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The Genetic Algorithm using Variable Chromosome with
Chromosome Attachment for decision making model

Kang-Moon Park - Suk-Hoon Shin - Sung-Do Chi'

The Genetic Algorithm(GA) is a global search algorithm based on biological genetics. It is widely used in
various fields such as industrial applications, artificial neural networks, web applications and defense industry.
However, conventional Genetic Algorithm has difficulty maintaining feasibility in complicated situations due to
its fixed number of chromosomes. This study proposes the Genetic Algorithm using variable chromosome with
chromosome attachment. And in order to verify the implication of changing number of chromosomes in the
simulation, it applies the Genetic Algorithm using variable chromosome with chromosome attachment to anti-
submarine High Value Unit(HVU) escort mission simulation. As a result, the Genetic Algorithm using variable
chromosome has produced complex strategies faster than the conventional method, indicating the increase of the
number of chromosome during the process.

Key words : Genetic Algorithm, M&S, Variable Chromosome, Artificial Life

A LIRS A G| 712 oS Tl e B o
siofolA] Furs] AT Stk SHAEE 71 4 dhatelze QaRle] A4t ] ol Welold ABdold 5

27)of) Fofxl AR} o B3a Aol Foldl 4 gl A9
Susl] il BAA HlEelE A8% 7ha A 4

Asjel] S VIR AL el
4 eaelae
Aol v 9y SAstgon], 1ol vt gal 47t 27

Zaol : 941 duels M&S, 7 AN, A% Y

!

N

94 dmeEe Al Ade] Uejeh AaAe A
S Aol W4l g

* o] eIt SjRARSL Sjokalg A TabA elul(2)
CREERC LR
Received: 13 July 2017, Revised: 25 October 2017,
Accepted: 24 November 2017
¥ Corresponding Author: Sung-Do Chi
E-mail: sdchi@kau.ac.kr
Korea Aerospace University, Dept. of Software Engineering

= & Fsl] fstol df &3 HVU
gtk Alegold A 71 14 <

TeEH Trel 7 A 7 el o He
he o Zlsbh dofu 2t hlE 4+ gloick

mefsoleh. A Ayze] Askiby, % Adue 5
AEAS Ag3 Aok 44 T2aY Fo ol
Fehe] o)Zut /] So] Bus) A7Ew ek S5 4
ALTZY 5%, A A daeiZo] Bag Y
LAY, 18 EYD, T8 9 5] HopolAl Al

AEAR mhPo] Folat] ujRel, ool AE 7]te]
M&S AZET A AeEe A g A
She ATE AP

Heed mM4s 20174 122 QKD



SHARE 7]E Atollde dAAIY A7t g E U
] oFE|ZS EsA HhAyE

SHAolek= 3HA 1%.40] ZAE. s
S, If-then 772 7|9ke] & AT} 22 AlEF ol
M= 7129 §4 darelE2 g Y] FAA7E gk N
o] A& Qulsly] wiie] gk 27(if) I gk 7He] At
(then) Fho] AT 4= Qlrh SHAITE AA 2+ shtel =
zo] oA Fejo] At 2R = Utk g 71&
o] §4 dare]FollAl= ARl At BARSE 4=
Stk eHAIRlo] &3t

2 Ao M= olF AN flsiAl XA el 7t
HAS Algsls M2 54 A4l ANA BlEet
2 darg]ES AjkstaL, of =% HVU 3.9
o] L°ﬂ Agsto] FAA| =2] Hstel A=
A HaliA v A sk

B Ro 48 83 2k 2ol P o
of chall] bska, 3aRlA Aok 7 ] §4
ore|Zel oA ATfgich 4afel Al hE uH &
A GABE AA) Bl Hel H85Hs el tha
A 9L o ol A AR 4 Laelo] A8
AgAo1 S Sastn AE BAslth tiKgroR s
Aol A2 @ B Aol tid oloplgih
2. 0|27 v
2.1 MZSHs Bo| 718

Fo| [BHE 3] AL AAReE ZE TAol
wheA] Washck Jed AgRtes Sl B
B4 A Sy, e vl AR RA
o WEoR dojdth Il BTt sk
=7 Aol 2] Beliolh ABHE whEo] WrkaL o

