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1 Forward Checking

The starting domains: xy = 0,dom(z,) = {0,1,2,3},dom(zs) = {0,1,2,3}, dom(x3) =
{0,1,2,3}.

We have just assigned zo = 0. This automatically eliminates all other values in dom(zg). In
forward checking, we never add new constraints to the set.

Since we’ve just assigned a value to xg, we will add every constraint that involves z to the
set for the other variable in the constraint.

The starting set of constraints:

(?’% # x1), (71, [vo— 21| # 1), (T2, X0 # T2), (T2, [W0— 72| # 2), (3,00 # T3), (23, |[w0— 73| #
3

1. Remove (z1, 29 # x1).
Remove 0 from dom(x;).
The resulting domains are g = 0, dom(x;) = {1, 2,3}, dom(zs) = {0, 1,2, 3}, dom(x3) =
{0,1,2,3}.
2. Remove (21, |z — 21| # 1).
Remove 1 from dom(x).

The resulting domains are xog = 0, dom(z1) = {2,3}, dom(z2) = {0,1, 2,3}, dom(x3) =
{0,1,2,3}.



. Remove (z9, 29 # x9).

Remove 0 from dom(xzs).

The resulting domains are xy = 0,dom(x;) = {2,3}, dom(z2) = {1,2,3}, dom(x3) =
{0,1,2,3).

. Remove (z2, |xg — 2| # 2).

Remove 2 from dom(xs).

The resulting domains are zq = 0,dom(z1) = {2,3},dom(zy) = {1,3},dom(x3) =
{0,1,2,3).

. Remove ((x3, 29 # x3).

Remove 0 from dom(xs).

The resulting domains are o = 0,dom(z1) = {2,3},dom(zs) = {1,3},dom(x3) =
{1,2,3}.

. Remove (z3, |9 — x3] # 3).

Remove 3 from dom(zx3).

The resulting domains are o = 0,dom(z1) = {2,3},dom(zs) = {1,3},dom(x3) =

{1,2}.



2 Maintaining Arc Consistency

Maintaining Arc Consistency is essentially running the AC-3 algorithm on the CSP after the
assignment. Consider the same example again.

The starting domains: xy = 0,dom(z,) = {0,1,2,3},dom(zs) = {0,1,2,3}, dom(xs) =
{0,1,2,3).

We have just assigned zy = 0. This automatically eliminates all other values in dom(z).

Again, we start by adding every constraint that involves z( to the set for the other variable
in the constraint.

The starting set of constraints:

(f§1>$0 # 11), (1, [To— 21| # 1), (T2, T0 # T2), (T2, |To—T2| # 2), (T3, 00 # w3), (3, |20 — 73| #
3

1. Remove (x1,z9 # x1).
Remove 0 from dom(xy).

Add the following constraints to the set.
(w2, 21 # 12), (w2, |21 — 22| # 1, (w3, 1 # ¥3), (23, |71 — 23| # 2)

The resulting domains are o = 0, dom(z;) = {1, 2,3}, dom(xs) = {0, 1,2, 3}, dom(x3) =
{0,1,2,3}.

The resulting set of constraints is (21, [zg — 1| # 1), (z2, 50 # T2), (T2, |T0 — T2| #
2), (z3, w0 # x3), (23, [o—23| # 3), (22, 11 # X2), (2, |[W1—22| # 1, (w3, 71 # 23), (w3, [21—
3| # 2)

(Technically, we should add back constraints for xy as well. However, since we’ve just
assigned a value to xg, we will omit all such constraints.)

2. Remove (21, |z — 21| # 1).
Remove 1 from dom(x;).

Add no constraint to the set.

The resulting domains are xo = 0,dom(z1) = {2, 3}, dom(xs) = {0, 1,2, 3}, dom(x3) =
10,1,2,3).

The resulting set of constraints is (xq, zg # x2), (X2, |vo—x2| # 2), (23, x0 # T3), (T3, |T0—
x3| # 3), (T2, x1 # X2), (T2, |1 — @2| # 1, (x3, 21 # x3), (w3, |21 — 23] # 2)
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3. Remove (2, ¢ # x2).
Remove 0 from dom(xzs).

