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1. Simulated annealing

2. Evolutionary algorithm

3. Particle swarm optimization
4. Ant colony optimization
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R = random=# (r, — ) + 1, (6)
reflection = R *#p,, (Z)
visibility = V = Best ,, — py; (8)

newp,, = reflection + visibility (9]
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1. Cuttlefish algorithm
2. Intrusion detection systems
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1. Cellular automata
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Initialize the population using (5) and
keep the best solution in Best.

v

Define the Moor neighboring cells
and place best variable vector of
population randomly on the cellular

automata.
v

Divide population into four
Groups: G1,G2,G3 and G4.

>V
»V

The average of the Best points is
calculated and stored in AVBest.

v

For each cell in G1 generate new
population using (6, 7, 8 and 9).

v

For each cell in G2 generate new
population using (8, 9 and 10).

v

For each cell in G3 generate new
population using (9, 11 and 12).

[ o ] 7

For each cell in G4 choose a cell
randomly and determine the best cell
among the selected one and its
neighborhood answers from cellular
automata and keep that in ¥test,

Stopping
criteria?

generate new population using (13).

v

Calculate the objective function

v

Replace the worst answer in cellular
automata with best new population

Yes

P(i)=NewP(i) , F(i)=Fnew(i)

Fig. 1. General principle of CA-CFA
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Fig. 2. A 10-bar planar truss. [25] Cmud o Ol 4 (xS 1SS sl s e I
S e g

o o S b b e Vgl ool s 4 ol samlio N gk

HPO ABC FEAPGEN CFA  CA-CFA
[25] [26] [27]
Al 30 30 30 3.84 33.5
Az 1.62 1.62 1.62 18.8 1.62
As 22.9 26.5 26.5 16.9 22.9
A4 13.5 13.5 13.5 438 15.5
As 1.62 1.62 1.62 16 1.62
As 1.62 1.62 1.62 16 1.62
A7 7.97 7.22 7.22 7.97 7.97
As 26.5 22.9 22.9 7.97 22
Ao 22 22 22 4.49 22
Ao 1.8 1.6 1.6 3.09 1.62
Weight
(1) 5531.98  9540.74 5556.9 5537.71  5495.57
No. of
Analyses 50000 25800 2000 12240 7040

Table. 1. Comparison of the optimum designs for the 10-bar truss problem

'
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Fig. 5. A 52-bar planar truss. [30]
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Fig. 3. Comparison of the convergence curves recorded for the
best optimization runs of CFA and CA-CFA in the 10-member
2D truss size optimization problem.
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Fig. 4. A 15-bar planar truss. [29]
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Fig. 7. Comparison of the convergence curves recorded for the
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2D truss size optimization problem
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Fig. 6. Comparison of the convergence curves recorded for the

best optimization runs of CFA and CA-CFA in the 15-member
2D truss size optimization problem.

MBA
Group variables PSO PSOPC DHPSACO
(mm?) 25] 25] 25] [25] CFA CA-CFA
A~ Ay 4658.055 5999.988 4658.055 4658.055 5999.988 4658.055
As~Ajp 1374.190 1008.385 1161.288 1161.288 1008.385 1161.288
Ai1~Asz 1858.060 2696.770 494.193 494.193 2696.770 506.451
Au~Ayg 3206.440 3206.440 3303.219 3303.219 3303.219 3303.219
Ag~Ax; 1283.868 1161.288 1008.385 940.000 939.998 939.998
Aoy~Age 252.260 729.030 285.161 494.193 506.451 506.451
Arr~Aszp 3303.220 2238.705 2290.318 2238.705 3303.219 2238.705
As1~Aze 1045.160 1008.385 1008.385 1008.385 1045.160 1008.385
Asz7~Azg 126.450 494,190 388.386 494.193 126.450 388.386
Asp~Ag 2341.930 1283.868 1283.868 1283.868 1283.868 1283.868
Ap~Ag 1008.385 1161.288 1161.288 1161.288 1161.288 1161.288
Aso~As, 1045.160 494.190 506.451 494.193 494.193 506.451
Weight(kg) 2230.160 2146.630 1904.830 1902.605 1936.06 1900.64
No. of Analyses - - - - 7020 13840

Table. 2. Comparison of the optimum designs for the 52-bar truss problem

volume(in3

Syas OAY (gl = Lﬁljig.ad.go'u_)\:)l:}m&/\p

3400000

2900000
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1400000

50 100
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150 200

Fig. 8. Comparison of the convergence curves recorded for the best optimization runs of CFA and CA-CFA in the 582-bar tower truss.
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Sizing variables Optimal cross-sectional areas (in?)

Improved GA[25] I[’ZS;]) PS&?SI]’C H[IZ)E]O ?205? CFA  CA-CFA

Al 308.6 185.9 113.2 1132 113.2 297.1 1132

Az 174.9 1132 113.2 1132 1132 736.7 1132

As 338.2 143.2 113.2 1132 113.2 507.6 1132

Ay 143.2 113.2 113.2 113.2 113.2 297.1 113.2

As 736.7 736.7 736.7 736.7 736.7 1432 736.7

As 182.9 143.2 113.2 113.2 113.2 265.9 113.2

A7 265.9 1132 113.2 1132 113.2 507.6 1132

As 507.6 736.7 736.7 736.7 736.7 497.8 297.1

Ao 143.2 1132 113.2 1132 113.2 497.8 1132

Aio 507.6 1132 113.2 1132 113.2 497.8 1132

Al 279.1 113.2 113.2 113.2 113.2 185.9 1132

A 174.9 113.2 113.2 113.2 113.2 106.3 113.2

A 297.1 113.2 185.9 113.2 113.2 174.9 1459

Als 235.9 3343 3343 3343 3343 736.7 334.3

Ais 265.9 3343 3343 3343 3343 2359 3343
Weight (kg) 142.117 108.84 108.96 105.735 105.735 107.261 105.735