Sl
1L G 2, Ashel Wil & f Eedolis

A Bl QA el

i "
En)

iy
o 2
2:
o,
o B
oX .
é

B.E

o7} 9k 1*4 A Aol sk vt«

A Arbse AR FAAE EdHoloftk shARE FAA]

ol Mol k= AMA| EHolol sfgshe |

A wlRe] @4 = e Fagh mAYZol 44y
q

R ulgels theEFTolt HUEEE 2

o AL oIS sl AR 4] et
2 Mt & 4 ] uhelth
QAR Srol Wbt Ask el Fas oz o

@D '=AS01MsE| =2

A QAN of2fet XeAUEE 28t 4 i
FolME &4 34 EdwolwhE ARgSh] o] 1
A o) AMANES ARERITHE AIE 2t

A daeEe FY 2 A 5 ole] fofol -85
o] ¢ItEo] gk 3}11‘?_ Hop =2 A2es A o
et H91Y] EAlell Agshr] A fA darelES
Nestr] 91zt ol d4t=o] AF= ) hxH o= 7}
H Zo] A A4 darelE A9} IGGA(Jumping
Gene Genetic Algorithm) #3171 9Jc}.

7hH o] A fd dare|golAe JAA g A
of ZeEo] Q= 2 47 M2 HetE WAE 59
AES PEE= o] 7hssith ol 59, i ad] a4
Alof| 3t #218] 427} 57H0]aL, R bO| Ao £
e 1219 7 THERAL st et WAt AARS FoliAl
AR 0@ REFE Jx ol 2hS uEo| A "k 1
R JWHQE = At ol *1§ oE dol&

7HR] Aol dnb=A] S ol -85ttt
ST A o2

I

o]

M
OBCRES +ou WA AR
PsakA S W anE FHo| 5 ALY Zolk
Fe= 7R Faich

IGGA= A% Fallehs 2le #8374 dalels

olck. 1 $HAT A Age
ZA5t= Aog JMA Yo EY &
Al Ee ve a8Ae) 54 A= 015—5—}% RIS
th o] Hgo] MBS sk A Akl siA Y wAAk
ohi Btk AW SARE B A HARRo]
971, i Ael-gelgrlehs £ ik 318k

o} ol Boo] A Ty Bek 4 T, o
s e ofets el AReE 7 5 gk
3. YHE

31 1?|_|x_-| oth |EO| A‘Ijﬂ

2 oAl Aok 7hE AR f dareEe
A7t Aol wheba] shte] ZRAI7E 7HR]AL Qe A
Aoy A7t M 4= Qe f4 garefFoltk AAEH
of whebAl sfte] A7E shute] FAANE 7HE
QUAIRE 2 =Toj| A= Fig, 1.7} Zo] ofg] 7)) Qx|
£ 7HES AAR FeE 7Pdsklch



Individual

Chromosomellalblcldlelfl

Chromosome2|g|h|i|j|k|l|

Chromosomenljlklllmlnlol

Fig 1. Structure of an individual

3.1.1 A&} wuj

eRoz: s)Ee] AEA fALTBAN A
QsHe Wt =) Tk Aol itk SRt o
ol FPARS 27 $Jstel AEA At B4
2] QAR SlaN Moo} LS ThEl TS A

A1 AT
w3 22 oAl aEelmk

@ A AlejollA 2= gt 91 20% A

@ A Aldjell A A= ghol 7H =3 A A4
20% & dol9 o AMAE wuier AR

@ A AlehollA] #gH= gho] &= WAz = 79
I 20% & Folo 7 AAE et AR

@ 7 Aol A A= g 9] 20% 5 4ol F A
AE Rt AR

© A Alchell Al A= gt 39 20% 5 429 T A
Aot sk¢] 20% F Aol g AAHE wuet AR

N

¢

Slof o] S & i AHEL At Folli=
o) o] Sol7bA| Hick. ) BHE Fig 29 22
% WA AR ek O oA 919 574 57
ol webd] QJoje] R g AHE AelFic 1em @
IAN AAo] 2} Fr i B GUAE AE
3.

Fig 3.2 Fig. 2.9] Q¥ 332 2A=2 E@3 Aol
oh QAo e BmolA 2 MES G
3 A e 4 glek. Wbl e QA 47t 2
© 79l 7 GAH Wamie sk wolow e,
A5k GAA 47} 2 A9l A5t dekal o)
B o B %9 GAAE AH4o] ot ot

W 1

dx oo

Fig 2. selecting parents and crossbreeding

Select parent
to crosshreed

The same numbers
of chromosome?

