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public class Main {
public static void main(String[] args) {
test_suites();
}

private static void test_suites() {
n_test_suite();
m_test_suite();
alphabet_test_suite();

¥

//Below are the three primary test suites. Included with them are
comments discussing what we can do with the data
//IMPORTANT TERMINOLOGY: N = text size. M = pattern size.

VESS

* Hypothesis: different n sizes will cause variation in time and # of
comparisons when holding M and alphabet constant

* Additional questions to ask based on data collected from this test
suite:

* For both search algorithms, what happens when we have a larger N?
smaller N?
* For both search algorithms, what is the relationship as N
increases while holding M and alphabet constant?
* i.e., does it change on a O0(N) scale? 0(logN)?
* Is one particular search algorithm more sensitive than the other
one to text size? Which one do you want to use with a larger/smaller N?
* Furthermore, does one search algorithm work better until N
reaches a large enough size?
* When answering these questions, don't look at exact values. Look
at changes between values, and difference between
* numbers based on the algorithm (as number variations will occur
due to different Ms and Alphabets)
* Testing:
* We run tests with several large N values (to reduce noise) AND
small N values (to answer one of the above questions)
* We also try three different M values and alphabets (for 9 total
combinations), to make sure that the data is credible
* for the large N tests, the M value is large to reduce noise;
for the small N tests, M value is also small
*/
private static void n_test_suite() {
System.out.println("BEGINNING N TEST SUITE");
System.out.println(" ");
final int trial_count = 100;
final int[] large_m_values = {(int)Math.pow(2,6),

(int)Math.pow(2,10), (int)Math.pow(2,13)};
final String[] alphabets = {"abcdefghijklmnopqgrstuvwxyz", "01",
"aC‘tg"};
System.out.printin("Comparison testing for 9 (M,Alphabet) pairs for
varying LARGE N's");
System.out.println(" ");
for(int m: large_m_values) {
for(String a: alphabets) {
comparisons_vary_n(m,a,trial_count, true);
}
}

final int[] small_m_values = {2, (int)Math.pow(2,3),
(int)Math.pow(2,4)};




45

46
47
48
49
50
51
52

53
54
55
56
57
58
59

60
61
62
63
64
65
66
67
68
69

70

71

72

73
74

75

76

77

78
79

80

81

82
83
84
85
86
87

88

System.out.println("Comparison testing for 9 (M,Alphabet) pairs for
varying SMALL N's");
System.out.println(" ");
for(int m: small_m_values) {
for(String a: alphabets) {
comparisons_vary_n(m,a,trial_count, false);
b

I
System.out.println("Time testing for 9 (M,Alphabet) pairs for varying
LARGE N's");

System.out.printin(" ");
for(int m: large_m_values) {

for(String a: alphabets) {

time_vary_n(m,a,trial_count, true);
}

b
System.out.printin("Time testing for 9 (M,Alphabet) pairs for varying
SMALL N's");

System.out.println(" ");
for(int m: small_m_values) {

for(String a: alphabets) {

time_vary_n(m,a,trial_count, false);
}

}

/%%
* Hypothesis: different m sizes will cause variation in time and # of
comparisons when holding N and alphabet constant

* Additional questions to ask based on data collected from this test
suite:
* For both search algorithms, what happens when we have a larger M?
smaller M?
* For both search algorithms, what is the relationship as M
increases while holding N and alphabet constant?
* i.e., does it change on a O0(N) scale? 0(logN)?
* Is one particular search algorithm more sensitive than the other
one to pattern size? Which one do you want to use with a larger/smaller N?
* Furthermore, does one search algorithm work better until M
reaches a large enough size?
* When answering these questions, don't look at exact values. Look
at changes between values, and difference between
* numbers based on the algorithm (as number variations will occur
due to different N and Alphabets)
* Testing:
* We run tests with several large M values (to reduce noise) AND
small M values (to answer one of the above questions)
* We also try three different N values and alphabets (for 9 total
combinations), to make sure that the data is credible
* for the large M tests, the N value is large to reduce noise;
for the small M tests, N value is also small
*x/
private static void m_test_suite() {
System.out.println("BEGINNING M TEST SUITE");
System.out.printin(" ");
final int trial_count = 100;
final int[] large_n_values = {(int)Math.pow(2,14),

