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Abstract  
 
After teaching an Introduction to Artificial Intelligence course and fielding complaints from students 
about having to learn LISP in order to complete a project for the course, a new project for the course 

was developed that utilized Python.  The students implement the project in an incremental manner 
throughout the semester.  The end result of the project is a rudimentary version of Eliza 
(Weizenbaum, 1966).  The project demonstrates the implementation of a number of key concepts in 
artificial intelligence reasoning including the unification process, pattern matching and backtracking.  
Although this project was designed for an artificial intelligence course, it could also be used in a 
programming course. 
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1.  INTRODUCTION 

 
After completing a dissertation on explanation 

facilities for expert systems (Martincic, 2001), I 
was looking forward to teaching an 
undergraduate introductory artificial intelligence 
(AI) course as an assistant professor at small 
liberal arts college.  I was also looking forward 
to adapting the expert system shell that I had 
created in LISP, so that students could create an 

expert system as one of the course projects.  I 
had hoped to have students use the explanation 
facility that I had developed in order to continue 
my research. 
 

After two offerings of the course, it became clear 

that the students taking the Introduction to 
Artificial Intelligence class were primarily taking 
it because they needed an elective, not because 
they had a burning desire to learn how to 
simulate intelligent behavior in machines by 
using AI techniques.   The students’ lack of 
enthusiasm for the course and the need to 

develop new courses for the department 

resulted in the course not being offered for a 
number of semesters. 
 

When redesigning the course, I decided to 
eliminate the expert system project and 
substitute one that students might find more 
interesting and that involved using a language 
that students would be more enthusiastic about 
learning.  The new project is a pattern matching 
application in Python which is constructed 

incrementally throughout the semester.  
Students reacted much more positively to this 
project than the past project done in LISP. 
 
2. THE FORMER EXPERT SYSTEM PROJECT 

IN LISP 

 
The project assigned to students in earlier 
offerings of the class was demanding in a 
number of ways, particularly because the only 
prerequisite is a CS1-level course.  It required 
students to learn the basics of LISP and of 
CLOS, the Common LISP Object System.  

Students were given instruction in LISP and 
assigned a number of small LISP programs.  The 



2012 Proceedings of the Information Systems Educators Conference ISSN: 2167-1435 
New Orleans Louisiana, USA  v29 n2136 

_________________________________________________ 

_________________________________________________ 
©2012 EDSIG (Education Special Interest Group of the AITP) Page 2 
www.aitp-edsig.org 

students also had to understand how a rule-
based expert system  environment worked and 
the particulars of the production system shell 
provided.  Finally, putting those two together, 

the students were to create classes and 
instances of those classes in CLOS and rules as 
LISP lists to solve a scheduling problem 
(Martincic & Metzler, 2005). 
 
Problems with the Former Expert System 
Project 

 
Novice LISP Programmer Problems. None of 
the students in the class had previous 
experience with the LISP programming 

language.  A brief introduction to the language 
was provided prior to assigning the expert 

system project.  It was assumed that this 
introduction would be sufficient since the 
students only had to understand simple 
functions, class definition, object instantiation 
and how the rules accessed and changed the 
values of the properties of the objects.  That is, 
although they had to understand these LISP 

structures, they did not have to do much actual 
LISP programming.  While this may have been 
true abstractly, in actual practice the details of 
the LISP programming language produced 
problems for the students for which they were 
unprepared.  Although the expert system 
language was in fact a production system 

language similar to CLIPS, it was written in LISP, 
its syntax was close to the syntax of LISP, and 
was implemented in the LISP environment.   
 
In general, although LISP provides one of the 
most complete and powerful debugging 

environments of any programming language or 
interactive programming environment, it is 
never the less a very complex one which takes 
some time to learn.  Most importantly, the errors 
that resulted at this level were not directly 
relevant to the intended learning experience.   
 

