
 

Project 1 - Word Search 

Initial Submission Due Date 4/1/2007 
Final submission Due Date 4/15/2007 

Overview 

In this project, you will write two programs. The first program will be able to generate word puzzles, 
and the second program will solve these puzzles using several different searching algorithms.  A word 
search puzzle consists of a grid containing a number of characters and a list of words.  Some of the 
words in the list are hidden in the puzzle.  This solver will search the puzzle for the words in the list and 
will print the location of any words in the word list that are hidden in the puzzle grid. Information about 
the algorithms used to find the words will also be printed out. 

Objectives 

1. Gain further experience working with data structures and algorithms in Java.  
2. Develop an interface for implementing the different search techniques.  
3. Analyze the time complexity of various search algorithms.  
4. Work with Java streams for doing I/O.  

Activities 

1. Read the program requirements.  
2. Understand the program specifications.  
3. Study the program design.  
4. Get the files you need to complete the project.  
5. Write your code.  
6. Submit your project.  

Getting Help 

You may get help from your instructor(s) and the teaching assistants.  Anything else is not allowed and 
is subject to the penalties listed in the DCS Policy on Academic Dishonesty.  This includes but is not 
limited to: 

� obtaining detailed help from any other people  
� providing detailed help to other people  
� sharing source code with anyone, by any means or medium.  

We certainly do not expect there to be absolutely no communication between the students of this class; 
we know that people tend to learn very well that way.  If you have any doubt if what you would like to 



do might violate our rules, please see your lecture instructor for clarification. 

 



 

Program Requirements 

Most of this course focuses on data structures and algorithms course and as such your first project 
revolves around the implementation of different algorithms to solve the same problem. In order to see 
differences, your code will be instrumented to show the time in milliseconds and number of operations 
for three search algorithms. 

You are to write a program that solves word search puzzles. You are also to write a program to generate 
a variety of word search puzzles as you will need this to test the different algorithms that you are going 
to implement in order to solve the puzzles. 

Word Puzzle 

A word search puzzle consists of two items; a puzzle and a list of strings that you are required to try and 
find within the puzzle. The puzzle consists of the dimensions of the puzzle (the number of rows, 
followed by the number of columns), followed by a grid of characters, such as the one shown below: 

7 

6 

SAMUSL 

WMZZAZ 

ZAZFZY 

ZARZZO 

ZRNIZS 

ZOZZOH 

CJZZZI 

Hidden in the grid of characters are a number of strings. A string may start at any letter, but must 
proceed along cells that are consecutively connected by straight lines (either horizontally, vertically, or 
along a 45 degree diagonal).  For example, the string 'SAMUS' starts at the 'S' in the upper left hand 
corner, moves to the right to the 'A', moves to the right to the 'M', and so on.  In forming a single string 
you may use each letter exactly once, and once you start moving in a direction you must continue 
moving in that direction until you reach the end of the word.  Strings may wrap around the grid. 
Characters in the string can run in any direction, i.e. horizontal, vertical, and diagonally. Characters in a 
word can also go in the reverse order for a particular direction. Characters in the string do not always go 
from left to right or from top to bottom or from the left corner to the lower right. 

You can find the following strings:  'SAMUS', 'YOSHI', 'MAJORA', 'WARIO' and 'FALCON' hidden in 
the puzzle given above.  The location of these strings is shown in the puzzle below: 

7 

6 

SAMUSL 

WMZZAZ 

ZAZFZY 

ZARZZO 

ZRNIZS 



ZOZZOH 

CJZZZI 

Note that a single character may be used to form two different strings (such as the 'A' in 'SAMUS' and 
'MAJORA', or the 'O' in 'FALCON' and 'MAJORA'). There may be many strings hidden in the puzzle, 
but you are only required to search for those on a word list given with the puzzle. It is possible that a 
given string may be hidden twice in a puzzle, in which case the program only needs to identify one of 
the occurrences of the string (it does not matter which). 

Word List 

The second part of the word search is a list of strings that the program is to look for in the puzzle.  
Consider the list of strings given below: 

YOSHI 

MAJORA 

PEACH 

DR MARIO 

WARIO 

FALCON 

SAMUS 

The puzzle contains the strings:  'YOSHI', 'MAJORA', 'WARIO', 'FALCON', and 'SAMUS'.  The strings 

'PEACH' and 'DR MARIO' are not in the puzzle.  If a string contains a space, such as, 'DR MARIO', the 

space is ignored when searching the puzzle (i.e. 'DRMARIO'. Case is also ignored when searching for 

strings in a puzzle (i.e. 'Samus' and 'SAMUS' are considered the same string). 