Random select
to same number

yes

Random select
to number n

Decide that whether
a chromosome
Inherited or not
after the different
number

Fig. 3. Flow chart of chromosome selecting

3.2 GMx| HIZ2| ALt

AAA H)E ] AR Fig. 29] @ TPl Lojut
A It} Fig. 4.(a)olA Hi= Aat Zo] dubaQl 7o
= FE7F 7RI Qe A 3 S SRRk ok
A =1 gHgo] weba] Child a £ Child bo] FejS
oA Hek E=3E A2 Y] QA gt fAE e shARE
2] Qito] ARYE|H Fig. 4.(b)oll A2t o] Aeie o
A7} Child a'9} Child b'&2 A vigE ] oka
Child a'9} ZFo] oj= 3 Zof Z2|A So)7FA Child

He6 M4s 2017H 12



Chromosome a-1 |

Chromosome a-2 | | | | | |

Parent b

Chromosome b-1 |

Chromosome b-2 ‘ ‘ ‘ ‘ ‘ ‘

Chromosome a-3 |

Child a

Chromosome b-1 |

Chromosome a-2 | | | | | |

Chromosome b-3 |

Child b

Chromosome a-1 |

Chromosome b-2 | | | | | |

Chromosome a-3 |

Chromosome b-3 |

Fig 4.(a) Making children with common crossbreeding

Parent a

Chromosome a-1 |

|
Tromosomea2| [ [ [ [ [P

Parentb

Chromosome b-1 |

Gmmomerz[ | | [ T T P

Chromosome a-3 |

Chromosome b-1 |

romosome a-2 |

V

hromosome b-2 |

!

Chromosome a-3 |

Chromosome b-3 |

Child b’

Chromosome a-1 |

Chromosome b-3 |

Fig 4.(b) Making children with chromosome attachment

bo} o] ofi GEe|E SolrkA| gt FekE 7HIA
Ak 2, v Aol A 50% B G
At & A F7RAL sk Bk

QU ] Ee] ROR QI 710 oAIE AF

@D 5'=AS0|MEE =2

Tk ] Bk Ago] WAIRT Sl M 47t A
2 Z7ste] 210 WA Askshs Ao] Hsaiic vt
i 2o 27]o] dAHE o] A BasiK o
o Agoletel A7k Aol meb AsRle] Ajg)



AEY RHS IFH FMF HIE2IE MBT JHH PMH R d12F

Fsh WRro Ask ol SHe AE 94 AT A BN 4 BA F 4
Sk oleks 34 4 A4S WE 4 9otk 9% A

4, A AT Uel o= Fig. 5.9k ek 53] ol 44tfo] 17]9] of
T HVUS 139 A7 g43hom e A7) giolch

4.1 & 27

7|EolE o AT AlEE ol e S A
A 7 gaelgo] A8 Azt Aok 2 i=fo)
AR AT M Al f darElgoR GAA Tl
oF A} Axe] JHAE dobiy| fjsto] 71E

oflA] =agt vl Qi of F4=3t HVU 3.9] 5 A5
o dMle] 94 Ame|ES A&k

AlEd ol Fftme] mhE 2o

i

9fstol

LotE7]
[e]

2
)
n7>
i

2
lof
il o
i

=

>

N

22

e
o

o
o
[\]

2]
g

fl

of
=
i—!

P
lo

N
fo v~
1o

O

i
=
£

{17
ool
tlo
_?L
I

eI’
ru

kad
o
Jo

O

=

=
=i
)
i

i
o
I
)
Mo 4

2
S

£
o
E:
+ &

%
oy
o2 >
oo
T#
ffu
o)

rir
I
Sh

N
-

i)
El
=
tlo =

4 Sk 30 4
D)
&2
rir
Jo
2
mO
Kl
i)
iy
A=)
1o

kg
38
T

AlEdeldobe 7 7MY Aed 35| 9
2

).—_Xnuzrl-mogié

ol oflt
i

Parent

Chromosome 1 l If A | Then B l

Chromosome 2 l If A

Then B l

Chromosome n| If A | Then B |

Fig. 6. Construction of parent individual

A= gk f= Al (D o] AHojgitt. B3k mggd
AlEdo]A AJZHAS] HVUREE ExA 47129 A4
2] (doa)HHE] Al EH 014 FE2A2] HVURHE Z1%]
A7 A AT (dmoved) 2 ERHTE oFE FELS
ot 3] K Nours) tHH] AFoPE=S of-9] FH49
A Sours) 2 FHECE A Do F AT Ao
A Nenemy) TN H] T H A 432 S22 denemy) =
HEok 283 7SR wi, wa, w2 2 G4 10]9]
of it}

