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Regole di inferenza

<latexit sha1_base64="hbK683tDr1DGVJrRlHxrqN/noGo=">AAACFXicbVC7TsNAEDzzJrwClDQHERJVZCMElBE0lCCRBCmOrPVlE045n83dGiWyUvMJfAUtVHSIlpqCf8ExKXhNNZrZ1e5MmChpyXXfnanpmdm5+YXF0tLyyupaeX2jYePUCKyLWMXmKgSLSmqskySFV4lBiEKFzbB/Ovabt2isjPUlDRNsR9DTsisFUC4F5W2/a0Bkg8Dzb1Lo+KITky0oHwR6lA1HQbniVt0C/C/xJqTCJjgPyh9+JxZphJqEAmtbnptQOwNDUigclfzUYgKiDz1s5VRDhLadFVFGfDe1QDFP0HCpeCHi940MImuHUZhPRkDX9rc3Fv/zWil1j9uZ1ElKqMX4EEmFxSErjMw7Qt6RBolg/DlyqbkAA0RoJAchcjHNSyvlfXi/0/8ljf2qd1h1Lw4qtZNJMwtsi+2wPeaxI1ZjZ+yc1Zlgd+yBPbIn5955dl6c16/RKWeys8l+wHn7BIQsn9Q=</latexit>x1 · · · xn

y

premesse (una, nessuna, molte)

conclusioni (una)

se le premesse sono valide, 
allora anche la conclusione è 
valida

<latexit sha1_base64="eWIXWKn2k0hzqcVuo0QVKfGBe3I=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDCaCRVh2g6hl0MYygnlAEpbZySQZMjuzzMxKlpDGxl+xsVDE1n+w82+cTbbQxAMXDufcy733BBGjSrvut5VbWV1b38hvFra2d3b37P2DhhKxxKSOBROyFSBFGOWkrqlmpBVJgsKAkWYwukn95gORigp+r5OIdEM04LRPMdJG8u3j0tj3yo7jlMc+LyclqAQXsC9kGDPi20XXcWeAy8TLSBFkqPn2V6cncBwSrjFDSrU9N9LdCZKaYkamhU6sSITwCA1I21COQqK6k9kXU3hqlF662hTXcKb+npigUKkkDExniPRQLXqp+J/XjnX/qjuhPIo14Xi+qB8zqAVMI4E9KgnWLDEEYUnNrRAPkURYm+AKJgRv8eVl0qg43oVzflcpVq+zOPLgCJyAM+CBS1AFt6AG6gCDR/AMXsGb9WS9WO/Wx7w1Z2Uzh+APrM8fxJaW3w==</latexit>

x1, ..., xn, y sono formule

<latexit sha1_base64="CET4EZt2SmKU0XlJaBGKNpRWs1k="></latexit>

ogni variabile è (implicitamente) quantificata universalmente
l’istanza di una regola è ottenuta applicando una sostituzione ⇢ a x1, ..., xn, y
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Assiomi

senza premesse

conclusione (sempre valida, e’ un fatto)

la conclusione e’ valida<latexit sha1_base64="fvxXOYQfnd5DWrBNtKdOxBZSKZo=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQiJKrIRAsoIGsogkYeUWNH6sgmnnB+5W0eKrLR8BS1UdIiW/6DgX3CCC0iYajSzq50dP1bSkON8WoWV1bX1jeJmaWt7Z3fP3j9omCjRAusiUpFu+WBQyRDrJElhK9YIga+w6Q9vZn5zjNrIKLynSYxeAINQ9qUAyqSubXf6GkTaGY0S6E3TybRrl52KMwdfJm5OyixHrWt/dXqRSAIMSSgwpu06MXkpaJJC4bTUSQzGIIYwwHZGQwjQeOk8+ZSfJAYo4jFqLhWfi/h7I4XAmEngZ5MB0INZ9Gbif147of6Vl8owTghDMTtEUuH8kBFaZpUg70mNRDBLjlyGXIAGItSSgxCZmGQdlbI+3MXvl0njrOJeVJy783L1Om+myI7YMTtlLrtkVXbLaqzOBBuzJ/bMXqxH69V6s95/RgtWvnPI/sD6+AZPbpiu</latexit>

y
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Istanza di una regola
<latexit sha1_base64="Zz3LdgAUZG1g+dFdCuLnsID9C6U="></latexit>

(prod)
E0 �! n0 E1 �! n1

E0 ⌦ E1 �! n
<latexit sha1_base64="PYpP/TCT6uH5vLJN9qbsMscklm8="></latexit>n = n0 · n1

<latexit sha1_base64="N4nPQCPZQBE9OF5nmZxgJ3kiBkA="></latexit>

(prod)
1 �! 1 1� 2 �! 3

1⌦ (1� 2) �! 3
<latexit sha1_base64="qwI7oVLEukxKg0vvmxWz+7e4nKY="></latexit>

3 = 1 · 3

<latexit sha1_base64="/zWaxQ9X6GWiIPG4LDMWJ1WJvwQ="></latexit>

(prod)
1 �! 3 1� 2 �! 5

1⌦ (1� 2) �! 15
<latexit sha1_base64="0FBvGJ/3QambcB8Sr3Ia6Mbrs+k="></latexit>

15 = 3 · 5

c’e anche un 
altra istanza di 
(prod)!

un istanza di prod

ma sara’ difficile che le  premesse siano valide
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Altre istanze
<latexit sha1_base64="Zz3LdgAUZG1g+dFdCuLnsID9C6U="></latexit>

(prod)
E0 �! n0 E1 �! n1

E0 ⌦ E1 �! n
<latexit sha1_base64="PYpP/TCT6uH5vLJN9qbsMscklm8="></latexit>n = n0 · n1

un istanza di 
(prod)

<latexit sha1_base64="YzZFvA7Om1thE+EnDbE2mwBDjwI="></latexit>

(prod)
E⌦ 2 �! k E� 1 �! 3

(E⌦ 2)⌦ (E� 1) �! 3k

possiamo avere la 
stessa variabile
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Sistema Logico

Un sistema logico e’ un insieme assiomi e regole di 
inferenza

<latexit sha1_base64="8RyQ0Kn7a9NrLb5ivytAL96VMJA="></latexit>

R =

⇢

z
,
x1 · · · xn

y
, ...

�

se una regola di inferenza contiene alcune variabili, 
assumiamo che tutte le sue istanze siano in R
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Una derivazione
Dato un sistema logico R, una derivazione in R, si scrive

<latexit sha1_base64="q0uaOy8t1BNKNBsx93jO1WSz2eY=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBlBQxkQeUiJFa3Pm+SU80N3a6QoivgKWqjoEC3fQsG/YBsXkDDVaGZXOzterKQh2/60lpZXVtfWSxvlza3tnd3K3n7LRIkW2BSRinTHA4NKhtgkSQo7sUYIPIVtb3yd+e0H1EZG4T1NYnQDGIZyIAVQKnX9XssHM+rf8Um/UrVrdg6+SJyCVFmBRr/y1fMjkQQYklBgTNexY3KnoEkKhbNyLzEYgxjDELspDSFA407zyDN+nBigiMeouVQ8F/H3xhQCYyaBl04GQCMz72Xif143ocGlO5VhnBCGIjtEUmF+yAgt0y6Q+1IjEWTJkcuQC9BAhFpyECIVk7ScctqHM//9Immd1pzzmn17Vq1fFc2U2CE7YifMYReszm5YgzWZYBF7Ys/sxXq0Xq036/1ndMkqdg7YH1gf34/WlXI=</latexit>

d �R y

dove

una derivazione e’  un albero di prova (le cui foglie 
sono assiomi)

<latexit sha1_base64="rIehx7ekzaE08qh6vND/poOJsmU="></latexit>

• o d = (y ) è un assioma di R;

• oppure d = (d1,...,dn

y ) ed esistono derivazioni d1 �R x1, ..., dn �R xn e

(x1,...,xn

y ) è una regola di inferenza di R.
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Esempio

