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ABSTRACT

G E S T  i s  t h e  f i r s t  m o d e l  a n d  s i m u l a t i o n  s p e c i f i c a t i o n  l a n g u a g e .  S p e c i -

f i c a t i o n s  o f  t h e  r n o d e l  a n d  t h e  e x p e r i m e n t  a r e  t o t a l l y  s e p a r a t e d .  T h e

m o d e l l i n g  w o r l d  v i e w  i s  b a s e d  o n  t h e  a x i o m a t i c  s y s t e m  t h e o r y  o f  W y m o r e

w h i c h  p r o v i d e s  a n  e x c e l l e n t  b a s i s  f o r  s i r n u L a t i o n  m o d e l l i n g  a n d  s y m -

b o l i c  m o d e l  p r o c e s s i n g .  T h i s  c h a p t e r  h a s  t w o  a i m s :  1 )  T o  p r e s e n t  t h e

G E S T  l a n g u a g e  a n d  t h e  r o b u s t  a n d  r i c h  m o d e l l i n g  p a r a d i g m  i t  p r o v i d e s

e v e n  f o r  n o n - s i m u l a t i o n  a p p l i c a t i o n  a r e a s r  a s  w e l l  a s  2 ' )  t o  f o s t e r

d e s i g n  a n d  d e v e l o p m e n t  o f  o t h e r  G E S T - I i k e  m o d e l l i n g  a n d  s i m u l a t i o n

l a n g u a g e s  w h i c h  w o u l d  p r o v i d e  o t h e r  m o d e l l i n g  f o r m a l i s m s  w i t h i n  c o m -

p r e h e n s i v e  m o d e l l i n g  a n d  s i m u l a t i o n  s y s t e m s .
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1.  INTRODUCTION

G E S T  i s  a  m o d e l l i n g  a n d  s i m u l a t i o n  l a n g u a g e  b a s e d  o n  g e n e r a l  s y s t e t r
t h e o r e t i c  c o n c e P t s .  I t  n a s  c o n c e i v e d  i n  1 9 6 9  a n d  f i r s t  d o c u m e n t  a b o u t
i t  w a s  p u b l i s h e d  i n  1 9 7 1  ( ' c i r e n  1 9 7 1 ) .  r t s  d e f i n i t i o n  h a s  b e e n  u p d a t e d
a  f e w  t i m e s .  T h e  l a s t  v e r s i o n  o f  i t  i s  c E s r  g l  ( o r e n  1 9 9 1 ,  l 9 g 2 a ) .
G E S T ,  e v e n  a t  i t s  f i r s t  v e r s i o n ,  d e p a r t e d  r a d i c a l l y  f r o m  o t h e r  s i m u l a -
t i o n  l a n g u a g e s .  r t  i s  t h e  f i r s t  m o d e l - b a s e d  s i m u l a t i o n  l a n g u a g e .  r n
G E S T '  s p e c i f i c a t i o n s  o f  t h e  m o d e l  a n d  t h e  e x p e r i m e n t  a r e  t o t a l l y  s e p a -
r a t e d .  T h e  r n o d e l l i n g  w o r l d  v i e w  o f  G E s r  i s  b a s e d  o n  t h e  a x i o m a t i c
sys tem the 'o ry  o f  h tymore  (  l962 ,  1926 )  .

A l r e a d y  o t h e r  G E S T - I i k e  l a n g u a g e s  e x i s t . One such language is SEI,IA
( s E q u e n t i a l  t ' i A c h i n e s )  ( U r e n  a n d  c o 1 1 i e  r g g g ) .  A n o t h e r  G E S T - r i k e  1 a n -
9 u a 9 e  i s  d e s i g n e d  b y  s u b r a h m a n i a n  a n d  c a n n o n  ( l 9 g r ) .  F u t o  a n d  G e r g e l y
( r982)  deve loped rs -pRo l -oc ,  an  advanced modet l ing  and s imu la t ion  1an-

9 u a 9 e  b a s e d  o n  t h e  c o n c e p t s  a d v o c a t e d  b y  6 r e n  a n d  Z e i g l e r  ( 1 9 7 9 ) .

T h i s  c h a p t e r  h a s  t h r o  a i m s :  1 )  T o  p r e s e n t  t h e  G E S T  l a n g u a g e ,  a n d  2 )  t o
f o s t e r  d e s i g n  a n d  d e v e l o p m e n t  o f  o t h e r  G E S T - I i k e  m o d e l r i n g  a n d  s i m u l a -
t i o n  l a n g u a g e s  w h i c h  w o u l d  p r o v i d e  o t h e r  m o d e l l i n g  f o r m a l i s m s  w i t h i n
c o m p r e h e n s i v e  m o d e l l i n g  a n d  s i m u l a t i o n  s y s t e m s .  T h e  r a t i o n a l e  f o r
d e v e l o p i n g  s u c h  a d v a n c e d  t o o l s  w i t h i n  c o m p r e h e n s i v e  m o d e r r i n g  a n d  s i m -
u l a t i o n  s o f t w a r e  s y s t e m s  i s  g i v e n  i n  c h a p t e r  1  o f  t h i s  v o l u m e  ( i i r e n

1 9 8 4  )  .

A  l i s t  o f  r e f e r e n c e s  w h e r e  G E S T  i s  t r e a t e d  d i r e c t l y ,  o r  h , h e r e  G E S T  h a s
b e e n  r e f e r r e d  t o  i s  g i v e n  a t  t h e  e n d  o f  t h i s  c h a p t e r .

2. I{ORLD VIEW OF GEST 81

G E S T  i s  a  m o d e l  a n d  s i m u l a t i o n  s p e c i f i c a t i o n  r a n g u a g e .  T h e r e f o r e  a
G E s r  p r o g r a m  i s  h i g h l y  d e s c r i p t i v e  a n d  a c t s  a s  a  d o c u m e n t a t i o n  ( f o r
c o m m u n i c a t i o n  a m o n g  h u m a n s )  a s  w e l l  a s  a  s p e c i f i c a t i o n  ( f o r  m a n - m a -
c h i n e  c o m m u n i c a t i o n ) .  T h i s  d o c u m e n t a t i o n  a b i l i t y  o f  G E S T  w i l l  b e c o m e
a p p a r e n t  i n  t h e  s e g u e l .  r f  l o o k e d  o n l y  s u p e r f i c i a l l y ,  s o m e  e r e m e n t s
o f  G E S T  m a y  a p p e a r  t o  b e  c u m b e r s o m e  t o  s p e c i f y ,  s u c h  a s  " E N D  c o u p l r N c
F o R  m o d e l - i d e n t i f i e r . "  H o w e v e r ,  G E s r  h a s  t o  b e  c o n c e i v e d  d i f f e r e n t l v .
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t i r s t  o f  a l l  G E S T ,  d u e  t o  i t s  w o r l d  v i e w  i s  a  g o o d  b a s i s  f o r  a  c o m p r e -
b e n s i v e  m o d e l l i n g  a n d  s i m u l a t i o n  s o f t w a r e  s y s t e m .  w i t h i n  s u c h  a  s y s -
t e m r  t h e  c o m p u t e r - a s s i s t e d  m o d e l l i n g  m o d u l e  w o u l d  h a v e  a r r .  t h e  n e c e s _
s a r y  i n f o r m a t i o n  t o  g e n e r a t e  t r E N D  c o u p l r N c  F O R  m o d e l - i d e n t i f i e r t r  a s
3 0 0 n  a s  t h e  s p e c i f i c a t i o n  o f  a l l  t h e  i n p u t - o u t p u t  r e l a t i o n s h i p s  h a v e
b e e n  c o m p l e t e d  b y  t h e  u s e r ,  b a s e d  o n  s y s t e m _ i n i t i a t e d  p r o m p t s .

c o n c e i v e d  w i t h i n  a  c o m p u t e r - a s s i s t e d  r n o d e l l  i n g  s y s c e m ,  s o m e  G E s r
i n s t r u c t i o n s  a r e  t o t a l l y  o r  p a r t i a l l y  g e n e r a t a b l e  b y  t h e  s y s t e m  f o r
t h e  c o n v e n i e n c e  o f  t h e  u s e r .  T h u s ,  i n  a d d i t i o n  t o  b e  u s e r - f r i e n d l y
a n d  c o n v e n i e n L '  c o m p u t e r  a s s i s t a n c e  i n  s p e c i f y i n g  G E S T  m o d e l . s  c a n
a s s u r e  c o m p l e t e n e s s  a s  w e l l  a s  c o n s i s t e n c y  c h e c k s  o f t h e  s p e c i f i c a -
t i o n s -  A n o t h e r  m o d e l - b a s e d  l a n g u a g e  w h e r e  u s e r  i n p u t  i s  m i n i m i z e d
t h r o u g h  c o m p u t e r - a s s i s t a n c e  i s  S E l , t A  ( O r e n  a n d  C o 1 1 i e  I 9 g 0 ) .

I n  G E S T ,  a  p r o g r a m  c o n s i s t s  o f  t h r e e  d i s t i n c t  p a r t s ,  i . e . ,
I )  M a t h e m a t i c a l  m o d e l ,

2 )  E x p e r i m e n t ( s ) ,  a n d

3  )  O u t p u t  m o d u l e  ( s )  .

T h e  n m o d e l "  c o n s i s t s  o f  a  p a r a m e t r i c  m o d e r  a n d  a s s o c i a t e d  s e t ( s )  o f
P a r a m e t e r  v a r u e s .  T h e  ' e x p e r i m e n t "  i s  t h e  s p e c i f i c a t i o n  o f  e x p e r i m e n _
t a 1  c o n d i t i o n s  ( o r  e x p e r i m e n t a l  f r a n e s )  w h i c h  h a v e  t o  t o  a p p l i e d  t o  a
n o d e l .  T h e  r o u t p u t  m o d u l e r  i s  t h e  s p e c i f i c a t i o n  o f  t h e  o u t p u t  p r o g r u .
t o  b e  u s e d  t o  d i s p l a y  t h e  r e s u l t  o f  t h e  s i r n u l a t i o n  s t u d y .

) r

, l l

Expressed in  Backus-Naur  Form (BNF)  the
i s  a s  f o l l o w s :  ( T h e  m e t a - l a n g u a g e  u s e d
t h e  a p p e n d i x . )

Prog  ram =

nPROGRAMT ident i f ie r

mod e1

exper  iment

o  u tpu t -modu le-spec  i  f  i  a t ion
' E N D  P R O G R A M i  i d e n t i f i e r  " ; "  .

d e f i n i t i o n  o f  a  G E S T  p r o g r a m

t o  d e s c r i b e  G E S T ,  i s  g i v e n  i n

r e l

) couPL
l ferently.



3.  MODEL

3.  I  Background

A  s p e c i f i c  G E S T  m o d e 1 ,  i s  a  p a i

t e r  s e t .  A s  s e e n  i n  F i g u r e  I ,

m o d e l ,  a n d  2 )  m o d e l  p a r a m e t e r

s e t  n a y  a p p e a r  m o r e  t h a n  o n c e .

lows :

r  o f  p a r a m e t r i c  m o d e l  a n d  n o d e l  p a r a n e -

c o n s i s t s  o f  t w o  p a r t s :  1 )  a  p a r a m e t r i c

s e t ( s ) .  T h e  o p t i o n a l  m o d e l  p a r a m e t e r

A  B N F  s p e c i f i c a t i o n  o f  " m o d e l "  f o l -

mode l  =

pa r  amet r  i c -mode1 -spec  i  f  i  ca t  ion

[ {  m o d e l - p a r a r n e t e r - s e t  } ]

P a r a m e t r i c  l { o d e l :  A  p a r a m e t r i c  m o d e l  a s s o c i a t e d  w i t h  a  p a r a m e t e r  s e t

c o n s t i t u t e s  a  s p e c i f i c  m o d e l  t h a t  o n e  c a n  u s e  i n  a  s i r n u l a t i o n  s t u d y .

A  m o d e 1 1 e r ,  d u r i n g  t h e  f o r m u l a t i o n  o f  a  p a r a m e t r i c  m o d e 1 ,  n e e d s  o n l y

t o  s p e c i f y  t h e  n a m e s  o f  t h e  p a r a m e t e r s  o f  a  m o d e 1 .  A t  t h i s  s t a g e ,  t h e

a c t u a l  v a l u e s ' o f  t h e  p a r a m e t e r s  n e e d  n o t  b e  s p e c i f i e d .

A  p a r a m e t r i c  m o d e l  m a y  c o n s i s t  o f  o n e  o r  s e v e r a l  c o m p o n e n t  m o d e l  ( s )  .

A  c o m p o n e n t  m o d e l  m a y  b e  c o n t i n u o u s ,  d i s c r e t e ,  o r  m e m o r y l e s s .  A

c o u p l e d  m o d e l  c o n s i s t s  o f  a  s e t  o f  c o m p o n e n t  m o d e l  ( s )  a n d  t h e i i  i n p u t , /

o u t p u t  i n t e r f a c e  w h i c h  i s  a l s o  c a l l e d  t h e  c o u p l i n g  s p e c i f i c a t i o n .

ComPonent  f lode l :  A  component  mode l  cons is ts  o f  two sec t ions :  In  the

f i r s t  s e c t i o n  t h e  s t a t i c  s t r u c t u r e  ( o r  t h e  d e s c r i p t i v e  s t r u c t u r e )  o f

t h e  m o d e l ,  i s  e x p r e s s e d .  I n  t h e  s e c o n d  s e c t i o n  t h e  d y n a m i c  s t r u c t u r e

( o r  t h e  p r e d i c t i v e  s t r u c t u r e )  o f  t h e  m o d e l  i s  s p e c i f i e d .  T h i s  l a t t e r

s e c t i o n  c o n s i s t s  o f  t h e  s t a t e  t r a n s i t i o n  a n d  t h e  o p t i o n a l  o u t p u t  f u n c -

t i o n  ( s )  .