(int)Math.pow(2,18), (int)Math.pow(2,22)};
final String[] alphabets = {"abcdefghijklmnopqrstuvwxyz", "01",
"aC‘tg"};
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System.out.println("Comparison testing for 9 (N,Alphabet) pairs for
varying LARGE M's");

System.out.printin(" ");
for(int n: large_n_values) {

for(String a: alphabets) {

comparisons_vary_m(n,a,trial_count, true);

}

b

final int[] small_n_values = {(int)Math.pow(2,6), (int)Math.pow(2,9),
(int)Math.pow(2,12)};
System.out.printin("Comparison testing for 9 (N,Alphabet) pairs for
varying SMALL M's");
System.out.println(" ");
for(int n: small_n_values) {
for(String a: alphabets) {
comparisons_vary_m(n,a,trial_count, false);
}

b
System.out.println("Time testing for 9 (N,Alphabet) pairs for varying
LARGE M's");

System.out.println(" ");
for(int n: large_n_values) {

for(String a: alphabets) {

time_vary_m(n,a,trial_count, true);
b

b
System.out.println("Time testing for 9 (N,Alphabet) pairs for varying
SMALL M's");

System.out.printin(" ");
for(int n: small_n_values) {

for(String a: alphabets) {

time_vary_m(n,a,trial_count, false);
}

}

YESS

* Hypothesis: different alphabet sizes will cause variations in time and
# of comparisons when holding N and M constant

* Additional questions to ask based on data collected from this test
suite:

* For both search algorithms, what happens when we have a larger
alphabet? smaller alphabet?

* For both search algorithms, what is the relationship as alphabet
size increases while holding M and N constant?

* i.e., does it change on a O(N) scale? 0(logN)?

* Is one particular search algorithm more sensitive than the other
one to alphabet? Which one do we want to use in what case?

* When answering these questions, don't look at exact values. Look
at changes between values, and difference between

* numbers based on the algorithm (as number variations will occur
due to different N and Ms)

* Testing:

* We run tests with several alphabets of varying sizes (the
alphabets will be in the code)

* We also try three different N and M values (for 9 total
combinations), to make sure that the data is credible

* we use large values for N and M to reduce noise

*/

private static void alphabet_test_suite() {



135 System.out.println("BEGINNING ALPHABET TEST SUITE");

136 System.out.println(" ");

137 final int trial_count = 100;

138 final int[] n_values = {(int)Math.pow(2,14), (int)Math.pow(2,18),
(int)Math.pow(2,22)};

139 final int[] m_values = {(int)Math.pow(2,6), (int)Math.pow(2,10),
(int)Math.pow(2,13)};

140 System.out.println("Comparison testing for 9 (N,M) pairs for varying
alphabets");

141 System.out.printin(" ");

142 for(int n:n_values) {

143 for(int m:m_values) {

144 comparisons_vary_alphabet(n,m,trial_count);

145 }

146 ¥

147 System.out.printin("Time testing for 9 (N,M) pairs for varying
alphabets");

148 System.out.printin(" ");

149 for(int n:n_values) {

150 for(int m:m_values) {

151 time_vary_alphabet(n,m,trial_count);

152 ¥

153 b

154 b

155 /*

156 What we want to test (aka values that we can vary):

157 M (pattern size)

158 N (text size)

159 Alphabet

160 *kxonly vary one at a time

161 x/

162

163 /%%

164 * test suite for variable m (pattern length)

165 * @param n N value (text size)

166 * @param alphabet the alphabet used for text and pattern

167 * @param trials the number of trials to be run

168 */

169 private static void comparisons_vary_m(int n, String alphabet, int
trials, boolean isLarge) {

170 final int[] m_values = new int[(isLarge ? 8 : 6)];

171 for(int i=(isLarge ? 7 : 1); i<=((isLarge ? 14 : 6)); i++)
m_values[i-(isLarge ? 7 : 1)] = (int)Math.pow(2,1);

172 System.out.printin("CONSTANTS: N =" + n + ", alphabet = " + alphabet
+ "),

173 System.out.println("M\tKMP\tNaive");

174 final String[] random_texts = initializeRandomStrings(n, trials,
alphabet);

175 for(int i=0;i<m_values.length&Sm_values[i]l<n;i++) {

176 final String[] random_patterns =
initializeRandomStrings(m_values[i], trials, alphabet);

