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Linguaggi di Programmazione



Inferenza



Come applicare le regole SOS

<latexit sha1_base64="u0hXpCkXAkWgjRQhb5nZCSwFy8E="></latexit>

(1� 2)⌦ (3� 4) �! m

1. un goal



<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="u0hXpCkXAkWgjRQhb5nZCSwFy8E="></latexit>

(1� 2)⌦ (3� 4) �! m

2. prendiamo una regola

Come applicare le regole SOS



<latexit sha1_base64="Zz3LdgAUZG1g+dFdCuLnsID9C6U="></latexit>

(prod)
E0 �! n0 E1 �! n1

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

3. unifichiamo

   (se possibile)

<latexit sha1_base64="u0hXpCkXAkWgjRQhb5nZCSwFy8E="></latexit>

(1� 2)⌦ (3� 4) �! m

<latexit sha1_base64="IP4sdnDHwiMTLF8ugkFNuKuOJXA="></latexit>

E0 = 1� 2
<latexit sha1_base64="rGxp6ZilDdBQp2gBVXA+GIdNUw4="></latexit>

E1 = 3� 4
<latexit sha1_base64="ASjXtiWtaH9q4VU5h2mca2aOGDA="></latexit>n = m

Come applicare le regole SOS



4. instanziamo

<latexit sha1_base64="u0hXpCkXAkWgjRQhb5nZCSwFy8E="></latexit>

(1� 2)⌦ (3� 4) �! m

<latexit sha1_base64="2DsWFXNZl/QxldbdN01SZrwJUaI="></latexit>

(prod)
1� 2 �! n0 3� 4 �! n1

(1� 2)⌦ (3� 4) �! m
<latexit sha1_base64="zBowtOAslXCYvLGAw7MpM1fHfVQ="></latexit>m = n0 · n1

Come applicare le regole SOS



5. ricorsivamente risolviamo 

    i sotto-goal

<latexit sha1_base64="u0hXpCkXAkWgjRQhb5nZCSwFy8E="></latexit>

(1� 2)⌦ (3� 4) �! m

<latexit sha1_base64="2DsWFXNZl/QxldbdN01SZrwJUaI="></latexit>

(prod)
1� 2 �! n0 3� 4 �! n1

(1� 2)⌦ (3� 4) �! m
<latexit sha1_base64="zBowtOAslXCYvLGAw7MpM1fHfVQ="></latexit>m = n0 · n1

Come applicare le regole SOS



6. combiniamo i risultati

<latexit sha1_base64="u0hXpCkXAkWgjRQhb5nZCSwFy8E="></latexit>

(1� 2)⌦ (3� 4) �! m

<latexit sha1_base64="HIhZXKpInuogyXDzdXWf9KyTLns="></latexit>

(prod)
1� 2 �! 3 3� 4 �! 7

(1� 2)⌦ (3� 4) �! m
<latexit sha1_base64="iD4d0qB8p6PKBinvLZL+Ny3sScc="></latexit>

m = 3 · 7

Come applicare le regole SOS



SOS rule application?

7. restituiamo il risultato

<latexit sha1_base64="VhNvpA3kYyZizjFIiflE40xdJOU="></latexit>

(prod)
1� 2 �! 3 3� 4 �! 7

(1� 2)⌦ (3� 4) �! 21

<latexit sha1_base64="VWj4BxUN58gpCWNH4d4U3OwT8AE="></latexit>

(1� 2)⌦ (3� 4) �! 21



Processo di deduzione

<latexit sha1_base64="6cmQ7tQeJyJm0eVetX5QGs9mAiE="></latexit>

(rule name)
premises

conclusion
side condition

<latexit sha1_base64="kCPDJRxxUFzFjDlbeCLlpe+cOr4="></latexit>

goal



Segnature



Segnature (senza tipi)
<latexit sha1_base64="Xi63R30p1XSmd1zu1/tmUra+Yp8="></latexit>

(⌃, ar)

<latexit sha1_base64="OrAhQ9TlpsspDZdcFg7m/GNogL8="></latexit>

⌃ = {c, f, g, ...}

un insieme di simboli di funzione 
(chiamati anche operatori) <latexit sha1_base64="Q9nmhE5U082cNqZRnwzBCp2wfEM="></latexit>

ar : ⌃ ! N
arieta’ di una funzione

ogni simbolo di funzione ha 
un’arieta'

<latexit sha1_base64="Sj+krrrl18/2HGJyII5Xxbd++Jo="></latexit>

ar(c) = 0
<latexit sha1_base64="w1NRitOJpv3QVp8jvZFMrru6+fU="></latexit>

ar(f) = 1
<latexit sha1_base64="dKF4EYPHcmN6dV/JEGYQ3hrnB1Y="></latexit>

ar(g) = 2
<latexit sha1_base64="H8nQJRBlO6YtP9QlClIYDq60NBU="></latexit>

ar(h) = 3

constante
unaria
binaria
ternaria

Esempio



….o equivalentemente
<latexit sha1_base64="Xi63R30p1XSmd1zu1/tmUra+Yp8="></latexit>

(⌃, ar)

<latexit sha1_base64="S6RPix5sZR77lCJ7fufeDkMwtYU="></latexit>

⌃n
M
= ar�1(n)

<latexit sha1_base64="cE4Dadd+jrN2Wdq4SYZcCm98pK8="></latexit>

= {f 2 ⌃ | ar(f) = n}
let

una segnatura è una famiglia di insiemi di operatori 
indicizzati dall’arieta'

<latexit sha1_base64="AaCtJ5tJhj5sb5CT+RdyWX+I0Rk="></latexit>

⌃ = {⌃n}n2N



Termini su una segnatura
<latexit sha1_base64="M25Dd1dkzc4v5Ldjsouxg4OV7gQ="></latexit>

