APPENDIX

Here is the tables of running results of genetic algorithm

Ist Run(3841s) Run%gi 155) 3rd Run(4414s)|4th Run(8589s) Run (?tlh22 1s)
Generation|Fitness Generzlratio Fitness Geniratio Fitness Geniratio Fitness Genzratio Fitness
1 48 1 49 1 48 1 47 1 50
28 47 3 46 2 46 3 42 22 49
38 46 42 44 60 45 33 41 40 47
167| 45 43| 43 74, 44 48| 40 132| 46
301 44 127 42 108 43 240 39 161 45
329 43 137 40 145 42 445 38 274 44
373 42 150 38 146 41 465 37 380 43
463 41 176 37 206 40 556 36 396 42
483 40 190 36 312 38 759 . ) 504 41
500 39 393 A3 462 37 787 34 518 40
3 38 400| 33 479 36 874| . 33 531 39
583 37 558| =38 S 35 1195| w= 32 619] 38
617 36 724 31 620 34 1333 31 903 37
709 35 788 30 627 33 1486 30 944 36
793 34 826 28 852 32 1625 29 989 35
911 33 200 =T 861 oY 20201 28 1000 34
1011 32 1608| 26 1023} 30 2098 2 1041 33
1106 30 1924 24 1102 29 2214 26 1063 32
1274 29 1954 21 1187 28 2478 25 1166 31
1463 28 2217 20 1259 27 2740 24 1196 30
1488 27 2658 i) 1395 26 3021 23 1431 29
1741 26 3249 18 1816 25 3368 22 1482 28
1743 25 4190 17 1956 24 4361 21 1485 27
1790 24 5692 16 3302 23 4668 20 1853] 25
1928] 23 5909 15 3515 22 5071 19 1940 24
2007 22 6063 14 3543 21 5193 18 2265 23
2268 21 6920 13 4796 20 5958 17 2321 22
2789 20 8826 12 4805 19 6235 16 2891 21
3185 19 11929 11 5171 18 7188 15 2892 20
3858 18| 22259 10 5869 16 8747 14 3291 19




4337, 17| 25295 9 5994 15 9517 13 3608 18
4752 16| 26113 8 6706 14| 11360] 12 4398 17
4818 15| 30689 7 6841 13| 11736 11 4667 16
5086 14| 47220 6 7015 12| 12008 10 5045 15
5215 13| 48602 5 8298 11| 12499 9 6448, 14
5509 12| 54817 4 9193 10| 12671 8 6843 13
6293 11| 87579 3| 12473 9 14118 7 9321 12
7455  10] 140981 2| 13455 8 15534 6/ 10857 11
15416 9| 315207 1 17946 7| 18519 5| 11604 10
26001 8 566179 0 19142 6| 29087 4] 17092 9
40048 7 28588 5135145 3 20228 8
44390 6 34774 4| 39484 2| 24122 7
69681 5 41194 3| 76001 1| 25249 6
81126 4 76969 ’) 33867 5
97476 3 81113 1 42940 4
153149 % 1079442 0 86259 3
308828 1 362810 2
937243 0 717387 1




Run(?t6}2)56s) 7th Run(9329s) Run(§2)h664s) 9th Run(1254s) Run(1 101‘[181643)
Generation|Fitness Geniratio Fitness Genflratio Fitness Geniratio Fitness Geniratio Fitness
1 54 1 49 1 52 1 44 1 49
5| Sl 4/ 48 2| 51 24| 43 8 48
20 49 58| 46 75| 50 33 42 81| 47
54| 48 72| 44 94| 49 121 41 108| 46
55| 47 106 43 109] 48 149| 40 138 44
74| 46 114 42 157, 47 155 39 263 43
137) 45 230, 41 184 46 186 37 323 42
138 44 245 40 233| 45 234 36 3771 41
375 43 258 39 313| 44 254 35 389 40
379 42 447 38 355| 43 267 " 34 395 39
566| 41 ST2| #5/ 356| 41 387 § B3 439 38
767 . 40 642 36 387 40 1386 L% 517 37
866 . 39 680, 35 394 39 1411 31 577 36
954 38 713 34 Sl (|88 1432} 30 636/ 35
9831 37 853} 33 6] QER-37 1469 29 716] 34
1076] 36 1108} 31 655| | 36 2370 27 730 33
1187 35 1371 30 669 N 2398 26 804/ 32
1268 33 Ry  eIv 8 0t 2566 25 891 31
1373 32 1471 28 Ot =2 2965 24 1158 30
13974 % 31 1789 2% 1324 31 3322 Q2 1411 29
1614 .30 2300] =26 625 80 3883+ 41 1864 28
1644 29 2515] © 24 1764 29 3937 20 1955 27
1754 28 2622, 23 1860 27 4391 19 2120 26
1815 27 AT e 4019+ 26 4932 18 2344| 25
2317, 26 2977 21 2057 25 4994 17 2443 23
2630/ 25 3049 20 2377 24 5797 16 2778 22
2668 24 3144 19 2502 23 6344 15 3067 21
2817 23 3297 18 2679 22 6377 14 3351 20
3039 22 4580 17 3859 21 8622 13 4292 19
3770 21 4969 16 4875 20 9013 12 6087 18
3847 20 7157 15 5051 19 9608 11 9154 17
3972 19 7674 14 5168 18| 12689 10 9279 16
4225 18 7699 13 7135 17 15412 9 9516 15




5130 17 9887 12 7176] 16| 15609 8 9874 14
5872 16| 10473 11 78921 15| 26402 7 9919] 13
5924 15| 11569 10| 11031 14 32109 6| 10467 12
6284 13| 20689 9 11659, 13| 34006 5| 11615 11
7353 12| 24635 8 14749 12| 41214 4] 13457 10
7824 11| 24926 7\ 15777 11| 58154 3| 14653 9
14825 1| 25578 6| 15849, 10| 77593 2| 16563 8
15371 9 62582 5| 27868 9/ 146782 1| 20302 7
19583 8 66988 4] 29421 8 308715 0| 28075 6
27281 7| 87186 3| 40548 7 33518 5
40362 6/ 90610 246974 6 35036 4
41298 5| 259019 1l 52290 5 59067 3
49785 4 76448 4 73272 2
78948 3 77482 3 543286 1
228590 2 128782 2
1934277 1 2036733 1
2600645 0




Here is the tables of running results of the SAHC algorithm

Run(};t87ls) Run(zlléll%53s) Run(3l{)d2805) Run(éll:)hl 44s) >th Run(9584s)
Generation | Fitness | Generation | Fitness | Generation | Fitness | Generation | Fitness | Generation | Fitness
1 48 1 52 1 48 1 49 1 50
6| 47 7| 48 8 43 2| 45 5| 49
11 44 9| 45 67 42 120 42 12 47
57| 43 12| 43 197) 41 971 41 103 44
99 42 23] 41 269 40 432 40 309 43
146 40 187 40 437 38 478 39 660, 42
269 39 24939 484 36 991 37 2185 41
2295, 38 331 38 9964, 35 I150] 36 3864 40
2806, 37 1080 . 37| = 22065| 34 3865, . 35 4839, 39
4144| 133 1363 6] 98371 33| 28066 34| 29423 38
16722 32 3448 33| 137186|. 32| .95299| " 33| 32149 37
214553 314 72051 30 216477, 31| 146797} 32[+126532| 33
243582  30f 977928| 29
798255| 26
6th 7th 8th 9th 10th
Run(10140s) | Run(10472s) | Run(15653s) | Run(16298s) | Run(13936s)
Generation | Fitness [ Generation | Fitness | Generation | Fitness | Generation | Fitness | Generation | Fitness
1 50 | 46 1 52 1 47 1 51
3%, 48 44\ 42 4, 50 32| 742 3| 46
6| 42 16y ™ St 45 4301 .+ 41 72| 45
63| 41 2353 35 15/ 41 1336 40 91 44
99| 40f 20251 33 308 39 2234 39 177, 40
332 38| 51183 3% 6096| .. 38| 21211 38 51791 39
1377 36| 178242 31| 97475 37| 74846 37 8165 38
6074 35 208801 36| 89426| 36| 54809, 37
17142 34 309990, 35| 168440[ 35| 143545 36
31271 33 422531 34| 505166 34| 613984 35
34511 31 1219042| 33| 876979| 33| 957843 31
122644 30 1391471 32




Here is the full source code that used in this project

Schedule.java

. import java.util.Arraylist;

. import java.util.Set;

. import java.util.HashSet;

. import java.util.Collections;

. import java.lang.Math;

. import java.io.File;

. import java.io.BufferedReader;
. import java.io.FileReader;

. import java.io.BufferedWriter;
10. import java.io.FileWriter;
11. import java.io.IOException;
12. import java.time.*;

13. import java.time.format.DateTimeFormatter;
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15. class Schedule

16. {

17. private Arraylist<ArraylList<ArrayList<ArrayList>>>
schedules = new Arraylist<ArrayList<ArrayList<ArrayList>>>();

18. private ArraylList<ArrayList<ArrayList>> schedule,
child, currentstate, bestschedule;

19. private ArrayList<ArrayList> activity;

20. private ArrayList division, temp, randomnumbers,
checkedmember, consl, cons2, cons3, cons4;

21.

22. Database database = new Database () ;

23. BufferedReader reader;

24. String line, join;

25. String[] record;

26. int random, random2, membercount, fitness, newfitness,
schedulecount, parents, maxserve, overserve, divmembercount,
activitycount, selectedfitness, selectedfitnessind,
selectedfitnessindex, divcount, maxcrossover, crossovercount,
mutationrate, bestfitness, bestfitnessindex, currentfitness,
noupdate, currentstatefitness, newstatefitness, delete,
deleteindex, loop, ¢,i,]j,k,1,m,n,o,p,£f;

27. Boolean found, complete, optimized;

28.

29. DateTimeFormatter dateformat =
DateTimeFormatter.ofPattern ("yyyy-MM-dd") ;

30. DateTimeFormatter datetimeformat =
DateTimeFormatter.ofPattern("yyyy-MM-dd HH mm ss");

31. LocalDate date;

32. LocalTime time;

33. LocalDateTime activityl, activity2, endactivityl,
startactivity2, now, dbcsvtime, schcsvtime, runtime;

34. long starttime, finishtime, timeelapsed,
totaltimeelapsed;

35.

36. String dbfile = "database.csv";

37. String schfile = "schedule.csv";
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38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.

//this is a default constructor
Schedule ()

{
}

//methods begin here

public void ReadScheduleCSV()
{
try
{
//read the schedule.csv
reader = new BufferedReader (new

FileReader (schfile)).;

53.
null)

54.