177 System.out.println(m_values[i] + "\t" +

kmp_tests(random_patterns, random_texts) + "\t" +
naive_tests(random_patterns, random_texts));

178 b

179 System.out.printin(" ");
180 b

181

182 /%%

183 * test suite for variable n (text length)
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* @param m M value (pattern size)
* @param alphabet the alphabet used for text and pattern
* @param trials the number of trials to be run
*/
private static void comparisons_vary_n(int m, String alphabet, int
trials, boolean isLarge) {
final int[] n_values = new int[(isLarge ? 9 : 7)];
for(int i=islLarge ? 14 : 5; i<=(islLarge ? 22 : 11); i++) n_values[i-
(isLarge ? 14 : 5)] = (int)Math.pow(2,1);

System.out.println("CONSTANTS: M =" + m + ", alphabet = " + alphabet
+ IIII);

System.out.printin("N\tKMP\tNaive");

final String[] random_patterns = initializeRandomStrings(m, trials,

alphabet);
for(int i=0;i<n_values.length&Sn_values[i]>m;i++) {
final String[] random_texts =
initializeRandomStrings(n_values[i], trials, alphabet);
System.out.println(n_values[i] + "\t" +
kmp_tests(random_patterns, random_texts) + "\t" +
naive_tests(random_patterns, random_texts));
}
System.out.printin(" ");

¥

/*k
* test suite for variable alphabet
% @param n N value (text size)
* @param m M value (pattern size)
* @param trials the number of trials to be run
*/
private static void comparisons_vary_alphabet(int n, int m, int trials) {
final String[] alphabets = {"abcdefghijklmnopqrstuvwxyz", "01",
"actg", "0123456789", "abcdefghijklmnopqrstuvwxyz0123456789!@#%$% & () ~,.
<>/?;: [{1}—_=+|"};
System.out.println("CONSTANTS: N="+n + ", M =" +m + "");
System.out.println("A size\tKMP\tNaive");
for(String a:alphabets) {
final String[] random_patterns = initializeRandomStrings(m,
trials, a);
final String[] random_texts = initializeRandomStrings(n, trials,
a);
System.out.println(a.length() + "\t" + kmp_tests(random_patterns,
random_texts) + "\t" + naive_tests(random_patterns, random_texts));
b
System.out.printin(" ");

b

/%%
* test suite for variable m (pattern length)
* @param n N value (text size)
* @param alphabet the alphabet used for text and pattern
* @param trials the number of trials to be run
*/
private static void time_vary_m(int n, String alphabet, int trials,
boolean isLarge) {
final int[] m_values = new int[(isLarge ? 8 : 6)];
for(int i=(isLarge ? 7 : 1); i<=((isLarge ? 14 : 6)); i++)
m_values[i-(isLarge ? 7 : 1)] = (int)Math.pow(2,1);
System.out.println("CONSTANTS: N = " + n + ", alphabet = " + alphabet
£
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System.out.println("M\tKMP\tNaive");
final String[] random_texts = initializeRandomStrings(n, trials,
alphabet);
for(int i=0;i<m_values.length&&m_values[i]<n;i++) {
final String[] random_patterns =
initializeRandomStrings(m_values[i], trials, alphabet);
System.out.printin(m_values[i] + "\t" +
kmp_test_time(random_patterns, random_texts) + "\t" +
naive_test_time(random_patterns, random_texts));
¥
System.out.println(" ");

}

/*k
* test suite for variable n (text length)
* @aram m M value (pattern size)
* @param alphabet the alphabet used for text and pattern
* @param trials the number of trials to be run
*/
private static void time_vary_n(int m, String alphabet, int trials,
boolean islLarge) {
final int[] n_values = new int[(isLarge ? 9 : 7)];
for(int i=isLarge ? 14 : 5; i<=(islLarge ? 22 : 11); i++) n_values[i-
(isLarge ? 14 : 5)] = (int)Math.pow(2,1i);

System.out.printin("CONSTANTS: M =" + m + ", alphabet = " + alphabet
+ IIII);

System.out.println("N\tKMP\tNaive");

final String[] random_patterns = initializeRandomStrings(m, trials,

alphabet);
for(int i=0;i<n_values.length&&n_values[il>m;i++) {
final String[] random_texts =
initializeRandomStrings(n_values[i], trials, alphabet);
System.out.println(n_values[i] + "\t" +
kmp_test_time(random_patterns, random_texts) + "\t" +
naive_test_time(random_patterns, random_texts));
}
System.out.println(" ");