=

o

Legend
> HVU
= Warship

s Submarine

Goal /

Fig. 5. Mission Scenario

Heed mM4s 20174 128 QED



U - AME - RIBE
wio] A9t BE o FHS ehlZlo] MIE 3wyl 002 A3le] HTS HEsH 2 H9AO

Al FQsiet wio] Y&t Ak B3x g o|Fsty shA] o
AL AR 2ol Aut gAloln AR AAIE 3]sk
FEH7F U 7o) =k webA] sk o 2 gkl
045 *WEP@E} 23 wyot ws gholl wheba = 714
ARS sty

Ag 12 A2 4 Hgo)7] i ot &L
7R ARl was 0.60]3L w2 002 AAsto] ofto] 4k
ofdE AL HoHoR St ALE NIslEE S
Aol AF 2= A Fol&e 7REA2 wi 0.69]

Parent

Chromosome n

Model

2 ste deR Jgsl=s =3 Aot

42 9H Ynalze| HE

Hag EE] $I510] ithen” F419] FH& AL
SHIThP4M o] 2.2 shke] iAo e
“1e)3 Fig. 63} o] 7} @uAl5e] molA shtol A
£ 74ai Bk ste] ARl AlgEolHolA el
34 wdo] theEn g weSo] mojx sjtel A

Chromosome 1 If A

Chromosome 2

adloldE sl Hrk

Simulation N

Simulation

Model 1 Model 2

Model Structure

Model N

Environment

Simulation Population

Simulation 1 Simulation 2

i

Simulation 3

Simulation N

I

Simulation Result

Result 1

(IR
\H‘

Result 3
—— P
—
—
-— \*
-
—

Result N

Fig. 7. Structure of simulation model

@D =4S 01M8E| =2




SIMEY RES B FMA| HIZZIE MBS JiH HMF RF Ln2F

Fig. 7042} o] 2y B AAHS2 22| o el ftness
2 A Eick QAR ERE 7250 24 3y =
Qo] 2% F4a B 9 BUES 1 7] of . e aa
e 5 Hek ol THE BYSo] wolAl & Vel
¥lo| ABe ol A B, o] ABdolHEY 2 o B S .
e f4 gmelEe WEYs oz 3 ek g

ozt §4 SuelE AAE 9 ety o |/
QAT AN SRk FABA TAE, LRI ST 4N ————
o 2v, e QA HEERE 0% At T e
2213 5 Al & S07HO] S IS Foi 50%]] A% Legends
Eﬂo] AL ’\Bgo]- ]—4, ~# - Fixed Chromosome

—8— Variable Chromosome

43 MY ZAn 9 M (b) fitness value by generations of experiment

¥ 19 Brhe Fig 8.()9 At 2 ofo) AL Fig. 8. fitness values of experiments
22 1efe An 7129 nhE A4 $d LueE
B gl A T @A R RIS B g, A, 34 0, ol9) B4 B 50 B o
A7l oF 0.18 =l AR 31 Aes 25 X2 AA Ho] Bast Hdolch
e A% S A5 4 g e AR g oo 45 29 AN H2 S AR vl
BES P olFohs v St oo &olct Wik 35 94 ALY A9ol GAHY ATt ofk

W 29) AN Fig 8.(0)F AT 2 A BFRE Zopsiei} 17he) 127 AblefA] Sfske B 2al
valEE e Ay 7E A daEETE AR o sixut 12 oM Aol A o] A4} A
R At Uitk 71 1 QUA R AREE o) 2uxom 25 & 1379} 147 Aolo]A 4o
o] Aol A% 1o]49} R IXR A% B3] dée] s mae wolck
2% ez Ssiach st 7 A £ ot
24l Afol aAd) ol A Higol ege

