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E sercitazione #I



Prolog, unificazione, derivazionl



Ex.1 Sia g = {0} e 31 = {s}. Estendete il programma logico che definisce il
predicato sum € Il3 (visto a lezione) per definire:

1. un predicato prod € 113 per calcolare il prodotto di 2 numeri;

2. un predicato pow € llI3 per calcolare la potenze;

3. un predicato div € lI3 per verificare che il primo argomento divida il
secondo.



Ex.1(1,2,3)

sum(0,y,y) .
sum(s(x),y,s(z)) - sum(x,y,z) .

prod(0,y,0) .
prOd(S(X)!yaz) - prOd(Xsy!W) ) Sum(Wsyaz) "

pow(s(x),0,s(0)) .
pow(x,s(Y),z) :- pow(x,y,w) , prod(w,x,z) .

div(s(y),z) :- prod(x,s(y),z) .



[Ex. 2] Data la sintassi in Ex.1, risolvere il seguente problema di
unificazione
def

1. G1 = {prod(s(z),y,s(z)) = prod(y, z,x)}

2. Gy ¥ {pow(z,s(y), ) = pow(s(y), 2z, 2) }

def

3. Gs 2 {div(z,s(y)) = div(z, z) , div(y,s(z)) = div(y, s(u))}



Unificazione

e
GU {t =t} GU{z =t}
becomes becomes if x € vars(G) \ vars(t)
G Glz = 1] U {x = t}
Gz . :
GU{f(t1, ..., tm) = 2} GU{f(1, - tm) = f(ur, s um)}
becomes becomes
GU{x = f(t1, e, tm)} GU{t1 = U1, .o, tim = Um )
ccccccc heck
GU{z L f(t1, tm)} GU{f(ts, s tm) = glur, .., un)}

fails if x € vars(f(t1,...,tm))  fails if f#gorm #h



Ex. 2 (1)




Ex. 2 (2)

pow(s(y), z, 2)}
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{pow(z,s(y), )







. 3] Data 1l programma logico 1n Ex.1, scrivere delle derivazioni per 1 goals

seguenti:

. sum(x,s(0),s(s(0)))
. prod(s(s(0)),y,s(s(0)))
. div(z,s(s(0)))



sum(0,y,y) .
x 3 1 sum(s(x),y,s(z)) :- sum(x,y,z) .

sum(z,s(0),s(s(0))) o1 = |z =s(z;),y; =s(0),z; =s(0)]
\31 sum(xl,s(O), S(O)) 09 — [331 — O, Yo — S(O)]

N&, r = s(0)

Alternativamente: 02 = (21 =s(22),y2 = s(0), 22 = 0]

\82 Sum(:le, S(O), O)
Fallimento!



sum(0,y,y) .
Ex. 3 (2) mi amn

prod(0,y,0) .

prod(s(s(0)), v,s(s(0))) o1 =|z; =5(0),y: =y, 2z =5s(s(0))]
\31 prOd(S(O)7 Y, wl) , sum(w1 » Y, S(S(O)))
02 — [372 :O7y2 — Y, 22 — wl]
\32 prOd(Oa Y, w?) . Sum(w27 Y, wl) 9 sum(wz » Us S(S(O)))
o3 = [ys = y, wg = 0]
\33 Sum(07 Y, wl) 9 Sum(wl 9 y,S(S(O))) 04 — :wl — Y, Y, — y
NGs sum(y, y,s(s(0))) o5 = [y =s(z5), y5 = s(x5), 25 = s(0).
5. sum(zs5,s(x5),s(0)) !'e=[% = 0,ys = S(0)]

\86 Y = S(O)

Alternativamente:




sum(0,y,y) .
Ex. 3 (2) wi e

prod(0,y,0) .
prod(s(x),y,z) :- prod(x,y,w) , sum(w,y,z) .

prod(s(s(0)), v,s(s(0))) o1 = |21 = 5(0),y: =y, 2 = s(s(0))]
&, prod(s(0), y, w;), sum(w;,y,s(s(0)))
02 = [372 =0,y2 =y, 22 = wl]
\32 prOd(Oa Y, w?) 9 Sum(w27 Y, wl) y Sum(wl » Y S(S(O)))
o3 = [ys = y, wz = 0]
\33 Sum(07 Y, w1)7 sum(w1 . y,S(S(O))) 04 = (W1 = VY, y4 =Y

NG sum(y, y,s(s(0))) o5 =y =s(z5),y5 = s(z5), 25 =s(0).
5. sum(zs5,s(z5),s(0)) 16 =[Xs = S(X6),Ys = S(X6)), 26 = O]
1, SUM(Xe, S(S(X6)), 0)

Fallimento!



sum(0,v,y) .
Ex 3 (3 ) sum(s(x),y,s(z)) :- sum(x,y,z) .

prod(0,y,0) .
prod(s(x),y,z) :- prod(x,y,w) , sum(w,y,z) .

div(s(y),z) :- prod(x,s(y),z) .
div(z, (s(0))) l1=[z2=9Yy1),z2 = S(5(0))]
Ly, prod(Xy, S(y1),S(s(0)))
L2 =[xt = (X2),Y2 = S(Y1),2 = (0))]
Ly, prod(Xz, S(y1), w2 ), sum(wz, S(y1), S(5(0)))
l3=[x2=0,y3 = S(y1), w2 =0
Ly, sum(0, s(y1), S(5(0))) L4 =[ys = (50)),y1 = S0).