55.

while((line = reader.readLine()) !'=
//as long as the current line is not null do

{

record = line.split(","); //store

the activity records in array record[]

56.

activity = new

ArrayList<ArrayList>() ;

57.
58.

division = new ArrayList<String>();
if (record.length == 2) //for the

first line that contains schedule title

59.
60.

{

division.add(record[1l]) ;

//store the schedule title to division(0) activity (0)

61. division.add("0") ;
//initialize total fitness value and store it to division(1)
activity (0)

62. division.add("0"); //fitness
value constraint 1

63. division.add("0"); //fitness
value constraint 2

64. division.add("0"); //fitness
value constraint 3

65. division.add("0"); //fitness
value constraint 4

66. activity.add(division) ;

67. }

68. else //for the second line onwards

69. {

70. division.add(record[0]) ;

71. division.add(record[1l]) ;

72. division.add(record[2]) ;

73. division.add(record[3]);

74. activity.add(division) ;

75. for (i=4; i<record.length; i++)

76. {

77. division = new
ArrayList<String>() ;

78. division.add(record[i]) ;



79. activity.add(division) ;

80. }

81. }

82. schedule.add (activity) ;

83. }

84. reader.close() ;

85. }

86. catch (Exception e)

87. {

88. System.out.println("Error : " + e);

89. }

90. }

91.

92. public void RandomizeMember ()

93. {

94 . for (i=0; i<schedule.size (); i++)

95. {

96. for(j=1; j<schedule.get(i).size(); j++)

97. {

98. line =
(String) schedule.get (i) .get(j) .get (0) ;

99. record = line.split("[.]1");

100. membercount =
Integer.parselnt (record[1]) ;

101. randomnumbers = new
ArrayList<String>() ;

102. for (k=0; k<membercount; k++)

103. {

104. random = (int)

(Math.random() *database.GetDivisionSize (record[0])) ;
105.
while (randomnumbers.contains (random) )

106. {

107. random = (int)
(Math.random () *database.GetDivisionSize (record[0])) ;

108. }

1009. randomnumbers.add (random) ;

110. if (random == 0)

111. {

112. random = random + 1;

113. }

114.

schedule.get (i) .get(j) .add (database.GetDivisionMember (record[0]
, random)) ;

115.

Collections.sort(schedule.get (i) .get(j) .subList(1,

schedule.get (i) .get(j) .size()))

116. }

117. }

118. }

119. }

120.



121. public Arraylist<ArrayList<ArrayList>>
GenerateRandomSchedule ()

122. {

123. schedule = new
Arraylist<Arraylist<ArrayList>>() ;

124. ReadDatabaseCSV() ;

125. ReadScheduleCSV() ;

126. RandomizeMember () ;

127. return schedule;

128. }

129.

130. public ArrayList<ArrayList<ArrayList>>

EvaluateSchedule (ArrayList<ArraylList<ArrayList>> schedule)
131. {

132. for (£=1; £<6; £++)

133. {

134. schedule.get(0).get(0) .set (£,
Integer.toString(0)); //initialize all fitness value to 0

135. }

136.

137. //Constraint 1 : In the same activity and same
division, no double names allowed

138. consl = new ArrayList<String>();

139. temp = new ArrayList<String>();

140. for (i=1; i<schedule.size(); i++)

141. {

142. for (j=1; j<schedule.get (i) .size(); j++)

143. {

144. Set<String> set = new
HashSet<String>(schedule.get (i) .get(]j)) ;

145. if (set.size() <
schedule.get (i) .get(j) .size())

146. {

147. newfitness =
Integer.parselnt((String)schedule.get(0) .get(0) . .get(2)) + 1;
148. schedule.get(0).get (0) .set (2,

Integer. toString (newfitness));
149.
consl.addAll (schedule.get (i) .get (j))
150. temp.addAll (set) ;
151. for (£=0; f<temp.size(); £++)
152. {
153.
consl.remove (temp.get(£f)) ;
154. }
155. }
156. }
157. }
158.
159. //Constraint 2 : In the same activity, no member
that can serve in 2 division
160. cons2 = new ArrayList<String>();
161. for (i=1; i<schedule.size(); i++)

162. {



163. for(j=1; j<schedule.get(i).size()-1; j++)
le64. {

165. for (k=j+1; k<schedule.get(i) .size()-
1; kt++)

166. {

167. temp = new
ArrayList<String>(schedule.get (i) .get(j));

168.

temp.retainAll (schedule.get(i) .get(k)) ;

169. if (temp.size() !'= 0)

170. {

171. newfitness =

Integer.parselInt((String) schedule.get(0) .get(0) .get(3)) + 1;
172.
schedule.get (0) .get (0) .set(3, Integer.toString(newfitness))

173.
CollectionsiaddAll (cons2, temp);
174. }
175. }
176. }
177. }
178.
179. //Constraint 3 : A member cannot serve in two
activities at the same time
180. cons3 = new ArrayList<String>();
181. for (i=1; i<schedule.size()-1; i++)
182. {
183. for(j=i+1; j<schedule.size(); j++)
184. {
185. activityl =

LocalDateTime. of (LocalDate.parse ( (String) schedule.get (i) .get (0)
.get(l), dateformat),
LocalTime.parse( (String)schedule.get (i) .get(0).get(2)))

186. 1/
System.out.println(schedule.get(j) .get(0) .get (1)) ;

187. 7/
System.out.println(schedule.get(j) .get(0) .get(2));

188. activity2 =
LocalDateTime. of (LocalDate.parse ( (String) schedule.get(j) .get (0)
.get (1), dateformat),
LocalTime.parse ( (String)schedule.get(j) .get(0) .get(2)));

189. if (activityl.isBefore (activity2))
190. {
191. endactivityl =

LocalDateTime.of (LocalDate.parse ((String) schedule.get (i) .get (0)
.get (1), dateformat),
LocalTime.parse ((String) schedule.get (i) .get(0) .get(3)))

192. startactivity2 =
LocalDateTime.of (LocalDate.parse ((String) schedule.get(j) .get (0)
.get (1), dateformat),
LocalTime.parse ((String) schedule.get(j) .get(0) .get(2)));

193. }
194. else
195. {



196. endactivityl =
LocalDateTime.of (LocalDate.parse ( (String) schedule.get(j) .get (0)
.get (1) , dateformat),
LocalTime.parse((String) schedule.get (i) .get(0) .get(3)));

197. startactivity2 =
LocalDateTime.of (LocalDate.parse((String) schedule.get (i) .get (0)
.get(l), dateformat),
LocalTime.parse ((String) schedule.get (i) .get(0) .get(2)));

198. }
199. //check if the activity collides...
200.
if (endactivityl.isBefore (startactivity2))
201. {
202. //no activity collsion,
ignore. ..
203. }
204. else
205. {
206. //activity collision, check
the members...
207. ArraylList membersl = new
ArrayList<String>() ;
208. ArrayList members2 = new
ArrayList<String>() ;
209. for (k=1;
k<schedule.get (i) .size(); k++)
210. {
211. ArraylList temp = new
ArrayList<String>() ;
212.
temp.addAll (schedule.get (i) .get(k)) ;
213. temp . remove (0) ;
214. membersl.addAll (temp) ;
215. }
216. for (k=1;
k<schedule.get(j) .size() ; k++)
217. {
218. ArraylList temp = new
ArrayList<String>();
219.
temp.addAll (schedule.get(j) .get(k)) ;
220. temp . remove (0) ;
221. members2.addAll (temp) ;
222. }
223. membersl.retainAll (members2) ;
224. if (membersl.size() '= 0)
225. {
226. //there are members that

serve in the two activities at the sametime, update fitness
value
227. newfitness =
Integer.parselInt((String) schedule.get(0) .get(0) .get(4)) + 1;
228.
schedule.get (0) .get (0) .set (4, Integer.toString(newfitness)):;
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229. cons3.addAll (membersl) ;

230. }

231. }

232. }

233. }

234.

235. //Constraint 4 : Each member can only serve a
certain number of activity

236. //Formula : max serve = (number of slots in the

division * number of activity) / number of members available in
the division

237.

238. // Step 1 : Store each division and its members
in every activity to a new temporary 2D arraylist

239. Arraylist<ArraylList> checkmaxserve = new
ArraylList<ArrayList>(); //temporary 2D arraylist

240. for(i=1; i<schedule.size(); i++)

241. {

242. for(j=1; j<schedule.get (i) .size(); j++)

243. {

244. found = false;

245. line =
(String) schedule.get (i) .get(3j) .get (0) ;

246. record = line.split("[.]");

247. for (k=0; k<checkmaxserve.size(); k+
+) //check if a division exists in the checkmaxserve

248. {

249.

if (checkmaxserve.get (k) .contains (record[0])) //if the
division exists, add the members

250. {
251. found = true;
252. ArrayList temp = new
ArrayList<String>() ;
253.
temp.addAll (schedule.get (i) .get(3j)) ;
254. temp.set (0, record[O0]);
255.
checkmaxserve.get (k) .addAll (temp) ;
256. break;
257. }
258. }
259. if (found == false) //if the division
doesn't exists, add the new division
260. {
261. Arraylist temp = new
ArrayList<String>();
262.
temp.addAll (schedule.get (i) .get(j)) ;
263. temp.set (0, record[O0])
264. checkmaxserve.add (temp) ;
265. }
266. }
267. }



268.

269. //Step 2 : Check every member frequency in each
division in the checkmaxserve

270. //if frequency > max serve, increase the fitness
value

271. //store every checked member to arraylist
checkedmember, so every member will only checked one time

272. cons4 = new ArrayList<String>();

273. checkedmember = new ArrayList<String>();

274. for (i=0; i<checkmaxserve.size(); i++)

275. {

276. activitycount =

Collections. frequency (checkmaxserve.get (i),
checkmaxserve.get (i) .get(0));

277. divmembercount =
database.GetDivisionSize ( (String)checkmaxserve.get (i) .get(0)) -
1;

278. // maxserve =
(int)Math.ceil ( (checkmaxserve.get (i) .size () - activitycount) /
(float)divmembercount) ;

279. maxserve = (checkmaxserve.get(i).size() -
activitycount) / divmembercount + 1;

280. if (maxserve > 0)

281. {

282.

283. }

284. else

285. {

286. maxserve = 1;

287. }

288. for (j=0; j<checkmaxserve.get (i) .size(); j+
+)

289. {

290.

checkedmember . add (checkmaxserve.get (i) .get(0));
291.
if (checkedmember.contains (checkmaxserve.get(i) .get(j)) ==
true)

292. {

293. //member already checked,
skip. ..