X = {x, y, z, ...} un insieme infinito di variabili
<latexit sha1_base64="Ix5dcmPmYqpcXx/SrhepW/v+5bM="></latexit>

T⌃,X

<latexit sha1_base64="AaCtJ5tJhj5sb5CT+RdyWX+I0Rk="></latexit>

⌃ = {⌃n}n2N una segnatura

denota l’insieme di tutti i termini su
<latexit sha1_base64="ay8I2iMLDdpDeR9xvwiHPXcrvps="></latexit>

⌃, X

e’ il piu’ piccolo insieme tale che:

<latexit sha1_base64="Yr5t/79T/yaTbyb2gq0atqTdf18="></latexit>

T⌃,X 3 t ::= x | c | f(t1, ..., tn)ovvero
<latexit sha1_base64="KJcBi51hxdgQFfgvZLSuNIh4eUk="></latexit>

x 2 X c 2 ⌃0 f 2 ⌃n

<latexit sha1_base64="goZRNFnY6k2rZs8iwCzcW8CCVFs="></latexit>

• se x 2 X, allora x 2 T⌃,X

• se c 2 ⌃0, allora c 2 T⌃,X

• se f 2 ⌃n e t1, ..., tn 2 T⌃,X , allora f(t1, ..., tn) 2 T⌃,X



Vars
<latexit sha1_base64="M25Dd1dkzc4v5Ldjsouxg4OV7gQ="></latexit>

X = {x, y, z, ...}
<latexit sha1_base64="AaCtJ5tJhj5sb5CT+RdyWX+I0Rk="></latexit>

⌃ = {⌃n}n2N

<latexit sha1_base64="oCd5lVZK/kjujkZfdbU2g6QGo48="></latexit>

vars : T⌃,X ! }(X)

<latexit sha1_base64="UgKK2PwZsKLO96y2AFgXu1mN0Nk="></latexit>

t 2 T⌃,X
<latexit sha1_base64="c8fy9MwuSGGu3zADF8bc7HGll+M="></latexit>

vars(t) l’insieme di variabili che 
appare in t

<latexit sha1_base64="16XBpqNHUakcoBi03+Yj3l1IrRg="></latexit>

vars(x)
M
= {x}

<latexit sha1_base64="DmXMxXKsqpQDD+6eBqWT9GdgWRw="></latexit>

vars(c)
M
= ?

<latexit sha1_base64="E4ekvQxeOe6aOimB9X6rOKQZ2WM="></latexit>

vars(f(t1, ..., tn))
M
=

n[

i=1

vars(ti)

<latexit sha1_base64="PHK7H2nm2pI+693PNCZz78DpS9g="></latexit>

T⌃
M
= vars�1(?)

<latexit sha1_base64="5arq0Ywa0SJp99SQWrwqMw+6Ubk="></latexit>

= {t 2 T⌃,X | vars(t) = ?}



Esempio

<latexit sha1_base64="3eytPG0mDN7gdhWQWZaKvCVVgLY="></latexit>

⌃0 = {0}
<latexit sha1_base64="VrNg7GdFmisd6hFhqEq25gGKqe8="></latexit>

⌃1 = {succ}
<latexit sha1_base64="SV+GuOswybGBRDY3/pUDM/DvKh0="></latexit>

⌃2 = {plus}
<latexit sha1_base64="8/J8U1bprbTC7ZGRFFlsGd9oNYI="></latexit>

⌃n = ? <latexit sha1_base64="5kEUInDBmonq7q0Xe7ZzympRS/g="></latexit>

if n > 2



Esercizio
<latexit sha1_base64="48093kYDmF3Kr5o4a7oNpieSFLk="></latexit>

T⌃
<latexit sha1_base64="Ix5dcmPmYqpcXx/SrhepW/v+5bM="></latexit>

T⌃,X

<latexit sha1_base64="iypTotTGaWv6PMw27SrsfR+SMbw="></latexit>

0
<latexit sha1_base64="hWi7f3S8gox2ow6d+6wZUahvbEM="></latexit>x

<latexit sha1_base64="oTkczcrFZwTNgQvevWDsfD82HsA="></latexit>

succ(0)
<latexit sha1_base64="y3Sm03gtB/ZjbqezKIdsbamT/PA="></latexit>

succ(x)

<latexit sha1_base64="tIRF8XnxsC3ZIDfX9OsF+5rHiOw="></latexit>

plus(succ(x), 0)

<latexit sha1_base64="+5hu7boap5ymN0fiQCMVHl5uSvM="></latexit>

plus(plus(x, succ(y)), plus(0, succ(x)))

<latexit sha1_base64="aOBthoBhgq70Q9wK/e2QCpwawpM="></latexit>

succ(plus(0), x)

<latexit sha1_base64="Rc5QpuP99iQRy5Ev/hmBKa7PRnA="></latexit>

succ(succ(0), plus(x))
<latexit sha1_base64="hG8Y+B46KLtdI9T0Aetjd23Zcpg="></latexit>

succ(plus(w, z))

<latexit sha1_base64="2DkcF2/l13ggSQ5kiCoFp/YwDgQ="></latexit>

t
<latexit sha1_base64="SiGTjDjheoMGQ5OH0Rz3BzQuzJQ="></latexit>

t 2?
<latexit sha1_base64="c8fy9MwuSGGu3zADF8bc7HGll+M="></latexit>

vars(t)