't 2= ((0))

Alternatively:




sum(0,v,y) .
Ex 3 (3 ) sum(s(x),y,s(z)) :- sum(x,y,z) .
° prod(0,y,0) .
prod(s(x),y,z) :- prod(x,y,w) , sum(w,y,z) .

div(s(y),z) :- prod(x,s(y),z) .
div(z, S(5(0))) l1=[z2=9Y1),z2 = (50))]
Ly, prod(Xy, S(y1),S(s(0)))
Lo =Xy = S(X2),y2 = (Y1), 22 = (S(0))]
Ly, prod(Xz, S(y1), w2 ), sum(wz, S(y1), S(5(0)))
l3=[X% = S(X3),y3 = S(Y1),Z3 = Wo]
o, prOd(Xs,S(Y1)1W3),Sun(W3,S(Y1),W2),SUH(W2,S(Y1),5(5(0)))

l4=[X%3 = 0,y4 = S(y1), w3 = O]
Loy, sum(0, s(y1), w2) , sum(w,, 5()’1) 80)))
=[ys = S(y1), W2 = S(y1)]

Ly sum(s(ys ), S(y1), S(S(0))) ! —[X6 = V1,¥Ye = S(Y1),2s = 90)]
1, sum(ys, S(y1), S(0)) l7=1y1 = 0,y7 = H0).

Ly, z = 90) Alternativamente:




sum(0,v,y) .
Ex 3 (3 ) sum(s(x),y,s(z)) :- sum(x,y,z) .
* prod(0,y,0) .
prod(s(x),y,z) :- prod(x,y,w) , sum(w,y,z) .

div(s(y),z) :- prod(x,s(y),z) .
div(z, s(s(0))) l1=[z2=98(y1),z2 = S(0))]
Ly, prod(xy, S(y1), S((0)))
12 =X = S(X2),Y2 = S(Y1), 22 = S(0))]
Ly, prod(Xz, S(y1), W), sumw,, S(y1), S(S(0)))
I3 =X = (X3),y3 = S(y1),Z3 = W]
Ly prOd(X:s,S(Y1),W3),Sun(W3,S(Y1),W2),SUH(W2,S(Y1),5(5(0)))
=[x3 = 0,y4 = (y1),wz = 0]
Loy, sum(0, S(y1), W2) , sum(ws, 5()’1) 80)))
=[ys = S(y1), W2 = (y1)]

Ly sum(s(ys ), S(y1), S(S(0))) ! :[X6 = VY1,Ys = AY1),26 = S(0)]

Ly sumlys, S(y1),9(0) 7 =[y1 = S(X7),y7 = (S(%7)),z7 = O
Ly, sum(x7, S(5(%7)),0)  Fallimento!
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Induzione Matematica



[EX. 4] Provare per induzione matematica che

"n>0 n"# n!



Ex. 4

'n> 0. P(n) P(n)=n"! n
P (1) '=11! 1=1
'n.P(n)" P(n+1) Prendiamo un generico n

Assumiamo}P(n) = n"1 nl

Vogliamo provare 3P (n +1) = (n+1)"*1 1 (n + 1)!

(n+1)" =(n+1) &4n+1)"! (n+1) a"! (n+1) an! =(n+1)



[EX. 5]

def def
=0 @ =2a,+n

Provare per induzione matematica che

"n! NNa,=2"%$n$ 1



Ex. D

ao!:O an +1 !:2an+ n
'n" N.P(n)  P(n)=a,=2"! n! 1
P (0) a,=0=11! 0! 1=2°1 0! 1
In. P(n)" P(n+1) Prendiamo un generico n
Assumiamo P (n) = a, =2"! n! 1
Vogliamo provare 2P (n + 1) = an+1 =2"1 1 (n+1) ! 1
ani1 =2a,+N=22"! n! D+n=2""112n1 2+n

=2" 1 nr 2=2"11 (n+1) ! 1
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[Ex. 6] Detfiniamo 1 numer1 di Fibonacci

def def

1 R¥1 Fop R+ Fra

F1

Provare per induzione matematica che

I N

"n>0. F=Fu$1



E!_x. 6

|:1 |: 1 I:n+2 |: I:n + I:n+1
!ll
In> 0. P(n) P(NY= F = Fhen ! 1
| 1 i=1
P (1) F=F, =1
1=1

Fioo! 1=F3! 1=F{+F,! 1=1+11! 1=1

!2
P(Z) Fi=F1+ F> = F3
1=1
Foio l 1=F4! 1=F>+F3! 1=1+ F3! 1= Fj;
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Ex 6

|:1 = 1 I:n+2 |: I:n + I:n+1
! I
In> 0. P(n) P(NY= F = Fhen ! 1

1=1

'n.P(n)" P(n+1) Prendiamo un generico n

AssumiamgP(n) = in:1 Fi=Fao 1 1

Vogliamo provare 2P (n + 1) = in:+11 Fi= Fmne V1

n+d In

Fi= Fna Fi=Fnir t Fneo ! 1= Fpes D 1= Fpap2 11
|=1 1=1
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