294. }

295. else

296. {

297.

if (Collections. frequency (checkmaxserve.get (i),
checkmaxserve.get (i) .get(j)) > maxserve)
298. {
299. newfitness =
Integer.parselnt ((String) schedule.get(0) .get(0) .get(5)) + 1;
300.
schedule.get (0) .get (0) .set (5, Integer.toString(newfitness))
301.
checkedmember.add (checkmaxserve.get (i) .get(j));
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302.
cons4.add (checkmaxserve.get (i) .get(j));

303. }

304.
checkedmember . add (checkmaxserve.get (i) .get(j)) ;

305. }

306. }

307. }

308. //Count total fitness value

309. newfitness = 0;

310. for (£=2; £<6; f£++)

311. {

312. newfitness = newfitness +

Integer.parselInt((String) schedule.get(0) .get(0) .get(f)) ;
313. }

314. schedule.get (0) .get (0) .set (1,
Integer.toString (newfitness)) ;

315. return schedule;

316. }

317.

318. public void GenerateRandomPopulation (int population)

319. {

320. for (m=0; m<population; m++)

321. {

322. schedule = GenerateRandomSchedule () ;

323. schedules.add (schedule) ;

324. }

325. }

326.

327. public void EvaluateScheduleGenetic ()

328. {

329. for (n=0; n<schedules.size(); n++)

330. {

331. EvaluateSchedule (schedules.get(n)) ;

332. }

333. }

334.

335. public void CrossOverMutationSchedule ()

336. {

337. //CROSSOVER

338. //Step 1 : Select 2 schedules with the best
fitness value as parent

339. ArraylList fitnessvalue = new
ArrayList<Integer>() ;

340. ArraylList selectedfitnessindex = new
ArrayList<Integer>() ;

341. for (i=0; i<schedules.size(); i++)

342. {

343.

fitnessvalue.add(Integer.parselInt((String)schedules.get (i) .get(
0) .get(0) .get(1)));

344. }

345. schedulecount = schedules.size() ;
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346. if (schedulecount >= 4)

347. {

348. parents = schedulecount / 2;

349. if (parents%2 !'= 0)

350. {

351. parents--;

352. }

353. }

354. else

355. {

356. parents = 2;

357. }

358. while (selectedfitnessindex.size() < parents)

359. {

360. selectedfitness =
(int)Collections.min(fitnessvalue);

361. selectedfitnessind =
fitnessvalue.indexOf (selectedfitness) ;

362.

selectedfitnessindex.add((int) selectedfitnessind) ;
363. fitnessvalue.set (selectedfitnessind,
1000) ; //set the current best fitness value to 1000 so it will
not be selected again

364. }
365. System.out.println (selectedfitnessindex.size()) ;
366. System.out.println (selectedfitnessindex) ;
367.
. e : Create childs schedule based on e
368 //Step 2 C t hild hedule b d th
parents
369. ArraylList<Arraylist<ArrayList<ArrayList>>>

childs = new ArraylList<Arraylist<ArrayList<ArrayList>>>();
370.

371. for (c=0; c<parents; c++)

372. {

373. child = new
ArraylList<Arraylist<ArrayList>>() ;

374. // System.out.println('"child : " + child);

375. for (i=0;

i<schedules.get ((int) selectedfitnessindex.get(c)) .size(); i++)
376. {

377. activity = new
ArrayList<ArrayList>();

378. for (j=0;
j<schedules.get((int) selectedfitnessindex.get(c)) .get(i) .size()
;o j++)

379. {

380. division = new
ArrayList<String>() ;

381. for (k=0;

k<schedules.get((int) selectedfitnessindex.get(c)) .get (i) .get(])
.size(); k++)

382. {

383.



division.add(schedules.get((int) selectedfitnessindex.get(c)) .ge
t(i) .get(j) .get(k));

384. }

385. activity.add(division) ;

386. }

387. child.add (activity);

388. }

389. childs.add(child) ;

390. }

391.

392. for (c=0; c<parents/2; c++)

393. {

394. //Step 3 : Count the number of divisions
and set how many division will crossover

395. //Crossover level : division

396. divcount = 0;

397. for (i=0; i<childs.get(0).size(); i++)

398. {

399. divcount = divcount +
childs.get (0) .get (i) .size ()

400. }

401. maxcrossover = (int)
(Math.random () *divcount) ;

402.

403. //Step 4 : Crossover those divisions in
childs index 0 and 1

404. crossovercount = 0;

405. randomnumbers = new ArrayList<String>();

406. while (crossovercount != maxcrossover)

407. {

408. 1i!Ee(int)
(Math.random () *childs.get (0) .size()) ;

409. j = (int)
(Math.random() *childs.get (0).get (i) .size())

410.

411. //Rerandom if random result repeated

412. while (randomnumbers.contains(i + ","
+ 3))

413. {

414. i“=s(int)
(Math.random () *childs.get (0)..size()) ;

415. j = (int)
(Math.random() *childs.get (0) .get (i) .size())

416. }

417. randomnumbers.add(i + "," + j);

418.

419. ArraylList temp = new
ArrayList<String>() ;

420.

temp.addAll (childs.get (0) .get (i) .get(j)) ;
421 . childs.get (0) .get (i) .get(]j) .clear();
422



childs.get (0) .get (i) .get(j) .addAll (childs.get (1) .get (i) .get(j))

423. childs.get (1) .get (i) .get(]j) .clear();
424.
childs.get(1l) .get (i) .get(j) .addAll (temp) ;

425. crossovercount++;

426. }

427. //
DisplaySchedule (schedules.get((int) selectedfitnessindex.get(0))
);

428. //
DisplaySchedule (schedules.get((int) selectedfitnessindex.get (1))
)

429, // DisplaySchedule (childs.get(0)) ;

430. // DisplaySchedule (childs.get (1)) ;

431.

432, mutationrate = 30; //percent

433, //MUTATION for childs index 0

434. for (i=0; i<childs.get(0) .size(); i++)

435. {

436. for (j=1;
j<childs.get (0) .get (i) .size(); j++)

437. {

438. for (k=1;
k<childs.get (0) .get (i) .get(]j) .size (), k++)

439. {

440. random2 = (int)
(Math.random() *100) ;

441. if (random2 <= 30)

442 . {

443. //mutation occurs

444 . line =
(String)childs.get (0) .get (i) .get(3j) .get(0) ;

445, record =
line.split("[.1")

446. random
(Math.random () *database.GetDivisionSize (record[0])) ;

447 . if (random == 0)

448. {

449. random =
random + 1;

450. }

451.

(int)

childs.get (0) .get (i) .get(j) .set (k,
database.GetDivisionMember (record[0], random)) ;
452 }
453. }
454.
Collections.sort(childs.get (0) .get (i) .get(]j) .subList(1,
childs.get(0) .get(i) .get(]j) .size()));

455. }

456. }

457. //MUTATION for childs index 1

458. // for(i=0; i<childs.get(1l) .size(); i++)

Q



459. // {

460. // for (j=1;
j<childs.get(1l) .get (i) .size(); j++)

461. // {

462. // for (k=1;
k<childs.get(1l) .get(i) .get(j) .size (), k++)

463. // {

464. // random2 = (int)
(Math.random() *100) ;

465. // if (random2 <= 30)

466. // {

467. // //mutation occurs

468. // line =
(String)childs.get (1) .get (i) .get(j) .get (0) ;

469. // record =
line.split("[.1");

470. // random = (int)
(Math.random () *database.GetDivisionSize (recoxrd[0])) ;

471. // if (random == 0)

472. // {

473. // random =
random + 1;

474 . // }

475 . il

childs.get(1l) .get (i) .get(]j) .set (k,
database.GetDivisionMember (record[0], random)) ;

476. // }
477. // }
478. //

Collections.sort(childs.get (1) .get (i) .get(]j) .subList (1,
childs.get (1) .get (i) .get(j) .size()));

479. // }

480. 17—

481. //ADD both childs into the population

482. schedules.add (childs.get (0));

483. schedules.add(childs.get(1l)) ;

484 . //DELETE both childs in index 0 and 1 so
the next 2 child will have index 0 and 1 again

485. childs.remove (0);

486. childs.remove(0);

487. }

488. }

489.

490. public void FilterPopulation ()

491. {

492. for (1=0; l<parents; 1l++) //Looping 2 times to
delete 2 schedules with worst fitness value

493. {

494. ArraylList fitnessvalue = new
Arraylist<Integer>() ;

495. for (m=0; m<schedules.size(); m++)

496. {

497.



fitnessvalue.add (Integer.parseInt((String)schedules.get (m) .get (
0) .get(0) .get(1)));

498. }

499, delete =
(int)Collections.max (fitnessvalue) ;

500. deleteindex =
fitnessvalue.indexOf (delete) ;

501. schedules. remove (deleteindex) ;

502. }

503. }

504.

505. public void GeneticAlgorithm()

506. {

507. complete = false;

508. loop = 0;

509. noupdate = 0;

510. bestfitness = 1000; //for evaluation

511. currentfitness = 1000; //for evaluation

512. runtime = LocalDateTime.of (LocalDate.now(),
LocalTime.now()); //for evaluation

513. //for evaluation

514. try

515. {

516. BufferedWriter writer = new
BufferedWriter (new FileWriter ("GeneticLog " +
runtime. format (datetimeformat) + ".txt" , true));

517. writer.write("Genetic Algorithm begins at
" 4+ runtime.format(datetimeformat) + "\n");

518. writer.close() ;

519. }

520. catch (Exception e)

521. {

522. System.out.println("Error : " + e);

523. }

524. while (complete == false)

525. {

526. loop++;

527. EvaluateScheduleGenetic() ;

528. Arraylist fitnessvalue = new
ArrayList<Integer>();

529. for (0=0; o<schedules.size(); o++)

530. {

531.

fitnessvalue.add (Integer.parseInt((String)schedules.get (o) .get(
0) .get(0) .get(1)));

532. }

533. System.out.println("Generation : " + loop
+ " Fitness : " + fitnessvalue);

534. currentfitness =

(int)Collections.min (fitnessvalue); //for evaluation
535.
536. //IF BEST SCHEDULE IS ACCIDENTALLY
REPLACED



537. if (bestfitness < currentfitness)

538. {

539. delete =
(int)Collections.max (fitnessvalue) ;

540. deleteindex =
fitnessvalue.indexOf (delete) ;

541. schedules. remove (deleteindex) ;

542.