<latexit sha1_base64="48093kYDmF3Kr5o4a7oNpieSFLk="></latexit>

T⌃
<latexit sha1_base64="Ix5dcmPmYqpcXx/SrhepW/v+5bM="></latexit>

T⌃,X

<latexit sha1_base64="48093kYDmF3Kr5o4a7oNpieSFLk="></latexit>

T⌃
<latexit sha1_base64="Ix5dcmPmYqpcXx/SrhepW/v+5bM="></latexit>

T⌃,X

<latexit sha1_base64="48093kYDmF3Kr5o4a7oNpieSFLk="></latexit>

T⌃
<latexit sha1_base64="Ix5dcmPmYqpcXx/SrhepW/v+5bM="></latexit>

T⌃,X

<latexit sha1_base64="48093kYDmF3Kr5o4a7oNpieSFLk="></latexit>

T⌃
<latexit sha1_base64="Ix5dcmPmYqpcXx/SrhepW/v+5bM="></latexit>

T⌃,X

<latexit sha1_base64="48093kYDmF3Kr5o4a7oNpieSFLk="></latexit>

T⌃
<latexit sha1_base64="Ix5dcmPmYqpcXx/SrhepW/v+5bM="></latexit>

T⌃,X

<latexit sha1_base64="48093kYDmF3Kr5o4a7oNpieSFLk="></latexit>

T⌃
<latexit sha1_base64="Ix5dcmPmYqpcXx/SrhepW/v+5bM="></latexit>

T⌃,X

<latexit sha1_base64="48093kYDmF3Kr5o4a7oNpieSFLk="></latexit>

T⌃
<latexit sha1_base64="Ix5dcmPmYqpcXx/SrhepW/v+5bM="></latexit>

T⌃,X

<latexit sha1_base64="48093kYDmF3Kr5o4a7oNpieSFLk="></latexit>

T⌃
<latexit sha1_base64="Ix5dcmPmYqpcXx/SrhepW/v+5bM="></latexit>

T⌃,X

<latexit sha1_base64="giKA6TKPLNaGhQKUdRZpQ01HnyI="></latexit>?
<latexit sha1_base64="iqfyda1TMQNwKqTRAG99PC88isk="></latexit>

{x}
completiamo lo schema



Sostituzioni
<latexit sha1_base64="MhAD+27CNs9PXBRg6FzwscnZSFI="></latexit>

⇢ : X ! T⌃,X
una  sostituzione assegna un termine 
alle variabili

consideriamo  sostituzioni che sono identità ovunque, 
tranne un numero finito di casi, scritto

<latexit sha1_base64="q7yeG20F+cL+Xm75Nf4e7S9ukZY="></latexit>

⇢ = [x1 = t1 , ... , xn = tn]

tutte diverse

<latexit sha1_base64="QveYx6M9FmPdhh1ikCaDEW/xxqI="></latexit>

⇢(x) =

⇢
ti if x = xi

x otherwise

<latexit sha1_base64="4Kwn6MoKWhJ7Wqr/uPEXBG4cyMA="></latexit>

⇢ : T⌃,X ! T⌃,X

indichiamo allo stesso modo  la funzione 
sui termini

<latexit sha1_base64="iKgSXyf4Qgfgx9Sa1PjJJy30tqY=">AAACUHicbVDLbhNBEOw1r2BeCRy5jLCQwsXaJQhyiRTBJcdEwnEkrxX1zradkeexzPQmslb7EbnCX3HjT3Ijs8ZIJKEvU6rqUVVXUWkVOE1/Jb179x88fLTxuP/k6bPnLza3Xh4HV3tJI+m08ycFBtLK0ogVazqpPKEpNI2LxZdOH5+TD8rZr7ysaGpwbtVMSeRIjXN/5rb53enmIB2mqxF3QbYGA1jP4elWspOXTtaGLEuNIU yytOJpg56V1NT28zpQhXKBc5pEaNFQmDarvK14WwdkJyryQmmxIunfHw2aEJamiJsG+Szc1jryf9qk5tnutFG2qpms7IxYaVoZBelVLIJEqTwxY5echLJCokdm8kqglJGsYzM3DAMb9EtfxqMsXUhnDNqyyUua0be2ybsUnnSTF7XSZUQiP481eIV2Hr1zF11Fs9e2bT/WnN0u9S44fj/MPg7Tow+D/c/rwjfgNbyBbcjgE+zDARzCCCQs4BK+w4/kZ3KV/O4lf1b/vvAKbkyvfw1DrLUm</latexit>

⇢(t) denota il termine ottenuto dall'applicazione simultanea 
della sostituzione a tutte le occorrenze delle variabile in t

<latexit sha1_base64="2mXidXo3vpsUxQN+6YxcgaU+ILo="></latexit>

t⇢ notazione alternativa



Esempio

<latexit sha1_base64="lJQTQJj+MpA4d2dbF4CB0P3qRJc="></latexit>

⇢
M
= [x = succ(y) , y = 0]

<latexit sha1_base64="liDcJjfH+gBGT/i0KayRai4ekbo="></latexit>

t⇢ =
<latexit sha1_base64="F3t6fTZxIQZzc1q2uAqff9YKnd8="></latexit>

plus( plus(succ(y), 0) , succ(succ(y)) )

<latexit sha1_base64="z92acbS0lbjzeHpvrIYxrpqkuYY="></latexit>

t
M
= plus( plus(x, y) , succ(x) )



la relazione mgt (more general than)

<latexit sha1_base64="AtC0CO2gqq5dlFSoogyL2fwVMIQ="></latexit>

plus(x, succ(y))
<latexit sha1_base64="PwIm/gFGb+Z1cQu7cb3+s3HZdw8="></latexit>

plus(0, succ(succ(z)))mgt
<latexit sha1_base64="8vasmRenRqNOBDm6jlnv0P1csqU="></latexit>

plus(0, x)
<latexit sha1_base64="LdCFD2wlKLw4kEQ0ZtqBJYS66o4="></latexit>

plus(y, 0)mgt
<latexit sha1_base64="LdCFD2wlKLw4kEQ0ZtqBJYS66o4="></latexit>

plus(y, 0)
<latexit sha1_base64="8vasmRenRqNOBDm6jlnv0P1csqU="></latexit>

plus(0, x)mgt
<latexit sha1_base64="8vasmRenRqNOBDm6jlnv0P1csqU="></latexit>

plus(0, x)
<latexit sha1_base64="LdCFD2wlKLw4kEQ0ZtqBJYS66o4="></latexit>

plus(y, 0)
mgt

<latexit sha1_base64="gKUhhZ0dVhQ2yphXRocFdNJpgVc="></latexit>

plus(0, 0)

