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1 Un mercato semplice

Listing 1: La classe per il Consumer: interfaccia� �
/ / consumer . h
/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
# import < o b j e c t b a s e / SwarmObject . h>
# import < s i m t o o l s . h>
# import < c o l l e c t i o n s . h>
# import < random . h>

@inter face Consumer : SwarmObject
f

/ / d e f i n e v a r i a b l e s f o r t h e consumer
i n t myBudget ;
i n t myName ;
i n t moneySpent ;
g

/ / d e f i n e methods f o r t h e consumer
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/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�setConsumerName : (i n t ) name Budget : (i n t ) budge t ;

/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
�( i n t ) goToTheMarket ;

/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend ;

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u dg e t ;

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
/ / p a r t s o f t h e program
�( i n t ) getConsumerName ;
�( i n t ) ge tBudge t ;
@end
� �


Listing 2: La classe per il Consumer: implementazione� �
/ / consumer .m
/ / l oad t h e heade r f i l e s
# import "Consumer.h"

@implementation Consumer

/ / d e f i n e methods f o r t h e consumer
/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�setConsumerName : (i n t ) name Budget : (i n t ) budge t

f
myName=name ;
myBudget=budge t ;
re tu rn s e l f ;
g

/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
�( i n t ) goToTheMarket

f
i n t k ;
k =[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : 1 ] ;
re tu rn k ;
g

/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend

f
moneySpent=[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : myBudget ] ;
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re tu rn moneySpent ;
g

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u d ge t

f
myBudget�=moneySpent ;
re tu rn myBudget ;
g

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
/ / p a r t s o f t h e program
�( i n t ) getConsumerName

f
re tu rn myName ;
g

�( i n t ) ge tBudge t
f
re tu rn myBudget ;
g

@end
� �


Listing 3: Il modelSwarm: interfaccia� �
/ / modelSwarm . h

/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
# import < o b j e c t b a s e / Swarm . h>
# import < a c t i v i t y . h>
# import < s i m t o o l s . h>
# import < random . h>
# import "Consumer.h"

@inter face ModelSwarm : Swarm
f

/ / he re a r e d e c l a r e d v a r i a b l e s which a r e g l o b a l t o t h e ModelSwarm c l a s s
i d <Schedu le> mode lSchedu le ;
i d <Act ionGroup> mode lAc t ions ;
Consumer � aConsumer ;
i n t modelTime ;
g

/ / c r e a t i o n methods which a l l ow us t o i n i t i a l i s e p a r a m e t e r s
+ c r e a t e B e g i n : (i d ) aZone ;
�c r e a t e E n d ;
/ / t h i s method c r e a t e s t h e consumers
�b u i l d O b j e c t s ;
/ / t h i s method d e a l s w i th what happens on a marke t
�marketDay ;
/ / t h e s e methods d e a l w i th t h e runn ing o f t h e model
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�b u i l d A c t i o n s ;
�a c t i v a t e I n : (i d ) swarmContext ;

@end
� �


Listing 4: Il modelSwarm: implementazione� �
/ / ModelSwarm .m

# import "ModelSwarm.h"

@implementation ModelSwarm

+ c r e a t e B e g i n : (i d ) aZone
f
ModelSwarm � ob j ;

/ / c a l l t h e c r e a t e B e g i n method o f t h e s u p e r C l a s s
ob j = [ super c r e a t e B e g i n : aZone ] ;

/ / i n i t i a l i s e t ime v a r i a b l e
ob j �> modelTime=0;
re tu rn ob j ;
g

�c r e a t e E n d
f
re tu rn [ super c r e a t e E n d ] ;
g

�b u i l d O b j e c t s
f
i n t budget =10;
i n t consumerName =1;
[ super b u i l d O b j e c t s ] ;
/ / c r e a t e t h e consumer
aConsumer =[ Consumer c r e a t e : [s e l f getZone ] ] ;
[ aConsumer setConsumerName : consumerName Budget :budge t ] ;
re tu rn s e l f ;
g

�marketDay
f
i n t go ;
i n t spend ing ;
go =[ aConsumer goToTheMarket ] ;
i f ( go )

f
spend ing =[ aConsumer spend ] ;

/ / now , p r i n t a r e p o r t o f t h e consumer ’ s a c t i o n s
p r i n t f ("This is time %d\n" , modelTime ) ;
p r i n t f ("I am consumer %d, I went to the market and spent %d\n"

, [ aConsumer getConsumerName ] , spend ing ) ;
p r i n t f ("I have %d of currency left.\n" , [ aConsumer
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c a l c u l a t e R e m a i n i n g B u d ge t ] ) ;
g

e l s e
f
/ / p r i n t consumer ’ s s t a t e
p r i n t f ("This is time %d\n" , modelTime ) ;
p r i n t f ("I am consumer %d, I did not go to the market.\n" , [

aConsumer getConsumerName ] ) ;
p r i n t f ("I have %d of currency left.\n" , [ aConsumer ge tBudge t ] ) ;
g

re tu rn s e l f ;
g

�b u i l d A c t i o n s
f
/ / c r e a t e an a c t i o n group f o r t h e a c t i o n s t h e model need t o
/ / per fo rm a t each t ime p e r i o d ( t h i s i s no t ne c e s s a r y he re
/ / a r e t h e r e i s on ly one a c t i o n ) .
mode lAc t ions =[ Act ionGroup c r e a t e B e g i n :s e l f ] ;
mode lAc t ions =[ mode lAc t ions c r e a t e E n d ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( marketDay ) ] ;

/ / now s c h e d u l e t h e a c t i o n s i n t ime
mode lSchedule = [ Schedu le c r e a t e B e g i n :s e l f ] ;
mode lSchedule = [ mode lSchedule c r e a t e E n d ] ;
[ mode lSchedule a t : 0 c r e a t e A c t i o n : mode lAc t ions ] ;
re tu rn s e l f ;
g

�a c t i v a t e I n : (i d ) swarmContext
f
[ super a c t i v a t e I n : swarmContext ] ;
[ mode lSchedule a c t i v a t e I n :s e l f ] ;

re tu rn [ s e l f g e t A c t i v i t y ] ;
g

@end
� �


Listing 5: Il file main� �
/ / main .m

# import "ModelSwarm.h"

i n t main ( i n t a rgc , cons t char � � argv )
f
ModelSwarm � modelSwarm ;

in i tSwarm ( a rgc , a rgv ) ;

/ / c r e a t e t h e modelSwarm
modelSwarm = [ ModelSwarm c r e a t e B e g i n : g loba lZone ] ;
modelSwarm =[ modelSwarm c r e a t e E n d ] ;
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/ / s e t t h e seed o f t h e random g e n e r a t o r so r e s u l t s can be rep roduced
/ / ( t h i s i s f a c u l t a t i v e )

[ randomGenera to r s e t S t a t e F r o m S ee d :9 3 4 8 5 0 9 34 ] ;
/ / b u i l d o b j e c t s and a c t i o n s o f modelSwarm

[ modelSwarm b u i l d O b j e c t s ] ;
[ modelSwarm b u i l d A c t i o n s ] ;
[ modelSwarm a c t i v a t e I n : n i l ] ;
[ [ modelSwarm g e t A c t i v i t y ] run ] ;
re tu rn 0 ;
g

� �


Listing 6: Il Makefile� �
APPLICATION=marke t
OBJECTS=main . o ModelSwarm . o Consumer . o
i n c l u d e $ (SWARMHOME) / e t c / swarm / Make f i l e . app l
main . o : main .m ModelSwarm . h
ModelSwarm . o : ModelSwarm . h ModelSwarm .m Consumer . h
Consumer . o : Consumer . h Consumer .m
� �


2 Il mercato con collezioni di oggetti

Listing 7: La classe per il wrapper Integer: interfaccia� �
/ / I n t e g e r . h

# import < o b j e c t b a s e / SwarmObject . h>
# import < c o l l e c t i o n s . h>

@inter face I n t e g e r : SwarmObject
f
i n t v a l u e ;
g

�s e t V a l u e : (i n t ) v a l ;
�( i n t ) getMyValue ;
�( i n t ) compare : o t h e r I d ;
@end
� �


Listing 8: La classe per il wrapper Integer: implementazione� �
/ / I n t e g e r .m

# import "Integer.h"

@implementation I n t e g e r

/ / t o s e t t h e v a l u e o f t h e o b j e c t
�s e t V a l u e : (i n t ) v a l

f
v a l u e= v a l ;
re tu rn s e l f ;
g
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/ / t o r e t r i e v e t h e v a l u e o f t h e o b j e c t
�( i n t ) getMyValue

f
re tu rn v a l u e ;
g

/ / t o compare o b j e c t s
� ( i n t ) compare : o t h e r I d
f

i f ( [ s e l f getMyValue ] = = [ o t h e r I d getMyValue ] )
f
re tu rn 0 ;
g

e l s e i f ( [ s e l f getMyValue ] > [ o t h e r I d getMyValue ] )
f
re tu rn 1 ;
g

e l s e
f
re tu rn �1 ;
g

g
@end
� �


Listing 9: La classe per il Consumer: interfaccia� �
/ / consumer . h
/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
# import < o b j e c t b a s e / Swarm . h>
# import < o b j e c t b a s e / SwarmObject . h>
# import < a c t i v i t y . h>
# import < s i m t o o l s . h>
# import < c o l l e c t i o n s . h>
# import < random . h>

@inter face Consumer : SwarmObject
f

/ / d e f i n e v a r i a b l e s f o r t h e consumer
i n t myBudget ;
i n t myMaxBudget ;
i n t myName ;
i n t moneySpent ;
i d <Map> mapOfSpending ;
i d <Array> a r r a y O f V i s i t s ;
g

/ / d e f i n e methods f o r t h e consumer
/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�( vo id ) setConsumerName : (i n t ) name MaxBudget : (i n t ) maxBudget S t a r t Bu d g e t : (

i n t ) s t a r t B u d g e t ;

/ / methods t o c r e a t e t h e map of spend ing and t h e a r r a y o f v i s i t s
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�crea teMapOfSpending : aZone ;
�c r e a t e A r r a y O f V i s i t s : aZone : (i n t ) s i z e ;

/ / t h i s method draws a random number between 0 and
/ / maxBudget t o d e t e r m i n e t h ebudge t o f t h e consumer
/ / ( no need t o pass arguments as myMaxBudget i s a
/ / g l o b a l v a r i a b l e f o r t h e consumer )
�( i n t ) f i ndBudge t ;

/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
�( i n t ) goToTheMarket ;

/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend ;

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u dg e t ;

/ / t h e s e methods a r e used t o add e lemen ts t o t h e map of s p e n d i n g s ,
/ / and t h e a r r a y o f v i s i t s . They w i l l a l s o t a k e c a r e o f c a s t i n g t h e
/ / ( i n t ) v a l u e s i n t o I n t e g e r o b j e c t s
�upda teSpend ing : (i n t ) key : ( i n t ) v a l u e ;
�u p d a t e V i s i t s : (i n t ) o f f s e t : ( i n t ) v a l u e ;

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
/ / p a r t s o f t h e program
�( i n t ) getConsumerName ;
�( i n t ) ge tBudge t ;
�( i n t ) g e t V i s i t V a l u e : ( i n t ) o f f s e t ;
�( i n t ) ge tSpend ingVa lue : (i n t ) key ;
@end
� �


Listing 10: La classe per il Consumer: implementazione� �
/ / consumer .m
/ / l oad t h e heade r f i l e s
# import "Consumer.h"
# import "Integer.h"

@implementation Consumer

/ / d e f i n e methods f o r t h e consumer
/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�( vo id ) setConsumerName : (i n t ) name MaxBudget : (i n t ) maxBudget S t a r t Bu d g e t : (

i n t ) s t a r t B u d g e t ;
f
myName=name ;
myBudget= s t a r t Bu d g e t ;
myMaxBudget=maxBudget ;
g
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/ / methods t o c r e a t e t h e map of spend ing and t h e a r r a y o f v i s i t s
�crea teMapOfSpending : aZone

f
mapOfSpending =[Map c r e a t e : aZone ] ;
re tu rn s e l f ;
g

�c r e a t e A r r a y O f V i s i t s : aZone : (i n t ) s i z e
f
/ / no te , a r r a y s a r e o f f i x e d s i z e , so they need t h e se tCoun t method
/ / when c r e a t e d
a r r a y O f V i s i t s =[ Array c r e a t e : aZone se tCoun t : s i z e ] ;
re tu rn s e l f ;
g

/ / t h i s method draws a random number between 0 and
/ / maxBudget t o d e t e r m i n e t h ebudge t o f t h e consumer
/ / ( no need t o pass arguments as myMaxBudget i s a
/ / g l o b a l v a r i a b l e f o r t h e consumer )
�( i n t ) f i ndBudge t

f
/ / t a k e myBudget and add t o i t a random v a r i a b l e between
/ / 0 and myMaxBudget ( need t o add as myBudget may no t
/ / be 0 ( i f n o t a l l was s p e n t ) )
myBudget+=[ un i f orm In tRand ge t In tege rWi thM in : 0 withMax : myMaxBudget ] ;
re tu rn myBudget ;
g

/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
�( i n t ) goToTheMarket

f
i n t k ;
k =[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : 1 ] ;
re tu rn k ;
g

/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend

f
moneySpent=[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : myBudget ] ;
re tu rn moneySpent ;
g

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u d ge t

f
myBudget�=moneySpent ;
re tu rn myBudget ;
g
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/ / t h e s e methods a r e used t o add e lemen ts t o t h e map of s p e n d i n g s ,
/ / and t h e a r r a y o f v i s i t s . They w i l l a l s o t a k e c a r e o f c a s t i n g t h e
/ / ( i n t ) v a l u e s i n t o I n t e g e r o b j e c t s
�upda teSpend ing : (i n t ) key : ( i n t ) v a l u e

f
I n t e g e r � keyOb jec t ;
I n t e g e r � v a l u e O b j e c t ;

keyOb jec t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ keyOb jec t s e t V a l u e : key ] ;
v a l u e O b j e c t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ v a l u e O b j e c t s e t V a l u e : v a l u e ] ;

[ mapOfSpending a t : keyOb jec t i n s e r t : v a l u e O b j e c t ] ;
re tu rn s e l f ;
g

�u p d a t e V i s i t s : (i n t ) o f f s e t : ( i n t ) v a l u e
f
I n t e g e r � v a l u e O b j e c t ;

v a l u e O b j e c t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ v a l u e O b j e c t s e t V a l u e : v a l u e ] ;

[ a r r a y O f V i s i t s a t O f f s e t : o f f s e t pu t : v a l u e O b j e c t ] ;
re tu rn s e l f ;
g

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
/ / p a r t s o f t h e program
�( i n t ) getConsumerName

f
re tu rn myName ;
g

�( i n t ) ge tBudge t
f
re tu rn myBudget ;
g

/ / g e t v a l u e a t o f f s e t , i n a r r a y O f V i s i t s
�( i n t ) g e t V i s i t V a l u e : ( i n t ) o f f s e t

f
I n t e g e r � e lemen t ;
e l emen t =[ a r r a y O f V i s i t s a t O f f s e t : o f f s e t ] ;
re tu rn [ e l emen t getMyValue ] ;
g

/ / g e t v a l u e o f e lemen t a t key
�( i n t ) ge tSpend ingVa lue : (i n t ) key

f
I n t e g e r � keyOb jec t ;
I n t e g e r � e lemen t ;
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keyOb jec t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ keyOb jec t s e t V a l u e : key ] ;
e l emen t =[ mapOfSpending a t : keyOb jec t ] ;
re tu rn [ e l emen t getMyValue ] ;
g

@end
� �


Listing 11: Il modelSwarm: interfaccia� �
/ / modelSwarm . h

/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
# import < o b j e c t b a s e / Swarm . h>
# import < o b j e c t b a s e / SwarmObject . h>
# import < a c t i v i t y . h>
# import < s i m t o o l s . h>
# import < random . h>
# import "Consumer.h"

@inter face ModelSwarm : Swarm
f

/ / he re a r e d e c l a r e d v a r i a b l e s which a r e g l o b a l t o t h e ModelSwarm c l a s s
i d <Schedu le> mode lSchedu le ;
i d <Act ionGroup> mode lAc t ions ;
i n t modelTime ;
i n t maxTime ;
i n t s t a r t B u d g e t ;
i n t maxBudget ;
i n t n o t F i n i s h e d ;
i n t numberOfConsumers ;
i d < L i s t> l i s t O f C o n s u mer s ;
g

/ / c r e a t i o n methods which a l l ow us t o i n i t i a l i s e p a r a m e t e r s
+ c r e a t e B e g i n : (i d ) aZone ;
�c r e a t e E n d ;
/ / t h i s method c r e a t e s t h e consumers
�b u i l d O b j e c t s ;
/ / t h i s method d e a l s w i th what happens on a marke t
�marketDay ;
/ / t h e s e methods d e a l w i th t h e runn ing o f t h e model
�i n c r e a s e T i m e ;
�checkToStop ;
�b u i l d A c t i o n s ;
�a c t i v a t e I n : (i d ) swarmContext ;

@end
� �


Listing 12: Il modelSwarm: implementazione� �
/ / ModelSwarm .m
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# import "ModelSwarm.h"

@implementation ModelSwarm

+ c r e a t e B e g i n : (i d ) aZone
f
ModelSwarm � ob j ;

/ / c a l l t h e c r e a t e B e g i n method o f t h e s u p e r C l a s s
ob j = [ super c r e a t e B e g i n : aZone ] ;

/ / i n i t i a l i s e t ime v a r i a b l e
ob j �> modelTime=0;
ob j �> maxTime=5;
ob j �> numberOfConsumers =3 ;
ob j �> s t a r t B u d g e t = 0 ; / / no endowment
ob j �> maxBudget=10;
ob j �> n o t F i n i s h e d =1 ;
re tu rn ob j ;
g

�c r e a t e E n d
f
re tu rn [ super c r e a t e E n d ] ;
g

�b u i l d O b j e c t s
f
i n t i ;
i n t name ;

/ / c r e a t e t h e l i s t o f consumers
l i s t O f C o n s u mers =[ L i s t c r e a t e : [s e l f getZone ] ] ;

/ / i t e r a t e over a l l p o s s i b l e consumers ( from 1 t o numberOfConsumers )
f o r ( i =1 ; i<=numberOfConsumers ;++ i )

f
Consumer � aConsumer ;

/ / name of consumer= index i
name= i ;

/ / c r e a t e t h e consumers
aConsumer =[ Consumer c r e a t e : [s e l f getZone ] ] ;
[ aConsumer setConsumerName : name MaxBudget : maxBudget S t a r t Bu d g e t

: s t a r t B u d g e t ] ;
/ / c r e a t e t h e map and a r r a y s ( t h e a r r a y i s c r e a t e d wi th a s i z e o f
/ / maxTime + 1 , as t ime s t a r t s a t 0

[ aConsumer crea teMapOfSpending : [s e l f getZone ] ] ;
[ aConsumer c r e a t e A r r a y O f V i s i t s : [s e l f getZone ] : maxTime + 1 ] ;