Overcoming Procedural Programming 
Habits and Expectations.  Some difficulties 
occurred when students misunderstood, the way 

in which the inference engine of a rule-based 
system functioned.  Rule-based systems (also 
called Production Systems) consist of three basic 
components: the rules, the inference engine and 

working memory.  Rules are basically a 
collection of “If some condition is true, Then 
take this action” statements. Working memory is 
a description of the current state of the problem.  
This description is matched against the 
conditions of the rules.  As the system is 

running, working memory changes as new facts 
are added and others are changed or deleted.  
The inference engine drives the expert system’s 
processing using a recognize-act cycle.  The 

rules in the expert system are not executed one 
after the other in serial order as they would be 
in a standard computer program.  In expert 
systems, the inference engine checks all of the 
rules in the system and locates those rules 
whose condition(s) are matched with elements 
of working memory.  That collection of rules 

whose condition(s) are met is called the conflict 
set.  Out of the conflict set, the inference engine 
will choose one rule to fire. 
 

A typical student error is expecting a certain 
series of rules to be fired in sequence just 

because they seemed to make a sensible 
sequence, even though nothing in the system 
architecture would enforce that sequence.  
Alternatively students might try to force 
sequences in ways that are not appropriate for 
production system programming, e.g., by using 
explicit control structures rather than by altering 

working memory in natural ways (ways that 
reflect conceptual changes in the knowledge 
structures that represent the world) that in turn 
permit appropriate rules to match. 
 
These difficulties were expected as a part of the 
intended learning, but, in some cases, the LISP 

difficulties overshadowed these expected ones. 
 
The Development Environment Availability.  
Another problem was the limited availability of 
the development environment used.  Because 
the version of the development environment 

that would have created a distribution of the 
development environment was prohibitively 
expensive, a more restrictive version was used 
to develop the production environment.  A free 
60-day trial for academic use was available and 
this is what students were to use for the project.  
The limited availability meant that learning LISP 

and creating the expert system had to be 
completed within the 60 day window.   This 
timeframe was simply too brief to accomplish 

the desired learning. 
 
Students’ Lack of Enthusiasm for learning 
LISP.  The final problem encountered was that 

the students did not view LISP as a language 
that was going to help them get a job after 
graduation.  Most of the students in the 
Computing and Information Science Department 
at this small liberal arts college are interested in 
finding employment upon graduation rather than 



2012 Proceedings of the Information Systems Educators Conference ISSN: 2167-1435 
New Orleans Louisiana, USA  v29 n2136 

_________________________________________________ 

_________________________________________________ 
©2012 EDSIG (Education Special Interest Group of the AITP) Page 3 
www.aitp-edsig.org 

going to graduate school. They were not 
interested in learning a different type of 
programming nor in obtaining experience with 
expert systems.  

 
Their lack of enthusiasm for learning LISP is 
understandable when one looks at the number 
of jobs that mention LISP versus those that 
mention other programming languages.  Table 1 
lists the number of job advertisements found on 
websites that mentioned programming 

languages for LISP, C++, Java and Python 
(monster.com; indeed.com, careerbuilder.com).  
LISP has the lowest numbers by far. 

 
In addition, blog responses to a post asking if 

LISP was worth learning included the following: 
“Yes, LISP is an interesting language, but I don't 
know that very much of its ‘model’ would 

translate well into an understanding of 
programming other, more typical languages.” 
and “There is no good reason to learn Lisp, ever. 
It is the worst thing in the Universe. If you're 
interested in functional programming, there are 
a lot of other languages out there that one can 
work with without wishing for painful death.” 

(StraightDope, n.d.)  There were some posts 
that were positive about learning LISP, but none 
were enthusiastic enough to counteract the 
negative posts. 

3. THE NEW PATTERN MATCHING PROJECT 

IN PYTHON 

 
During the summer prior to the most recent 
offering of the class, I decided to try to translate 
a project that I had done in as a student in an 
introductory LISP course to a more modern 
language.  The textbook (Shapiro, 1992) used in 
that introductory LISP course had two projects 

that could be completed incrementally as the 
student progressed through the text.  One of the 

projects produced a relatively simple pattern 
matcher.  This pattern matcher was extended 
minimally to a project in which students were 
asked to write patterns and responses in order 

to create a much simplified version of the ELIZA 
project (Weizenbaum, 1966).  ELIZA was a 
much more sophisticated system that used more 
advanced artificial intelligence mechanisms as 
well as some natural language capabilities that 
are not included in this project.  One use of the 
ELIZA system was DOCTOR; an application that 

simulated interaction with a Rogerian therapist.   
The patterns and responses that students were 
asked to write for the project were to create a 
similar, though much more limited interaction. 