<latexit sha1_base64="0ql02o4XkYbB1gjDCiQGObtS3iI="></latexit>

t è più generale di t0 se 9⇢.t0 = t⇢
<latexit sha1_base64="+n//BXmzjCWjxl9E4p+kHmShxkQ=">AAACJHicbVDLSgNBEJyNrxhfqx69DCaip7AbRAUvohePEUwUkhB7Jx0dMjuzzswKMfgxXvwVLx584MGL3+JskoOvgoaiqpvurigR3Ngg+PByE5NT0zP52cLc/MLikr+8Ujcq1QxrTAmlzyMwKLjEmuVW4HmiEeJI4FnUO8r8sxvUhit5avsJtmK4lLzLGVgntf19iYJepyAoA6NohzMOsaIg2RXSrEp2s0SbF0hTSd05IG/BdTm5VGj7xaAcDEH/knBMimSMatt/bXYUS2OUlgkwphEGiW0NQFvOBN4VmqnBBFgPLrHhqIQYTWswfPKObjilQ7tKu5KWDtXvEwOIjenHkeuMwV6Z314m/uc1Utvdaw24TFKLko0WdVNBraJZYu5bjcyKviPANHe3umBAA7Mu1yyE8PfLf0m9Ug53ytsnleLB4TiOPFkj62SLhGSXHJBjUiU1wsg9eSTP5MV78J68N+991JrzxjOr5Ae8zy/jZKJx</latexit>

nel qual caso diciamo anche che t0 è un istanza di t



relazione mgt
mgt e’ transitiva e riflessiva

<latexit sha1_base64="y3Sm03gtB/ZjbqezKIdsbamT/PA="></latexit>

succ(x)
<latexit sha1_base64="pDyzlsjh5Y22Lddbda2cXHnYKjY="></latexit>

succ(y)

mgt puo’ essere esteso alle sostituzioni
<latexit sha1_base64="uMb+a+rX6acS2/IKdTdkHoxirT0="></latexit>

⇢ mgt ⇢0 if 9⇢00. 8x. ⇢0(x) = ⇢00(⇢(x))

<latexit sha1_base64="S1DYKYdCzqeyvOc1OqsIpAMghJc=">AAACLXicbZDLSgMxFIYz9VbrbdSlm2Ar1E2ZGUVdFnXhsoK9QDsMmTTThmYuJGeEUvpCbnwVEVxUxK2vYdrporYeCPx8/zlJzu8ngiuwrImRW1vf2NzKbxd2dvf2D8zDo4aKU0lZncYili2fKCZ4xOrAQbBWIhkJfcGa/uBu6jefmVQ8jp5gmDA3JL2IB5wS0Mgz7xXDpTJ4Ni7hsAcYl8Bzzks4o04GNbvQjAh9G8naF42CZxatijUrvCrsuSiiedU8873TjWkasgioIEq1bSsBd0QkcCrYuNBJFUsIHZAea2sZkZApdzTbdozPNOniIJb6RIBndHFiREKlhqGvO0MCfbXsTeF/XjuF4MYd8ShJgUU0eyhIBYYYT6PDXS4ZBTHUglDJ9V8x7RNJKOiApyHYyyuvioZTsa8ql49OsXo7jyOPTtApKiMbXaMqekA1VEcUvaA3NEGfxqvxYXwZ31lrzpjPHKM/Zfz8Aga/oVU=</latexit>

se (t1 mgt t2) e (t2 mgt t3) allora (t1 mgt t3)

<latexit sha1_base64="OyB5iu28GiyUIpnMMv2cu2O0Dgg=">AAAB9XicbZDLSgMxFIYzXmu9VV26CbaCqzJTRF0W3bisYC/QjiWTZtrQJDMkZ5Qy9D3cuFDEre/izrcx085CW38IfPznHM7JH8SCG3Ddb2dldW19Y7OwVdze2d3bLx0ctkyUaMqaNBKR7gTEMMEVawIHwTqxZkQGgrWD8U1Wbz8ybXik7mESM1+SoeIhpwSs9VCBCpZDwDiDYr9UdqvuTHgZvBzKKFejX/rqDSKaSKaACmJM13Nj8FOigVPBpsVeYlhM6JgMWdeiIpIZP51dPcWn1hngMNL2KcAz9/dESqQxExnYTklgZBZrmflfrZtAeOWnXMUJMEXni8JEYIhwFgEecM0oiIkFQjW3t2I6IppQsEFlIXiLX16GVq3qXVTP72rl+nUeRwEdoxN0hjx0ieroFjVQE1Gk0TN6RW/Ok/PivDsf89YVJ585Qn/kfP4AJ2WQVw==</latexit>

t mgt t

<latexit sha1_base64="IPFXYzyDlroVFV2ePBzNlvW707c="></latexit>

ci sono termini t 6= t0 tali che (t mgt t0) e (t0 mgt t)

se consideriamo le classi di equivalenza rispetto al 
renaming sostituzioni  che mappano variabili in variabili 

otteniamo un ordine sui termini

se

 e sulle sostituzioni 

<latexit sha1_base64="BTGCGo6QPI/blt2CB1Z+aN/86Io=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUUS+FohePFewHJKFstpt26WYTdjdiCf0bXjwo4tU/481/47bNQVsfDDzem2FmXpBwprRtf1uFtfWNza3idmlnd2//oHx41FFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuML6d+d1HKhWLxYOeJNSP8FCwkBGsjeRVPTmKG+5TY+JX++WKXbPnQKvEyUkFcrT65S9vEJM0okITjpVyHTvRfoalZoTTaclLFU0wGeMhdQ0VOKLKz+Y3T9GZUQYojKUpodFc/T2R4UipSRSYzgjrkVr2ZuJ/npvq8NrPmEhSTQVZLApTjnSMZgGgAZOUaD4xBBPJzK2IjLDERJuYSiYEZ/nlVdKp15zL2sV9vdK8yeMowgmcwjk4cAVNuIMWtIFAAs/wCm9War1Y79bHorVg5TPH8AfW5w8II5EJ</latexit>

