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# # 6470057921 : MAJOR ELECTRICAL ENGINEERING

KEYWORD: genetic algorithm, traversal problem, routing
Peerayu Phengsuwan : SOLVING MULTI-POINT TRAVERSAL PROBLEM FOR
PICKUP AND DELIVERY WITH DISTANCE LIMITATION USING GENETIC
ALGORITHM. Advisor: TEERAPOL SILAWAN

Delivery service is popular nowadays. Costs in this business vary according
to various factors including distance. It affects the fuel cost for delivery. Developing
efficient route management can optimize delivery costs and increase readiness to

serve customers.

This research aims to increase the efficiency of the route by increasing the
number of customers on a route. Including the freedom to determine the distance
of the route according to the convenience of the messenger. Therefore, the most
efficient route is defined as the route that can serve the greatest number
of sender-receiver pairs of customers according to the distance set by the
messenger. Finding a path corresponding to the objectives is a problem with high
time complexity. This research found that the genetic algorithm with
applying other heuristic algorithms can reduce the time to find the answer to this
problem. The quality of the answer is approximate to the answer from the brute

force algorithm when the number of service points is less or equal to 7 pairs.

This research presents 2 types of genetic algorithms, one has an
advantage in terms of the quality of the answers and the other has an advantage

in terms of the computational time to find answers.

Field of Study:  Electrical Engineering Student's Signature ..o

Academic Year: 2023 Advisor's Signature ..o
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2 249 | 4.73 5.46 5.54 5.64 5.7 577 577 5.8 5.85
3 316 | 5.59 1.2 7.46 1.52 7.61 7.66 7.7 7.74 107
4 3.5 581 8.77 9.29 9.47 9.51 9.62 9.66 9.69 9.72
5 374 | 7.49 10.17 | 1124 | 114 115 | 11.58 | 11.61 | 11.68 | 11.71
6 415 | 17.77 11.47 | 13.18 | 13.32 | 13.46 | 1353 | 1358 | 13.64 | 13.66
I 446 | 8.31 12.13 | 14.75 | 1527 | 15.38 | 155 | 1556 | 15.59 | 15.65
8 418 | 8.93 1229 | 16.31 | 17.21 | 17.38 | 1745 | 1753 | 1758 | 17.61
9 483 | 9.14 13.27 | 17.28 | 19.23 | 19.32 | 1942 | 195 | 1954 | 19.6
10 484 | 9.28 13.89 | 1891 | 20.92 | 21.31 | 21.38 | 21.45 | 21.52 | 21.57
11 4.65 | 9.31 15.09 | 19.89 | 22.49 | 23.22 | 23.35 | 23.44 | 235 | 23.55
12 441 | 9.34 145 | 20.46 | 24.08 | 25.21 | 25.35 | 25.41 | 25.47 | 25.54
13 4.83 9.9 16.05 | 21.86 | 24.66 | 27.19 | 27.29 | 27.39 | 27.46 | 27.5
14 502 | 11.29 | 17.45 | 22.45 | 26.05 | 28.75 | 29.27 | 29.37 | 29.43 | 29.48
15 575 | 10.49 | 16.46 | 22.66 | 28.05 | 30.15 | 31.24 | 31.35 | 31.41 | 31.47
16 498 | 11.87 | 16.86 | 23.84 | 28.86 | 32.89 | 33.19 | 33.35 | 334 | 33.46
17 484 | 11.49 | 17.27 | 24.45 | 29.26 | 34.05 | 35.19 | 35.29 | 35.37 | 35.45
18 577 | 11.7 16.66 | 23.24 | 29.44 | 34.86 | 36.97 | 37.3 | 3737 | 37.4
19 573 | 11.69 | 18.26 | 25.63 | 32.03 | 36.04 | 38.71 | 39.25 | 39.33 | 39.41
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2 3.49 473 5.46 554 5.64 5.7 5.77 5.77 58 5.85
3 3.16 5.59 1.2 7.46 752 7.61 7.66 1.7 7.74 177
q 35 5.81 8.76 9.29 9.47 9.51 9.62 9.66 9.69 9.72
5 3.74 7.29 9.96 11.24 11.4 115 [ 1158 | 1161 | 11.68 | 11.71
6 397 7.75 11.08 | 12.78 | 13.32 | 13.46 | 13.53 | 1358 | 13.64 | 13.66
7 a.27 8.3 1191 | 1395 | 15.27 | 1538 | 155 | 1556 | 1558 | 15.65
8 4 8.92 10.9 1493 | 16.6 | 17.38 | 1744 | 1753 | 1758 | 17.61
9 4.35 8.54 12.07 | 16.05 18.2 | 19.31 | 1942 | 195 | 1954 | 19.59
10 4.48 8.71 12.7 /ol 18.31 | 21.08 | 21.37 | 21.45 | 21.51 | 21.57
11 4.46 8.89 1272 | 17.28 | 19.47 | 21.77 | 23.09 | 23.43 | 23.48 | 23.55
12 4.13 8.57 13.07 | 17.84 | 21.88 | 23.33 | 25.11 | 25.39 | 25.46 | 25.52
13 4.82 8.73 14.45 | 19.28 | 22.29 | 25,53 | 27.04 | 27.37 | 27.43 | 27.49
14 a4.62 10.49 15.47 | 1887 | 2287 | 26.71 | 27.52 | 29.33 | 29.41 | 29.46
15 5.39 10.07 14.24 | 20.84 | 25.07 | 26.46 | 29.96 | 31.31 | 31.38 | 31.43
16 4.33 10.68 14.47 | 20.66 | 26.05 | 29.26 | 31.71 | 33.08 | 33.36 | 33.44
17 3.82 9.73 13.3 20.83 | 24.66 | 27.85 | 32.09 | 33.79 | 35.13 | 34.77
18 a.22 9.1 14.26 | 21.07 | 22.27 | 28.65 | 33.65 | 36.2 369 | 37.35
19 4.64 9.02 14.47 | 20.84 | 24.86 | 30.85 | 34.46 | 38.35 | 39.05 | 39.14
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Algorithm 1: Crossover

