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PROBLEM DESCRIPTION 
A string permutation of a set of characters is an arrangement of those characters into a particular order.
For example the permutations of the characters {t, e, a} are tea, tae, eat, eta, aet, ate. The number of 
permutations of n distinct characters is n!.

Such permutations can be used to solve word jumble problems. If a user provides a series of jumbled 
letters, all permutations of the letters can be generated and then checked to see if they exist in a 
dictionary. The permutations appearing in the dictionary are printed as solutions to the puzzle. 

BUILDING THE ALGORITHM 
Given a string such as arst, how are all permutations of the letters derived? As there are four letters, there 
are 4! combinations, which equals 24.

By removing the first letter, a, it is then possible to obtain all permutations of the remaining three letters, 
giving 3! or 6 combinations. By removing the next letter, r, it is possible to obtain all permutations of the 
remaining two letters, giving 2! or 2. The two permutations are st and ts. Adding the r back gives:

 rst, rts

Next rotate the original three-letter string in a clockwise manner: rst becomes str. Perform the function 
again giving:

 str, srt

Rotate the three-letter string in a clockwise manner once more: str becomes trs. Perform the function 
again giving:

 trs, tsr

Now the six permutations of rst have been derived: 

 rst, rts, str, srt, trs, tsr
!
Adding the first letter of the original 4-letter string gives:

 arst, arts, astr, asrt, atrs, atsr

Now rotate the original 4-letter word in a clockwise manner: arst becomes rsta. Remove the first letter 
and perform the above sequence again for the three letter word: sta. At the end this gives:

 rsta, rsat, rtas, rtsa, rast, rats

Perform this again two more times with the rotated strings star and tars. This gives:

 star, stra, sart, satr, srta, srat
 tars, tasr, trsa, tras, tsar, tsra

This gives a list of 24 words.
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What does this say about the algorithm? It is specific to four character strings, and it may not be the most 
efficient algorithm in the world, but it does work.

1. Get the word - W

2. Calculate the number of characters in W, n = 4.

3. Loop n times.

3.1. Make a copy of W in S

3.2. Loop 3 times, from the 2nd element of S to the 4th.

3.2.1. Print out S.
3.2.2. Swap the 3rd and 4th elements in S.
3.2.3. Print out S.
3.2.4. Rotate elements 2, 3, and 4 of W. 

3.2.4.1. temp = W[2]
3.2.4.2. W[2] = W[3]
3.2.4.3. W[3] = W[4]
3.2.4.4. W[4] = temp

3.2.5. Make a copy of W in S.

3.3. Rotate all elements of W.

3.3.1. temp = W[1]
3.3.2. W[1] = W[2]
3.3.3. W[2] = W[3]
3.3.4. W[3] = W[4]
3.3.5. W[4] = temp
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THE PERMUTATION FUNCTION 
To gain a better understanding of the algorithm, investigate the code.
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void permute_word(char word[5])
{
    int i,j,sL;
    char w[5],temp;

    sL = strlen(word);
    
    for (i=0; i<sL; i=i+1) {
        // make a copy of the word in w
     strcpy(w,word);

        for (j=1; j<sL; j=j+1){
            // display the word
            printf("%s\n", w);

            // swap the 3rd and 4th elements of the word, and display
            swap(&w[2],&w[3]);
            printf("%s\n", w);
   
            // rotate the original word left: e.g. b:ath pivots to b:t-h-a
            temp = word[1];
            word[1] = word[2];
            word[2] = word[3];
            word[3] = temp; 
        
            // make a copy of the word in w
            strcpy(w,word);
        }
        
        // rotate the original word left: e.g. bath pivots to a-t-h-b
        temp = word[0];
        word[0] = word[1];
        word[1] = word[2];
        word[2] = word[3];
        word[3] = temp; 
    }
}

The function permute_word() takes one input, the 4 character string word, to create permutations from. 

Line 6 calculates the string length of word. 

Line 8 initiates the outer for loop, which will eventually cycle through each rotate of the string in word. 

i=0. e.g. fort → ortf → rtfo → tfor.

Line 10 of the code makes a copy of the string word in the local string w to manipulate it.

Line 12 of the code initiates the inner for loop, j=1

Line 14 outputs the string stored in w : e.g. fort

Line 17 swaps the 3rd and 4th characters of the string to form a new word. This is equivalent to swapping 

element [2] and [3] of w. This is achieved using the function swap, which interchanges two characters:
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 void swap(char *x, char *y)
 {
     char temp;
     temp = *x;
     *x = *y;
     *y = temp;
 }

This is essentially means:

f o r t \0

0 1 2 3 4

becomes

f o t r \0

0 1 2 3 4

Line 18 outputs the string stored in w : e.g. fotr

Lines 21-24 rotate the last three elements of the original string word clockwise.

This is essentially means:

f o r t \0

0 1 2 3 4

becomes

f r t o \0

0 1 2 3 4

Line 27 makes a copy of the string word in the local string w. The first iteration of the inner loop is 

complete. 

 Back to Line 12, repeat inner loop, j=2, e.g. output the strings frto, and frot.
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 Back to Line 12, repeat loop, j=3, e.g. output the strings ftor, and ftro.

Inner loop ends, at the end the string word will be back to what it was coming into the loop.

Lines 31-35 rotate the entire string word clockwise.

This is essentially means:

f o r t \0

0 1 2 3 4

becomes

o r t f \0

0 1 2 3 4

The outer loop ends, back to Line 8, repeat outer loop i=1.

Note that this is a brute force algorithm - there are likely much more efficient ways to design this 

algorithm.
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