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Developers of the Algorithm

Ying Tan and Yuanchu Zhu, Peking University De@vje%ped in 2010.




1.3 Introduction to Fireworks

Algorithm \

When a firework is set Off, a shower of sparks will fill the
local space around the firework. %

O The explosion can be viewed q@% search in the local
Space around a firework.  ©
&.

iteration

iteration

Fig. 1. Search Process of Fireworks Algorithm


http://en.wikipedia.org/wiki/File:4thFireworks1.JPG
http://en.wikipedia.org/wiki/File:4thFireworks1.JPG
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from Nature to Mathematical Modelinn

oo . &
. Definition of firework & Py
Q(Q)c) ZZ Y 0: :

Good firework: firework can generate

population of sparks within a small raag@.
Bad firework: firework that gener (% small (2) Good explosion
Population of sparks within a bé)@kange_

&
>
\& .
The basic FA algo,(gﬂ%m Is on the basis of simulating o
the process of thé\firework explosion illuminating SR
the nlght Sky Fig. 2. Two types of fireworks explosion
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2. Basic Firework Algoritpm (FA)
N\

2.1 Problem description Qf)eg’
\

2.2 Flowchart of FA X
2.3 Design of basic FA "

O Selection operatofs
O Number of sgh sparks
2.4 Experimegt@ﬁ results
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2.1 Problem descrlptlon

Suppose the FA is de5|gned6ﬁ8r the
general optimization prot{jéms
@0*
Minimize f(x) € %&mm X <X max

Where x = x{,x5,...,x 4 denotqQa location in the potential space,
f(x)is an objective fungtion, and x,,;,, and x ,,4,denote the
bounds of the potent&r space.
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2.2 FA's Flowcha\rt

$
< ==
&
R
&
oEvaluate the
\)((\ sparks,
Set N Obtain th select N Terminal
firework sparks> fireworks criterion?
{& for next
& generation
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2.3 Design of basic Firework Al%orlthm

Number of sparks generated by eaghﬂ’lrework Xi is
defined as follows:

Ymax — | (xQéQF ¢
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2.3 Design of basic Firework

Algorithm \

6‘00((\
To avoid overwhelming effects o&@%lendid fireworks,
bounds are defined 0@
(round(a * m) ifs,@é am
5; = S round(b * m) \gges’?< am,a < b <1
 round(s;) (;Q‘l'otherwise
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2.3 Design of basic Firework Alg\orlthm

In contrast to the design of sparks m?mber the
amplitude of a good firework losion is smaller

than that of a bad one. Ampg& deo
Aefined hv:
S f(xz) 'ﬁ.?% min T 6
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2.3 Design of basic Firework

Algorithm

)
$

Generating Sparks. In explosioe;‘(éparks may
undergo the effects of explosioé@*%rom random z
directions (dimensions). \@ﬂ

&.

Algorithm 1. Obtain the location of\@?park

Initialize the location of the spark: %.\é Ti:

z=round(d - rand(0, 1)); (;0

Randomly select z dimensions OFr;;

Calculate the displacemen :Q‘&z A; - rand(—1,1);

for each dimension 7 i‘§'e—ﬁelected z dimensions of &} do
Ty, = Ty th; e
if &, < x™ or 3\@? xy " them | | |

map I3, to t{é'poterltial space: I3, = xg + | T | Yo(xp®™ —xi™™);

end if

end for




2.3 Design of basic Firework Alg\orithm

$
To keep the diversity of sparks, we d€sign another

way of generating sparks-—-—G@j@ssian explosion.
R

N\
Algorithm 2. Obtain the location of a s &0

Initialize the location of the spark: &; =(&b$ ‘1 :
z=round(d - rand(0, 1));

Randomly select z dimensions of &

Calculate the coefficient of Gausg *\Exp

for each dimension &3 € {pre- ?@eLtEd 2 ’Ili’ Ll \ g
fk:ﬁﬁi g & f V’Wf 0 '
if @] < LLE“ Y or J“k a&& then

1uap ,r to the p% tial space: }1 =

end if \Q
end for ~(\




2.3 Design of basic Firework Alg(orlthm

Classroom
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2.3 Design of basic Firework Algorithm
\

Fo avoid the crowd of the sparks, weborrow the
idea of density to design the sej%ctlon operators.

RG) = ) d(xyx) Tf I = %]

JEK ((\ JEK
Where \Q\l};( )
. xl
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Example of FWA:

\
L

&

&
() = min{c?(1) + x° )
O
&

Boundary limits: \(\\l-o
2)
<
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Random selection of location

\
<&
(9’00
Q&@
<‘§é
Location X(1) X(2) $ f(x)
number fés
Q
1 3.7 \11_(3\2 15.4324
2 213 Qé(\ -4.02 33.2173
3 221 ({0\ 0.46 5.0957
--
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Number of spark generation in each

explosion calculation: \
S
@)
&
¢ =y 33.2173—15.4324+56Q§3
LT Ty 332173 fage
&0
\‘5&
\l_
N\
2)
&
Accordingly : {&
i
S, =1 .
2 é’QG_)

Note: Here ¢ is the minimum value assignee very less to avoid infeasible solution and Variable S; is 1 < §; < 3



Amplitude of spark calculation

\
00((\
o?’
15 4324 - 5.0957 + gQ
Al — 2
S f(x)-5. 09ﬁ+ :
\1_
X
Accordingly : (ooSQ)G)
>
Ay ~ 146 .\\
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OO
2
Location X(1) X(2) f(x) @% of Amplitude
number ,&é park
O
R\

1 -3.7 1.32 15.4%24 2 0.54
2 4.13 -4.02 2173 1 1.46
&

3 -2.21 0.46 ‘\@ 5.0957 3 0.25
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Obtaining location of Spar|\<

<&
OO
&
<
h =057 xrand(-1,1) ~ 0.496Q<
&
éo
<
xy = [-3.7,1.32] ~4 [-3.21,1.81]
X
&
&
S
A
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Note: Dimension is selected randomly.



Bit(x(1)) Bit(x(1)) X(1) X(2) f(x)

1 1 1 321 181 13.5802
1 0 1 372 092 @1.7409
2 1 0 3.084 4035 25.7538
3 1 1 -2.21 (@&) 5.0613
3 1 1 -2.002 Oﬁ%667 4.4545
3 1 0 -ige% 0.46 4.4713
O
A
23
&
»
&
&

Note: Bit(x) shows the gld\!égmon selected in random process i.e. 1 selected and O is not
selected.



Obtaining the location of

Gaussian spark Q
QO
G
g = Gaussian(1,1) &@66
éQ
% =1[0,132]xg = [%\9.1486]
@?0
Q
)

Gaussian spark generatlory;(\

"\\=&—3 70,2.1486]
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<&
O
o
Bit(x(1)) Bit(x(2)) X(1) 0"&2) f(x)
0 1 -3.70 0&6‘2.1486 18.3065
1 1 0.5631  -0.5495 0.619
0 1 ‘\@(321 0.4956  5.1297
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Selection of next position of spark

N

Q
% Select the fittest solution for the first Iocatiog)eocf next iteration.

. 2
* Rest of the N-1 location are chosen accq@ngly:

* Find the relative distance between aIII&@&tions of spark (all spark) using x
value (Note: not using f(x) in selectigh;only x; is used).

* Randomly select next value accgféi\ng to there relative distance.

&
&
N
&
X(1) X(@" f(x)
0.5631 éb.5495 0.6190
3.0843 &’S'Q -4.03 25.7538

4.13 -4.03 33.21




Any <
Question ?