—_

. Inputs: SET {parents,, parents; } as a set of the chosen chromosomes.
2: SET S as a set of sending nodes.

3: SET n as a total number of nodes.

N

: Output: a set of offspring chromosomes

5: function Crossover ({parents,, parents; }) {

6 SET offspring set to [ ] /a¥wersisdhaiiaifiuglnslulsumemitazgnadiedu

7: for i = 0 to 1 /3t 2 ads dmfumslaiivaeulasiulouriouazul

8: SET offspring to parents; //d1aeslasluleunsundiiduiiuysensise
offspring

9: if |offspring| = n then

10: /vntastilsuvioudfiasngnasuynyanaiduauasn 1 ¢

11 Random remove 1 order from offspring

12: end if

13: if i = 0 then /Usemaiuys couple (ulaslulouguaslaslulouiign
1999

14: SET couple to parents;

15: else

16: SET couple to parents,
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17: end if

18: for each gene IN couple //ausgmﬂﬁulu couple

19: if cene & offspring and gene € S then

20: /ndulalsivnngluleslulafigniaeslidusumismantududily
21: SET idx_s to a random number from 0 to |offspring|-1
22: if idx s = 0 then

23: offspring append gene

24: else

25: insert gene to offspring at idx_s

26: end if

27: SET idx_r to a random number from idx s to |offspring|-
1

28: if idx_r = idx_s then

29: offspring append a receiving point of gene

30: else

31: insert a receiving point of gene to offspring at
idx_r

32: end if

33: end if

34: offspring_set append offspring //Afuansisdmemlilueisissiiedeuls
35: return offspring_set

36:}
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Algorithm 2: Two_opt

1: Inputs: SET chrom as a list chromosome

2: SET finddis() as a function to find distance of chromosome
3 SET val() as a function to return validity Boolean of chromosome’s
arrangement

4: Qutput: a modified

chromosome

5: function Two_opt(chrom) {

6: fori =1 to |chrom|-2

7 for j = i+1 to |chrom|-1

8: //@nandaslulsaiignnaneiugidusiuys new
9: SET new to copy list of chrom

10 for k=i to j+1 //adumunusrestuly new T
11: SET newl[k] to chrom [j-(k-i)]

12: //N3EEENNAARIUALNITINSLINNADS

13: if finddis(new) < finddis(chrom) and val(new)
14: //UsunsInEedlunlnusalls new
15: SET chrom to copy list of new

16: end if

17: return chrom
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Algorithm 3: Mutation

1: Inputs: SET chrom as a list chromosome

2: SET finddis() as a function to find distance of chromosome

3 SET val) as a function to return validity Boolean of chromosome’s
arrangement

a: SET n as a total number of nodes.

5: SET § as a set of sending nodes.