}

VES:
* test suite for variable alphabet
* @param n N value (text size)
* @param m M value (pattern size)
* @param trials the number of trials to be run
*/
private static void time_vary_alphabet(int n, int m, int trials) {
final String[] alphabets = {"abcdefghijklmnopqrstuvwxyz", "01",
"actg", "0123456789", "abcdefghijklmnopqrstuvwxyz0123456789!@#$%"&x() ~,.
<>/?;: [{1}—_=+|"};
System.out.printin("CONSTANTS: N ="+ n+ ", M =" +m + "");
System.out.println("A Size\tKMP\tNaive");
for(String a:alphabets) {
final String[] random_patterns = initializeRandomStrings(m,
trials, a);
final String[] random_texts = initializeRandomStrings(n, trials,
a);
System.out.printin(a.length() + "\t" +
kmp_test_time(random_patterns, random_texts) + "\t" +
naive_test_time(random_patterns, random_texts));

}



272 System.out.println(" ");

273 b

274

275 //the below 1 functions are necessary so that I can run the exact same
test strings for both searches to

276 //make our data as accurate as possible.

277 /*k

278 * creates a list of random strings of size n, with the list being of
length size.

279 * @param n size of strings

280 * @param size size of list

281 * @param alphabet the alphabet to use for the random strings

282 * @return the list

283 */

284 private static String[] initializeRandomStrings(int n, int size, String
alphabet) {

285 String[] strs = new Stringl[sizel;

286 for(int i=0; i<size; i++) {

287 strs[i] = Randomizer.numRandomizer(n, alphabet);

288 I

289 return strs;

290 b

291

292

293 VESS

294 * Gets average number of comparisons KMP uses for a given text_length
(n) and alphabet

295 * @param patterns 1list of randomly generated patterns

296 * @param texts list of randomly generated texts

297 * @return average number of comparisons of KMP

298 */

299 private static double kmp_tests(String[] patterns, Stringl[] texts) {

300 double sum = 0;

301 final int trial_kount = patterns.length;

302 for(int i=0; i<trial_kount; i++) {

303 String pattern = patterns[il;

304 String text = texts[il;

305 final KMP kmp = new KMP(pattern);

306 kmp.search(text);

307 sum+= kmp.NUM_COMPARISONS;

308 b

309 return sum/trial_kount;

310 b

311

312 VESS

313 * Gets average number of comparisons Naive implementation uses for a
given text_length (n) and alphabet

314 * @param patterns 1list of randomly generated patterns

315 * @param texts list of randomly generated texts

316 * @return average number of comparisons of Naive implementation

317 */

318 private static double naive_tests(String[] patterns, String[] texts) {

319 double sum = 0;

320 for(int i=0; i<patterns.length; i++) {

321 NaiveSearch.search(texts[i], patterns[i]);

322 sum+=NaiveSearch.numComp;

323 +

324 return sum/patterns.length;

325 b

326
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/*k
* testing time, for kmp search algorithm
* @param patterns list of random patterns
* @param texts list of random texts
* @return average running time of a trial, in milliseconds
*/
private static double kmp_test_time(String[] patterns, String[] texts) {
double sum = 0;
for(int i=0; i<patterns.length; i++) {
String pattern = patterns[i], text = textsl[i];
final long startTime = System.nanoTime();
final KMP kmp = new KMP(pattern);
kmp.search(text);
final long endTime = System.nanoTime();
sum += (endTime-startTime);
I
final int avg = (int)(sum/patterns.length);
final double avg_temp = avg/1000000.0;
return avg_temp;

}

VESS

* testing time, for naive search algorithm

* @param patterns list of random patterns

* @param texts list of random texts

* @return average running time of a trial, in milliseconds

*/

private static double naive_test_time(String[] patterns, String[] texts)

double sum = 0;

for(int i=0; i<patterns.length; i++) {
final long startTime = System.nanoTime();
NaiveSearch.search(texts[i], patterns[il);
final long endTime = System.nanoTime();
sum += endTime-startTime;

b

final int avg = (int)(sum/patterns.length);

final double avg_temp = avg/1000000.0;

return avg_temp;