Add the following constraints to the set.
(x17x1 7é ZUQ), ('Tlu |I‘1 - I'2| ?A ]-)7 (x37x2 7é ZU3), (l’g, |I2 - $3| ?A 1)

The resulting domains zo = 0,dom(x;) = {2,3},dom(zs) = {1,2,3},dom(x3) =
{0,1,2,3}.

The resulting set of constraints is (z, [xo — 22| # 2), (x3,20 # x3), (v3,|T0 — 23| #
3)7 (.ZU27[L'1 7£ xQ)a (I’Q, |I1—[L'2| ?A ]-7 ($37x1 7£ x3)7 (CC?,, |x1_l‘3| # 2); (1‘173:1 7é .'L'Q), ('rlu |CC1—
To| # 1), (w3, 22 # 3), (23, |22 — 73] # 1)

4. Remove (za, |zg — x2| # 2).
Remove 2 from dom(xs).

Add no constraint to the set.

The resulting domains are o = 0,dom(z1) = {2,3},dom(zs) = {1,3},dom(x3) =
{0,1,2,3}.

The resulting set of constraints is (23, zg # x3), (v3, |To—x3| # 3), (x2, X1 # X2), (w2, |T1—
zo| # 1, (w3, 21 # x3), (23, |71 — 23| # 2), (21,01 # T2), (w1, |11 — 22| # 1), (23,20 #
3), (3, |72 — 73| # 1)

5. Remove ((z3,z0 # z3).

Remove 0 from dom(xs).

Add the following constraints to the set. (z1,x1 # x3), (21, |x1 — 23| # 2), (v2, 29 #
x3), (T2, |x2 — 23] # 1)

The resulting domains are o = 0,dom(z1) = {2,3},dom(zs) = {1,3},dom(x3) =
{1,2,3}.

The resulting set of constraints is (zs, |zo — x3| # 3), (x2,x1 # x2), (T2, |x1 — T2| #
L, (23,01 # x3), (T3, |T1— 23] # 2), (21, 21 # T2), (21, [T1— 22| # 1), (T3, 02 # 73), (23, |T2—
z3] # 1), (z1, 21 # x3), (01, |11 — 23| # 2), (T2, T2 # X3), (T2, [72 — 73| # 1)



6. Remove (z3,|zo — x3] # 3).
Remove 3 from dom/(xz3).

Add no constraint to the set.

The resulting domains are zo = 0,dom(z1) = {2,3},dom(z3) = {1,3},dom(x;3) =
{1,2}.

The resulting set of constraints is (9, 1 # xa), (x2, |x1—xs| # 1, (23,21 # 23), (T3, |21—
z3| # 2), (v1,21 # T2), (w1, |21 — 22| # 1), (23,22 # 3), (¥3, [12 — 23] # 1), (21,71 #
3), (21, |21 — w3| # 2), (22, 22 # 23), (2, |22 — 33| # 1)

7. Remove (9,11 # x3).

Do nothing.

The resulting domains are o = 0,dom(z1) = {2,3},dom(zs) = {1,3},dom(x3) =
{1,2}.

The resulting set of constraints is (xe, |x; — 29| # 1, (23,21 # w3), (23, |x1 — 23| #
2)) (xhxl 7£ 'rQ)a (xla |x1_l‘2| ?A 1)7 ($37ZL'2 7é LU3), (5[3'3, |x2—I3| ;é ]-)a (l‘bxl 7é .'L'3), (xlu |CC1—
x3| # 2), (22, w2 # x3), (22, |22 — 33| # 1)

8. Remove (2, |z1 — z2| # 1.

Do nothing.

The resulting domains are o = 0,dom(z1) = {2,3},dom(zs) = {1,3},dom(x3) =
{1,2}.

The resulting set of constraints is (x3, 21 # x3), (23, |t1—x3| # 2), (¥1, 21 # T2), (21, |21—
$2| 7& ]-)7 (l’g,Z‘Q 7& 1'3), (ZU37 |ZL'2 - l’3| 7é 1)7 (xluxl 3& I'3), (x17 ’xl - ZU3| ?é 2),($2,[E2 7é
x3), (2, |72 — x3] # 1)

9. Remove (3,11 # 3).

Do nothing.