6: SET is using 2 opt as a Boolean of permission to applying 2 opt with
chromosome

7. SET distance_limit as a number of distance limit

8: Output: an offspring chromosome

9: function Mutation(chrom, is_using 2 opt) {

10: if is_using 2 _opt=true then

11 SET chrom to Two_opt(chrom)

12: end if

13: //1 chrom fid1unuandnlaividudaugennanduiinandndadilifilu chrom 1 6
14:  if |chrom| # || then

15: SET remain S to S — chrom

16: //remain S Aamnvasgaiurimuniilsioglu chrom

17: SET idx = random number from 0 to [remain_S]




18:

19:

20:

21:

22:

23:

24

25:

26:

27:

28:

29:

30:

31:

32:

33:

34:

35:

36:

37:

68

o

for j=0 to 1 //7ut 2 ASadwiunsLiunduazqasy
if j=0 then
SET gene X to remain_S[idx]
//gene X Aeqagsiignduain remain S

SET start to O

/7397 gene_X aggnunsniinlulasulasausiani 0

else
SET gene X to a receiving node of gene X
//gene_X AanTuved gene X TuseumsauT iU
SET start to index+1
//a9d gene X azgnumsndnluldEuandumimdsqadi
ugdswat gene X
end if

SET previous_dis to ©0
for i = start to [chrom|-1
if i = start then
J/80 i R start WisvgzaiiaTy
//ilounsn gene X siavhegaues chrom LAUAIFILUT dis
SET dis = finddis([chrom[|chrom]-1],gene X])
SET i to |chrom|

else:
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38: /7 61l start wsvezmneiiutudeunsn gene X

39: // fighuniisla 9 Tu chrom iuenfisauys dis

40: SET dis to finddis([chrom [i-1],gene X, chrom([il])
41: end if

42: if dis < previous_dis then

43 // wiumsniduislg dis teefign  AuATIFLUS
index

a4: SET previous_dis to dis

45: SET index to i

46: end if

ar: insert gene X to chrom at index

48: // frsvegnavedasiuleuinnndy distance_limit audansudarunitssesnisayliiiiu

49:  while finddis(chrom) > distance_limit then

50: for i = 0 to |chrom|-1 then

51: if chrom[i] is a sender of chrom[-1]:

52: SET removed_sender_index to i

53: remove item at removed_sender_index from chrom
54: remove item at last index from chrom

55: return chrom

56:}
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Algorithm 4: Mixed population_selection

1: Inputs: SET population as a list of list chromosome

SET n_population as a total number of chromosomes in population
SET fitness_list as a list of fitness value of chromosomes in population

SET max_negative ratio as a maximum number of negative chromosomes

5: Output: a modified population and a modified fitness_list

6: function Mixed population_selection(population, n_population, fitness_list) {

10:

then

11:

12:

13:

14:

15:

16:

17:

18:

SET sorted _indices to sort indices(fitness_list).reverse()
SET negative_population to [ ]
for i = 0 to |sorted indices|-1

if fitness list[i] < 0 and |negative population| < max_negative ratio

negative population append sorted_indiceslil
end if
SET positive_population to [ ]
for i = 0 to |sorted indices|-1
if fitness_Llist[i] > O
and |negative_population|+|positive_population| < n_population then
positive_population append sorted_indices|i]
end if

while |negative_population|+|positive_population| < n_population then




19:

20:

21:

22:

23:

24

25:

26:

27:

28:

29:}

insert positive_population[0] to positive_population
SET selected population to [ ]
SET selected fitness to [ ]
for i = 0 to |positive_population|-1
selected population append populationli
selected fitness append fitness_list[i]
for i = 0 to |negative population|-1
selected population append population(i]
selected fitness append fitness_list[i]

return selected population, selected fitness
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Algorithm 5: Pre_crossover_selection

1: Inputs: SET positive_population as a list of list positive fitness chromosome
2: SET negative_population as a list of list negative fitness chromosome

3: SET positive fitness list as a list of positive fitness value of chromosomes in

population

4: SET negative fitness list as a list of negative fitness value of chromosomes in

population

5: Output: a couple of parent chromosomes

6: function Pre crossover selection(positive population, negative population,
positive fitness_list, negative fitness list ) {

7 SET parentl_fitnesss to result of random selection from positive_fitness_list

weighted by positive_fitness _list

8: for i=0 to |positive_fitness_Llist|-1

9: if positive fitness_Llist[i] = parentl_fitnesss then
10: SET parentl index to i

11: break for

12: end if

13: SET parentl to positive population[parentl_index]
14: SET is_cross_negative to result of random selection from integer since 0 to 1
15: if is_cross_negative = 1 and |negative population| > 0 then

16: SET parent2 to result of random selection from negative population




17:

18:

19:

20:

21:

22:

23::

}

weighted by negative fitness_list
else then
for i=0 to |positive_fitness_Llist|-1
if positive fitness _list[i] = parentl fitnesss then
SET positive fitness_list[i] to 0

SET parent2 to result of random selection from positive population

weighted by positive_fitness_Llist

return parentl, parent2
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