Output 

The output from your program will consist of the strings in the string list that are hidden in the puzzle 
and their locations.  The location of a string is given by the coordinates of the first and last letters in the 
puzzle.  Coordinates are always written so that the row of the letter is given first, followed by the 
column.  The coordinate of the letter in the upper left hand cell of the puzzle is (0,0).  If a word is not 
found in the puzzle, it should be printed out along with the tag [MISSING], to indicate that it was not 

found in the puzzle. The following output was generated from the puzzle and strings given above: 

YOSHI [(2,5) (6,5)] 

MAJORA [(1,1) (3,1)] 

PEACH [MISSING] 

DR MARIO [MISSING] 

WARIO [(1,0) (5,4)] 

FALCON [(2,3) (4,2)] 

SAMUS [(0,0) (0,4)] 

A note about the way puzzles are constructed: diagonals at any place in the puzzle work in all directions. 
This is done in an odd but simple way as the puzzle is mod'd in order to calculate the wrap around for a 
puzzle for both row and column. This is why the word 'FALCON' is listed in the previous puzzle as 

FALCON[(2,3) (4,2)]. Make sure you understand this.  

Three Algorithms 



The third part of the word search is to implement different algorithms for solving the word search. Three 
algorithms will be implemented: 

1. Slow search: A search routine that searches all cells for a word and all potential combinations for 
a cell regardless of whether or not the cell in question contains the first letter of the word that is 
being searched for. This is the simple yet ineffective algorithm.  

2. Short search: A search routine that is very similar to the above, but that stops a search 
immediately if it finds a letter that doesn't match the word that's being looked at.  

3. Fast search: A search routine that only looks at combinations of cells containing the beginning 
letter of the word.  

Regardless of the algorithm, all word searches should terminate as soon as the word in the puzzle has 
been found. 

When a puzzle is solved, the program will output information about the running time and approximate 
number of calculations used in each of the three searches. It is expected that the number of calculations 
in the solution answer and your result may be slightly different since you may find a different puzzle 
location for a word or might search in a slightly different order from the answer. Your calculations 
should be on the same order of complexity as those shown in any examples. 

The algorithm search time (in milliseconds) and character comparison data should be printed out after 
each complete search of the words (i.e. each time one of the algorithms is run, it should display the 
results for that search). The output should appear directly after the result of the last word search for each 
algorithm run. The format should be (with single space separation):  

Algorithm time: # 

Character comparisons: # 

Errors 

When the program detects errors in usage or in processing the input, an appropriate error message 
should be generated and the program will terminate. See the specification section for more details.  

Java Collection Framework 

You are forbidden to use any of the Java Collection Framework classes for this project. This includes 
classes like LinkedList and ArrayList. It is expected that you will write your own collection class for 

storing the list of words. A two dimensional grid of characters is the ideal structure for the puzzle (i.e. it 
is ok to use arrays). 

 



 

Program Specification 

Generate a Puzzle 

You will write two programs: one for the word search and one that generates arbitrary puzzles and word 
lists for the search. The generation program will do the following: 

1. The name of the program will be GeneratePuzzle.java  

2. The program should be called with 3 or 4 arguments: the filename to save the puzzle/word list to 
(a string), the number of rows that should be in the puzzle (an integer), the number of columns 
that should be in the row (an integer), and an optional filename that the word list may be read 
from. (If the file name is not given, then the word list may be read from standard input (i.e., 
System.in). Thus, an invocation of the program might look like: 

java GeneratePuzzle mypuzzle 200 400 mywords.  

3. If the arguments on the command line aren't correct, print the following text message to standard 
error and end the program: Usage: java GeneratePuzzle puzzle-name number-rows 

number-columns [wordfile-name]  

4. Regardless of whether the word list is being read from standard input or a file, the program should 
read in words until end of file is detected. Each line of input will contain a single "word" to be 
placed in the puzzle. If a word contains spaces or other characters that are not alphanumeric, they 
should be ignored when putting the word into the puzzle. (For example, "disk drive" would go 
into the puzzle as "diskdrive".)  

