CS 1571: Homework 2 
Answer key:

1 Hill Climbing Search
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Figure 1: The goal state, the initial state and the first two moves
Heuristic 2: count +1 for every block that sits on the correct thing, and count -1 for every block that sits on an incorrect thing.

H2(Goal) = +1*8 = +8

H2(Initial) = +1*6(for H, G, F, E, D and  C) -1*2 (for B and A) = +4

H2(Move 1) = +1*7 (for H, G, F, E, D, C and A) – 1 (for B) = +6

H2(Move 2a) = +1*6 (for G, F, E, D, C and A) – 1*2 (for B, H) = +4

H2(Move 2b) = +1*6 (for G, F, E, D, C and A) – 1*2 (for B, H) = +4

This heuristic function is problematic because the hill-climbing search algorithm will stop at the local maxima (whose value is higher than all its neighbors) after the first move and is not able to reach the goal state (also the global maximum).
Heuristic 1: count +N for every block that sits on a correct stack of N things and count -N for every block that sits on an incorrect stack of N things. For example, in the state “Move 1”, E sits on a wrong stack [B, C, D] (the correct stack should be [A, B, C, D]). Thus we count -3 for E.
H1(Goal) = +7(H) +6(G) +5(F) +4(E) +3(D) +2(C) +1(B) +0(A) = +28
H1(Initial) = -7(A) -6(H) -5(G) -4(F) -3(E) -2(D) -1(C) -0(B) = -28

H1(Move 1) = -6(H) -5(G) -4(F) -3(E) -2(D) -1(C) -0(B) + 0(A) = -21
H1(Move 2a) = -5(G) -4(F) -3(E) -2(D) -1(C) -0(B) + 0(A) -1(H) = -16
H1(Move 2b) = -5(G) -4(F) -3(E) -2(D) -1(C) -0(B) + 0(A) -0(H) = -15

This heuristic function does not have the local maximum problem after the first move. The state “Move 2b” will be selected because it has the highest value. 
Similarly, you can find that the best choice for the third step is to put G off to the table and this gives us H1 = -4(F)-3(E)-2(D) -1(C) = -10.
The 4th step: put F to the table; H1 = -6;

The 5th step: put E to the table; H1 = -3;

The 6th step: put D to the table; H1 = -1;

The 7th step: put C to the table; H1 = 0;

The 8th step: put B on the top of A; H1 = +3;

The 9th step: put C on the top of B (or the stack [A, B]); H1 = +6;

…

…

The last step: put H on the top of G (or the stack [A, B, C, D, E, F, G]); H1 = +28.
Finally, the hill-climbing search algorithm successfully finds the goal state (also the global maximum) using heuristic function 1.
2 Constraint Satisfaction Problems 

Backtracking is show in Figure 2.
[image: image2.emf]
Figure 2: The first ten nodes visited by the backtracking algorithm
(b) 
Let’s see how to using these heuristics with Forward checking. 
At beginning, the constraint B ≠ 3 can be used to remove value 3 from the domain of B. So does C ≠ 2. Thus, both B and C have 3 possible values, while all other variables have 4 possible values. Using the most constrained variable heuristic, we should either select B or C as the first variable. The most constraining variable heuristic (or degree heuristic) is used as a tie-breaker. Since there are 4 constraints related to B ((A ≠ B) ^ (B ≠ C) ^ (E < B) ^ (B ≠ D)) and only 3 related to C ((B ≠ C) ^ (C < D) ^ (E < C)), B is selected as the first variable. The least constraining value heuristic can then be use to determine the order of B’s value. B = 4 should be the first choice, because it gives the maximum choices for the variable E. Using forward checking, the domain of each variable is shown in the 2nd row of Table 1. 
Next, C is selected as the second variable according to the most constrained variable heuristic. However, C = 1 delete all possible values of E and C = 3 delete all possible values of D. We have to backtrack to variable B and choose the second least constraining value 2. Now, E is definitely the most constrained variable. 
After E = 1, D is selected using the most constraining variable heuristic (D has 2 constraints A=D and C< D, A and C only has one) and we choose value 4 for D (least constraining value) 
	Current Assignment

Being considered
	Domain

	
	A
	B
	C
	D
	E

	
	1,2,3,4
	1,2,4
	1,3,4
	1,2,3,4
	1,2,3,4

	B=4
	1,2,3
	4
	1,3
	1,2,3
	1,2,3

	B=4,C=1
	1,2,3
	4
	1
	2,3
	

	B=4,C=3
	1,2,3
	4
	3
	
	1,2

	B=2
	1,3,4
	2
	1,3,4
	1,3,4
	1

	B=2, E=1
	3,4
	2
	3,4
	3,4
	1

	B=2, E=1,D=4
	4
	2
	3
	4
	1

	B=2, E=1,D=4,A=4
	4
	2
	3
	4
	1

	B=2, E=1,D=4,A=4,C=3
	4
	2
	3
	4
	1


(c) Forward checking 
At beginning, the constraint B ≠ 3 can be used to remove value 3 from the domain of B. So does C ≠ 2. After A = 1, we can delete 1 from B’s domain using A ≠ B. Similarly, {2,3,4} are deleted from D’s domain due to A=D. {1,2,3,4} are deleted from E’s domain because of E < A. The whole process of forward checking is shown in the Table 2 below.
Table 2: Forward Checking

