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Abstract

Optimization of methods for solving equations and engineering problems is currently important. The Traveling
Salesman Problem (TSP) is a NP-complete problem solving technique employing the principles of meta-heuristics.
This paper proposed a Siamese Rhinoceros Beetles Algorithm (SiRBA), which imitates the behavior of Siamese
Rhinoceros Beetles. Movement toward light, food, reproduction and escaping from enemies are used to create a
SiRBA which is then used to find the maximum and minimum value of functions, applied to solving engineering
problems. Principles of the movement toward the light and smell by flying during an away from solution, Vibration and
smell by walking at the near solution. The SiRBA was tested with a quadratic function and the Traveling Salesman

Problem (Symmetric TSP). SiRBA was effective at finding a solution.

Keywords: Behavior of Siamese Rhinoceros Beetles, Siamese Rhinoceros Beetles Algorithm, Optimization, Traveling

Salesman Problem.
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solving the Traveling Salesman Problem

Smell
light

Vibration

Flying Zone {light and Smell)

- 4
= lteration Number

- Walking Zone (Vibration and Smell)

% = error ling

Figure 1 Mobility mechanism to solution for SiRBA Algorithm

flx)  light
f(S)  Smell (5)
f(Pgy (t+1)) Vibration

Fitness

. 2
e x= (T B (- x) + CLE M TalPsin *
( Ptar' PSirb) L4 (1 -Re R)]}

Smell; = Function (S;)
%f(X)= f(X Best)t+1 - f(X Best)t)/ f(X Best)t

ey Ty= 01 dlo  %f(x) > %error 1w 1

%f(x) < %error 11w 0

T,= (01) e %f(x) > %error 4lu 0

%f(x) < %error 1T 1
Pseudo code for SiRBA:
1. Objective function of f(x), where x=(x1,........ ,xd)
Search Space; x € 109-1,1]
2. Generate initial population of Siamese Rhinoceros
Beetles;
X, i=1,2,..n)
: Flying zone (light and Smell)
Formulate light intensity Ii from f(xi); Ii = f(x i)
Define absorption coefficient ;

While (t<MaxGeneration)

o o bk~ w

For i =1 :n (all n Beetles)

10.

1.

12.

13.

14.

15.

16.
17.

18.

For j=1 to i (all n Beetles)

If (IJ_ > Ii), move Beetles i towards j;

end if

Generate initial location; Initial (X,Y)

(i=1,2

..,m) Xi = X axis+ Random Value, Yi =Y axis +

Random direction and distance; (Xk,Yk)=

Random Value

Find the smell concentration (Smelli): SmeIIi = Func-
tion (Si)

While (t<MaxGeneration)

For k = 1 to m (all m location)

If (max(Smell)> Smelli), move Beetles i towards that
location

end if

Evaluate new solutions and update light intensity and
location;

While ( (f(x)t+1 - f(x)t)/ f(x)'s 0.05); Compare solution

: Walking zone (Smell and Vibration)

19.
20.
21.
22.
23.
24.
25.

Find V., for each Beetles; target vibration
While stopping criteria not met do

for each Beetles in pop do

Evaluate the fitness value of s.

Generate a vibration at the position of s.
end for

for each Beetles in pop do
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26. Calculate the intensity of the vibrations V

27. generated by other spiders.

28. Select the strongest vibration Voo from V.

29. if The intensity of Ve is larger than V. then

30. Store Voot 3V,

31. endif

32. Perform a random walk towards Vi

33. Generate a random number R from [0,1).

34. While (Vtar <MaxGeneration)

35. Fori=1:n (all n Beetles)

36. For j=1 to i (all n Beetles)

37. If (vj > vi), move Beetles i towards j;

38. end if

39. Random direction and distance; (Xk,Yk)= i=1,2
...,m)

40. Find the smell (Smelli); Smelli=Function (Si)

41. While (t<MaxGeneration)

42. For k = 1 to m (all m location)

43. If (max(Smell)> Smelli), move Beetles i towards that
location

44. end if

45. Evaluate new solutions and update vibration inten-
sity and location;

46. End for j;

47. End for i;

48. End for k;

49. Rank the Beetles and find the current best;

50. End while;

51. Post process results and visualization;

52. End procedure;
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solving the Traveling Salesman Problem
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Figure 3 Movement into value x* (n=3)
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Figure 4 Movement into value x* (n=6)
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Figure 5 Movement into value x* (n=9)
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Table 1 Distance matrix between Node (km)
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solving the Traveling Salesman Problem