543. schedule = new
ArraylList<ArrayList<ArrayList>>() ;

544. for (i=0; i<bestschedule.size(); i++)

545. {

546. activity = new
ArrayList<ArrayList>();

547. for (j=0;
j<bestschedule.get (i) .size(); Jj++)

548. {

549. division = new
ArrayList<String>() ;

550. for (k=0;
k<bestschedule.get (i) .get (j) .size () ; k++)

551. {

552.

division.add (bestschedule.get (i) .get(Jj) .get(k)),

553. }

554. activity.add(division) ;

555. }

556. schedule.add (activity) ;

557. }

558. schedules.add (schedule) ;

559. }

560.

561. //for evaluation

562. if (currentfitness < bestfitness)

563. {

564. now =
LocalDateTime. of (LocalDate.now(), LocalTime.now()) ;

565. bestfitness = currentfitness;

566. bestfitnessindex =
fitnessvalue.indexOf (bestfitness) ;

567.

568. //BACKUP BEST SCHEDULE EVER FOUND

569. bestschedule = new
ArraylList<ArrayList<ArrayList>>();

570. for (i=0;
i<schedules.get (bestfitnessindex) .size(); i++)

571. {

572. activity = new
ArraylList<ArrayList>() ;

573. for (j=0;
j<schedules.get (bestfitnessindex) .get (i) .size(); j++)

574. {

575. division = new
ArrayList<String>();



576. for (k=0;
k<schedules.get (bestfitnessindex) .get (i) .get(j) .size(); k++)

577. {

578.

division.add(schedules.get (bestfitnessindex) .get (i) .get(j) .get(
k));

579. }

580. activity.add(division) ;

581. }

582. bestschedule.add (activity) ;

583. }

584.

585. ArrayList constfitnessvalue = new
ArraylList<Integer>() ;

586. for (i=2,; i<6; i++)

587. {

588.

constfitnessvalue.add (Integer.parselnt((String)schedules.get (be
stfitnessindex) .get (0) .get(0) .get(1))) ;

589. }
590.
591. noupdate = 0;
592.
WriteDetailedLog (runtime. format (datetimeformat), "Genetic",

now. format (datetimeformat) , loop, bestfitness,
constfitnessvalue);

593. }

594. noupdate++;

595. if (fitnessvalue.contains(0) || loop >
5000000 || noupdate > 2000000)

596. {

597. complete = true;

598. break;

599. }

600. else

601. {

602. CrossOverMutationSchedule () ;

603. FilterPopulation() ;

604. }

605. }

606. }

607.

608. public void SAHCAlgorithm()

609. {

610. optimized = false;

611. loop = 0;

612. noupdate = 0;

613. bestfitness = 1000; //for evaluation

614. runtime = LocalDateTime.of (LocalDate.now(),
LocalTime.now()); //for evaluation

615. currentstate = new

ArraylList<ArrayList<ArrayList>>(GenerateRandomSchedule()) ;

U



616. currentstate = EvaluateSchedule (currentstate) ;

617. currentstatefitness =
Integer.parselInt((String)currentstate.get(0) .get(0) .get(1))

618. try

619. {

620. BufferedWriter writer = new
BufferedWriter (new FileWriter ("SAHCLog " +
runtime. format (datetimeformat) + ".txt" , true));

621. writer.write ("SAHC Algorithm begins at " +
runtime. format (datetimeformat) + "\n");

622. writer.close();

623. }

624. catch (Exception e)

625. {

626. System.out.println("Error : " + e);

627. }

628. if (currentstatefitness == 0)

629. {

630. optimized = true;

631. }

632. while (optimized == false)

633. {

634. loop+t++;

635. currentstate =
EvaluateSchedule (currentstate) ;

636. currentstatefitness =
Integer.parselInt((String)currentstate.get(0).get(0) .get(1))
637. System.out.println ("Generation : " + loop

+ " Fitness : " + currentstatefitness);

638. if (currentstatefitness == || loop >
5000000 || noupdate > 2000000)

639. {

640. optimized = true;

641. break;

642. }

643. ArrayList<ArrayList<ArrayList>> newstate =
new Arraylist<ArrayList<ArrayList>>(GenerateRandomSchedule()) ;

644 . newstate = EvaluateSchedule (newstate) ;

645. newstatefitness =

Integer.parselnt((String)newstate.get(0) .get(0) .get(1l)) ;
646.

647. if (currentstatefitness <= newstatefitness)

648. {

649. //current state is better than
newstate, do nothing...

650. noupdate++;

651. }

652. else

653. {

654. currentstate.clear() ;

655. for (i=0; i<newstate.size(); i++)

656. {

657. activity = new

ArraylList<ArrayList>() ;



658. for (3=0;
j<newstate.get (i) .size(); Jj++)

659. {

660. division = new
ArrayList<String>() ;

661. for (k=0;
k<newstate.get (i) .get(j) .size (), k++)

662. {

663.

division.add(newstate.get (i) .get(j) .get(k));

664. }

665. activity.add(division) ;

666. }

667. currentstate.add (activity) ;

668. }

669. //for evaluation

670. now =
LocalDateTime.of (LocalDate.now() , LocalTime.now()) ;

671. ArraylList constfitnessvalue = new
ArraylList<Integer>() ;

672. for (i=2; i<6; i++)

673. {

674.

constfitnessvalue.add (Integer.parselnt ((String)currentstate.get
(0) .get (0) .get(i)));

675. }

676.

677. noupdate = 0;
678.

WriteDetailedLog (runtime. format (datetimeformat), "SAHC",
now.format (datetimeformat) , loop, newstatefitness,
constfitnessvalue) ;

679. }
680. }

681. }

682.

683. public void

DisplaySchedule (ArrayList<ArrayList<ArrayList>> schedule)
684. {

685. System.out.println("Schedule Title : " +
schedule.get (0) .get (0) .get(0)) ;

686. System.out.println("Fitness Value : " +
schedule.get (0) .get (0) .get (1)) ;

687. for (i=1; i<schedule.size(); i++)

688. {

689.

System.out.println ("

690. System.out.println() ;
691. System.out.println ("Activity Title : " +
schedule.get (i) .get (0) .get(0)) ;



692.

System.out.println("Date : " +

schedule.get (i) .get (0) .get (1)) ;

693. System.out.println("Start Time : " +
schedule.get (i) .get (0) .get(2)) ;

694. System.out.println("Finish Time : " +
schedule.get (i) .get (0) .get(3)) ;

695. for(j=1; j<schedule.get(i).size(); j++)

696. {

697. line =
(String) schedule.get (i) .get(j) .get (0) ;

698. record = line.split("[.]1"):

699. System.out.println(record[0] +
R

700. for (k=1;
k<schedule.get (i) .get(]j) .size (), k++)

701. {

702. System.out.println(k + ". "
schedule.get (i) .get(j) .get (k)) ;

703. }

704. System.out.println() ;

705. }

706. System.out.println() ;

707. }

708. }

709.

710. public void DisplayPopulation ()

711. {

712. System.out.println ("Number of Schedule(s) : "
schedules.size()) ;

713. for (1=0; 1l<schedules.size(); 1l++)

714. {

715. DisplaySchedule (schedules.get(1l)) ;

716. }

717. }

718.

719. public void DisplayScheduleSAHC ()

720. {

721. DisplaySchedule (currentstate) ;

722. }

723.

724. public void GeneticAlgorithmMultiple (int population,
int numofschedules)

725. {

726. for (p=0; p<numofschedules; p++)

727. {

728. schedules.clear () ;

729. starttime = System.currentTimeMillis() ;

730. GenerateRandomPopulation (population) ;

731. GeneticAlgorithm() ;

732. finishtime = System.currentTimeMillis() ;

733. timeelapsed = finishtime - starttime;

734. totaltimeelapsed = totaltimeelapsed +
timeelapsed;

735. WriteLog ("Genetic", 1, timeelapsed);
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736. WriteErrorLog ("Genetic", consl, cons2,
cons3, consd);

737. SaveToTxtFileGenetic() ;

738. }

739. }

740.

741. public void SAHCAlgorithmMultiple (int numofschedules)

742. {

743. for (p=0; p<numofschedules; p++)

744. {

745. starttime = System.currentTimeMillis() ;

746. SAHCAlgorithm() ;

747. finishtime = System.currentTimeMillis();

748. timeelapsed = finishtime - starttime;

749. totaltimeelapsed = totaltimeelapsed +
timeelapsed;

750. WriteLog("SAHC", -1, timeelapsed);

751. WriteErrorLog ("SAHC", consl, cons2, cons3,
cons4) ;

752. SaveToTxtFileSAHC() ;

753. }

754. }

755.

756. public void SaveToTxtFileGenetic()

757. {

758. Arraylist fitnessvalue = new
ArrayList<Integer> () ;

759. now = LocalDateTime.of (LocalDate.now(),
LocalTime.now()) ;

760. for (i=0; i<schedules.size(); i++)

761. {

762.

fitnessvalue.add(Integer.parselInt((String)schedules.get (i) .get(
0) .get(0).get(1)));

763. selectedfitness =
(int)Collections.min (fitnessvalue) ;

764. selectedfitnessind =
fitnessvalue.indexOf (selectedfitness) ;

765. }

766. try

767. {

768. BufferedWriter writer = new

BufferedWriter (new FileWriter ("GeneticLog " +
runtime. format (datetimeformat) + ".txt", true)):;

769. writer.write("\nSchedule Title : " +
schedules.get (selectedfitnessind) .get (0) .get (0) .get(0) + "\n");
770. writer.write("Fitness Value : " +
schedules.get (selectedfitnessind) .get (0) .get(0) .get (1) + "\n");
771. for (j=1;
j<schedules.get (selectedfitnessind) .size(); j++)
772. {
773.



writer.write ("

====\n") ;

774. writer.write("\n");

775. writer.write ("Activity Title : " +
schedules.get (selectedfitnessind) .get(j) .get(0) .get(0) + "\n");

776. writer.write("Date : " +
schedules.get (selectedfitnessind) .get(j) .get(0) .get (1) + "\n");

777. writer.write("Start Time : " +
schedules.get (selectedfitnessind) .get (j) .get(0) .get(2) + "\n");

778. writer.write("Finish Time : " +
schedules.get (selectedfitnessind) .get(j) .get(0) .get(3) + "\n");

779. writer.write("\n");

780. for (k=1;
k<schedules.get (selectedfitnessind) .get(j) .size(); k++)

781. {

782. line =
(String) schedules.get(selectedfitnessind) .get(j) .get (k) .get(0) ;

783. record = line.split("[.]1"):

784. writer.write (record[0] + " :\
n");

785. for (1l=1;
l<schedules.get (selectedfitnessind) .get(j) .get (k) .size () ; 1++)

786. {

787. writer.write(l + ". " +
schedules.get (selectedfitnessind) .get (j) .get (k) .get (1) + "\n");

788. }

789. writer.write("\n") ;

790. }

791. writer.write("\n'");

792. }

793. writer.close() ;

794. }

795. catch (Exception e)

796. {

797. System.out.println ("Error : " + e);

798. }

799. }

800.