 
Why Python? 

 
Python was selected as the language to use for 
this new project because it has some similarities 
to LISP and is a language that has a large 
following.  The readers of “Linux Journal” voted 
Python as the best programming language in 
December, 2011 (Powers, 2011) and a large 

number of job openings include Python in the 
job description (Table 1).  In addition, Python is 
open source software that is readily available 
and easy to download and install (python.org). 
 
Python has qualities that are appealing to 
instructors who teach programming.  For 

example, proper indentation of source code 
statements is enforced in Python because that is 
the only way to create code blocks.  Python is a 
powerful, object-oriented language that is 
interpreted and Python has an extensive set of 
libraries, although only a small amount of 

Python knowledge is required to successfully 
complete the project.   
 
In particular for this project, there were some 
aspects of Python that are similar to some 
aspects of LISP.  Unlike some other 
programming languages such as C++, both LISP 

and Python variables need not be declared 
before use, and variables assume the datatype 
of the data stored in them.  In both LISP and 

Python, a list or a dictionary can contain items of 
differing datatypes.  In both LISP and Python, 
lists are not immutable and the slicing 
operations provide convenient access to list 

items similar to the car (first) and cdr (rest) 
functions in LISP.  These features of Python 
made the language attractive as replacement 
language for the pattern matching project. 
 
 

 

Programming 

Language 

# of job 

openings 

LISP 217 

C++ >1000 

Java >1000 

Python >1000 
Table 1. Number of job openings 
that mention specific programming 
languages. 
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The Pattern Matching Project 
 
Students did not need to learn an extensive 
amount of Python in order to complete the 

project.  The project was completed 
incrementally over the semester.   Each week of 
the semester, students were assigned one or 
two functions to write.  The most complicated 
function, the backtrack function, was provided to 
the students when it was needed late in the 
semester.  

 
Since the first programming course is the only 
prerequisite for the Introduction to AI course, all 
of the students had been exposed to at least the 

basics of programming.  Although most of the 
students enrolled in the course were juniors or 

seniors, there were some sophomores with only 
the prerequisite enrolled as well and these 
students were able to successfully complete the 
project.  The project did not use object oriented 
programming, so only the basics of the Python 
language needed to be taught along with 
recursion which some students had not yet had 

any experience.  A few assignments were given 
prior to the project to ensure that the students 
were prepared for the project.  The Python 
topics that were covered included: 

 Use of the interpreter and the Python 
IDLE editor 

 Variables 

 Input and output statements 
 Numeric datatypes and arithmetic 

operators 
 Strings and string operations such as 

concatenation, slicing, indexing and the 
len function (length) 

 Lists and list operations. These 
operations included the same ones as 
the string operations but included 
assignment to slices, nested lists, and 
appending. 

 If statements 
 For and while loops 

 The range and  isinstance functions 
 Dictionaries 
 Function definition 

 Recursion 
 
The first functions assigned were very simple 
and the difficulty increased as the semester 

progressed and students had more experience 
with Python.  Typically, students had 5 to 7 days 
to complete assignments, which may have 
included more than one function. 
 

The complete list of assignments can be found in 
Appendix A.   
 
The final project might produce interactions such 

as this: 
User: My mother thinks I am lazy. 
System: Do you think you are lazy? 
User: Sometimes. 
System: Go on. 
User:  My brother says I should move out. 
System: Tell me about your brother. 

 
The final project does not incorporate any 
natural language parsing or understanding.  This 
limits the freedom of the user to input any 

sentence or phrase and get a response that is 
specific to the input.  If the application gets an 

input that does not match any of its patterns, 
the finished application was to provide a generic 
response such as “Go on” or “Tell me more”.   
While this was a limitation of this project, it also 
provided a backdrop to the section of the course 
on natural language. 
 