	Current Assignment

being considered
	Domain

	
	A
	B
	C
	D
	E

	
	1,2,3,4
	1,2,4
	1,3,4
	1,2,3,4
	1,2,3,4

	A=1
	1
	2,4
	1,3,4
	1
	

	A=2
	2
	1,4
	1,3,4
	2
	1

	A=2,B=1
	2
	1
	3,4
	2
	

	A=2,B=4
	2
	4
	1,3
	2
	1

	A=2,B=4,C=1
	2
	4
	1
	2
	

	A=2,B=4,C=3
	2
	4
	3
	
	1

	A=3
	3
	1,2,4
	1,3,4
	3
	1,2

	A=3,B=1
	3
	1
	3,4
	3
	

	A=3,B=2
	3
	2
	1,3,4
	3
	1

	A=3,B=2,C=1
	3
	2
	1
	3
	

	A=3,B=2,C=3
	3
	2
	3
	
	1

	A=3,B=2,C=4
	3
	2
	4
	
	1

	A=3,B=4
	3
	4
	1,3
	3
	1,2

	A=3,B=4,C=1
	3
	4
	1
	3
	

	A=3,B=4,C=3
	3
	4
	3
	
	1,2

	A=4
	4
	1,2
	1,3,4
	4
	1,2,3

	A=4, B=1 
	4
	1
	3,4
	4
	

	A=4, B=2
	4
	2
	1,3,4
	4
	1

	A=4, B=2,C=1
	4
	2
	1
	4
	

	A=4, B=2,C=3
	4
	2
	3
	4
	1

	A=4,B=2,C=3,D=4
	4
	2
	3
	4
	1

	A=4,B=2,C=3,D=4,E=1
	4
	2
	3
	4
	1


 (d) Arc consistency 
Using arc consistency will be helpful. Remember arc X(Y is consistent if and only if for every value x of X, there is some value y of Y that is consistent with x. 
At beginning, by checking arc C(D, we find that if C = 4, we can not find any consistent value of D due to the constraint C < D. Thus, the value 4 is deleted from C’s domain. Similarly, we have 

D(C, the value 1 is deleted from D’s domain, due to C < D;
A(E, the value 1 is deleted from A’s domain, due to E < A;

B(E, the value 1 is deleted from B’s domain, due to E < B;
C(E, the value 1 is deleted from C’s domain, due to E < C;

E(A, the value 4 is deleted from E’s domain, due to E < A;
Now, the domain of each variable is shown in the 7th row of Table 3. Arc consistency 
Checking process must be applied repeatedly until no more inconsistence remains because, whenever a value is deleted from some variable’s domain, a new arc inconsistency could arise in arcs pointing to that variable. For example, when 1 is deleted from C’s domain, D(C is not consistent again. {2, 3} should be removed from D’s domain to keep consistency. After that, A(D become inconsistent, {2, 3} have to be removed. The whole process is shown in the table 2. We note that a preprocessing step (Arc consistency checking) reduces domains of all variable to only one value.
Table 3 : Arc Consistency

	Arc 

being considered
	Domain

	
	A
	B
	C
	D
	E

	
	1,2,3,4
	1,2,4
	1,3,4
	1,2,3,4
	1,2,3,4

	C(D (C < D)
	1,2,3,4
	1,2,4
	1,3
	1,2,3,4
	1,2,3,4

	D(C (C < D)
	1,2,3,4
	1,2,4
	1,3
	2,3,4
	1,2,3,4

	A(E (E < A)
	2,3,4
	1,2,4
	1,3
	2,3,4
	1,2,3,4

	B(E (E < B)
	2,3,4
	2,4
	1,3
	2,3,4
	1,2,3,4

	C(E (E < C)
	2,3,4
	2,4
	3
	2,3,4
	1,2,3,4

	E(A (E < A)
	2,3,4
	2,4
	3
	2,3,4
	1,2,3

	D(C (C < D)
	2,3,4
	2,4
	3
	4
	1,2,3

	A(D (A = D)
	4
	2,4
	3
	4
	1,2,3

	B(D (B ≠ D)
	4
	2
	3
	4
	1,2,3

	E(B (E < B)
	4
	2
	3
	4
	1


3. Adversarial Search 

(a) and (b)

[image: image3.emf]
(c)

There are multiple paths that player 1 can win. One of them is:

(12, 45) ( (23, 45) ( (23, 15) ( (24, 15) ( (24, 13) ( (45, 13)

_1285442710.doc
[image: image1.wmf]H


G


F


E


D


C


B


A


Goal 


state


Initial 


state


H


G


F


E


D


C


B


A


H


G


F


E


D


C


B


A


Move 


1


H


G


F


E


D


C


B


A


Move 


2a


H


G


F


E


D


C


B


A


Move 


2b