801. public void SaveToTxtFileSAHC(()

802. {

803. try

804. {

805. now = LocalDateTime.of (LocalDate.now(),
LocalTime.now()) ;

806. BufferedWriter writer = new

BufferedWriter (new FileWriter ("SAHCLog " +
runtime. format (datetimeformat) + ".txt", true));

807. writer.write("\nSchedule Title : " +
currentstate.get(0) .get (0) .get(0) + "\n");

808. writer.write ("Fitness Value : " +
currentstate.get(0) .get (0) .get (1) + "\n");

809. for(j=1; j<currentstate.size(); j++)

810. {



811.

writer.write ("

====\n") ;

812. writer.write("\n");

813. writer.write ("Activity Title : "
currentstate.get(j) .get(0) .get(0) + "\n");

814. writer.write("Date : " +
currentstate.get(j) .get(0) .get(1l) + "\n");

815. writer.write("Start Time : " +
currentstate.get(j) .get(0) .get(2) + "\n");

816. writer.write("Finish Time : " +
currentstate.get(j) .get(0) .get(3) + "\n");

817. writer.write("\n");

818. for (k=1;
k<currentstate.get(j).size(); k++)

819. {

820. line =
(String) currentstate.get(j) .get (k) .get (0) ;

821. record = line.split("[.]");

822. writer.write (record[0] + "
n");

823. for (1=1;
l<currentstate.get(j) .get (k) .size(); 1++)

824. {

825. writer.write(l + ". "
currentstate.get(j).get (k) .get (1) + "\n");

826. }

827. writer.write("\n") ;

828. }

829. writer.write("\n") ;

830. }

831. writer.close();

832. }

833. catch (Exception e)

834. {

835. System.out.println("Error : " + e);

836. }

837. }

838.

839. public void WritelLog(String algorithm, int
numofschedules, long timeinms)

840. {

841. try

842. {

843. now = LocalDateTime.of (LocalDate.now(),
LocalTime.now()) ;

844. dbcsvtime =

LocalDateTime.ofInstant (Instant.ofEpochMilli (new

File (dbfile) .lastModified()), Zoneld.systemDefault())
845. schecsvtime =

LocalDateTime.ofInstant (Instant.ofEpochMilli (new

File(schfile) .lastModified()), ZoneId.systemDefault())

AA
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846. BufferedWriter writer = new
BufferedWriter (new FileWriter (algorithm + "Log " +
runtime. format (datetimeformat) + ".txt", true));

847. writer.write (now.format (datetimeformat) +
" : " 4+ "Created " + numofschedules + " variants of schedules
with " + algorithm + " algorithm based on database.csv (updated

" + dbcsvtime + ") and schedule.csv (updated : " + schcsvtime
+ "). Time elapsed : " + timeinms + "ms \n");
848. writer.close();
849. }
850. catch (Exception e)
851. {
852. System.out.println("Error : " + e);
853. }
854. }
855.
856. public void WriteDetailedLog(String runtime, String

algorithm, String time, int generation, int fitnessvalue,
Arraylist constfitnessvalue)

857. {

858. if (algorithm == "Genetic")

859. {

860. try

861. {

862. BufferedWriter writer = new

BufferedWriter (new FileWriter ("GeneticLog " + runtime +
".txt" , true));

863. writer.write(time + " : " + "
Generation = " + generation + " Fitness Value = " +
fitnessvalue + " " + constfitnessvalue + "\n");

864. writer.close() ;

865. }

866. catch (Exception e)

867. {

868. System.out.println ("Exrror : " + e);

869. }

870. }

871. if (algorithm == "SAHC")

872. {

873. try

874. {

875. BufferedWriter writer = new

BufferedWriter (new FileWriter ("SAHCLog " + runtime + ".txt",
true)) ;

876. writer.write(time + " : " + "
Generation = " + generation + " Fitness Value = " +
fitnessvalue + " " + constfitnessvalue + "\n");

877. writer.close();

878. }

879. catch (Exception e)

880. {

881. System.out.println("Error : " + e);

882. }

883. }
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884. }

885.

886. public void WriteErrorLog(String algorithm, ArrayList
consl, ArraylList cons2, Arraylist cons3, ArraylList cons4)

887. {

888. if (algorithm == "Genetic")

889. {

890. try

891. {

892. BufferedWriter writer = new
BufferedWriter (new FileWriter ("GeneticLog " +
runtime. format (datetimeformat) + ".txt" , true));

893. writer.write ("\nErrors : \n" +
"Constraint 1 : " + consl + "\n" + "Constraint 2 : " + cons2 +
"\n" + "Constraint 3 : " +/cons3 + "\n" + "Constraint 4 : " +
cons4 + "\n");

894 . writer.close();

895. }

896. catch (Exception e)

897. {

898. System.out.println ("Error : " + e);

899. }

900. }

901. if (algorithm == "SAHC")

902. {

903. try

904. {

905. BufferedWriter writer = new
BufferedWriter (new FileWriter ("SAHCLog " +
runtime. format (datetimeformat) + ".txt" , true));

906. writer.write ("\nErrors : \n" +
"Constraint 1 : " + consl + "\n" + "Constraint 2 : " + cons2 +
"\n" + "Constraint 3 : " + cons3 + "\n" + "Constraint 4 : " +
cons4 + "\n");

907. writer.close (),

908. }

909. catch (Exception e)

910. {

911. System.out.println ("Error : " + e);

912. }

913. }

914. }

915.

916. //method to read database.csv

917. public void ReadDatabaseCSV ()

918. {

919. database.ReadDatabaseCSV () ;

920. }

921. } //end of methods
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ScheduleMain.java

1. import java.util.Scanner;

2.

3. class ScheduleMain

4. {

5 public static void main(String[] args)

6. {

7 Schedule schedule = new Schedule() ;

8.

9. int choice = 10;

10.

11. Scanner scannumber = new Scanner (System.in) ;

12. Scanner scanstring = new Scanner (System.in);

13.

14. while (choice '= 0)

15. {

16.
System.out.println ("
==========") o

17. System.out.println ("Select an option : ");

18. System.out.println ("
Schedule Menu vk ;

19. System.out.println ("1 - GENETIC
ALGORITHM") ;

20. System.out.println("2 - SAHC ALGORITHM") ;

21. System.out.println ("0 - Exit");

22.
System.out.println ("
==========") 9

23. System.out.println () ;

24. System.out.println("Enter 1-12 or 0 to
exit")

25. choice = scannumber.nextInt() ;

26. if (choice == 1)

27. {

28. System.out.println ("Enter the number
of population(s) : ")

29. int population =
scannumber.nextInt () ;

30. System.out.println ("Enter the number
of schedule(s) : ")

31. int numofschedules =
scannumber.nextInt () ;

32.

schedule.GeneticAlgorithmMultiple (population,

numofschedules) ;

33. }

34. if (choice == 2)

35. {

36. System.out.println ("Enter the number
of schedule(s) : ")

AD



37. int numofschedules =
scannumber.nextInt () ;

38.
schedule.SAHCAlgorithmMultiple (numofschedules) ;
39. }
40. } //end of while
41. } //end of main
42. } //end of class
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ABSTRACT

Scheduling has an important role in an organization, which regulates each
member in carrying out an activity, especially for organizations that have a very
large number of members and are divided into several divisions, scheduling is
essential and cannot be taken lightly.

Hermon Community Church, a church which has hundreds of church
servants that are divided in many ‘divisions and scheduled in many church
activities. This makes scheduling process-very complicated, and of course there
must be a good and optimal scheduling system, so that there will be no collision
between activities, all church servants can get the same quota‘in their duties and
church _activities such as worship, community cell, and other ‘events can run
smoothly and effectively, so that the church can grow even more. This study aims
to implement the genetic algorithm and steepest ascent hill climbing algorithm
with the Java programming to carry out the process of scheduling for Hermon
Community Church servants.

The result if this project is the genetic algorithm is more effective than the
SAHC algorithm because it can find the best optimal schedules with the fitness
value of 0 whereas the SAHC algorithm could only find schedules with the fitness
value of 30 approximately.

Keywords: Scheduling, Genetic, Hill Climbing.
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PREFACE

This project mainly discusses about the implementation of the genetic and
the steepest ascent hill climbing algorithm in the scheduling system. Chapter 1
discusses about the background, scope and purpose of the project. Chapter 2
discusses about the literature review or theoretical basis used in this project.
Chapter 3 discusses about the steps taken in this project. Chapter 4 discusses about
data analysis, the genetic and SAHC algorithm, and the design of this project.
Chapter 5 discusses about the Pseudocode used in this project and the results from
this project and its-analysis. Chapter 6 is conclusion of'this project.
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CHAPTER 1 INTRODUCTION

1.1  Background

In a church, there are routine activities that are held, including public worship, youth-worship,
Sunday school worship, etc. and each of these activities, there are church servants in charge of it. In the
division of tasks for church servants, of course, a schedule that governs each church servant is needed, so
that it can be known when and who is in charge of serving in an activity.

With the development of the Hermon Community Church today which has hundreds of
congregations and no less than 200 people registered as church servants in various divisions, the process of
scheduling church activities becomes increasingly complicated, of course a good schedule is needed to
ensure there are no activities those who clash and share allotments serving each church servant must be
balanced.

Therefore, this project discusses and provides solutions for this church scheduling system using
computer technology, specifically using-Genetic algorithms and-Hill Climbing algorithms to help optimize
the scheduling system in this church.

1.2 Scope & Problem Formulation

The scopes of this project are

1. This-project only use Genetic and Hill Climbing algorithms to provide solution for the scheduling
system of Hermon Community Church.

2. This project only use the data that obtained through survey in Hermon Community Church.
And the problem formulations of this project are

1. Can the Genetic algorithm be used to optimize the scheduling system for Hermon Community
Church church servants?

2. Can the Hill Climbing algorithm be used to optimize the scheduling system for Hermon Community
Church church servants?

3. How is the comparison of'the effectiveness of the two algorithms in optimizing the scheduling
system for Hermon Community Church church servants?

1.3  Objective
1. To help develop the scheduling system for the Hermon Community Church.

2. To find out the role and workings of Genetic algorithms in helping the Hermon Community Church
church scheduling system.

