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5 Constraint satisfaction problems

81

2

3

4 5

6

7

1 = R 4 = C 5 = R 8 = C 6 = B

6 Knowledge representation and reasoning

∃a ∃s . (a, s0, s) ∧ (s)

∃actionList . Goal(... actionList ...)



Shoot

www.cs.unm.edu/∼mccune/prover9/

yum install prover9-200805a-6.fc12 (i686)

formulas(assumptions).

wife(x,y) <-> (female(x) & married(x,y)).

female(Violet).

married(Violet,Bill).

end_of_list.

formulas(goals).

exists x wife(Violet,x).

end_of_list.

x
¬(A → B) A ∧ ¬B

formulas(assumptions).

wife(x,y) <-> (female(x) & married(x,y)).

female(Violet).

married(Violet,Bill).

-wife(Violet,x) # answer(x).

end_of_list.

formulas(goals).

end_of_list.



# answer(x) x

7 Planning

B Box

L Ladder

H House

V Violet Scroot

W Window

D Driveway

¬At(B,H) ¬At(L, B) ¬At(V,W) ¬At(V,B) At(V,W)

¬At(L, B)

¬At(B,H),¬At(L, B) At(B,H), At(L, B), At(V, B)

At(B,H) At(V,W)

Move(B,H) Move(V,W)

Move(L, B) Move(V, B) Move(L,D)

At(L, B)¬At(V, B)¬At(L, B)

At(L, B) At(V, B)



8 Learning

f(x) = wTx + b

x ∈ Rn w ∈ Rn b ∈ R x

1 f(x) ≥ 0 2

f(x) = 0

n f(x) = 0 w b

wTx ′ = −b

xT = ( (−b/w1) 0 · · · 0 )

xT = ( 0 (−b/w2) · · · 0 )

0

x ′ x ′′ f(x ′) = 0

f(x ′′) = 0 n = 2

y = x ′ − x ′′.

a ∈ R

f(x ′ + ay).

f(x ′ + ay) = wT (x ′ + ay) + b

= wTx ′ + awTy + b

= f(x ′) + awT (x ′ − x ′′)

= a(wTx ′ −wTx ′′)

= a(−b− (−b))

= 0.



f(x) = 0

y = x ′ − x ′′

x ′′

x

vx ′
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a ∈ R
R2

f(x) %= 0 x x = x ′ + ay

w x ′ + ay
0

w

v x ′ + ay
1

||v|| =
|b|

||w||
.

||w|| = 1 |b|

x x ′+ay z
x 1

||z|| =
|f(x)|

||w||
.

f(x) = 0

f(x) x

w w/||w|| b b/||w||
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x A B

0 1 h(w;x)
w

h(w;x) = (x A).

(x B) = 1− h(w;x)

1 0 A B

(x ′, 0)
w w

( (x ′, 0)|w) = ( 0|w,x ′)× (x ′)

=
{
1 − h(w;x ′)

}
× (x ′)

x ′ w
w

s = ((x1, c1), (x2, c2), . . . , (xm, cm))

ci 0 1 w
m

(s|w) w

s
w

m∑

i=1

ci h(w;xi) + (1 − ci) (1 − h(w;xi)).

(A,B) = (A) (B)

h

s h

H h : X → R
f ∈ H

s = ((x1, o1), (x2, o2), . . . , (xm, om))

(A,B|C) = (A|B,C) (B|C)



oi = f(xi) + ei

i = 1, 2, . . . ,m ei ei

p(ei) =
1√
2πσ2

(
−(ei − µ)2

2σ2

)

µ σ2

p(s|h) = p((o1, o2, . . . , om)|h) =
m∏

i=1

p(oi|h)

ei
µ = 0

oi f(xi) oi σ2

p(oi|h) =
1√
2πσ2

(
−(oi − h(xi))2

2σ2

)
.

m∑

i=1

(oi − h(xi))
2.

[0, 1]

g(x) = x g(x) = 1/(1 + (−x))

0 1