/ / add consumer t o t h e l i s t
[ l i s t O f C o n s u mer s a d d F i r s t : aConsumer ] ;
g

re tu rn s e l f ;
g

�marketDay
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f
i n t go ;
i n t spend ing ;
i n t budget ;
i d < Index> i = n i l ; / / t o i t e r a t e over t h e l i s t o f consumers
Consumer � l i s t E l e m e n t ;

/ / i t e r a t e over t h e l i s t o f consumers
/ / f i r s t , c r e a t e t h e index i

i =[ l i s t O f C o n s u me rs beg in : [s e l f getZone ] ] ;
whi le ( ( l i s t E l e m e n t =[ i nex t ] ) != n i l )

f
/ / upda te t h e budge t o f t h e consumer

budge t =[ l i s t E l e m e n t f i ndBudge t ] ;

/ / i s he go ing t o t h e marke t ?
go =[ l i s t E l e m e n t goToTheMarket ] ;
i f ( go )

f
spend ing =[ l i s t E l e m e n t spend ] ;

/ / add 1 t o a r r a y O f V i s i t s , a t t h e p o s i t i o n c o r r e s p o n d i n g t o
/ / c u r r e n t modelTime

[ l i s t E l e m e n t u p d a t e V i s i t s : modelTime : 1 ] ;
/ / add spend ing a t t h e key modelTime i n t h e mapOfSpending

[ l i s t E l e m e n t upda teSpend ing : modelTime : spend ing ] ;
/ / now , p r i n t a r e p o r t o f t h e consumer ’ s a c t i o n s

p r i n t f ("This is time %d\n" , modelTime ) ;
p r i n t f ("I am consumer %d\n" , [ l i s t E l e m e n t getConsumerName ] ) ;
p r i n t f ("My current budget is %d\n" , [ l i s t E l e m e n t ge tBudge t ] )

;
p r i n t f ("Did I go to the market? %d (from array)\n" , [

l i s t E l e m e n t g e t V i s i t V a l u e : modelTime ] ) ;
p r i n t f ("I spent %d (from map)\n" , [ l i s t E l e m e n t

ge tSpend ingVa lue : modelTime ] ) ;
p r i n t f ("I have %d of currency left.\n" , [ l i s t E l e m e n t

c a l c u l a t e R e m a i n i n g B u d ge t ] ) ;
g

e l s e
f

/ / add 0 t o a r r a y O f V i s i t s a t modelTime
[ l i s t E l e m e n t u p d a t e V i s i t s : modelTime : 0 ] ;

/ / add 0 t o mapOfSpending a t modelTime
[ l i s t E l e m e n t upda teSpend ing : modelTime : 0 ] ;

/ / p r i n t consumer ’ s s t a t e
p r i n t f ("This is time %d\n" , modelTime ) ;
p r i n t f ("I am consumer %d\n" , [ l i s t E l e m e n t getConsumerName ] ) ;
p r i n t f ("My current budget is %d\n" , [ l i s t E l e m e n t ge tBudge t ] )

;
p r i n t f ("Did I go to the market? %d (from array)\n" , [

l i s t E l e m e n t g e t V i s i t V a l u e : modelTime ] ) ;
p r i n t f ("I have %d of currency left.\n" , [ l i s t E l e m e n t

ge tBudge t ] ) ;
g

g / / end o f i t e r a t i o n on l i s t O f C o n s u m ers
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/ / i t i s good p r a c t i c e t o dropunused o b j e c t s l i k e i n d e x e s when they
/ / a r e no l o n g e r needed

[ i drop ] ;
re tu rn s e l f ;
g

�i n c r e a s e T i m e
f

/ / a t t h e end o f a p e r i o d , modelTime need t o be i n c r e a s e d by 1
++modelTime ;
re tu rn s e l f ;
g

�checkToStop
f

/ / i f modelTime<maxTime , then n o t F i n i s h e d i s 1 , o t h e r w h i s e i t
/ / i s 0

i f ( modelTime<=maxTime )
f
n o t F i n i s h e d =1 ;
g

e l s e
f
n o t F i n i s h e d =0 ;

/ / make s u r e t h e programs t e r m i n a t e s and we a r e back t o prompt
[ g e t T o p L e v e l A c t i v i t y ( ) t e r m i n a t e ] ;

g
re tu rn s e l f ;
g

�b u i l d A c t i o n s
f

/ / c r e a t e an a c t i o n group f o r t h e a c t i o n s t h e model need t o
/ / per fo rm a t each t ime p e r i o d
/ / f i r s t , we t e l l peop le t o go t o t h e marke t ( marketDay )
/ / t hen we i n c r e a s e t h e t ime o f t h e model ( i n c r e a s e T i m e )
/ / f i n a l l y we check whether t h i s t ime i s s t i l l v a l i d ( checkToStop )

mode lAc t ions =[ Act ionGroup c r e a t e B e g i n :s e l f ] ;
mode lAc t ions =[ mode lAc t ions c r e a t e E n d ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( marketDay ) ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( i n c r e a s e T i m e ) ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( checkToStop ) ] ;

/ / now s c h e d u l e t h e a c t i o n s i n t ime
mode lSchedule = [ Schedu le c r e a t e B e g i n :s e l f ] ;
[ mode lSchedule s e t R e p e a t I n t e r v a l : 1 ] ;
mode lSchedule = [ mode lSchedule c r e a t e E n d ] ;
[ mode lSchedule a t : 0 c r e a t e A c t i o n : mode lAc t ions ] ;
re tu rn s e l f ;
g

�a c t i v a t e I n : (i d ) swarmContext
f
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[ super a c t i v a t e I n : swarmContext ] ;
[ mode lSchedule a c t i v a t e I n :s e l f ] ;

re tu rn [ s e l f g e t A c t i v i t y ] ;
g

@end
� �


Listing 13: Il file main� �
/ / main .m

# import "ModelSwarm.h"

i n t main ( i n t a rgc , cons t char � � argv )
f
ModelSwarm � modelSwarm ;

in i tSwarm ( a rgc , a rgv ) ;

/ / c r e a t e t h e modelSwarm
modelSwarm = [ ModelSwarm c r e a t e B e g i n : g loba lZone ] ;
modelSwarm =[ modelSwarm c r e a t e E n d ] ;

/ / s e t t h e seed o f t h e random g e n e r a t o r so r e s u l t s can be rep roduced
/ / ( t h i s i s f a c u l t a t i v e )

[ randomGenera to r s e t S t a t e F r o m S ee d :1 0 0 0 0 0 ] ;
[ modelSwarm b u i l d O b j e c t s ] ;
[ modelSwarm b u i l d A c t i o n s ] ;
[ modelSwarm a c t i v a t e I n : n i l ] ;
[ [ modelSwarm g e t A c t i v i t y ] run ] ;
re tu rn 0 ;
g

� �


Listing 14: Il Makefile� �
APPLICATION=marke t
OBJECTS=main . o ModelSwarm . o Consumer . o I n t e g e r . o
i n c l u d e $ (SWARMHOME) / e t c / swarm / Make f i l e . app l
main . o : main .m ModelSwarm . h
ModelSwarm . o : ModelSwarm . h ModelSwarm .m Consumer . h
Consumer . o : Consumer . h Consumer .m I n t e g e r . h
I n t e g e r . o : I n t e g e r . h I n t e g e r .m
� �


3 Importare parametri da files

Listing 15: La classe per il wrapper Integer: interfaccia� �
/ / I n t e g e r . h

# import < o b j e c t b a s e / SwarmObject . h>
# import < c o l l e c t i o n s . h>
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@inter face I n t e g e r : SwarmObject
f
i n t v a l u e ;
g

�s e t V a l u e : (i n t ) v a l ;
�( i n t ) getMyValue ;
�( i n t ) compare : o t h e r I d ;
@end
� �


Listing 16: La classe per il wrapper Integer: implementazione� �
/ / I n t e g e r .m

# import "Integer.h"

@implementation I n t e g e r

/ / t o s e t t h e v a l u e o f t h e o b j e c t
�s e t V a l u e : (i n t ) v a l

f
v a l u e= v a l ;
re tu rn s e l f ;
g

/ / t o r e t r i e v e t h e v a l u e o f t h e o b j e c t
�( i n t ) getMyValue

f
re tu rn v a l u e ;
g

/ / t o compare o b j e c t s
� ( i n t ) compare : o t h e r I d
f

i f ( [ s e l f getMyValue ] = = [ o t h e r I d getMyValue ] )
f
re tu rn 0 ;
g

e l s e i f ( [ s e l f getMyValue ] > [ o t h e r I d getMyValue ] )
f
re tu rn 1 ;
g

e l s e
f
re tu rn �1 ;
g

g
@end
� �


Listing 17: La classe per il Consumer: interfaccia� �
/ / consumer . h
/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
# import < o b j e c t b a s e / Swarm . h>
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# import < o b j e c t b a s e / SwarmObject . h>
# import < a c t i v i t y . h>
# import < s i m t o o l s . h>
# import < c o l l e c t i o n s . h>
# import < random . h>

@inter face Consumer : SwarmObject
f

/ / d e f i n e v a r i a b l e s f o r t h e consumer
i n t myBudget ;
i n t myMaxBudget ;
i n t myName ;
i n t moneySpent ;
i d <Map> mapOfSpending ;
i d <Array> a r r a y O f V i s i t s ;
g

/ / d e f i n e methods f o r t h e consumer
/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�( vo id ) setConsumerName : (i n t ) name MaxBudget : (i n t ) maxBudget S t a r t Bu d g e t : (

i n t ) s t a r t B u d g e t ;

/ / methods t o c r e a t e t h e map of spend ing and t h e a r r a y o f v i s i t s
�crea teMapOfSpending : aZone ;
�c r e a t e A r r a y O f V i s i t s : aZone : (i n t ) s i z e ;

/ / t h i s method draws a random number between 0 and
/ / maxBudget t o d e t e r m i n e t h ebudge t o f t h e consumer
/ / ( no need t o pass arguments as myMaxBudget i s a
/ / g l o b a l v a r i a b l e f o r t h e consumer )
�( i n t ) f i ndBudge t ;

/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
�( i n t ) goToTheMarket ;

/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend ;

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u dg e t ;

/ / t h e s e methods a r e used t o add e lemen ts t o t h e map of s p e n d i n g s ,
/ / and t h e a r r a y o f v i s i t s . They w i l l a l s o t a k e c a r e o f c a s t i n g t h e
/ / ( i n t ) v a l u e s i n t o I n t e g e r o b j e c t s
�upda teSpend ing : (i n t ) key : ( i n t ) v a l u e ;
�u p d a t e V i s i t s : (i n t ) o f f s e t : ( i n t ) v a l u e ;

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
/ / p a r t s o f t h e program
�( i n t ) getConsumerName ;
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�( i n t ) ge tBudge t ;
�( i n t ) g e t V i s i t V a l u e : ( i n t ) o f f s e t ;
�( i n t ) ge tSpend ingVa lue : (i n t ) key ;
@end
� �


Listing 18: La classe per il Consumer: implementazione� �
/ / consumer .m
/ / l oad t h e heade r f i l e s
# import "Consumer.h"
# import "Integer.h"

@implementation Consumer

/ / d e f i n e methods f o r t h e consumer
/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�( vo id ) setConsumerName : (i n t ) name MaxBudget : (i n t ) maxBudget S t a r t Bu d g e t : (

i n t ) s t a r t B u d g e t ;
f
myName=name ;
myBudget= s t a r t Bu d g e t ;
myMaxBudget=maxBudget ;
g

/ / methods t o c r e a t e t h e map of spend ing and t h e a r r a y o f v i s i t s
�crea teMapOfSpending : aZone

f
mapOfSpending =[Map c r e a t e : aZone ] ;
re tu rn s e l f ;
g

�c r e a t e A r r a y O f V i s i t s : aZone : (i n t ) s i z e
f
/ / no te , a r r a y s a r e o f f i x e d s i z e , so they need t h e se tCoun t method
/ / when c r e a t e d
a r r a y O f V i s i t s =[ Array c r e a t e : aZone se tCoun t : s i z e ] ;
re tu rn s e l f ;
g

/ / t h i s method draws a random number between 0 and
/ / maxBudget t o d e t e r m i n e t h ebudge t o f t h e consumer
/ / ( no need t o pass arguments as myMaxBudget i s a
/ / g l o b a l v a r i a b l e f o r t h e consumer )
�( i n t ) f i ndBudge t

f
/ / t a k e myBudget and add t o i t a random v a r i a b l e between
/ / 0 and myMaxBudget ( need t o add as myBudget may no t
/ / be 0 ( i f n o t a l l was s p e n t ) )
myBudget+=[ un i f orm In tRand ge t In tege rWi thM in : 0 withMax : myMaxBudget ] ;
re tu rn myBudget ;
g

/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
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�( i n t ) goToTheMarket
f
i n t k ;
k =[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : 1 ] ;
re tu rn k ;
g

/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend

f
moneySpent=[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : myBudget ] ;
re tu rn moneySpent ;
g

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u d ge t

f
myBudget�=moneySpent ;
re tu rn myBudget ;
g

/ / t h e s e methods a r e used t o add e lemen ts t o t h e map of s p e n d i n g s ,
/ / and t h e a r r a y o f v i s i t s . They w i l l a l s o t a k e c a r e o f c a s t i n g t h e
/ / ( i n t ) v a l u e s i n t o I n t e g e r o b j e c t s
�upda teSpend ing : (i n t ) key : ( i n t ) v a l u e

f
I n t e g e r � keyOb jec t ;
I n t e g e r � v a l u e O b j e c t ;

keyOb jec t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ keyOb jec t s e t V a l u e : key ] ;
v a l u e O b j e c t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ v a l u e O b j e c t s e t V a l u e : v a l u e ] ;

[ mapOfSpending a t : keyOb jec t i n s e r t : v a l u e O b j e c t ] ;
re tu rn s e l f ;
g

�u p d a t e V i s i t s : (i n t ) o f f s e t : ( i n t ) v a l u e
f
I n t e g e r � v a l u e O b j e c t ;

v a l u e O b j e c t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ v a l u e O b j e c t s e t V a l u e : v a l u e ] ;

[ a r r a y O f V i s i t s a t O f f s e t : o f f s e t pu t : v a l u e O b j e c t ] ;
re tu rn s e l f ;
g

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
/ / p a r t s o f t h e program
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�( i n t ) getConsumerName
f
re tu rn myName ;
g

�( i n t ) ge tBudge t
f
re tu rn myBudget ;
g

/ / g e t v a l u e a t o f f s e t , i n a r r a y O f V i s i t s
�( i n t ) g e t V i s i t V a l u e : ( i n t ) o f f s e t

f
I n t e g e r � e lemen t ;
e l emen t =[ a r r a y O f V i s i t s a t O f f s e t : o f f s e t ] ;
re tu rn [ e l emen t getMyValue ] ;
g

/ / g e t v a l u e o f e lemen t a t key
�( i n t ) ge tSpend ingVa lue : (i n t ) key

f
I n t e g e r � keyOb jec t ;
I n t e g e r � e lemen t ;
keyOb jec t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ keyOb jec t s e t V a l u e : key ] ;
e l emen t =[ mapOfSpending a t : keyOb jec t ] ;
re tu rn [ e l emen t getMyValue ] ;
g

@end
� �


Listing 19: Il modelSwarm: interfaccia� �
/ / modelSwarm . h

/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
# import < o b j e c t b a s e / Swarm . h>
# import < o b j e c t b a s e / SwarmObject . h>
# import < a c t i v i t y . h>
# import < s i m t o o l s . h>
# import < random . h>
# import "Consumer.h"

@inter face ModelSwarm : Swarm
f

/ / he re a r e d e c l a r e d v a r i a b l e s which a r e g l o b a l t o t h e ModelSwarm c l a s s
i d <Schedu le> mode lSchedu le ;
i d <Act ionGroup> mode lAc t ions ;
i n t modelTime ;
i n t maxTime ;
i n t s t a r t B u d g e t ;
i n t maxBudget ;
i n t n o t F i n i s h e d ;
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i n t numberOfConsumers ;
i d < L i s t> l i s t O f C o n s u mer s ;
g

/ / c r e a t i o n methods which a l l ow us t o i n i t i a l i s e p a r a m e t e r s
+ c r e a t e B e g i n : (i d ) aZone ;
�c r e a t e E n d ;
/ / t h i s method c r e a t e s t h e consumers
�b u i l d O b j e c t s ;
/ / t h i s method d e a l s w i th what happens on a marke t
�marketDay ;
/ / t h e s e methods d e a l w i th t h e runn ing o f t h e model
�i n c r e a s e T i m e ;
�checkToStop ;
�b u i l d A c t i o n s ;
�a c t i v a t e I n : (i d ) swarmContext ;

@end
� �


Listing 20: Il modelSwarm: implementazione� �
/ / ModelSwarm .m

# import "ModelSwarm.h"

@implementation ModelSwarm

+ c r e a t e B e g i n : (i d ) aZone
f
ModelSwarm � ob j ;

/ / c a l l t h e c r e a t e B e g i n method o f t h e s u p e r C l a s s
ob j = [ super c r e a t e B e g i n : aZone ] ;
re tu rn ob j ;
g

�c r e a t e E n d
f
re tu rn [ super c r e a t e E n d ] ;
g

�b u i l d O b j e c t s
f
i n t i ;
i n t name ;

/ / c r e a t e t h e l i s t o f consumers
l i s t O f C o n s u mers =[ L i s t c r e a t e : [s e l f getZone ] ] ;

/ / i t e r a t e over a l l p o s s i b l e consumers ( from 1 t o numberOfConsumers )
f o r ( i =1 ; i<=numberOfConsumers ;++ i )

f
Consumer � aConsumer ;

/ / name of consumer= index i
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name= i ;
/ / c r e a t e t h e consumers

aConsumer =[ Consumer c r e a t e : [s e l f getZone ] ] ;
[ aConsumer setConsumerName : name MaxBudget : maxBudget S t a r t Bu d g e t

: s t a r t B u d g e t ] ;
/ / c r e a t e t h e map and a r r a y s ( t h e a r r a y i s c r e a t e d wi th a s i z e o f
/ / maxTime + 1 , as t ime s t a r t s a t 0

[ aConsumer crea teMapOfSpending : [s e l f getZone ] ] ;
[ aConsumer c r e a t e A r r a y O f V i s i t s : [s e l f getZone ] : maxTime + 1 ] ;

/ / add consumer t o t h e l i s t
[ l i s t O f C o n s u mer s a d d F i r s t : aConsumer ] ;
g

re tu rn s e l f ;
g

�marketDay
f
i n t go ;
i n t spend ing ;
i n t budget ;
i d < Index> i = n i l ; / / t o i t e r a t e over t h e l i s t o f consumers
Consumer � l i s t E l e m e n t ;

/ / i t e r a t e over t h e l i s t o f consumers
/ / f i r s t , c r e a t e t h e index i

i =[ l i s t O f C o n s u me rs beg in : [s e l f getZone ] ] ;
whi le ( ( l i s t E l e m e n t =[ i nex t ] ) != n i l )

f
/ / upda te t h e budge t o f t h e consumer

budge t =[ l i s t E l e m e n t f i ndBudge t ] ;

