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Jump of Circles: A New Way to Solve the Engineering Optimization Problems
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ABSTRACT: In this paper, a new meta-heuristic optimization method called the Jump of Circles
Optimization Method is introduced. In any optimization problem, an answer zone is defined in which the
optimization algorithms search the space to find the optimal answer. The method presented in this paper
uses two important pillars in searching the answer zone. The first pillar is to use geometric principles.
The Jump of circles uses the circle with decreasing radius. The second pillar is to use the meta-heuristic
application. In meta-heuristic algorithms, the search points distribute randomly and jump in the answer

Review History:

Received: Oct. 15,2019
Revised: May, 30, 2019
Accepted: Jun. 16,2019
Available Online: Jul. 14, 2019

zone. In the proposed method, the center of the searching circle jumps and sits on the optimal point of  Keywords:

each step. The proposed algorithm solves the optimization problem in two phases. The first phase is
optimal area exploration and the second phase is exploiting the exploration. Finally, the most optimal

Jump Of Circles Optimization
Method

point that will be obtained from the two phases, is the optimal answer to the problem.

Meta-Heuristic Method
Two Phases Method
Optimization

Engineering Benchmark Problems.

1- Introduction

Optimization is a very applicable tool used in almost
all sciences. With this highly powerful tool, any problem
that can be shown mathematically can be solved. High
applicability and problem-solving capability have increased
the importance of optimization among researchers in recent
years. The Genetic Algorithm (GA) is a highly applicable
algorithm used in many optimization problems [1]. Such
other researches are the Particle Swarm Optimization method
(PSO) [2], the Ant Colony Optimization method (ACO) [3],
and Gravitational Search Algorithm (GSA) [4].

There are two different phases in the “Jump of Circles
Optimization Method (JCOM)” presented in this paper: in
phase 1, an effort is made to identify a part in the answer zone
where there is the most optimal answer and then in phase 2,
use is made of that answer to obtain the problem’s optimal
answer. The two mentioned phases somehow overlap one
another to find the better answers, that is, at the beginning
of phase 2, the radius of the circle is so chosen that it may
exceed that of the final limit in phase 1. To investigate
different parts of the answer zone, use has been made, in the
proposed method, of random numbers to select the study
points. It is worth noting that the random points, generated
by the algorithm in both phases, face circles that get smaller
and smaller.

*Corresponding author’s email: mrghasemi@eng.usb.ac.ir

2- Methodology

This section explains the “Jump of Circles Optimization
Method”. It is worth mentioning that the center of the circle is
displaced in each step called the jump of circles. Since many
of the problems are constrained, use has been made of an
evaluator function as follows to evaluate points [5]:

EF =GF (1£7,CV ?)
| Q)
r, =4 167

Where EF is the Evaluator Function, GF is the Goal
Function, CV is the Constraint Violation and r, is the
penalty coefficient of the constraint violation in step 7 (it is a
very useful factor used to find accurate answers). This function
is based on statistical studies, [] shows the integer part, and
the plus and minus signs are used for the minimization and
maximization, respectively. The proposed method performs
the optimization in two phases as follows.
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2.1. Phase 1: Exploring The Optimal Area

In the first step, a point is selected in the answer zone quite
randomly and then some random search points are created
around it with a limited distance 7 which is the radius of
the hypothetical circle reduced in each step according to the
following linear relationship:

_ d d
7, —O.I(x e —X mm) )
i—1
r=ry =y X
Lnax (3)
d _.d
‘xi new _xi—1+a'b'ri (4)
Where, x , - and X, . are the maximum and minimum

values extractable for the desired variable, respectively, 7,
is the initial radius of the circle, 7, is the radius of the circle
instep i, {,,, is the maximum number of steps in phase
1, x; is the position of the random point in step i and in
direction d , x flnew is the position of the new search point
in step I and in direction d, @ is a random sign and b is
a random number between 0 and 1. Next, situations of the
search points are evaluated by the evaluator function and the
three best ones are selected; in minimization problems (truss
weight), the best situation is when EF’ has the least answer.
The “jump of circles” algorithm considers two hypothetical
lines between the best and two other points and then generates
two hypothetical points on each line so that they may lie on
both sides of the best point:

AX — X()' imaxl . xmax _‘xmin (5)
i-1)\ 2xi,
x? =x? +AXx (6)

i new i best —

Here, X, is a random number between 0 and w, the
expression in parentheses in the right side of Eq. (5) is to
fit the value of Ay to the problem dimensions (it is worth
mentioning that the earlier searches need more random values
for the algorithm’s better answers, but the more the solution
continues, the less will be this need; this has been considered
in the solution through the expression in parentheses in the
left side of Eq. (5)), and xid pes; 18 the situation of the best
point in step # and in direction d . The situations of the four
new points are estimated by the evaluator function; if there
is any improvement in the best point, it will be considered as
the step’s best point. To start the next step, the center of the
circle is positioned on the best point of the last step instead of
on the random point of the first step; this will continue until
phase 1 stops.
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2.2. Phase 2: Exploiting the exploration

