes  + - 

Figure 3. 

Model  s imu la t ion  

- 

Yes  



The system works interact ively,  using a high level language tha t  with t h e  following 

set of 'environments': 

s tar t ing  environment: model name and simulation type 

formal declarat ion environment: regrouping commands, defining var iab le  

types 

initialization environment: defining init ial values, constants etc. 

re lat ions environment: defining equations 

edition environment: edit ing simulation resu l ts  and output  

cont ro l  environment: checking the  coherency of t h e  model 

Model definition is  c a r r i e d  out  by passing perhaps severa l  times through these  en- 

vironments. 

The software uses integrat ion by Gear 's  algorithm f o r  stiff systems. For  nonstiff 

systems the  modified Hamming and Runge Kutta Gill algori thms or simply Euler 's  

method can be used. A specia l  opt ion i s  avai lable f o r  d iscre te  systems. I t  is  

planned tha t  a sensit iv i ty analysis module be  included, computing a sensitivity 

coeff ic ient according to p.  M.  Frank.  

Fu r the r  modules of t h e  system are (not fully implemented yet): 

compilation module: lexical and syntact ic  analysis, and code generat ion 

formal derivat ion module 

da ta  s t r u c t u r e  module 

l i b ra ry  module 

graph ics  module. 

Finally w e  consider a contr ibut ion t h a t  we r e g a r d  as t h e  most substant ia l  among 

those repor ted  in th is  review. The system is called MAPS (Mathematical Advising 

Production System), and is a n  e x p e r t  advisor  f o r  t h e  qual i tat ive analysis of dynam- 

ical  systems. In i t s  p resen t  form MAPS deals with second o r d e r  autonomous systems 

of ord inary  dif ferent ial  equations. I t  i s  implemented in a prototype version on a n  

IBM PC. Minimal RAM requ i red i s  512 Kb. The system is wri t ten in muSIMP, i. e. t he  

host  language of muMATH and uses t h e  l a t t e r  f o r  car ry ing out  symbolic calcula- 

t ions. 



Based on the  qualitative theory  of di f ferential  equations, MAPS studies the asymp- 

tot ic behaviour of dynamical systems, performing a parametr ic  analysis of the  na- 

t u r e  and stabi l i ty of t he  asymptotic states. I t  is  pointed ou t  tha t  under ce r ta in  con- 

dit ions, l a rge r  complex systems can be reduced to simpler (deterministic) ones in 

such a way t ha t  from the  qualitative behaviour of t he  l a t t e r  conclusions can  be 

drawn f o r  t ha t  of the former.  In th is way t he  software provides us, although in a 

very  limited range,  with a mathematically correct answer to some of the  questions 

usually posed in system dynamics. The analysis cannot be made completely au- 

tomatic, and it needs a n  interact ion between the  system and t h e  modeler. According 

to t he  au thors  a f inal system should incorporate,  along with formal mathematical 

knowledge, some heur ist ics,  as well. 

The cur rent ly  implemented version studies systems of t he  form: 

where x and y a r e  sca la r  state var iables,  F is  a constant  vector  and p is  the  

sca la r  parameter  along which the  analysis is  performed. 

The s teps  of analysis: 

verif ication whether the  system belongs to s o m e  special c lass (like l inear,  

hamiltonian e t c . )  

search  f o r  equilibrium points 

l inear stabi l i ty analysis f o r  each equilibrium point as a function of t he  param- 

eter p . 

In o r d e r  to complement analyt ical resul ts ,  numerical simulations can a lso be per -  

formed. 
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