T h e  s t a t i c  s t r u c t u r e  o f  e a c h  c o m p o n e n t  m o d e l  i s  d e s c r i b e d  b a s i c a r l y  i n

t e r m s  o f  m o d e l  d e s c r i p t i v e  v a r i a b l e s  s u c h  a s  s t a t e - ,  i n p u t - ,  a n d  o u t -

p u t - v a r i a b r e s .  H o w e v e r ,  a u t o n o m o u s  m o d e l s ,  b y  d e f i n i t i o n ,  d o  n o t  n e e d

i n p u t s  t o  o p e r a t e .  A n d  i n  s o m e  c a s e s  e x p l i c i t  o u t p u t  v a r i a b l e s  m a y
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n o t  e x i s t .  I n  t h i s  l a s t  c a s e ,  s o m e  o r  a l l  o f  t h e  s t a t e - v a r i a b l e s  a n d /

o r  a u x i l i a r y  v a r i a b l e s  m a y  b e  c o n s i d e r e d  t o  b e  t h e  o u t p u t - v a r i a b l e s  o f

t h e  m o d e l .  I n  m e m o r y l e s s  c o m p o n e n t  m o d e l s ,  s t a t e  v a r i a b l e s  d o  n o C

e x i s t .  I n  t h i s  c a s e ,  c u r r e n t  o u t p u t  i s  c o m p u t e d  b a s e d  o n  t h e  v a l u e 8

o f  t h e  c u r r e n t  i n p u t s .

F u r t h e r m o r e ,  t h e  s t a t i c  s t r u c t u r e  o f  a  m o d e l  r e q u i r e s  o t h e r  d e c l a r a -

t i o n s ,  s u c h  a s  t ) p e  a n d  r a n g e  o f  v a l u e s  o f  t h e  d e s c r i p t i v e  v a r i a b l e s

o f  t h e  m o d e l .  S e v e r a l  m o d e l l i n g  f o r m a l i s m s  c a n  b e  u s e d  t o  e x p r e s s

c o m p o n e n t  m o d e l s ,  s u c h  a s  o r d i n a r y  d i f f e r e n t i a l  e q u a t i o n s  w i t h  o r

w i t h o u t  d i s c o n t i n u i t i e s  i n  t h e i r  s t a t e - v a r i a b l e s  a n d / o r  t h e i r  d e r i v a -

t i v e s ,  d i f f e r e n c e  e q u a t i o n s ,  o r  c o m b i n e d  c o n t i n u o u s  a n d  d i s c r e t e -

c h a n g e  n o d e l s .

3 .2  Cont inuous  mode l

B a s i c s

A s  i s  s h o w n  i n  F i g o r e  2 ,  t h e  s p e c i f i c a t i o n  o f  a  c o n t i n u o u s  c o m p o n e n t

m o d e l  c o n s i s t s  o f  t w o  p a r t s :  1 )  T h e  s t a t i c  s t r u c t u r e  a n d  2 )  T h e

d y n a m i c  s t r u c t u r e  o f  t h e  m o d e 1 .

T h e  s p e c i f i c a t i o n  o f  t h e  s t a t i c  s t r u c t u r e  o f  a  c o n t i n u o u s  m o d e l  c o n -

s i s t s  b a s i c a l l y  o f  t h e  d e c l a r a t i o n  o f  t h e  d e s c r i p t i v e  v a r i a b l e s  o f  t h e

m o d e l  u n d e r  t h e  f o l l o w i n g  c a t e g o r i e s :

i n p u t  v a r i a b l e

s t a t e  v a r i a b l e

o u t p u t  v a r i a b l e

a u x i l  i a r y  v a r i a b l e

c o n s t a n t

par  amece r

a u x i l  i a r y  p a r a m e t e r

t a b u l a r  f u n c t i o n  d e c l a r a t i o n ,  a n d

i n t e r p o l a t e d  v a r i a b l e  d e c l a r a t i o n l

Flr
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Figure 2.  Layout  of  a cont inuous component  model  speci f icat ' ion in  GEST

CONTINU0US MODEL rnodel- ident i f ier

END M0DEL  mode l - i den t i f i e r

STATIC STRUCTURE

END STATIC STRUCTURE

INPUT dec la ra t i on

STATE declarat ion
0UTPUT declarat ion
AUXILIARY VARIABLEdec la ra t i on  l r anqe  dec la ra t i

C0NSTANT declarat ion
constant  ass ignment

PARAMETER declarat ion (some or  a l l  s tochast ic)

AUxr LrARy 'ARAMETER o.[illSit 3i'1 
arati on]

auxi  l iary parameter  computat ion
TABULAR FUNCTI0N declarat ion

in te rpo la ted  va r i ab le  dec la ra t i on

DYNAMIC STRUCTURE

END DYNAMIC STRUCTURE

DERIVATIVES

END DERIVATIVES

s ta tenents

0UTPUT FUNCTI0N (opt ional  )

END OUTPUT FUNCTION
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T h e  t y p e  o f  e v e r y  d e s c r i p t i v e  v a r i a b l e  c a n  b e  s p e c i f i e d  s e p a r a t e l y .
T h e  d e f a u l t  t y p e  i s  a c c e p t e d  t o  b e  r e a 1 .  T h e  r a n g e s  o f  t h e  v a l u e s  o f
t h e  d e s c r i p t i v e  v a r i a b l e s  c a n  a l s o  b e  s p e c i f i e d  a s  p a r t  o f  a  m o d e l  i n
o r d e r  t o  e n f o r c e  s o m e  a u t o m a t i c  c o n s i s t e n c y  c h e c k s .  B o t h  e x t e r n a L
i n p u t  v a r i a b l e s  ( t h o s e  v a r i a b l e s  w h i c h  a r e  n o t  p r o v i d e d  b y  s o m e  c o m p o -
n e n t  m o d e l s  o f  a  s y s t e n )  a n d  p a r a n e t e r s  c a n  b e  s t o c h a s t i c .  r n  t h i s
c a s e .  i t  i s  p o s s i b l e  t o  d e c l a r e  t h e  d i s t r i b u t i o n  f u n c t i o n  t o  b e  u s e d
t o  g e n e r a t e  t h e m .  A n o t h e r  p o s s i b i l i t y  i s  t h e  a b i l i t y  o f  d e c l a r i n g
t a b u l a r  f u n c t i o n s  a n d  t h e  a s s o c i a t , e d  i n t e r p o l a t i o n  r e q u i r e m e n t s .

T h e  d y n a m i c  s t r u c t u r e  c o n s i s t s  o f  t w o  b l o c k s ,  i . e .  r )  T h e  d e r i v a t i v e
b l o c k  w h i c h  c o n t a i n s  t h e  s p e c i f i c a t i o n s  o f  t h e  d e r i v a t i v e s  o f  t h e
s t a t e  v a r i a b l e s  a n d  t h e  c o m p u t a t i o n s  o f  t h e  n e c e s s a r y  a u x i l i a r y  v a r i -
a b l e s .  2 )  T h e  o u t P u t  b l o c k  c o n t a i n s  t h e  t r a n s f o r m a t i o n s  o f  t h e  s t a t e
a n d / o r  a u x i l i a r y  v a r i a b l e s  i n t o  o u t p u t  v a r i a b l e s .

Examples :

s o m e  e l e m e n t a r y  e x a m p l e s  o f  c o n t i n u o u s  m o d e l s  e x p r e s s e d  i n  G E S T  a r e
g i v e n  i n  F i g u r e s  3  a n d  4 .

CONTINUOUS MODEL MIXED-LOGISTIC-GROWTH

STATIC STRUCTURE

STATES YI ,  Y2 i

OUTPUTS YI ,  I2 i

PARAMETERS Rl ,  R2,  A1,  A2,  B I ,  82 ;

END STATIC STRUCTURE;

DYNAI', I IC STRUCTURE

DER IVATIVES

Y l r  =  R l * y l * ( I . 0  -  A I * Y I  -  B 1 * y 2 ) ;
y 2 r  =  R 2 * y 2 t  ( I . g  -  A Z * y 2  _  B 2 * y 2 ) ;

END DERIVATIVES;

END DYNAI{IC STRUCTURE;

END MODEL MIXED-LOGISTIC_GROWTH;

F i g u r e  3 .  A  c o n t i n u o u s  m o d e l  e x p r e s s e d  i n  G E S T

cl

l|

F i gu re  {

Sone re levant  ,



I  s e p a r a t e l y .

lhe  va lues  o f

) f  a  mode l .  in

io th  ex terna l

/ sone compo-

, c .  I n  t h i s

rn to be used

o f  d e c t a r i n g

t e n t s .

e  d e r i v a t i v e

i v e s  o f  t h e

l l i a r y  v a r i -

o f  t h e  s t a t e

GEST are
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CONTINUOUS I., IODEL FLOW

STATIC STRUCTURE

INPUT FLOW_IN;

STATE VOL;

OUTPUT VOL;

AUXIL IARY VARIABLES FLOW_OUT,  NIV;
PARAMETERS R,  S ;

END STATIC STRUCTURE;

DYNAMIC STRUCTURE

DER IVATIVES

VOL|  =  FLOW-IN -  FLOW OUT;

FLoW_OUT = NIV,/R;

N I V  =  V O L / S i

END DERIVATIVES;

END DYNAIIIIC STRUCTURE;

END MODEL FLOW;

F i g u r e  4 .  A  c o n t i n u o u s  m o d e l  e x p r e s s e d  i n  G E S T

S o m e  r e l e v a n t  d e f i n i t i o n s  i n  B N F  f o l l o w :
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c o n t i n u o u s - m o d e I  =

t rCONTINUOUS Iv IODELt r  mode l - ident i  f  ie r

t rSTATIC STRUCTURET

{  i n p u t - d e c l a r a t i o n }

{ s t a t e - d e c l a r a t i o n }

{  o u t p u t - d e c  1  a r  a t  i  o n  }

r E N D  S T A T I C  S T R U C T U R E '  n i n

TDYNAI/IIC STRUCTURET

TDERIVATIVES'

{  s t a t e m e n t }
T E N D  D E R I V A T I V E S O  t r . N

I NOUTPUT FI,JNCTION

{  s ta  tement  }

"  END OUTPUT Ft  NCTION'  ' ,  i  n  l

"END DYNAMIC  STRUC?UREN T . i

t r E N D  ! 1 0 D E L "  m o d e l - i d e n t i f i e r  n ; n  .

[ {  r a n g e - d e c l a r a t i o n  } ]

[ {  r a n g e - d e c l a r a t i o n  } ]

[ {  r a n g e - d e c l a r a t i o n  } ]

{
1

loor of

f follour

r 'IlllEC!

rleb!
tlAllDoll' 1r1

I vartd
rTD RAD(N

laratl
IRAXGB G

' ( '  r l
IRA f ,GE .S

' ( '  t | |
IRANGE F

.ANRA;

[  { a u x i 1  i a r y - v a r i a b l e - d e c l a r a t i o n }

[ {  r a n g e - d e c l a r a t i o n  } ]  I

[  { c o n s t a n t - d e c l a r a t i o n }

{ c o n s t a n t - a s s i g n m e n t }  l

(

t (

l (
{ p a r a m e t e r - d e c l a r a t i o n }  [ {  r a n g e - d e c l a r a t i o n

{  a u x  i  1  i a  r y - p a r a m e t e r - d e c l a r a t i o n  }

[  {  r a n g e - d e c l a r a t i o n

{  a u x i l  i a r y - p a r a m e t e  r - c o m p u t . a t i o n }  l

[  {  t a b u l a r - f u n c t i o n - d e c l a r a t i o n }

{  i n t e r p o l a t e d - v a r i a b l e - d e c l a r a t i o n }  l

1 1  l

) l  I l l n i t  -

( [ boundaryl

y = r{

upper and I

case thet/

perinental ft
perimental co

tfled in experl

able val

Franeters.

tanples:

RANGE

RANGE

RANGE

RANGE

oF sl

O F D

o F n

OF I'I
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i n i t i o n s  o f  t y p e ,  r a n d o m - v a r i a b l e - d e c l a r a t i o n ,  a n d  r a n g e ,  e x p r e s s e d

B N F  f o 1 l o w :

Y P E = N I N T E G E R "  I ' R E A L "  I  ' B O O L E A N T  I  " L I T E R A L '

t a n d o m - v a r  i a b l  e - d e c l a r a t i o n  =

i R A N D O ! 1 r  [ t r R E A L i l  T I N T E G E R i ]  l i s t - o f - s c a l a r - v a r i a b l e  " ; .

{  v a r i a b l e  " = o  d i s t r i b u t i o n - n a m e  " ( "  l i s t - o f - p a r a m e t e r  " )  o  , ' ; n  }
'END RANDOlr i '  n ;n  .

r a n g e - d e c J . a r a t i o n  =

(  t r R A N G E  O F "  ( s c a l a r - v a r i a b l e  I
n  ( i  r a n g e - l i m i t  ' )  "  " i "  )

|  (  t rRANGE OFi  sca la r -var iab le  i= "

"  ( '  l i s t - o f - i d e n t i f i c a t i o n

|  (  t r R A N G E  O F i  a r r a y - v a r i a b l e  " = r

"ARRAYi  ( iREALn |  " INTEGER"

a r r a y - v a r i a b l e )  " = n  t y p e

N  L I T E R A L N

n ) "  t i n  
)

)  a r r a y - v a r i a b l e  " ; n  )

r a n g e - 1 i m i t  =

(  [  b o u n d a r y ]  ' . . '  b o u n d a r y )  ( b o u n d a r y  '  . . .  I b o u n d a r y ]  )

b o u n d a r y  =  r e a l  I  i n t e g e r  I  s c a l a r - v a r i a b l e  .