⇢ = [x = y]



Problema dell’unificazione
Il problema di unificazione nella sua forma più semplice 
(sintattica, del primo ordine) può essere espresso come segue:

Dato un insieme di possibili eguaglianze
<latexit sha1_base64="QA568fDffD0NyvrHYsfDCwPzvPo="></latexit>

G = {`1
?
= r1, ..., `n

?
= rn}

<latexit sha1_base64="SoP2N24f4Ho2ebppFwb60eYVlvM="></latexit>

8i 2 [1, n]. ⇢(`i) = ⇢(ri)

<latexit sha1_base64="rFdTvL5YH+mLxhDV+Wd4/3E3NpE="></latexit>

where `1, ..., `n, r1, ..., rn 2 T⌃,X

?

<latexit sha1_base64="/e6AaGPdekjWkMlZ50asBUBSXf4="></latexit>

sols(G) M
= {⇢ | 8i 2 [1, n]. ⇢(`i) = ⇢(ri)}

Possiamo trovare una sostituzione <latexit sha1_base64="T+C4FDOco2ptbQFawcWmsPF80g4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CbaCp7JbRD0WvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GZ+54kqzaR4MNOY+hEeCRYygo2V2tW+GsvqoFxxa+4caJV4OalAjuag/NUfSpJEVBjCsdY9z42Nn2JlGOF0VuonmsaYTPCI9iwVOKLaT+fXztCZVYYolMqWMGiu/p5IcaT1NApsZ4TNWC97mfif10tMeO2nTMSJoYIsFoUJR0ai7HU0ZIoSw6eWYKKYvRWRMVaYGBtQyYbgLb+8Str1mndZu7ivVxo3eRxFOIFTOAcPrqABd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPbSY6q</latexit>⇢

<latexit sha1_base64="aIYLWQQyoKwc61ePWqcH2qtHPVY=">AAACGHicbVDLSgMxFM3Ud31VXboJtoKrOlNEXRZd6FLBPqAdyp301oZmkiHJCLX4GW78FTcuFHHrzr8xbWeh1UsCh3POJTknSgQ31ve/vNzc/MLi0vJKfnVtfWOzsLVdNyrVDGtMCaWbERgUXGLNciuwmWiEOBLYiAbnY71xh9pwJW/sMMEwhlvJe5yBdVSncMj6HGJ3FLUgkJbauq9KNJVAjRLpvTMh7XLHMxD0otQpFP2yPxn6FwQZKJJsrjqFz3ZXsTRGaZkAY1qBn9hwBNpyJvAh304NJsAGcIstByXEaMLRJNgD3XdMl/aUdldaOmF/bowgNmYYR84Zg+2bWW1M/qe1Uts7DUdcJqlFyaYP9VJBravBteQSa2RWDB0Aprn7K2V90MCs6zLvSghmI/8F9Uo5OC4fXVeK1bOsjmWyS/bIAQnICamSS3JFaoSRR/JMXsmb9+S9eO/ex9Sa87KdHfJrvM9vZjWetw==</latexit>

chiamiamo tale ⇢ una soluzione di G



In realta’ possiamo risolvere il seguente problema

Dato un insieme di possibili eguaglianze
<latexit sha1_base64="QA568fDffD0NyvrHYsfDCwPzvPo="></latexit>

G = {`1
?
= r1, ..., `n

?
= rn}

<latexit sha1_base64="rFdTvL5YH+mLxhDV+Wd4/3E3NpE="></latexit>

where `1, ..., `n, r1, ..., rn 2 T⌃,X

<latexit sha1_base64="iqp5p1+/rNPadjZ8Lwsnrffif10="></latexit>

⇢ 2 sols(G)
<latexit sha1_base64="OK7MwXTxSnxmBuGZRL/CCVin+C4="></latexit>

8⇢0 2 sols(G). ⇢ mgt ⇢0

and

Problema dell’unificazione

Possiamo trovare la  sostituzione piu’ generale    ?<latexit sha1_base64="T+C4FDOco2ptbQFawcWmsPF80g4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CbaCp7JbRD0WvXisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GZ+54kqzaR4MNOY+hEeCRYygo2V2tW+GsvqoFxxa+4caJV4OalAjuag/NUfSpJEVBjCsdY9z42Nn2JlGOF0VuonmsaYTPCI9iwVOKLaT+fXztCZVYYolMqWMGiu/p5IcaT1NApsZ4TNWC97mfif10tMeO2nTMSJoYIsFoUJR0ai7HU0ZIoSw6eWYKKYvRWRMVaYGBtQyYbgLb+8Str1mndZu7ivVxo3eRxFOIFTOAcPrqABd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPbSY6q</latexit>⇢



Algoritmo di unificazione
Idea:

Le soluzioni potrebbero non esistere 

e anche se esistono possono non essere uniche

riduciamo iterativamente l’insieme     applicando 
delle trasformazioni che preservano la soluzione

finche’ non troviamo una soluzione oppure 
possiamo provare che tale soluzione non esiste

<latexit sha1_base64="C6tzp7vnmVKE10dH6e1852pwWMU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbinosetBjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkkH8wkpr7AQ8lCRrCx0iMq9wjm6LbcL5bcijsHWiVeRkqQodEvfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzgKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x4NmKLE8IklmChmb0VkhBUmxmZUsCF4yy+vkla14l1UavfVUv06iyMPJ3AK5+DBJdThDhrQBAICnuEV3hzlvDjvzseiNedkM8fwB87nD/WJjzY=</latexit>

G

Se esistono saranno uniche a meno di renaming!