3. To find out the role and workings of the Hill Climbing algorithm in helping the Hermon Community
Church church scheduling system.

4. To compare which is more effective between the Genetic algorithm and the Hill Climbing algorithm
in solving the problem of the Hermon Community Church scheduling system.

CHAPTER 2 LITERATURE STUDY
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Denny Hermawanto (2007) write a module about the genetic algorithm and its applications and

explain that the genetic algorithm is a computational algorithms inspired by Charles Darwin’s evolutionary
theory which is later adopted into computational algorithm to find solutions to problems in a more "natural"
way. " Here the example of the application of genetic algorithm to solve the problem of equations a + 2b +
3c + 4d = 30, where the values of a, b, c, d are used as genes that form a chromosome whose value will be
searched as a solution to the problem. After applying the genetic algorithm 50 times to the problem of this
equation, the most perfect chromosome is found with a value ofa=7;b=5;c=3;d=1.

Wiga Ayu P (2013) conducts a research on lecture scheduling for Information System department
using genetic algorithm in website-based Sepuluh Nopember Institute of Technology University and explain
that the application could produce schedules in accordance with the standard constraints (primary
limitations) that must be met even though the software limits are not all fulfilled yet.

Nia Kurnia Mawaddah (2006) also conducts a research on optimization of exam scheduling by
making a genetic model and explain that genetic algorithm can be used as an alternative solution to solve
exam scheduling problems. The exam schedule is obtained from chromosomes that have the best fitness
value with an optimal crossover probability level of 60%:.

Shoffan Saifullah (2016) conducts a research on the development of the University of Yogyakarta's
Faculty of Science and Technology lecture scheduling system with Delphi 7,-MySQL database, and the
Steepest Ascent Hill Climbing algorithm and explain that this development could help accelerate the lecture
scheduling process and minimize the occurrence of clashes between schedules.

Putranto (2012) also conductsa study on the design and implementation of lecture scheduling using
the website-based Steepest Ascent Hill Climbing algorithm and MySQL database at the SWCU Psychology
Faculty and explain that the application can produce output in the form of'an optimal lecture.schedule, that is
on the schedule’produced, there are no collision between lecturers teaching hours, no collision in the lecture
room, and each lecturer got a teaching quota that did not exceed the maximum teaching limit. The Steepest
Ascent Hill Climbing algorithm has the advantage that all possible schedule solutions will be generated and
will be examined one by one, so that the process is fast because the best solution will be obtained and the
results are close to the expected optimization.

Aida Putri D (2017) also conducts a research on lecture scheduling using the hill climbing algorithm
at the University of Technology in Yogyakarta and explain that the application of hill climbing algorithms on
the system could produce optimal output in the form of a schedule of lectures and no lecturing schedule
clashes were found between the lecturers. The application of the hill climbing algorithm has the advantage
that all schedule solutions will be examined one by-one, so that the process is fast because the best solution
will be obtained and close to the expected optimization results.

Nuzulla (2012).conducts a study on. the implementation of the Steepest Ascent Hill Climbing
algorithm with Minimax ‘optimization on the Android-based Tic Tac Toe game and conclude that the
application of the steepest ascent hill climbing algorithm in the Java programming language can search for
pathways that can be done on Tic. Tac Toe and then the closest path'to victory can be determined.

CHAPTER 3 RESEARCH METHODOLOGY

The steps taken for this project are

1. Data Collection

Data collection was carried out by conducting a survey to Hermon Community Church to obtain data
in the form of a list of church activities and a list of all divisions of church servants and their
members.

2. Database Creation
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4.1

The database is created with a .csv file that lists church activities and lists all church servants and is
loaded into memory using a scheduling program with Arraylist data structures in Java.

. Determining Constraints

The next step is to determine the constraints that will be used for determining whether a schedule is
an optimal or not.

. Applying Genetic and SAHC Algorithm

After the database is formed, genetic algorithms and SAHC are then applied to create an optimal
schedule, which is a schedule that meets the specified conditions / contraints then save the results
into memory.

. Creating and Designing Output

The optimized schedule that created by genetic and SAHC algorithm in memory are then written in
the output in the form of a.txt file and also history of creating sehedules of the scheduling program
will be noted in a other .txt file and these two files will be used for analyzing in the next step.

. Analyzing Output

After an optimal schedule and history of schedule creation in the .txt file are created, then the two
algorithms will be analyzed to compare which algorithm is more effective.

. Creating Analysis Report

The final step is to make a detailed report of analysis of comparison of the two algorithms and
determine which algorithm is more effective.

CHAPTER 4 ANALYSIS AND DESIGN
Analysis

This project uses data obtained from the results of the Hermon Community

Church survey, the data are as follows

Church Servants

Number of Divisions : 17 divisions consists of

. Worship Leader &
members
. Singer : 20
members
. Gitar 05
members
. Bass )
members
. Keyboard 16
members
. Drum 14
members
. Usher : 25
members
. Sound 01
member
3
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LCD )
members
Tamborin : 11
members
Banner : 11
members
Persembahan : 67
members
Perjamuan Kudus : 22
members

Church Activities in general

Morning Public Worship 1 (06.30 — 08.30)
Morning Public Worship 2 (09.00 — 11.00)
Evening Public Worship (17.00 — 19.00)

From the data above, there will be many variants of the schedule that can be made. Suppose that a

single worship requires 1 WL, 3 Singers, 2 Guitars, 1 Bass, 2 Keyboards, 1 Drum, 3 Usher, 4 Banners, 4
Tambourines, 1 Sound, 1 LCD,
8 Collections, if the permutation is used then

1 WL:7P1=7!/(7-1)!'=7!/6!="17 variants

3 Singers : 20P3 = 20!/ (20-3)! = 20! / 17! = 6840 variants

2 Guitars . 5P2 = 5!/ (5-2)! = 5!/ 3! =20 variants

1 Bass: 5P1 =5!/(5-1)! = 5! /4! =5 variants

2 Keyboards : 6P2 = 6!/ (6-2)! = 6! / 4! = 30 variants

1 Drum : 4P1 =4!/ (4-1) =4! /3! = 4 variants

3 Ushers : 25P3 =251 / (25-3)! = 25! / 22}.= 13800 variants

4 Banners : 11P4 =111/ (11-4)! = 11! / 7}= 7920 variants

4 Tambourines : 11P4 =11!/(11-4)! =11!/7! = 7920 variants
1 Sound : 1P1 =1!/(1-1)!''=1!/0! = 1 variants

1 LCD : 6P1=6!/(6-1)! =6! /5! = 6 variants

8 Offering Collectors: 67P8 =67! / (67-8)1.= 671/ 59! =2.629 x 10" variants

So that the total possible variations from a single worship is 7.847 x 10%. If there are three times of worship
in a single day, the result will be 2.354 x 10°*. If the schedule is made per month (4 times a week) then the
result will be 9.417 x

10%.

Based on the results of the above calculations, there are so many possible schedule variants so an
optimization algorithm is needed, that is the genetic algorithm and the steepest ascent hill climbing
algorithm to help find the optimal schedule.
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4.2 Design

In a schedule, there are several constraints that must be fulfilled which are used as parameters to evaluate a
schedule, such as

. In an activity, there should be no repeated member’s name in each division

. In an activity, there should be no member that registered in two divisions at once (serving
in two divisions at the same time)

. A member cannot serve in two activities at the same time

. Each member only-gets a certain number of serving quota with the formula maximum limit

= the total number of slots of a division available in a schedule / total number of members that are
registered in the division.

The Steepest Ascent Hill Climbing algorithm is a branch of the Hill Climbing algorithm, this algorithm
compares all possible successors, so that the next state is the best or closest to the goal.

The Steepest Ascent Hill Climbing algorithm has the following steps:

1. Evaluation of initial state. If the initial state is the same as the goal state, then return to the
initial state and stop the process. If not, proceed to 2nd step.

2. Start with current state = initial state.

3. Get all successors that can be used as the next state in the current state.

4. Evaluate all successors with the evaluation function and record the value of the evaluation

results. If one of the successors has a better fitness value than the current state, then make the successor
with the best fitness value as the new current state.

Perform this operation continuously until it reaches the current state = goal state or there is no more
changes in the current state.
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Illustration 4.1: Flowchart of Steepest Ascent Hill Climbing Algorithm
The Genetic Algorithm developed by Goldberg is a computational algorithm inspired by the evolutionary
theory of Charles Darwin which states that the survival of a creature is influenced by the rules of "the
strong are the victors" and can also be maintained through reproductive processes, crossover, and
mutations. This concept can be developed into a computational algorithm to find solutions to a problem in a
"natural" way.

A solution that is generated in a Genetic algorithm is called a chromosome and the collection of
chromosomes is called population. A chromosome is composed by components that containing data or
information in the form of numerical, binary, symbol, character, word, etc. (depending on the problem)
which is called a gene. The chromosomes will later evolve continuously which will be called as generation.
In each generation the level or value of perfection or success will be evaluated in solving the problem
referred to as fitness value.

Genetic Algorithm consists of several steps starting from generating a population that contains random

chromosomes and evaluating the fitness value of each chromosome. The next step is to make a selection,
which is to choose the chromosome that has the best fitness value to produce the next generation by

crossing or commonly called a crossover, then it will produce a new chromosomes that are called as the

offsprings. Then the new chromosomes / offsprings will have the possibility to experience mutations, that is
changes in the composition of genes / constituents of living things due to natural factors in this algorithm
represented by changing one or more values of data / genes in the chromosome with random values. So

with this, a new generation will be formed with new fitness values that are different from the previous

generation. After several generations have been produced, it will be found the chromosomes that has the
maximum fitness value is the best solution to the problem.
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CHAPTER 5 IMPLEMENTATION AND TESTING

51 Implementation

Here is the pseudocode for genetic algorithms

1.ReadScheduleCSV ()
2.initialize reader
3.while current read line !'= null

4, if first line

5. set the schedule title

6. initialize constraints fitness value

7. else

8. add activity data into schedule

9. endif
10.endwhile
The pseudocode above has function to read the schedule.csv file that contains all church activities and
divisions with the number of members needed for a month and load them into memory.
Line 2 is reader initialization to read txt files. Lines 3 to 10 are the while looping process for reading lines
one by one in the txt file: Lines 5 and 6 are used to read the schedule title and initialize the total fitness value
and fitness value of each constraint. Line 8 are used to read the name, date, start time, and time of
completion of an activity, and what divisions are included / scheduled into the activity.
1.RandomizeMember ()
2.for i=0 until i < number of activities in the schedule