The resulting domains are o = 0,dom(z1) = {2,3},dom(zs) = {1,3},dom(x3) =
{1,2}.

The resulting set of constraints is (z3, |z1 — z3| # 2), (z1,21 # 22), (21, |r1 — 22| #
1), (z3, 02 # x3), (23, [v2—13] # 1), (21, 71 # T3), (71, [21—23] # 2), (¥2, 72 # T3), (T2, [T2—
3| # 1)



10.

11.

12.

13.

14.

Remove (z3, |r1 — x3] # 2).

Do nothing.

The resulting domains are zq = 0,dom(z1) = {2,3},dom(zy) = {1,3},dom(x3) =
{1,2}.

The resulting set of constraints is (x1, 21 # xs), (21, |t1—x2| # 1), (23, 22 # 23), (T3, |T2—
z3| # 1), (1,21 # x3), (21, |21 — 3] # 2), (T2, T2 # T3), (T2, |22 — 73| # 1)

Remove (1,21 # x2).

Do nothing.

The resulting domains are o = 0,dom(z1) = {2,3},dom(z2) = {1,3},dom(x3) =
{1,2}.

The resulting set of constraints is (1, |r1 — 22| # 1), (x3,20 # x3), (v3, |22 — 23| #
1), (1,21 7 23), (21, |21 — 23] # 2), (22, 22 # 23), (2, |22 — 23] # 1)

Remove (z1, |21 — 22| # 1).

Remove 2 from dom(x).

Add the following constraints to the set.
(T2, 21 # T2), (T3, 21 # 3), (3, |21 — 73| # 2).

The resulting domains are xy = 0, dom(x,) = {3}, dom(z2) = {1, 3}, dom(x3) = {1, 2}.
The resulting set of constraints is (x3, zo # x3), (23, |[vo—x3| # 1), (21,21 # 23), (21, |21—
l’g’ 7£ 2)7 (x27$2 7é .1'3), (i[fz, ‘x2_$3| 7£ 1)7 ($2,.T1 7& 33'2), (i[fg, T 7£ l’g), (:C3> |.T1—£L'3’ 7& 2)
Remove (z3, 9 # x3).

Do nothing.

The resulting domains are xy = 0, dom(x,) = {3}, dom(z2) = {1, 3}, dom(x3) = {1, 2}.
The resulting set of constraints is (z3, |ze — z3| # 1), (v1,21 # x3), (z1, |21 — z3] #
2), (w2, T2 # w3), (2, |22 — 3| # 1), (T2, 21 # T2), (w3, 1 # x3), (23, |21 — @3] # 2).
Remove (3, |22 — 23] # 1).

Remove 2 from dom/(x3).

Add the following constraints to the set.

(17527 Ty # 333)

The resulting domains are o = 0,dom(z1) = {3}, dom(z2) = {1,3},dom(z3) = {1}.

The resulting set of constraints is (1, 21 # x3), (21, |v1—x3| # 2), (29, X2 # T3), (T2, |T2—
w3 # 1), (22, 21 # T2), (w3, 21 # 13), (73, |11 — W3] F# 2), (T2, T2 F# T3).
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15.

16.

Remove (z1,x1 # 3).

Do nothing.

The resulting domains are zo = 0, dom(z1) = {3}, dom(z2) = {1, 3}, dom(z3) = {1}.

The resulting set of constraints is (z1, |z1 — z3| # 2), (z2, 29 # x3), (v2, v — 3| #
1), ($27$1 # xz), (1’3, T # 953)7 ($37 |$1 - $3’ # 2)7 (I2, Ty # 1‘3)‘

Remove (z1, |21 — 23| # 2).

Remove 3 from dom(x).

The resulting domains are o = 0, dom(z1) = {}, dom(z2) = {1, 3}, dom(z3) = {1}.

The domain of z; is empty. No solution! Backtrack!