4. STUDENT REACTIONS TO THE NEW 
PROJECT 

 
The student course evaluations were much more 
positive for this offering of the Introduction to AI 
course than they had been in the past, but the 
increase cannot be attributed solely to this one 

project.  There were other changes made to the 
course that influenced the students’ ratings. 
 
In the spring of 2006, course evaluation 
numbers for this course ranged from 2.00 to 
4.00 out of 6.00 and the comments were 

negative for the most part.  A number of 
comments complained about having to learn 
LISP in order to complete the project.  In the 
spring of 2011, the course evaluation numbers 
ranged from 4.24 to 5.63 out of 6.00 and for the 
most part, the comments were positive.   
 

It was obvious that the more experienced 
students were somewhat bored with the early 
portions of the project and the least experienced 

students were challenged by the later portions, 
but all students were successful in completing 
the pattern-matcher and seemed to enjoy 
creating patterns and responses once the 

pattern matcher was implemented.  They were 
permitted to create patterns and responses that 
were a bit outrageous within reasonable limits.  
One student became interested enough in the 
Python language to use it as the language for a 
computer game for the senior capstone project.  
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This is in contrast to the previous project in 
which about half of the students did not 
successfully complete the entire project.  
 

Other Factors Affecting the Student 
Evaluations 
 
The increase in student evaluation numbers for 
the course cannot be totally attributed to the 
new project.  In addition to this project for the 
course, a different textbook was selected and a 

television show that aired early in the semester 
in which the course was offered provided many 
opportunities for discussion during the semester 
as different concepts were covered.  The 

television program was “Jeopardy!” and the tie-
in to the AI course was IBM’s Watson computer 

competing against past champions of the quiz 
show.  The shows aired February 14th through 
the 16th in 2011 (IBM, 2010) and were recorded 
for later review.  Students were to watch the 
episodes and periodically during the semester, 
the class would discuss how a particular AI 
technology might have been used by Watson to 

come to a correct answer or to speculate on why 
a particular question proved to be difficult for 
Watson.  These discussions were lively and 
students participated much more than in 
discussions in prior offerings of the course. 
 

5. CONCLUSION 

 
The pattern-matching project in Python 
contributed to an increase in student satisfaction 
with an Introduction to Artificial Intelligence 
course offered at a small liberal arts college for a 
number of reasons: 1) the project could be 

implemented incrementally over several weeks, 
2) the project was implemented in Python, a 
language that is relevant to the career goals of 
the students and 3) the completed pattern-
matcher was extended with patterns and 
responses to implement a very rudimentary 
imitation of a Rogerian therapist.  The increased 

student satisfaction with the latest offering of 
the course cannot be attributed solely to the 
new project, but there were far fewer problems 

with this project, and more students were 
successful in completing the new project than 
the former project.  
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Appendix A  

Python Pattern Matcher Assignments 
 
Assignment 1 

At the top of your file, add the following statements: 
import string 

from time import time 

from random import randrange 

Write a function named “isvariable” that returns true if the string passed to it begins with the underscore 

character and false otherwise.  Test your function.   

 
isvariable('_x') should return True 

isvariable('x') should return False 

 

Assignment 2 

Add a function named “match_element” that takes two arguments and returns true if the two string 

arguments are equal or if either of them is a variable as defined by the function in the previous 

assignment.  Test your function. 
match_element('_X', '_Y') should return True 

match_element('5', '_Y') should return True 

match_element('_X', '5') should return True 

match_element('5', '5') should return True 

match_element('X', 'Y') should return False 

 

Assignment 3 

Add a function called dont_care that returns true if its argument is a string containing only a question 

mark and false otherwise.  Test your function. 
dont_care('?') should return True 

dont_care('b') should return False 

 

Assignment 4 

Redefine your match_element function so that it returns true if the two arguments are equal or either is '?' 