/ / i s he go ing t o t h e marke t ?
go =[ l i s t E l e m e n t goToTheMarket ] ;
i f ( go )

f
spend ing =[ l i s t E l e m e n t spend ] ;

/ / add 1 t o a r r a y O f V i s i t s , a t t h e p o s i t i o n c o r r e s p o n d i n g t o
/ / c u r r e n t modelTime

[ l i s t E l e m e n t u p d a t e V i s i t s : modelTime : 1 ] ;
/ / add spend ing a t t h e key modelTime i n t h e mapOfSpending

[ l i s t E l e m e n t upda teSpend ing : modelTime : spend ing ] ;
/ / now , p r i n t a r e p o r t o f t h e consumer ’ s a c t i o n s

p r i n t f ("This is time %d\n" , modelTime ) ;
p r i n t f ("I am consumer %d\n" , [ l i s t E l e m e n t getConsumerName ] ) ;
p r i n t f ("My current budget is %d\n" , [ l i s t E l e m e n t ge tBudge t ] )

;
p r i n t f ("Did I go to the market? %d (from array)\n" , [

l i s t E l e m e n t g e t V i s i t V a l u e : modelTime ] ) ;
p r i n t f ("I spent %d (from map)\n" , [ l i s t E l e m e n t

ge tSpend ingVa lue : modelTime ] ) ;
p r i n t f ("I have %d of currency left.\n" , [ l i s t E l e m e n t

c a l c u l a t e R e m a i n i n g B u d ge t ] ) ;
g

e l s e
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f
/ / add 0 t o a r r a y O f V i s i t s a t modelTime

[ l i s t E l e m e n t u p d a t e V i s i t s : modelTime : 0 ] ;
/ / add 0 t o mapOfSpending a t modelTime

[ l i s t E l e m e n t upda teSpend ing : modelTime : 0 ] ;
/ / p r i n t consumer ’ s s t a t e

p r i n t f ("This is time %d\n" , modelTime ) ;
p r i n t f ("I am consumer %d\n" , [ l i s t E l e m e n t getConsumerName ] ) ;
p r i n t f ("My current budget is %d\n" , [ l i s t E l e m e n t ge tBudge t ] )

;
p r i n t f ("Did I go to the market? %d (from array)\n" , [

l i s t E l e m e n t g e t V i s i t V a l u e : modelTime ] ) ;
p r i n t f ("I have %d of currency left.\n" , [ l i s t E l e m e n t

ge tBudge t ] ) ;
g

g / / end o f i t e r a t i o n on l i s t O f C o n s u m ers
/ / i t i s good p r a c t i c e t o dropunused o b j e c t s l i k e i n d e x e s when they
/ / a r e no l o n g e r needed

[ i drop ] ;
re tu rn s e l f ;
g

�i n c r e a s e T i m e
f

/ / a t t h e end o f a p e r i o d , modelTime need t o be i n c r e a s e d by 1
++modelTime ;
re tu rn s e l f ;
g

�checkToStop
f

/ / i f modelTime<maxTime , then n o t F i n i s h e d i s 1 , o t h e r w h i s e i t
/ / i s 0

i f ( modelTime<=maxTime )
f
n o t F i n i s h e d =1 ;
g

e l s e
f
n o t F i n i s h e d =0 ;

/ / make s u r e t h e programs t e r m i n a t e s and we a r e back t o prompt
[ g e t T o p L e v e l A c t i v i t y ( ) t e r m i n a t e ] ;

g
re tu rn s e l f ;
g

�b u i l d A c t i o n s
f

/ / c r e a t e an a c t i o n group f o r t h e a c t i o n s t h e model need t o
/ / per fo rm a t each t ime p e r i o d
/ / f i r s t , we t e l l peop le t o go t o t h e marke t ( marketDay )
/ / t hen we i n c r e a s e t h e t ime o f t h e model ( i n c r e a s e T i m e )
/ / f i n a l l y we check whether t h i s t ime i s s t i l l v a l i d ( checkToStop )
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mode lAc t ions =[ Act ionGroup c r e a t e B e g i n :s e l f ] ;
mode lAc t ions =[ mode lAc t ions c r e a t e E n d ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( marketDay ) ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( i n c r e a s e T i m e ) ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( checkToStop ) ] ;

/ / now s c h e d u l e t h e a c t i o n s i n t ime
mode lSchedule = [ Schedu le c r e a t e B e g i n :s e l f ] ;
[ mode lSchedule s e t R e p e a t I n t e r v a l : 1 ] ;
mode lSchedule = [ mode lSchedule c r e a t e E n d ] ;
[ mode lSchedule a t : 0 c r e a t e A c t i o n : mode lAc t ions ] ;
re tu rn s e l f ;
g

�a c t i v a t e I n : (i d ) swarmContext
f
[ super a c t i v a t e I n : swarmContext ] ;
[ mode lSchedule a c t i v a t e I n :s e l f ] ;

re tu rn [ s e l f g e t A c t i v i t y ] ;
g

@end
� �


Listing 21: Il file main� �
/ / main .m

# import "ModelSwarm.h"

i n t main ( i n t a rgc , cons t char � � argv )
f
ModelSwarm � modelSwarm ;
i d < L i s p A r c h i v e r> a r c h i v e r ;

in i tSwarm ( a rgc , a rgv ) ;

/ / c r e a t e t h e modelSwarm
/ / l oad t h e p a r a m e t e r s from f i l e : f i r s t c r e a t e an a r c h i v e r i n s t a n c e ,
/ / t hen load t h e p a r a m e t e r s , w i th a check t h a t t h e f i l e e x i s t s , o r t h a t
/ / t h e key ( modelSwarm ) i s i n t h e f i l e . The L i s p A r c h i v e r a l s o uses
/ / t h e c r e a t e B e g i n and c r e a t e E n d methods o f t h e modelSwarm

a r c h i v e r =[ L i s p A r c h i v e r c r e a t e : g loba lZone s e t P a t h:"parameters.scm" ] ;
i f ( ( modelSwarm =[ a r c h i v e r getWithZone : g loba lZone key:"modelSwarm" ] )

== n i l )
f
r a i s e E v e n t ( I n v a l i d O p e r a t i o n,"can’t find file or key\n" ) ;
g

[ a r c h i v e r drop ] ;

/ / s e t t h e seed o f t h e random g e n e r a t o r so r e s u l t s can be rep roduced
/ / ( t h i s i s f a c u l t a t i v e )

[ randomGenera to r s e t S t a t e F r o m S ee d :1 0 0 0 0 0 ] ;
[ modelSwarm b u i l d O b j e c t s ] ;
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[ modelSwarm b u i l d A c t i o n s ] ;
[ modelSwarm a c t i v a t e I n : n i l ] ;
[ [ modelSwarm g e t A c t i v i t y ] run ] ;
re tu rn 0 ;
g

� �


Listing 22: Il Makefile� �
APPLICATION=marke t
OBJECTS=main . o ModelSwarm . o Consumer . o I n t e g e r . o
i n c l u d e $ (SWARMHOME) / e t c / swarm / Make f i l e . app l
main . o : main .m ModelSwarm . h
ModelSwarm . o : ModelSwarm . h ModelSwarm .m Consumer . h
Consumer . o : Consumer . h Consumer .m I n t e g e r . h
I n t e g e r . o : I n t e g e r . h I n t e g e r .m
� �


Listing 23: Il file parameters.scm� �
( l i s t

( cons ’ modelSwarm
( make� ins tance ’ ModelSwarm

# : modelTime 0
# : maxTime 5
# : numberOfConsumers 3
# : s t a r t B u d g e t 0 ; no endowment
# : maxBudget 10
# : n o t F i n i s h e d 1 ) )

)
� �


4 L’interfaccia grafica

Non facciamo vedere i files della classe Integer, che non sono stati cambiati.

Listing 24: La classe per il Consumer: interfaccia� �
/ / consumer . h
/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
# import < o b j e c t b a s e / Swarm . h>
# import < o b j e c t b a s e / SwarmObject . h>
# import < a c t i v i t y . h>
# import < s i m t o o l s . h>
# import < c o l l e c t i o n s . h>
# import < random . h>

@inter face Consumer : SwarmObject
f

/ / d e f i n e v a r i a b l e s f o r t h e consumer
i n t myBudget ;
i n t myMaxBudget ;
i n t myName ;
i n t moneySpent ;
i d <Map> mapOfSpending ;
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i d <Array> a r r a y O f V i s i t s ;
i n t cu r ren tT ime ;
g

/ / d e f i n e methods f o r t h e consumer
/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�( vo id ) setConsumerName : (i n t ) name MaxBudget : (i n t ) maxBudget S t a r t Bu d g e t : (

i n t ) s t a r t B u d g e t ;

/ / methods t o c r e a t e t h e map of spend ing and t h e a r r a y o f v i s i t s
�crea teMapOfSpending : aZone ;
�c r e a t e A r r a y O f V i s i t s : aZone : (i n t ) s i z e ;

/ / t h i s method draws a random number between 0 and
/ / maxBudget t o d e t e r m i n e t h ebudge t o f t h e consumer
/ / ( no need t o pass arguments as myMaxBudget i s a
/ / g l o b a l v a r i a b l e f o r t h e consumer )
�( i n t ) f i ndBudge t ;

/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
�( i n t ) goToTheMarket ;

/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend ;

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u dg e t ;

/ / t h e s e methods a r e used t o add e lemen ts t o t h e map of s p e n d i n g s ,
/ / and t h e a r r a y o f v i s i t s . They w i l l a l s o t a k e c a r e o f c a s t i n g t h e
/ / ( i n t ) v a l u e s i n t o I n t e g e r o b j e c t s
�upda teSpend ing : (i n t ) key : ( i n t ) v a l u e ;
�u p d a t e V i s i t s : (i n t ) o f f s e t : ( i n t ) v a l u e ;

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
/ / p a r t s o f t h e program
�( i n t ) getConsumerName ;
�( i n t ) ge tBudge t ;
�( i n t ) g e t V i s i t V a l u e : ( i n t ) o f f s e t ;
�( i n t ) ge tSpend ingVa lue : (i n t ) key ;
�( i n t ) g e t V i s i t ;
�( i n t ) ge tSpend ing ;
@end
� �


Listing 25: La classe per il Consumer: implementazione� �
/ / consumer .m
/ / l oad t h e heade r f i l e s
# import "Consumer.h"
# import "Integer.h"
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@implementation Consumer

/ / d e f i n e methods f o r t h e consumer
/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�( vo id ) setConsumerName : (i n t ) name MaxBudget : (i n t ) maxBudget S t a r t Bu d g e t : (

i n t ) s t a r t B u d g e t ;
f
myName=name ;
myBudget= s t a r t Bu d g e t ;
myMaxBudget=maxBudget ;
g

/ / methods t o c r e a t e t h e map of spend ing and t h e a r r a y o f v i s i t s
�crea teMapOfSpending : aZone

f
mapOfSpending =[Map c r e a t e : aZone ] ;
re tu rn s e l f ;
g

�c r e a t e A r r a y O f V i s i t s : aZone : (i n t ) s i z e
f
/ / no te , a r r a y s a r e o f f i x e d s i z e , so they need t h e se tCoun t method
/ / when c r e a t e d
a r r a y O f V i s i t s =[ Array c r e a t e : aZone se tCoun t : s i z e ] ;
re tu rn s e l f ;
g

/ / t h i s method draws a random number between 0 and
/ / maxBudget t o d e t e r m i n e t h ebudge t o f t h e consumer
/ / ( no need t o pass arguments as myMaxBudget i s a
/ / g l o b a l v a r i a b l e f o r t h e consumer )
�( i n t ) f i ndBudge t

f
/ / t a k e myBudget and add t o i t a random v a r i a b l e between
/ / 0 and myMaxBudget ( need t o add as myBudget may no t
/ / be 0 ( i f n o t a l l was s p e n t ) )
myBudget+=[ un i f orm In tRand ge t In tege rWi thM in : 0 withMax : myMaxBudget ] ;
re tu rn myBudget ;
g

/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
�( i n t ) goToTheMarket

f
i n t k ;
k =[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : 1 ] ;
re tu rn k ;
g

/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend
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f
moneySpent=[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : myBudget ] ;
re tu rn moneySpent ;
g

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u d ge t

f
myBudget�=moneySpent ;
re tu rn myBudget ;
g

/ / t h e s e methods a r e used t o add e lemen ts t o t h e map of s p e n d i n g s ,
/ / and t h e a r r a y o f v i s i t s . They w i l l a l s o t a k e c a r e o f c a s t i n g t h e
/ / ( i n t ) v a l u e s i n t o I n t e g e r o b j e c t s
�upda teSpend ing : (i n t ) key : ( i n t ) v a l u e

f
I n t e g e r � keyOb jec t ;
I n t e g e r � v a l u e O b j e c t ;

keyOb jec t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ keyOb jec t s e t V a l u e : key ] ;
v a l u e O b j e c t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ v a l u e O b j e c t s e t V a l u e : v a l u e ] ;

[ mapOfSpending a t : keyOb jec t i n s e r t : v a l u e O b j e c t ] ;
re tu rn s e l f ;
g

�u p d a t e V i s i t s : (i n t ) o f f s e t : ( i n t ) v a l u e
f
I n t e g e r � v a l u e O b j e c t ;

/ / s e t t h e cu r ren tT ime ( e q u i v a l e n t t o modelTime )
cu r ren tT ime = o f f s e t ;
v a l u e O b j e c t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ v a l u e O b j e c t s e t V a l u e : v a l u e ] ;

[ a r r a y O f V i s i t s a t O f f s e t : o f f s e t pu t : v a l u e O b j e c t ] ;
re tu rn s e l f ;
g

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
/ / p a r t s o f t h e program
�( i n t ) getConsumerName

f
re tu rn myName ;
g

�( i n t ) ge tBudge t
f
re tu rn myBudget ;
g
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/ / g e t v a l u e a t o f f s e t , i n a r r a y O f V i s i t s
�( i n t ) g e t V i s i t V a l u e : ( i n t ) o f f s e t

f
I n t e g e r � e lemen t ;
e l emen t =[ a r r a y O f V i s i t s a t O f f s e t : o f f s e t ] ;
re tu rn [ e l emen t getMyValue ] ;
g

/ / g e t v a l u e o f e lemen t a t key
�( i n t ) ge tSpend ingVa lue : (i n t ) key

f
I n t e g e r � keyOb jec t ;
I n t e g e r � e lemen t ;
keyOb jec t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ keyOb jec t s e t V a l u e : key ] ;
e l emen t =[ mapOfSpending a t : keyOb jec t ] ;
re tu rn [ e l emen t getMyValue ] ;
g

�( i n t ) g e t V i s i t
f
re tu rn [ s e l f g e t V i s i t V a l u e : cu r ren tT ime ] ;
g

�( i n t ) ge tSpend ing
f
re tu rn [ s e l f ge tSpend ingVa lue : cu r ren tT ime ] ;
g

@end
� �


Listing 26: Il modelSwarm: interfaccia� �
/ / modelSwarm . h

/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
# import < o b j e c t b a s e / Swarm . h>
# import < o b j e c t b a s e / SwarmObject . h>
# import < a c t i v i t y . h>
# import < s i m t o o l s . h>
# import < random . h>
# import "Consumer.h"

@inter face ModelSwarm : Swarm
f

/ / he re a r e d e c l a r e d v a r i a b l e s which a r e g l o b a l t o t h e ModelSwarm c l a s s
i d <Schedu le> mode lSchedu le ;
i d <Act ionGroup> mode lAc t ions ;
i n t modelTime ;
i n t maxTime ;
i n t s t a r t B u d g e t ;
i n t maxBudget ;
i n t n o t F i n i s h e d ;
i n t numberOfConsumers ;
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i d < L i s t> l i s t O f C o n s u mer s ;
g

/ / c r e a t i o n methods which a l l ow us t o i n i t i a l i s e p a r a m e t e r s
+ c r e a t e B e g i n : (i d ) aZone ;
�c r e a t e E n d ;
/ / t h i s method c r e a t e s t h e consumers
�b u i l d O b j e c t s ;
/ / t h i s method d e a l s w i th what happens on a marke t
�marketDay ;
/ / t h e s e methods d e a l w i th t h e runn ing o f t h e model
�i n c r e a s e T i m e ;
�( i n t ) checkToStop ;
�b u i l d A c t i o n s ;
�a c t i v a t e I n : (i d ) swarmContext ;
/ / t h e s e methods a r e used t o g e t i n f o r m a t i o n s f o r c h a r a c t e r i s t i c s
/ / o f t h e model
�ge tL i s tO fConsumers ;
�getConsumer : (i n t ) name ;
�( i n t ) ge tCu r ren tT ime ;
@end
� �


Listing 27: Il modelSwarm: implementazione� �
/ / ModelSwarm .m

# import "ModelSwarm.h"

@implementation ModelSwarm

+ c r e a t e B e g i n : (i d ) aZone
f
ModelSwarm � ob j ;
i d <ProbeMap> modelProbeMap ;

/ / c a l l t h e c r e a t e B e g i n method o f t h e s u p e r C l a s s
ob j = [ super c r e a t e B e g i n : aZone ] ;

/ / c r e a t e t h e probemap f o r t h e model
modelProbeMap=[ EmptyProbeMap c r e a t e B e g i n : aZone ] ;
[ modelProbeMap s e t P r o b e d C l a s s : [s e l f c l a s s ] ] ;
modelProbeMap=[ modelProbeMap c r e a t e E n d ] ;

[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"maxTime"
i n C l a s s : [s e l f c l a s s ] ] ] ;

[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"
numberOfConsumers"

i n C l a s s : [s e l f c l a s s ] ] ] ;
[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"

startBudget"
i n C l a s s : [s e l f c l a s s ] ] ] ;

[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"
maxBudget"

i n C l a s s : [s e l f c l a s s ] ] ] ;
[ p r o b e L i b r a r y setProbeMap : modelProbeMap For : [s e l f c l a s s ] ] ;
re tu rn ob j ;
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g

�c r e a t e E n d
f
re tu rn [ super c r e a t e E n d ] ;
g

�b u i l d O b j e c t s
f
i n t i ;
i n t name ;

/ / c r e a t e t h e l i s t o f consumers
l i s t O f C o n s u mers =[ L i s t c r e a t e : [s e l f getZone ] ] ;

/ / i t e r a t e over a l l p o s s i b l e consumers ( from 1 t o numberOfConsumers )
f o r ( i =1 ; i<=numberOfConsumers ;++ i )

f
Consumer � aConsumer ;

/ / name of consumer= index i
name= i ;

/ / c r e a t e t h e consumers
aConsumer =[ Consumer c r e a t e : [s e l f getZone ] ] ;
[ aConsumer setConsumerName : name MaxBudget : maxBudget S t a r t Bu d g e t