N 1 2 3 4 5 6 7 8 A
! i
1 0 Random initial assignment /" ,I.
I, !
2 1.03 0 3-6-8-1-4-7-2-5-3= 25.63 km A
_ )
3 249 139 0 7-3-4-2-8-5-6-1-7= 24.73 km |
A 273 169 128 o 6-2-5-7-1-3-8-4-6= 28.3 km Fii Yipooin
: ’ ’ (Best Solution = 16.1 km) B(rm) or 1(Psi,is Psijt) > B(run) or (Psi,is Psiron)
5 2.17 1.1 1.06 1.36 0 Connect itoj, (light or Vibration)
6 3.66 2.58 2.68 2.98 1.61 0 Random [i;]
C t itoj Smell
7 498 391 475 464 333 297 0 onnect itoj,  (Smell)
8 5.78 4.68 5.51 5.4 4.09 3.73 0.76 0 Figure 7 Connection of path
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1 Taglusoudt 1 myguan 3 ass iinlddnnsgauves
usaLlu [0.189 0.611 0.732] sazvinmsdiagaifondi 2, 5
ez 6 LLa:@i'm'riajmamﬁuLﬂu [0.073 0.478 0.698] 23
a:ﬁﬂﬂﬁﬁ@qm%auﬁ 1, 4 uaz 6 INEHITYIINITEAIN
LEUNNIGUTUR AR AU 3-6-8-1-4-7-2-5-3 LTUVDILFS
[3-6) (8-1-4) (7) (2-5-3] uazvasnawiily [3) (6-8-1) (4-7)
2-5-3] lagiataanans [ liswnsnidawld L‘ﬁ;aommﬂugﬂ
wuyvaInaawtuuie

Sunond 2 elumn%amiaﬁu@@a:ﬁﬂmiﬁm‘smﬂ
mmmmmlumn%au@iamaa@ﬂimﬂﬁ“ﬁaﬁmumw:ﬁaq
Lifimsfadunsdes nIamstaumalumsdunis
%ulumié’m}ﬂL%awﬁuaquiﬂa‘fwﬁuma"lﬁé‘fmamslu
(Table 3)

Suaoudi 3 didunefildudazduanfiansand
Poauss uazndn lusrsasmsduasauns
X =X+ Boe"Yrijz(xj —x) + CLE uaz

SmeIIi = Function (Si)
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Table 2 Range of random values and random values in

J Sci Technol MSU

Table 4 Fitness of light and smell in 1% round of Insects

Flying zone No.1

link Range of Random Light1 Small1 Routing Fitness
Value Light 1 3-6-4-1-8-7-2-5-3 20.838

1 0-0.125 - 0.073 2 3-6-7-8-1-4-2-5-3 18.734
2 0.125-0.25 0.189 - 3 3-6-7-4-1-8-2-5-3 25.735
3 0.25-0.375 - ; Small 1 3-1-8-6-4-7-2-5-3 25.629
4 0-375-0.50 - 0478 2 3-1-8-6-7-4-2-5-3 25242
° 0-50 - 0.625 0611 ; 3 3-6-8-1-7-4-2-5-3 25,633
6 0.625 - 0.75 0.732 0.698 A 547-6.51-2-5.3 04 863
! 0-75-0.875 - ; 5 3-4-7-1-8-6-2-5-3 25.565
8 0.875 - 1.00 - - 6 3-7-4-6-8-1-2-5-3 25573
7 3-7-4-1-8-6:2-5-3 25.804

=< & o A o o
‘Hdlug‘ﬂLLU'U“I]EN“NGH‘HWHadﬂ’]‘iﬂwﬂa%ﬂﬁﬁuﬂlﬂ
10w Smell = x + S(x — x)
i i it i

a 1 o
e g =—— lagii Dist = /X +Y” uaz

Dist
Xi = X axis+ Random Value,

Yi =Y axis + Random Value

Table 3 Transportation routes from SiRBA in 1 round of

Insects No.1
Routing Fitness (km) Li— Li

Initial 3-6-8-1-4-7-2-5-3  25.63 -
Light 1 3-6-4-1-8-7-2-5-3  21.00 -4.63
2 3-6-7-8-1-4-2-5-3  18.77 -6.86
3 3-6-7-4-1-8-2-5-3  25.64 0.01
Small 1 3-1-8-6-4-7-2-5-3  25.62 -0.01
2 3-1-8-6-7-4-2-5-3  23.39 -2.24
3 3-6-8-1-7-4-2-5-3  25.66 0.03
4 3-4-7-6-8-1-2-5-3  21.59 -4.04
5 3-4-7-1-8-6-2-5-3  25.15 048