(the dont_care string).  If either argument is a variable (recognized by isvariable), match_element should 

return a dictionary with one key/value pair in which the key member is the variable and the value is the 

other argument.  Otherwise, it should return false.  Test your function. 
match_element('?', '5') should return True 

match_element("hi", "?") should return True 

match_element('5', '_X') should return {'_X': '5'} 

match_element('_X', "hi") should return {'_X': 'hi'} 

match_element('5', "hi") should return False 

 

Assignment 5 

Add a function called matchlelt that takes two arguments.  Each argument should be checked in the 

function to make sure they are both lists.  If either is not a list return a string stating which argument was 

not a list.  The function should return true if the corresponding elements of the list arguments are equal or 

if a corresponding element of either is the don’t_care symbol and false otherwise.  This function should 

be a recursive function.  If the first elements of both lists match or if one is the don’t_care symbol, make a 

recursive call to the function with the remainder of each list.  There must be a stopping condition in your 
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function after testing that both arguments are lists.  If both lists are empty, that means that they matched 

all the way through, so return True.  If only one is empty, that means they don’t match, so return False. 

Test your function using the following code in a main function. 
matchlelt (['a', 'b', '?', 'd', 'e'], ['a', 'b', 'c', 'd', 'e']) 
matchlelt (['a', 'b', 'f', 'd', 'e'], ['a', 'b', 'c', 'd', 'e'])     

matchlelt (['a', 'b', 'f', 'd', 'e'],  'e') should return error message 

matchlelt ('e', ['a', 'b', 'f', 'd', 'e']) should return error message 

 

Assignment 6 

Add a function called ‘boundp’ that returns true if its first argument, v, is bound to anything in the second 

argument, subs, which is a dictionary, and returns false otherwise.  The function can use assert statements 

to verify that v is a variable using the isvariable function and that subs is a dictionary using the isinstance 

function and the datatype, dict.  You can test this function using the following code in a main function 
        

boundp('_x', {'_x':'xvalue'}) should return True 

boundp('_x', {'_y':'yvalue', '_x':'xvalue'}) should return True 

boundp('_z', {'_y':'yvalue', '_x':'xvalue'})  should return False 

 

Add a function called ‘bound_to’ that returns the term that its first argument, v, is bound to in the second argument, subs, which 

is a dictionary.  If v is not associated with anything in subs, the function should return false.  You can test this function using the 

following code in a main function 
bound_to('_x', {'_x':'xvalue'}) should return 'xvalue' 

bound_to('_x', {'_y':'yvalue', '_x':'xvalue'})  should return 'xvalue' 

bound_to('_z', {'_y':'yvalue', '_x':'xvalue'})  should return False 

 

Assignment 7 

Add a function called ‘match’ which takes two arguments which are both lists.  The first argument called 

‘pat’ is a pattern to be matched.  The second argument called ‘lst’ is a list to match to the pattern.  The 

function should return a dictionary of pairs, V and A, where V is a variable in pat and A is the 

corresponding element in lst.  If the nth member of pat is not a variable, it must be equal to the nth 

member of lst.  Otherwise, the function should return false.  If no element in pat is a variable but each 

element is equal to its corresponding element in lst, the function should return an empty dictionary, {}.  If 

a variable occurs more than once in pat, its corresponding elements in lst must be the same.  You may 

find it useful to define a helper function for this match function called ‘match1’.   

 

The match1 function takes three arguments, pat, lst and pairs and can be implemented as recursive 

function.  In the initial call to match1, pat and lst are the arguments to the match function and pairs would 

be an empty dictionary, {}.  If the first elements in pat and lst match, a recursive call is made to match1 

with the first elements in pat and lst removed.  If the first element of pat is a variable, and that variable is 

not already in pairs, the variable and the first element in lst are added to pairs and a recursive call to 

match1 is made with the first elements of pat and lst removed.  If the first element of pat is a variable, and 

that variable is already in pairs, then the first element in lst must match what that variable is paired with in 

pairs.  If it is, a recursive call is made, otherwise, false is returned.   