: s t a r t B u d g e t ] ;
/ / c r e a t e t h e map and a r r a y s ( t h e a r r a y i s c r e a t e d wi th a s i z e o f
/ / maxTime + 1 , as t ime s t a r t s a t 0

[ aConsumer crea teMapOfSpending : [s e l f getZone ] ] ;
[ aConsumer c r e a t e A r r a y O f V i s i t s : [s e l f getZone ] : maxTime + 1 ] ;

/ / add consumer t o t h e l i s t
x p r i n t i d ( aConsumer ) ;

[ l i s t O f C o n s u mer s a d d F i r s t : aConsumer ] ;
g

re tu rn s e l f ;
g

�marketDay
f
i n t go ;
i n t spend ing ;
i n t budget ;
i d < Index> i = n i l ; / / t o i t e r a t e over t h e l i s t o f consumers
Consumer � l i s t E l e m e n t ;

/ / i t e r a t e over t h e l i s t o f consumers
/ / f i r s t , c r e a t e t h e index i

i =[ l i s t O f C o n s u me rs beg in : [s e l f getZone ] ] ;
whi le ( ( l i s t E l e m e n t =[ i nex t ] ) != n i l )

f
/ / upda te t h e budge t o f t h e consumer

budge t =[ l i s t E l e m e n t f i ndBudge t ] ;

/ / i s he go ing t o t h e marke t ?
go =[ l i s t E l e m e n t goToTheMarket ] ;
i f ( go )
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f
spend ing =[ l i s t E l e m e n t spend ] ;

/ / add 1 t o a r r a y O f V i s i t s , a t t h e p o s i t i o n c o r r e s p o n d i n g t o
/ / c u r r e n t modelTime

[ l i s t E l e m e n t u p d a t e V i s i t s : modelTime : 1 ] ;
/ / add spend ing a t t h e key modelTime i n t h e mapOfSpending

[ l i s t E l e m e n t upda teSpend ing : modelTime : spend ing ] ;
/ / now , p r i n t a r e p o r t o f t h e consumer ’ s a c t i o n s

p r i n t f ("This is time %d\n" , modelTime ) ;
p r i n t f ("I am consumer %d\n" , [ l i s t E l e m e n t getConsumerName ] ) ;
p r i n t f ("My current budget is %d\n" , [ l i s t E l e m e n t ge tBudge t ] )

;
p r i n t f ("Did I go to the market? %d (from array)\n" , [

l i s t E l e m e n t g e t V i s i t V a l u e : modelTime ] ) ;
p r i n t f ("I spent %d (from map)\n" , [ l i s t E l e m e n t

ge tSpend ingVa lue : modelTime ] ) ;
p r i n t f ("I have %d of currency left.\n" , [ l i s t E l e m e n t

c a l c u l a t e R e m a i n i n g B u d ge t ] ) ;
g

e l s e
f

/ / add 0 t o a r r a y O f V i s i t s a t modelTime
[ l i s t E l e m e n t u p d a t e V i s i t s : modelTime : 0 ] ;

/ / add 0 t o mapOfSpending a t modelTime
[ l i s t E l e m e n t upda teSpend ing : modelTime : 0 ] ;

/ / p r i n t consumer ’ s s t a t e
p r i n t f ("This is time %d\n" , modelTime ) ;
p r i n t f ("I am consumer %d\n" , [ l i s t E l e m e n t getConsumerName ] ) ;
p r i n t f ("My current budget is %d\n" , [ l i s t E l e m e n t ge tBudge t ] )

;
p r i n t f ("Did I go to the market? %d (from array)\n" , [

l i s t E l e m e n t g e t V i s i t V a l u e : modelTime ] ) ;
p r i n t f ("I have %d of currency left.\n" , [ l i s t E l e m e n t

ge tBudge t ] ) ;
g

g / / end o f i t e r a t i o n on l i s t O f C o n s u m ers
/ / i t i s good p r a c t i c e t o dropunused o b j e c t s l i k e i n d e x e s when they
/ / a r e no l o n g e r needed

[ i drop ] ;
re tu rn s e l f ;
g

�i n c r e a s e T i m e
f

/ / a t t h e end o f a p e r i o d , modelTime need t o be i n c r e a s e d by 1
++modelTime ;
re tu rn s e l f ;
g

�( i n t ) checkToStop
f

/ / i f modelTime<maxTime , then n o t F i n i s h e d i s 1 , o t h e r w h i s e i t
/ / i s 0 ( r e t u r n r e s p e c t i v e l y 0 or 1 f o r t h e o b s e r v e r )

i f ( modelTime<=maxTime )
f
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n o t F i n i s h e d =1 ;
re tu rn 0 ;
g

e l s e
f
n o t F i n i s h e d =0 ;
re tu rn 1 ;
g

g

�b u i l d A c t i o n s
f

/ / c r e a t e an a c t i o n group f o r t h e a c t i o n s t h e model need t o
/ / per fo rm a t each t ime p e r i o d
/ / f i r s t , we t e l l peop le t o go t o t h e marke t ( marketDay )
/ / t hen we i n c r e a s e t h e t ime o f t h e model ( i n c r e a s e T i m e )
/ / f i n a l l y we check whether t h i s t ime i s s t i l l v a l i d ( checkToStop )

mode lAc t ions =[ Act ionGroup c r e a t e B e g i n :s e l f ] ;
mode lAc t ions =[ mode lAc t ions c r e a t e E n d ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( marketDay ) ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( i n c r e a s e T i m e ) ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( checkToStop ) ] ;

/ / now s c h e d u l e t h e a c t i o n s i n t ime
mode lSchedule = [ Schedu le c r e a t e B e g i n :s e l f ] ;
[ mode lSchedule s e t R e p e a t I n t e r v a l : 2 ] ;
mode lSchedule = [ mode lSchedule c r e a t e E n d ] ;
[ mode lSchedule a t : 0 c r e a t e A c t i o n : mode lAc t ions ] ;
re tu rn s e l f ;
g

�a c t i v a t e I n : (i d ) swarmContext
f
[ super a c t i v a t e I n : swarmContext ] ;
[ mode lSchedule a c t i v a t e I n :s e l f ] ;

re tu rn [ s e l f g e t A c t i v i t y ] ;
g

/ / methods t o pass p a r a m e t e r s t o o t h e r c l a s s e s
�ge tL i s tO fConsumers

f
re tu rn l i s t O f C o n s u m ers ;
g

�getConsumer : (i n t ) name
f

/ / no te t h a t e lemen ts a r e e n t e r e d i n t h e l i s t u s i n g t h e a d d F i r s t
/ / method , so t h e f i r s t e lemen t i s t h e l a t e s t a g e n t c r e a t e d .

re tu rn [ l i s t O f C o n s u me rs a t O f f s e t : [ l i s t O f C o n s u m ers ge tCount ]�name ] ;
g

�( i n t ) ge tCu r ren tT ime
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f
re tu rn modelTime ;
g

@end
� �


Listing 28: L’ObserverSwarm: interfaccia� �
/ / ObserverSwarm . h

# import < o b j e c t b a s e . h>
# import < a c t i v i t y . h>
# import < c o l l e c t i o n s . h>
# import < s i m t o o l s . h>
# import < s i m t o o l s g u i . h>
# import < s i m t o o l s g u i / GUISwarm . h>
# import < a n a l y s i s . h>
# import "ModelSwarm.h"

@inter face ObserverSwarm : GUISwarm
f
i n t d i s p l a y F r e q u e n c y ;
i n t displayConsumerName ;

i d d i s p l a y A c t i o n s ;
i d d i s p l a y S c h e d u l e ;

ModelSwarm � modelSwarm ;

i d <EZGraph> spend ingGraph ;
i d <EZGraph> consumerGraph ;
g

+ c r e a t e B e g i n : (i d ) aZone ;
�c r e a t e E n d ;
�b u i l d O b j e c t s ;
�b u i l d A c t i o n s ;
�a c t i v a t e I n : (i d ) swarmContext ;
�observerCheckToStop ;
@end
� �


Listing 29: L’ObserverSwarm: implementazione� �
/ / ObserverSwarm .m

# import "ObserverSwarm.h"

@implementation ObserverSwarm

+ c r e a t e B e g i n : (i d ) aZone
f
ObserverSwarm� ob j ;
i d <ProbeMap> probeMap ;

ob j = [ super c r e a t e B e g i n : aZone ] ;
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/ / p robe map f o r o b s e r v e r
probeMap =[ EmptyProbeMap c r e a t e B e g i n : aZone ] ;
[ probeMap s e t P r o b e d C l a s s : [s e l f c l a s s ] ] ;
probeMap =[ probeMap c r e a t e E n d ] ;

[ probeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"
displayFrequency"

i n C l a s s : [s e l f c l a s s ] ] ] ;
[ probeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"

displayConsumerName"
i n C l a s s : [s e l f c l a s s ] ] ] ;

[ p r o b e L i b r a r y setProbeMap : probeMap For : [s e l f c l a s s ] ] ;

re tu rn ob j ;
g

�c r e a t e E n d
f
re tu rn [ super c r e a t e E n d ] ;
g

�b u i l d O b j e c t s
f
i d < L i s p A r c h i v e r> a r c h i v e r ;

[ super b u i l d O b j e c t s ] ;

/ / c r e a t e t h e modelSwarm , r e a d i n g p a r a m e t e r s from a f i l e
a r c h i v e r =[ L i s p A r c h i v e r c r e a t e : [s e l f getZone ] s e t P a t h:"parameters.

scm" ] ;
i f ( ( modelSwarm =[ a r c h i v e r getWithZone : [s e l f getZone ] key:"modelSwarm

" ] ) == n i l )
f
r a i s e E v e n t ( I n v a l i d O p e r a t i o n,"can’t find file or key\n" ) ;
g

[ a r c h i v e r drop ] ;

/ / c r e a t e p robes f o r modelSwarm and observerSwarm
CREATE ARCHIVED PROBEDISPLAY ( modelSwarm ) ;
CREATE ARCHIVED PROBEDISPLAY ( s e l f ) ;

/ / s e t c o n t r o l p a n e l t o s t a t e s topped
[ c o n t r o l P a n e l s e t S t a t e S t o p p e d ] ;

/ / Then we ask t h e model t o b u i l d i t s e l f .
[ modelSwarm b u i l d O b j e c t s ] ;

/ / c r e a t e g r a p h i c s
/ / t h e spend ingGraph shows t h e ave rag , t o t a l , min , max spend ing o f
/ / consumers d u r i n g t h e game

spend ingGraph = [ EZGraph c r e a t e B e g i n :s e l f ] ;
SETWINDOW GEOMETRYRECORDNAME( spend ingGraph ) ;

35



[ spend ingGraph s e t T i t l e: "Agents’ spending" ] ;
[ spend ingGraph se tAx i sLabe lsX: "Time" Y: "Spending" ] ;
spend ingGraph = [ spend ingGraph c r e a t e E n d ] ;
[ spend ingGraph c rea teAve rageSequence: "Average Spending"

withFeedFrom : [ modelSwarm ge tL i s tO fConsumers ] a n d S e l e c t o r :M(
ge tSpend ing ) ] ;

[ spend ingGraph c r e a t e T o t a l S e q u e n c e: "Total Spending"
withFeedFrom : [ modelSwarm ge tL i s tO fConsumers ] a n d S e l e c t o r :M(

ge tSpend ing ) ] ;
[ spend ingGraph c rea teM inSequence: "Minimum Spending"

withFeedFrom : [ modelSwarm ge tL i s tO fConsumers ] a n d S e l e c t o r :M(
ge tSpend ing ) ] ;

/ / t h e consumerGraph shows t h e spend ing and t h e number o f t i m e s
/ / consumer 1 went t o t h e marke t

consumerGraph =[ EZGraph c r e a t e B e g i n :s e l f ] ;
SETWINDOW GEOMETRYRECORDNAME( consumerGraph ) ;
[ consumerGraph s e t T i t l e:"A consumer" ] ;
[ consumerGraph se tAx i sLabe lsX: "Time" Y: "Visits/Spending" ] ;
consumerGraph =[ consumerGraph c r e a t e E n d ] ;
[ consumerGraph c r e a t e S e q u e n c e: "Went to the market"

withFeedFrom : [ modelSwarm getConsumer : displayConsumerName ]
a n d S e l e c t o r :M( g e t V i s i t ) ] ;

[ consumerGraph c r e a t e S e q u e n c e:"Spent"
withFeedFrom : [ modelSwarm getConsumer : displayConsumerName ]

a n d S e l e c t o r :M( ge tSpend ing ) ] ;
re tu rn s e l f ;
g

�b u i l d A c t i o n s
f
[ super b u i l d A c t i o n s ] ;
[ modelSwarm b u i l d A c t i o n s ] ;

/ / d e f i n e d i s p l a y A c t i o n s
d i s p l a y A c t i o n s = [ Act ionGroup c r e a t e :s e l f ] ;

/ / upda te t h e g raphs
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o : spend ingGraph message :M( s t e p ) ] ;
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o : consumerGraph message :M( s t e p ) ] ;
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o :s e l f message :M( observerCheckToStop )

] ;
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o : ac t i onCache message : M( doTkEvents )

] ;
/ / d e f i n e d i s p l a y S c h e d u l e

d i s p l a y S c h e d u l e = [ Schedu le c r e a t e B e g i n :s e l f ] ;
[ d i s p l a y S c h e d u l e s e t R e p e a t I n t e r v a l : 2 ] ;
d i s p l a y S c h e d u l e = [ d i s p l a y S c h e d u l e c r e a t e E n d ] ;
[ d i s p l a y S c h e d u l e a t : 1 c r e a t e A c t i o n : d i s p l a y A c t i o n s ] ;
re tu rn s e l f ;
g

�a c t i v a t e I n : (i d ) swarmContext
f
[ super a c t i v a t e I n : swarmContext ] ;
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[ d i s p l a y S c h e d u l e a c t i v a t e I n :s e l f ] ;
[ modelSwarm a c t i v a t e I n :s e l f ] ;
re tu rn [ s e l f ge tSwarmAc t i v i t y ] ;
g

�observerCheckToStop
f
i f ( [ modelSwarm checkToStop ]==1)

f
[ c o n t r o l P a n e l s e t S t a t e S t o p p e d ] ;
g

re tu rn s e l f ;
g

@end
� �


Listing 30: Il file main� �
/ / main .m

# import "ObserverSwarm.h"

i n t main ( i n t a rgc , cons t char � � argv )
f
ObserverSwarm� observerSwarm ;
i d < L i s p A r c h i v e r> a r c h i v e r ;

in i tSwarm ( a rgc , a rgv ) ;

/ / c r e a t e t h e observerSwarm , r e a d i n g p a r a m e t e r s from a f i l e
a r c h i v e r =[ L i s p A r c h i v e r c r e a t e : g loba lZone s e t P a t h:"parameters.scm" ] ;
i f ( ( observerSwarm =[ a r c h i v e r getWithZone : g loba lZone key:"

observerSwarm" ] ) == n i l )
f
r a i s e E v e n t ( I n v a l i d O p e r a t i o n,"can’t find file or key\n" ) ;
g

[ a r c h i v e r drop ] ;

SETWINDOW GEOMETRYRECORDNAME( observerSwarm ) ;
[ observerSwarm b u i l d O b j e c t s ] ;
[ observerSwarm b u i l d A c t i o n s ] ;
[ observerSwarm a c t i v a t e I n : n i l ] ;
[ observerSwarm go ] ;

re tu rn 0 ;
g

� �


Listing 31: Il Makefile� �
APPLICATION=marke t
OBJECTS=main . o ModelSwarm . o Consumer . o I n t e g e r . o
i n c l u d e $ (SWARMHOME) / e t c / swarm / Make f i l e . app l
main . o : main .m ModelSwarm . h
ModelSwarm . o : ModelSwarm . h ModelSwarm .m Consumer . h
Consumer . o : Consumer . h Consumer .m I n t e g e r . h
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I n t e g e r . o : I n t e g e r . h I n t e g e r .m
� �


5 Rappresentare agenti nello spazio

Listing 32: La classe per il Consumer: interfaccia� �
/ / consumer . h
/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
/ / # impo r t < o b j e c t b a s e / Swarm . h>
# import < o b j e c t b a s e / SwarmObject . h>
# import < c o l l e c t i o n s . h>
# import < random . h>
# import "Integer.h"

@inter face Consumer : SwarmObject
f

/ / d e f i n e v a r i a b l e s f o r t h e consumer
i n t myBudget ;
i n t myMaxBudget ;
i n t myName ;
i n t moneySpent ;
i n t marketGoer ;
i d <Map> mapOfSpending ;
i d <Array> a r r a y O f V i s i t s ;
i n t cu r ren tT ime ;
i n t p o s i t i o n X , p o s i t i o n Y ;
g

/ / d e f i n e methods f o r t h e consumer
/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�setConsumerName : (i n t ) name MaxBudget : (i n t ) maxBudget S t a r t Bu d g e t : ( i n t )

s t a r t B u d g e t Goer : (i n t ) goer ;

/ / t h e s e methods d e a l w i th t h e p o s i t i o n i n g o f t h e consumer
/ / on t h e space
�s e t P o s i t i o n X : (i n t ) x Y : ( i n t ) y ;
/ / draw i t s e l f on t h e r a s t e r
�drawSel fOn : (i d <ZoomRaster>) r a s t e r ;
/ / make t h e c o l o r o f t h e a g e n t depends on whether he i s i n t h e marke t

o r no t
�( i n t ) g e t S t r a t e g y C o l o r ;

/ / methods t o c r e a t e t h e map of spend ing and t h e a r r a y o f v i s i t s
�crea teMapOfSpending : aZone ;
�c r e a t e A r r a y O f V i s i t s : aZone : (i n t ) s i z e ;

/ / t h i s method draws a random number between 0 and
/ / maxBudget t o d e t e r m i n e t h ebudge t o f t h e consumer
/ / ( no need t o pass arguments as myMaxBudget i s a
/ / g l o b a l v a r i a b l e f o r t h e consumer )
�( i n t ) f i ndBudge t ;
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/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
�( i n t ) goToTheMarket ;

/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend ;

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u dg e t ;

/ / t h e s e methods a r e used t o add e lemen ts t o t h e map of s p e n d i n g s ,
/ / and t h e a r r a y o f v i s i t s . They w i l l a l s o t a k e c a r e o f c a s t i n g t h e
/ / ( i n t ) v a l u e s i n t o I n t e g e r o b j e c t s
�upda teSpend ing : (i n t ) key : ( i n t ) v a l u e ;
�u p d a t e V i s i t s : (i n t ) o f f s e t : ( i n t ) v a l u e ;

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
/ / p a r t s o f t h e program
�( i n t ) getConsumerName ;
�( i n t ) ge tBudge t ;
�( i n t ) g e t V i s i t V a l u e : ( i n t ) o f f s e t ;
�( i n t ) ge tSpend ingVa lue : (i n t ) key ;
�( i n t ) g e t V i s i t ;
�( i n t ) ge tSpend ing ;
�( i n t ) g e t P o s i t i o n X ;
�( i n t ) g e t P o s i t i o n Y ;
@end
� �


Listing 33: La classe per il Consumer: implementazione� �
/ / consumer .m
/ / l oad t h e heade r f i l e s
# import "Consumer.h"

@implementation Consumer

/ / d e f i n e methods f o r t h e consumer
/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�setConsumerName : (i n t ) name MaxBudget : (i n t ) maxBudget S t a r t Bu d g e t : ( i n t )

s t a r t B u d g e t Goer : (i n t ) goer ;
f
myName=name ;
myBudget= s t a r t Bu d g e t ;
myMaxBudget=maxBudget ;
marketGoer=goer ;
re tu rn s e l f ;
g

/ / t h e s e methods d e a l w i th t h e p o s i t i o n i n g o f t h e consumer
/ / on t h e space
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�s e t P o s i t i o n X : (i n t ) x Y : ( i n t ) y
f
p o s i t i o n X =x ;
p o s i t i o n Y =y ;
re tu rn s e l f ;
g

/ / draw i t s e l f on t h e r a s t e r
�drawSel fOn : (i d <ZoomRaster>) r a s t e r

f
[ r a s t e r drawPointX : p o s i t i o n X Y: p o s i t i o n Y Co lo r : [s e l f

g e t S t r a t e g y C o l o r ] ] ;
re tu rn s e l f ;
g

/ / make t h e c o l o r o f t h e a g e n t depends on whether he i s i n t h e marke t
/ / o r no t . g e t S t r a t e g y C o l o r l i n k s a c o l o r t o t h e type o f p l a y e r and
/ / t h e s t r a t e g y p layed . The o u t p u t i s an i n t e g e r c o r r e s p o n d i n g t o t h e
/ / i ndex o f t h e c o l o r i n t h e c o l o r map
�( i n t ) g e t S t r a t e g y C o l o r

f
i f ( marketGoer ==0)

f
re tu rn 3 ;
g

e l s e i f ( marketGoer ==1)
f
re tu rn 1 ;
g

e l s e
f
p r i n t f ("wrong marketGoer value\n" ) ;
e x i t ( 0 ) ;
g

g

/ / methods t o c r e a t e t h e map of spend ing and t h e a r r a y o f v i s i t s
�crea teMapOfSpending : aZone

f
mapOfSpending =[Map c r e a t e : aZone ] ;
re tu rn s e l f ;
g

�c r e a t e A r r a y O f V i s i t s : aZone : (i n t ) s i z e
f
/ / no te , a r r a y s a r e o f f i x e d s i z e , so they need t h e se tCoun t method
/ / when c r e a t e d
a r r a y O f V i s i t s =[ Array c r e a t e : aZone se tCoun t : s i z e ] ;
re tu rn s e l f ;
g

/ / t h i s method draws a random number between 0 and
/ / maxBudget t o d e t e r m i n e t h ebudge t o f t h e consumer
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/ / ( no need t o pass arguments as myMaxBudget i s a
/ / g l o b a l v a r i a b l e f o r t h e consumer )
�( i n t ) f i ndBudge t

f
/ / t a k e myBudget and add t o i t a random v a r i a b l e between
/ / 0 and myMaxBudget ( need t o add as myBudget may no t
/ / be 0 ( i f n o t a l l was s p e n t ) )
myBudget+=[ un i f orm In tRand ge t In tege rWi thM in : 0 withMax : myMaxBudget ] ;
re tu rn myBudget ;
g

/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
�( i n t ) goToTheMarket

f
i n t k ;
k =[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : 1 ] ;
marketGoer=k ;
re tu rn k ;
g

/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend

f
moneySpent=[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : myBudget ] ;
re tu rn moneySpent ;
g

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u d ge t

f
myBudget�=moneySpent ;
re tu rn myBudget ;
g

/ / t h e s e methods a r e used t o add e lemen ts t o t h e map of s p e n d i n g s ,
/ / and t h e a r r a y o f v i s i t s . They w i l l a l s o t a k e c a r e o f c a s t i n g t h e
/ / ( i n t ) v a l u e s i n t o I n t e g e r o b j e c t s
�upda teSpend ing : (i n t ) key : ( i n t ) v a l u e

f
I n t e g e r � keyOb jec t ;
I n t e g e r � v a l u e O b j e c t ;

keyOb jec t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ keyOb jec t s e t V a l u e : key ] ;
v a l u e O b j e c t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ v a l u e O b j e c t s e t V a l u e : v a l u e ] ;

[ mapOfSpending a t : keyOb jec t i n s e r t : v a l u e O b j e c t ] ;
re tu rn s e l f ;
g
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�u p d a t e V i s i t s : (i n t ) o f f s e t : ( i n t ) v a l u e
f
I n t e g e r � v a l u e O b j e c t ;

/ / s e t t h e cu r ren tT ime ( e q u i v a l e n t t o modelTime )
cu r ren tT ime = o f f s e t ;
v a l u e O b j e c t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ v a l u e O b j e c t s e t V a l u e : v a l u e ] ;

[ a r r a y O f V i s i t s a t O f f s e t : o f f s e t pu t : v a l u e O b j e c t ] ;
re tu rn s e l f ;
g

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
/ / p a r t s o f t h e program
�( i n t ) getConsumerName

f
re tu rn myName ;
g

�( i n t ) ge tBudge t
f
re tu rn myBudget ;
g

/ / g e t v a l u e a t o f f s e t , i n a r r a y O f V i s i t s
�( i n t ) g e t V i s i t V a l u e : ( i n t ) o f f s e t

f
I n t e g e r � e lemen t ;
e l emen t =[ a r r a y O f V i s i t s a t O f f s e t : o f f s e t ] ;
re tu rn [ e l emen t getMyValue ] ;
g

/ / g e t v a l u e o f e lemen t a t key
�( i n t ) ge tSpend ingVa lue : (i n t ) key

f
I n t e g e r � keyOb jec t ;
I n t e g e r � e lemen t ;
keyOb jec t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ keyOb jec t s e t V a l u e : key ] ;
e l emen t =[ mapOfSpending a t : keyOb jec t ] ;
re tu rn [ e l emen t getMyValue ] ;
g

�( i n t ) g e t V i s i t
f
re tu rn [ s e l f g e t V i s i t V a l u e : cu r ren tT ime ] ;
g

�( i n t ) ge tSpend ing
f
re tu rn [ s e l f ge tSpend ingVa lue : cu r ren tT ime ] ;
g

�( i n t ) g e t P o s i t i o n X
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f
re tu rn p o s i t i o n X ;
g

�( i n t ) g e t P o s i t i o n Y
f
re tu rn p o s i t i o n Y ;
g

@end
� �


Listing 34: Il modelSwarm: interfaccia� �
/ / modelSwarm . h

/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
# import < o b j e c t b a s e / Swarm . h>
# import < o b j e c t b a s e / SwarmObject . h>
# import < a c t i v i t y . h>
# import < s i m t o o l s . h>
# import < random . h>
# import < space . h>
# import < space / D i s c r e t e 2 d . h>
# import < space / Gr id2d . h>
# import "Consumer.h"
# import "Integer.h"

@inter face ModelSwarm : Swarm
f

/ / he re a r e d e c l a r e d v a r i a b l e s which a r e g l o b a l t o t h e ModelSwarm c l a s s
i d <Schedu le> mode lSchedu le ;
i d <Act ionGroup> mode lAc t ions ;
i n t modelTime ;
i n t maxTime ;
i n t s t a r t B u d g e t ;
i n t maxBudget ;
i n t n o t F i n i s h e d ;
i n t numberOfConsumers ;
i d < L i s t> l i s t O f C o n s u mer s ;
i n t wor ldWidth , wo r ldHe igh t ;
i n t s i zeOfMarke t ;
i n t xMin , yMin , xMax , yMax ;
i d <Grid2d> wor ld ;
i d <D i s c r e t e 2 d> marke t ;
g

/ / c r e a t i o n methods which a l l ow us t o i n i t i a l i s e p a r a m e t e r s
+ c r e a t e B e g i n : (i d ) aZone ;
�c r e a t e E n d ;
/ / t h i s method c r e a t e s t h e consumers
�b u i l d O b j e c t s ;
/ / t h i s method p o s i t i o n s t h e consumers i n t h e wor ld , e x c l u d i n g t h e

marke t ,
/ / o r on ly i n t h e marke t a c c o r d i n g t o t h e v a l u e o f t h e l a s t argument
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�f i n d P o s i t i o n I n W o r l d : (i d <Grid2d>)aWorld For : ( Consumer� ) aGuy
Exc ludeMarket : (i n t ) exc lude ;

/ / t h i s method d e a l s w i th what happens on a marke t
�marketDay ;
/ / t h e s e methods d e a l w i th t h e runn ing o f t h e model
�i n c r e a s e T i m e ;
�( i n t ) checkToStop ;
�b u i l d A c t i o n s ;
�a c t i v a t e I n : (i d ) swarmContext ;
/ / t h e s e methods a r e used t o g e t i n f o r m a t i o n s f o r c h a r a c t e r i s t i c s
/ / o f t h e model
�ge tL i s tO fConsumers ;
�getConsumer : (i n t ) name ;
�( i n t ) ge tCu r ren tT ime ;
�( i n t ) getWor ldWidth ;
�( i n t ) ge tWor ldHe igh t ;
�getWor ld ;
�ge tMarke t ;
@end
� �


Listing 35: Il modelSwarm: implementazione� �
/ / ModelSwarm .m

# import "ModelSwarm.h"

@implementation ModelSwarm

+ c r e a t e B e g i n : (i d ) aZone
f
ModelSwarm � ob j ;
i d <ProbeMap> modelProbeMap ;

/ / c a l l t h e c r e a t e B e g i n method o f t h e s u p e r C l a s s
ob j = [ super c r e a t e B e g i n : aZone ] ;

/ / c r e a t e t h e probemap f o r t h e model
modelProbeMap=[ EmptyProbeMap c r e a t e B e g i n : aZone ] ;
[ modelProbeMap s e t P r o b e d C l a s s : [s e l f c l a s s ] ] ;
modelProbeMap=[ modelProbeMap c r e a t e E n d ] ;

[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"maxTime"
i n C l a s s : [s e l f c l a s s ] ] ] ;

[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"
numberOfConsumers"

i n C l a s s : [s e l f c l a s s ] ] ] ;
[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"

startBudget"
i n C l a s s : [s e l f c l a s s ] ] ] ;

[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"
maxBudget"

i n C l a s s : [s e l f c l a s s ] ] ] ;
[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"

worldWidth"
i n C l a s s : [s e l f c l a s s ] ] ] ;
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[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"
worldHeight"

i n C l a s s : [s e l f c l a s s ] ] ] ;
[ p r o b e L i b r a r y setProbeMap : modelProbeMap For : [s e l f c l a s s ] ] ;
re tu rn ob j ;
g

�c r e a t e E n d
f
re tu rn [ super c r e a t e E n d ] ;
g

�b u i l d O b j e c t s
f
i n t i , x , y ;
i n t name ;
i d <ProbeMap> consumerProbe ;

[ super b u i l d O b j e c t s ] ;

/ / s e t t h e p o s i t i o n o f t h e marke t i n t h e c e n t e r o f t h e wor ld
xMin=( wor ldWidth�s i zeOfMarke t ) / 2 ;
xMax=xMin+ s i zeOfMarke t ;
yMin=( wo r ldHe igh t�s i zeOfMarke t ) / 2 ;
yMax=yMin+ s i zeOfMarke t ;

/ / i n i t i a l i s e t h e wor ld as a g r i d 2 d and f i l l i t w i th ” n i l ” o b j e c t s
wor ld =[ Gr id2d c r e a t e : [s e l f ge tZone ] se tS i zeX : wor ldWidth Y:

wo r ldHe igh t ] ;
[ wor ld f i l l W i t h O b j e c t : n i l ] ;

/ / i n i t i a l i s e marke t as a D i s c r e t e 2 d and f i l l i t w i th a v a l u e o b j e c t
/ / t o g e t t h e ye l low s q u a r e r e p r e s e n t i n g t h e marke t

marke t =[ D i s c r e t e 2 d c r e a t e : [s e l f ge tZone ] se tS i zeX : wor ldWidth Y:
wo r ldHe igh t ] ;

f o r ( y=yMin ; y<yMax ; y++)
f
f o r ( x=xMin ; x<xMax ; x++)

f
[ marke t pu tVa lue : 2 atX : x Y : y ] ;
g

g

/ / c r e a t e t h e l i s t o f consumers
l i s t O f C o n s u mers =[ L i s t c r e a t e : [s e l f getZone ] ] ;

/ / i t e r a t e over a l l p o s s i b l e consumers ( from 1 t o numberOfConsumers )
f o r ( i =1 ; i<=numberOfConsumers ;++ i )

f
Consumer � aConsumer ;

/ / name of consumer= index i
name= i ;

/ / c r e a t e t h e consumers
aConsumer =[ Consumer c r e a t e : [s e l f getZone ] ] ;
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[ aConsumer setConsumerName : name MaxBudget : maxBudget S t a r t Bu d g e t
: s t a r t B u d g e t Goer : 0 ] ;

/ / s e t t h e i r p o s i t i o n s t o�999
[ aConsumer s e t P o s i t i o n X :�999 Y:�999 ] ;

/ / c r e a t e t h e map and a r r a y s ( t h e a r r a y i s c r e a t e d wi th a s i z e o f
/ / maxTime + 1 , as t ime s t a r t s a t 0

[ aConsumer crea teMapOfSpending : [s e l f getZone ] ] ;
[ aConsumer c r e a t e A r r a y O f V i s i t s : [s e l f getZone ] : maxTime + 1 ] ;

/ / p o s i t i o n t h e consumers i n t h e wor ld , e x c l u d i n g marke t
[ s e l f f i n d P o s i t i o n I n W o r l d : wor ld For : aConsumer Exc ludeMarke t : 1 ] ;

/ / p robe f o r consumer
consumerProbe =[ EmptyProbeMap c r e a t e B e g i n : [s e l f getZone ] ] ;
[ consumerProbe s e t P r o b e d C l a s s : [ Consumer c l a s s ] ] ;
consumerProbe =[ consumerProbe c r e a t e E n d ] ;
[ consumerProbe addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"

myName"
i n C l a s s : [ Consumer c l a s s ] ] ] ;

[ p r o b e L i b r a r y setProbeMap : consumerProbe For : [ Consumer c l a s s ] ] ;
/ / add consumer t o t h e l i s t

[ l i s t O f C o n s u mer s a d d F i r s t : aConsumer ] ;
g

re tu rn s e l f ;
g

/ / t h i s method p o s i t i o n s t h e consumers i n t h e wor ld , e x c l u d i n g t h e
marke t ,

/ / o r on ly i n t h e marke t a c c o r d i n g t o t h e v a l u e o f t h e l a s t argument
�f i n d P o s i t i o n I n W o r l d : (i d <Grid2d>)aWorld For : ( Consumer� ) aGuy

Exc ludeMarket : (i n t ) exc lude
f
i n t t r i a l X , t r i a l Y ;

/ / s e t t r i a l X and t r i a l Y t o n e g a t i v e v a l u e s ( no t i n t h e wor ld ) t o s t a r t
t h e

/ / wh i l e loop
t r i a l X =�999;
t r i a l Y =�999;

/ / i f t h e consumers have a l r e a d y been pu t on a space ( p o s i t i o n X and
p o s i t i o n Y a r e no t

/ / � 9 9 9 , then pu t a n i l o b j e c t a t t h e i r c u r r e n t p o s i t i o n
i f ( ( [ aGuy g e t P o s i t i o n X ]>=0)&&([aGuy g e t P o s i t i o n Y ]>=0) )

f
[ aWorld p u t O b j e c t : n i l atX : [ aGuy g e t P o s i t i o n X ] Y : [ aGuy

g e t P o s i t i o n Y ] ] ;
g

/ / pu t consumers i n t h e wor ld randomly . i f exc lude = 1 , then t h e p a r t o f
/ / t h e wor ld c o r r e s p o n d i n g t o t h e marke t i s exc luded from t h e
/ / p o s s i b i l i t i e s , i f exc lude = 0 , t h e consumer i s pu t i n t h e marke t
/ / when choos ing a v a l u e f o r t h e p o s i t i o n o f t h e consumer , we need
/ / t o check t h a t : ( 1 ) bo th c o o r d i n a t e s a r e p o s i t i v e , ( 2 ) they a r e
/ / i n t h e p a r t o f t h e wor ld where they shou ld be , ( 3 ) t h e r e i s no t
/ / a l r e a d y a p l a y e r i n t h e s p o t . Th is e x p l a i n why t h e wh i l e c o n d i t i o n
/ / i s q u i t e complex

i f ( exc lude ==1)
f
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whi le ( ( ( t r i a l X <0)&&( t r i a l Y <0) ) j j
( ( t r i a l X>=xMin )&&( t r i a l X <=xMax )&&( t r i a l Y >=yMin )&&( t r i a l Y <=

yMax ) ) j j
( [ wor ld ge tOb jec tA tX : t r i a l X Y: t r i a l Y ] ! = n i l ) )
f
t r i a l X =[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax :

wor ldWidth�1];
t r i a l Y =[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax :

wo r ldHe igh t�1];
g

g
e l s e i f ( exc lude ==0)

f
whi le ( ( ( t r i a l X <0)&&( t r i a l Y <0) ) j j

( [ wor ld ge tOb jec tA tX : t r i a l X Y: t r i a l Y ] ! = n i l ) )
f
t r i a l X =[ un i f o rm In tRand ge t In tege rWi thM in : xMin withMax : xMax

] ;
t r i a l Y =[ un i f o rm In tRand ge t In tege rWi thM in : yMin withMax : yMax

] ;
g

g
e l s e

f
p r i n t f ("wrong value for exclude!\n" ) ;
e x i t ( 0 ) ;
g

[ aGuy s e t P o s i t i o n X : t r i a l X Y: t r i a l Y ] ;
[ aWorld p u t O b j e c t : aGuy atX : t r i a l X Y: t r i a l Y ] ;
re tu rn s e l f ;
g

�marketDay
f
i n t go ;
i n t spend ing ;
i n t budget ;
i d < Index> i = n i l ; / / t o i t e r a t e over t h e l i s t o f consumers
Consumer � l i s t E l e m e n t ;

/ / i t e r a t e over t h e l i s t o f consumers
/ / f i r s t , c r e a t e t h e index i

i =[ l i s t O f C o n s u me rs beg in : [s e l f getZone ] ] ;
whi le ( ( l i s t E l e m e n t =[ i nex t ] ) != n i l )

f
/ / upda te t h e budge t o f t h e consumer

budge t =[ l i s t E l e m e n t f i ndBudge t ] ;

/ / i s he go ing t o t h e marke t ?
go =[ l i s t E l e m e n t goToTheMarket ] ;
i f ( go )

f
spend ing =[ l i s t E l e m e n t spend ] ;
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/ / add 1 t o a r r a y O f V i s i t s , a t t h e p o s i t i o n c o r r e s p o n d i n g t o
/ / c u r r e n t modelTime