T h e  u p p e r  a n d  l o w e r  b o u n d a r i e s  o f  a  r a n g e  c a n  b e  g i v e n  i n  a  m o d e r .  r n
t h i s  c a s e  t h e y  a r e  c o n s i d e r e d  a b s o l u t e  a n d  c a n  n o t  b e  m o d i f i e d  i n  a n
e x p e r i m e n t a l  f r a m e .  H o w e v e r ,  i f  t h e  b o u n d a r y  v a L u e s  m a y  d e p e n d  o n
e x p e r i m e n t a l  c o n d i t i o n s  t h e y  m a y  b e  d e c l a r e d  a s  p a r a m e t e r s  t o  b e  s p e c -
i f i e d  i n  e x p e r i m e n t a l  f r a m e s .  r n  t h e  l a s t  c a s e ,  t h e  r a n g e  o f  t h e i r
a c c e p t a b l e  v a l u e s  s h o u l d  b e  g i v e n  a s  t h e  r a n g e  o f  t h e  a s s o c i a t e d
p a r a m e t e r s .

E x a m p l e s :

RANGE

RANGE

RANGE

RANGE
) ;

OF

OF

OF

OF

STATUS = L ITERAL(ONTOFF)  ;

D  =  R E A L (  . .  3 2 . 5  ) t

PRIORITY =  INTEGER (  f  . .  MAX_PRIORITY

V E L O C I T Y  =  R E A L  (  g . g  . .  3 2 7 . 4  ) i



D e f i n i t i o n s  o f  i n p u t ,  s t a t e  '
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a n d  o u t p u t  v a r i a b l e s  f o l 1 o w :

i n p u t - d e c l a r a t i o n  =

(  ' T I N P U T '  [ ' S n  ]  [ t y p e ]  l i s t - o f  - v a r i a b l e  n  '  r  )

|  (  I ' I N P U T n  I n S " ]  r a n d o m - v a r i a b l e - d e c l a r a t i o n  r r  '  r r  )

Exampl  es :

I N P U T S  A , B , C ;

R A N G E  O F  A  =  R E A L  (  0 . g A  . .  ) ;

RANGE OF  B  =  REAL  (  . .  32 .8A) i

R A N G E  O F  C  =  R E A L  (  6 . 9 g  . .  L 0 6 . 0 0 ) i

r N p u T S  A R R A Y  R E A L  K  ( 1 . . 1 5 )  ,  L  ( 1 . .  L O l  ,  1 . 1 ( 1 . . 1 5 )  ;

r N P U T  A R ,  P ( L . . 2 0 ) i

INPUT SWITCH;

RANGE OF SWITCH = LITERAL (ON,  OFF) ;

INPUTS RANDOI,I REAL CUS-ARRIVAL, X;

CUS_ARRIVAL = EXPONENTIAL (LAI' IBDA) ;

X  =  NORI ' IAL (X t t l rXS) ;

END RANDOI{;

s t a t e - d e c l a r a t i o n  =

(  n S T A T E n t n S r l  I t y p e ]  l i s t - o f - v a r i a b l e  n ; ' ) .

Exampl  es :

STATE POPULATION;

STATES YEAST,  ALCOHOL;

STATE II,IASS_FLOW_DISCHARGE ;

STATE REAL  POPULATION (1 . .  I 0 ) ;

o u t p u t - d e c l a r a t i o n  =

(  n O U T P U T "  [ " S " ]  [ t y p e ]  l i s t - o f - v a r i a b l e  n i n  ) .

E x a m p l e :  O U T P U T S  R E A L  L  ( 1 . . 1 5 ) ,  N ( 1 . . L I t ' l  N ) ;

O u t p u t  v a r i a b l e s  d o  n o t  d e p e n d  o n  i n p u t  v a r i a b l e s .  S t a t e  v a r i a b l e s  o r

a u x i l i a r y  v a r i a b l e s  w h i c h  a r e  u s e d  a s  o u t p u t  m u s t  b e  e x p t i c i t l y

d e c l a r e d .
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I l e f i n i t i o n s  o f  a u x i l i a r y  v a r i a b l e s ,  c o n s t a n t s ,  a n d  p a r a m e t e r s  f o I 1 o w :

a u x i l  i a r y - v a r i a b l e - d e c l a r a t i o n  =
0AUXIL IARy  VARIABLEST '  l i s t - o f - va r i ab les

c o n s t a n t - d e c l a r a t i o n  =
' r c o N s r A N T '  

I o s . ' ]  [ t y p e ]  r i s t - o f - s c a r a r - v a r i a b l e ' ; '

Exampl  e  :

CONSTANTS REAL K, L i

cons tan t -ass ignmen t  =

s c a l a r - v a r i a b l e  r = i  a r i t h m e t i c - e x p r e s s i o n  r i '  .

E x a m p l e s :

PI

P80

LATITI,JDE

LONGITUDE

=  3 . 1 4 1 5 9 2 6 i

=  P I / L 9 O . 0 i

=  5 2 . 0 i

=  - 5 . A ,

pa  r  ame te  r -dec la ra t i on

(nPARAMETERi  [ " s " ]

|  ( iPARAMETERn [ " s ' ]

Exampl  es :

I t y p e ]  l i s t - o f - v a r i a b l e  o i "  
)

r andom-va r  i ab l  e -dec la ra t i ons  )

P A R A I v I E T E R  R E A L  p A ( f  . . 3 , 1 . . 5 ) ,  p l ;

PARAI4ETER

RANDOI,I REAL KE, KD;

K E  =  N O R M A L  ( 2 9 9 .  ,  2 9 . )

KD = N0RII,TAL (x!{, SD) ;
END RANDOI'I;

t e  v a r i a b l e s  o r

b e  e x p l i c i t l y



A u x i l i a r y  p a r a m e t e r s  a r e  d e f i n e d

Once  the  va lues  o f  t he  pa rame te rs

i a r y  pa rame te rs  can  be  compu ted

t h e  c o n v e n i e n c e  o f  t h e  u s e r .

D I S C O N T I N O U S  a n d  F T N C T I O N _ 2  i n t r o d u c e

s i o n a l  t a b u l a r  f u n c t i o n s ,  r e s p e c t i v e l y .
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i n  t e r m s  o f  p a r a m e t e r s

a r e  g i v e n ,  t h e  v a l u e s

by the system and made

a n d  c o n s t a n t s .

o f  t h e  a u x i l -

a v a i l a b l e  f o r

E x a m p l e s :

a u x i l  i a r y - p a r a m e t e r - d e c l a r a t i o n  =

(  nAUXILIARY PARAI, IETERI [ "S" ]  [ type l

l i s t - o f - v a r i a b l e  " ; '

{  aux  i 1  i a  r y -pa rame te r - compu ta t i on

"END AUXIL IARY PARAMETERn o i "  ) .

E x a m p l e :

AUXILIARY PARAIIETERS K, Li

K = PI,/O| ' IEGA;

L  =  L . 0 A / D I S T i

END AUXILIARY PARAT'IETER;

aux  i  1  i a  r y -pa  rame te  r - compu ta t  i on  =

( s c a l a r - v a r i a b l e  =  a r i t h m e t i c - e x p r e s s i o n  " i " )

I  f o r - s ta temen t

|  (  i d e n t i  f i e r  "  ( '  I  i s t - o f - i n t e g e r  ' )  '  l
t r = t r  a r i t h m e t i c - e x p r e s s i o n  ' i '  )  .

A u x i l i a r y  p a r a m e t e r s  m a y  d e p e n d  o n

a u x i l i a r y  p a r a n e t e r s .

t a b u l a r - f u n c t i o n - d e c l a r a t i o n  =

c o n s t a n t s ,  p a r a m e t e r s ,  a n d  o t h e r

d i s c o n t i n u o u s  a n d two -d imen -

i n te rpo la ted -va r :

( n INTERPOTA,:

sca la r .
u  ( '  l l r

|  (  n TNTERPOIA,I

{  sca lar .
' ( '  l l r

"END INTET

Examp les :

TABULAR FII

TABULAR FII

DISCONTINUO

INTERPOLATII

INTERPOLATII

RATEI r

R K '

END INTERPIOI

[ , ,D ISCONTINUOUS| l  ]

" T A B U L A R "  (  n F U N C T I O N "  
[ " S " ]  |  

l | F U N C T I O N _ 2 n )

l i s t - o f - f u n c t i o n - n a m e  ' i  
"  .



I  a n d  c o n s t a n t s .

r s  o f  t h e  a u x i l -

l e  a v a i l a b l e  f o r

, e r s ,  a n d  o t h e r

and two-d imen-

29s

E x a m p l e s :

TABULAR FUNCTIONS GROWTH_RATE, FK;

TABULAR FIJNCTION_2 DIFF_COEF ;

DISCONTINUOUS TABULAR FI 'NCTION RAIN ;

i n t e r p o l a t e d - v a r  i a b l e - d e c l a r a t i o n  =

(  n INTERPOLATIONn

s c a l a r - v a r i a b l e  i = t r  f u n c t i o n - n a m e

"  ( o  l i s t - o f - s c a l a r - v a r i a b l e ' ) '  o ; '  )

|  (  n INTERPOLATIONSn

{  s c a l a r - v a r i a b l e  i = i  f u n c t i o n - n a m e

"  ( '  l i s t - o f - s c a l a r - v a r i a b l e ' )  n  n i n  l

"END INTERPOLATION"  ' i "  )  .

Examp les :

INTERPOLATION RATE

INTERPOLATIONS

R A T E I  =  A B C  ( T ) ;

R K  =  F U N  ( T ) ;

END INTERPOLATIONS;

= CURI/E_I (TEt-{PERATURE)
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3 . 3  D i s c r e t e  a n d

Bas i cs

It lemoryless ] lodels

B o t h  d i s c r e t e  a n d  m e m o r y l e s s  m o d e l s ,  r i k e  c o n t i n u o u s  m o d e l ,
p a r t s :  1 )  T h e  s t a t i c  s t r u c t u r e  a n d  2 )  t h e  d y n a m i c  s t r u c t u r e .

E x a m p l e :

have two

l,lEl'lORYL|

STAI

D i s c r e t e  m o d e l s  a l l o w  s p e c i f i c a t i o n  o f  s y s t e m s  e x p r e s s e d  b y  a  s e t  o f
f i r s t  o r d e r  d i f f r e e n c e  e q u a t i o n s .

I n  d i s c r e t e  m o d e l s ,  t h e  s t a t i c  s t r u c t u r e  i s  l i k e  t h e  s t a t i c  s t r u c t u r e
o f  a  c o n t i n u o u s  m o d e l .  H o w e v e r ,  a  d i s c r e t e  m o d e l  d i f f e r s  f r o m  a  c o n -
t i nuous  mode l  i n  t he  dynamic  s t ruc tu re  whe re  t he  de r i va t i ve  b lock  i s
r e p l a c e d  b y  t h e  f o l l o w i n g  b l o c k :

STATE TRANSITION

s t a t e m e n t s

END STATE TRANSITION;

A  memory less  mode l  d i f f e r s  i n  two

T h e  s t a t i c  s t r u c t u r e  d o e s  n o t  h a v e

and  2 )  t he  dynamic  s t ruc tu re  has

w a y s  f r o m  a  c o n t i n u o u s  m o d e l :  l )

d e c l a r a t i o n  o f  a n y  s t a t e  v a r i a b l e ,

o n l y  o u t p u t  f u n c t i o n  s p e c i f i c a t i o n .

END I

DYNTI

I

l

A  memory less  mode l  t r ans fo rms

te rs  i n to  some  ou tpu t .  Fo r  t he

mode l  has  one  ou tpu t  on l y ,  t he

m o d e l  a n d  i t s  o u t p u t .

i ns tan taneous l y  i t s  i npu t s  and  pa rame-

c o n v e n i e n c e  o f  n a m i n g ,  i f  a  m e m o r y l e s s

same  name  can  be  used  t o  des igna te  t he

I

END D

END l,tODEL

F i g u r e  5 .  A  r
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tde l ,  have  two

l u r e .

! d  by  a  se t  o f

: a t i c  s t r  u c t u r e

l r s  f r o m  a  c o n -

r a t i v e  b l o c k  i s

r u s  m o d e l :  f  )

t t a t e  v a r i a b l e ,

s p e c  i f i c a t i o n .

, s  and  pa rame-

t  a  m e m o r y l e s s

d e s i g n a t e  t h e

E x a m p l e :

-  K21*S -  K22*NE -  X23t ,p i

K24  AND B  (=  K25

BIRTH_RATE = Bi

I F B < K 2 4

THEN BIRTH_RATE = K24;

ELSE BIRTH RATE -  K25i

E N D  I F ;

E N D  I F ;

END DYNAMIC STRUCTURE;

END I4ODEL BIRTH RATE;

F igu re  5 .  A  memory less  mode l exp ressed  i n  GEST

I I , IEI{ORYLESS I ,TODEL BIRTH RATE

STATIC STRUCTURE

INPUTS

S,  ( *  MATERIAL  STANDARD OF L IV ING

N E ,  ( *  E F F E C T M  P O L L U T I O N

P ;  ( *  P O P U L A T I O N

OUTPUT B IRTH RATE;

PARAMETERS K2A,  K2L,  K22,  K23,  K24,  K25i

END STATIC STRUCTURE;

DYNAII,I IC STRUCTURE

* )

* )
* )

B  = K 2 6

I F B ) =

THEN

ELSE
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3 . 4  C o u p l i n g

B a s i c s

A  c o u p l e d  m o d e l  ( o r  a  r e s u l t a n t  m o d e l )  c o n s i s t s  o f  a  s e t  o f  c o m p o n e n t

m o d e l  ( s )  a n d  t h e i r  c o u p l i n g  w h i c h  s p e c i f i e s  i n p u t / o u t p u t  r e l a t i o n s h i p s

o f  t he  componen t  mode l s .

