Defining the Problem as State Space Search

. Define the problem precisely. This definition includes precise
specifications of what the initial situation(s) will be as well as what
final situations constitute acceptable solutions to the problem.

. Analyze the problem. A few very important features can have an
Immense impact on the appropriateness of various possible
techniques for solving the problem.

Isolate and represent the task knowledge that is necessary to solving
the problem.

. Choose the best problem-solving techniques and apply them to the
particular problem



One Legal Chess Move
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... as general as possible...

Another Way to Describe Chess Moves

A pattern to be matched The change to be made
against the current position

White pawn at
Square(file e, rank 2)

AND

Square(file e, rank 3) move pawn from
IS empty —> Square(file e, rank 2)
AND to Square(file e, rank 4)

Square(file e, rank 4)
IS empty



To Specify a Problem

1. Define the state space.

2. Specify the initial states.

3. Specify the goal states.

4. Specify the operations (set of rules).

The process of search



Production systems

» A set of rules.
<left side>—> <right side>

» Knowledge/databases

* A control strategy (which rule to apply)

1. it causes “motion” top-down
2. it Is systematic rahdom

A rule applier

OPS5 (languages)
Expert Systems
General Problem-Solvers



The Monkey and Bananas Problem S
A hungry monkey finds himself in a room in which a bunch of bananas
Is hanging from the ceiling. The monkey, unfortunately, cannot reach
the bananas. However, in the room there is also a chair. The ceiling is
just the right height so that a monkey standing on a chair could knock
the bananas down. The monkey knows how to move around, carry
other things around, reach for the bananas. What is the best sequence of
actions for the monkey to take to acquire lunch?

The state space (w, X, Y, z)
w — monkey coordinates on the floor
x = {1, if monkey is on the chair; 0, otherwise}
y — coordinates of the chair on the floor
z = {1, if the monkey knocked the bananas down; 0, otherwise}

Production rules (or operators):

1. move (u): (w, 0,v, 2) —> (u,0,v,2)
2.carry (v): (w,0,w,z) —>(v,0,v,2)
3.climb : (v,0,v,2) —> (v, 1,v, 2)
4. knock : (c,1,c,0) —>(c,1,c,1)

(c - coordinates of bananas in horizontal plane)

n
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The Monkey and Bananas Solution

(&, 0, b, 0)

i move(u)

move(u)

carry(v) u=hb

(b, 1, b, 0)

move(u)

i knock
u=v

move(u)

(c,1,c 1)




Algorithm: Breadth-first Search

1. Set NODE-LIST to the initial state.
2. Until a goal is found or NODE-LIST is empty do:

(a) Remove the first element of NODE-LIST and call it E.
If NODE-LIST was empty, quit.

(b) For each rule match against E do:
I. Apply the rule to generate a new state.
ii. If the new state is a goal, quit and return it.

iti. Else, add the new state to the end of NODE-LIST.

(a,0, b,0)
(u,0, b, 0) (u,0, b, 0) (b, 0, b, 0)
move move / carry

(u, 0, b, 0) (b, 0, b, 0) N (v, 0,v,0)




Algorithm: Depth-First Search (DFS) 8

(recursive)
1. If the initial state is a goal state, quit and return success.
2. Otherwise, do the following until success or failure is signaled:

(a) Generate the next successor, E, of the initial state. If there are
no more successors, signal failure.

(b) Call Depth-First Search with E as the initial state.

(c) If success is returned, signal success.
Otherwise continue in this loop.

\

call DFS




Advantages of Depth-First Search 9

» Depth-first search requires less memory since only the nodes on the
current path are stored. This contrasts with breath-first search, where
all the tree that has so far been generated must be stored.

» By chance (or if care is taken in ordering the alternative successor
states), depth-first search may find a solution without examining
much of the search space at all. This contrasts with breadth-first
search in which all parts of the tree must be examined to level n
before any nodes on level n+1 can be examined. This is particularly
significant if acceptable solutions exist. Depth-first search can stop
when one of them is found.