[ l i s t E l e m e n t u p d a t e V i s i t s : modelTime : 1 ] ;
/ / add spend ing a t t h e key modelTime i n t h e mapOfSpending

[ l i s t E l e m e n t upda teSpend ing : modelTime : spend ing ] ;
/ / now , p r i n t a r e p o r t o f t h e consumer ’ s a c t i o n s

p r i n t f ("This is time %d\n" , modelTime ) ;
p r i n t f ("I am consumer %d\n" , [ l i s t E l e m e n t getConsumerName ] ) ;
p r i n t f ("My current budget is %d\n" , [ l i s t E l e m e n t ge tBudge t ] )

;
p r i n t f ("Did I go to the market? %d (from array)\n" , [

l i s t E l e m e n t g e t V i s i t V a l u e : modelTime ] ) ;
p r i n t f ("I spent %d (from map)\n" , [ l i s t E l e m e n t

ge tSpend ingVa lue : modelTime ] ) ;
p r i n t f ("I have %d of currency left.\n" , [ l i s t E l e m e n t

c a l c u l a t e R e m a i n i n g B u d ge t ] ) ;
/ / pu t i n p o s i t i o n i n wor ld on marke t space

[ s e l f f i n d P o s i t i o n I n W o r l d : wor ld For : l i s t E l e m e n t
Exc ludeMarke t : 0 ] ;

g
e l s e

f
/ / add 0 t o a r r a y O f V i s i t s a t modelTime

[ l i s t E l e m e n t u p d a t e V i s i t s : modelTime : 0 ] ;
/ / add 0 t o mapOfSpending a t modelTime

[ l i s t E l e m e n t upda teSpend ing : modelTime : 0 ] ;
/ / p r i n t consumer ’ s s t a t e

p r i n t f ("This is time %d\n" , modelTime ) ;
p r i n t f ("I am consumer %d\n" , [ l i s t E l e m e n t getConsumerName ] ) ;
p r i n t f ("My current budget is %d\n" , [ l i s t E l e m e n t ge tBudge t ] )

;
p r i n t f ("Did I go to the market? %d (from array)\n" , [

l i s t E l e m e n t g e t V i s i t V a l u e : modelTime ] ) ;
p r i n t f ("I have %d of currency left.\n" , [ l i s t E l e m e n t

ge tBudge t ] ) ;
/ / pu t i n p o s i t i o n i n wor ld o u t s i d e marke t

[ s e l f f i n d P o s i t i o n I n W o r l d : wor ld For : l i s t E l e m e n t
Exc ludeMarke t : 1 ] ;

g
g / / end o f i t e r a t i o n on l i s t O f C o n s u m ers

/ / i t i s good p r a c t i c e t o dropunused o b j e c t s l i k e i n d e x e s when they
/ / a r e no l o n g e r needed

[ i drop ] ;
re tu rn s e l f ;
g

�i n c r e a s e T i m e
f

/ / a t t h e end o f a p e r i o d , modelTime need t o be i n c r e a s e d by 1
++modelTime ;
re tu rn s e l f ;
g

�( i n t ) checkToStop
f
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/ / i f modelTime<maxTime , then n o t F i n i s h e d i s 1 , o t h e r w h i s e i t
/ / i s 0 ( r e t u r n r e s p e c t i v e l y 0 or 1 f o r t h e o b s e r v e r )

i f ( modelTime<=maxTime )
f
n o t F i n i s h e d =1 ;
re tu rn 0 ;
g

e l s e
f
n o t F i n i s h e d =0 ;
re tu rn 1 ;
g

g

�b u i l d A c t i o n s
f

/ / c r e a t e an a c t i o n group f o r t h e a c t i o n s t h e model need t o
/ / per fo rm a t each t ime p e r i o d
/ / f i r s t , we t e l l peop le t o go t o t h e marke t ( marketDay )
/ / t hen we i n c r e a s e t h e t ime o f t h e model ( i n c r e a s e T i m e )
/ / f i n a l l y we check whether t h i s t ime i s s t i l l v a l i d ( checkToStop )

mode lAc t ions =[ Act ionGroup c r e a t e B e g i n :s e l f ] ;
mode lAc t ions =[ mode lAc t ions c r e a t e E n d ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( marketDay ) ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( i n c r e a s e T i m e ) ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( checkToStop ) ] ;

/ / now s c h e d u l e t h e a c t i o n s i n t ime
mode lSchedule = [ Schedu le c r e a t e B e g i n :s e l f ] ;
[ mode lSchedule s e t R e p e a t I n t e r v a l : 2 ] ;
mode lSchedule = [ mode lSchedule c r e a t e E n d ] ;
[ mode lSchedule a t : 0 c r e a t e A c t i o n : mode lAc t ions ] ;
re tu rn s e l f ;
g

�a c t i v a t e I n : (i d ) swarmContext
f
[ super a c t i v a t e I n : swarmContext ] ;
[ mode lSchedule a c t i v a t e I n :s e l f ] ;

re tu rn [ s e l f g e t A c t i v i t y ] ;
g

/ / methods t o pass p a r a m e t e r s t o o t h e r c l a s s e s
�ge tL i s tO fConsumers

f
re tu rn l i s t O f C o n s u m ers ;
g

�getConsumer : (i n t ) name
f

/ / no te t h a t e lemen ts a r e e n t e r e d i n t h e l i s t u s i n g t h e a d d F i r s t method
,
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/ / so t h e f i r s t e l emen t i s t h e l a t e s t a g e n t c r e a t e d .
re tu rn [ l i s t O f C o n s u me rs a t O f f s e t : [ l i s t O f C o n s u m ers ge tCount ]�name ] ;
g

�( i n t ) ge tCu r ren tT ime
f
re tu rn modelTime ;
g

�( i n t ) getWor ldWidth
f
re tu rn wor ldWidth ;
g

�( i n t ) ge tWor ldHe igh t
f
re tu rn wor ldHe igh t ;
g

�getWor ld
f
re tu rn wor ld ;
g

�ge tMarke t
f
re tu rn marke t ;
g

@end
� �


Listing 36: L’ObserverSwarm: interfaccia� �
/ / ObserverSwarm . h

# import < o b j e c t b a s e . h>
# import < a c t i v i t y . h>
# import < c o l l e c t i o n s . h>
# import < s i m t o o l s . h>
# import < s i m t o o l s g u i . h>
# import < s i m t o o l s g u i / GUISwarm . h>
# import < a n a l y s i s . h>
# import < space . h>
# import < space / O b j e c t 2 d D is p l ay . h>
# import "ModelSwarm.h"
# import "Consumer.h"

@inter face ObserverSwarm : GUISwarm
f
i n t d i s p l a y F r e q u e n c y ;
i n t displayConsumerName ;

i d d i s p l a y A c t i o n s ;
i d d i s p l a y S c h e d u l e ;

ModelSwarm � modelSwarm ;

i d <EZGraph> spend ingGraph ;
i d <EZGraph> consumerGraph ;
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i d <Colormap> colorMap ;
i d <ZoomRaster> w o r l d R a s t e r ;
i d <O b j e c t 2 d D i sp l ay> wor ldD isp lay ;
i d <Va lue2dD isp lay> marke tD i sp lay ;
i n t zoomFactor ;
g

+ c r e a t e B e g i n : (i d ) aZone ;
�c r e a t e E n d ;
�b u i l d O b j e c t s ;
�b u i l d A c t i o n s ;
�a c t i v a t e I n : (i d ) swarmContext ;
�observerCheckToStop ;
@end
� �


Listing 37: L’ObserverSwarm: implementazione� �
/ / ObserverSwarm .m

# import "ObserverSwarm.h"

@implementation ObserverSwarm

+ c r e a t e B e g i n : (i d ) aZone
f
ObserverSwarm� ob j ;
i d <ProbeMap> probeMap ;

ob j = [ super c r e a t e B e g i n : aZone ] ;

/ / p robe map f o r o b s e r v e r
probeMap =[ EmptyProbeMap c r e a t e B e g i n : aZone ] ;
[ probeMap s e t P r o b e d C l a s s : [s e l f c l a s s ] ] ;
probeMap =[ probeMap c r e a t e E n d ] ;

[ probeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"
displayFrequency"

i n C l a s s : [s e l f c l a s s ] ] ] ;
[ probeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"

displayConsumerName"
i n C l a s s : [s e l f c l a s s ] ] ] ;

[ p r o b e L i b r a r y setProbeMap : probeMap For : [s e l f c l a s s ] ] ;

re tu rn ob j ;
g

�c r e a t e E n d
f
re tu rn [ super c r e a t e E n d ] ;
g

�b u i l d O b j e c t s
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f
i d < L i s p A r c h i v e r> a r c h i v e r ;

[ super b u i l d O b j e c t s ] ;

/ / c r e a t e t h e modelSwarm , r e a d i n g p a r a m e t e r s from a f i l e
a r c h i v e r =[ L i s p A r c h i v e r c r e a t e :s e l f s e t P a t h:"parameters.scm" ] ;
i f ( ( modelSwarm =[ a r c h i v e r getWithZone :s e l f key:"modelSwarm" ] ) == n i l )

f
r a i s e E v e n t ( I n v a l i d O p e r a t i o n,"can’t find file or key\n" ) ;
g

[ a r c h i v e r drop ] ;

/ / c r e a t e p robes f o r modelSwarm and observerSwarm
CREATE ARCHIVED PROBEDISPLAY ( modelSwarm ) ;
CREATE ARCHIVED PROBEDISPLAY ( s e l f ) ;

/ / s e t c o n t r o l p a n e l t o s t a t e s topped
[ c o n t r o l P a n e l s e t S t a t e S t o p p e d ] ;

/ / Then we ask t h e model t o b u i l d i t s e l f .
[ modelSwarm b u i l d O b j e c t s ] ;

/ / c r e a t e g r a p h i c s
/ / t h e spend ingGraph shows t h e ave rag , t o t a l , min , max spend ing o f
/ / consumers d u r i n g t h e game

spend ingGraph = [ EZGraph c r e a t e B e g i n :s e l f ] ;
SETWINDOW GEOMETRYRECORDNAME( spend ingGraph ) ;
[ spend ingGraph s e t T i t l e: "Agents’ spending" ] ;
[ spend ingGraph se tAx i sLabe lsX: "Timex2" Y: "Spending" ] ;
spend ingGraph = [ spend ingGraph c r e a t e E n d ] ;
[ spend ingGraph c rea teAve rageSequence: "Average Spending"

withFeedFrom : [ modelSwarm ge tL i s tO fConsumers ] a n d S e l e c t o r :M(
ge tSpend ing ) ] ;

[ spend ingGraph c r e a t e T o t a l S e q u e n c e: "Total Spending"
withFeedFrom : [ modelSwarm ge tL i s tO fConsumers ] a n d S e l e c t o r :M(

ge tSpend ing ) ] ;
[ spend ingGraph c rea teM inSequence: "Minimum Spending"

withFeedFrom : [ modelSwarm ge tL i s tO fConsumers ] a n d S e l e c t o r :M(
ge tSpend ing ) ] ;

/ / t h e consumerGraph shows t h e spend ing and t h e number o f t i m e s
/ / consumer 1 went t o t h e marke t

consumerGraph =[ EZGraph c r e a t e B e g i n :s e l f ] ;
SETWINDOW GEOMETRYRECORDNAME( consumerGraph ) ;
[ consumerGraph s e t T i t l e:"A consumer" ] ;
[ consumerGraph se tAx i sLabe lsX: "Timex2" Y: "Visits/Spending" ] ;
consumerGraph =[ consumerGraph c r e a t e E n d ] ;
[ consumerGraph c r e a t e S e q u e n c e: "Went to the market"

withFeedFrom : [ modelSwarm getConsumer : displayConsumerName ]
a n d S e l e c t o r :M( g e t V i s i t ) ] ;

[ consumerGraph c r e a t e S e q u e n c e:"Spent"
withFeedFrom : [ modelSwarm getConsumer : displayConsumerName ]

a n d S e l e c t o r :M( ge tSpend ing ) ] ;
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/ / c r e a t e t h e r a s t e r
zoomFactor =10;

/ / colorMap
colorMap =[ Colormap c r e a t e :s e l f ] ;
[ colorMap s e t C o l o r : 0 ToName:"black" ] ;
[ colorMap s e t C o l o r : 1 ToName:"blue" ] ;
[ colorMap s e t C o l o r : 2 ToName:"yellow" ] ;
[ colorMap s e t C o l o r : 3 ToName:"red" ] ;

/ / w o r l d R a s t e r
w o r l d R a s t e r =[ ZoomRaster c r e a t e :s e l f ] ;
SETWINDOW GEOMETRYRECORDNAME( w o r l d R a s t e r ) ;
[ w o r l d R a s t e r se tCo lo rmap : colorMap ] ;
[ w o r l d R a s t e r se tZoomFacto r : zoomFactor ] ;
[ w o r l d R a s t e r se tWid th : [ modelSwarm getWor ldWidth ] He igh t : [ modelSwarm

ge tWor ldHe igh t ] ] ;
[ w o r l d Ra s t e r se tWindowT i t l e:"A little town" ] ;
[ w o r l d R a s t e r pack ] ;/ / t o i n i t i a l i s e and d i s p l a y

/ / marke tD i sp lay
marke tD isp lay =[ Va lue2dD isp lay c r e a t e B e g i n :s e l f ] ;
[ ma rke tD isp lay s e t D i s p l a y W i d g e t : w o r l d R a s t e r co lormap : colorMap ] ;
[ ma rke tD isp lay s e t D i s c r e t e 2 d T o D i s p l a y : [ modelSwarm ge tMarke t ] ] ;
ma rke tD isp lay =[ marke tD isp lay c r e a t e E n d ] ;

/ / wo r ldD isp lay
wo r ldD isp lay =[ O b j e c t 2 d D i s p la y c r e a t e B e g i n :s e l f ] ;
[ wo r ldD isp lay s e t D i s p l a y W i d g e t : w o r l d R a s t e r ] ;
[ wo r ldD isp lay s e t D i s c r e t e 2 d T o D i s p l a y : [ modelSwarm getWor ld ] ] ;
[ wo r ldD isp lay s e t O b j e c t C o l l e c t i o n : [ modelSwarm ge tL i s tO fConsumers ] ] ;
[ wo r ldD isp lay se tD isp layMessage :M( drawSel fOn : ) ] ;
wo r ldD isp lay =[ wo r ldD isp lay c r e a t e E n d ] ;

/ / s e t up b u t t o n s f o r p robes
[ w o r l d Ra s t e r s e t B u t t o n : Bu t tonR igh t C l i e n t : wo r ldD isp lay

Message :M( makeProbeAtX :Y : ) ] ;
/ / d i s p l a y t h e wor ld r a s t e r a t t h e b e g i n n i n g

[ w o r l d R a s t e r e r a s e ] ;
[ marke tD isp lay d i s p l a y ] ;
[ wo r ldD isp lay d i s p l a y ] ;
[ w o r l d R a s t e r d rawSe l f ] ;

re tu rn s e l f ;
g

�b u i l d A c t i o n s
f
[ super b u i l d A c t i o n s ] ;
[ modelSwarm b u i l d A c t i o n s ] ;

/ / d e f i n e d i s p l a y A c t i o n s
d i s p l a y A c t i o n s = [ Act ionGroup c r e a t e :s e l f ] ;

/ / upda te t h e g raphs
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o : spend ingGraph message :M( s t e p ) ] ;
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o : consumerGraph message :M( s t e p ) ] ;
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o : w o r l d R a s t e r message :M( e r a s e ) ] ;
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[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o : marke tD isp lay message :M( d i s p l a y ) ] ;
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o : wo r ldD isp lay message :M( d i s p l a y ) ] ;
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o : w o r l d R a s t e r message :M( d rawSe l f ) ] ;
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o :s e l f message :M( observerCheckToStop )

] ;
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o : p robeDisp layManager message : M(

upda te ) ] ;
[ d i s p l a y A c t i o n s c r e a t e A c t i o n T o : ac t i onCache message : M( doTkEvents ) ] ;

/ / d e f i n e d i s p l a y S c h e d u l e
d i s p l a y S c h e d u l e = [ Schedu le c r e a t e B e g i n :s e l f ] ;
[ d i s p l a y S c h e d u l e s e t R e p e a t I n t e r v a l : 2 ] ;
d i s p l a y S c h e d u l e = [ d i s p l a y S c h e d u l e c r e a t e E n d ] ;
[ d i s p l a y S c h e d u l e a t : 1 c r e a t e A c t i o n : d i s p l a y A c t i o n s ] ;
re tu rn s e l f ;
g

�a c t i v a t e I n : (i d ) swarmContext
f
[ super a c t i v a t e I n : swarmContext ] ;
[ d i s p l a y S c h e d u l e a c t i v a t e I n :s e l f ] ;
[ modelSwarm a c t i v a t e I n :s e l f ] ;
re tu rn [ s e l f ge tSwarmAc t i v i t y ] ;
g

�observerCheckToStop
f
i f ( [ modelSwarm checkToStop ]==1)

f
p r i n t f ("THE MODEL HAS FINISHED TO RUN!\n" ) ;
[ c o n t r o l P a n e l s e t S t a t e S t o p p e d ] ;
g

re tu rn s e l f ;
g

@end
� �


6 Girare pi ù volte la simulazione

Listing 38: La classe per il Consumer: interfaccia� �
/ / consumer . h
/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
/ / # impo r t < o b j e c t b a s e / Swarm . h>
# import < o b j e c t b a s e / SwarmObject . h>
# import < c o l l e c t i o n s . h>
# import < random . h>
# import "Integer.h"

@inter face Consumer : SwarmObject
f

/ / d e f i n e v a r i a b l e s f o r t h e consumer
i n t myBudget ;
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i n t myMaxBudget ;
i n t myName ;
i n t moneySpent ;
i n t marketGoer ;
i d < L i s t> l i s t O f S p e n d i n g ;
i d <Array> a r r a y O f V i s i t s ;
i n t cu r ren tT ime ;
i n t p o s i t i o n X , p o s i t i o n Y ;
g

/ / d e f i n e methods f o r t h e consumer
/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�setConsumerName : (i n t ) name MaxBudget : (i n t ) maxBudget S t a r t Bu d g e t : ( i n t )

s t a r t B u d g e t Goer : (i n t ) goer ;

/ / t h e s e methods d e a l w i th t h e p o s i t i o n i n g o f t h e consumer
/ / on t h e space
�s e t P o s i t i o n X : (i n t ) x Y : ( i n t ) y ;
/ / draw i t s e l f on t h e r a s t e r
�drawSel fOn : (i d <ZoomRaster>) r a s t e r ;
/ / make t h e c o l o r o f t h e a g e n t depends on whether he i s i n t h e marke t

o r no t
�( i n t ) g e t S t r a t e g y C o l o r ;

/ / methods t o c r e a t e t h e l i s t o f spend ing and t h e a r r a y o f v i s i t s
�c r e a t e L i s t O f S p e n d i n g : aZone ;
�c r e a t e A r r a y O f V i s i t s : aZone : (i n t ) s i z e ;

