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1 Production Systems

Read the handout on production systems given to you in class.
In this assignment, you need to modify the program(s) you wrote for the first assignment. We

want to do processing of production systems in a more formal manner. We will start small. We will
just change the syntax of the rules in this assignment. You don’t have to allow for chaining in this
assignment, just process single rules at a time. If we have time later in the semester, we may improve
upon the implementation.

Modify the syntax of the rules in the following manner.
A rule has a left hand side and a right hand side that are clearly demarcated. The left hand side is

also called the conditional or the precondition of a rule. The right hand side is often called the action
or the consequent. We want the syntax for our rules to be

conditional ⇒ action.

The conditional part can have several conditions each one of which is a predicate, i.e., each one evaluates
to true or false. The predicates are connected using not, and and or, and nesting is allowed. Each
predicate is surrounded by parentheses as delimiters. So, the conditional part of a rule may look like

(and P1 (or P2 (and P3 P4))).

not takes one argument. Each of and and or takes two arguments. The logical operators are written
in pre-order fashion. We fully parenthesize our expressions so that there is no doubt as to how the
connectives work. In the example above, P1, P2, P3 and P4 are predicates.

The syntax of a predicate needs to be defined also. We write a predicate in pre-order syntax as
well. A predicate is delimited by parentheses at both ends. The first element of a predicate is the name
of a function or method that returns true or false. Let the name of a function or method start with a
lowercase letter. There can be several arguments to a predicate. The arguments can be constants or
variables. Let us assume the convention that constant names start with lowercase letters and variable
names start with uppercase letters. It will be good to require that all variable and constant names are
pre-declared in some files or elsewhere.

An example of a predicate may be

(likes john X).

Here john is a constant and X is a variable. Note that when a rule is tested or applied, the variables
will have to be bound, i.e., they must have specific values. If a variable X occurs more than once in a
rule, each occurrence must be bound to the same value.
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On the right hand side, there is only one action. An action is specified in a pre-order syntax as well
and is parenthesized. The first element in an action specification is a function that specifies something
that needs to be done and the rest are arguments to the function.

• Now, modify your Eliza program and the soccer playing program to follow the new syntax for
rules given above.

• If you didn’t have any team rules in your previous implementation, please provide some team
cooperation rules now. The team rules are for players on a single team. You can implement them
in any way you want, but a simple way may be to process the team rules before processing any
other player specific rules. Write at least five rules for a team.

2 The Word Ladder Game

Word Ladder is a game in which a single player is given two words with the same number of letters
in each. We use 3-letter words in all our examples, but you should be able to use words of any size
as long as both words are the same size. For example, consider the two words, DOG and CAT. He or
she has to change the first word into the second word by replacing one letter at a time with any other
letter as long as the result is a proper English word. For example, we could change DOG to FOG but
not to GOG (not a proper English word) nor to GOD (two letters were changed). Thus, one way of
getting from DOG to CAT might be:

DOG =⇒ COG =⇒ COT =⇒ CAT

There are many ways to make most translations. Here is another way:

DOG =⇒ HOG =⇒ HOT =⇒ HAT =⇒ CAT

Some examples are very hard to do. Try changing WHY to ASK.
To make the problem more interesting, we assume that there is a cost associated with using a letter

as a replacement. The cost of replacing any letter of a word by A, E, I, L, N, O, R, S, T, or U is 1, the
cost of replacement by B, D, G, C, M, P, F, H, V, W, or Y is 2 and the replacement cost for K, J, X,
Q, or Z is 4. For example, the following transformation has a total cost of 8:

DOG 4=⇒ JOG 1=⇒ JOT 2=⇒ COT 1=⇒ CAT

The Assignment

For this assignment you are asked to write a program that plays Word Ladder using a general function
called graphSearch. The graphSearch function that you will write takes five arguments:

• The initial node.
• A predicate which is true of goal nodes.
• A function to compute the successors of a node.
• A function to estimate the distance from a given node to a goal node. This is just the h function

discussed in class.
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• A function which estimates the total cost of a path from the start node to a goal node passing
through a given node. This function takes the g and h values for a node and combines them to
produce the f value.

You will also have to write the problem-dependent parts for the word-ladder problem, i.e., the
wordLadder function, the computeSuccessors function and various versions of the h and f functions.

wordLadder—The top-level function

The wordLadder function takes two arguments, the initial and final words, invokes graphSearch with
the proper arguments for the problem and returns the result.

computeSucessors—Generates a node’s successors

The computeSuccessors function is given a node and returns a list (possibly empty) of the successors
of that node in the search space and the cost associated with arcs from the node and each successor.
The function should return a list of tuples where the first element of each is a successor node and the
second is the associated arc cost. For example:

computeSuccessors ("dog")

produces

(("bog",2),("cog",2) ... ("jog",4), ... ("dot",1))

Note that the successor states must be valid states (i.e., legal English three-letter words). A possible
way to attack the problem of generating the successor states is to write a function which given a word
W generates the 78 possible words (for a 3-letter problem) formed by replacing a letter in W with any
letter in the alphabet. This list must then be “filtered” to remove the illegal words.

The Dictionary

Create a dictionary of legal words and store it in a file. Read the dictionary into your program and
store it in an efficient data structure. Write two functions to change the dictionary: addWord and
deleteWord. For example,

addWord ("foo")

adds the word foo to the dictionary, and

deleteWord ("foo")

removes the word foo from the dictionary. The atom dictionary is bound to all the words currently
in the dictionary.
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Searches to Implement

Write versions of the h and f functions to do the following kinds of search and solve the word-ladder
problem for each one.

1. Random search: No information about the f or g values is used. This should be easy.
2. Breadth-first search: The node with the lowest cost path form the start is chosen for expansion.
3. Best-first search: The node which appears closest to the goal is selected for expansion. Devise a

reasonable estimator (i.e., h) function and describe it in the comments in your code.
4. Algorithm A search: The node which appears to be on the shortest path from the start to the

goal state will be selected for expansion.

Analysis

1. For each of the searches you perform, compute the average branching factor.

2. Keep track of the amount of time needed (or, instructions executed) by your functions. Draw
graphs for theoretical time analysis and time taken in practice, and compare the two.
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