 

Test your match function with the following code in a main function     
match(['a', 'b', 'c'], ['a', 'b', 'c']) should return {} 

match(['a', 'b', 'c'], ['a', 'b', 'd']) should return False 

match(['a', '_X', 'c'], ['a', 'b', 'c']) should return {'_X': 'b'} 

match(['a', '_X', 'c', '_X'], ['a', 'b', 'c', 'd']) should return False 

match(['a', '_X', 'c', '_X'], ['a', 'b', 'c', 'b']) should return {'_X': 'b'} 

match(['a', '_X', 'c', '_Y'], ['a', 'b', 'c', 'd'])  

should return {'_Y': 'd', '_X': 'b'} 
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Assignment 8 

Add a function called ‘substitute’.  This function will take two arguments.  Its first argument is a list 

called ‘pat’ for pattern.  The second argument is a dictionary called ‘subs’ for substitutions.  This function 

will return a list identical to pat, but with every variable that is bound in the dictionary subs replaced by 

the term it is bound to. 

 
This is another recursive function for which I used the following algorithm. If pat is empty, the function 
should return an empty list.  Else, if the first thing in pat is a variable and it is bound in subs, return a list 
with what it is bound to, concatenated with what is returned from a recursive call to this function.  The 
arguments in this recursive call are pat without the first element, and subs.  Otherwise, return a list with 
the first element in pat, concatenated with what is returned from another recursive call with the same 
arguments as above.  You should test your match function with the following code in a main function 

 
substitute(['a', '_X', 'c', '_Y'], {'_Y': 'd', '_X': 'b'}) 

  should return ['a', 'b', 'c', 'd'] 

substitute(['a', '_X', 'c', '_X'], {'_X': 'b'}) 

  should return ['a', 'b', 'c', 'b'] 

 
For this pattern matcher program, the patterns will be included in rules.  A rule will be a list consisting of 

the following: the string “rule”, an identification string or a number, a list which represents the left hand 

side (lhs) of a rule and a list which represents the right hand side of a rule (rhs).  Both the lhs and rhs are 

patterns.  For this program, the lhs will be a pattern to be matched to user input and the rhs will be the 

program’s reply to that statement. Here are some example rules: 
r1 = ['rule', 1, ['my', '_X', 'thinks', 'I', 'am', '_y'], ['do', 

'you', 'think', 'you', 'are', '_y', '?']] 

 

r2 = ['rule', 2, ['my', '_X', 'says', 'I', 'am', '_y'], ['do', 'you', 

'think', 'you', 'are', '_y', '?']] 

 
Add a function called isrule that will take one rule as an argument, and return true if the first element is 

the string ‘rule’,   and if the third and fourth elements are lists.  Otherwise, it should return false. 

 
Add a function called ‘lhs’ that takes a rule as an argument and returns the left hand side of the rule. 

Add a function called ‘rhs’ that takes a rule as an argument and returns the right hand side of the rule. 

You can test these functions using the following code in a main function. 

 

Enter the following statements to define four rules. 
r1 = ['rule', 1, ['my', '_X', 'thinks', 'I', 'am', '_y'], ['do', 

'you', 'think', 'you', 'are', '_y', '?']] 

 

r2 = ['rule', 2, ['my', '_X', 'says', 'I', 'am', '_y'], ['do', 'you', 

'think', 'you', 'are', '_y', '?']] 

 

r3 = ['rule', 3, ['I', 'feel', '_X'], ['why', 'do', 'you', 'think', 

'you', 'feel', '_X', '?']] 

 

r4 = ['rule', 4, '_X', '_Y'] 

 

isrule(r1) should return True 
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isrule(r2) should return True 

isrule(r3) should return True 

isrule(r4) should return False 

 

lhs(r1) should return ['my', '_X', 'thinks', 'I', 'am', '_y'] 

rhs(r2) should return ['do', 'you', 'think', 'you', 'are', '_y', '?'] 

 

Assignment 9 

Add a function called ‘apply_rule’ that takes two arguments.  The first is a list called ‘pat’ and the second 

argument called ‘rule’ is a rule.  Use an assert statement to make sure that the second argument is a rule.  

Then, return the result of a call to the fire_rule function, which will be written next.  The call to fire_rule 

in this function (apply_rule) will use the arguments pat, rhs(rule) and  match(lhs(rule), pat).  The call to 

match, which was defined earlier, should return the substitutions that make the left hand side a rule match 

the pattern. 