<latexit sha1_base64="h/ZEP3y0b70Ey+o3KUA1iOmMmeQ="></latexit>

1 �! 1
<latexit sha1_base64="gW8nEFeulfzfnR73kli+/DCyKeQ="></latexit>

2 �! 2
<latexit sha1_base64="RbTdSKp9dlzjT+nowi6/uyDF4k4="></latexit>

3 �! 3
<latexit sha1_base64="FLiPWQjfCZUhiI1fC6KPJMab7eg="></latexit>

4 �! 4
<latexit sha1_base64="j93IOxPSnR2zo5y+atnhtIf8waA="></latexit>

(1� 2) �! 3
<latexit sha1_base64="G4DSSd4o8Aa2lmiLPn5EUcBgrFI="></latexit>

(3� 4) �! 7
<latexit sha1_base64="VWj4BxUN58gpCWNH4d4U3OwT8AE="></latexit>

(1� 2)⌦ (3� 4) �! 21

<latexit sha1_base64="RI25z+fqXIemJbNJeKrC9N3tR2U="></latexit>

d =

<latexit sha1_base64="1QEjzEhwoRVfu73G7EJ2paiNvqE="></latexit>

d �R (1� 2)⌦ (3� 4) �! 21

<latexit sha1_base64="JYSpTJVdxVWeopcv3KkF+0YC9w8=">AAAEI3iczVJLaxRBEO6d8RHHV6JHL42LICjLTBT1EgmK4EmiuElge1l6emo2TXq6J901icvQP8df400E8eB/sXd2kWQj+DhZly6q6quv6uvKayUdpum3XhRfuHjp8tqV5Oq16zdurm/c2nWmsQKGwihj93PuQEkNQ5SoYL+2wKtcwV5++HKe3zsG66TR73FWw7jiUy1LKTiG0GSj9/VdspUwBSWyNmGl5SJp2VHDCx/eiuOBK9 s3nimjp1ZOD5Bba04oQ/iAHXubqwZ8q71/+BO+hL3yk/T3wEnqk46QnsJlf4DLvF/hMrVq3N+2SekD2jX7D+ZHWcE/LMBEYXCxRMK6YuYn6/10kHZGzzvZ0umTpe2EU3jECiOaCjQKxZ0bZWmN45ZblEJB6Nw4qLk45FMYBVfzMOu47Wbx9F7jOBpag6VS0S4IpxEtr5ybVXmo7LZbzc2Dv8qNGiyfjVup6wZBizkRSgUdkRNWhtsGWkgLiHw+OVCpqeCWI4KVlAsRgk049jOEDituZzbcONNwIkxVcV20rIASjvziTyyoluWNVEXwKDsOMljJ9TRwMxNYabvlg9xB5mxV1PPO7uYgezJI3z7ub79YCr5G7pC75D7JyFOyTV6THTIkInoeFVEV6fhj/Cn+HH9ZlEa9JeY2OWPx9x9O9mxL</latexit>

R =

⇢

N �! n
,
E0 �! n0 E1 �! n1

E0 � E1 �! n0 + n1
,
E0 �! n0 E1 �! n1

E0 ⌦ E1 �! n0 · n1

�
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Teoremi
Dato un sistema logico R, un teorema di R e’ scritto nel 
seguente modo:

dove  y e’  una formula tale che  
possiamo trovare una  derivazione  
per  y in R

<latexit sha1_base64="BIjH8sYhEhbukM4PNY96HbnkWMY="></latexit>�R y
<latexit sha1_base64="nKmBmlRUlzPIz5n3YNOcCkIUeGg="></latexit>

9d. d �R y

<latexit sha1_base64="3L5FCde/rIyXhrV464yfeNrlYhQ="></latexit>

IR
M
= { y | �R y }

<latexit sha1_base64="qlKmu2R/WEjqv3CWRsdTlRKS/+0=">AAACJHicbVDLSkMxFMz1Weur6tJNsBVdlXtFVHAjulFwoWKr0Jaam57WYB6X5FyhlH6MG3/FjQsfuHDjt5g+FlodCBlmziGZiRMpHIbhZzA2PjE5NZ2Zyc7OzS8s5paWy86klkOJG2nsdcwcSKGhhAIlXCcWmIolXMV3Rz3/6h6sE0ZfYjuBmmItLZqCM/RSPbd/uiG0E6CANgTFFFFQf4OxoERPKlwUaPXGu6ANMjSUG00LJ/WLQrGey4fFsA/6l0RDkidDnNVzb9WG4akCjVwy5ypRmGCtwywKLqGbraYOEsbvWAsqnmqmwNU6/ZBduu6VBm0a649G2ld/bnSYcq6tYj+pGN66Ua8n/udVUmzu1TpCJymC5oOHmqmkPmuvMV+CBY6y7QnjVvi/Un7LLOPoe836EqLRyH9JeasY7RS3z7fyB4fDOjJklayRTRKRXXJAjskZKRFOHsgTeSGvwWPwHLwHH4PRsWC4s0J+Ifj6BhvOopg=</latexit>

L’insieme di tutti i teoremi di R è denotato con IR.
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Notazione inline
<latexit sha1_base64="h/ZEP3y0b70Ey+o3KUA1iOmMmeQ="></latexit>

1 �! 1
<latexit sha1_base64="gW8nEFeulfzfnR73kli+/DCyKeQ="></latexit>

2 �! 2
<latexit sha1_base64="RbTdSKp9dlzjT+nowi6/uyDF4k4="></latexit>

3 �! 3
<latexit sha1_base64="FLiPWQjfCZUhiI1fC6KPJMab7eg="></latexit>

4 �! 4
<latexit sha1_base64="j93IOxPSnR2zo5y+atnhtIf8waA="></latexit>

(1� 2) �! 3
<latexit sha1_base64="G4DSSd4o8Aa2lmiLPn5EUcBgrFI="></latexit>

(3� 4) �! 7
<latexit sha1_base64="VWj4BxUN58gpCWNH4d4U3OwT8AE="></latexit>

(1� 2)⌦ (3� 4) �! 21

<latexit sha1_base64="RI25z+fqXIemJbNJeKrC9N3tR2U="></latexit>

d =

<latexit sha1_base64="VWj4BxUN58gpCWNH4d4U3OwT8AE=">AAACr3icbVBNbxMxEHWWrxK+UjhysYiQ2ku0m1bABamCC8cikaZSHILXO9la9dqLPW6JLP9B/gH/giuccJaAaMqc3rx5ozfzylZJh3n+rZfduHnr9p2du/179x88fDTYfXzijLcCJsIoY09L7kBJDROUqOC0tcCbUsG0PH+7nk8vwDpp9AdctTBveK3lUgqOiVoMqj3WcDxzy1BEZlrl3Z9+HPeZQdmA+ys52JIcxv0+U0bXVt ZnyK01l32G8AW7u0KpPMQwLuJiMMxHeVf0Oig2YEg2dbzY7R2wygjfgEahuHOzIm9xHrhFKRTEPvMOWi7OeQ2zBDVPZ85DZxvpc+84GtqCpVLRjoR/NwJvnFs1ZVJ2j2zP1uT/ZjOPy1fzIHXrEbRYG6FU0Bk5YWXKGWglLSDy9eVApaaCW44IVlIuRCJ9Cv6KocOG25Wt0lMaLoVpGq6rwCpYwucYuqgtqMBKL1WVEGUXKQYrua6TNzPJlYbXMcZ+irnYDvU6OBmPihej/P3h8OjNJvAd8pQ8I3ukIC/JEXlHjsmECPKVfCc/yM+syKbZx+zTb2nW2+w8IVcqk78AATTbCQ==</latexit>

(1� 2)⌦ (3� 4) �! 21
<latexit sha1_base64="LtIMHqdtYYSTz51Ohsv/g3ftlKs="></latexit>