No. of Analyses - - - 7500 5000 2912 1940

[9] slas (s pas OAY (b2 IS slas A K&

Table. 3. Comparison of the optimum designs for the 15-bar truss problem
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Fig. 9. A 582-bar tower truss. [9]
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Fig. 10. A 15-bar planar truss. [3]
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Fig. 11. Optimized 15-bar planar truss.
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E;‘;’lf;‘t PSO[31] DHPSACO[9] CFA CA-CFA
Al 6.16 7.08 58.5 6.16
A 232 21.1 32 223
As 7.08 8.24 253 9.71
As 17.08 17 50 14.6
As 7.08 7.08 32.9 7.08
As 6.16 7.08 432 6.49
A7 14.1 14.4 10.3 12.6
As 7.08 7.08 57.2 7.08
Ao 6.16 7.08 1822 6.16
Ao 13.3 11.7 20 18.3
An 7.08 8.79 10 6.16
A 20 21.1 25.6 23.2
Az 21.8 233 9.12 22.4
Ais 14.1 14.4 22.6 17
Ais 22.3 24 57.2 21.5
Ais 9.13 9.12 47.6 11.5
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E;‘;’lf;‘t PSO[31] DHPSACO[9] CFA CA-CFA
A 6.16 17.9 11.5 19.1
Ass 19.7 7.08 533 7.34
A 7.08 6.16 26.4 6.16
A 6.16 11.7 10 12.6
Az 11.7 7.08 9.12 7.65
An 7.08 6.49 29.8 6.49
Az 6.16 9.12 43 7.61
A 6.49 8.24 8.79 6.49
Ass 7.08 6.16 8.84 6.16
Aas 6.16 6.16 53.6 6.16
A 6.16 7.08 10.6 6.49
Az 7.08 8.24 2431 6.16
Az 6.16 10.6 51 6.16
Ao 6.16 7.08 8.85 6.16
Asi 7.08 6.16 32.92 6.48
A 7.08 7.08 21.5 6.16

Vz)iln‘ér)“e 1366674.89 1346227.65 1364289.85  1332370.02

Aﬁ;’iy‘;; 50000 8500 43200 38500

Table. 4. Comparison of the optimum designs for the 582-bar tower truss
Loz Sl b (55028 10 (5 5 oal oy ol aslie 0 J gt

cross-sectional (in?) Deb|[32] Luh[33] CFA CA-CFA
Ao 5.219 5.428 5.20 532
Al 20.310 20.549 20.45 20.44
Az 14.593 14.308 14.24 14.27
Az 7.72 7.617 7.78 7.68
As 28.187 28.876 29.27 28.90
As 20.650 20.265 20.16 20.39
Weight (Ib) 4731.65 4730.82 4731.33 4730.56
No. of Analyses 85050 41000 82680 66120

Table. 5. Comparison of the optimum designs for the 15-bar truss topology optimization problem
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Fig. 12. Comparison of the convergence curves in the 15-bar
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Abstract

A suitable design is one design can achieve to its aims with minimum cost and needing to less computing time.
In civil engineering due to survey of large scale structures and large number of design variables, it is so hard
achieving to such design only based on experience and therefore optimization methods came to help designer as
useful tools in order to find an economic and efficient design .Structural optimization can be defined as a process
of dealing with the optimal design of various structures. A usual objective function is the weight of the structure.
In general, there are three main categories in structural optimization applications, namely, size, topology and
geometry (shape) optimization. Cellular automata (CA) is a computationally efficient and robust tool to simply
implement complex computations. As CA is simple to be implemented and can deal with complex problems
without extensive mathematical computations, it is widely used in various fields of science and engineering. In
recent years, various meta-heuristic inspired optimization methods have been developed. Almost all of
metaheuristic algorithms come up with an idea of employing a particular process or event in nature as a source
of inspiration for the development of optimization algorithm. The Cuttlefish algorithm is inspired based on the
color changing behavior of cuttlefish to find the optimal solution. The patterns and colors seen in cuttlefish are
produced by reflected light from different layers of cells including (chromatophores, leucophores and
iridophores) stacked together, and it is the combination of certain cells at once that allows cuttlefish to possess
such a large array of patterns and colors. In this article, cuttlefish algorithm (CFA) combined with cellular
automata (CA) and were used for optimization truss structures. First, cellular automata and the Moor
neighboring cells are defined and to the number of squares of the cell number of cellular automata lattice (%) is
selected from the best population. Then, the variables vector and their objective function of selected population
are placed in each cell of the cellular automata. In a Moor neighboring, nine cells are compared to each other and
the best answer (*uesr) is selected and that is used to create new population. Finally, the best person in the new
population will be selected and it replaced with the worst person in the cellular automata, and thus the cellular
automata is updated. Some benchmark numerical examples were solved using the CFA and CA-CFA algorithms,
and the results of the numerical examples showed that the enhanced algorithm performances better in size and
topology optimization of truss structures than cuttlefish algorithm and other methods introduced in the literature.
Finally, it can be concluded that the convergence speed of the improved algorithm compared with previous
approaches is higher and its ability to achieve the desired values is better too.

Key words: metaheuristics algorithm, topology optimization, cuttlefish algorithm, truss structures, cellular
automata
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