Terminazione
<latexit sha1_base64="QA568fDffD0NyvrHYsfDCwPzvPo="></latexit>

G = {`1
?
= r1, ..., `n

?
= rn}

l’algoritmo termina con successo quando troviamo

tutte diverse
<latexit sha1_base64="eIFOeL7ZI6So9SZpg+G9viscMQA="></latexit>

{x1, ..., xk} \
k[

i=1

vars(ti) = ?

<latexit sha1_base64="KJlZUGTAwiMUiBw1z2jJhkTeVNM="></latexit>

G0 = {x1
?
= t1, ..., xk

?
= tk} equivalente a <latexit sha1_base64="C6tzp7vnmVKE10dH6e1852pwWMU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbinosetBjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkkH8wkpr7AQ8lCRrCx0iMq9wjm6LbcL5bcijsHWiVeRkqQodEvfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzgKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x4NmKLE8IklmChmb0VkhBUmxmZUsCF4yy+vkla14l1UavfVUv06iyMPJ3AK5+DBJdThDhrQBAICnuEV3hzlvDjvzseiNedkM8fwB87nD/WJjzY=</latexit>

G

<latexit sha1_base64="F8/fC1gp6po5x36Upy6Y5TwS+Tk="></latexit>

ogni si↵atto G0 costituisce una soluzione [x = t1, ...., xk = tk]

<latexit sha1_base64="t4Ab5FhUSkuzbh/6mM82nHflGZA="></latexit>

G e G0 sono equivalenti if sols(G) = sols(G0)



Notazione

<latexit sha1_base64="U7cEQifjWWxsBcilD+8EkgLUbWc="></latexit>

vars(G) M
=

n[

i=1

(vars(`i) [ vars(ri))

<latexit sha1_base64="/O1uX6N5eARff90fDTqZbdAN8uY="></latexit>

G⇢ M
= {`1⇢

?
= r1⇢, ..., `n⇢

?
= rn⇢}

<latexit sha1_base64="QA568fDffD0NyvrHYsfDCwPzvPo="></latexit>

G = {`1
?
= r1, ..., `n

?
= rn}



Algoritmo di unificazione
<latexit sha1_base64="a8ZVG2jNKT0jUDkeAIQAu5y0XqQ=">AAACb3icbZDPbhMxEMad5V8J/9Jy4ICELAISXKJdQLQXRAUHOBaJtJXiKJr1ToJV27vYs60iyy/A03CFN+ExeAO8Sw60ZU6fvpnRN/MrG6085fmvQXbl6rXrN7ZuDm/dvnP33mh759DXrZM4lbWu3XEJHrWyOCVFGo8bh2BKjUflyfuuf3SKzqvafqZ1g3MDK6uWSgIlazF6IgzQFwk6fIhCto0IJDyBPHGow9sY3kQScTEa55 O8L35ZFBsxZps6WGwPXoqqlq1BS1KD97Mib2gewJGSGuNQtB6blAIrnCVpwaCfh/6dyJ+2HqjmDTquNO9N/HcjgPF+bco02R3vL/Y683+9WUvLvXlQtmkJreyCSGnsg7x0KnFCXimHRNBdjlxZLsEBETrFQcpktgncuUBPBtzaVekpi2eyNgZsFUSFS/waQ4+3YynKVukqKS5OEwanwK5StqhTKk+YYxwmzMVFqJfF4YtJ8XqSf3o13n+3Ab7FHrLH7Bkr2C7bZx/ZAZsyyb6x7+wH+zn4nT3IHmX872g22OzcZ+cqe/4HR/LA4w==</latexit>

G [ {t ?
= t}

<latexit sha1_base64="K6rV3fGKIbkNmEvmC81MNXqI2oI="></latexit>

G
becomes

<latexit sha1_base64="E9bYHf16sCp75nu+hKGRjDEfV6k="></latexit>

G [ {f(t1, ..., tm)
?
= g(u1, ..., uh)}

<latexit sha1_base64="sDgg7JwyjM05fGThFKZcId4nikY="></latexit>

if f 6= g or m 6= h

conflict

fails

delete

<latexit sha1_base64="zSOPcYaPOW0X0p6krOcRq+gkvKA=">AAACfHicbZDPbtNAEMY35l8J/1I4clkRkIoolg1V4YKo4ADHIpG2UjaKxutJuuru2t0dF6KVn4On4QrPwMsg1iYH2jKnT9/M6Jv5FbVWnrLs1yC5cvXa9RsbN4e3bt+5e2+0ef/AV42TOJGVrtxRAR61sjghRRqPaodgCo2Hxcn7rn94hs6ryn6mVY0zA0urFkoCRWs+yoUBOpagw4dWyKYWYbFF83w7TdNtmpunwhPIE4c6vG 3Dm/araOejcZZmffHLIl+LMVvX/nxz8FKUlWwMWpIavJ/mWU2zAI6U1NgOReOxjimwxGmUFgz6Weh/a/mTxgNVvEbHlea9if9uBDDer0wRJ7tP/MVeZ/6vN21o8XoWlK0bQiu7IFIa+yAvnYrQkJfKIRF0lyNXlktwQIROcZAymk2keC7QkwG3cmV8yuIXWRkDtgyixAWetqFn3bEURaN0GRUXZxGDU2CXMVtUMZVHzG07jJjzi1Avi4MXab6bZp92xnvv1sA32EP2iG2xnL1ie+wj22cTJtk39p39YD8Hv5PHybPk+d/RZLDeecDOVbL7B2SYxNI=</latexit>

