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Abstract
A two-bar plane truss is built in MATLAB based on mathematical model. T
authors use genetic algorithm toolbox to solve this problem. The parametric tr el
is set up in the finite element analysis software ANSYS. It is analyzed irgt-order
algorithm. The comparison of two kinds results show the pure genetic g@? doesn ¢
always have an advantage over other algorithms. In the joint o@ 1on method
is put forward on the basis of genetic algorithm. It comjisi ne | hm based on
MATLAB toolbox and numerical algorithm based si-Ne or&wod. This method

is illustrated by the numerical example of the tw plane % e results show this
joint optimization method can get the global o a solutlon of problem every time.

Keywords: Genetic algorithm, N@ al %n Quasi-Newton method,
Optimization, MATLAB, ANSYS s\\%

1. Introduction

Genetic Algorithm is on the eI ve optimized algorithms of probability
search. It simulates biolo genetlc utionary process in the natural environment.
Genetic algorithm c@ can solve the complex system optimization
problems. It doe ly on th e0|f|c fields of the problems. There is a strong
robustness whe@& g the p [1] The genetic algorithm toolbox which based on
MATLAB s a co ete solutlon for many optimization problems. Its simple
function e ssion al algorlthm parameters settings make it convenient and

learn and use. The tionary computation of the binary encoding and the real-value
encoding simul n be realized in the toolbox. In addition to that, it can also provide
a stable platfor application and research on genetic algorithm [2].

Howe netic algorithm doesn’t apply to all the problems. Reference [3] compared

the sim netic algorithm and the traditional optimization algorithm, finding that the
sim tic algorithm is not surely better than other search algorithms. Besides, the
s in the toolbox are fixed and single. It cannot guarantee to find the global
al solution of this problem [3].
n order to solve this problem, the authors of this paper put forward a joint method,
which combines the MATLAB genetic algorithm toolbox with traditional numerical
algorithm based on quasi-Newton method. In addition, the researchers set a numerical
example of plane truss to assess it. The analysis results show the joint optimization
method can converge to the global optimal solution of this problem every time.

flexible to use the ogé ion function. The genetic algorithm toolbox is very easy to
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2. The Evolutionary Process of Genetic Algorithm and Parameter
Setting

2.1. The Basic Process of Genetic Algorithm

The evolutionary process of genetic algorithm is random in the genetic operation. But
the features which it presents haven’t been completely random search. It can effectively
use historical information to forecast the next expected generation characteristics.
Therefore, the researchers establish an iterative process to accomplish the selection and
genetic mechanism, using a series of genetic operations for individuals in the group.
Finally, it converges to one of the most adaptive individual to the environment and can
get the optimal solution of the problem [4]. The evolutionary process of genetic algorithm
could be presented as follows:

GA=(P(0),N,L,s,qg,p, f,1) ),

Where, P(0) = (p,(0), p,(0),...p,(0)) € I N — the initial group; Y

| =B" ={0,1}"— the binary encoding bit string space and the string Ier@

N — the number of individuals in group;

L — the binary length string;

s=1" — I — the selection strategy; Q

g — genetic operators, usually including: Q, e seleﬁ\ perator, Q. — the

crossover operator, Q — the mutation opera I

p — the operation probability of ge@opera \%dmg: P.— the selection
probability, P,— the crossover prob@ % ation probability;
f — the fitness function;

t — the termination criteri oni
In order to make it clear the re rs draw the process on the diagram. The
basic process of the gene@gonthm@ayed in Figure 1.
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Figure 1. Flow Chart of the Genetic Algorithm
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2.2. The Genetic Operator Parameter Settings

2.2.1. The Group Size Set

Group size is the first key solving ability of genetic algorithm [5]. The authors consider
the group processing mode number: O(n®)=n® and O(n*) =nx2" . Therefore, the

researchers draw n =22, On the whole encoding space, considering order k as the main
competition pattern collection, the approximate expression of the population size is just as

follows.
2

(o
n=2z*(a)x(2— 21+H)d—; )
2 > ., .2 2 2
Where, 7*(q)=———:; d=1f, -1, | oy =0y +oy, .

(o /n) \/
Among them, f,, , f, — Hi, H, to adapt to the mean values; ?\
o}, » o, — the variance of model Hy, Hy; 0

of — the encoding space superior fitness variance;

k — the model order; &
O \/

L — the binary bit length string.

2.2.2. The Election Operator

Selection operator of population dlve@ have Iy monotone decrease effects,
ensuring that the “survival of the fi ge e rlthm iteration group evolution
phenomenon [6]. In this paper, t assu best individual a; in expectations

of 7" number and the worst indiv I an 1n @mctatlons of 7~ after selection operation.
The probability of |nd|V|duaI clieice |s

- n@@ @
Where, n for \blze Qs

The best 4 I sele% bability is shown in the following type.