-0.56
6 3-7-4-6-8-1-2-5-3  25.07

0.74
7 3-7-4-1-8-6-2-5-3  26.37

Famyimuasasiiluaunisesit B,=1Y=
1, LE[0,1], €= (rand[0,1] - (1/2)) WAz Initial (X,Y) Tudidl
I¢és13E [0, 10] uaz Random Value € [1,1] S9au13a
WieasuEs uaznan luduniedeg ildasuaaslu
(Table 4) Gnagnauulu Light 1 L&WNY 3-6-4-1-8-7-2-5-3
e L-L=-463 Faviu

-4.63
X = 25.63 + -(5)2(-4.63) + (0.332)(-0.458)=20.838

e

1w Small 1 Sedun

Smell = 25.63+(11 (7.33+ (:0.27)f +(3.87+0.11% )
(-0.01) = 25.629

Suaoud 4 W6 Fithess Va9HILES WazNAWAN
ﬁﬁmmﬁauﬁ‘mﬁmﬁamﬁumaﬁﬁmﬁaﬂﬁqﬂ Foazlddn
N9 3-6-7-8-1-4-2-5-3 G9ilen Fitness L1infiL18.734 N34
Lwia:@"hﬁ]:'ﬁwmimiﬁjuluLL@ia:iauvleﬁLﬁ LIRS DU IFL
guifion 3 a5 uazawnan 3 aislasazld 6 umsde
n319 1 d7lu 1 59U G9uaslu(Table 5)

\osmauninan=3 ﬁJzVLGTLé?umaﬁﬁﬁq@lmau
# 1 dausasly (Table 6)

Suaoudl 5 :ntiusinen Fitness A ldanfiansan
fdasidudann

|f(x ) —f(x

) |/ f(x ) < Y%error
Best” t+1 Best’t

Best’t

Table 5 Routing from SiRBA in 1 round of Insects No.1

Routing Fitness (km)
Light1 3-6-7-8-1-4-2-5-3 18.77
Light2 3-6-2-7-8-1-4-5-3 20.86
Light3 3-7-4-1-8-6-2-5-3 26.37
Small1 3-4-7-6-8-1-2-5-3 21.59
Small2 3-6-2-7-4-1-8-5-3 27.47
Small3 3-6-7-4-1-8-2-5-3 25.64
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Table 6 Routing from SiRBA in 1¥ round of Insects No.1-3

No. Routing Fitness %

1 3-6-7-8-1-4-2-5-3 18.77 26.76
2 7-8-2-4-3-5-6-1-7 19.72 20.26
3 6-2-5-3-1-7-8-4-6 21.28 24.81

uteanin 0.5% Gzl |18.77 -25.63 |/25.63

= 0.2676 ~ 26.76 % TININNT1 0.5% (0.5%< 26.76 %) 11
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Table 7 Transportation routes from SiRBA, Area zone of

fiying and walking in each round

round  Routing Fitness % zone

1 3-6-7-8-1-4-2-5-3 18.77  26.76 flying fiying

2 3-4-1-8-7-6-2-5-3  18.26 2.72 flying walking
3 3-5-2-6-7-8-1-4-3 1826 0 flying walking
4 3-5-2-1-8-7-6-4-3  16.96 712 walking

5 3-6-7-8-1-2-5-4-3  16.96 0

6 3-6-8-7-2-1-5-4-3  16.92 0.24

7 3-4-5-6-8-7-2-1-3  16.10 4.85
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solving the Traveling Salesman Problem
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Table 8 Number of routing and random in SiRBA process

for TSP example

Iteration Number of Number of
Number Routing random
3-opt 7 126 378
3-permutations 6 108 324
4-permutations 3 54 216
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Table 9 Transportation routes from SiRBA

Fitness Iteration
Routing
(km) Number
SiRBA
3-opt 3-4-5-6-8-7-2-1-3 16.10 7
3-permutations 7-8-6-5-4-3-1-2-7 16.10 6
4-permutations 1-2-7-8-6-5-4-3-1 16.10 3
SA* 1-2-7-8-6-5-3-4-1 16.11 50

(*afwn1 uazAe. 2555)°

@ Figure B The distance decraases in each round from SiREA
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