 
Add a function called ‘fire_rule’, which takes three arguments.  The first argument, pat, is a pattern list.  

The second argument, rhs, is the right hand side of a rule, and the third, subs, is a dictionary of 

substitutions.  In the body of this function, if the subs dictionary is empty, return pat.  Else, return the 

result of calling the substitute function defined earlier, with the arguments rhs and subs.  You can test 

these functions using the following code. 

 

Enter the following assignment statements. 

 
r1 = ['rule', 1, ['my', '_X', 'thinks', 'I', 'am', '_y'], ['do', 

'you', 'think', 'you', 'are', '_y', '?']] 

 

r2 = ['rule', 2, ['my', '_X', 'says', 'I', 'am', '_y'], ['do', 'you', 

'think', 'you', 'are', '_y', '?']] 

 

pattern1 = "my mother thinks I am fat" 

pattern2 = "my brother says I am crazy" 

 

pat = string.split(pattern1) 

     

response = string.join(apply_rule(pat, r1), ' ')  

print response 

 

pat = string.split(pattern2) 

     

response = string.join(apply_rule(pat, r2), ' ')  

print response  

 should return do you think you are fat ? 

 

Assignment 10 

At this point, we could write code to simulate a session with eliza, but we would have to have a lot of 

rules.  For example, we would need separate rules for “my brother thinks…”, “my older brother thinks…” 

and “my younger brother thinks…”  Then we might need additional rules for “my thoughtless brother 

thinks…”, “my thoughtless  older brother thinks…” and “my thoughtless  younger brother thinks…”  

What we need is a way to match “my …any number of adjectives … brother” to a variable.   
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First we will need another type of variable called a sequence variable that can match a series of words.   

Add a function called ‘isseqvariable’ that will return true if its argument begins with ‘S_’ and returns 

false otherwise.  Test this function before going on. 

 

Next, we need a function that is able to backtrack and match a sequence variable with a sequence of 

words and then the rest of a pattern with the rest of a list.  The backtrack match function provided to you 

here does that with four sections. 

1. If the pattern is empty, the sequence variable matches the sequence built up so far with the rest of 

the list. 

2. If there is no more list, there is no match. 

3. If, assuming the sequence variable matches the sequence built up so far, the rest of the pattern 

matches the rest of the list, that match is the match to be returned.  This is done with a call to 

backtrack_match1, a helper function. 

4. If there is more list, given that the current sequence didn’t work out, try extending the sequence 

with a recursive call to backtrack_match. 

Backtrack_match is a recursive function because if the current sequence didn’t work out in the third case 

(step c above), it backtracks to this recursive level and tries a different sequence. 

 

The ‘match_append’ function was added because using the append function on a sequence does not return 

the new sequence.   

 

Add the following functions, backtrack_match1, backtrack_match and match_append to your file, and 

modify the match function to have an additional elif clause before the final else with the following: 
elif sisvariable(pat[0]): 

        return backtrack_match(pat[0], pat[1:], lst, [], pairs) 

 

 

#helper function needed for backtrack match 

#if adding the sequence variable-sqce pair to pairs allows the match 

#to succeed, return true 

def backtrack_match1(sv, pat, lst, sqce, pairs): 

    #print "in backtrack_match 1 with", sv, pat, lst, sqce, pairs 

    #print "sqce is ", sqce 

    pairs[sv] = string.join(sqce) 

    if match1(pat, lst, pairs): 

        return True 

 

def backtrack_match(sv, pat, lst, sqce, pairs): 

#arguments are the sequence variable, the rest of the pattern, the 

list, 

#the sequence list which is initially empty, and pairs 

    #print "backtrack_match with ", sv, pat, lst, sqce, pairs 

    #if len(lst) > 0: 

    #    print "lst[0] is ", lst[0] 

    if not(pat): #the seq variable was the last thing in the pattern 

        newstring = string.join(lst) 

        pairs[sv] = newstring 

        return pairs 
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    elif not(lst): 

        return False 

    elif backtrack_match1(sv, pat, lst[1:], match_append(sqce, 

lst[0]), pairs):   

#if sv is bound to something and the rest matches 

        pairs[sv] = string.join(sqce) 

        return pairs 

    else: 

       return backtrack_match(sv, pat, lst[1:],sqce, pairs) 

     

def match_append(sqce, x): 

    sqce.append(x) 

    return sqce 

  
Test backtrack_match by calling match as follows: 

 
match(['my', 'S_Z', 'thinks', 'I', 'am', '_y'], ['my', 'older', 

'brother', 'thinks', 'I', 'am', 'crazy']) 

 

which should return 

 
{'S_Z': 'older brother', '_y': 'crazy'} 

 

Note that the sequence variable is paired with a multi-word string. 