-
<latexit sha1_base64="j93IOxPSnR2zo5y+atnhtIf8waA="></latexit>

(1� 2) �! 3
<latexit sha1_base64="G4DSSd4o8Aa2lmiLPn5EUcBgrFI="></latexit>

(3� 4) �! 7,
<latexit sha1_base64="h/ZEP3y0b70Ey+o3KUA1iOmMmeQ="></latexit>

1 �! 1
<latexit sha1_base64="gW8nEFeulfzfnR73kli+/DCyKeQ="></latexit>

2 �! 2
<latexit sha1_base64="G4DSSd4o8Aa2lmiLPn5EUcBgrFI="></latexit>

(3� 4) �! 7,,
<latexit sha1_base64="LtIMHqdtYYSTz51Ohsv/g3ftlKs="></latexit>

-
<latexit sha1_base64="gW8nEFeulfzfnR73kli+/DCyKeQ="></latexit>

2 �! 2
<latexit sha1_base64="G4DSSd4o8Aa2lmiLPn5EUcBgrFI="></latexit>

(3� 4) �! 7,
<latexit sha1_base64="LtIMHqdtYYSTz51Ohsv/g3ftlKs="></latexit>

-
<latexit sha1_base64="G4DSSd4o8Aa2lmiLPn5EUcBgrFI="></latexit>

(3� 4) �! 7
<latexit sha1_base64="LtIMHqdtYYSTz51Ohsv/g3ftlKs="></latexit>

-
<latexit sha1_base64="LtIMHqdtYYSTz51Ohsv/g3ftlKs="></latexit>

- <latexit sha1_base64="RbTdSKp9dlzjT+nowi6/uyDF4k4="></latexit>

3 �! 3
<latexit sha1_base64="FLiPWQjfCZUhiI1fC6KPJMab7eg="></latexit>

4 �! 4,
<latexit sha1_base64="LtIMHqdtYYSTz51Ohsv/g3ftlKs="></latexit>

- <latexit sha1_base64="FLiPWQjfCZUhiI1fC6KPJMab7eg="></latexit>

4 �! 4
<latexit sha1_base64="LtIMHqdtYYSTz51Ohsv/g3ftlKs="></latexit>

- <latexit sha1_base64="ZlAh8eAL4HvBpUX758R0xtmwMJs="></latexit>⇤
niente da provare

derivazione 
goal-oriented 
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Backtracking
<latexit sha1_base64="VWj4BxUN58gpCWNH4d4U3OwT8AE=">AAACr3icbVBNbxMxEHWWrxK+UjhysYiQ2ku0m1bABamCC8cikaZSHILXO9la9dqLPW6JLP9B/gH/giuccJaAaMqc3rx5ozfzylZJh3n+rZfduHnr9p2du/179x88fDTYfXzijLcCJsIoY09L7kBJDROUqOC0tcCbUsG0PH+7nk8vwDpp9AdctTBveK3lUgqOiVoMqj3WcDxzy1BEZlrl3Z9+HPeZQdmA+ys52JIcxv0+U0bXVt ZnyK01l32G8AW7u0KpPMQwLuJiMMxHeVf0Oig2YEg2dbzY7R2wygjfgEahuHOzIm9xHrhFKRTEPvMOWi7OeQ2zBDVPZ85DZxvpc+84GtqCpVLRjoR/NwJvnFs1ZVJ2j2zP1uT/ZjOPy1fzIHXrEbRYG6FU0Bk5YWXKGWglLSDy9eVApaaCW44IVlIuRCJ9Cv6KocOG25Wt0lMaLoVpGq6rwCpYwucYuqgtqMBKL1WVEGUXKQYrua6TNzPJlYbXMcZ+irnYDvU6OBmPihej/P3h8OjNJvAd8pQ8I3ukIC/JEXlHjsmECPKVfCc/yM+syKbZx+zTb2nW2+w8IVcqk78AATTbCQ==</latexit>

(1� 2)⌦ (3� 4) �! 21

fallimento! dobbiamo tornare indietro (backtrack) fino all’ultima 
scelta e riprovare

derivazione 
goal-oriented  
(depth-first)

<latexit sha1_base64="LtIMHqdtYYSTz51Ohsv/g3ftlKs="></latexit>

- ,
<latexit sha1_base64="KsHc4Vdit/kl7OhT0IkK7Ovxi50="></latexit>

(1� 2) �! 7
<latexit sha1_base64="hzLjmW4W51M9/WDZk/PTx7F/Tmg="></latexit>

(3� 4) �! 3
<latexit sha1_base64="h/ZEP3y0b70Ey+o3KUA1iOmMmeQ="></latexit>

1 �! 1 ,,
<latexit sha1_base64="LtIMHqdtYYSTz51Ohsv/g3ftlKs="></latexit>

- <latexit sha1_base64="fKIQVotAvvTqEVHIFwF7qFa1ztg="></latexit>

2 �! 6
<latexit sha1_base64="hzLjmW4W51M9/WDZk/PTx7F/Tmg="></latexit>

(3� 4) �! 3

,
<latexit sha1_base64="LtIMHqdtYYSTz51Ohsv/g3ftlKs="></latexit>

- <latexit sha1_base64="fKIQVotAvvTqEVHIFwF7qFa1ztg="></latexit>

2 �! 6
<latexit sha1_base64="hzLjmW4W51M9/WDZk/PTx7F/Tmg="></latexit>

(3� 4) �! 3

,,
<latexit sha1_base64="LtIMHqdtYYSTz51Ohsv/g3ftlKs="></latexit>

-
<latexit sha1_base64="hzLjmW4W51M9/WDZk/PTx7F/Tmg="></latexit>

(3� 4) �! 3
<latexit sha1_base64="4TfKHUKRi6+o/0NBz+U5lFSIkvg="></latexit>

1 �! 2
<latexit sha1_base64="HMAiAC94xzsdvBzRqfxuhB4gVhI="></latexit>

2 �! 5

…

alternativamente possiamo esplorare tutte le 
alternative in parallelo 
(breadth-first vs depth-first)

fallimento! dobbiamo tornare indietro (backtrack) fino all’ultima scelta e 
riprovare



Programmazione Logica

13



1414

PROLOG
Prolog is a simple, yet powerful declarative programming 
language, based on first-order predicate logic

PROgrammation en LOGique

[’70] (Univ. Marseilles) A. Colmerauer, P. Roussel, R. Kowalski
(aimed at processing natural (French) language)

paradigm; moreover Alain did not yet see how to do without Q-systems as far
as natural language analysis was concerned.

After the departure of Robert, Alain ultimately found a way of developing
powerful analyzers. He associated a binary predicate N(x, y) with each non-
terminal symbol N of the grammar, signifying that x and y are terminal strings
for which the string u defined by x = uy exists and can be derived from N .
By representing x and y by lists, each grammar rule can then be encoded by a
clause having exactly the same number of literals as occurrences of non-terminal
symbols. It was thus possible to do without list concatenation. (This technique
is now known as the difference lists technique). Alain also introduced additional
parameters into each non-terminal to propagate and compute information. As
in Q-systems, the analyzer not only verified that the sentence is correct but
also extracted a formula representing the information that it contains. Nothing
now stood in the way of the creation of a man-machine communication system
entirely in ’logic‘

A draconian decision was made: at the cost of incompleteness, we chose linear
resolution with unification only between the heads of clauses. Without knowing
it, we had discovered the strategy which is complete when only Horn clauses
are used. Robert Kowalski [25] demonstrated this point later and together with
Maarten van Emden he would go on to define the modern fixed point semantics
of Horn clause programming [26].

During the fall of 1972, the first Prolog system was implemented by Philippe
in Niklaus Wirt’s language Algol-W; in parallel, Alain and Robert Pasero created
the eagerly awaited man-machine communication system in French [13]. There
was constant interaction between Philippe, who was implementing Prolog, and
Alain and Robert Pasero, who programmed in a language which was being
created step by step. This preliminary version of Prolog is described in detail
in Part III of this paper. It was also at this time that the language received its
definitive name following a suggestion from Philippe’s wife based on keywords
which had been given to her.

