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Sistemi a regole
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R e gol e  d i p r od u z ion e
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Memoria di lavoro
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k ln op qmr s q tru o p o
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Agenda, attivazione
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Ciclo di esecuzione

� � � � � � � � !" " #� $% � � & #% ' � ( � ' � ' � � '" ! � ) � �*

+ ,- - .0/1 2 , 34 , - 5 2 6 ,

+ 78 5- 3 . 5 5 6 , 9 9 .;: ,< 2 ,1 5- / 3 ,

+ ,- - .0/1 2 , 3 , = 5 =/ 1 . , 6 . 3 , : / 1 /



� � �� � �� � � �� � 	
 ��� � �� � � �  � � �� � �� �� � �

��� � � �� � 
 � �� � � � � �

S ist em a  a  r eg ole - com e f unziona no?
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Algoritmo Rete (C. F orgy ,  1 9 8 0 )
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Aggiornamento della Rete
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Sistema J ess
(Java E x p e r t S y s t e m S h e l l )
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Jess - I n t r o d u z i o n e
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Jess - S i n t a ssi

� � ��� � �  ! "# $% # % "& '( " & &  )% * " �,+ ' - "

(maschio Mario)
(femmina Paola)
(padre Alba Mario)
(padre Amelia Mario)
(madre Alba Paola)
(madre Amelia Paola)

� . " ( " $% - " ! "# $% # % " & ' ( " & & " )% # + # � &  # � � & &  ' � ( �  )% - � ( "

(defrule sorella
(padre ?x ?p)
(padre ?y ?p)
(madre ?x ?m)
(madre ?y ?m)
(femmina ?x)
=>
(assert (sorella ?x ?y)))
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Jess - F u n z i o n i  L i sp

� � � � � � �! "# # $ %& �  '  � � ( �*) +& $ ,& $# �& � ) - ) # " . �  ) �! / � � ,

0 1 � +& ) �  % -  ) 2# �  +& ) 3 � 2 �& ) �  �  # 2 �& ) � ,& � �& ) &

� ) + � - 3  $ + 4 �# "# �! # 5 - ) 2 �& ) � / � � ,

0 1 -  5 - ) 2 �& ) � " & � �& - � � � �

6 � � , � +# "  ) �! ,  $ 3  5 �*) � $ �  78 9*: ; 9 � ) - ) # $ %& �# <

= (assert

> ?A@B CD

)EGF HIJ EGK I F CML N E > ? @B CD F I O O @ PQ PRS TGU V T W UX RS R

YB L K @Z Z E L J F @ K I F CML N I O O @ H CJ [ C C [J @ \I CI ]

= (retract

> ? @B CD

)J EGK L^ E L F I N E > ?A@B CD N @ O O @ P Q PRS TGU V T W U X RS R

YB L F @Z Z E L J F @ K I F CML N I O O @ H CJ [ C C [J @ \I CI ]
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� � � � � � �! "# $  � � � � # � � �&% # '(# � �*)  # ' �*+ , "# ) ' ,

$ java jess.Main
Jess>

- .0/ 12 304 / 5 306 7 / / 8 8 3:9 / 3 5&; 3; 8 74 /=<6 7 5 5 / ; 7> ?6 @ / > ?4 1 / 2 7 3 5 12 ?4 1 8 @ 7 5A B0CD A BC EGFH FI

J KL*M L*N OP QR S Q T QU QV W T QX W R W X N U L S S QX Y Y R ZL T Q

P O M WX X W R W O R N [ Q QX X QU Q L R X QU L S Q \ LU Q S S OP QR S Q

Jess> ( bat ch “ r egol e. c l p” )

] ^ / 2 3 > / 4 76 8 ? @ 7 5_ 3 5 7

r egol e. c l p

J ` S S L&a Ob L W R Q

Jess> ( r eset )
Jess> ( r un)

] 36 3:c 3 / 5 3:c c / c 3 ?6 7 @ 7 5 5 / 4 74 ?2 3 / @ 3 5 / 9 ?2 ?