D IIODBL I

EXTERNAL

INPUT

Rrt
ouTPut,

Rtl

END EXTERI

cottR)NEtfT t

(* Detr

wout

I.IODEL T

END 'I;

UODBL I

END TIOD

END COIi{POXI

EQUTVALEIC!

INPUTS

OUTPUTS

END EQUI\TATJ

COUPLING Fq

I t [ .  A (--

M . B

!1. C (--

ure 7 .  GEST ra

N .  F  ( - -

N . G

END COUPLIXI

tT{D I.,TODEL Zi

An  examp le  o f

t a t i o n  o f  t h e

F i g u r e  7 .

The  l ayou t  o f

8 .

a  c o u p r e d  m o d e r  i s  g i v e n  i n  F i g u r e  6 .  A  G E s r  r e p r e s e n -

c o u p l e d  m o d e l  r e p r e s e n t e d  i n  F i g u r e  6 ,  i s  p r o v i d e d  i n

a  c o u p l e d  m o d e l  s p e c i f i c a t i o n  i n  G E S T  i s  g i v e n  i n  F i g u r e

Figure  6 .  A  coup led  mode l
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o f  componen t

re l  a t  i onsh  i  ps

BST  rep resen -

s  p r o v i d e d  i n

,en  i n  F igu re

COUPLED I4ODEL Z

EXTERNAL

I N P U T  I N ;

RANGE OF

OUTPUT OUT;

RANGE OF

END EXTERNAL;

COUPLING FOR Z

M . A

M . B

M . C

N . F  < - - -  I t l . D ;

N . G

END COUPL ING FOR Z i

END MODEL Z i

g u r e  7 .  G E S T  r e p r e s e n t a t i o n

I N  =  R E A L  ( 0 . 0

O U T  =  R E A L  ( 4 9 . A  o .

coltPoNENT IIODELS !t,  N;

( *  D e t a i l e d  s p e c i f i c a t i o n s  o f

wou ld  appea r  he rebe low :

MODEL I'1

END I4ODEL M;

MODEL N

a a o

END MODEL N ;

END COMPONENT MODELS;

EQUIVALENCING

I N P U T S  Z .  f N  =  M . B 1

O U T P U T S  Z . O U T  =  N . H ;

END EQUIVALENCING;

the component m o d e l s  M ,  N

Z.  IN IS AN EXTERNAL INPUT

FEED-BACK COUPLING

FEED-BACK COUPLING

o f  t h e  c o u p l e d  m o d e l g  i ven i n  F i g u r e  6 .

L 0 . 0 ) ;

7 5 .  A )  ;

* )

( *

( *
* )

* )

* )
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F igu re  8 .  Layou t  o f  a  coup led  mode l  spec i f i ca t i on  i n  GEST

re levant t r

led-nodel r

ICOUPLED IIODI

I externt

rcoilFox!

t q
' END C(f,j

I  equivalt

oupl lnl
IEND MoDEL.  t

c r terna l -var  iab l r
TEXTERNALT

I input.

I outpul
NEND EXTERil.TI

I n  t he  ex te rna l  I

o u t p u t  v a r i a b l e s

o r  ou tpu t  va r i ab l

A n  i m p l i c a t i o n  o

va r i ab les  i s  t t r r

l eas t  one  o f  t he

Ano the r  imp l i ca t l

na l  input  and out

spond ing var  iab lc

and  co r respond ing

C0UPLED M0DEL mode l - ident i f ie r

END M0DEL mode' l - ident i f ier

END EXTERNALS

INPUTS -  I  i s t -o f -ex te rna l - inputs -
0UTPUTS- I i st-of-externa'l -outputs

COMP0NENT MODELS - I ist-of-component-models

For every component mode'l spec'ify

STATIC STRUCTURE

DYNAMIC STRUCTURE

EQUIVALENCING

END EQUIVALENCING

INPUTS -  l i s t -o f -equ iva len t  ex te rna l  and in te rna l  inpu ts

OUrPUTS - l is t -of-equivalent-external  and internar outputs

END C0UPLING FOR mode' l - ident i f ier

For every component model do

For every input var iable speci fy

f rom which output  var iab le  o f  which component
model  the va lues are prov ided
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S o m e  r e l e v a n t  B N F  d e f i n i t i o n s  f o 1 l o w :

coup led -mode l  =
TTCOUPLED MODEL, '  mode l_ iden t i  f  i e r

I  e x t e r n a l - v a r i a b l e s  ]

iCOMPONENT l , lODELSn I is t -o f_component_models  r . , l

{  component-mode1 }
, IEND COI, IPONENT MODELS.  . ; .

I  e q u i v a l e n c i n g - e x t e r n a r - a n d - i n t e r n a l - v a r i a b l e s  
]

coup l  i ng
r rEND ! {ODEL '  mode l - i den t i  f  i e r  ' i  

"

e x t e r n a l - v a r i a b l e s  =
I IEXTERNAL' I

I  i n p u t - d e c l a r a t i o n

I  o u t p u t - d e c l a r a t i o n

"END EXTERNAL '  o ;  
"  .

l {  r a n g e - d e c l a r a t i o n  } 1
t {  r a n g e - d e c l a r a t i o n  } l

I n  t h e  e x t e r n a l  v a r i a b l e s  s e c t i o n ,  t h e
o u t p u t  v a r i a b l e s  o f  t h e  c o u p l e d  m o d e l
o r  o u t p u t  v a r i a b l e ,  r a n g e  o f  t h e  v a l u e s

A n  i m p l i c a t i o n  o f  t h e  a b i l i t y  t o
v a r i a b l e s  i s  t h e  p o s s i b i l i t y  t o
l eas t  one  o f  t he  componen t  mode l s

n a m e s  o f  t h e  e x t e r n a l  i n p u t  a n d
a r e  d e c l a r e d .  F o r  e J e r y  i n p u t
m a y  a l s o  b e  s p e c i f i e d .

d e c l a r e  e x t e r n a l  i n p u t  o r  o u t p u t
s p e c i f y  n e s t e d  c o u p l i n g s  w h e r e  a t

i s  i t s e l f  a  c o u p l e d  m o d e l .

A n o t h e r  i m p l i c a t i o n  i s  t h e  a b i l i t y  t o  d e c r a r e  t h e  r a n g e s  o f  t h e  e x t e r -n a l  i n p u t  a n d  o u t p u t  v a r i a b r e s  i n d e p e n d e n t  o f  t h e  r a n g e s  o f  t h e  c o r r e -s p o n d i n g  v a r i a b r e s  o f  c o m p o n e n t  m o d e r s .  T h e  c o m p a t i b i l i t y  o f  e x t e r n a r .a n d  c o r r e s p o n d i n g  i n t e r n a r  v a r i a b l e s  c a n  b e  c h e c k e d  a l g o r i t h m i c a l l y .
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I  i  s t - o f  - componen t -mode l s  =

m o d e l - i d e n t i f i e r  [ ' . n  u n s i g n e d - i n t e g e r ' T O u  u n s i g n e d - i n t e g e r

{  " , "  m o d e l - i d e n t i f i e r

[  ' ' '  u n s i g n e d - i n t e g e r  n T O '  u n s i g n e d - i n t e g e r  ] l .

Examp le :  CO| {PONENT MODELS t ' 1 :1  TO 15 ,  N ,  P :3  TO 7 i

T h i s  s t a t e m e n t  c a u s e s  t h e  g e n e r a t i o n  o f  1 5  r e p l i c a s  o f  a  m o d e l  M .

g e n e r a t e d  c o p i e s  a r e  t h e n  n a m e d ,  b y  t h e  s y s t e m ,  l , l : 1  ,  1 4 2 2 ,  . . .  ,  t ' 1 :

S i m i l a r l y ,  f i v e  r e p l i c a s  o f  t h e  c o m p o n e n t  m o d e l  P  a r e  g e n e r a t e d

n a m e d  P :  3 ,  P z  4 ,  . . . ,  a n d  P z 7 .

equ  i  va l  enc  i ng  -ex  t e  rna  I  - and -  i n te  rna  1 -va r  i  ab l  es  =

"  EQUIVALENC INGN

equ i va l  enc  i ng - i npu ts

equ iva l  enc ing-outputs

"  END EQUMLENCINGn ' ;  '  o

I n  e q u i v a l e n c i n g  e x t e r n a l  a n d  i n t e r n a l  i n p u t s r  o n €  h a s  t o  c o n s i d e r

tha t  an  i npu t  t o  t he  coup led  mode l  can  be  t he  i npu t  t o  one  o r  seve ra l

componen t  mode l s .  Howeve r r  eve ry  ou tpu t  o f  t he  coup led  mode l  i s  an

ou tpu t  o f  one  componen t  mode l  on l y .

e q u i v a l e n c  i n g - i n p u t s  =

"  I N P U T S I I

t  m o d e l - i d e n t i f i e r  ' . '  i n p u t - v a r i a b l e  i = i

m o d e l - i d e n t i f i e r  [  ' : '  u n s i g n e d - i n t e g e r  ]  " . r  i n p u t - v a r i a b l e

t t  ' r "  m o d e l - i d e n t i f i e r  I  o : .  u n s i g n e d - i n t e g e r  ]

l  l  ' . '  i n p u t - v a r i a b l e  l l  n i o  l .

e q u i v a l e n c i n g - o u t p u t s  =

NOUTPUTSN

{  m o d e l - i d e n t i f i e r  ' . '  o u t p u t - v a r i a b l e  i = i

m o d e l - i d e n t i f i e r  [  ' : "  u n s i g n e d - i n t e g e r  ]
o . '  o u t p u t - v a r i a b l e  n i '  )  .

o u t p u t - v a r i a b l e  =  s c a l a r - v a r i a b l e  I  d i m e n s i o n e d - v a r i a b l e  .

t
l

' a

i

.
tng - 't
ICOUPLIIC I

{ lnF
rEND Cottt

The

1 5 .

and

t-output-Rl

rcdeI-ident

rodel-ident

t-var iablr

D

led f,odel

lse todcl

ed lrlodel'

pt,ion and .

eI conceptlo

e nodel g

step I ,  one

var l

ues

step 2,  the
g b ) .

step 3, eact

can

a r

step 4, tbe

slrcc

I n t

erta

a n l

l!

b

Il



Eger I

Eger I l .

del t{. Sr

. . . ,  l t l : 1 5 .

ne ra ted  and

to  cons ider

r  O f  Seve ra l

rodel is an

ut -var  iab l ,c

t  l .

l . r  I, t
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couP l i ng  =

n C O U P L I N G  F O R I  m o d e l - i d e n t i f i e r

{  i n p u t - o u t p u t - r e l a t i o n s h i p  }
r r  END COUPL ING FORI  mode l - i den t i  f  i e r  ' ;  '

l npu t -ou tpu t - re la t ionsh i  p  =

m o d e l - i d e n t i f i e r  I n : '  u n s i g n e d - i n t e g e r ]  " . '  i n p u t - v a r i a b l e  n < - - , 1

I  m o d e l - i d e n t i f i e r  [ ' : "  u n s i g n e d - i n t e g e r ]  " . '  o u t p u t - v a r i a b l e  I  , ' i n

i n p u t - v a r i a b l e  =  s c a l a r - v a r i a b l e  I  d i m e n s i o n e d - v a r i a b l e

Coupled t tode l  Formal ism of  GEST as a

Stepwise l , todel Refinement Tool

Top-Down t lodel Conception and

'Coup led  I ' t ode l "  f o rma l  i sm  p rov ided  i n  GEST ,  f  ac i l  i t a tes  t op -down  mode l
concep t i on  and  s tepw ise  mode l  r e f i nemen t .  F i gu res  9  a - f  show  s teps  o f
aode l  concep t i on  and  co r respond ing  GEST node l l i ng  s ta temen ts  f o r  t he
e x a n p l e  m o d e l  g i v e n  i n  F i g u r e  7 .

I n  s tep  l ,  one  sPec i f i es  t he  name  o f  t he  mode l ,  t he  i npu t  and  ou tpu t ,

v a r i a b l e s  o f  t h e  m o d e l ,  a n d  t h e i r  r a n g e s  o f  a c c e p t a b l e  v a l -
u e s  ( F i g u r e  9 c ,  9 d ) .

I n  s t e p  2 '  t h e  n a m e s  o f  t h e  c o m p o n e n t  m o d e l s  a r e  s p e c i f i e d  ( F i g u r e

9 b )  .

I n  s t e p  3 ,  e a c h  c o m p o n e n t  m o d e l  i s  s p e c i f i e d  s e p a r a t e l y .  T h e  m o d e l
c a n  e i t h e r  b e  s p e c i f i e d  f r o m  s c r a t c h  o r  c a n  b e  f e t c h e d  f r o m
a  m o d e l  b a s e  ( F i g u r e  9 c ) .

I n  s t e p  4 ,  t h e  e q u i v a l e n c i n g

s p e c i f i e d .