The man-machine communication system was the first large Prolog program
ever to be written [13]. It had 610 clauses: Alain wrote 334 of them, mainly
the analysis part; Robert Pasero 162, the purely deductive part, and Henry
Kanoui wrote a French morphology in 104 clauses, which makes possible the
link between the singular and plural of all common nouns and all verbs, even
irregular ones, in the third person singular present tense. Here is an example of
a text submitted to the man-machine communication system in 1972:
Every psychiatrist is a person.
Every person he analyzes is sick.
Jacques is a psychiatrist in Marseille.
Is Jacques a person?
Where is Jacques?
Is Jacques sick?

and here are the answers obtained for the three questions at the end:
Yes. In Marseille.
I don’t know.

6

paradigm; moreover Alain did not yet see how to do without Q-systems as far
as natural language analysis was concerned.

After the departure of Robert, Alain ultimately found a way of developing
powerful analyzers. He associated a binary predicate N(x, y) with each non-
terminal symbol N of the grammar, signifying that x and y are terminal strings
for which the string u defined by x = uy exists and can be derived from N .
By representing x and y by lists, each grammar rule can then be encoded by a
clause having exactly the same number of literals as occurrences of non-terminal
symbols. It was thus possible to do without list concatenation. (This technique
is now known as the difference lists technique). Alain also introduced additional
parameters into each non-terminal to propagate and compute information. As
in Q-systems, the analyzer not only verified that the sentence is correct but
also extracted a formula representing the information that it contains. Nothing
now stood in the way of the creation of a man-machine communication system
entirely in ’logic‘

A draconian decision was made: at the cost of incompleteness, we chose linear
resolution with unification only between the heads of clauses. Without knowing
it, we had discovered the strategy which is complete when only Horn clauses
are used. Robert Kowalski [25] demonstrated this point later and together with
Maarten van Emden he would go on to define the modern fixed point semantics
of Horn clause programming [26].

During the fall of 1972, the first Prolog system was implemented by Philippe
in Niklaus Wirt’s language Algol-W; in parallel, Alain and Robert Pasero created
the eagerly awaited man-machine communication system in French [13]. There
was constant interaction between Philippe, who was implementing Prolog, and
Alain and Robert Pasero, who programmed in a language which was being
created step by step. This preliminary version of Prolog is described in detail
in Part III of this paper. It was also at this time that the language received its
definitive name following a suggestion from Philippe’s wife based on keywords
which had been given to her.

The man-machine communication system was the first large Prolog program
ever to be written [13]. It had 610 clauses: Alain wrote 334 of them, mainly
the analysis part; Robert Pasero 162, the purely deductive part, and Henry
Kanoui wrote a French morphology in 104 clauses, which makes possible the
link between the singular and plural of all common nouns and all verbs, even
irregular ones, in the third person singular present tense. Here is an example of
a text submitted to the man-machine communication system in 1972:
Every psychiatrist is a person.
Every person he analyzes is sick.
Jacques is a psychiatrist in Marseille.
Is Jacques a person?
Where is Jacques?
Is Jacques sick?

and here are the answers obtained for the three questions at the end:
Yes. In Marseille.
I don’t know.

6

The original text followed by the three answers was in fact as follows:
TOUT PSYCHIATRE EST UNE PERSONNE.
CHAQUE PERSONNE QU’IL ANALYSE, EST MALADE.
JACQUES EST UN PSYCHIATRE A *MARSEILLE.
EST-CE QUE *JACQUES EST UNE PERSONNE?
OU EST *JACQUES?
EST-CE QUE *JACQUES EST MALADE?
OUI. A MARSEILLE. JE NE SAIS PAS.

All the inferences were made from pronouns (he, she, they, etc.), articles (the,
a, every, etc.), subjects and complement structures with or without prepositions
(from, to, etc.). In fact, the system knew only about pronouns, articles and
prepositions (the vocabulary was encoded by 164 clauses), it recognized proper
nouns from the mandatory asterisk which had to precede them as well as the
verbs and common nouns on the basis of the 104 clauses for French morphology.

In November, together with Robert Pasero, we undertook an extensive tour
of the American research laboratories after a visit in Edinburgh. We took with
us a preliminary report on our natural language communication system and our
very first Prolog. We left copies of the report almost everywhere. Jacques Cohen
welcomed us in Boston and introduced us at MIT, where we received a warm
welcome and talked with Minsky, Charniak, Hewitt and Winograd. We also
visited Woods at BBN. We then went to Stanford, visited the SRI and John
McCarthy’s AI laboratory, met Cordell Green, presented our work to a very
critical J. Feldman and spent Thanksgiving at Robert Floyd’s home.

2.3 1973: The final Prolog

At the beginning of the year or, to be exact, in April, our group attained official
status. The CNRS recognized us as an ‘associated research team’ entitled ‘Man-
machine dialogue in natural language’ and provided financial support in the
amount of 39,000 FF (about $6,500) for the first year. This sum should be
compared to the 316,880 FF (about $50,000) we received in October from IRIA
to renew the contract for ‘man-machine communication in natural language with
automated deduction’ for a period of two and a half years.

Users of the preliminary version of Prolog at the laboratory had now done
sufficient programming for their experience to serve as the basis for a second
version of Prolog, a version firmly oriented toward a programming language and
not just a kind of automated deductive system. Besides the communication
system in French in 1972, two other applications had been developed using this
initial version of Prolog: a symbolic computation system [3, 4, 22] and a general
problem-solving system called Sugiton [21]. Also, Robert Pasero continued to
use it for his work on French semantics, leading to the successful completion of
his thesis in May [32].

Between February and April 1973, at the invitation of Robert Kowalski,
Philippe visited the School of Artificial Intelligence at the University of Edin-
burgh, which was within the Department of Computational Logic directed by
Bernard Meltzer. Besides the many discussions with the latter and with David
Warren, Philippe also met Roger Boyer and Jay Moore. They had constructed
an implementation of resolution using an extremely ingenious method based on

7
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Algoritmo

cosa

(descrizione del problema)

come

(passi per arrivare alla 
soluzione)

clausole di Horn risoluzione

database 
PROLOG

interprete 
PROLOG

 algoritmo = logica + controllo
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Formule

<latexit sha1_base64="Fmdemg8wBRTjQwAwb1mxKvPUjmQ="></latexit>

p 2 ⇧n
<latexit sha1_base64="jHRP7SVFbKmr316Jn5f6vYg6fz0="></latexit>

t1, ..., tn 2 T⌃,Xformula atomica
<latexit sha1_base64="nfGnCyh/rQ+caHbj/+nEbHevkqo="></latexit>

a = p(t1, ..., tn)

formula <latexit sha1_base64="aVM7fkZ8AYY4wr3JkHnzfUOGEj4="></latexit>a1, ..., an una  congiunzione (anche 
vuota) di formule atomiche

<latexit sha1_base64="qadnVpuhyLB7aPj5mYju63dSMYE=">AAACEHicbVC7SgNBFJ31GeMramkzmIgWYdkNojZC0MYygnlANoTZyU0yZHZ2mZkNLks+wcZfsbFQxNbSzr9x8ig08cDA4Zx7uXOOH3GmtON8W0vLK6tr65mN7ObW9s5ubm+/psJYUqjSkIey4RMFnAmoaqY5NCIJJPA51P3BzdivD0EqFop7nUTQCkhPsC6jRBupnTspNK689KGYFG3b9kYFHAvMhGIQAO4wPCSSEZ9x1s7lHduZAC8Sd0byaIZKO/fldUIaByA05USpputEupUSqRnlMMp6sYKI0AHpQdNQQQJQrXQSaISPjdLB3VCaJzSeqL83UhIolQS+mQyI7qt5byz+5zVj3b1spUxEsQZBp4e6Mcc6xON2TGQJVPPEEEIlM3/FtE8kodp0mDUluPORF0mtZLvn9tldKV++ntWRQYfoCJ0iF12gMrpFFVRFFD2iZ/SK3qwn68V6tz6mo0vWbOcA/YH1+QMP65tl</latexit>