5. All words in the word list must be written out to a separate file, whose name is to be generated by 
appending the extension .wl to the end of the puzzle name. For example, if the user invoked the 

program as java GeneratePuzzle mypuzzle 200 400, the word list would be written out to 

mypuzzle.wl.  

6. If a puzzle with the same name already exists, it will be silently overwritten.  
7. Words that cannot be placed in the puzzle (e.g., because they do not fit, or because other words 

that have already been placed in the puzzle prevent them from being put in, etc.) should be written 
to standard error (System.err), in addition to being placed in the "word list file" (e.g., 

mypuzzle.wl).  

8. Your program must come up with a puzzle of the given width/length and this must be written out 
to the appropriate filename with the extension .pz. It is up to you how you wish to do this. The 

remainder of the puzzle should be filled with random letters. (Note that you may wish to use some 
letters more than others in order to "distract" those trying to solve the puzzle.)  

Solving a Word Puzzle 

For the word search part of the project, your input to your program will consist of two files; one 
containing the puzzle, and the second containing the search strings.  The names of these files will be the 
same, but their extensions will be different.  The puzzle file will have the extension '.pz' and the file 

containing the strings will have the extension '.wl'. 



The program is started from the command line by typing the name of the program followed by the name 
of the data files, as shown below: 

java WordSearch slow|short|fast|all data 

This last argument specifies the data files, by name without the file extensions. For example, if data 

was cities, the program would read the puzzle from the file cities.pz and the strings from the file 

cities.wl.  

If the program is not invoked correctly, the following error message will be printed to standard error and 
the program will be terminated without generating any other output: 

Usage: java WordSearch slow|short|fast|all filename 

The program will then attempt to open the puzzle file followed by the file containing the search strings.  
If a file cannot be opened, the following message will be printed to standard error and the program will 
be terminated without generating any other output:  

WordSearch: cannot open filename-with-extension 

where you will substitute the complete name of the file that could not be opened (i.e., either cities.pz 

or cities.wl in the example above). 

File Formats 

Both the puzzle file and word list files are plain text files.  Each line in the word list file contains a string 
that is to be searched for in the puzzle (click here to see a sample word list file).  Note that a word list 
file may be empty. 

The first line in the puzzle file is a number indicating the number of rows, R, in the puzzle, the second 
line indicates the number of columns, C, in each row (both R and C must be greater than 0).  The 
remaining R lines in the puzzle file, each containing strings with C characters each, are the rows in the 
grid that makes up the puzzle.  Only letters may appear in the puzzle (i.e. those characters for whom 
Character.isLetter() returns true).  Click here to see a sample puzzle file. 

If the user specifies a puzzle file that does not conform to the specification given above (i.e. the number 
of rows and columns cannot be determined, or is wrong) , the following message will be printed to 
standard error and the program will be terminated without generating any other output:  

WordSearch: invalid puzzle file 

During the execution of the program, if an IO error should occur while reading either file, the following 
message will be printed to standard error and the program will be terminated without generating any 
other output:  

WordSearch: error reading filename-with-extension 

Output 



The output from your program will be printed to standard output. Assume each major section is 
separated by a single blank line. It will consist of the following: 

� A listing of the puzzle with rows printed on different lines and in the same order that they are 
found in the puzzle file. The complete puzzle listing will be followed by a single blank line.  

� A listing of the search strings, each printed on a different line and in the same order as they appear 
in the word list file. This listing will also be followed by a single blank line.  

� The name of the search algorithm being run: "Slow search", "Short search" or "Fast 

search".  

� Strings that are found in the puzzle should be printed with each on a separate line. The line will 
contain the string followed by its location in the puzzle.  

� Strings that are not present in the puzzle will be printed along with a location of [MISSING].  

� Information will be printed out about the running time (in milliseconds) and number of operations 
in each algorithm. Please use the method System.currentTimeMillis() in order to get the 

current time. The time difference refers to the difference in time between the start and end of the 
algorithm. Note that it is possible for algorithms to run in 0 milliseconds (especially for short 
puzzles) and because of the way the timing method works it is possible for a faster algorithm to 
occasionally get a 1 while a slower algorithm gets a 0 for the time. It depends on where the clock 
is at the time of starting the algorithm. This should not be a consistent issue in any of the 
algorithms. We are not interested in direct constants for the algorithms, but rather we want to start 
the counter out at 0 and increment it for every comparison between a character of a word from the 
word list and a character in the puzzle. The output format is shown in the example below, and 
many more examples exist in the project download file.  