G [ {f(t1, ..., tm)
?
= x}

<latexit sha1_base64="325KgO6zYAxbeSOVwLcBa5MF8fE=">AAACfHicbZDPbtNAEMY35l8J/1I4clkRkIoolg1V4YKo4ADHIpG2UjaKxutJuuru2t0dF6KVn4On4QrPwMsg1iYH2jKnT9/M6Jv5FbVWnrLs1yC5cvXa9RsbN4e3bt+5e2+0ef/AV42TOJGVrtxRAR61sjghRRqPaodgCo2Hxcn7rn94hs6ryn6mVY0zA0urFkoCRWs+yoUBOpagw4dWyKYW4avwBPLEoQ5v2/CmXWzRPN9O03 Sb5uapaOejcZZmffHLIl+LMVvX/nxz8FKUlWwMWpIavJ/mWU2zAI6U1NgOReOxjpGwxGmUFgz6Weh/a/mTxgNVvEbHlea9if9uBDDer0wRJ7tP/MVeZ/6vN21o8XoWlK0bQiu7IFIa+yAvnYrQkJfKIRF0lyNXlktwQIROcZAymk2keC7QkwG3cmV8yuIXWRkDtgyixAWetqFn3YEVRaN0GRUXZxGDU2CXMVtUMZVH5m07jJjzi1Avi4MXab6bZp92xnvv1sA32EP2iG2xnL1ie+wj22cTJtk39p39YD8Hv5PHybPk+d/RZLDeecDOVbL7B4QNxNI=</latexit>

G [ {x ?
= f(t1, ..., tm)}

becomes

swap

<latexit sha1_base64="+eqvxyaTFuLh/FSIrMom/+ghfOQ="></latexit>

G [ {x ?
= t}

<latexit sha1_base64="umMzYYDJI/I7gtkG1BO5UwgvPqk="></latexit>

G[x = t] [ {x ?
= t}

<latexit sha1_base64="oz86B9YwvhW4o6wbU4aCvp3h1G0="></latexit>

if x 2 vars(G) \ vars(t)becomes

eliminate

<latexit sha1_base64="kXXN/DViZ4IUmmognv9iGsb7aGM="></latexit>

G [ {f(t1, ..., tm)
?
= f(u1, ..., um)}

<latexit sha1_base64="J7YsMAPhdjY+vPinFnp+YIB0HvQ="></latexit>

G [ {t1
?
= u1, ..., tm

?
= um}

becomes

decompose

<latexit sha1_base64="325KgO6zYAxbeSOVwLcBa5MF8fE=">AAACfHicbZDPbtNAEMY35l8J/1I4clkRkIoolg1V4YKo4ADHIpG2UjaKxutJuuru2t0dF6KVn4On4QrPwMsg1iYH2jKnT9/M6Jv5FbVWnrLs1yC5cvXa9RsbN4e3bt+5e2+0ef/AV42TOJGVrtxRAR61sjghRRqPaodgCo2Hxcn7rn94hs6ryn6mVY0zA0urFkoCRWs+yoUBOpagw4dWyKYW4avwBPLEoQ5v2/CmXWzRPN9O03 Sb5uapaOejcZZmffHLIl+LMVvX/nxz8FKUlWwMWpIavJ/mWU2zAI6U1NgOReOxjpGwxGmUFgz6Weh/a/mTxgNVvEbHlea9if9uBDDer0wRJ7tP/MVeZ/6vN21o8XoWlK0bQiu7IFIa+yAvnYrQkJfKIRF0lyNXlktwQIROcZAymk2keC7QkwG3cmV8yuIXWRkDtgyixAWetqFn3YEVRaN0GRUXZxGDU2CXMVtUMZVH5m07jJjzi1Avi4MXab6bZp92xnvv1sA32EP2iG2xnL1ie+wj22cTJtk39p39YD8Hv5PHybPk+d/RZLDeecDOVbL7B4QNxNI=</latexit>

G [ {x ?
= f(t1, ..., tm)}

<latexit sha1_base64="tcGQLNjb6OZVItVban99obIC9ns="></latexit>

if x 2 vars(f(t1, ..., tm))fails

occur-check



Esempio
<latexit sha1_base64="LWYJkJXC7gv4U+fWew9d96KU/v0="></latexit>

G = {plus(succ(x), x) ?
= plus(y, 0)}

<latexit sha1_base64="kXXN/DViZ4IUmmognv9iGsb7aGM="></latexit>

G [ {f(t1, ..., tm)
?
= f(u1, ..., um)}

<latexit sha1_base64="J7YsMAPhdjY+vPinFnp+YIB0HvQ="></latexit>

G [ {t1
?
= u1, ..., tm

?
= um}

becomes

decompose

<latexit sha1_base64="aGN/OeBm4zXKuE+u7JFDVhV8aBs="></latexit>

{succ(x) ?
= y , x

?
= 0}

<latexit sha1_base64="+eqvxyaTFuLh/FSIrMom/+ghfOQ="></latexit>

G [ {x ?
= t}

<latexit sha1_base64="umMzYYDJI/I7gtkG1BO5UwgvPqk="></latexit>

G[x = t] [ {x ?
= t}

<latexit sha1_base64="oz86B9YwvhW4o6wbU4aCvp3h1G0="></latexit>

if x 2 vars(G) \ vars(t)becomes

eliminate

<latexit sha1_base64="6pUud5Pue2DXeVfKTMO2iQ7t08M="></latexit>

{succ(0) ?
= y , x

?
= 0}

<latexit sha1_base64="zSOPcYaPOW0X0p6krOcRq+gkvKA="></latexit>

G [ {f(t1, ..., tm)
?
= x}

<latexit sha1_base64="325KgO6zYAxbeSOVwLcBa5MF8fE="></latexit>

G [ {x ?
= f(t1, ..., tm)}

becomes

swap

<latexit sha1_base64="G7n3jUv20JqZRXNMS7/q/ErsP7o="></latexit>

{y ?
= succ(0) , x

?
= 0}

<latexit sha1_base64="J0UkCPSBxWHtTyo6JkP7i5UYS1k="></latexit>

⇢ = [y = succ(0) , x = 0]successo!