/ / t h i s method draws a random number between 0 and
/ / maxBudget t o d e t e r m i n e t h ebudge t o f t h e consumer
/ / ( no need t o pass arguments as myMaxBudget i s a
/ / g l o b a l v a r i a b l e f o r t h e consumer )
�( i n t ) f i ndBudge t ;

/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
�( i n t ) goToTheMarket ;

/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend ;

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u dg e t ;

/ / t h e s e methods a r e used t o add e lemen ts t o t h e l i s t o f s p e n d i n g s ,
/ / and t h e a r r a y o f v i s i t s . They w i l l a l s o t a k e c a r e o f c a s t i n g t h e
/ / ( i n t ) v a l u e s i n t o I n t e g e r o b j e c t s
�upda teSpend ing : (i n t ) v a l u e ;
�u p d a t e V i s i t s : (i n t ) o f f s e t : ( i n t ) v a l u e ;

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
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/ / p a r t s o f t h e program
�( i n t ) getConsumerName ;
�( i n t ) ge tBudge t ;
�( i n t ) g e t V i s i t V a l u e : ( i n t ) o f f s e t ;
�( i n t ) ge tSpend ingVa lue ;
�( i n t ) g e t V i s i t ;
�( i n t ) ge tSpend ing ;
�( i n t ) g e t P o s i t i o n X ;
�( i n t ) g e t P o s i t i o n Y ;
�g e t A l l S p e n d i n g ;
@end
� �


Listing 39: La classe per il Consumer: implementazione� �
/ / consumer .m
/ / l oad t h e heade r f i l e s
# import "Consumer.h"

@implementation Consumer

/ / d e f i n e methods f o r t h e consumer
/ / t h i s method p a s s e s v a l u e s f o r t h e consumer v a r i a b l e s
�setConsumerName : (i n t ) name MaxBudget : (i n t ) maxBudget S t a r t Bu d g e t : ( i n t )

s t a r t B u d g e t Goer : (i n t ) goer ;
f
myName=name ;
myBudget= s t a r t Bu d g e t ;
myMaxBudget=maxBudget ;
marketGoer=goer ;
re tu rn s e l f ;
g

/ / t h e s e methods d e a l w i th t h e p o s i t i o n i n g o f t h e consumer
/ / on t h e space
�s e t P o s i t i o n X : (i n t ) x Y : ( i n t ) y

f
p o s i t i o n X =x ;
p o s i t i o n Y =y ;
re tu rn s e l f ;
g

/ / draw i t s e l f on t h e r a s t e r
�drawSel fOn : (i d <ZoomRaster>) r a s t e r

f
[ r a s t e r drawPointX : p o s i t i o n X Y: p o s i t i o n Y Co lo r : [s e l f

g e t S t r a t e g y C o l o r ] ] ;
re tu rn s e l f ;
g

/ / make t h e c o l o r o f t h e a g e n t depends on whether he i s i n t h e marke t
/ / o r no t . g e t S t r a t e g y C o l o r l i n k s a c o l o r t o t h e type o f p l a y e r and
/ / t h e s t r a t e g y p layed . The o u t p u t i s an i n t e g e r c o r r e s p o n d i n g t o t h e
/ / i ndex o f t h e c o l o r i n t h e c o l o r map
�( i n t ) g e t S t r a t e g y C o l o r
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f
i f ( marketGoer ==0)

f
re tu rn 3 ;
g

e l s e i f ( marketGoer ==1)
f
re tu rn 1 ;
g

e l s e
f
p r i n t f ("wrong marketGoer value\n" ) ;
e x i t ( 0 ) ;
g

g

/ / methods t o c r e a t e t h e l i s t o f spend ing and t h e a r r a y o f v i s i t s
�c r e a t e L i s t O f S p e n d i n g : aZone

f
l i s t O f S p e n d i n g =[ L i s t c r e a t e : aZone ] ;
re tu rn s e l f ;
g

�c r e a t e A r r a y O f V i s i t s : aZone : (i n t ) s i z e
f
/ / no te , a r r a y s a r e o f f i x e d s i z e , so they need t h e se tCoun t method
/ / when c r e a t e d
a r r a y O f V i s i t s =[ Array c r e a t e : aZone se tCoun t : s i z e ] ;
re tu rn s e l f ;
g

/ / t h i s method draws a random number between 0 and
/ / maxBudget t o d e t e r m i n e t h ebudge t o f t h e consumer
/ / ( no need t o pass arguments as myMaxBudget i s a
/ / g l o b a l v a r i a b l e f o r t h e consumer )
�( i n t ) f i ndBudge t

f
/ / t a k e myBudget and add t o i t a random v a r i a b l e between
/ / 0 and myMaxBudget ( need t o add as myBudget may no t
/ / be 0 ( i f n o t a l l was s p e n t ) )
myBudget+=[ un i f orm In tRand ge t In tege rWi thM in : 0 withMax : myMaxBudget ] ;
re tu rn myBudget ;
g

/ / t h i s method draws a random number : r e t u r n s 0 i f t h e consumer
/ / s t a y s home or 1 i f he goes t o t h e marke t
�( i n t ) goToTheMarket

f
i n t k ;
k =[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : 1 ] ;
marketGoer=k ;
re tu rn k ;
g
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/ / t h i s method w i l l on ly be used i f t h e consumer goes t o t h e
/ / marke t . I t draws a random number from 0 t o t h e v a l u e i n myBudget
/ / and r e t u r n s i t : i t i s t h e amount s p e n t .
�( i n t ) spend

f
moneySpent=[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax : myBudget ] ;
re tu rn moneySpent ;
g

/ / t h i s method r e s e t s t h e budge t o f t h e consumer once t h egoods have
/ / been bough t
�( i n t ) c a l c u l a t e R e m a i n i n g B u d ge t

f
myBudget�=moneySpent ;
re tu rn myBudget ;
g

/ / t h e s e methods a r e used t o add e lemen ts t o t h e l i s t o f s p e n d i n g s ,
/ / and t h e a r r a y o f v i s i t s . They w i l l a l s o t a k e c a r e o f c a s t i n g t h e
/ / ( i n t ) v a l u e s i n t o I n t e g e r o b j e c t s
�upda teSpend ing : (i n t ) v a l u e

f
I n t e g e r � v a l u e O b j e c t ;

v a l u e O b j e c t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ v a l u e O b j e c t s e t V a l u e : v a l u e ] ;

[ l i s t O f S p e n d i n g a d d F i r s t : v a l u e O b j e c t ] ;
re tu rn s e l f ;
g

�u p d a t e V i s i t s : (i n t ) o f f s e t : ( i n t ) v a l u e
f
I n t e g e r � v a l u e O b j e c t ;

/ / s e t t h e cu r ren tT ime ( e q u i v a l e n t t o modelTime )
cu r ren tT ime = o f f s e t ;
v a l u e O b j e c t =[ I n t e g e r c r e a t e : [s e l f getZone ] ] ;
[ v a l u e O b j e c t s e t V a l u e : v a l u e ] ;

[ a r r a y O f V i s i t s a t O f f s e t : o f f s e t pu t : v a l u e O b j e c t ] ;
re tu rn s e l f ;
g

/ / t h e s e methods a r e needed t o pass v a l u e s o f t h e consumer t o o t h e r
/ / p a r t s o f t h e program
�( i n t ) getConsumerName

f
re tu rn myName ;
g

�( i n t ) ge tBudge t
f
re tu rn myBudget ;
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g

/ / g e t v a l u e a t o f f s e t , i n a r r a y O f V i s i t s
�( i n t ) g e t V i s i t V a l u e : ( i n t ) o f f s e t

f
I n t e g e r � e lemen t ;
e l emen t =[ a r r a y O f V i s i t s a t O f f s e t : o f f s e t ] ;
re tu rn [ e l emen t getMyValue ] ;
g

/ / g e t v a l u e o f e lemen t a t key
�( i n t ) ge tSpend ingVa lue

f
I n t e g e r � e lemen t ;
e lemen t =[ l i s t O f S p e n d i n g g e t F i r s t ] ;
re tu rn [ e l emen t getMyValue ] ;
g

�( i n t ) g e t V i s i t
f
re tu rn [ s e l f g e t V i s i t V a l u e : cu r ren tT ime ] ;
g

�( i n t ) ge tSpend ing
f
re tu rn [ s e l f ge tSpend ingVa lue ] ;
g

�( i n t ) g e t P o s i t i o n X
f
re tu rn p o s i t i o n X ;
g

�( i n t ) g e t P o s i t i o n Y
f
re tu rn p o s i t i o n Y ;
g

�g e t A l l S p e n d i n g
f
re tu rn l i s t O f S p e n d i n g ;
g

@end
� �


Listing 40: Il modelSwarm: interfaccia� �
/ / modelSwarm . h

/ / l oad program l i b r a r i e s
# import < o b j e c t b a s e . h>
# import < o b j e c t b a s e / Swarm . h>
# import < o b j e c t b a s e / SwarmObject . h>
# import < a c t i v i t y . h>
# import < s i m t o o l s . h>
# import < random . h>
# import < space . h>
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# import < space / D i s c r e t e 2 d . h>
# import < space / Gr id2d . h>
# import "Consumer.h"
# import "Integer.h"

@inter face ModelSwarm : Swarm
f

/ / he re a r e d e c l a r e d v a r i a b l e s which a r e g l o b a l t o t h e ModelSwarm c l a s s
i d <Schedu le> mode lSchedu le ;
i d <Act ionGroup> mode lAc t ions ;
i n t modelTime ;
i n t maxTime ;
i n t s t a r t B u d g e t ;
i n t maxBudget ;
i n t n o t F i n i s h e d ;
i n t numberOfConsumers ;
i d < L i s t> l i s t O f C o n s u mer s ;
i n t wor ldWidth , wo r ldHe igh t ;
i n t s i zeOfMarke t ;
i n t xMin , yMin , xMax , yMax ;
i d <Grid2d> wor ld ;
i d <D i s c r e t e 2 d> marke t ;
g

/ / c r e a t i o n methods which a l l ow us t o i n i t i a l i s e p a r a m e t e r s
+ c r e a t e B e g i n : (i d ) aZone ;
�c r e a t e E n d ;
�s e t S i m u l a t i o n P a r a m e t e r s : (i n t ) s i m S t a r t B u d g e t ;
/ / t h i s method c r e a t e s t h e consumers
�b u i l d O b j e c t s ;
/ / t h i s method p o s i t i o n s t h e consumers i n t h e wor ld , e x c l u d i n g t h e

marke t ,
/ / o r on ly i n t h e marke t a c c o r d i n g t o t h e v a l u e o f t h e l a s t argument
�f i n d P o s i t i o n I n W o r l d : (i d <Grid2d>)aWorld For : ( Consumer� ) aGuy

Exc ludeMarket : (i n t ) exc lude ;
/ / t h i s method d e a l s w i th what happens on a marke t
�marketDay ;
/ / t h e s e methods d e a l w i th t h e runn ing o f t h e model
�i n c r e a s e T i m e ;
�( i n t ) checkToStop ;
�b u i l d A c t i o n s ;
�a c t i v a t e I n : (i d ) swarmContext ;
/ / t h e s e methods a r e used t o g e t i n f o r m a t i o n s f o r c h a r a c t e r i s t i c s
/ / o f t h e model
�ge tL i s tO fConsumers ;
�getConsumer : (i n t ) name ;
�( i n t ) ge tCu r ren tT ime ;
�( i n t ) getWor ldWidth ;
�( i n t ) ge tWor ldHe igh t ;
�getWor ld ;
�ge tMarke t ;
�g e t A l l S p e n d i n g ;
@end
� �
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Listing 41: Il modelSwarm: implementazione� �
/ / ModelSwarm .m

# import "ModelSwarm.h"

@implementation ModelSwarm

+ c r e a t e B e g i n : (i d ) aZone
f
ModelSwarm � ob j ;
i d <ProbeMap> modelProbeMap ;

/ / c a l l t h e c r e a t e B e g i n method o f t h e s u p e r C l a s s
ob j = [ super c r e a t e B e g i n : aZone ] ;

/ / c r e a t e t h e probemap f o r t h e model
modelProbeMap=[ EmptyProbeMap c r e a t e B e g i n : aZone ] ;
[ modelProbeMap s e t P r o b e d C l a s s : [s e l f c l a s s ] ] ;
modelProbeMap=[ modelProbeMap c r e a t e E n d ] ;

[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"maxTime"
i n C l a s s : [s e l f c l a s s ] ] ] ;

[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"
numberOfConsumers"

i n C l a s s : [s e l f c l a s s ] ] ] ;
[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"

startBudget"
i n C l a s s : [s e l f c l a s s ] ] ] ;

[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"
maxBudget"

i n C l a s s : [s e l f c l a s s ] ] ] ;
[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"

worldWidth"
i n C l a s s : [s e l f c l a s s ] ] ] ;

[ modelProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"
worldHeight"

i n C l a s s : [s e l f c l a s s ] ] ] ;
[ p r o b e L i b r a r y setProbeMap : modelProbeMap For : [s e l f c l a s s ] ] ;
re tu rn ob j ;
g

�c r e a t e E n d
f
re tu rn [ super c r e a t e E n d ] ;
g

�s e t S i m u l a t i o n P a r a m e t e r s : (i n t ) s i m S t a r t B u d g e t
f
s t a r t B u d g e t = s i m S t a r t Bu d g e t ;
re tu rn s e l f ;
g

�b u i l d O b j e c t s
f
i n t i , x , y ;
i n t name ;
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i d <ProbeMap> consumerProbe ;

[ super b u i l d O b j e c t s ] ;

/ / s e t t h e p o s i t i o n o f t h e marke t i n t h e c e n t e r o f t h e wor ld
xMin=( wor ldWidth�s i zeOfMarke t ) / 2 ;
xMax=xMin+ s i zeOfMarke t ;
yMin=( wo r ldHe igh t�s i zeOfMarke t ) / 2 ;
yMax=yMin+ s i zeOfMarke t ;

/ / i n i t i a l i s e t h e wor ld as a g r i d 2 d and f i l l i t w i th ” n i l ” o b j e c t s
wor ld =[ Gr id2d c r e a t e : [s e l f ge tZone ] se tS i zeX : wor ldWidth Y:

wo r ldHe igh t ] ;
[ wor ld f i l l W i t h O b j e c t : n i l ] ;

/ / i n i t i a l i s e marke t as a D i s c r e t e 2 d and f i l l i t w i th a v a l u e o b j e c t
/ / t o g e t t h e ye l low s q u a r e r e p r e s e n t i n g t h e marke t

marke t =[ D i s c r e t e 2 d c r e a t e : [s e l f ge tZone ] se tS i zeX : wor ldWidth Y:
wo r ldHe igh t ] ;

f o r ( y=yMin ; y<yMax ; y++)
f
f o r ( x=xMin ; x<xMax ; x++)

f
[ marke t pu tVa lue : 2 atX : x Y : y ] ;
g

g

/ / c r e a t e t h e l i s t o f consumers
l i s t O f C o n s u mers =[ L i s t c r e a t e : [s e l f getZone ] ] ;

/ / i t e r a t e over a l l p o s s i b l e consumers ( from 1 t o numberOfConsumers )
f o r ( i =1 ; i<=numberOfConsumers ;++ i )

f
Consumer � aConsumer ;

/ / name of consumer= index i
name= i ;

/ / c r e a t e t h e consumers
aConsumer =[ Consumer c r e a t e : [s e l f getZone ] ] ;
[ aConsumer setConsumerName : name MaxBudget : maxBudget S t a r t Bu d g e t

: s t a r t B u d g e t Goer : 0 ] ;
/ / s e t t h e i r p o s i t i o n s t o�999

[ aConsumer s e t P o s i t i o n X :�999 Y:�999 ] ;
/ / c r e a t e t h e l i s t and a r r a y s ( t h e a r r a y i s c r e a t e d wi th a s i z e o f
/ / maxTime + 1 , as t ime s t a r t s a t 0

[ aConsumer c r e a t e L i s t O f S p e n d i n g : [s e l f getZone ] ] ;
[ aConsumer c r e a t e A r r a y O f V i s i t s : [s e l f getZone ] : maxTime + 1 ] ;

/ / p o s i t i o n t h e consumers i n t h e wor ld , e x c l u d i n g marke t
[ s e l f f i n d P o s i t i o n I n W o r l d : wor ld For : aConsumer Exc ludeMarke t : 1 ] ;

/ / p robe f o r consumer
consumerProbe =[ EmptyProbeMap c r e a t e B e g i n : [s e l f getZone ] ] ;
[ consumerProbe s e t P r o b e d C l a s s : [ Consumer c l a s s ] ] ;
consumerProbe =[ consumerProbe c r e a t e E n d ] ;
[ consumerProbe addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e:"

myName"
i n C l a s s : [ Consumer c l a s s ] ] ] ;
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[ p r o b e L i b r a r y setProbeMap : consumerProbe For : [ Consumer c l a s s ] ] ;
/ / add consumer t o t h e l i s t

[ l i s t O f C o n s u mer s a d d F i r s t : aConsumer ] ;
g

re tu rn s e l f ;
g

/ / t h i s method p o s i t i o n s t h e consumers i n t h e wor ld , e x c l u d i n g t h e
marke t ,

/ / o r on ly i n t h e marke t a c c o r d i n g t o t h e v a l u e o f t h e l a s t argument
�f i n d P o s i t i o n I n W o r l d : (i d <Grid2d>)aWorld For : ( Consumer� ) aGuy

Exc ludeMarket : (i n t ) exc lude
f
i n t t r i a l X , t r i a l Y ;

/ / s e t t r i a l X and t r i a l Y t o n e g a t i v e v a l u e s ( no t i n t h e wor ld ) t o s t a r t
t h e

/ / wh i l e loop
t r i a l X =�999;
t r i a l Y =�999;

/ / i f t h e consumers have a l r e a d y been pu t on a space ( p o s i t i o n X and
p o s i t i o n Y a r e no t

/ / � 9 9 9 , then pu t a n i l o b j e c t a t t h e i r c u r r e n t p o s i t i o n
i f ( ( [ aGuy g e t P o s i t i o n X ]>=0)&&([aGuy g e t P o s i t i o n Y ]>=0) )

f
[ aWorld p u t O b j e c t : n i l atX : [ aGuy g e t P o s i t i o n X ] Y : [ aGuy

g e t P o s i t i o n Y ] ] ;
g

/ / pu t consumers i n t h e wor ld randomly . i f exc lude = 1 , then t h e p a r t o f
/ / t h e wor ld c o r r e s p o n d i n g t o t h e marke t i s exc luded from t h e
/ / p o s s i b i l i t i e s , i f exc lude = 0 , t h e consumer i s pu t i n t h e marke t
/ / when choos ing a v a l u e f o r t h e p o s i t i o n o f t h e consumer , we need
/ / t o check t h a t : ( 1 ) bo th c o o r d i n a t e s a r e p o s i t i v e , ( 2 ) they a r e
/ / i n t h e p a r t o f t h e wor ld where they shou ld be , ( 3 ) t h e r e i s no t
/ / a l r e a d y a p l a y e r i n t h e s p o t . Th is e x p l a i n why t h e wh i l e c o n d i t i o n
/ / i s q u i t e complex

i f ( exc lude ==1)
f
whi le ( ( ( t r i a l X <0)&&( t r i a l Y <0) ) j j

( ( t r i a l X>=xMin )&&( t r i a l X <=xMax )&&( t r i a l Y >=yMin )&&( t r i a l Y <=
yMax ) ) j j