I n  t h i s  s t e p ,

ex te rna l  i npu t

an  i npu t  o f  one

o f  e x t e r n a L a n d  i n t e r n a l  v a r i a b l e s  a r e

i n p u t  t o  t h e  c o u p l e d  n o d e l  (  i . e . 1

t h e  r e s u l t a n t  m o d e l )  p r o v i d e s  v a l u e s

seve ra l  componen t  mode l s .

a n

to

an

to

o r
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T h e n '  o n e  s P e c i f i e s ,  f o r  e v e r y  o u t p u t  o f  t h e  c o u p l e d  m o d e l
( i . e .  t  f o r  e v e r y  e x t e r n a l  o u t p u t ) ,  t h e  n a m e s  o f  t , h e  o u t p u t

va r i ab le  and  o f  t he  componen t  mode l  wh i ch  p rov ides  t he  va1 -

u e s  ( F i g u r e  9 e ) .

I n  s t e p  5 ,  t h e  c o u p l i n g  (  i . e . ,  t h e  i n p u t , / o u t p u t  r e l a t i o n s h i p s  o f  t h e

c o m p o n e n t  m o d e l s )  i s  s p e c i f i e d  a s  f o l l o w s  ( F i g u r e  9 f ) :

Fo r  eve ry  componen t  mode l  do

Fo r  eve ry  i npu t  va r i ab le  do

S p e c i f y  i n p u t - o u t p u t  r e l a t i o n s h i p

Loop

Loop

Some Impl icat ions

In  a  nes ted  coup l i ng  a t  l eas t  one  componen t  mode l  i s  a  coup led  mode l .

S i n c e  t h e  r e s u l t a n t  m o d e l  h a s  i t s  i n p u t ( s )  a n d  o u t p u t ( s )  d e c l a r e d  i t

can  ac t  as  a  comPonen t  mode l  i n  a  nes ted  coup l i ng .  The  concep t  o f

nes ted  coup l i ng  i n t r oduced  i n  GEST i n  l 97g  ( i i r en  I gTg )  a l l ows  bo th

top -down  mode l  r e f i nemen t  and  bo t t om-up  mode l  syn thes i s .

S e v e r a l  c o p i e s  o f  s i m i l a r  m o d e l s  c a n  b e  c r e a t e d  a u t o m a t i c a l l y .  F o r

examp le ,  suPPose  tha t  a  mode l  ca l l ed ,  say  "M"  has  a l r eady  been  spec i -

f i e d .  I f  t h e  u s e r  w a n t s  t o  c r e a t e  n  ( t o  b e  s p e c i f i c  l e t  n = 1 5 )  r e p l i -

cas  o f  [ f  i n  t he  l i s t  o f  componen t  mode l s  a l l  one  has  t o  spec i f y  i s

M :  I  T O  1 5 .  T h e  c r e a t e d  n  r e p l i c a s  m a y  b e  i d e n t i c a l  o r  s i m i l a r  m o d e l s

depend ing  whe the r  o r  no t  t hey  have  i den t i ca l  pa rame te r  va lues  o r  no t .

F u r t h e r m o r e  s i m i l a r  m o d e l s  t h u s  c r e a t e d  ( i . e . ,  r e p l i c a s  o f  t h e  s a m e

g e n e r i c  m o d e l )  c a n  h a v e  s a m e  o r  d i f f e r e n t  s p e c i f i c  f r a m e s  ( s e e  s e c t i o n

4 . 2 )  .

Compu te r -ass i s tance  i s  s t r a i gh t f o rwa rd  i n  bo th  spec i f y i ng  and  check ing

t h e  c o n s i s t e n c i e s  o f  c o u p l e d  m o d e l s .  I n  a  c o m p u t e r - a s s i s t e d  m o d e l l i n g

sys tem even  some  o f  t he  checks  need  no t  be  done  manua l l y ,  due  t o  t he
gu idance  o f  t he  mode l l i ng  sys tem.  I n  such  a  sys t , em,  f o r  eve ry  compo-

nen t  sys tem '  eve ry  i npu t  va r i ab le  i s  l i s t ed  (by  t he  sys tem)  a f t e r  t he

name  o f  t he  componen t  mode l .  The re fo re  i t  i s  even  no t  poss ib l e  t o

r isspel l  the name!

the rmore  i f  an  t n l

( input  o f  the resu l

f i ca t i on  o f  i npu t / t

l n  F i g u r e  8 ,  t h e  l :

M . B

has to  be generat t

a l so  t he  poss ib i l

r a n g e s  o f  t h e  v a l u

f i ed  ,  f o r  eve ry  ( f l

sys ten can a lso cb

se t  o f  t he  range  o

Documentat ion

Itre to GEST I s wel

f lowchar ts  o f  GESI

R e p r e s e n t a t i o n  o f

( O r e n  e t  a l .  f 9 8 3

f l owcha r t  o f  t he  r

Coup l i ng  spec i f i ca

tems  cons i s t i ng  o t

documentat ion mod

acco rd ing  t o  F igu r

and other input,/ou

lbcument .a t ion o f

s t ruc tu res  ( i npu t

seve ra l  app l i ca t l

l a r g e  s o f t w a r e ,  o t



tbe coupled model

l es  o f  t he  ou tpu t

p rov ides  t he  va l_

a t i o n s h i p s  o f  t h e

( P i g u r e  9 f ) :

h t p

a  c o u p l e d  m o d e 1 .

( s )  d e c l a r e d  i t

The  concep t  o f

a ' l  a l lows both

B .

r a t i c a l l y .  F o r

eady  been  spec i -

l e t  n = 1 5 )  r e p l i -

s  t o  s P e c i f y  i s

r  s i m i l a r  m o d e l s

r  v a l u e s  o r  n o t .

: as  o f  t he  same

l e s  ( s e e  s e c t i o n

,n9  and  check ing

r l s ted  mode l l  i ng

, l y ,  due  t o  t he

o r  eve ry  compo-

ten )  a f t e r  t he

o t  p o s s i b l e  t o

30s

r i sspe l r  t he  names  o f  componen t  mode l s  o r  t he  i npu t
t h e r m o r e  i f  a n  i n p u t  v a r i a b r e  h a s  b e e n  d e c l a r e d  a s
( i npu t  o f  t he  resu r tan t  sys tem)  t hen  t he  sys t , em can
f i c a t i o n  o f  i n p u t / o u t p u t  r e l a t i o n s h i p .  F o r  e x a m p l e
l n  F i g u r e  I ,  t h e  l i n e

v a r i a b l e s .  F u r -

an  ex te rna l  i npu t

f i n i s h  t h e  s p e c i -

i n  t he  mode l  g i ven

M . B (*  EXTERNAL INPUT *)

h a s  t o  b e  g e n e r a t e d  f u l t y  b y  t h e  m o d e l l i n g  s y s t e m ,  t h u s  e r i m i n a t i n g
a l so  t he  poss ib i l i t y  o f  a  v r rong  i npu t , / ou tpu t  connec t i on .  I f  t he
r a n g e s  o f  t h e  v a l u e s  o f  t h e  i n p u t  a n d  o u t p u t  v a r i a b l e s  a r e  a r s o  s p e c i -
f i e d  '  f o r  e v e r y  ( i n p u t '  o u t P u t )  p a i r  s p e c i f i e d  i n  t h e  c o u p r i n g ,  t h e
sys tem can  a l so  check  whe the r  o r  no t  t he  range  o f  t he  ou tpu t  i s  a  sub -
s e t  o f  t h e  r a n g e  o f  t h e  i n p u t  a n d  h e n c e  d e t e c t  i n c o n s i s t e n c i e s .

Ibcumentat ion

Due  to  GESTTs  we l l - s t r uc tu red  na tu re ,  compu t ,e r  gene ra ted  s t ruc tu red
f l o w c h a r t s  o f  G E S T  m o d e l s  c a n  e a s i l y  b e  o b t a i n e d . .  o R G E S T  ( O r g a n i z e d
Represen ta t i on  o f  GEST P rog rams)  i s  be ing  imp lemen ted  f o r  t h i s  pu rpose
( o r e n  e t  a l '  1 9 8 3 ) .  A s  a n  e x a m p r e ,  F i g u r e  L g  d e p i c t s  a  s t r u c t u r e d
f l owcha r t  o f  t he  memory less  mode l  o f  F i gu re  5 .

c o u p l i n g  s p e c i f i c a t i o n  c a n  b e  v e r y  u s e f u l  i n  t h e  d o c u m e n t a t i o n  o f  s y s -
t ens  cons i s t i ng  o f  l a rge  number  o f  i n te rac t i ng  componen t  sys tems .  A
documen ta t i on  modu re  wou ld  d i sp lay  each  componen t  mode r  sepa ra te l y

a c c o r d i n g  t o  F i g u r e  I l  w h e r e  e x t e r n a l  i n p u t ( s ) ,  o u t p u t ( s ) ,  f e e d b a c k
a n d  o t h e r  i n p u t / o u t p u t  i n t e r f a c e  a r e  e a s i l y  d i s p l a y e d .

D o c u m e n t a t i o n  o f  m o d e l s  s p e c i f i e d  p a r t i a l l y  b y  p a r t
s t r u c t u r e s  ( i n p u t  a n d  o u t p u t  v a r i a b l e s  o n l y )  c a n  b e
s e v e r a l  a p p l i c a t i o n  a r e a s  s u c h  a s  d o c u m e n t a t i o n  o f
l a r g e  s o f t w a r e ,  o r  h a r d w a r e  s y s t e m s .

o f  t h e i r  s t a t i c

v e r y  u s e f u l  i n

o r g a n i  z a t i o n s ,



STEP I  -  Speci fy:
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name of  the mode1,

i npu t  and  ou tpu t  va r i ab les ,

ranges of  acceptab l  e  va l  ues

r )
2 )

3 )

and

of  input  and ou tpu t  var iab les

2 - $ {

PICII

GESr il

Figure !

PICTORIAL REPRESENTATION:

GEST MODELLING:

COUPLED MODEL Z

EXTERNALS

INPUT IN;
RANGE OF IN

OUTPUT OUT;
RANGE OF OUT

END EXTERNALS;

=  R E A L ( t =  0 . 0 0 ,  < =  1 0 0 . 0 0 ) ;

=  T E A L ( t =  4 0 . 0 0 ,  .  7 5 . 0 0 ) ;

F igure 9a.  Step 1 in  top-down model

model ref inement

concept ion  and s tep-w ise
in  GEST



t  and  ou tpu t  var iab les

) .oo) ;

, 0 0 ) ;

I  step-wise

STEP 2 - Specify

307

names of component model s

PICTORIAL REPRESENTATION :

GEST MODELLING:

COMPONENT MODELS M, N;

Figure 9b. Step 2 in top-down model concept ion and step-wise
model ref inement in GEST

EN



STEP 3 - Speci  fy each component
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model  separate ly

PICTORIAL REPRESENTATION :

GEST MODELLING:

CONTINUOUS MODEL M;

STATIC STRUCTURE

I N P U T S  A ,  B ,  C ;
STATE
OUTPUTS D, E;

END STATIC STRUCTURE;

DYNAMIC STRUCTURE

DERIVATIVES

END DERIVATIVES;

OUTPUT FUNCTION

ENO OUiPUT FUNCTION;

END DYNAMIC STRUCTURE;

END MODEL M;

Figure 9c.  Step 3 in top-down model concept ion
model ref inement in GEST

STEP 3 -  Speci fy

PICTORIAL REPI

F -

G -

GEST MODELLIlT

t

EI{D I

Figure 9d. Str

coiln

I

and s tep-w ise



STEP 3 -
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Specify each component model separately

l
PI CTORIAL REPRESENTATION :

GEST MODELLING:

CONTINUOUS MODEL N;

STATIC STRUCTURE

INPUTS F,  G;
STATES
OUTPUTS H, K;

END STATIC STRUCTURE;

DYNAMIC STRUCTURE

DERIVATIVES

END DERIVATIVES;

ortoYl. FUNcTT0N

END OUTPUT FUNCTION;

END DYNAMIC STRUCTURE;

END MODEL N;

Figure 9d. Step 3 ( for  the second component mode: l
M s tep-w ise

o f  Z )



STEP 4 -
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Spec'ify I ) for every externa'l input

cor respond ing  in te rna l  inpu t (s )

2) for every external output

comesponding internal  output

P ICTORIAL REPRESENTATION :

GEST MODELLING:

EQUIVALENCING

I N P U T S  Z . I N  =  M . B ;

0UTPUTS Z.0UT =  N.H;

END EQUIVALENCING;

GESr t[

Figturc !

Figure 9e. Step 4 in top-down model

model refinement
concepti on

in  GEST
and step-wise



STEP 5 .

3 1 1

Speci fy  coupl ing o f  conponent

for every component
for every

m o d e l s ,  i . e . ,

model
in te rna l  inpu t
s peci fy

f rom wh ich  ou tpu t  var iab le  o f  wh ich
component nodel  the values are
provi ded

r(s )

tep-wi se

I  oop

PICTORIAL
I oop

GEST MODELLING:

COUPLING FOR Z

M . A
M . B
M . C

N . F
N . G

END COUPLING FOR Z;

(* ExTERNAL lNpur *)

Figure 9f .  step 5 in top-down moder concept ion and step-wise
model ref inement in GEST

REPRESENTATION:
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BIRTH-RATE;

STATIC STRUCTUFE

END STATIC STRUCTURE;

INPUTS
MATERTAL STANDARD OF TIVING
EFFECTIVE POLLUTION
POPUTATION

OUTPUT BIRTH RATE;
PARATTETERS KzO I KzLt K22, K23, K24, R25i

DYNAMIC STRUCTURE

END DYNAI{IC STRUCTURE;

B  -  R20  -  K21*S  K22*NE K23*P ;

fF B >= K24 AND B <= K25

BIRTH_RATE = Bi

I F B < K 2 4

BIRTH_RATE = K24i

BIRTH_RATE = K25i

COMES FROII:

N . H

EXTERNAL

M . E

F i g u r e  l l .

