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I. Due Date   
 
  Monday November 15, 2010, at the beginning of class. 
  
II. Objectives 
 

1. Ability to develop a program in Scheme. 
2. Ability to select and apply programming language features wisely. 

 
III. References 
  

1. Programming Language Pragmatics (3nd Edition) by Michael L. Scott – Chapter 10 
including 10.6.1 on the CD. 

 
2. Slides, handouts, and sample programs posted on the course Web site. 

 
3. Useful reading is Shriram Krishnamurthi's "Programming Languages: Application and 

Interpretation", which is available for free, courtesy of the author. A pragmatic Scheme 
tutorial is "Teach Yourself Scheme in Fixnum Days". Another freely available book is 
"How to Design Programs" which, while not about Scheme specifically, provides an 
introduction to Scheme and the Racket environment. The ultimate, though less readable, 
Scheme references are the Scheme report (R5RS) and Scheme report (R6RS). 

  
IV. Software Required 
 

1. Microsoft Word. 
 
2. WinZip or WinRar as necessary. 
 
3. Scheme programming environment: 

 
To run scheme on the department UNIX machines, type "mzscheme" to run MzScheme 
or "rs" to run Rscheme. Also see Accessing Scheme. In addition to running scheme on 



the department UNIX cluster, it is also possible to use other Scheme implementation 
alternatives depending on the target platform used for the assignment. Please see below 
for a few possibilities: 
 

• Gambit Scheme 
• Racket (PLT Scheme) 
• MIT/GNU Scheme 
• Other Scheme Implementations 

 
5. Cygwin (as applicable) 
 
 Cygwin may be downloaded from Cygwin - A UNIX environment for Windows (click on 
"install now") 

 
(Note: When asked to select packages, click "devel" and then scroll down to make sure 
that the box in the "bin" column next to "gcc" is checked. This will ensure that gcc is 
included with the cygwin installation.)  

 
V.  Assignment 
 

1. Assignment Specification 
 
In this assignment you will implement a standard Scheme program that plays the game of 
Mastermind. As noted below, you will need to implement an evolutionary algorithm as 
part of your solution. 
 
Background: 
 
The Mastermind game was introduced in the 1970s and quickly became one of the most 
popular games of that decade. Your task is to implement a specific variant of this game in 
Scheme. The game has two players: the codemaker, and the codebreaker. The codemaker 
selects a “word”, four letters long, from the range A..F referred to as the “code”. 
Duplicates are allowed. The code is not visible to the codebreaker, who has a limited 
number of attempts to guess it. After each guess, the code maker provides feedback by 
specifying how many letters were correct and in the right position, as well as how many 
were correct but not in the right position. 
 
For example, Figure 1 below shows a sample game where the codemaker picks code 
AEBC. The codebreaker makes the guesses, and gets the feedback: 
 

 
 

Figure 1: Sample Mastermind Game 



 
Your program will play the role of the codebreaker against a human codemaker. Your 
program will implement a variant of the Mastermind game in which the range of letters 
and the length of the sequence will be read in by the program at the start of a game1. The 
human will then choose a code (not revealing it to the computer). The computer will 
make successive guesses at the code. After each guess, the human player will provide 
feedback by inputting two numbers, as shown in Figure 1 above. The game ends when 
one of several events occurs:  
 

1. The computer makes a guess which has all the letters in the correct position. 
2. 10 guesses have been made. 
3. The computer realizes that the human’s feedback is inconsistent. 

 
Algorithm: 
 
There are many practical algorithms that determine the code in a small number of 
guesses. As a reference, a non-exhaustive set of related solutions implemented in Perl is 
available at http://search.cpan.org/~JMERELO/Algorithm-MasterMind/. 
 
For illustration purposes, let us first consider the algorithm described in Figure 2 below. 
The sequence of letters (from the letters in the range) of the correct length is referred to as 
a “code”. A code may also be referred to as a “guess”, depending on context. The 
“codeset” is the set of all codes which may be the answer, based on all feedback so far. 
For example, if the guess is AAAA, and the feedback is 1:0, then ABCD and FFFA are 
possible codes, but AABC is not. 
 