 

Assignment 11 

Add a function called ‘apply_rules’ that takes two arguments.  The first, called ‘pat’,  is a list representing 

user input and the second argument called ‘rule_lst’ is a list of your rules for eliza.  The function should 

assign rule_lst to a local variable, rl.   Assign false to another local variable, rule_found,  to indicate that 

we haven’t found a matching rule yet.  Add a while loop with the condition not(not(rl) and 

not(rule_found).  Then call match with the left hand side of the first rule and pat.  Assign the result 

returned from this call to another local variable, subst.  If the result is an empty dictionary, then assign the 

first local variable, rl, to itself without the first rule.  Otherwise, set rule_found to true.  Following the 

while loop, if a rule was found, return the string constructed from the list returned from a call to substitute 

with the arguments of the right hand side of the first rule in rl and subst.  Otherwise,  return the empty 

string. 

 

Finally, in a main function, define at least 12 rules for eliza and add them all to a variable called 

‘rule_lst’.   For example 

 
r1 = ['rule', 1, ['my', '_X', 'thinks', 'I', 'am', '_y'], ['do', 'you', 'think', 

'you', 'are', '_y', '?']] 

r2 = ['rule', 2, ['my', '_X', 'says', 'I', 'am', '_y'], ['do', 'you', 'think', 'you', 

'are', '_y', '?']] 

r3 = ['rule', 3, ['I', 'feel', '_X'], ['why', 'do', 'you', 'think', 'you', 'feel', 

'_X', '?']] 

r4 = ['rule', 4, ['my', 'S_Z', 'thinks', 'I', 'am', '_y'], ['do', 'you', 'think', 

'you', 'are', '_y', '?']] 

     

rule_lst = [r1, r2, r3, r4] 
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Add the eliza function provided below to your file.  This function allows 10 interactions with eliza.  The 

user can shortcut the interaction by typing in ‘stop’ (without the quotes).  There are default statements in 

the eliza function that allow interaction to continue if no matching rules are found.  These are selected 

randomly.  

 

Bonus points will be given for a large number of rules and for being creative/amusing.   

 

Test your program and your rules thoroughly.  Turn in printouts of your source code and of at least two 

sessions with eliza (two runs of your program).  You can run your program in the python shell, and then 

copy the run from the shell and paste it into another file to print out.  

 
def eliza(rule_lst): 

    default_responses = ["Tell me more", "Go on", "That is ridiculous"] 

    fname = raw_input("Please sign in with your first name ") 

    print "Hello, " + fname + " Eliza will be with you shortly." 

    #get a random number of seconds to wait 

    randtime = randrange(1,5) 

    time1 = time() 

    while time() < time1 +randtime:  #wait 1-5 seconds 

        x = 1 

     

    print "Hello, " + fname + " This is Eliza.  What do you want to talk about today?" 

 

    #begin input, match and apply rules and responses 

    user_input = raw_input() 

    num_inputs = 0 

     

    # while number of inputs < 10 and input not equal to stop 

    while user_input != "stop" and num_inputs < 10: 

        num_inputs = num_inputs + 1 

        user_input = string.split(user_input)  #split user input 

        #print user_input, rule_lst 

        resp = apply_rules(user_input, rule_lst) 

        if resp == "": 

            resp = default_responses[randrange(0, 2)] 

        print resp 

        user_input = raw_input() 

 

    if user_input == "stop": 

        print "I see we have touched upon a sensitive topic.  We can continue next 

week." 

    else: 

        print "Your time is up.  We can continue next week." 

     

 

 