Pr=7 4)

Considering the ual good class multiple choice probability is different, the

collection: p,, =§/n" /n, c>1.
Consequently, It can be summarized that the existence of fine individual proportion
formula i&ﬁ@.;hown as below.

authors take the

P@Qi,t a0 ®)

; n
2.2.3. The Crossover Operator

This paper uses the uniform crossover. Each of the two matching individual genes
swap in the same crossover probability. So it also can form two new individuals. Specific
operation can be set up by a block of words to determine how each new individual genes
by which a parent to provide [7]. Uniform crossover operation is as shown in the Figure 2
below.
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A:xxxxxxxxxx Uniform Crossover A xyxyxyxyxy

B:yyyyyyyyyy W=0101010101  Bryxyxyxyxyx

Figure 2. Schematic Diagram of the Crossover Operation

2.2.4. The Mutation Operator

To every individual in group, mutation operator change one or some genes for other
loci with a certain probability. As well as nature world, the probability of mutation in
genetic algorithm is very low. In each generation groups, there are nx p, x L mutation on

average. Where, n is for group size and L is for the length of the binary string [8]. Its
scope can set just as general: p,, = (e*—1)/(e®’ -1), x{0.1,0.2,...0.7}.

3. Numerical Algorithm Based on Quasi-Newton Method ?‘
Using MATLAB genetic algorithm toolbox, it can get pomt clo @ optimal
solutions. For the sake of obtaining a more option %lon t?Qegearchers use
numerical algorithm to solve this problem further base thod.
Here, the researchers think about constrained n minirnqp/
min f (x) \
S.t.gi(X):O,i:]_,Z,,..,l, OQ ’\9
(X)>0,i=
g,(x)_.O,l 1+1,1+2,...m 6\ .\@
x >1,i=12,..,n. & s\\
Where, f (x)—the objecth,on; 0\6

g, (x) —the constrame&:nlmear mQ
The speC|f|c expres tion ay be very complicated. In order to make the

e rese rs use a quadratic programming model to replace it
quadratic programming solutions to draw near the
The approximate quadratic programming model is
i |an matrlx of Lagrange function, which the researchers use
r&e model of sub-problem can use the following form.

min%sTviL&{b,ﬂm)va (x")Ts,
stV (x*) 8 +9,(x¥)=0,i=12,...1, )
Vg@hﬁgi(x‘k))zo,i:I+1,I+2,...m,

@I —x®i=12,...n
%wereby, VIL(x®, A%, 4™ is Hessian matrix of Lagrange function. In the
following, it is called H, .
So the KT conditions of the sub-problem can be described as follows.

(6)
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H, s+ Vf(x Z/Wg (x%y,(4 >0),

4 Vg, (¢) s+ g,(x))=0,i =1 +1,1+2,..m, ®)
v, (X) s+g,(x%)=0,i=12,...1,

v, (X) s+9,(x%)>0,i=1+11+2,..m.

Since H, may not be positive definite in the objective function, the researchers convert

H, to B, which is a positive definite matrix close to H, . Then it can calculate. Here,
using the BFGS method, the modified formula of matrix is shown as below.
5 _p _BOYEY) B )
k+l k (5(k))T Bk5(k) (5(k))T (k)

T T
Hk+1:Hk_Hk77k§k +5k77ka+[1 i kﬂkj55

(9)

77;5k 5kT77k 5k Tl @10)
Among them, §® = x®* —x*; B, 6% is the linear cqmbi atfon of
here
=V L(x*Y 2% 40)-v L(x®, 20, 4® OQ (11)
4. A Numerical Example Q 6
In order to illustrate this simple gen 'Qjorith holve the problem better, the

researchers build a two-bar plane trus
are as shown in Table 1. Here, the

and the value of yg to make Q

ure 3 he basic parameters of the truss
aféhers ¢ he cross-sectional area of two bars

of the % hter.
A%E

|
RN

@ Figure 3. Diagram of the Two-bar Plane Truss
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Table 1. Design Variables and Constants for the Two-bar Planar Truss

Problem
Name Symbol Numeric
Joint load P 10°N
Volume density y 7.7 x10° N/m?
Length I 2m
Width X8 1m
Allowable tension stress [at] 1.5x10° Pa

Allowable compressive stress [oc] 10° Pa
Cross-sectional area of bar 1 A, 0m’<A;<10°m?
Cross-sectional area of bar 2 A 0m’<A;<10°m?
Vertical coordinate of joint B Ve 0.5m<yg<l.
The mathematical model and constrained conditions of truss optimizatio own in

the following form.

minW:7(A1\/X§+(|—YB)2+A2\/X§+>'§) & &
s.t.P—WS[@] O \/

N\
PyXe+Ys' OQ 9 .
S [.] % \
0.5m<y, <1.5m K s\

The researchers set the coﬁe ding %neters in genetic algorithm toolbox in
MATLAB and find the sol then. Is for special attention is that it should

choose the “Adaptive f le” vari %nction in the “Mutation function” column.