Sample Output 

Assume our puzzle from the requirements section was called nintendo.pz and the word list was in 

nintendo.wl. If the program was run as: 

java WordSearch all nintendo 

the output for the puzzle 

7 

6 

SAMUSL 

WMZZAZ 

ZAZFZY 

ZARZZO 

ZRNIZS 

ZOZZOH 

CJZZZI 

and the word list 

YOSHI 

MAJORA 

PEACH 

DR MARIO 

WARIO 

FALCON 

SAMUS 



is: 

SAMUSL 

WMZZAZ 

ZAZFZY 

ZARZZO 

ZRNIZS 

ZOZZOH 

CJZZZI 

YOSHI 

MAJORA 

PEACH 

DR MARIO 

WARIO 

FALCON 

SAMUS 

  

Slow search: 

YOSHI [(2,5) (6,5)] 

MAJORA [(1,1) (3,1)] 

PEACH [MISSING] 

DR MARIO [MISSING] 

WARIO [(1,0) (5,4)] 

FALCON [(2,3) (4,2)] 

SAMUS[(0,0) (0,4)] 

Algorithm time: 18 

Character comparisons: 13440 

  

Short search: 

YOSHI [(2,5) (6,5)] 

MAJORA [(1,1) (3,1)] 

PEACH [MISSING] 

DR MARIO [MISSING] 

WARIO [(1,0) (5,4)] 

FALCON [(2,3) (4,2)] 

SAMUS[(0,0) (0,4)] 

Algorithm time: 7 

Character comparisons: 2437 

  

Fast search: 

YOSHI [(2,5) (6,5)] 

MAJORA [(1,1) (3,1)] 

PEACH [MISSING] 

DR MARIO [MISSING] 

WARIO [(1,0) (5,4)] 

FALCON [(2,3) (4,2)] 

SAMUS[(0,0) (0,4)] 

Algorithm time: 1 

Character comparisons: 85 



 



 

Program Design 

Overview 

You will be writing the entire word search program from scratch. In this section we will be giving suggestions 
on what constitutes a good design. While you are free to design this project on your own, you must adhere to 
these guidelines in order to ensure you will get a good grade on the project. 

WordSearch 

Your main program, WordSearch.java, is responsible for handling the command line input. It is the control 

class. It can be responsible for reading in the word list, using your own collection class for storage. It should 
delegate responsibility to other classes for things such as creating the puzzle, or performing the actual word 
searching. 

Word List 

As mentioned in the requirements, you need to write your own class/es for storing the list or words. This also 
applies to any other data structures that the search algorithms or puzzle may require. 

Word Location 

You should create a class to represent the location of a word in a puzzle. It can simply be a combination of two 
points, with the ability to print itself out. 

Puzzle 

You must make a class to represent a puzzle. This class should read in the puzzle file based on the dimensions 
and store characters into an internal grid. It should provide the ability to retrieve a character at any position in 
the puzzle. It should also be able to display itself. 

Puzzle Search 

The three search algorithms should be implemented using a common puzzle search interface (or abstract class). 
This interface needs to specify the ability to do the following:  

1. Given a puzzle and a word to search for, it should return the location of the word if it is present.  
2. Return the algorithm search time for a word or group of words.  
3. Return the number of character comparisons made while performing a search on a word or group of 

words.  

The search interface will be implemented by three separate classes representing the slow, short and fast search 
algorithms. They will each maintain their own search statistics. 

 





 

Getting the Files You Need 

The sample puzzle and word list files are available here. 

First create a directory to work on your project. This is where you be putting your source code. 
Download the jar file into that directory and then unpack it. 

After you have unpacked the jar file you should see that a directory named data has been created.  It 

contains some sample data files.  The files named file.pz contain the puzzle files, and the file.wl 

files contain the corresponding word lists (you will substitute the actual names of the test cases for the 
word file).   

