Exercise  no  4

Implementing Dictionary Operations by a Hash Table

Background

Suppose we want to create a real dictionary of words in English (for example, the words of the a poem "anyone lived in a pretty how town"). To solve the problem, we construct an array. Each cell of the array is the header of a linked list of group of words. We need to be careful how we assign new words to group. We want to distribute the elements among the groups so that it will be unlikely (although never impossible) that there will be too many elements in a single group. If there are a large number of elements in a group, and we represent groups by linked lists, then the lookup operations will be very slow through the members of this large group.

The array with headers of linked lists is called a hash table. Denote the array size by N. The hash function h(x) takes an element  x  as an argument and produces an integer value between 0 and N-1. The value h(x) is the number of the cell (bucket) in which we place the element  x. In our case the elements are character strings, therefore we need to convert the strings to an integer value (y). One way to do this conversion is to take an element x = 
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. We then have an integer y that is the sum of the integer equivalents of all the characters in string   x. If we divide y by N and take the remainder, we have a bucket number in the range 0 to N-1. 

For example, the integers equivalents for the characters (ASCII) in the word "anyone" are 97, 110, 121, 111, 110,101. The sum is 650. When we divide by N, which is 5, we get remainder of 0. Thus the word "anyone" belongs to bucket 0. 

The seven words of our example are assigned, by our hash function, to the buckets number as shown in figure 1. We see that three of the seven words have been assigned to one bucket: bucket number 0. Two words are assigned to bucket 2, and one word to buckets 1 and 4.

Our dictionary, after insertion of these seven words is shown in figure 2. 

__________________________

     Word
Sum
  Bucket

__________________________ 

    anyone
650
   0

    lived

532
   2 

    in

215
   0 

    a

97
   2 

    pretty
680
   0

    how

334
   4

    town
456
   1 


Figure 1.
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Figure 2.

In each linked list the words are sorted in increasing lexicography order.

In order to insert, delete or look up an element x in the dictionary that is represented by a hash table, we can use a simple three-steps process:

1. Compute the proper bucket : h(x).   

2. Use this entry of the array of header pointers to access the head of the linked list of      

    elements for this bucket number.

3. Perform the operation you want on this linked list.

Note that if there are a large number of elements in one bucket, then the lookup operation will be very slow. Denote the average number of words in nonempty linked lists by Z. For our example Z = 7/4 = 1.75. The biggest and smallest sizes of the lists (B and S) in our example are 3 and 1 correspondingly. These three criterions describe the quality of a hash table.

The program

Write a program that performs the following operations:

1. Input a text from the user. The text contains words with separators (space, comma, period) between them. 

2. Construct the dictionary by above hash table for  N = 10  for the input.

3. Print the constructed hash table in the following form:

Bucket number and list of corresponding words.

4. Print the 3 criterions of constructed hash table (Z, B and S).

5. Print a menu that contains the following options:



1) Insert a new word into the dictionary.



2) Delete a given word from the dictionary.



3) Print the criterions of the hash table.

4) Check if a given word is in the dictionary.



5) Quit from menu

6. Construct a second dictionary for the same input text, but now use a different 

    metric for converting a word to integer in the new hash function. Now divide the number of characters in the word by N=10 and take the remainder. Print the constructed hash table in the same form than operation 3 and its criterions (Z, B & S).

7. Construct a third dictionary. The metric now is: the ASCII value of the last 

character in the word dived by N=26. Print the constructed hash table and its criterions.

Instructions :

The limits of the user input are:

· A word is no longer that 20 characters. 

· The total number of characters of input text will not exceed 250. 

· A word is composed only of letters

Check for these limits and warn the user.

Do not forget to convert each letter in uppercase to lowercase.

You should write the following functions:

· Three functions (hash1, hash2, hash3) for three methods of hash functions. Each function receives a string as a parameter and a return is integer bucket number.

· Three functions (build1, build2, build3) for constructing hash tables by corresponding hash function. Each function receives an input text as a parameter and returns a dictionary address. 

· Function check, which returns 1 (TRUE) if a given word are in the dictionary and 0 (FALSE) otherwise. The dictionary and a word are the parameters of the function.

· Function insert, which adds a new word into the dictionary.

· Function deletes which deletes a given word from the dictionary.   

· Function criterions, which print the hash, table criterions.

· Function print, which prints the hash table elements.



Important notes: 
  

· Instructions how and where to submit your program are in the home page (Click on the "SUBMIT" option in the home page). 
· Don't forget to check that the input data are valid and not out of the defined range. 
· Don't forget to write clear comments, a nice presentation of the program, meaningful variable names and a friendly interface. 
· Also, do not use anything you didn't learn in class. 
· It is very recommended that you check that your programs compiles and runs properly on Microsoft® Visual C++ 6.00, before you submit them. 

Last date to submit your work: 

Monday, December 31, 2001 (At midnight    between Monday and Tuesday). 
 

GOOD LUCK ! 
  

Zion, Tania, Tal, Olga and Eliezer.
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