X = {x, y, ...} un insieme di variabili
<latexit sha1_base64="JUCzZmB/zCgrT82cetyP8Ol8SMc="></latexit>

⌃ = {⌃n}n una segnatura di simboli di funzioni c, f, g, ...
<latexit sha1_base64="3DQguZqVyjZbfn0ywOABtqhO6mQ="></latexit>

⇧ = {⇧n}n una segnatura di simboli di predicato p, q, ...
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Programmi Logici

Clausole di Horn

Un programma 
logico L

una formula 
atomica 
(la TESTA)

una formula 
(il CORPO)

<latexit sha1_base64="Xq39xG6ZSVX0eXAX16cI9B7nmIo="></latexit>a :� a1, ..., an
<latexit sha1_base64="LPtK6GOWjuIf3LnJpBKrwvxXoXI="></latexit>a1 · · · an

a
simile a 

un insieme  (o una  lista) di clausole di Horn

<latexit sha1_base64="sGYcHTJeUy41mBp3Ug7gxXLyGzY="></latexit>

h :� r

<latexit sha1_base64="4KhV5jkdstzCGnqQ88lY8iXjoI8="></latexit>

L =

8
<

:

· · ·
h :� r.
· · ·

9
=

;



Refutazione di un goal

<latexit sha1_base64="AP0IVH/mlqKoMdhnfoRYNuPHC+g=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BFvBQw1JEfVm0YvHCvYD2hAm2027dLMJu5tCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpAwKpXjfBuFtfWNza3idmlnd2//wDw8ask4FZg0ccxi0QlAEkY5aSqqGOkkgkAUMNIORvczvz0mQtKYP6lJQrwIBpyGFIPSkm+aldsL8N2qrVEFn1d8s+zYzhzWKnFzUkY5Gr751evHOI0IV5iBlF3XSZSXgVAUMzIt9VJJEsAjGJCuphwiIr1sfvnUOtNK3wpjoYsra67+nsggknISBbozAjWUy95M/M/rpiq88TLKk1QRjheLwpRZKrZmMVh9KghWbKIJYEH1rRYeggCsdFglHYK7/PIqadVs98q+fKyV63d5HEV0gk7ROXLRNaqjB9RATYTRGD2jV/RmZMaL8W58LFoLRj5zjP7A+PwB1MaRNQ==</latexit>

?� a1, ...., an

<latexit sha1_base64="/EmgqMmijSK47ro+mz7mBtIEFIU="></latexit>

Voglio dimostrare che la formula a1, ...., an è una conseguenza logica
(puo’ essere derivata dagli assiomi e dalle regole del sistema)

<latexit sha1_base64="MB+T/S3ZXk0dWSwUS7C2RL1P6zM="></latexit>

A questo scopo aggiungiamo alle regole la negazione della formula che vogliamo
dimostrare

Goal

e cerchiamo di ottenere una contraddizione 
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Applicazioni
un programma logico serve a rispondere alla seguente 
domanda: 
data una formula g che vogliamo dimostrare, 
quali sono le istanze  di g valide?

<latexit sha1_base64="SoywyWAOnyc0NQgV+T+3LXf0pBs="></latexit>

(1� 2)⌦ (3� 4) �! n ,
<latexit sha1_base64="m0kTA3ZkZu0uqF7nCJ5pap8TQ3E="></latexit>

?�
<latexit sha1_base64="di43VdPOM12C43ePcV7lDTxLRak="></latexit>

n� E �! 26
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 Risoluzione SLD
Idea: ridurre iterativamente il goal iniziale g 
applicando una delle clausole di Horn in L 
a una delle formule atomiche del goal; 

ogni applicazione calcola un unificatore più generale (mgu), 
sostituisce la formula selezionata con il corpo della clausola 
selezionata e applica il mgu al nuovo obiettivo

<latexit sha1_base64="Mk9M3uITR+0BLXjCeUmwCoShGeo="></latexit>

?� g -�1 g1
-�2 g2
-�3 · · ·
-�m ⇤

<latexit sha1_base64="p3JGZOBHWNe8jIWBGrPfA69Ndtg=">AAACHXicbVBNSwMxFMz6WevXqkcvwVbwtOwWUY+iF48VbBXapb5NX2swyS5JViilf8SLf8WLB0U8eBH/jWndg1YHQoaZeSRvkkxwY8Pw05uZnZtfWCwtlZdXVtfW/Y3NpklzzbDBUpHqqwQMCq6wYbkVeJVpBJkIvExuT8f+5R1qw1N1YQcZxhL6ivc4A+ukjr8PwkWAVvttw/sSOlFx14IgKKis0vY10lxRi6lGp/iVMAgnoH9JVJAKKVDv+O/tbspyicoyAca0ojCz8RC05UzgqNzODWbAbqGPLUcVSDTxcLLdiO46pUt7qXZHWTpRf04MQRozkIlLSrA3Ztobi/95rdz2juIhV1luUbHvh3q5oDal46pol2tkVgwcAaa5+ytlN6CBWVdo2ZUQTa/8lzRrQXQQ7J/XKscnRR0lsk12yB6JyCE5JmekThqEkXvySJ7Ji/fgPXmv3tt3dMYrZrbIL3gfX7juoRM=</latexit>

allora g�1�2...�m è un teorema
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Risoluzione SLD
<latexit sha1_base64="oLM13XhmZXiW4x7dumB1a38rr3Y="></latexit>

h :� b1, ..., bn
<latexit sha1_base64="pBXbp+gLyaPzRjsL2fpSlvpOBj8="></latexit>

?� a1, ..., ai, ..., ak

<latexit sha1_base64="BrNKdqyZXBqzEaVOgjaqyIt8sho="></latexit>...

<latexit sha1_base64="BrNKdqyZXBqzEaVOgjaqyIt8sho="></latexit>...

<latexit sha1_base64="cNn02CrpyhsMqZ6UC0Nd/jLGURk="></latexit>

L

Ripeti i passi seguenti finche’  ci sono formule atomiche nel goal
<latexit sha1_base64="UitouFbcH0oXPCj8PbZltOcWKm4="></latexit>

1. seleziona una formula atomica ai nel goal (per esempio prendi la prima da

sinistra);

2. seleziona una clausola Horn h : �b1, ..., bn 2 L la cui testa unifica con ai;

3. sia � l’unificatore piú generale (mgu) tra h e ai, ai� = h�;

4. sostituisci ai nel goal con il corpo della clausola b1, ..., bn;

5. applica la sostituzione � a tutto il goal ottenuto: (a1, ..., b1, ..., bn, ..., ak)�.
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Attenzione
le  formule atomiche  in un goal possono condividere 
variabili: la sostituzione deve essere applicata a tutto il 
goal per propagare l’informazione 

<latexit sha1_base64="K0nrQuMXJk4U1wafyOvLRx/yihk="></latexit>

(a1, ..., b1, ..., bn, ..., ak)�
<latexit sha1_base64="xJW4FVx2+cbhcUlFCMgUoqRm6yY="></latexit>

a1, ..., (b1, ..., bn)�, ..., ak
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Attenzione
la stessa clausola può essere riutilizzata molte volte:  
ogni volta le sue variabili devono essere rinominate (prima 
dell'unificazione) con nuovi identificatori per evitare clashes

<latexit sha1_base64="Bbjx7EV7ZlStX8MxP6vzLvS1bVk="></latexit>

1. seleziona una formula atomica ai nel goal;

2. seleziona una clausola Horn h : �b1, ..., bn 2 L;

3. sia ⇢ un renaming per le variabili in vars(h : �b1, ..., bn);

4. (h : �b1, ..., bn)⇢ è chiamata variante dell’originale;

5. sia � l’ mgu tra h⇢ e ai, ai� = (h⇢)�;

6. sostituisci ai con (b1, ..., bn)⇢;

7. applica la sostituzione �: (a1, ..., (b1, ..., bn)⇢, ..., ak)�.