The best point of the last step in phase 1 is considered as
the center of the circle at the beginning of phase 2. For the
circle concept to enter the solution, building relations in this
phase of the problem is done circularly in two consecutive
dimensions; in other words, the relationships in the even
dimension depend on those of the former odd dimension. In
phase 2, some search points are created inside the hypothetical
circle and some on its periphery as follows:

d=2m-1 _ _d=2m-1

Lpew Leenter

+ 7, xcos(a) (7

d=2 d=2 :
= x 72 4 xsin(a) (8)

Leenter

X

lnew

Where 2m —1 shows the odd direction and 2m
represents the even one, oC is the angle of the desired point
to be chosen from the [0-2 =] interval divided equally among
the points on the periphery (we suggest 4-6 points on the
periphery where speed is important and 24-30 where accuracy
is vital), and » is the radius of the circle reduced linearly in
each step as follows:

r=003(x",, —x’.) ©)

T, =VO—I"0X

(10)

Where, x,  and X, . are, respectively, the maximum
and minimum values extractable for the desired variable, 7,
is the initial radius of the circle in phase 2, 7; is the radius of
the circle in step i of phase 2, and i, , is the maximum
number of steps in phase 2. It is worth noting that 7, reaches
zero at the end of phase 1, but it begins phase 2 with about 1/3
of the initial value in phase 1; this causes the overlapping of
the two phases and helps to improve the answers. In the “jump
of circles” algorithm, the number of the search points of the
circle is a multiple of 4 created by the following relations in
such a way that their number is equal in each quadrant.

xf’jzl'”“:xfi2”'1+a4x(alxr),xidi21’” (11)
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al, a2, a3 and a4 are fourrandom numbers in the [0,1]
interval and the value of the evaluator function is calculated
at the search points created on the periphery of the circle and
inside it; this information is then used to create the other four
search points. To create the new points, we first specify half
of the set-close points on the circle periphery whose sum
of the evaluator function is the best value; in maximization
problems, it is the maximum value and vice versa. Next, the
exit direction from the circle is considered toward this half
and four points with the best situations are selected from
among all the search points created inside and on the circular
periphery. Since these points are in the direction of the circle
exit or entry, they will yield a new search point.

i X0 =X,
AX — Xo- ‘max2 . max ‘ min (15)
i—1 2xi,
x® =xd LAy dir If located in output direction
new point
xl-d =xfl +Ax dir If located in input direction (16)
new center

Where, i, , is the maximum number of iterations and i
is the counter of steps in phase 2. Direction is shown by dir
which is actually a positive or negative number recognized
as explained earlier. Situations of the new search points are
evaluated by the evaluator function and one point with the
best value (from among these 4 and those taken from the
circle) is considered as the best point of this step; the circle

then jumps to this point for the next step and the process will
continue until phase 2 stops; the best point of the last step will
be the problem’s optimal answer.

3- Conclusion

This paper introduced the “Jump of Circles Optimization
Method (JCOM)” which is a meta-heuristic method combined
with geometric constraints. The proposed algorithm consists
of two phases; phase 1 explores the optimal zone and phase
2 exploits the exploration. Each phase is responsible for one
important optimization principle, they overlap to yield better
answers, and meta-heuristic applications ease taking points
from different parts of the search space.
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Table 1. Comparing results for 10 bars truss

o9 9 =8 OlSe2 s lryselS ez g 5 S .
bty [25] ot [24] (23] [22] 210 T e

30.513 30.507 30.569 30.668 30.15 30.67 1

0.1 0.1 0.1 0.1 0.102 0.1 2

23.289 23.302 22.974 22.872 22.71 23.76 3

15.203 15.195 15.148 15.345 15.27 14.59 4

0.1 0.1 0.1 0.1 0.102 0.1 5

0.531 0.544 0.547 0.464 0.54 0.1 6

7.489 7.461 7.493 7.48 7.54 8.57 7

21.114 21.113 21.159 20.965 21.56 21.07 8

21.412 21.414 21.556 21.703 21.45 20.96 9

0.1 0.1 0.1 0.1 0.1 0.1 10
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Fig. 6. The geometry of the 25 bars truss
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Table 2. Elements' Tension/compression limit for 25 bars truss (ksi)

(S 5 Sy dgde ©olid (S Cydgace a8 oylad

40 35.092 1

40 11.59 2-5
40 17.305 6-9
40 35.092 10-11
40 35.092 12-13
40 6.759 14-17
40 6.959 18-21
40 11.082 22-25