3. for j=1 until j < number of divisions in the activity

4. get /division name and number of members needed

5. for k=0 until k < number of members needed

6. add members from database to the division
randomly

7. end for k

8. end for j
9.end for i

13
The pseudocode above has function to input members of a division registered in the database randomly to an
activity in a schedule. This pseudocode use 3 layers of looping, the first layer (i) is to process each activity
in a schedule, the second layer (j) is to process each division and the third layer (k) is to process each
member in a division.
Line 4 is used to read the division names and the number of members to be scheduled. Line 5 to 7 are the
data retrieval process in the form of member names in a division from the database to be scheduled to an
activity according to the number of members needed and the member names are taken based on random
numbers obtained from Math.random function.
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1.EvaluateSchedule ()
initialize all constraints fitness value to 0
//constraint 1

2
3
4 for i=0 until i < number of activities in the schedule
5. for j=1 until j < number of divisions in the activity
6. check if there is repeated names in the division

7. if repeated names found

8. constraint 1 fitness value +1

9

. endif
10. end for j
11. end for i
12.
13. //constraint 2
14. for i=1 until i < number of activities in the schedule
15. for j=1 until j < number of divisions in the activity
16. for k=j+1 until k < number of divisions in the activity
17. check if there is member present in both division j and k
18. if there is member present in both division j and k
19. constraint 2 fitness value +1
20. endif
21. end for k
22. end for j
23. end for i
24.
25. //constraint 3
26. for i=1 until i < number of activities in the schedule - 1
27. for j=i+l until j < number of activities in the schedule
28. check if collision occurs between activity i and j
29. if activity collision occurs
30. check if there is member that serve in both activity i and j
31. if there is member that serve in both activity i and j
32. constraint 3 fitness value +1
33. endif
34. endif
35. endfor j
36. endfor i
37.
38. //constraint 4
39. initialize temp (2D ArrayList)
40. for i=1 until i < number of activities in the schedule
41. for j=1 until j < number of divisions in the activity
42, check if the division exists in the temp
43. if (division exists in the temp)
a4. add all members in the division to temp
45, else
46. add the new division name and its members to temp
47. endif
48. endfor j
49. endfor i
50.
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51.
52.
53.
54.

55.
56.
57.
58.
59.
60.
61.
62.

for i=0 until i < number of divisions in the temp

get number of total slots of the division available in the schedule

get number of members of the division registered in the database

set maxserve = number of total slots available / number of members of the
division registered in the database +
1

for j=0 until j < number of members in the division

check member frequency

if member frequency > maxserve

constraint 4 fitness value +1

endif

endfor j

endfor i

set totalfitness = constraint 1 fitness value + constraint 2 fitness value
+ constraint 3 fitness value + constraint 4 fitness wvalue

The pseudocode above has function to evaluate a schedule with 4 predetermined constraints. Each time the
schedule does not meet the requirements of any of the 4 constraints, the fitness value (error value) of that
schedule will increase.

Line 2 has function to initialize the fitness value of the schedule, which is 0. Line 4 to 11 are the checking
process for constraint 1, that is in a division in an activity, there should be no member names that are

repeated, line 14 to 23 is a checking process for constraint 2 that is in an activity, there should be no

members that are scheduled in 2 divisions at once, line 26 to 36 are the process of checking the schedule
with constraint 3, that is there should be no members that are scheduled in 2 activities at the same time, and
line 39 to 61 is the process of checking the schedule with constraint 4, that is each member cannot be

scheduled exceeds the maximum limit of serve (maximum limit = the total number of slots of a division
available in a schedule / total number of members registered in the division). Line 62 has function to

calculate the total of the fitness values of the 4 constraints that have been obtained from the previous

processes.

1.CrossOverMutationSchedule ()

2. initialize maxcrossover, divcount, crossovercount, mutationrate, random
3. set 2 schedule from population with best fitness value as parent
4. initialize 2 new schedule as child
5. set childl = parent 1 (deep copy)
6. set child2 = parent 2 (deep copy)
7. set divcount = total number of divisions in the child schedule
8. set maxcrossover = Random * divcount
9. while crossovercount < maxcrossover
10. crossover random divisions in both childs
11. endwhile
12.
13. set mutationrate = 30
14. for i=0 until i < number of activities in the child schedule
15. for j=1 until j < number of divisions in the activity
16. for k=1 until k < number of members in the division
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set randoml = Random * 100

if randoml < 30

replace the current member to other member registered in the database
(mutation)

endif

endfor k

endfor j

endfor i

add both child schedules into the population
The pseudocode above is part of a genetic algorithm that is the crossover process to produce new individuals
/ schedules from 2 parents who have-the best fitness. value and the mutation process for the 2 new
individuals obtained from the crossover.

Line 3 is the processs to select the population to get 2 individuals with the best fitness value as the parent.
Line 4 to 6 has function to copy 2 parents who have been selected with the deep copy method to get 2 new
individuals / child. Line 7 and 8 has function to determine the crossover frequency to be run randomly
(frequency = random of the total number of divisions in a schedule). Line 9 to 11 has function to perform a
crossover process in divisions in a schedule randomly so that 2 child / new schedules that are obtained will
be different from the parent.

Line 13 to 23 has function to perform the mutation process for 2 child that are obtained from crossover
result in the previous process, mutations are done by changing the names of existing scheduled members
with the other members registered in the database randomly with a possible mutation rate of 30% so that the
2 child will be further different from the parent. Line 24 is the process to add the 2 child that are obtained
from the result of crossover and mutation process into the population.

1.FilterPopulation ()
2.for i=0 until i < 2
3. remove schedule with worst fitness value from the population 4.endfor i

The pseudocode above has function to filter the population, which is to delete or eliminate 2 individuals
with the worst fitness value so that the number of individuals in the population will return to its original
number.

1.GeneticAlgorithm()
2.initialize complete = false
3.initialize loop, noupdate, currentfitness, bestfitness
4 .while complete == false
loop++
evaluate all schedule in the population (EvaluateSchedule())
set currentfitness = best fitness value of a schedule in the population
if currentfitness is better than bestfitness
set bestfitness = currentfitness
set noupdate = 0
else
noupdate++
endif
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14. if there is a schedule in the population with fitness value of 0 or loop >
5000000 or noupdate > 1000000

15. complete = true

16. break

17. else

18. crossover and mutation schedules in the population
(CrossOverMutationSchedule)

19. filter the population (FilterPopulation())

20. endif

21. endwhile

Pseudocode above is the whole/genetic algorithm process. Line 2 and 3 are initialization of the helping
variables. Line 4 to 21 is the while looping which is the core of the genetic algorithm that is if the boolean
status complete == false, then this process will continue until complete == true, these processes are at line 5
is the command to add the value of the counter variable loop to record the number of loops that have been
done, at line 6 is to call the EvaluateScheduleGenetic() method to evaluate all individuals or schedules in the
population. Line /10 has function to reset the value of the noupdate counter variable to O if the new
individual is found with the fitness value better than other individuals in the population. Line 12 is a
command to add the noupdate counter variable value each time the genetic algorithm process does not make
any progress (the discovery of new individuals with better fitness values). Line 14 to 20 is the stopping
conditions of the genetic algorithm that is if an individual or schedule has been found with a fitness value of
0 or if the while looping has reached 5 million generations or if the noupdate variable has reached 1 million,
then this genetic algorithm will be stopped. As long as the three conditions above have not been fulfilled, the
crossover, mutation and filtering process will be carried out until one of the three conditions above is

fulfilled.
1.SAHCAlgorithm/()
2.initialize optimized = false
3.initialize loop, noupdate, bestfitness, currentfitness
4 .generate initial schedule
5.evaluate the initial schedule (EvaluateSchedule())
6.if initial schedule fitness value ==
7. set optimized = true
8.endif
9.while optimized == false
10. loop++
11. set current schedule = initial schedule
12. evaluate the current schedule (EvaluateSchedule())
13. if current schedule fitness value == 0 or loop > 5000000 or noupdate >
1000000
14. set optimized = true
15. break
16. endif
17. generate new schedule
18. evaluate the new schedule (EvaluateSchedule())
19. if current schedule fitness value is better than new schedule fitness
value
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20.
21.
22.
23.
24.

noupdate++
else
set current schedule = new schedule
set noupdate = 0
endif
25.endwhile

Pseudocode above is the whole process of the steepest ascent hill climbing algorithm. Line 2 and 3 is the
initialization of the helping variables. Line 4-is the:command to.generate the initial schedule randomly and
the schedule will be evaluated on line-5 by calling the EvaluateSchedule() method. Line 6 to 8 has function
to determine the fitness value of the initial schedule, if the initial schedule already has fitness value of 0

(optimal), then the SAHC algorithm is immediately finished or stopped, butif it is not, then it will continue
with the looping process in line 9 to 24, these processes-are, on line 10 is a command to add the value of the
loop counter variable to record the number of loops that have been done. Line 11 is to set the initial schedule
as the current schedule. Line 12 has function to evaluate the current schedule by calling the
EvaluateSchedule() method. Line 13 to 16 is the stopping conditions of this SAHC algorithm, that is if a

schedule with the fitness value of 0 has been found or if the while loop has reached 5 million times or if the
noupdate variable has reached 1 million, then the SAHC algorithm will be stopped. Line 17 is the command
to generate a new schedule randomly and the new schedule will be evaluated on line 18 by calling the

EvaluateSchedule() method. Line 19 to 24 has function to get the fitness value of the new schedule that has
been previously evaluated and compare the fitness value of the new schedule with the current schedule

fitness, if the fitness value of the current schedule is better than the new schedule, then there is no progress
and in line 20 the value of the noupdate counter variable will increase, but if the fitness value of the new

schedule is better than the current schedule, then set the new schedule as the current schedule by using deep
copy method on line 22 and on line 23 the noupdate counter variable will be reset again to 0.