Ripeti i passi seguenti finche’  ci sono formule atomiche nel goal
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Attenzione
nelle sostituzioni, solo le variabili che appaiono nel goal 
sono rilevanti per la risposta

<latexit sha1_base64="biQamoQW3Uq1FNnUNjx/897wPIc="></latexit>

�|Y (x)
M
=

⇢
�(x) if x 2 Y
x otherwise

<latexit sha1_base64="mXHHLy9vg0RXv9XKRxq8QGny21o="></latexit>

� : X ! T⌃,X

<latexit sha1_base64="6NZLad9mL8/aflKar4g98pRbuMU="></latexit>

Y ✓ X

<latexit sha1_base64="9LmNBcCC50+ffQsDJuY5oK0Wlew="></latexit>

a1, ..., ai, ..., ak -b� (a1, ..., (b1, ..., bn)⇢, ..., ak)�

<latexit sha1_base64="sK3h1/yyBLcvACrfGyWVvUN7cgc="></latexit>

b� M
= �|vars(a1,...,an)

riportiamo solo questa informazione parziale
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Risposte Calcolate
<latexit sha1_base64="fkNyRSdceR4zKoPZuiIep8125Uw="></latexit>

?� g -b�1 g1
-b�2 g2
-b�3 · · ·
-b�m ⇤

<latexit sha1_base64="xiMtTwu0/gRxM1RH22s7oQyAW0E="></latexit>

� = b�1 · b�2 · b�3 · · · b�m

la sostituzione e’ chiamata risposta calcolata (computed answer 
substitution) e viene calcolata come composizione delle 
risposte calcolate ad ogni passo

<latexit sha1_base64="6mtmz++KLA/eBppmvt7PvDGaI/M="></latexit>

t(�1 · �2)
M
= t�1�2 = �2(�1(t)) = (�2 � �1)(t)
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Esempio
<latexit sha1_base64="fGz0TY7YF1swMfpehH0jawOrtdo="></latexit>

⇧3 = {sum, ...}
<latexit sha1_base64="bf7XY0uzXUNpXEnrnPfXfWCpCWk="></latexit>

⌃0 = {0, ...}
<latexit sha1_base64="dx9diQrk7SC9MQ5dsqSbt9dJ2VQ="></latexit>

⌃1 = {s, ...}
somma codificata 
come predicato

<latexit sha1_base64="RmsaGisYVz7U6wPvTfjRiKwCY88="></latexit>

sum(x, y, z)
<latexit sha1_base64="mtAnQHdvFCZiW5FjmL745yGWzIU="></latexit>

x+ y = zsignifica

<latexit sha1_base64="jTbsJUIZHSNXGCiIWIShpYFEjqI="></latexit>

sum(0, y, y).

<latexit sha1_base64="cNn02CrpyhsMqZ6UC0Nd/jLGURk="></latexit>

L
(un fatto)

in PROLOG 
le clausole 
terminano cn il 
punto

<latexit sha1_base64="I//7BCw1/TjpgnrHhdjV+3EaJJI="></latexit>

sum(s(x), y, s(z)) :� sum(x, y, z).
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2+2=?
<latexit sha1_base64="0/93kwAExfbDlV4QYdGmP6Uk7j8="></latexit>

?� sum(s(s(0)), s(s(0)), n).il goal

<latexit sha1_base64="o4OyjPxbA1rNqa/jfzFm9iOPakg="></latexit>

{sum(s(s(0)), s(s(0)), n)
?
= sum(0, y0, y0)} fallisce

ha successo

<latexit sha1_base64="jTbsJUIZHSNXGCiIWIShpYFEjqI="></latexit>

sum(0, y, y).

<latexit sha1_base64="cNn02CrpyhsMqZ6UC0Nd/jLGURk="></latexit>

L

<latexit sha1_base64="I//7BCw1/TjpgnrHhdjV+3EaJJI="></latexit>

sum(s(x), y, s(z)) :� sum(x, y, z).

<latexit sha1_base64="FI2fmmf1jMTP2EOGI8YsXgYu5dI="></latexit>

{sum(s(s(0)), s(s(0)), n)
?
= sum(s(x1), y1, s(z1))}

<latexit sha1_base64="byfk11CLFSHnlIOZyw2z3r7tSog="></latexit>

�1 = [x1 = s(0) , y1 = s(s(0)) , n = s(z1)]
<latexit sha1_base64="04x8CsDGc+yR2nL1uwKQcICxb3E="></latexit>

b�1 = [n = s(z1)]

<latexit sha1_base64="VEaL7KMK2aUQ3q5q0iPFtfh1OC0="></latexit>

= sum(s(0), s(s(0)), z1)

<latexit sha1_base64="thFvLwdGkY0d24gHQ7vc6g81OS4="></latexit>

sum(s(s(0)), s(s(0)), n)
<latexit sha1_base64="/DJNgB7IR+lZYIscBj9bUvMqE80="></latexit>

-b�1 ( sum(x1, y1, z1) )�1

<latexit sha1_base64="04x8CsDGc+yR2nL1uwKQcICxb3E="></latexit>

b�1 = [n = s(z1)]



<latexit sha1_base64="thFvLwdGkY0d24gHQ7vc6g81OS4="></latexit>

sum(s(s(0)), s(s(0)), n)
<latexit sha1_base64="BHD9ybIwi+6mAqdthAQc6VBwoZo="></latexit>

-b�1 sum(s(0), s(s(0)), z1)

<latexit sha1_base64="04x8CsDGc+yR2nL1uwKQcICxb3E="></latexit>

b�1 = [n = s(z1)]
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1+2=?
nuovo goal

fallisce

ha successo

<latexit sha1_base64="0fmVMq04W06NlWv/qF7Uc2eh3OQ="></latexit>

sum(s(0), s(s(0)), z1).

<latexit sha1_base64="ESHlgdUQEE4loMEnnwtFTQZHbyQ="></latexit>

{sum(s(0), s(s(0)), z1)
?
= sum(0, y0, y0)}

<latexit sha1_base64="lhtQBqQMwZ4EJQqpR+FgVDy3pso="></latexit>

{sum(s(0), s(s(0)), z1)
?
= sum(s(x2), y2, s(z2))}

<latexit sha1_base64="jTbsJUIZHSNXGCiIWIShpYFEjqI="></latexit>

sum(0, y, y).

<latexit sha1_base64="cNn02CrpyhsMqZ6UC0Nd/jLGURk="></latexit>

L

<latexit sha1_base64="I//7BCw1/TjpgnrHhdjV+3EaJJI="></latexit>

sum(s(x), y, s(z)) :� sum(x, y, z).

<latexit sha1_base64="JGLej6Y5Tsdl8CnusQw2yWSA7kg="></latexit>

�2 = [x2 = 0 , y2 = s(s(0)) , z1 = s(z2)]
<latexit sha1_base64="1rTif4lD99TRACALkjpiutdCocE="></latexit>

b�2 = [z1 = s(z2)]

<latexit sha1_base64="Jy3QB9PmYnVAgbOiTjRbdILAL5o="></latexit>

= sum(0, s(s(0)), z2)

<latexit sha1_base64="vF+4/NpUpYkQPGviHCiz352+PM0="></latexit>

-b�2 ( sum(x2, y2, z2) )�2

<latexit sha1_base64="1rTif4lD99TRACALkjpiutdCocE="></latexit>

b�2 = [z1 = s(z2)]



<latexit sha1_base64="thFvLwdGkY0d24gHQ7vc6g81OS4="></latexit>

sum(s(s(0)), s(s(0)), n)
<latexit sha1_base64="BHD9ybIwi+6mAqdthAQc6VBwoZo="></latexit>

-b�1 sum(s(0), s(s(0)), z1)
<latexit sha1_base64="/KPxEmLkL89Vzz47duHGIkLpXGg="></latexit>

-b�2 sum(0, s(s(0)), z2)

<latexit sha1_base64="04x8CsDGc+yR2nL1uwKQcICxb3E="></latexit>

b�1 = [n = s(z1)]
<latexit sha1_base64="1rTif4lD99TRACALkjpiutdCocE="></latexit>

b�2 = [z1 = s(z2)]
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0+2=?
nuovo goal <latexit sha1_base64="jTbsJUIZHSNXGCiIWIShpYFEjqI="></latexit>

sum(0, y, y).