> ?6 / c c 72 / 4 76 8 ? @ 7 3_ / 8 8 3

] / 8 8 3 9 / c 3 ?6 7 @ 7 5 > 3 > 5 ? 1 2 306 > 3 1 / 5 7

3 5; 3; 8 74 / 2 304 / 6 7 / 8 8 3 9 ?_ 36 > d e 9 3; ?6 ? 2 7f ? 5 7 @ / 7; 7f g 3 2 7



� � �� � �� � � �� � 	
 ��� � �� � � �  � � �� � �� �� � �

��� �� � � �� � �� � � � �  

Jess – F u n z i o n i  u t i l i

! "$# %& ' ($) * &

Jess> (agenda)

+ ,- . /10 2 354 0 4 6 - 34 7 . / 28 9 7 2 /4 : 0 4 .4 8 / 7 8 4 3 3; 2 64 8 < 2
Jess> (facts)

= ,- . /10 2 7 > 2 / / 7 ,4 ,- 0 7 9 9 2 / 7 8 4 3 3 2 , 4 ,- 0 7 2 < 7 3 2? - 0 -

@ A5B CD D E C FG H I1J

Jess> (watch all)

= /10 2K K 7 2 ,4 8 /- <54 3 3; 4 .4 K L 9 7M- 8 4

Jess> (unwatch all)

= 4 3 7 , 78 2 7 3 /10 2K K 7 2 ,4 8 /- <4 3 3; 4 .4 K L 9 7M- 8 4

Jess> (run 1)

= 2 / / 7? 2 9 7M- 8 4 < 7 L8 2 .- 3 2 0 4 6 - 3 2

@ N5O O G B C FG H I1J

Jess> (clear)

= 2 9 94 0 2 0 4 6 - 354 4 > 2 / / 7
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Fox, G oa t  &  C a b b a g e
(esercitazione con J ess)
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Un dilemma

� ��� � �! " #�$ � % � #'&

( ) * +, - .0/ 1 23 1 - 4 56 78 9: 8 ;

( ) * +< 1 2'= 4 56'> ? ;

( ) * + / + = - + 5'@ > 7 A ;

( ) * / +< 1 2 1 5'B 7 C C 7@ : ;

D E "  % � � #�F &

( ) * + G + -/ +

( H ) 4 - .< 4 5'I J> 8 :'K LNM I J> 8 : K O ;

D P Q #  � � #'R F

( 3 ) 3 3 . . = + -3 4/ .0= + * 3 .0S 1 * 1S ) ) * + - .< + 5 I J> 8 : K L ;

( 2T + , - .0/ 1 2 3 1 - 4 H 4< 4 3 - +, U 43 3 + - 4 3 )3 3 .0S ) 2 2 + - .< + 1= = 1S 3 + 5 I J> 8 : K O ;

D V # % "F W #&
( S 4 2 +S / . + 3 4S 1 2 + / 1 * 2 + / + = - + M 2 + < 1 2= 4 X + *, . + 2 + / + = - +

( S 4 2 +S / . + 3 + S 1 2 + / 1 * . 2 / +< 1 2 1 M 2 + / + = - + X + * , . + . 2 / +< 1 2 1
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Funzioni L is p  p a r t ic ol a r i

! "$# %&$' &)( & *' # + *' ,# ' - , * &$' &)( &$. / # 0 # / /. 12 134 5$6 7 5 896: 34 3

; (deffact

< =)>? @A

)BDCE FG BDH FC @JI BDC BLK B > M F N B < =)>? @A C F M M > OP OQR SDT U S VTW QR Q

X F >Y Y B I G C > H FC @JI N F M M > E @GZ @ @Z G > [ F @ F \

> M H I H FC @JI N F M M > FE F? Z K B I C F N B

(reset)

] ^$_` abc de f g9hc d_ f di _c ij c c j i d a9hc b$k ` e f` _ bc d

; (deftemplate

<E @GZ ? @Z G F A

)

; lE FH m B I N B N F = BC B K B I C Fn

(deftemplate status
(slot farmer-location)
(slot fox-location)
(slot goat-location)
(slot cabbage-location))

; lE FH m B I NoZ E I XZ C pT q qQ rs Pt S p St Q \ n

(status (farmer-location shore-1)
(fox-location shore-1)
(goat-location shore-1)
(cabbage-location shore-1))
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Priorità tra regole

� ��� ��� � � !  � " � #$ � % # � #$ � % # & '( )*�+ ,- + .

