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Introduction

In this assignment, we’re asked to sort a list of words using algorithm of linear
time complexity. However, compared with previous sorting assignments. The words
to be sorted share two properties, i.e.

1. All words consist of lower-case letters only.

2. The maximum number of letters of the words is 14.

Approach

Since the characters are all lower-case, which means there’s only 27(a ~z and

\0’) possible value for each letter in a word string. Plus, the words are no longer than

14 characters (limited length). In such case, a linear-complexity algorithm, radix sort,

can be applied.

Radix Sort

1. Algorithm RadixSort(list, N) {

2. For i = LSB to MSB do CountingSort(list, N, I);
3.}

RadixSort is simply calling CountingSort from Least Significant Bit (letter) to Most

Significant Bit (letter).



It’s noteworthy that as we use scanf to import data, the characters fill from index 0
(MSB). Then, if the word is shorter than the length of given array, remaining elements
in array would be filled with “\0’.

Counting Sort

1. Algorithm CountingSort(list, N) {
2. Init count = { 9o, 0, .0 };
3. //count has k members, k is all

possible  value in list

4. for i = 1ist[1] to 1list[N] do count[i]++;

5o for i = 2 to k do count[i] += count[i - 1];

6. for i = N to 1 do A[ --count[ list[i] ] ] = list[i];
7o return A;

8. }

In the above algorithm, first we use count array to calculate how many
members are less than or equal to the i-th possible value. Then, from back to top we
place the elements in 1ist to A according to the position indicated by count array.

As we can observe from the looping bounds, the time complexity is

O(n + k). Where n is the task size and k is the number of possible value in 1ist.
Additionally, we used another A and count array, so the space complexity is also
O(n + k). Therefore the complexity of RadixSortis O( r(n+ k) ).ris the

maximum length of word in wordlist to be sorted.



Results and analysis

Table. CPU Time (in sec) w.r.t. task size
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CPU Time vs. Task Size

4.50E-03 Should use log-log plot.

4.00E-03 y = 4E-07x - 3E-05
3.50E-03
3.00E-03
2.50E-03
2.00E-03
1.50E-03
1.00E-03
5.00E-04
0.00E+00
-5.00-04 9

CPU Ttime (sec)

2000 4000 6000 8000 10000 12000
Task size

It’s obvious in above chart that when 1, k << n, RadixSort has linear time complexity.

However, we can take HeapSort from HW?2 to compare together.
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. 1.00E-03
O
@ 8.00E-04
L
@ 6.00E-04
g 4.00E-04
i

2.00E-04
)
& 0.00E+00

0 500 1000 1500 2000 2500 3000
Task size

—@—Radix —@®—Heap


Mi-Chang Chang


Mi-Chang Chang
Should use log-log plot.


Though the theoretical time complexity is different, their actual execution time didn’t

differ a lot when sorting the test cases of this assignment.

Observations and Conclusion

1. RadixSort / CountingSort are of great use when the data to be sorted have limited

possible value. (r, k <<n)

2. Lower time complexity does not always guarantee shorter execution time.
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#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <sys/time.h>
#include<stdbool.h>
#define LEN 14

char xx*A;

double GetTime(void);

void RadixSort(char **list,int n);

void CountingSort(char **list,int n, int loc);
void Heapify(char **list, int i, int n);

void HeapSort(char **list,int n);

double GetTime(void)

{
struct timeval tv;
gettimeofday (&tv,NULL) ;
return tv.tv_sec+le-6*xtv.tv_usec;
}
void CountingSort(char **list, int n, int loc){

Need comments here to explain
the purpose of each function.

int count[27]; //n:size loc:sorting radix location

int i,index;
char *temp;

for (i = 0; 1 < 27; ++1i) //init count array

{
count[i] = 0;

¥

for (i = 0; i < n; i++){ //count alphabet occuring times
if (List[i] [loc] == '\0")

count [0] ++;
else count[ list[i] [1oc] - 96 1++;

for(i = 1; i< 27; i++){ // calculate each alphabet's
count[i] += count[i-1]; // dictionary order
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51 }

52

53

54 for(i = n-1; i >= 0; i-- ){

55 temp = list[i];

56 if (templ[loc] == '\0') index = 0; //deal with '\O0' (ASCII 0)
57 else index = temp[loc] - 96; //lower case alphabet
58 A[ count[ index ]- 1] = temp; //put word in new array
59 count[ index ]--; //update count array
60 ¥

61

62 for (i =0; i < n; ++1i) //output current result
63 {

64 list[i] = A[il;

65 }

66

67 }

68

69

70

71 void RadixSort(char **list,int n){

72 int i;

73

74 for (i = LEN-1; i >= 0; -—-i){

75 CountingSort(list, n, 1i);

76 }

7

78 }

79

80 void Heapify(char **list, int i, int n){

81 int j = ix*2;

82 char *temp = list[i-1];

83 bool done = false;

84

85 while(j<=n && !done){

86 if (j<n && stremp(list[j-11,list[j+1-1]1) < 0) j++;

87 if (strcmp(temp,list[j-1] ) > 0 ) done = true;

88 elseq{

89 list[j/2-11 = list[j-1];

90 j *= 2;

91 by

92 //printf ("%d\n",j);

93 }

94 list[j/2-1] = temp;

95 }

96

97 void HeapSort(char **list,int n){

98 char *temp;

99 int 1i;

100
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for( i =n/2 ; i>0 ; i--)
{Heapify(list,i,n);}

for(i =n; i > 1; i-- ){
temp = list[i-1];
list[i-1] = 1ist[0];
list[0] = temp;
Heapify(list,1,i-1);

int main(){
int 1i,j;
int Nwords;
double t;
char **words,**temp;

scanf ("%d", &Nwords);

A = (char **)malloc( Nwords * sizeof (charx) );

temp = (char **)malloc( Nwords * sizeof (char*) );

words = (char**)malloc(Nwords * sizeof (charx*)); //

for(i = 0; i < Nwords; i++) //
words[i] = (char *)malloc( (LEN+1) * sizeof(char)); //

for(i = 0; i < Nwords ; i++){ /7
scanf ("%s", words[i]); //scan words
}
t = GetTime();
for(i =0; i<500;i++){ //sort 500 times
for (j = 0; j < Nwords; ++j)
{
temp[j] = words[j];
}
RadixSort (temp, Nwords);
}
for(i = 0; i < Nwords ; i++){ //print result
printf("%d %s\n",i, templil);
}

t = GetTime() - t;
printf ("%s:\nN=/d\nCPU time = %.3g seconds\n", "Linear Sort",
Nwords, t / 500.0);

t = GetTime();

for(i =0; i<500;i++){ //sort 500 times
for (j = 0; j < Nwords; ++j)



151 {

152 temp[j] = words[j];

153 +

154 HeapSort (temp, Nwords);

155 ¥

156

157

158 for(i = 0; i < Nwords ; i++){ //print result
159 printf ("%d %s\n",i, temp[il);

160 ¥

161

162 t = GetTime() - t;

163 printf ("%s:\nN=,d\nCPU time = %.3g seconds\n", "Heap Sort",
164 Nwords, t / 500.0);

165

166

167 return O;

168

169 }



Score: 91

[Table] can be better presented.

[Figure] can be better presented.
- Use log-log scale.
- Can compare two algorithms on the same plot.