You can run the working version of the simulation by typing the following command (assuming you 
have compiled all files): 

java WordSearch slow|short|fast|all data/datafilename 

Where you will change datafilename to the name of the data file you want the program to work with. 

In the data directory, the files named file.ans contain the expected output corresponding to the input 

files.  The answer files were run using the all command for the algorithms to run. For example, if you 

type the following command: 

java WordSearch all data/cities > cities.out 

The word search program will run, taking its input from the files cities.pz and cities.wl, and 

sending the output to the file cities.out.  It is now possible to compare the contents of cities.out to 

cities.ans.  If there are no differences, other than the algorithm time and number of character 

comparisons, the program produced the correct output. Note that your algorithms may have slightly 
different running times or counts when run than our answers and that is OK. 

 



 

Write Your Code 

DO NOT write any code until you understand what the your programs are supposed to do, the 
design of the programs, and the output that they produce.   Writing code before understanding the 
programs will simply be a waste of your time, and will result in a program that does not work!! 

As with any large project with multiple deadlines, it is probably a good idea to finish the initial 
submission first followed by the easy parts of the rest of the project. You may then slowly complete the 
harder parts.  As you implement the individual pieces of your programs, be sure that they compile 
without errors.  You should also test each piece of the individual programs as they are completed.  This 
may require that you create special test files or add code for testing the intermediate functionality.  

Develop your code in small pieces, and test each part of your code as you write it.  It you wait until you 
have all the code written to start testing, it will be almost impossible to locate and correct errors in your 
program. 

Part of your grade will be based on how you use RCS, so make sure that you check in your code after 
completing substantial changes to it. 

 



 

Project Submission and Grading 

Project Submission 

Initial Submission 

The initial submission for this project (see CS3 syllabus for details) requires that you must complete the 
puzzle generating program. Along with the program, submit your favorite puzzle and wordlist that was 
generated with your program. Submit with the following command: 

try 233-grd project1-1 GeneratePuzzle.java *.java *.pz *.wl 

where the *.java refers to any supporting classes you may write outside of the main GeneratePuzzle 

class, the *.pz refers to a puzzle file named by yourself, and *.wl refers to a valid word list file name 

when given the puzzle file name . 

For this particular submission, since you are allowed a fair amount of leeway on designing your 
program, try will only check to make sure that you're printing the correct error message to standard error 
when the wrong number of command line arguments is entered for the program. You must assure that 
your program works as specified! 

Final Submission 

When you are ready to submit your program, execute the following commands in the directory where 
your code is stored: 

try 233-grd project1-2 WordSearch.java *.java 

*.java refers to any files that you have created (for example Puzzle.java) beyond the required file for 

the main program. 

try will run some tests on your program that you will not see the results of, so you are responsible for 

testing your code and making sure that it works prior to submission. Note that try will be doing tests on 

each code submission and for the slower algorithms this translates into the submission appearing to 
"hang" for a little while. try should not take over a minute to run. 

When you feel that you have reached an important milestone in the program's development, submit it. 
This way if you fail to get any further before the due date at least you will have submitted something. 

Remember to submit early, and often. The labs get very busy the night a project is due! Although you 
may start to run try before midnight, it may not finish before midnight. The best strategy is to finish 

before the labs get crazy, then you can sit back and watch the others panic. 



Project Grade 

The project grade is broken down as follows:  
� 20% of the grade is based on the initial submission.  

� 80% of the grade is based on the final submission. 

The project grade will be computed as follows: 

1. You cannot get a high grade for a program that does not run.  Therefore, your grade is first 
computed solely on the correctness of your output. A perfectly working program will receive full 
credit.  

2. You can lose up to 30 points if your algorithms and/or implementation are not clear or are of low 
quality. For example, let's say you did not implement your searches using a separate 
implementation of an interface. Regardless of functionality, you will lose points.  

3. You can lose up to 20 points for violating the programming style standards. This includes 
incorrect use of RCS.  

Note that a program that produces wrong answers will get a low grade no matter how good its 
algorithms are or how well it adheres to the style standards. 

Cheating 

A rigorous cheat check will be run against all student submissions from all sections. Any students who 
are found to have similar code, regardless of who actually worked on it and who did not, will be dealt 
with according to the cheating policy laid out in the course syllabus. Work on your code by yourself, 
or seek assistance from your instructor, or the tutoring center.  
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