Because the defaul “ an mu at function is only applicable to unconstrained
minimum proble etic algoni converged after running 28 generatlons and lasted

for about 35 s. putatl Its are: W = 128.1 N, A; = 5.2X 10" m?, A,=6.8 X
10 m yg . The @t orse and mean scores at each generation is shown in
Figure 4.

8

j Score

&

: =
0 3 3 : L L
@ 5 10 15 20 25 3
Algebra

Figure 4. The Best, Worse and Mean Scores at Each Generation

%

The global optional solutions of the plane truss are: W = 125.8 N, A;= 5.21x10™* m?, A,
= 6.4x10”*m? ys = 0.8 m. The results show that the computational solution obtained from
the genetic algorithms toolbox has a certain difference to the global optional solution.
Next, the researchers regard the results of genetic algorithm as the initial point. Then the
authors programmed numerical algorithm based on quasi-Newton method in MATLAB to
solve this problem further. The final results are: W = 125.77 N, A; = 5.207x10%*m?, A, =
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6.403x10™* m? ys = 0.8 m. The results are same with the global optional solution after
rounding. Visible, the researchers obtain the global optimal solution of the problem
combined with numerical algorithm.

Through numerical example, the researchers can see that the objective function is four-
dimension function. It can’t use image to represent in MATLAB. To this end, the authors
fix one of the three design variables according to the global optimal solution. The design
variable is: yg = 0.8 m. Thus, the image of the objective function can be drawn in
MATLAB. The image of the objective function at yg= 0.8 m is shown in Figure 5.

Figure 5. The Image g&@)bje% unction at yg = 0.8 m

For comparison, the reses;%rs build* | of this problem in the finite element
analysis software ANSYS and use its 4i er algorithm to solve. Iterative algorithms
converged after 11 times mg 165 iterative curves of the objective function, the

design variables and e e variable are shown in Figure 6.
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Variables and the State Var%ej
From Table 2, we can know that the simple genetlc u th ortest time to

solve the problem. But it isn’t better than A -or hm on results.
Therefore, the simple genetic algorithm isn’t t way e problems. After
0

combining genetic algorithm with numerlc g m, t e reSearchers have run and
verified multiple times. The joint optimizati n@@hod ca ys converge to the global
optimal solution at every turn, with simpl ic algorlth In solving time. Comparison
of the results under different algorlthmg own |

- X\
\
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OIrhe standard optimal salutiod |
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Table 2. Comparison of the Results Using Different Algorithms for the
Two-bar Plane Truss Problem

(The Numbers in the Parentheses is the Absolute Value of Relative Error)

Methods W/N A/x10%m? | A)/x10“m? ya/m Time/s
Simple genetic 128.1 52( 6.8 0.73 35
algorithm (1.853%) 0.134% ) (6.2%) (8.75%)
Joint optimization 125.77 5.207 6.403 0.8 40
method (0%) (0%) (0%) (0%)
ANSYS first-order 126.46 4.979 6.715 0.89 165
algorithm (0.549%) (4.379%) (4.873%) | (11.25%)
Optimal solution 125.77 5.207 6.403 0.8 --

5. Conclusions

Although genetic algorithm has very strong robustness for various kind

simple genetic algorithm is not applicable to all proble
use genetic algorithm toolbox GADS and establish th

his pap
at'cal

@
Se

o'

Yo

ems,
archers
of two-bar

plane truss in MATLAB to solve this problem. tegcomparison, the
authors also build the parametric model of tru the tr \r#e element analysis
software ANSY'S and use a first-order algorithm to yze |t in antime. Analyzing

the results of two kinds of algorithm algeQms the rchers find that simple
algorithm algorithm is not the best way to e same p ms.
ithm with numerical algorithm

ard a joint optimization method

r truss. The results show the joint
optimal solution for the problems every
comblnatlon of genetic algorithms and

Finally, the researchers combine SI net
based on quasi-Newton method. S thors
and assess it with the numeri éﬂple of t
optimization method can co ve

time. It has certain reference
other optimization algorl

he gl
|f|ca

orted by the national natural science foundation of
and technology support foundation of Handan city.
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