Initially, all codes are in the codeset. For the standard game, this has 64 = 1296 members. 
The algorithm keeps track of the codeset, and determines at each step which guess will be 
guaranteed to eliminate the maximum number of members from it. 
 

                                                           
1 The standard game (as shown above) uses 6 different letters (A through F), and the length of 
each code is 4. 



 
Figure 2: Algorithm 1 - Codebreaker 

 
numRemovals(codeset , guess, feedback) is the number of members of codeset for which 
guess would not result in feedback. For example, if codeset consists of: 
 

{AAAA,AABC,ADEF,ACCF} 
 

then 
 

numRemovals(codeset ,ABCA, 1 : 1)  = 4 
numRemovals(codeset ,AAAA, 4 : 0)  = 3 
numRemovals(codeset ,FFFF, 0 : 1)  = 2 
numRemovals(codeset ,BFAB, 0 : 2)  = 1 

 
For the purpose of this assignment, you are required to study and implement, using 
Scheme, the evolutionary algorithm described at: 
 

http://www.cs.bgu.ac.il/~alaina/lib/MastermindReport.pdf 
 
Feel free to experiment with the Java implementation of the algorithm available at: 
 

http://www.cs.bgu.ac.il/~alaina/mmsolver.html 
 
Your program should compile and run on the department UNIX cluster or Racket using 
the “standard R6RS” language variant. 
 
Important: Your program should not use any imperative features of Scheme. These are 
the functions which end with an exclamation point, e.g., SET!, SET-CAR!, etc. 



 
Part of your grade will depend on the quality of the explanations provided as it pertains to 
the implementation of the aforementioned evolutionary algorithm. Your grade will also 
depend on how well you leveraged language features that make use of Scheme 
effectively. Therefore, you should include in your documentation a discussion of why 
you implemented the code the way you did. Other grading considerations include 
program style, including proper indentation, comments, design, etc.  
 
References: 
 
http://en.wikipedia.org/wiki/Mastermind_(board_game) 
 

2. Prepare a report documenting your programs using Microsoft Word.  
 

3. Save the file as a Word document.  
 

4. Name the file FirstName_LastName_Prog_HW2_Report.doc. 
 

5. Package your homework submission: 
 
Create a FirstName_LastName_Prog_HW2.zip (or .rar) archive containing your report, 
all the related software files, and a readme file for each program explaining how to 
“deploy” your software on top of the programming environment you used. 

 
6. Email your archive file to the recitation lead. 
 

 
VI. Deliverables  
 

1. Electronic:  
  
Your programming assignment file must be emailed to the recitation lead.  The file must 
be created and sent by the beginning of class.  After the class period, the program is late.  
The email clock is the official clock.  

 
2. Written: 

 
Printout of the report file.  
 
The cover page supplied on the next page must be the first page of your report file 

      Fill in the blank area for each field.   
 

NOTE: 
 
The sequence of the hardcopy submission is: 

1. Cover sheet 
2. Assignment answer sheet(s) 

 
 

VII. Sample Cover Sheet: 



 
Name ________________________ Date: ____________ 
      (last name, first name) 
Section: ___________ 
 

Programming Assignment 2  
Report Layout (20%) 
 
❏  Report is neatly assembled on 8 1/2 by 11 paper. 
❏  Cover page with your name (last name first followed by a comma then first name) and section 

number with a signed statement of independent effort is included. 
❏  Program documentation matching the programming assignment requirements as per V.1 above. 
❏  File name is correct. 
 
Scheme Program (80%) 
 
❏  Assumptions provided when required.   
❏  Software clearly documented and following acceptable coding guidelines.   
     
Total in points:     ___________________ 
 
Professor’s Comments: 
 
 
 
 
Affirmation of my Independent Effort:  _____________________________ 
              (Sign here) 
 