F i g u r e  I 0 . St ructured documentat ion o f  the memory less
mode l  g i ven  i n  F igu re  5



3 1 3

COMES FROM:

N . H

EXTERNAL

M . E

Fi gure 1 ' l

CONNECTED TO:

N .  F

M . C

LIVING * )
* )
* )

f , 25 ;

f , 25 ;

nemory less

Documenta t ion  o f  the  input /ou tpu t  re la t ionsh ips  o f
one o f  the  component  mode ls  o f  a  coup led  mode l  (wh. ich
is  represented  in  F igure  6)
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3 .5  Mode l  pa rame te r  Se ts

rn  a  pa rame te r  se t  bas i ca l l y  t h ro  t h i ngs  a re  done :  l )  The  va lues  o f  t he
mode l  pa rame te rs  a re  spec i f i ed  and  2 )  The  t abu la r  f unc t i ons  used  i n  a
m o d e l  a r e  d e f i n e d  p o i n t  b y  p o i n t .  T h e r e  a r e  f o u r  p o s s i b i l i e s  f o r  t h e
s p e c i f i c a t i o n  o f  m o d e l  p a r a m e t e r  s e t s ,  i . e . ,  s p e c i f i c a t i o n  o f  s i n g r e
o r  m u l t i p l e  p a r a m e t e r  s e t  f o r  a  m o d e l  c o n s i s t i n g  o f  o n e  o r  s e v e r a r
componen t  mode l s '  Exampres  o f  mode l  pa rame te r  se t  spec i f i ca t i ons  a re
inc ruded  i n  t he  sys tem mode l s  g i ven  i n  sec t i on  5 .  r t  i s  a l so  poss ib l e
t o  s P e c i f y  d i s c o n t i n u o u s  t a b u l a r  f u n c t i o n s .  F o r  e v e r y  d i s c o n t i n u i t y
po in t ,  two  po in t s  have  t o  be  g i ven  w i t h  t he  same  absc i ssa  as  f o r rows :

( X c ,  Y I ) ( X c r Y r )

where

Xc

Y1

Yr

1 S

1 S

1 S

the common absc issa

the  l e f t - hand  va lue  o f  t he  o rd ina te

the  r i gh t -hand  Va lue  o f  t he  o rd ina te

rn  a  compu te r -a i ded  documen ta t i on  sys tem two -  o r  t h ree -d imens iona l
t a b u r a r  f u n c t i o n s  c a n  a l s o  b e  d i s p l a y e d  g r a p h i c a l r y  f o r  t h e  u s e r , s
conven ience '  G raph i c  d i sp lay  o f  t he  t abu la r  f unc t i ons  may  a rso  he rp
t h e  u s e r  t o  d e t e c t  s o m e  o f  t h e  s p e c i f i c a t i o n  e r r o r s .

4. EXPERIIIIENTATION

4 .  I  B a s i c s

The  spec i f i ca t i on  o f  t he  expe r imen ts r  € r s  shown  i n
p r i s e  u p  t o  t h r e e  s e c t i o n s  w h i c h  a r e s

F igu re  L2 ,  may  com-

( f )  e x p e r i m e n t a l  f r a m e s

( 2 )  m o d e l / f r a m e  p a i r s  ( o r  s i m u l a t i o n  r u n s )
( 3 )  p o s t  s t u d y  s e c t i o n

F i g u r e  1 2 .  I
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f )  The  va lues  o f  t he

r  f unc t i ons  used  i n  a

r  p o s s i b i l i e s  f o r  t h e

r c i f i c a t i o n  o f  s i n g l e

Dg  o f  one  o r  seve ra l

I t  s p e c i f i c a t i o n s  a r e

I t  i s  a l s o  p o s s i b l e

r  e v e r y  d i s c o n t i n u i t y

l b s c i s s a  a s  f o l l o w s :

r r  t h ree -d imens iona l

a l l y  f o r  t he  use r  r  s

e t i o n s  m a y  a l s o  h e l p

8 .

l ig  ure L2 ,  may com-

Figure  12 .  E lements  o f  spec i f i ca t ions  o f  exper iments  in  GEST

Experiments

End exper iments

Exper imental  f rame(s)

End exper imental  f rame(s)

Experimental frame #l

End exper imental  f rame #l

Global  f rame

Specif ic frame for component
model  # l

Speci f ic  f rame for component
model #n

Experirnental frarne #m

S i m u l a t i o n  r u n ( s )  ( i . e . ,  ( r n o d e l ,  f r a m e )  p a i r s )

End s imu la t ion  runs

End run #l

(parametr ic model,  parameter set ,
f rame) combinat ion'

Pos t  run  sec t ion

Post study sect ion



A n  e x p e r i m e n t a l  f r a m e  s p e c i f i e s

c o n c e i v e d  o f  h a v i n g  t w o  p a r t s

f r a m e .

3 1 6

t h e  s i m u l a t i o n  e x p e r i m e n t s .  I t  c a n  b e

w h i c h  a r e  g l o b a l  f r a m e  a n d  s p e c i f i c rlngle

r||rtrtl

e-erFr|
.PRAI]

I n  t h e  g l o b a l  f r a m e ,  o v e r a l l  s p e c i f i c a t i o n s  s u c h  a s  t i m e  u n i t  d e c l a r a -

t i o n ,  t e r m i n a t i o n  c o n d i t i o n  s p e c i f i c a t i o n ,  e t c ,  a r e  g i v e n .

Spec i f i c  f r ames  g i ven  f o r  eve ry  componen t  mode l  sepa ra te l y ,  i nc l ude

i n i t i a l i z a t i o n  o f  t h e  s t a t e  v a r i a b l e s ,  d a t a  c o l l e c t i n g  r e q u i r e m e n t s ,

a n d  s P e c i f i c a t i o n  o f  c o m m u n i c a t i o n  i n t e r v a l s  a n d  i n p u t  v a l u e s .

A  m o d e l - f r a m e  p a i r  s P e c i f i e s  t h e  c o m b i n a t i o n  o f  t h e  p a r a m e t r i c  m o d e l ,

t he  pa rame te r  se t r  and  t he  expe r imen ta l  f r ame  to  be  used  i n  a  s imu la -

t i o n  s t u d y .  I t  a l s o  i n c l u d e s  a  p o s t  r u n  s e c t i o n .

T h e  P o s t  r u n  s e c t i o n  i n c l u d e s  s p e c i f i c a t i o n  o f  t h e  a d i t i o n a l  c o m p u t a -

t i o n s  t o  b e  p e r f o r m e d  a f t e r  t h e  s i m u l a t i o n  a n d  o u t p u t t i n g  t h e  g e s u l t s

o f  a  s i m u l a t i o n  r u n .  T h e  p o s t  s t u d y  s e c t i o n  r e s e m b l e s  t o  a  p o s t - r u n

s e c t i o n r  w i t h  a n  a d d i t i o n a l  I e v e l  o f  g e n e r a l i z a t i o n .  I n  a  p o s t - s t u d y

s e c t i o n ,  o n e  c a n  r e f e r  t o  d a t a  g e n e r a t e d  d u r i n g  d i f f e r e n t  s i m u l a t i o n

r u n s .  T h e  o u t p u t  m o d u l e  c o n s i s t s  o f  t h e  s p e c i f i c a t i o n s  f o r  d i s p l a y i n g

t h e  r e s u l t s  o f  t h e  s i m u l a t i o n  s t u d y  o n  d i f f e r e n t  t y p e s  o f  o u t p u t ,
u n i t s -  E x a m p l e s  a r e  i n c l u d e d  i n  t h e  t h r e e  s y s t e m  m o d e l s  g i v e n  i n  s e c -
t i o n  5 .

4 . 2  B N F  D e f i n i t i o n s

S o m e  r e l e v a n t  d e f i n i t i o n s  i n  B N F  f o l l o w :

expe r  imen t  =

{  e x p e r i m e n t a l - f r a m e  }

{  m o d e l - f r a m e - p a i r  }

I r

rEND I

rult iple-er1
riluLt:

{ t

IEND I

g loba l - f ra r r

IGLOBALI

t i f ,

I terr

I intt

I actl

I parr

I datr

I intr

I cor

I rena
NEND GLOE



Gnts .  I t  can  be

re  and  spec i f i c

l e  u n i t  d e c l a r a -

Y e n .

r a t e l y ,  i n c l u d e

n g  r e q u i r e m e n t s ,

v a l  u e s .

t r a m e t r i c  m o d e l ,

r ed  i n  a  s imu la -

I t i ona l  compu ta -

l l ng  t he  resu l t s

)a  to  a  post - run

In  a  pos t - s tudy

r r e n t  s i m u l a t i o n

I  f o r  d i s p l a y i n g

l l pes  o f  ou tpu t

s  g i v e n  i n  s e c -
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p e r i m e n t a l - f r a m e  =

s i  ng  I  e -expe r  imen ta l - f r ame

I  m u l t i p l e - e x p e r i m e n t a l - f r a m e

s i n g l e - e x p e r  i m e n t a l - f r a m e  =
' ' F R A M E '  i d e n t i f i c a t i o n , r F o R "  m o d e l - i d e n t i f i e r

g I o b a l - f r a m e

{  s p e c i f i c - f r a m e  }

' r E N D  F R A l t E , ,  i d e n t i f i c a t i o n  n i '

n u l t i  p l e - e x p e r  i m e n t a l - f r a m e  =
' I I U L T I p L E  F R A M E n  m u l t i p l e - i d e n t i f i c a t i o n

" F O R "  m o d e l - i d e n t i  f  i e r

g I o b a I - f r a m e

{  s p e c i f i c - f r a m e  }

" E N D  ! l u L T r p L E  F R A M E T  m u l t i p l e - i d e n t i f i c a t i o n  n .  r

g l o b a l - f r a m e  =

I IGLOBALI I

t i m e - u n  i  t - d e c l  a r a t  i o n

I  t e r m i n a t i o n - c o n d i t i o n

I  i n t e g r a t i o n

I  a c t i v a t i o n - o f - d i s c r e t e _ m o d e l s

I  p a r a m e t e r - a s i g n m e n t

I  d a t a - f o r - t a b u l a r - f u n c t i o n

I  i n t e r p o l a t i o n - t y p e

I  c o m m u n i c a t i o n - i n t e r v a l

I  r e n a m i n g - d e c l a r a t i o n
n E N D  

G L O B A L T .  t r . t r  
.
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s p e c i f i c - f r a m e  =

" l , lODELn  mode l - i den t i  f  i e r

[  ' . n  u n s i g n e d - i n t e g e r  ' T O r  u n s i g n e d - i n t e g e r

pa r  amete r -ass ig  nmen t

I  d a t a - f o r - t a b u l a r - f u n c t i o n

I  i n te rpo la t i on - t ype

I  commun ica t i on - i n te r va l

I  r e n a m i n g - d e c l a r a t i o n

I  i n i t i a l i z a t i o n

I  i npu t - schedu t i ng

I  ac t i va t i on -o f -d i sc re te -mode l

I  output -sampI  ing

I  d a t a - c o l l e c t i n g

n  END I IODEL ' r  mode l - i den t i  f  i e r  n  i  '  .

m o d e l - f r a m e - p a i r  =

s ing  I  e - run

I  m u l t i p l e - r u n  I  p o s t - s t u d y - s p e c i f i c a t i o n  ]  .

s i n g l e - r u n  =

n R U N I  i d e n t i f i c a t i o n

nTO OBSERVE MODEL, ,  mode l - i den t i f  i e r

I  IWITH PARAI4ETER SETn ident i f  ica t ion ]
n  IN FRAI IE ' ,  ident i  f  ica t ion

[  , ,WITH POST RtN' l

{  s t a temen t  I  ou tpu t -modu le - re fe rence

" END POST RI'N'I tr . tr ]
n E N D  R t  N n  i d e n t i  f i c a t i o n  ' ;  '

Exarnpl  es :

Rt ,N I  TO OBSERVE MODEL POPULATION-GROWTH

WITH PARAIIETER SET HIGH-BIRTH_RATE

IN FRAIYIE Low_E}!PLOYIvIENT ;

END RIJN 1;

RUN 7 TO OBSERVE I ITODEL EVAPORATION_FROII-SOIL

WITH PARAMETER SET CLAY

IN FRAlvtE RAINY SEASON i

END RIJN 7;

BIITPLES:

fol lor lng I

tben coreal

var iab lea o l

Example I

Example 2

Examp le  3
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5.  EXAMPLES:

The  fo l l ow ing  examp les  o f

o f  t hem commen ts  a re  kep t

o f  v a r i a b l e s  o n l y .

3 1 9

comp le te  GEST p rog rams  a re

a t  a  m i n i m u m  l e v e l  ,  i . e . ,

p r o v i d e d .  I n  a l l

t o  p r o v i d e  a  l i s t

Example I  -  DEER POPULATION

S t u d y  c o n s i s t s  o f :

One component  model

One  pa rame te r  se t ,  and

One  expe r imen ta l  f r ame

Example 2 - EVAPORATION FROI{ SOIL

S t u d y  c o n s i s t s  o f :

One component  model

One  pa rame te r  se t ,  and

One  expe r imen ta l  f r ame

Example 3  -  MOTOR CONTROLLER

S t u d y  c o n s i s t s  o f :

A  coup led  mode l

One  pa rame te r  se t ,  and

One  expe r imen ta l  f r ame
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PROGRAIVI STUDY_OF_DEER_PO PULAT I oN

( *  T h i s  m o d e l  i s  a d o p t e d  f r o n :

P .W.  House  and  J .  t r l c l " eod  (L977 )  .