5.2 Testing

Testing is done by running Java programs with genetic algorithm and SAHC algorithm 10 times to produce
10 variants of schedule for church activities in December, 2018 with the 'following series of events /
activities

Morning Public Worship.1 (December 2, 2018, 06.30=08.30)

Morning Public Worship 2 (December 2,2018, 09.00 — 11.00) * Evening Public Worship
(December 2, 2018, 17.00 — 19.00)
Morning Public Worship 1 (December 9, 2018, 06.30 — 08.30)

Morning Public Worship 2 (December 9, 2018, 09.00 — 11.00)
Evening Public Worship (December 9, 2018, 17.00 — 19.00)

Morning Public Worship 1 (December 16, 2018, 06.30 — 08.30)
Morning Public Worship 2 (December 16, 2018, 09.00 — 11.00)
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J Evening Public Worship (December 16, 2018, 17.00 — 19.00)

o Morning Public Worship 1 (December 23, 2018, 06.30 — 08.30)
C Morning Public Worship 2 (December 23, 2018, 09.00 — 11.00)
. Evening Public Worship (December 23, 2018, 17.00 — 19.00)

. Christmas Night Worship (December 24,2018, 18.00 — 20.00)
J Special Christmas Worship (December 25,2018, 17.00=19.30)
) Morning Public Worship 1 (December 30, 2018, 06.30 — 08.30)
o Morning Public Worship 2 (December 30,2018, 09.00 - 11.00)
C Evening Public Worship (December.30, 2018, 17.00 =.19.00)

. Ibadah Tutup Tahun (December 31, 2018, 22.00 — 24.00)

After running the program with the implementation of genetic algorithm, the most effective number of
individuals in the population is 2 individuals, and here are the results of both genetic and SAHC algorithms
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From the graphs above, bot algoi‘ﬁhn} start with fitness value of 48. In the early stage, the SAHC
algorithm can improve the ss value from 48 to 39 in 269 generations, while the genetic algorithm

requires 500 generations to r e. But after that, the etl orithm outperforms the SAHC
algorithm, for example to rea e o the tic algorithm only need 1011 generations,
whereas the SAHC algorithm requires 1672 erations. the end, the SAHC algorithm can only find

a schedule with fitness value of 26 with 798255 generations, while the genetic algorithm can find the best
optimal schedule with fitness value of 0 with 937243 generations.
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Graph 5.4: SAHC Algorithm Results 2

From the graphs above, the genetic algorithm starts with the fitness value of 49 and the SAHC algorithm
starts with the fitness value of 52. In the early stages, the SAHC algorithm performs better than the genetic
algorithm, it can improve the fitness value from 52 to 41 only in 23 generations, while the genetic algorithm
needs 127 generations to get the fitness value of 42. But in the middle until the end of the process, the
genetic algorithm outperforms the SAHC algorithm, it can find the best optimal schedule with fitness value
of 0 with 566179 generations whereas the SAHC algorithm can only find a schedule with fitness value of 29
with more generations required that is 977928 generations.
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From the graphs above, both algorithms start with same fitness value that is 48. In the early process, the
SAHC algorithm can improve the fitness value from 48 to 43 just in 8 generations, whereas the genetic
algorithm requires 108 generations. In the middle of the process, the SAHC algorithm requires 9964
generations to get the fitness value of 35, while to reach that value, the genetic algorithm only needs 538
generations. And same as the previous results, the genetic algorithm outperforms the SAHC algorithm, it can
find the best optimal schedule with fitness value of 0 with 1079442 generations whereas the SAHC
algorithm cannot find the best optimal schedule, it can only find a schedule with fitness value of 31 with
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Graph 5.6: SAHC Algoritl;m Results 3

216477 generations that the genetic algorithm can get it only in 861 generations.
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Graph 5.8: SAHC Algorithm Results 4

From the graphs above, the genetic algorithm starts with the fitness value of 47 and the SAHC algorithm
starts with the fitness value of 49. In the beginning, both algorithms performs equally well, the genetic
algorithm can improve the fitness value from 47 to 42 only in 3 generations, while the SAHC algorithm can
improve the fitness value from 49 to 45 in 2 generations. But same as in the previous results, in the middle
until the end of the process, the genetic algorithm performs better than the SAHC algorithm, although it
can’t find the best optimal schedule, but it can find a schedule with fitness value of 1 with only 76001
generations whereas the SAHC algorithm also can’t find the best optimal schedule, but it only can find a
schedule with fitness value of 32 with more generations needed that is 146797 generations.

&0 =

0 ()

Similarity lll Citation
B Similarity from a chosen source B References

abc | Possible character replacement


https://corp.unicheck.com/

(U) UNICHECK

21

Graph 5.9: Genetic Algorithm Results 5

SM

4 3 T3

3

OO HO NO WO hOUIOO

1 5 1 1030 66 218 386 483 2942 321412653
2 3.9 Buph P10: SAHC AlgdrithnResult?s 2

From the graphs above, both algorithms start with the same fitness value of 50. At first, the SAHC algorithm
performs very well, it can improve the fitness value from 50 to 44 only in 103 generations, whereas the
genetic algorithm requires 274 generations to get the fitness value of 44. But in the middle of the process, to
get the fitness value of 40 the SAHC algorithm requires 3864 generations, while the genetic algorithm only
needs 518 generations. And in the end, although both algorithms can’t find the best optimal schedule, the
genetic algorithm still performs better than the SAHC because it can find a schedule with the fitness value of
1 in 717387 generations whereas the SAHC algorithm can only find a schedule with fitness value of 33 in
126532 generations that the genetic algorithm can get it only in 1041 generations.
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Graph 5.12: SAHC Algorithm Results 6 i

From the graphs above, the genetic algorithm starts with the initial fitness value of 60 and the SAHC
algorithm starts with the initial fitness value of 50. In the early process, the SAHC algorithm performs much
better than the genetic algorithm because it can improve the fitness value from 50 to 42 just in 6 generations,
whereas the genetic algorithm requires 379 generations. But later, to get fitness value of 35 the genetic
algorithm only needs 1187 generations, whereas the SAHC algorithm can get it after 6074 generations. And
in the end the genetic algorithm can’t find the best optimal schedule, but it can find a schedule with fitness
value of 1 in 1934277 generations whereas the SAHC algorithm also can’t find the best optimal schedule, it
only can find a schedule with fitness value of 30 in 122644 generations that the genetic algorithm can get it

only in 1614 generations.
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Graph 5.13: Genetic Algorithm Results 7
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Graph 5.14: SAHC Algorithm Results 7

From the graphs above, the genetic algorithm starts with the fitness value of 49 and the SAHC algorithm
starts with the fitness value of 46. In the beginning, the SAHC algorithm performs slightly better than the
genetic algorithm, for example to get a schedule with fitness value of 37, the SAHC algorithm only needs
105 generations, while the genetic algorithm requires 512 generations. But in the middle until the end of the
process, the genetic algorithm performs much better than the SAHC algorithm, although both algorithms
can’t find the best optimal schedule, but the genetic algorithm can find a schedule with fitness value of 1
after 259019 generations whereas the SAHC algorithm only can find a schedule with fitness value of 31
with 178242 generations that the genetic algorithm can get it only in 1108 generations.
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Graph 5.16: SAHC Algorithm Results 8

From the graphs above, both algorithms start with fitness value of 52. In the beginning, the SAHC algorithm
performs much better than the genetic algorithm because it can improve the fitness value from 52 to 41 just
in 15 generations, while to get the fitness value of 41, the genetic algorithm requires more that is 356
generations. But after that, the genetic algorithm outperforms the SAHC algorithm, for example to reach the
fitness value of 36, the genetic algorithm only needs 655 generations, whereas the SAHC algorithm requires
much more generations that is 208801 generations. And in the end, the genetic algorithm can find the best
optimal schedule with fitness value of 0 after 2600645 generations, whereas the SAHC algorithm can only
find a schedule with fitness value of 33 with 1219042 generations that the genetic algorithm can get it only
in 850 generations.
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Graph 5.18: SAHC Algorithm Results 9

From the graphs above, the genetic algorithm starts with the fitness value of 44 and the SAHC algorithm
starts with the fitness value of 47. At first, both algorithms performs equally well, the SAHC algorithm can
improve the fitness value from 47 to 42 in 32 generations, and the genetic algorithm requires 33 generations
to get that fitness value. But later, same as in the previous results, the genetic algorithm performs much
better than the SAHC algorithm, the genetic algorithm can find a schedule with fitness value of 37 in only
186 generations whereas the SAHC algorithm can find it after 74846 generations. And in the end, the
genetic algorithm can find the best optimal schedule with the fitness value of 0 after 308715 generations,
whereas the SAHC algorithm can’t find it and can only find a schedule with fitness value of 32 with more

generations required that is 1391471 generations.
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Graph 5.20: SAHC Algorithm Results 10

From the graphs above, the genetic algorithm starts with the fitness value of 49 and the SAHC algorithm
starts with the fitness value of 51. In the early process, the SAHC algorithm performs better than the genetic
algorithm, it can improve the fitness value from 51 to 46 only after 3 generations, while the genetic
algorithm needs 108 generations to get it. But in the middle until the end of the process, although both
algorithm can’t find the best optimal schedule, the genetic algorithm performs much better than the SAHC
algorithm because it can find a schedule with fitness value of 1 after 543286 generations whereas the SAHC
algorithm can only find a schedule with fitness value of 31 with more generations needed that is 957843
generations that the genetic algorithm can get it only in 891 generations.
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From the results and analysis above, it can be concluded that the genetic algorithm has been consistently
outperforms the SAHC algorithm. If the two algorithms are compared in terms of results, genetic algorithms
are able to find the optimal schedule solutions with the fitness value (error value) of 0 or 1 whereas the

SAHC algorithm cannot find the optimal schedule solution, the SAHC algorithm can only find the schedule
solution with the fitness value of approximately 30 that the genetic algorithm can find the schedule with

fitness value of 30 only in approximately 1280 generations.

When viewed in terms of the complexity of the algorithm with Big-O notation, the genetic algorithm has
complexity of O (CPM°N?), while-the SAHC algorithm has a complexity of O (CM’N?), where C is the
while loop (as long as one of the stopping conditions is not met, do the algorithm), M and N is the looping
for schedule operations (evaluation, crossover, mutation, etc) and P is the number of individuals in the
population.

Since this project only use 2 individuals for the population, then the P variable only has little impact in the
algorithm, so in this project, both algorithm have same complexity that is O (CPM*N?). And when viewed in
terms of processing speed, the genetic algorithm, has processing speed of 240 gencrations / sec
approximately, whereas the SAHC algorithm has processing speed of approximately 207 generations / sec.
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CHAPTER 6 CONCLUSION

Based on this project results, in conclusion, the genetic algorithm has been consistently outperforms the

SAHC algorithm and the genetic algorithm can be used to optimize the scheduling system for Hermon

Community Church, this can be proven by the running results and analysis, it can find the optimal or

almost optimal schedule (with the fitness value of 0 or 1) whereas the SAHC algorithm can only find

schedule with the fitness value of 30 approximately and it cannot be used to optimize the scheduling

system for Hermon Community Church.

In terms of effectiveness, although both algorithms have same complexity, the genetic algorithm has better
processing speed (240 generations / sec).for finding the optimal schedule than the SAHC algorithm (207
generations / sec).

More research is needed about this project with different variations, for example by using different data
structures or even with different programming languages to get more information or different data
variations about this study.
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