CSCE 580 Spring 2015
Midterm 1

2015-03-03
Closed book and notes; 6 pages
Question 1 (22 points total; 5 points for parts a,b,e,f; 1 point for c,d)
Consider the problem of finding a path in the grid shown in the figure below from square s to square g. A piece can move on the grid horizontally and vertically, one square at a time. No step may be made into a forbidden shaded area.
(a) On the first copy of the grid shown in the next page, number the nodes expanded (in order) for a depth-first search from s to g, given that the order of the operators: up, left, right, then down. Assume that there is a cycle check.
 (b) Write the Manhattan distance from node g to every node, using the second copy of the grid.  The Manhattan distance between two points is the distance in the x-direction plus the distance in the y-direction. It corresponds to the distance traveled along city streets arranged in a grid, assuming that there are no obstacles.
(c) Is the Manhattan distance heuristic admissible? (Yes or no)

(d) Is the Manhattan distance monotone (equivalently, consistent)? (Yes or no)

(e) Using the third copy of the grid, number the nodes expanded (in order) for a heuristic depth-first search from s to g, using Manhattan distance as the heuristic evaluation function, h(.). Assume that there is a cycle check.  Break ties in the order up, left, right, then down.

 (f) Using the fourth copy of the grid, put an asterisk (*) in the nodes that are necessarily expanded (i.e., expanded regardless of tie-breaking) by A*.
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Question 2 (12 points)

Write the OPEN and CLOSED lists after each iteration of Dijkstra’s algorithm (also known as the lowest-cost first algorithm and the uniform-cost algorithm) on the graph below, with a as the start node and g as the goal node.  Break ties in alphabetical order.
[image: image9.emf]
Use the following pseudocode:

1. Put the start node s in OPEN. Set g(s) to 0
2. If OPEN is empty, exit with failure
3. Remove from OPEN and place in CLOSED a node n for which g(n) is minimum
4. If n is a goal node, exit with the solution obtained by tracing back pointers from n to s
5. Expand n, generating all of its successors.  For each successor n' of n:
a. compute g'(n')=g(n)+c(n,n')
b. if n' is already on OPEN, and g'(n')<g(n'), let g(n')=g'(n’) and redirect the pointer from n' to n
c. if n' is neither on OPEN or on CLOSED, let g(n')=g'(n'), attach a pointer from n' to n, and place n' on OPEN
6. Go to 2
Fill out this table (where the first two lines have been filled for you).  Also show the g-values of each node.  You do not need to write the CLOSED list at each iteration, but only the node that is added to it.  

	Step
	Selection
	OPEN
	CLOSED

	1
	{}
	{a(0,11,nil)}
	{}

	2
	a
	{(c(6,a),b(2,a),d(10,a)}
	{a}

	3
	b
	{c(6,a), e(6,b),f(6,b),d(10,a)}
	{a,b}

	4
	c
	{e(6,b),f(6,b),d(9,c)}
	(a,b,c}

	5
	e
	{f(6,b),d(9,c)}
	{a,b,c,e}

	6
	f
	{d(9,c)}
	{a,b,c,e,f}

	7
	d
	{g(14,d)}
	{a,b,c,e,f,d}

	8
	g
	
	


Question 3 (12 points)

Consider the state-space search problem in the figure below, where the values of the heuristic h are shown in parentheses, the start node is a, and the goal node is g.

[image: image10.emf]
Is h admissible?

Answer: yes.

Is h in the figure above monotone (equivalently, consistent)?

Answer: yes.

Run A* by hand by filling out the table below.  The values in parenthesis are: g, f (=g+h), and parent:

	Step
	Selection
	OPEN
	CLOSED

	1
	{}
	{a(0,11,nil)}
	{}

	2
	a
	{c(6,14,a),b(2,15,a),d(10,15,a)}
	{a}

	3
	c
	{d(9,14,c),b(2,15,a)}
	{a,c}

	4
	d
	{g(14,14,d),b(2,15,a)}
	(a,c,d}

	5
	g
	{b(2,15,a)} (Optional)
	{a,c,d,g} (Optional)