L a r g e - s c a l e  m o d e l s  f o r  p o l i c y  e v a l u a t i o n .

W i l e y - I n t e r s c i e n c e ,  N e w  y o r k r  p p .  l 4 g - 1 5 3  * )

CONTINUOUS MODEL DEER POPULATION

STATIC STRUCTURE

STATE DP;

OUTPUT DP,  PP ,  DKPP;

AUXILIARY VARIABLES

D N I ,

DPR,

D D ;

PARAI,IETERS AREA,

N I R ;

TABULAR FT'NCTIONS

PPT,

DKPPT;

INTERPOLATIONS

PPt

DKPP;

pp = ppT (TI t lE  )  ;

DKpp = DKppT (DD) ;

END INTERPOLATIONS;

END STATIC STRUCTURE;

DYNMIC STRUCTURE

DER IVATIVES

D p r = D N I - D p R ;

D N I  =  N I R * D P ;

DPR = PP*DKPP;

DD = DPIAREA;

END DERIVAT IVES;

END DYNA}4IC STRUCTURE;

END I4ODEL DEER_POPULATION ;

( *  DEER POPULATION

(*  DEER NET INCREASE

(*  DEER PREDATION RATE

( *  DEER DENSITY

(*  unt  INCREASE RATE

(* PREDATOR POPULATION TABLE

(* DEER KILL PER PREDATOR TABLE

(*  PREDATOR POPULATION

(*  DEER KILL PER PREDATOR

PARAMETER SET I

AREA = g0lll

TABULAR FII

(* Grrrl
(  I  gg0 .  , .

END TABULAN

TABULAR PITII

( *  c l t H

( 0 . a ,

(a .  gLs,

END TABU[.AR

END PARAIIETER S[

FRAME 1 FOR DBt

GLOBAL

TII,IE UII

SIlIULAIT

INTEGRAT

END GLOBAL;

}TODE L DEER-PI

INITIAUt i

SA\18 DP,

INTERPOLI

END I4ODEL DE

END FRAME 1;

* )

* )

* )

* )

* )

* )

* )

* )

RUN 1 TO OBSERYB

WITH POST RU

OUTPUT rI

END POST RIII ;

END RUN 1;

OUTPUT IIIODULE I

PRINT I HEADU

STUDY OE DEEN

PLOT DP,  PP,  I

END OUTPUT IIODULI

END PROGRAII STUDY OF
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PARAMETER SET 1 FOR DEER_POPULATION

A R E A  =  8 g 0 A 0 0 . A i  N I R  =  A . 2 i

TABULAR FTJNCTION PPT WITH 2 POINTS

(*  c IvES pp _ PREDATOR pOpuLATION AS
( 1 8 8 0 . ,  3 0 0 . )  ( L 9 6 0 . .  3 A g . )

END TABULAR FUNCTION PPT;
TABULAR FUNCTION DKPPT WITH 6 POINTS

(*  GIVES DKPP -  DEER KILL PER PREDATOR

AS A FUNCTION OF DD -  DEER DENSITY * )

( 0 . 9 ,  0 . a )  ( a . 0 9 5 ,  3 . A )  W . 0 L 0 ,  1 3 . 0 )
( 0 . g I 5 t  3 2 . A )  ( g . g 2 g ,  5 L . O )  ( g . g 2 5 ,  5 6 . g )

END TABULAR FIJNCTION DKPPT;

END PARA!,IETER SET 1;

FRAME 1 FOR DEER POPULATION

GLOBAL

TIIIE I 'NIT IS YEAR

STMULATE r ,JNTrL T i lv rE = Lg7g,  srART TrME = 1gg0;
TNTEGRATE BY  RUNGE KUTTA,  REL  ERR0R =  a .aaL i

END GLOBAL;

MODEL DEER-POPULATION

IN IT IAL IZE  STATE Dp  =  4000 .  i

SAVE DP, PP, DKPP AT EVERY YEAR

INTERPOLATION LINEAR PP,  DKPP;

END l , lODEL DEER pOpULATION;

END FRAI,TE I;

Rt N I TO OBSERVE l ' lODEL DEER POPULATION WITH PARATTETER SET I IN FRAI,,IE 1
WITH POST RIJN

OUTPUT MODULE I  ON PRINTER;

END POST RIJN;

END RUN 1;

OUTPUT MODULE I

PR INT  1  HEADING L INE ;

STUDY OF DEER POPULATION

PLOT DP,  PP,  DKPP VERSUS TI IYIE;

END OUTPUT MODULE 1;

END PROGRAII STUDY OF DEER POPULATION;

A FUNCTION OF TITIE * )

* )

IE

* )

* )

* )

* )

* )

* )

ON TABLE *)

INTOR TABLE *)

ON

DATOR
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PROGRAM STUDY_OF EVAPORATION-FRO!!_SOIL

( *  T h i s  m o d e l  i s  a d o p t e d  f r o m :

C . F .  S h a y k e w i c h  a n d  L .  S t r o o s n i j d e r  ( I g 7 7 ) .

T h e  c o n c e p t  o f  m a t r i c  f l u x  p o t e n t i a l  a p p l i e d  t o  s i m u l a t i o n
o f  e v a p o r a t i o n  f r o m  s o i l .  N e t h .  J .  A g r i c .  s c i . ,  p p .  6 3 - g 2 .
GEST 78  ve rs i on  o f  t h i s  mode l  appea red  i n  o ren  and  Den  Du l k  I 9?g .
( T o  e a s e  t h e  c o m p a r i s o n  w i t h  t h e  o r i g i n a l  v e r s i o n ,

t h e  u n i t s  u s e d  i n  t h e  o r i g i n a l  v e r s i o n  a r e  k e p t .

H o w e v e r ,  f o r  s r  u n i t s ,  n o t e  t h a t  I  m b a r  =  L g 6  p a s c a l )

(cl , t* * 3 /  (cyttc tc 2), DAY )

(ct[* * 3 /  (  ct{* ' t  2 ),  DAY)

G(f,TINUOUS IIOIEL{

srATrc sruc'll
STAIE

TBYII

l l  (  1. .

OUTPUT

TEYII

l l  (  1. .

Psr (l
K  ( 1 . .

Frr(t

AUXILTANI

PARAXEfEI

TcI(i

AUXILIANI

Rtc(t

RDF (l

FOR I

n
LOOP

RDF (I

FOR I

n
LOOP

END AUXI[

TABULAR I

F K t

FPSI ,

I{FLPI

L IST  OF

EA

EC

E S

IDENTIF IERS:

- WATER VAPOR PRESSURE IN ATI4OSPHERE (I.{BAR) (MILLIBAR)
- WATER VAPOR PRESSURE AT SOIL SURFACE

(CURRENT PRESSURE) (MBAR) t

- WATER VAPOR PRESSURE AT SOIL SURFACE

(AT SATURATTON) (I-{BAR)

F - FACTOR ACCOUNTING FOR THE EFFECT OF

WIND ON EVAPORATION (cr,1/DAy.ttBAR)

FK -  HYDRAULIC CONDUCTIVITY AS A FI 'NCTION

WATER CONTENT

FLW - FLUX OF WATER

FLW(I )  EVAPORATION ( I .E.  FLOW FROM TOp COM_

PART!4ENT

FPSI  -  PSI  AS A FUNCTION OF WATER CONTENT

K ( - )  -  HYDRAULTC CONDUCTTVTTY (c t { /DAy)

I4FLP ( - )  -  I ' iATRrX FLUX POTENTIAL (c ! l * *3 /DAy)  *  _1

MFLPT - I I , IFLP AS A Ft,NcTIoN oF WATER CoNTENT

PSI  ( - )  -  WATER POTENTTAL (cM H2g)  *  I

RDF ( - )  -  RECTPRoCAL OF THE DTSTANCE BETWEEN

CENTRES OF COMPARTMENTS (L/C|4)

RTC (-) - RECIPROCAL oF COI.IPARTMENT THICKNESS (L/cI|)

TCtl(-) -  Cof, lpARTt4ENT THICKNESS (cM)

TEVAP - ACCUT1ULATED EVAPORATTON (cM)

W(-)  -  WATER CONTENT (FRACTION) (Cl t * *3 /Ct | t * *3)

COI'IMENT oN THE PHYSICAL LAw FoR FLUX:

ALL FLUXES ARE CALCULATED WITH DARCYIS LAW FOR
\IERTICAL FLOW OF WATER IN THE SOIL:

FLUX =  COND *  ( (  _D_pS I /D_z )  _ f )  * )



) .
l ed  t o  s imu la t i on

S c i . ,  p p .  6 3 - g 2 .

Oren  and  Den  Du Ik  197g .
Y e r s i o n ,

r  k e p t .

l 0g  Pasca l )

( l rBAR) (MTLLTBAR)

E

(ltBAR) '

B

(HBAR)

(cn lDAY.MBAR)

f

_ 

(Q{** 3/ (c![rcrc2) ,  DAY)

(ctt** 3/ (ct4tctc2) ,  DAY)

(CI.{/DAy)

(ct 'r**3/DAY) * _I

(cu H2g) * 1

(L/ct4)

(L/ct4)

(clr)

(clr)

(ot**3/cM**3)

FM
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CONTINUOUS MODEL EVAPORATION FROI4 SOIL
STATIC S?UCTURE

STATE

TEVAP,

w ( l . . l g ) ;

OUTPUT

TEVAP,

w ( 1 . . 1 9 ) ,

P S r  ( 1 .  .  g )  ,

K ( 1 . . 9 ) ,

F L w ( 1 ) ;

( *  ACCUT1ULATED EVAPORATION

(* CURRENT WATER CONTENT

(* ACCUI,IULATED EVAPORATION

(*  WATER POTENTIAL

(*  HYDRAULIC CONDUCTIVITY

(* FLUX OF WATER FRO|4

TOP COMPARTMENTTI .E .

EVAPORATION

! , t F L p ( 1 . . 1 8 )  ,  p S I  ( l . . l g ) ;

(* CO|,1PART|' |ENT THICKNESS

* )

* )

* )

* )

* )

* )
A U X T L I A R Y  V A R I A B L E  F L W ( t . . l g ) ,  K ( 1 .  . L g )  ,

PARAIT,IETER

T C M ( 1 . . 1 9 ) ;

AUXILIARY PARAMETERS

RTC (1 . . 18 )  ,  ( *  ReCtpROCAL  OF  COMPARTI4ENT

THICKNESS

R D F  ( 1 . .  l g ) ; (* nectPROCAL OF THE DTSTANCE

BETWEEN CENTERS OF

. CO!,lPARTMENTS
FOR I=1 TO 18 DO

R T C ( I )  =  L . 0 / T C t 4 ( I ) i

LOOP

R D F ( 1 )  =  R T C ( 1 ) t

FOR I=2 TO l8  DO

R D F ( I )  =  2 . 9 /  ( T C l ' t  ( I - f  )  +  T C l , l  ( I ) ) ;

LOOP

END AUXILIARY PARAT.IETERS ;

TABULAR FI. 'NCTIONS

FK,  ( *  HYDRAULTC CONDUCTTVTTY AS

A FT'NCTION OF WATER CONTENT

Fps I ,  ( *  ps r  As  A  F INCTTON OF WATER CONTENT

MFLPT;  ( *  MFLP AS A FITNCTION OFWATER CONTENT

* )

* )

* )

* )
* )

* )
* )
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INTERPOLATIONS

K ( I )  =  F K ( w ( I ) ) ;

P S I ( I )  =  F P S I ( w ( I ) ) ;

I t tFLP ( I  )=  t [F f .PT (W(I  )  )  ;

END INTERPOLATIONS;

END STATIC STRUCTURE;

DYNAI{IC STRUCTURE

DER IVATIVES

T E V A p t  =  F L W ( I ) i

( *  CALCULATION OF  FLUX,  USrNG

AND HYDRAULIC CONDUCTIVITY

F O R I = 2 T O 1 8 D O

F L w ( I )  =  ( R D F ( I )  *  ( P S I ( I - r )

LOOP

F L w ( 1 9 )  =  0 . 0 i

END DERIVAT IVE ;

END DYNAIIIC STRUCTURE;

END I ' IODEL EVAPORATION FRO}I SOIL;

F O R I = 1 T O 1 8 D O

w ( I ) r  =  ( F L w ( I + r )  -  F L w ( I ) ) * R T C ( I ) ;

LOOP
(* CALCULATION OF EVAPORATION

(I. E. FLOW FROl, l  TOP COI,IPARTIIENT = FLW ( t  )  )

EQUATION IS :

EVAPORATTON = F*  (EC_EA) /  (ES_EA)

F = 0.8  CI ' | IDAY (DEPENDS ON WINDSPEED)

ES =  31 .45  l , lBAR (25C ,  AT  SATURATION)

EA =  7 .A6  MBAR (2AC,  3O l  RELATM HUI I ID ITY)

F / ( E S - E A ) =  9 . 8 / ( 3 I . 4 5 - 7 ' . g G )  =  9 . A 3 2 8

E c  =  E S I E X P  ( P S I * 7 . L 2 7 8 - 7  )  * )

F L w ( f  )  =  l l A X  (  0 . 9 ,

4 . s 3 2 8 *  ( 3 1  . 4 5 / E X p  ( 7 . L 2 7 8 - 7  *  p S r  ( 1  )  )  7 . 0 6 1

WATER POTENTIAL

INDEPENDENTLY * )

*

, l

,l
i

j

nrnr;{
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?ARAMETER SET I FOR EVAPORATION FROII SOIL

T C t ' t  ( I . . 1 8 )  =  s * L . 9 ,  5 * 1 . 5 ,  3 * 2 . 5 ,  4 * 5 . A ,  L 0 . 0 ;