<latexit sha1_base64="cNn02CrpyhsMqZ6UC0Nd/jLGURk="></latexit>

L

<latexit sha1_base64="I//7BCw1/TjpgnrHhdjV+3EaJJI="></latexit>

sum(s(x), y, s(z)) :� sum(x, y, z).

<latexit sha1_base64="yJA1pNdlWBUtzRt+eVqzM0nnRXI="></latexit>

sum(0, s(s(0)), z2).

<latexit sha1_base64="xDj4z4zPHQdPsMLyBAsaaDrdu+A="></latexit>

{sum(0, s(s(0)), z2)
?
= sum(0, y3, y3)} ha successo

<latexit sha1_base64="Dm0buuAFClQOyDh9Tgtm0+v3bz4="></latexit>

�3 = [y3 = s(s(0)) , z2 = s(s(0))]
<latexit sha1_base64="LR1V2/mWaSBFF45bJedG/6Qe1u8="></latexit>

b�3 = [z2 = s(s(0))]

<latexit sha1_base64="94vNFeO/ukYmUUFoY5uhEInX1w0=">AAADFHicdVFNb9QwEPWGr1K+tnDkYrFCKpdV0iLgUqmCC8cisW2lOFo5zuzWqu0Ee7JlZeVXIPFruCGucOaHcAWcNAd2t4wvL2/m5dlv8kpJh3H8cxBdu37j5q2t29t37t67/2C48/DYlbUVMBGlKu1pzh0oaWCCEhWcVha4zhWc5Odv2v7JAqyTpXmPywoyzedGzqTgGKjpULILWcAZR8+cnGveTBMmihLpBr9H/9PYpwc0ZQ sEq71pwgfLO+x2L0/8LFSTTYejeBx3RTdB0oMR6etoujP4xIpS1BoMCsWdS5O4wsxzi1IoaLZZ7aDi4pzPIQ3QcA0u810mDX1aO44lrcBSqWhHwr8Kz7VzS52HSc3xzK33WvKqXlrj7FXmpalqBCNaI5QKOiMnrAxhAy2kBUTe3hyoNFRwyzGEIikXIpB1SH/F0KHmdmmL8CgDF6LUmpvCswJm8KHxrL2FBeVZXktVBETZIsRgJTfz4M3K4Er9QdOs6btFNGmSeYbwEbsUfK5q6P/pZn6UBNWKaHGVyELRdLNhjcn60jbB8d44eTGO3z0fHb7uF7pFHpMnZJck5CU5JG/JEZkQQX6QX+Q3+RN9jr5EX6Nvl6PRoNc8IisVff8LceoD9Q==</latexit>

b�1 · b�2 · b�3 = [n = s(s(s(s(0))))]

<latexit sha1_base64="I8taZehB1nLHDE2jpHMDrkB+rt8="></latexit>

-b�3 ⇤

<latexit sha1_base64="LR1V2/mWaSBFF45bJedG/6Qe1u8="></latexit>

b�3 = [z2 = s(s(0))]

<latexit sha1_base64="vVI93ZhVeBLv+Fn6y/lZv8imwmU="></latexit>

2 + 2 = 4 !
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1+n=3?
il goal

fallisce

ha successo

<latexit sha1_base64="jTbsJUIZHSNXGCiIWIShpYFEjqI="></latexit>

sum(0, y, y).

<latexit sha1_base64="cNn02CrpyhsMqZ6UC0Nd/jLGURk="></latexit>

L

<latexit sha1_base64="I//7BCw1/TjpgnrHhdjV+3EaJJI="></latexit>

sum(s(x), y, s(z)) :� sum(x, y, z).

<latexit sha1_base64="h0SJnw3enIJowcLJGc86uRlhm9M="></latexit>

?� sum(s(0), n, s(s(s(0)))).

<latexit sha1_base64="cdjuYf74SguVf8cRrfN70dwyfdA="></latexit>

{sum(s(0), n, s(s(s(0))))
?
= sum(0, y0, y0)}

<latexit sha1_base64="nkqJsnB58r7BKkcHh0JJhDuVB0s="></latexit>

{sum(s(0), n, s(s(s(0))))
?
= sum(s(x1), y1, s(z1))}

<latexit sha1_base64="DVLnoT6Ervr9bFLgTOOR9zBdJ2Y="></latexit>

�1 = [x1 = 0 , y1 = n , z1 = s(s(0))]
<latexit sha1_base64="lvfKTGMX2Q9hruobQGawnT54+Aw="></latexit>

b�1 = [ ]

<latexit sha1_base64="Dc3cAaBz152vimxwrq6Z+du+4jw="></latexit>

sum(s(0), n, s(s(s(0))))
<latexit sha1_base64="/DJNgB7IR+lZYIscBj9bUvMqE80="></latexit>

-b�1 ( sum(x1, y1, z1) )�1

<latexit sha1_base64="lvfKTGMX2Q9hruobQGawnT54+Aw="></latexit>

b�1 = [ ]

<latexit sha1_base64="sBshfSOiBsL+nuFV/6OOANEVQUk="></latexit>

= sum(0, n, s(s(0)))
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0+n=2?
<latexit sha1_base64="jTbsJUIZHSNXGCiIWIShpYFEjqI="></latexit>

sum(0, y, y).

<latexit sha1_base64="cNn02CrpyhsMqZ6UC0Nd/jLGURk="></latexit>

L

<latexit sha1_base64="I//7BCw1/TjpgnrHhdjV+3EaJJI="></latexit>

sum(s(x), y, s(z)) :� sum(x, y, z).

<latexit sha1_base64="Dc3cAaBz152vimxwrq6Z+du+4jw="></latexit>

sum(s(0), n, s(s(s(0))))

<latexit sha1_base64="lvfKTGMX2Q9hruobQGawnT54+Aw="></latexit>

b�1 = [ ]

nuovo goal
<latexit sha1_base64="mwh+2IbVZo/TYdCyBVdeBtdl8l0="></latexit>

sum(0, n, s(s(0)))

<latexit sha1_base64="3NtpSwUAxRbnuN7fEtEK/2+iwVA="></latexit>

{sum(0, n, s(s(0)))
?
= sum(0, y2, y2)} ha successo

<latexit sha1_base64="cEUdOwsrnyWdcwYNgDihBqSlxN4="></latexit>

�2 = [y2 = s(s(0)) , n = s(s(0))]
<latexit sha1_base64="6DqibgxCriXxUG6QhY8vNV3Fmb8="></latexit>

b�2 = [n = s(s(0))]

<latexit sha1_base64="EPMpbAmbub1ivMNIwVnaq2yX0M4="></latexit>

-b�1 sum(0, n, s(s(0)))
<latexit sha1_base64="2GzmoAF+Gf0pnulcmRpIofOufZQ="></latexit>

-b�2 ⇤

<latexit sha1_base64="6DqibgxCriXxUG6QhY8vNV3Fmb8="></latexit>

b�2 = [n = s(s(0))]

