
CSE2003: System Programming (Spring 2010) 
 

Programming Assignment #4: 
Finding anagrams 

 
Due: June 20, 11:59PM (firm deadline) 

 
 
 

1. Introduction 
 
This is the final assignment of this semester. In this assignment, you need to implement a recursive 
function in IA-32 assembly language which finds all the possible anagrams for the given word. An 
anagram is the result of rearranging the letters of a word to produce a new word, using all the original 
letters exactly once. The goal of this assignment is to let you understand the general mechanisms of 
recursive procedure calls and how the stack is used for storing local variables and procedure call 
arguments. 
 
2. Problem specification 
 
2.1 Overview 
 
Complete the file anagram.s which implements the function anagram() in IA-32 assembly language. 
The function anagram() receives three arguments as shown in the following prototype: 
 

 
The function anagram() works recursively to find all the possible anagrams in the character string 
given by word, whose length is len. Initially, the prefix argument is set to 0.  
 
2.2 Background 
 
The function anagram() lists all the rearrangements of a word entered by the user. For example, if the 
user types abc, the function should list all 6 permutations: abc, acb, bac, bca, cab, and cba. Usually, 
the function anagram() is implemented as a recursive function to work with any length of word. 
 
The idea behind the recursive implementation is that, if we have a three-letter word, our recursive 
method knows how to handle all words with fewer than three letters. So we take each letter of the 
three-letter word, and place that letter at the front of all the two-letter permutations of the remaining 
letters. Given abc, we would place a in front of all two permutations of bc – bc and cb – to arrive at 
abc and acb. Then we would place b in front of all two permutations of ac, and finally c in front of all 
two permutations of ab. Thus, there will be three recursive calls to display all permutations of a three-
letter word. Of course, when we are going through the anagrams of bc, we would follow the same 
procedure.  
 
To translate this idea into the actual code, the function anagram() requires three parameters: word, 
len, and prefix. The word and len parameters specify the input string which consists of an array of 
characters such as word[0], word[1], … word[len-1]. The prefix parameter denotes the prefix of the 
string, word[0], word[1], … word[prefix-1], whose arrangement is not affected by the current execution 
of the function anagram(). At the top level of the recursion, we may want to print all anagrams of 
abc, without printing any letters before each anagram. So we set the prefix parameter to 0. But in the 
next level, one recursive call will be to display all anagrams of bc, prefixing each with the letter a. In 
this case, the prefix parameter is set to 1. The base case of our recursion would be when we reach a 

void anagram (char *word, int prefix, int len); 



word with just one letter. Then, we just display the prefix followed by the one letter in question. The 
following figures shows the overall steps for the recursive implementation of anagram(). 
 

 
 
 
2.3 Restrictions 
 

(a) In this assignment, you are allowed to use only %eax and %cl registers in the main body of 
anagram(). Note that the %cl register denotes the low 8 bits of the 32-bit %ecx register. If 
you need more, use stack as temporary storage. If you use other registers, you’ll get no points. 
Use the %cl register to move one byte via the movb instruction as shown here: 

 
… 
set %eax to point to the source location 
movb (%eax), %cl 
set %eax to point to the destination location 
movb  %cl, (%eax) 
… 

 
(b) Your implementation of anagram() should work with arbitrary length of word (i.e., len >= 

0). 
 

(c) In anagram(), do not call other functions except printword() and anagram() itself. If you 
use other functions, you’ll get no points. Note that the function printword() is provided as a 
means to print an anagram inside anagram().  

 
(d) Your implementation of anagram() should be a recursive function. Otherwise, you’ll get no 

points. 
 
(e) The original word whose location is given by the first argument should not be altered. 

 
(f) Since this is the last assignment, no slip days are available. In other words, the due date (June 

20, 11:59PM) is the firm deadline.  
 

 
3. Skeleton codes 
 
The following skeleton codes are provided for this assignment. 
 
 Makefile : This is a file used by the GNU make utility 
 main.c:  This is a front-end C program which calls anagram().  
 anagram.s This is a skeleton assembly code for anagram(). Do not change  

the first two instructions (pushl & movl) and the last three instructions  



(movl, popl, & ret). You are supposed to fill only the main body of this 
file. 

 
 
 
4. Sample output 
 

 
 
 
 
 
 
 
 



 
5. Hand in instructions 
 

• Make sure you have included your name and the student ID in the header comment of your 
program. 

• Rename the file name of anagram.s to “YourStudentID.s” (e.g., 2008310123.s). 

• Prepare a separate document in PDF format (most preferred, but other formats, such 
as .txt, .doc, and .hwp, are also allowed), which explains the design and implementation of 
your code. The document should be named “YourStudentID.pdf”. The document can be 
written in Korean if you wish. 

• Send a mail to [cse2003skku@csl.skku.edu] AND [cse2003skku@gmail.com] with attaching 
two files, “YourStudentID.s” and “YourStudentID.pdf”. The subject line of the mail 
should be 
 
     [CSE2003‐A] PA#4, YourStudentID, YourName 
 
if you belong to the Class 41 (Korean class), or 
 

[CSE2003‐B] PA#4, YourStudentID, YourName 
 

if you belong to the Class 42 (English class). 
 
 
6. Logistics 
 

• You will work on this assignment alone. 

• The submission status will be posted on the course homepage at 
http://csl.skku.edu/CSE2003S10.  

• Only the assignments submitted before the deadline will be evaluated. No slip days!  

• Any attempt to copy others’ work will result in heavy penalty (for both the copier and the 
originator). Don’t take a risk.  
  

 
Good luck! 
 
 
--- 
Jin-Soo Kim 
Computer Systems Laboratory 
School of Information and Communication Engineering 
Sungkyunkwan University 