( [ wor ld ge tOb jec tA tX : t r i a l X Y: t r i a l Y ] ! = n i l ) )
f
t r i a l X =[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax :

wor ldWidth�1];
t r i a l Y =[ un i f o rm In tRand ge t In tege rWi thM in : 0 withMax :

wo r ldHe igh t�1];
g

g
e l s e i f ( exc lude ==0)

f
whi le ( ( ( t r i a l X <0)&&( t r i a l Y <0) ) j j

( [ wor ld ge tOb jec tA tX : t r i a l X Y: t r i a l Y ] ! = n i l ) )
f
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t r i a l X =[ un i f o rm In tRand ge t In tege rWi thM in : xMin withMax : xMax
] ;

t r i a l Y =[ un i f o rm In tRand ge t In tege rWi thM in : yMin withMax : yMax
] ;

g
g

e l s e
f
p r i n t f ("wrong value for exclude!\n" ) ;
e x i t ( 0 ) ;
g

[ aGuy s e t P o s i t i o n X : t r i a l X Y: t r i a l Y ] ;
[ aWorld p u t O b j e c t : aGuy atX : t r i a l X Y: t r i a l Y ] ;
re tu rn s e l f ;
g

�marketDay
f
i n t go ;
i n t spend ing ;
i n t budget ;
i d < Index> i = n i l ; / / t o i t e r a t e over t h e l i s t o f consumers
Consumer � l i s t E l e m e n t ;

/ / i t e r a t e over t h e l i s t o f consumers
/ / f i r s t , c r e a t e t h e index i

i =[ l i s t O f C o n s u me rs beg in : [s e l f getZone ] ] ;
whi le ( ( l i s t E l e m e n t =[ i nex t ] ) != n i l )

f
/ / upda te t h e budge t o f t h e consumer

budge t =[ l i s t E l e m e n t f i ndBudge t ] ;

/ / i s he go ing t o t h e marke t ?
go =[ l i s t E l e m e n t goToTheMarket ] ;
i f ( go )

f
spend ing =[ l i s t E l e m e n t spend ] ;

/ / add 1 t o a r r a y O f V i s i t s , a t t h e p o s i t i o n c o r r e s p o n d i n g t o
/ / c u r r e n t modelTime

[ l i s t E l e m e n t u p d a t e V i s i t s : modelTime : 1 ] ;
/ / add spend ing a t t h e key modelTime i n t h e mapOfSpending

[ l i s t E l e m e n t upda teSpend ing : spend ing ] ;
/ / now , p r i n t a r e p o r t o f t h e consumer ’ s a c t i o n s
/ / p r i n t f ( ” Th is i s t ime %dnn ” , modelTime ) ;
/ / p r i n t f ( ” I am consumer %dnn ” , [ l i s t E l e m e n t getConsumerName ] ) ;
/ / p r i n t f ( ”My c u r r e n t budge t i s %dnn ” , [ l i s t E l e m e n t ge tBudge t ] )

;
/ / p r i n t f ( ” Did I go t o t h e marke t ? %d ( from a r r a y )nn ” , [

l i s t E l e m e n t g e t V i s i t V a l u e : modelTime ] ) ;
/ / p r i n t f ( ” I s p e n t %d ( from l i s t )nn ” , [ l i s t E l e m e n t

ge tSpend ingVa lue ] ) ;
/ / p r i n t f ( ” I have %d of c u r r e n c y l e f t .n n ” , [ l i s t E l e m e n t

c a l c u l a t e R e m a i n i n g B u d ge t ] ) ;
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/ / pu t i n p o s i t i o n i n wor ld on marke t space
[ s e l f f i n d P o s i t i o n I n W o r l d : wor ld For : l i s t E l e m e n t

Exc ludeMarke t : 0 ] ;
g

e l s e
f

/ / add 0 t o a r r a y O f V i s i t s a t modelTime
[ l i s t E l e m e n t u p d a t e V i s i t s : modelTime : 0 ] ;

/ / add 0 t o l i s t O f S p e n d i n g a t modelTime
[ l i s t E l e m e n t upda teSpend ing : 0 ] ;

/ / p r i n t consumer ’ s s t a t e
/ / p r i n t f ( ” Th is i s t ime %dnn ” , modelTime ) ;
/ / p r i n t f ( ” I am consumer %dnn ” , [ l i s t E l e m e n t getConsumerName ] ) ;
/ / p r i n t f ( ”My c u r r e n t budge t i s %dnn ” , [ l i s t E l e m e n t ge tBudge t ] )

;
/ / p r i n t f ( ” Did I go t o t h e marke t ? %d ( from a r r a y )nn ” , [

l i s t E l e m e n t g e t V i s i t V a l u e : modelTime ] ) ;
/ / p r i n t f ( ” I have %d of c u r r e n c y l e f t .n n ” , [ l i s t E l e m e n t

ge tBudge t ] ) ;
/ / pu t i n p o s i t i o n i n wor ld o u t s i d e marke t

[ s e l f f i n d P o s i t i o n I n W o r l d : wor ld For : l i s t E l e m e n t
Exc ludeMarke t : 1 ] ;

g
g / / end o f i t e r a t i o n on l i s t O f C o n s u m ers

/ / i t i s good p r a c t i c e t o dropunused o b j e c t s l i k e i n d e x e s when they
/ / a r e no l o n g e r needed

[ i drop ] ;
re tu rn s e l f ;
g

�i n c r e a s e T i m e
f

/ / a t t h e end o f a p e r i o d , modelTime need t o be i n c r e a s e d by 1
++modelTime ;
re tu rn s e l f ;
g

�( i n t ) checkToStop
f

/ / i f modelTime<maxTime , then n o t F i n i s h e d i s 1 , o t h e r w h i s e i t
/ / i s 0 ( r e t u r n r e s p e c t i v e l y 0 or 1 f o r t h e o b s e r v e r )

i f ( modelTime<=maxTime )
f
n o t F i n i s h e d =1 ;
re tu rn 0 ;
g

e l s e
f
n o t F i n i s h e d =0 ;
re tu rn 1 ;
g

g

�b u i l d A c t i o n s
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f
/ / c r e a t e an a c t i o n group f o r t h e a c t i o n s t h e model need t o
/ / per fo rm a t each t ime p e r i o d
/ / f i r s t , we t e l l peop le t o go t o t h e marke t ( marketDay )
/ / t hen we i n c r e a s e t h e t ime o f t h e model ( i n c r e a s e T i m e )
/ / f i n a l l y we check whether t h i s t ime i s s t i l l v a l i d ( checkToStop )

mode lAc t ions =[ Act ionGroup c r e a t e B e g i n :s e l f ] ;
mode lAc t ions =[ mode lAc t ions c r e a t e E n d ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( marketDay ) ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( i n c r e a s e T i m e ) ] ;
[ mode lAc t ions c r e a t e A c t i o n T o :s e l f message :M( checkToStop ) ] ;

/ / now s c h e d u l e t h e a c t i o n s i n t ime
mode lSchedule = [ Schedu le c r e a t e B e g i n :s e l f ] ;
[ mode lSchedule s e t R e p e a t I n t e r v a l : 2 ] ;
mode lSchedule = [ mode lSchedule c r e a t e E n d ] ;
[ mode lSchedule a t : 0 c r e a t e A c t i o n : mode lAc t ions ] ;
re tu rn s e l f ;
g

�a c t i v a t e I n : (i d ) swarmContext
f
[ super a c t i v a t e I n : swarmContext ] ;
[ mode lSchedule a c t i v a t e I n :s e l f ] ;

re tu rn [ s e l f g e t A c t i v i t y ] ;
g

/ / methods t o pass p a r a m e t e r s t o o t h e r c l a s s e s
�ge tL i s tO fConsumers

f
re tu rn l i s t O f C o n s u m ers ;
g

�getConsumer : (i n t ) name
f

/ / no te t h a t e lemen ts a r e e n t e r e d i n t h e l i s t u s i n g t h e a d d F i r s t method
,

/ / so t h e f i r s t e l emen t i s t h e l a t e s t a g e n t c r e a t e d .
re tu rn [ l i s t O f C o n s u me rs a t O f f s e t : [ l i s t O f C o n s u m ers ge tCount ]�name ] ;
g

�( i n t ) ge tCu r ren tT ime
f
re tu rn modelTime ;
g

�( i n t ) getWor ldWidth
f
re tu rn wor ldWidth ;
g

�( i n t ) ge tWor ldHe igh t
f
re tu rn wor ldHe igh t ;
g
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�getWor ld
f
re tu rn wor ld ;
g

�ge tMarke t
f
re tu rn marke t ;
g

�g e t A l l S p e n d i n g
f
Consumer � e lemen t ;
I n t e g e r � spend ing ;
i d < L i s t> e lemen tSpend ing ;
i d < L i s t> l i s t O f A l l S p e n d i n g ;
i d < Index> i = n i l ;
i d < Index> j = n i l ;

l i s t O f A l l S p e n d i n g =[ L i s t c r e a t e : [s e l f getZone ] ] ;
/ / i t e r a t e th rough t h e e lemen ts o f l i s t O f C o n s u me rs
/ / t o c r e a t e e lemen tSpend ing
i =[ l i s t O f C o n s u me rs beg in : [s e l f getZone ] ] ;
whi le ( ( e l emen t =[ i nex t ] ) != n i l )

f
e lemen tSpend ing =[ L i s t c r e a t e : [s e l f getZone ] ] ;
e lemen tSpend ing =[ e lemen t g e t A l l S p e n d i n g ] ;
/ / i t e r a t e th rough t h e e lemen ts o f e lemen tSpend ing t o c r e a t e
/ / l i s t O f A l l S p e n d i n g
j =[ e lemen tSpend ing beg in : [s e l f getZone ] ] ;
whi le ( ( spend ing =[ j nex t ] ) != n i l )

f
[ l i s t O f A l l S p e n d i n g a d d F i r s t : spend ing ] ;
g

g
re tu rn l i s t O f A l l S p e n d i n g ;
g

@end
� �


Listing 42: L’ExperimentSwarm: interfaccia� �
/ / ExperSwarm . h

# import < s i m t o o l s g u i / GUISwarm . h>
# import < o b j e c t b a s e / SwarmObject . h>
# import < a c t i v i t y . h>
# import < c o l l e c t i o n s . h>
# import < o b j e c t b a s e . h>
# import < a n a l y s i s . h>
# import < s i m t o o l s . h>
# import < s i m t o o l s g u i . h>
# import < gu i . h>
# import "ModelSwarm.h"
# import "SimulationData.h"
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@inter face ExperSwarm : GUISwarm
f
i n t minSta r tBudge t ;
i n t maxSta r tBudget ;
i n t i n c S t a r t B u d g e t ;
i n t s e t S t a r t B u d g e t ;
i d < L i s t> l i s t O f A l l S p e n d i n g ;
f l o a t ave rageSpend ing ;

ModelSwarm � modelSwarm ;

i d <Graph> spend ingGraph ;
i d <GraphElement> spend ing ;

i d <ProbeMap> modelProbeMap ;
g

+ c r e a t e B e g i n : (i d ) aZone ;
� c r e a t e E n d ;
� b u i l d O b j e c t s ;
� a c t i v a t e I n : (i d ) swarmContext ;
/ / run t h e s i m u l a t i o n
� run ;

@end
� �


Listing 43: L’ExperimentSwarm: implementazione� �
/ / ExperSwarm .m

# import "ExperSwarm.h"

/ / i m p l e m e n t a t i o n o f ExperSwarm o b j e c t

@implementation ExperSwarm

+ c r e a t e B e g i n : aZone
f
ExperSwarm� ob j ;
i d <ProbeMap> experProbeMap ;

ob j = [ super c r e a t e B e g i n : aZone ] ;

/ / p robe map f o r ExperSwarm
experProbeMap = [ EmptyProbeMap c r e a t e B e g i n : aZone ] ;
[ experProbeMap s e t P r o b e d C l a s s : [s e l f c l a s s ] ] ;
experProbeMap = [ experProbeMap c r e a t e E n d ] ;

[ experProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e: "
minStartBudget"

i n C l a s s : [ s e l f c l a s s ] ] ] ;
[ experProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e: "

maxStartBudget"
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i n C l a s s : [ s e l f c l a s s ] ] ] ;
[ experProbeMap addProbe : [ p r o b e L i b r a r y g e t P r o b e F o r V a r i a b l e: "

incStartBudget"
i n C l a s s : [ s e l f c l a s s ] ] ] ;

[ p r o b e L i b r a r y setProbeMap : experProbeMap For : [s e l f c l a s s ] ] ;

re tu rn ob j ;
g

� c r e a t e E n d
f
re tu rn [ super c r e a t e E n d ] ;
g

� b u i l d O b j e c t s
f
[ super b u i l d O b j e c t s ] ;

CREATE ARCHIVED PROBEDISPLAY ( s e l f ) ;

/ / Allow t h e u s e r t o a l t e r expe r imen t p a r a m e t e r s
[ c o n t r o l P a n e l s e t S t a t e S t o p p e d ] ;

/ / b u i l d t h e Graph f o r model r e s u l t s
spend ingGraph = [ Graph c r e a t e B e g i n :s e l f ] ;
SETWINDOW GEOMETRYRECORDNAME( spend ingGraph ) ;
spend ingGraph = [ spend ingGraph c r e a t e E n d ] ;
[ spend ingGraph s e t T i t l e: "Average Spending" ] ;
[ spend ingGraph se tWid th : 5 0 0 Heigh t : 4 0 0 ] ;
[ spend ingGraph se tAx i sLabe lsX:"Start Budget" Y:"Average Spending" ] ;

spend ing =[ spend ingGraph c r e a t e E l e m e n t ] ;
[ spend ing s e t L a b e l: "average spending on the market" ] ;
[ spend ing s e t C o l o r: "blue" ] ;

re tu rn s e l f ;
g

� run
f
i d < L i s p A r c h i v e r> o u t F i l e ;
S i m u l a t i o n D a t a � simLoop ;
i d < L i s p A r c h i v e r> a r c h i v e r ;
i d < Index> i = n i l ;
i n t sum =0;
I n t e g e r � spend ingE lement ;

/ / s t a r t r unn ing s i m u l a t i o n : f o reach p o s s i b l e s t a r t i n gbudge t
f o r ( s e t S t a r t B u d g e t = m inS ta r tBudge t ;

s e t S t a r t B u d g e t<=maxSta r tBudget ; s e t S t a r t B u d g e t += i n c S t a r t B u d g e t )
f

p r i n t f ("this round, StartBudget is %d \n" , s e t S t a r t B u d g e t ) ;
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/ / c r e a t e s e t u p f i l e f o r Model Swarm

simLoop=[ S i m u l a t i o n D a t a c r e a t e : [s e l f getZone ] ] ;
[ simLoop i n i t P a r a : s e t S t a r t B u d g e t ] ;
o u t F i l e =[ L i s p A r c h i v e r c r e a t e :s e l f s e t P a t h:"loop.scm" ] ;
[ o u t F i l e pu tSha l l ow:"modelSwarm" o b j e c t : simLoop ] ;
[ o u t F i l e sync ] ;
[ o u t F i l e drop ] ;

/ / c r e a t e l i s t O f A l l S p e n d i n g
l i s t O f A l l S p e n d i n g =[ L i s t c r e a t e : [s e l f getZone ] ] ;

/ / l oad t h e d a t a f o r t h e modelSwarm
a r c h i v e r =[ L i s p A r c h i v e r c r e a t e : g loba lZone s e t P a t h:"parameters.scm" ] ;
i f ( ( modelSwarm =[ a r c h i v e r getWithZone : g loba lZone key:"modelSwarm" ] )

== n i l )
f
r a i s e E v e n t ( I n v a l i d O p e r a t i o n,"can’t find file or key\n" ) ;
g

[ a r c h i v e r drop ] ;

/ / l oad t h e d a t a mod i f i ed f o r t h e expe r imen t ( must come a f t e r t h e
/ / d a t a f o r t h e model as i t m o d i f i e s t h e v a l u e s o f some of them )
/ / a r c h i v e r l o a d s t h e d a t a from t h e f i l e loop . scm . They a r e a

S i m u l a t i o n D a t a
/ / o b j e c t , so use t h e s e t P a r a : model method t o i n i t i a l i s e t h e modelSwarm

a r c h i v e r =[ L i s p A r c h i v e r c r e a t e : g loba lZone s e t P a t h:"loop.scm" ] ;
i f ( ( simLoop=[ a r c h i v e r getWithZone : g loba lZone key:"modelSwarm" ] ) ==

n i l )
f
r a i s e E v e n t ( I n v a l i d O p e r a t i o n,"can’t find file or key\n" ) ;
g

[ simLoop s e t P a r a : modelSwarm ] ;
[ a r c h i v e r drop ] ;
[ simLoop drop ] ;

[ modelSwarm b u i l d O b j e c t s ] ;
[ modelSwarm b u i l d A c t i o n s ] ;

/ / run modelSwarm u n t i l i t f i n i s h e s
whi le ( [ modelSwarm checkToStop ]==0)

f
[ modelSwarm marketDay ] ;
[ modelSwarm i n c r e a s e T i m e ] ;
[ modelSwarm checkToStop ] ;
g

/ / pu t v a l u e s i n l i s t O f A l l S p e n d i n g from modelSwarm
l i s t O f A l l S p e n d i n g =[ modelSwarm g e t A l l S p e n d i n g ] ;

/ / g e t ave rage spend ing t o use i n graph
i =[ l i s t O f A l l S p e n d i n g beg in : [s e l f getZone ] ] ;
whi le ( ( spend ingE lement =[ i nex t ] ) != n i l )

f
sum+=[ spend ingE lemen t getMyValue ] ;
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g
ave rageSpend ing=sum / [ l i s t O f A l l S p e n d i n g ge tCount ] ;

p r i n t f ("averageSpending %f\n" , ave rageSpend ing ) ;

/ / add d a t a f o r g raph
[ spend ing addX : s e t S t a r t B u d g e t Y: ave rageSpend ing ] ;
g / / end o f f o r loop on s t a r t B u d g e t

/ / end o f expe r imen t , draw graph and s t o p c o n t r o l p a n e l
p r i n t f ("End of the experiment\n" ) ;
[ spend ingGraph pack ] ;
[ c o n t r o l P a n e l s e t S t a t e S t o p p e d ] ;

re tu rn s e l f ;
g

� a c t i v a t e I n : swarmContext
f
[ super a c t i v a t e I n : swarmContext ] ;

re tu rn [ s e l f g e t A c t i v i t y ] ;
g

@end
� �
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