Advantages of Breadth-First search

« Breadth-first search will not get trapped exploring a blind alley. This
contrasts with depth-first searching, which may follow a single,
unfruitful path for a very long time, perhaps forever, before the path
actually terminates in a state that has no successors. This is a
particular problem in depth-first search if there are loops (i. e., a state
has successor that is also one of its ancestors) unless special care is
expended to test for such a situation. The example of Monkey, if it
continues always choosing the first (in numerical sequence) rule that
applies, will have exactly this problem.

 If there is a solution, then breadth-first search is guaranteed to find it.
Furthermore if there are multiple solutions, then a minimal solution
(i.e., one that requires the minimum number of steps) will be found.
This is guaranteed by the fact that longer paths are never explored
until all shorter ones have already been examined. This contrasts
with depth-first search, which may find a long path to a solution in or
part of the tree, when a shorter path exists in some other, unexplored
part of the tree.
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Efficient Control Structures

The Traveling Salesman Problem:

A salesman has a list of cities, each of which he must visit exactly, once.
There are direct roads between each pair of cities on the list. Find the
route the salesman should follow for the shortest possible round trip that
both starts and finishes at any one of the following cities.

combinatorial explosion exponential time

Branch-and-bound algorithm




An Instance of the Traveling Salesman Problem 1

Boston | New York | Miami Dallas S. Francisco
Boston 250 1450 1700 3000
New York 250 1200 1500 2900
Miami 1450 1200 1600 3300
Dallas 1700 1500 1600 1700
S. Francisco | 3000 2900 3300 1700
Boston
(3000) _—— —— (250)
San Francisco New York
(1700) \(1200)
Dallas Miami
(1500) / (1600)
New York Dallas
(1200) / \ (1700)
Miami San Francisco
(1450) | \ (3000)
Boston Boston
Total: 8850 Total: 7750




Heuristic Search 12

« For real world problems, it is often hard to measure precisely the
value of a particular solution. Although the length of a trip to several
cities is a precise notion, the appropriateness of a particular response
to such questions as “why has inflation increased?” is much less so.

» For real world problems, it is often useful to introduce heuristic based
on relatively unstructured knowledge. It is often impossible to
define this knowledge in such a way that a mathematical analysis of
its effect on the search process can be performed.




Arguments 13

Without heuristics, we would become hopelessly ensnared in a
combinatorial explosion. This alone might be a sufficient argument in
favor of their use. But the other arguments as well:

Rarely do we actually need the optimum solution; a good
approximation usually serves very well. In fact, there is some
evidence that people, when they solve problems, are not optimizers
but rather are satisfiers [Simon, 1985] other words, they seek any
solution that satisfies some set of requirements, as soon as they find
one they quit. A good example of this is the search for a parking
space. Most people stop as soon as they find a fairly good space,
even if it might be a slightly better space up ahead.

Although the approximations produced by heuristics may not be very
good in the worst case, worst cases rarely arise in the real world. For
example, although the graphs are not separable (or even nearly so)
and thus cannot be considered a set of small problems rather than a
large one, a lot of graphs describing the world are.

Trying to understand why a heuristic works, or why it doesn’t work,
often to a deeper understanding of the problem.

Polya “How to solve it”, 1957.
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Al as a process of heuristic search.

HEURISTICS

There are two major ways in which domain-specific, heuristic
knowledge can be incorporated into a rule-based search
procedure:

* In the rules themselves. For example, the rules for a
chess-playing system might describe not simply the set of
legal moves but rather a set of “sensible” moves, as
determined by the rule writer.

 As a heuristic function that evaluates individual problem
states and determines how desirable they are.




15

Some Simple Heuristic Functions

Chess the material advantage of our
side over the opponent

Traveling Salesman the sum of distances so far

Tic-Tac-Toe 1 for each row in which we could win
and in which we already have one
piece

plus 2 for each such row in which we
have two pieces.

* high or low value of the function

» perfect heuristic function, trade-off
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