TABULAR FUNCTION FK WITH L7 POINTS

( *  GrvES  THE HYDRAULTC CONDUCTTVTTY K ( - )

AS  A  FUNCTTON OF WATER CONTENT W( - ) * )

( 9 . 9 3  , 2 . 4 8 - L g )  ( 9 . 9 6  , 2 . 4 8 - g )  ( g . g g 5  , 2 . 4 8 - g )  ( 9 . L 2  t 2 . 4 8 - 7 )
( 9 . L 4 5  , 2 . 4 8 - 6 )  ( 9 . L 7 5  , 2 . 4 8 - 5 )  ( A . L g  t 6 . A E - s )  ( 0 . 2 A 5  , 2 . 4 8 _ 4 )
( 9 . 2 L 7 5  t 6 . g E - 4 )  ( 9 . 2 3 5  , 2 . 4 8 - 3 )  ( 9 . 2 5  , 6 . 5 8 - 3 )  ( 9 . 2 7  t 2 . 4 8 - 2 )
( 9 . 2 9 2 5  r I . o E - l ) ( 9 . 3 9 5  t 2 . A E - L ) ( 0 . 3 3  t g . o E - L ) ( 0 . 3 5  r 2 . 4  )
( 4 . 4  t 7 . g  )

END TABULAR FI'NCTION FK;

TABULAR FI. 'NCTION FPSI WITH 13 POINTS

(*  GIVES THE I , IATRIX WATER POTENTIAL (* -1)  PSI  ( - )

AS A FUNCTION oF WATER CONTENT T.T(- ) * )

( g . g L  , L . g E 7  
' , )  ( A . 9 4  , L . 0 8 6 )  ( 0 . 9 9 5  , L . g E 5  )  ( 0 . 1 3 5  , 2 . 7 8 4  )

( o . 1 6 5  , L . g E A  )  ( 9 . 2 9 7 5  , 2 . 9 E ' 3  )  ( g . 2 Z S r I . t E 3  )  ( 0 . 2 4  t 7 g g . g  )
( 9 . 2 7 5  ,  3 g A . g )  ( 9 . 3 2  t L g g . g )  ( a . 3 7  t L g . g  )  @ . 3 9  ,  L . 0 )

( 9 . 4 L  , - 6 g g . g )

END TABULAR FI, 'NCTION FPSI;

F r f i ( r ) )

T INDSPEED)

TURATTON )

IATIVE HUMIDITY)

28

*  P S r ( 1 ) )  7 . 9 6 ) l

OTENTIAL

DENTLY * )

)  -  1 . )

)  +  K ( r ) ) / 2 . 0 ;

* )

TABULAR FTJNCTION II{FLPT WITH 3g POINTS

(*  GMS THE I r {ATRIC FLUX POTENTIAL (*_

AS A FI 'NCTION OF WATER CONTENT W(-)* )

( g . g  , 4 3 . 9  )  ( 9 . L 4 4  , 4 2 . 6 9 9 )  ( 0 .  1 6 5

( 0 . 1 8 9  , 4 2 . 3 4 9 )  Q . L g 7  , 4 2 . 2 4  )  ( 9 . 2 A 7 5

( 9 . 2 2 7 5  , 4 L . 6 5  )  ( 9 . 2 3 9  , 4 L . 0  ,  ( 9 . 2 4 5

( g  . 2 6 L  ,  3 9 .  g g  )  ( 6  . 2 6 9  , 3 7  .  3 g  )  ( g  . 2 7  4

( 9 . 2 8 L  ,  3 3 . 6 8  )  ( 9 . 2 8 4  , 3 2 . 6 4  )  ( 9 . 2 9 7 5

( 4 . 2 9 7  , 2 7 . 7  )  ( g . 2 g g  , 2 4 . 9  )  ( g . 3 g L

( 9 . 3 9 7  , L g . g  ) ( a . 3 g g  t L 6 . 2  ) ( 0 . 3 1 3

( 6 . 3 2  ,  5 . 3  ) ( 9 . 3 4  t g . g  )

END TABULAR FT'NCTION I, lFLPT;

END PARAI,IETER SET 1;

1 )  M F L P ( - )

, 4 2 . 6 9 8 )  ( 0 .  r 7 g 5  t 4 2 . 4 6 9 )

, 4 2 . L 4  )  ( 6 . 2 1 6  , 4 t . g g  )

, 4 9 . L  )  ( 9 . 2 5 2 5 , 3 9 . 6 9  )

, 3 5 . 9 4  ) ( 9 . 2 7 7  , 3 4 . 5 9  )

, 3 1 . 4  )  p . 2 9 2  , 2 9 . 9  )

, 2 3 . 2  
' , )  ( 9 . 3 9 3  |  2 L . 4  )

, 1 3 .  I  )  ( 0 . 3 1 6 5 ,  9 . 5  )
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FRAIVIE I FOR EVAPORATING FROII SOIL

GLOBAL

SI I IULATE UNTIL  TME =  S .A i

INTEGRATE BY RT'NGE-KUTTA;

END GLOBAL ;

IIODEL EVAPORATION FROI,I SOIL

IN IT IAL IZE  STATES

TEVAP =  A .  i

W ( 1 . . 1 8 )  =  L 8 t ' 9 . 2 9 2 5 i

CO}II I IJNICATE AT EVERY 9.25 TIME TINIT;

s A v E  w ( 1 . . 1 6 ) ,  p s l  ( 1 . . 8 ) ,  K ( 1 . . 9 ) ,  F t w ( 1 ) ,  T E V A p ;

INTERPOLATION LINEAR K,  PSI ,  I I IFLP;

END },IODEL EVAPORATION FROM SOIL i

END FRAIIIE 1;

RUN 1 TO OBSERVE I4ODEL EVAPORATION-FROTII-SOIL

WITH PARAIIETER SET 1 IN FRAI,IE 1

WITH POST RI 'N

OUTPUT I IODULE 1 ON PRINTER

END POST RT'N

END RI.JN 1

OUTPUT I.,TODULE I

PRINT FOR FIRST PAGE 1 HEADING LINE;

STUDY OF EVAPORATION FROI,T SOIL - VERSION I

L r s T  T I l t E ,  W ( 1 . . 1 6 ) ,  p s l ( 1 . . 9 ) ,  K ( 1 . . 9 ) ,  F L W ( r ) ;

PLOT TEVAP VERSUS TIII1E;

PLOT FLW( f  )  VERSUS T I I {E  WHILE  (T I t tE  (=  L .g l i

PLOT W(1 )  VERSUS T I I IE  WHILE  (T I I ' {E  (=  A .5 l  i

END OUTPUT I,IODULE I;

END PROGRA}I STUDY OF EVAPORATION FROI4 SOIL;

{
4

I

PROGRAT SlI

(r This nl

Elaqulrl

Report I

Lund ltu

couPLEl

EE

Btr

CC
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PROGRAIT,T STUDY-OF_I,IOTOR_C ONTROLLE R

( *  t h i s  mode l  i s  adap ted  f r om:

E l m q u i s t ,  H .  ( 1 9 2 5 ) .  S I M N O N  U s e r r s  M a n u a l ,
R e p o r t  7 5 9 2 ,  D e p t .  o f  A u t o m a t i c  C o n t r o l ,

Lund  I ns t i t u te  o f  Techno logy ,  Sweden  * )

COUPLED MODEL I,TOTOR-CONTROLLER

EXTERNAL

INPUT YREF;

END EXTERNAL;

COMPONENT ! , IODELS pID CONTROLLER, MOTfOR;

CONTINUOUS MODEL P ID  CONTROLLER;

STATIC STRUCTURE

INPUTS YREF,  Y;

STATES T,  X;

OUTPUT U;

AUXILIARY VARIABLES E,  P,  D;

PARAMETERS G,  GD,  TD,  TI ;

END STATIC STRUCTURE;

DYNAMIC STRUCTURE

DERIVATIVES

I r  =  E / T I I

x ,  =  _ G D / T D * ( X  _  y ) ;

E = y R E F - y ;

END DERIVATIVES;

OUTPUT FIJNCTION

U =  p t I *D ;

P  =  G * E ;

D _ _ G D * ( Y _ x ) ;

END OUTPUT FI 'NCTION;

END DYNAIT{IC STRUCTURE;
END MODEL PID_CONTROLLER;

l ) ;
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CONTINUOUS I ' IODEL MoToR

STATIC STRUCTURE

INPUT U ;

STATES TH,  THDOT;

OUTPUT Y;

AUXILIARY VARIABLES Iv lE,  I ;

PARAIIETERS KT.!,  R, J, CT;

END STATIC STRUCTURE;

DYNA!,IIC STRUCTURE

DERIVATIVES

THr  =  THDOT;

THDOTT = t {E/J i

Ir lE = Kl. l*I ;

I  =  (U-KI ! *THDOT)rzR;

END DERIVATIVES;

OUTPUT FUNCTION

Y =  CT*TH;

END OUTPUT FI 'NCTION;

END DYNAIT{IC STRUCTURE;

END MODEL MOTOR;

END COII{PONENT TrIODELS ;

EQUIVALENCING

INPUTS

l ' lo roR_coNTRoLLER.r fREF = prD coNTRoLLER.y REF;
END EQUIVALENCING;

COUPLING FOR }!OTOR-CONTROLLER

PID-CONTROLLER. YREF

(*  EXTERNAL INPUT
PID-CONTROLLER. Y

l,tOTOR. U

END COUPLING FOR MOTOR CONTROLLER;

END IIODEL I,IOTOR CONTROLLER i

:i

NI

EID

rnrl
I

I

I

* )

EN

EUT' I



IR .  YREF;

INAL INPUT
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PARAMETER SET 1 FOR IvIoToR coNTRoLLER

I'IODE L PID_CONTROLLER

G  =  L . A ,

G D  =  L . A ;

T D  =  L . 6 i

T I  =  1 . 8 1 0 ;

END I , IODEL PID CONTROLLER;

MODEL f, tOTOR

K M  =  6 . 2  E - 3 ;

R  =  5 . 3 1

J  = ' 1  . 5  E - 7 i

C T  =  6 . A 3 3 i

END MODEL IIOTOR;

END PARAIT{ETER SET I ;

FRAI,IE 1 FOR II,IOTOR CONTROLLER

GLOBAL

TI I I {E TJNIT IS SECOND;

SI I4ULATE ITNTIL TI I I IE = 5 .A i

INTEGRATE BY RT'NGE KUTTA, REL ERROR

COI'I ! , IT,NICATE AT EVERY g.OL SECOND;

END GLOBAL;

I,IODE L PID_CONTROLLER

IN IT IAL IZE  STATES TO ZERO;

SAVE U;

END I , IODEL PID CONTROLLER;

II{ODEL Ir{OTOR

IN IT IAL IZE  STATES

T H  =  A . O i

Y H D O T =  A . 6 i

SAVE Y;

END MODEL II IOTOR;

END FRAII{E 1;

=  A . 6 0 6 L i
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1 TO OBSERVE }TODEL I, IOTOR-CONTROLLER

WITH PARAIT{ETER SET I IN FRAME 1;

9{ITH POST RTJN

OUTPUT II{ODULE 1 ON PRINTER;

END POST RTIN;

END RT'N I;

OUTPUT }IODULE I

PRINT FOR FIRST PAGE I  HEADING LINE;

STUDY OF !{OTOR-CONTROLLER

PLOT AND LIST U,  V VERSUS TI I IE;

END OUTPUT MODULE I ;

END PROGRAII{ STI.'DY OF Ii{OTOR CONTROLLER;
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APPENDIX: THE I,IETALAilGUAGE USED To DEFINE GEST 81

Te rm ina l  symbo ls  o f  t he  GEST 81  l anguage  a re  enc losed  w i t h i n  quo ta -
t i on  na rks  and  a re  w r i t t en  i n  uppER CASE CHARACTERS.

Non- te rm ina l  symbo ls  o f  t he  GEST g I

c a s e  c h a r a c t e r s .

l a n g u a g e  a r e  w r i t t e n i n  l o w e r

When  a  non - te rm ina l  symbo l  r equ i res  more

i s  used  be tween - the -wo rds .

t han  one  wo rd ,  hyphen  ' ' - n

-  A  b l a n k  s e p a r a t e s  t w o  s y n t a c t i c  u n i t s .

-  A  p e r i o d  ' . '  i n d i c a t e s  e n d  o f  a  r u l e .

-  Le f t  and  r i gh t  s i des  o f  any  ru l e  o f  t he  g rammar  a re  sepa ra ted  by  t he
equ i va lence  symbo l  f , = i  wh i ch  can  be  read  ' i s "  o r  ' can  be  f o rmed
f r o m .  "

-  E x c l u s i v e  o r  i s
n o r t

-  Pa ren theses  "  (

-  Squa re  b racke ts

r e n c e .

represented by t ,he symbol ' l  n  w h i c h  c a n  b e read

)  "  i n d i c a t e  g r o u p i n g  w i t h o u t  r e p e t i t i o n .

"  [  ] '  i n d i c a t e  o p t i o n ,  t h a t  i s ,  z e r o  o r  o n e o c c u -

C u r l y  b r a c k e t s

o c c u r e n c e s .

" {  } "  i n d i c a t e  r e p e t i t i o n , t h a t  i s ,  o n e  o r  m o r e

Z e r o  o r  m o r e  o c c u r e n c e s

b i n a t i o n  o f  s q u a r e  a n d

o f  a  s y n t a t i c

c u r l y  b r a c k e t s ,

un i t  i s  r ep resen ted  by  a  com-

i . e . ,  b y  " [ {  } ] " .
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