/ 01 243 5 67 3 89 0 1 7 : 67<; 1 =7 5 : 8?> 5@ :7 9 8@ 5 2 1 A 1 BC DE<F GH F I

/ 7 : 67; 1 =7 5 : 8 8 0J 27<; 7K 1 6 8 2 2 1 B C DE F GH F L

(defrule fox-eats-goat
(declare (salience 100))
...

M N�O PQ R�S Q RT U T Q O Q VW S X V Y Q V X O T R�Z O

[ R X Z O X S Q V O \ \S X^] T S _ V X X O `a bc�d ef d g S g hS g T O i

M N�O PQ R�S Q RT U R g j X^] V gk O X O W V \T R S g V _ V X Xl a md e na

/ : 8 2 2 1 0; 8 2K 1 J 8 9 2o 1 K K 7 3 1 =7 5 : 8

/ 2 8 9 8@ 5 2 8 1 J 9 7 5 9 7K p J 7 q 1 2K 1 3 8 : @ 5 : 5 J 9 7 3 7 2 8@ 7 1 K 8

/ 9 7 0J 8K K 5 1 2 2 8 9 8@ 5 2 8 1 J 9 7 5 9 7K p J 7 qr 1 0 0 1
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Condizioni speciali

� ��� � � � !" �$# % & " '� (� ') " ' " # !� *� � � + # '� + " ' , & % & " ' & !- � + &�� � &

. / ,� ' * & * 0 1) & 0 ( & ! *� '� � �2 � !� 3 - & " - 4� + � ,� ' *� 5

(defrule farmer-with-goat-and-fox
(farmer-location ?x) 
(fox-location ?x) 
(goat-location ?x)
...

. 6 & 7 7� 4� ' %�

(defrule fox-eats-goat
(farmer-location ?x) 
(fox-location ?y&~?x) 
(goat-location ?y)
...

. 8 " ' 7 4" ' *"

(defrule y-larger-than-x
(value ?x) 
(value ?y&:(< ?x ?y)) 
...
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A zioni speciali
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� ��� � �� �� � ��� � � � �  � !"� # � �  � # � � $ � ! �

(bind ?x (+ ?x 1))

� % � � � & ��' � � � (") * * +�, *.- / * * / - ) * +

(modify ?fact
(farmer-location ?x) 
(fox-location ?y))

� 021 3 ! ��' � � �� � � � 4� � � & ��' � � � () * * +�, *.- / * * / - ) * +

(duplicate ?fact
(farmer-location ?x) 
(fox-location ?y))
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Attivazione dell’esempio

! " #$ %& ')( * + %, - . - / / ( 0(1 + ( 2 + / -

CLASSPATH

3 45 6 78:9 ;5 8:<

. l ogi n

= >@? A BDC EGF HI B HF EF H HF JF K ? HF

L M9 N8:O P5

exampl es/ di l emma. cl p 

= QR R B@S C T B ? UF EGF HGV BV R F W C X F V V

$ j ava j ess. Mai n
Jess>

= >C J BDY C WF U R ? EF HI B HF

di l emma. c l p
Jess> ( bat ch “ di l emma. cl p” )

= QR R B@S C T B ? UF EGF H HZ F V F W A B ?

Jess> ( r eset )
Jess> ( r un)
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Domande

C � ��� � � ! � � �#" $% &' ( $ � ' & � &*) ) � ' $+ ,% % &.- $ �0/ ,% , & �1 & � , ( ( � 2

3 45 67 8 9 7 :; 8< => 9 :? <@ 9 6 8 : 9 85 67 A < B :

C 4 => 9 :? < 7 : 9 B = 9 ? 8 95 9ED < F 6 G : B B < = F7 ; F F; 7 <

status

HI ��� � � ! & � % � $ � $1 , � � � + % & $ % &' J ' % � % ," $ � , 2

3 4 > 7 6K < 7 : < F 6 ? B 9 :7 : B : 9 8 G 9ED < @ 9 6 8 9 G 9EL M NOEP QR P

C 4 => 9 :? < 7 : B < G 95 5 :7 : 8@ < G 9 D 6 A > 67 F< A : 8 F 6

S T% � - U� % � % , &.V / , U , � , % ," $ � ,1 & + % ,- ,V ' � ) & $V ,1 , � % &- � � ' � ' $