Esempio

<latexit sha1_base64="7kbNhdSNu6cjNEFyw3J3cW5vJp4="></latexit>

{plus(0, x) ?
= succ(y)}

<latexit sha1_base64="XUTRIoMBIPnoOorhv+gB5MXgK0E="></latexit>

plus 6= succ

<latexit sha1_base64="E9bYHf16sCp75nu+hKGRjDEfV6k="></latexit>

G [ {f(t1, ..., tm)
?
= g(u1, ..., uh)}

<latexit sha1_base64="sDgg7JwyjM05fGThFKZcId4nikY="></latexit>

if f 6= g or m 6= h

conflict

fails

fallimento!



3030

Esempio

<latexit sha1_base64="+eqvxyaTFuLh/FSIrMom/+ghfOQ="></latexit>

G [ {x ?
= t}

<latexit sha1_base64="umMzYYDJI/I7gtkG1BO5UwgvPqk="></latexit>

G[x = t] [ {x ?
= t}

<latexit sha1_base64="oz86B9YwvhW4o6wbU4aCvp3h1G0="></latexit>

if x 2 vars(G) \ vars(t)becomes

eliminate

<latexit sha1_base64="zSOPcYaPOW0X0p6krOcRq+gkvKA="></latexit>

G [ {f(t1, ..., tm)
?
= x}

<latexit sha1_base64="325KgO6zYAxbeSOVwLcBa5MF8fE="></latexit>

G [ {x ?
= f(t1, ..., tm)}

becomes

swap

<latexit sha1_base64="R1cSBVrYdNuTmvMctHNSN+Q7gLI="></latexit>

G = {succ(x) ?
= y , succ(y)

?
= x}

<latexit sha1_base64="ywYys3DuaG6Hv5yXibavQCFtW0o="></latexit>

{succ(x) ?
= y , x

?
= succ(y)}

<latexit sha1_base64="APpwLO81vljlxjUS0L8Al952B+Q="></latexit>

{succ(succ(y)) ?
= y , x

?
= succ(y)}

<latexit sha1_base64="zSOPcYaPOW0X0p6krOcRq+gkvKA="></latexit>

G [ {f(t1, ..., tm)
?
= x}

<latexit sha1_base64="325KgO6zYAxbeSOVwLcBa5MF8fE="></latexit>

G [ {x ?
= f(t1, ..., tm)}

becomes

swap

<latexit sha1_base64="YXoH77oYTewkkw6sN484v8EUmDU="></latexit>

{y ?
= succ(succ(y)) , x

?
= succ(y)}

<latexit sha1_base64="325KgO6zYAxbeSOVwLcBa5MF8fE="></latexit>

G [ {x ?
= f(t1, ..., tm)}

<latexit sha1_base64="tcGQLNjb6OZVItVban99obIC9ns="></latexit>

if x 2 vars(f(t1, ..., tm))fails

occur-check

<latexit sha1_base64="NUPSVhpYiA3OMemm/dcJL6B9Gcs="></latexit>

y 2 vars(succ(succ(y)))

fallimento



Esercizio

<latexit sha1_base64="WxVunrvcC/nrsZygGkatg3glPrc="></latexit>

{plus(x, succ(x)) ?
= plus(0, y) , plus(y, z)

?
= plus(z, w)}

<latexit sha1_base64="kXXN/DViZ4IUmmognv9iGsb7aGM="></latexit>

G [ {f(t1, ..., tm)
?
= f(u1, ..., um)}

<latexit sha1_base64="J7YsMAPhdjY+vPinFnp+YIB0HvQ="></latexit>

G [ {t1
?
= u1, ..., tm

?
= um}

become

<latexit sha1_base64="+eqvxyaTFuLh/FSIrMom/+ghfOQ="></latexit>

G [ {x ?
= t}

<latexit sha1_base64="umMzYYDJI/I7gtkG1BO5UwgvPqk="></latexit>

G[x = t] [ {x ?
= t}

<latexit sha1_base64="oz86B9YwvhW4o6wbU4aCvp3h1G0="></latexit>

if x 2 vars(G) \ vars(t)becomes

eliminate

<latexit sha1_base64="zSOPcYaPOW0X0p6krOcRq+gkvKA="></latexit>

G [ {f(t1, ..., tm)
?
= x}

<latexit sha1_base64="325KgO6zYAxbeSOVwLcBa5MF8fE="></latexit>

G [ {x ?
= f(t1, ..., tm)}

becomes

swap

<latexit sha1_base64="E9bYHf16sCp75nu+hKGRjDEfV6k="></latexit>

G [ {f(t1, ..., tm)
?
= g(u1, ..., uh)}

<latexit sha1_base64="sDgg7JwyjM05fGThFKZcId4nikY="></latexit>

if f 6= g or m 6= h

conflict

fails
<latexit sha1_base64="325KgO6zYAxbeSOVwLcBa5MF8fE="></latexit>

G [ {x ?
= f(t1, ..., tm)}

<latexit sha1_base64="tcGQLNjb6OZVItVban99obIC9ns="></latexit>

if x 2 vars(f(t1, ..., tm))fails

occur-check

<latexit sha1_base64="a8ZVG2jNKT0jUDkeAIQAu5y0XqQ="></latexit>

G [ {t ?
= t}

<latexit sha1_base64="K6rV3fGKIbkNmEvmC81MNXqI2oI="></latexit>

G
become

decompose
delete