(Kips) sgae YO by 6,155,k Lol ps ¥ Jgur
Table 3. Loading conditions for 25 bars truss (kips)

o SISk gy
z y X
-5 10 1 1 1
-5 10 0 2
0 0 0.5 3
-5 20 0 5 2
-5 -20 0 6
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Table 4. Comparing results for 25 bars truss

ol s, 5‘“[‘; 3 O')&[‘;’;j T R6 e 22 ersd s
0.0122 0.01 0.01 0.011 0.047 1
1.8514 2.006 1.91 1.979 2.022 2-5
3.0353 2.961 2.798 3.003 2.95 6-9
0.0100 0.01 0.01 0.01 0.01 10-11
0.0100 0.01 0.01 0.01 0.014 12-13
0.6762 0.687 0.708 0.69 0.688 14-17
1.7607 1.676 1.836 1.679 1.657 18-21
2.6410 2.668 2.645 2.652 2.663 22-25
545.12 545.19 545.09 545.19 544.38 (892) )9
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Fig. 7. Convergence history for 25 bars truss
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Table 6. Comparing results for 72 bars truss

9 R GJEIR 9 9 555 ohKes ¢ o> § S e oLt
. [31] 2] [B0Jolses  [29] [281 s T
1.8320 1.860 1.790 1.755 1.859 2.078 1-4
0.5297 0.521 0.521 0.505 0.526 0.503 5-12
0.1000 0.100 0.100 0.105 0.100 0.100 13-16
0.1000 0.100 0.100 0.155 0.100 0.100 17-18
1.3772 1.271 1.229 1.155 1.253 1.107 19-22
0.4972 0.509 0.522 0.585 0.524 0.579 23-30
0.1000 0.100 0.100 0.100 0.100 0.100 31-34
0.1000 0.100 0.100 0.100 0.100 0.100 35-36
0.5147 0.485 0.517 0.460 0.581 0.264 37-40
0.5551 0.501 0.504 0.530 0.527 0.548 41-48
0.1000 0.100 0.100 0.120 0.100 0.100 49-52
0.1000 0.100 0.101 0.165 0.158 0.151 53-54
0.1639 0.168 0.156 0.155 0.152 0.158 55-58
0.5271 0.584 0.547 0.535 0.561 0.594 59-66
0.4494 0.433 0.442 0.480 0.438 0.341 67-70
0.5327 0.520 0.590 0.520 0.532 0.608 71-72
384.41 381.33 379.71 387.04 387.88 389.08 (Ng2) &39
3,280 13,742 20,000 PRAN PRANN oais o)lo 5T olaws
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Table 7. Comparing results for 20D Keane function
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Table 8. Results for 20D Keane function- low number of analysis
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Fig. 12. 20D Keane function's Convergence history-low number of analysis
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Table 9. Comparing results for pressure vessel
ol i, IMOEA PSO CPSO GA
0.8125 0.8125 0.8125 0.8125 0.8125 X1
0.4375 0.4375 0.4375 0.4375 0.4375 X2
42.0984 42.0509 42.0984 42.0913 42.0974 X3
176.6372 177.2305 176.6366 176.7465 176.654 X4
-8.80E-07 -9.16E-04 -8.80E-07 -0.0001 -2.02E-05 g1
-0.0376 -0.035 -0.0376 -0.0376 -0.0376 2
-0.218 -24.819 3.1227 -118.7688 -24.7594 g3
-63.3628 -62.769 -63.3634 -63.2535 -63.346 g4

6059.7208 6059.8362  6059.7068

6061.0836  6059.9456 Jamin

6620 12000 60000

240000 80000 5UT olass
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Table 10. Statistical results of the different method for pressure vessel

Slows NI )
_ DA b O
5G] Sk
80000 130.9267 6469.3220 6177.25 6059.9460 [34] Omiige g olgS
240000 86.4545 6363.8040 6147.13 6061.0780 [35] S 4 &
60000 12.2718 oais sl 6066.03  6059.7068 [36] shla 5 gi15
12000 4.3485 6069.9780 6060.77 6059.8362 (371 O g (Sowe
6620 2.9563 6064.4256 6060.323 6059.7208 solidan g,

JLad o oy j5ee w31 a8 Wiz diges g s Y Jgas
Table 11. Few steps' results for pressure vessel

IGT olass ol &b Sus g X4 X3 X2 X1
77 12674236.6 12674236.6 127.80 49.72 75.11 92.79 Vel -y
75 636177.79 636177.79 112.31 48.82 57.10 77.87 V-6
76 14065.19 14065.19 50.97 46.23 10.01 18.08 el -V 5l
57 13891.14 13891.14 120.34 42.12 8.06 16.12 Vel -l
57 9814.18 9814.18 180.66 40.87 7.02 14.23 VelE-v sl
55 6059.7208 6059.7208 176.6372  42.0984 0.4375 0.8125  slselE-Y 30
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