<latexit sha1_base64="i24mQTKr2D5tD7RehuT8vFF/t/8=">AAAC9XicbVFNbxMxEHWWj5bylcKRi0WElF6i3aqCXipVcEGcikTaSvEq8nonqVXbu9izCZG1v4IzN8QVfg0SJ/gpeJc9kKRzen4zz89+k5VKOozjX73o1u07d3d27+3df/Dw0eP+/pNzV1RWwFgUqrCXGXegpIExSlRwWVrgOlNwkV2/afoXC7BOFuYDrkpINZ8bOZOCY6Cm/XdsKXO44uiZk3PN62nCRF4g3eIP6QmdsAWC1d 7U4cCyFruhG8YHB3U67Q/iUdwW3QZJBwakq7Ppfu8zywtRaTAoFHduksQlpp5blEJBvccqByUX13wOkwAN1+BS3366pi8qx7GgJVgqFW1J+F/huXZupbMwqTleuc1eQ97Um1Q4O069NGWFYERjhFJBa+SElSFNoLm0gMiblwOVhgpuOYY4JOVCBLIK8a4ZOtTcrmwePmVgKQqtuck9y2EGH2vPmldYUJ5llVR5QJQtQgxWcjMP3qwIrtSf1PWGvl1BPUlSzxA+YZuCz1QF3Z1u5gdJUK2JFjeJLOR1OxvWmGwubRucH46Sl6P4/dHg9HW30F3yjDwnQ5KQV+SUvCVnZEwE+UF+kt/kT7SMvkRfo2//RqNep3lK1ir6/heXofep</latexit>

b�1 · b�2 = [n = s(s(0))]

<latexit sha1_base64="7cbgtvyEkKex2xGaoBrdiBy+dW4="></latexit>

(1 + n = 3) ) n = 2 !



Jumping creatures
Assuming that: 
1. All jumping creatures are green 
2. All small jumping creatures are Martians 
3. All green Martians are intelligent 
4. Ngtrks is small and green 
5. Pgvdrk is a jumping Martian 

Who is intelligent?
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Jumping creatures
Assuming that: 
1. All jumping creatures are green 
2. All small jumping creatures are Martians 
3. All green Martians are intelligent 
4. Ngtrks is small and green 
5. Pgvdrk is a jumping Martian 

Who is intelligent?

green(X) :- jumping(X) . 
martian(X) :- small(X) , jumping(X) . 
intelligent(X) :- green(X) , martian(X) . 
small(ngtrks) . 
green(ngtrks) . 
jumping(pgvdrk) . 
martian(pgvdrk).

<latexit sha1_base64="QWePBALiWIPVui92MeyGD6Q/JRc=">AAAC2nicbVFNj9MwEHXD17J8deHIxaJCWg6UZIUACSFWcOG4SHS7Uh1VjjMt1tpOsCeFyvKFG+II/Bqu8CP4NzghB9rdOT3PzJvneVPUSjpM0z+D5MLFS5ev7FzdvXb9xs1bw73bx65qrICJqFRlTwruQEkDE5So4KS2wHWhYFqcvm7r0xVYJyvzDtc15JovjVxIwTGm5sNHTHN8X9X+5cPAntPu5RZeGgSl5BIMhn22QrDaT8 MDOp4PR+k47YKeBVkPRqSPo/ne4BsrK9HoOEoo7twsS2vMPbcohYKwyxoHNRenfAmzCA3X4HLfbRbo/cZxrGgNlkpFuyT8z/BcO7fWRezsfr5da5Pn1WYNLp7lcc26QTCiFUKpoBNywspoGdBSWkDk7c+BSkMFtxyjFZJyIWKyiR5uCDrU3K5tGZcy8FFUWnNTelbCAj4E33lrQXlWNFKVEVG2ijZYyc0yarMqqlL/IoQtftHaH2ZZ7hnCJ+xc8IVqoJ8Z7zXKImuDtDqPZKEMXW88Y7Z9tLPg+GCcPRmnbx+PDl/1B90hd8k9sk8y8pQckjfkiEyIID/IT/KL/E5Y8jn5knz915oMes4dshHJ97+sdu0s</latexit>

?� intelligent(W ).

<latexit sha1_base64="KIb1re+FC8kw/dBPAvkGJSyCxQ8="></latexit>

intelligent(W )
<latexit sha1_base64="Ldpz8iYKdyTBNd46MN4pFW5z2U8="></latexit>

- green(W ) , martian(W )
<latexit sha1_base64="RptTkkb9ya643xT5hFA/Fy+vEU0="></latexit>

- jumping(W ) , martian(W )
<latexit sha1_base64="KSEd6e+wn7FUON04tNuWOmLnAKU="></latexit>

- martian(pgvdrk)
<latexit sha1_base64="rJaWaO5w2kv8Mf7JOAYDUAK+aCs="></latexit>

- ⇤ <latexit sha1_base64="JHbWVDjC3kfzDh4Hz2tCWG5Y4QQ="></latexit>

[W = pgvdrk]

<latexit sha1_base64="psSfa2hjpI4hpPfxkr3n+Xp1uj0="></latexit>

martian(ngtrks)
<latexit sha1_base64="aE1I5FIPCFZ1VKYq1tk/4LwDTsM="></latexit>

- small(ngtrks) , jumping(ngtrks)
<latexit sha1_base64="+AEWA2yV/7mN7Dge5cQ3riJeHig="></latexit>

- jumping(ngtrks)
<latexit sha1_base64="rJeowsV93ez5H+f/xpwERa0ua/I="></latexit>

fail !



Antenati
Supponiamo di avere un predicato  parent(x,y) che ci dice che x e’ genitore 
di y. 

•  Definiamo un predicato sibling(x,y) che e’ vero quando x e y hanno  
   un genitore in comune 

• Definiamo un predicato cousin(x,y) che e’ vero quando x e y sono 
  cugini 

• Definiamo un predicato ancestor(x,y) che e’ vero quando x e’ un antenato 
diretto (padre, nonno, bisnonno…) di y

sibling(x,y):- parent (z,x),parent(z,y).

cousin(x,y):- parent(z,x),parent(v,y), sibling(z,v).

ancestor(x,y):- parent(x,y).     
ancestor(x,y):- parent(x,z),ancestor(z,y).



Supponendo i seguenti fatti per parent 

parent(alice,bob). 
parent(alice,carl). 
parent(bob, ella). 
parent(carl,francisco). 

Posso derivare i seguenti goal? 

?- sibling(ella, francisco). 
?- sibling(ella, diana). 
?- cousin(ella, francisco). 
?- cousin(ella, diana). 
?- ancestor(alice,ella). 
?- ancestor(carl,ella). 

sibling(x,y):- parent (z,x),parent(z,y).
cousin(x,y):- parent(z,x),parent(v,y), 

    sibling(z,v).

ancestor(x,y):- parent(x,y).     
ancestor(x,y):- parent(x,z),ancestor(z,y).
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Esercizio
Un albero binario T è vuoto (nullo) 
oppure è composto da un valore radice e due successori, che 
sono essi stessi alberi binari. 

T è simmetrico se è possibile tracciare una linea verticale 
attraverso il nodo radice e quindi il sottoalbero destro è 
l'immagine speculare del sottoalbero sinistro (siamo interessati 
solo alla struttura, i valori non sono rilevanti). 

1. Data la firma qui sotto, scrivi le clausole di Horn per 
verificare se un albero è l'immagine speculare di un altro 
(definisci il predicato mirror)  

2. Poi estendi il codice per controllare se un albero è 
simmetrico (definisci il predicato sum). 

<latexit sha1_base64="0N4PSHqA+HenGeEogCRgLgyMLRw="></latexit>

⌃0 = {nil}
<latexit sha1_base64="bI8O18UgtIeWJ2rKveYf6bDlmpc="></latexit>

⌃3 = {node}
<latexit sha1_base64="KsCQuAK5R4OhdgO+2Xz6hNz8P+s="></latexit>

⇧2 = {mirror}
<latexit sha1_base64="SK6rIckjqnLgtsxCGTLD6jGE8T8="></latexit>

⇧1 = {sym}
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Esercizio
esempio: 
alberi come 
termini

node( a , node( b , node( d , nil , nil ) ,  
                              nil ) ,  
               node( c , node( e , nil , nil ) ,  
                              nil ) )
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Esercizio
un esempio di 
albero simmetrico

e uno che non e’ 
simmetrico