A7) sk Felo 34 &

4 el ST, A0 T £ AU ¢
S 92 % ol 34 94 AES A B5gel et

02

015 ==®=-"¢

01

0.05

10

Generation

Legends
Fixed Chromosome

-
—8— Variable Chromosome

(a) fitness value by generations of experiment

chromosomes

16

15

14

13

12

11

10

9

8 T T T T T T T T T 1
10

# of Generations

Legends
-
-

evading battle tactics
attack priority tactics

Fig. 9. the number of chromosomes by generations of
experiment 2

AR 19] Aol B S A
Aol 7120) f4 LaelEa 7hd

‘1

AR

ZJ:L

we o

o]
FAA

[e]
SRl

26 M4E 2017d 12€



_JII
o
i
=
1
Fon
Ral
o>
H

12} F2 2po|7t 719] §igiet. sARE e 20049} o]
Hop 23t e 8+6ke Aeodle 71Ed 4 ¢
TEES GAA Tee AR QsiA B4 de=
Askehe o olglee FAN 7 FAA {4 g
25| Aol 9HA g ssivi o SR A
=2 skehz b dee 7Tt

7129 HA AUBE A A 40 GAA

£ dAsierhd dokeAl S5t FeE ek 4 9
AARE, 2ot QAAle] Azt HOHIA & = §le
5ols GAAl HlEe] dike 285t A Tl
7HAE = Zlo] BAl RS Aotk ERE 7HH do)
FAA 4 Lar2|Folu JIGGAS 22 AldE 7 &
1PEY A ke FRRbvhE Hop H2 ofedt
S e e o e 2ot

N

N

1o

o
S
o H
N
— o\
g 2
Mo 2
2
2 R
oo 1
Hr x4
o, 1o
»S
i) ﬂ}>
el
of Rl
= O_Nu

>

37
i1had

J(ﬂ)l UEI?E

Lz o

Kl

*C

rlr

ox

o

(o]

o

o] o
Yria RE GAAel g S
SE5)7] e = AT

2 @ 4 lo Y
34
2.
x)

o [l fle

N oo

o

> O
o I

oxt M
Jon d

2

°f

= bl
& APl 712 A el
ARG FH LT Atole] 2

%
ok ShE Al mebd 242 4
o)
%

EEE
e >

mu dln

A

oy

EQ
x2
<

2

> oot e
4

Loy

10

=

=
=

[» lo
of W
2l

o
0

[ Sy

AL Solrte] WS o 4 9]
A Ars mEL A9 2
lophe] 7)20) 4 duelzuct o

[e)

=
oy 2t
FlO _{}
i

References

1. Golberg, David E. “Genetic algorithms in search,
optimization, and machine learning.” Addison-
Wesley (1989).

@D 5=AS0|M5E =2

10.

11.

12.

13.

14.

. Arabali, Amirsaman, et al. “Genetic-algorithm-based

optimization approach for energy management.”
Power Delivery, IEEE Transactions on 28.1 (2013):
162-170.

. Jung, Chan-Ho, et al. “Many-to-Many Warship

Combat Tactics Generation Methodology Using the
Evolutionary Simulation.” Journal of the Korea
Society for Simulation 20.3 (2011): 79-88.

. You, Yong-Jun, et al. “Simulation-Based Tactics

Generation for Warship Combat Using the Genetic
Algorithm.” IEICE TRANSACTIONS on Information
and Systems 94.12 (2011): 2533-2536.

. Wright, Sewall. The roles of mutation, inbreeding,

crossbreeding, and selection in evolution. Vol. 1.
na, 1932.

. Leigh, E. G. Natural selection and mutability. Am.

Nat. 104, 301-305 (1970).

. Ishii, K., Matsuda, H., Iwasa, Y. & Sasaki, A.

Evolutionarily stable mutation rate in a periodically
changing environment. Genetics 121, 163-174 (1989).

. Taddei, F. et al. Role of mutator alleles in adaptive

evolution. Nature 387 700 - 702 (1997).

. 1.Sanchez Perez, Isabel, et al. “The DASH complex

and Klp5/Klp6 kinesin coordinate bipolar chromosome
attachment in fission yeast.” The EMBO Journal
24.16 (2005): 2931-2943.

Hall, Heather, Patricia Hunt, and Terry Hassold.
“Meiosis and sex chromosome aneuploidy: how
meiotic errors cause aneuploidy; how aneuploidy
causes meiotic errors.” Current opinion in genetics
& development 16.3 (2006): 323-329.

Li, Yun-Ying, et al. “Disruption of mitotic spindle
orientation in a yeast dynein mutant.” Proceedings
of the National Academy of Sciences 90.21 (1993):
10096-10100.

1.Srikanth, Radhakrishnan, et al. “A variable-length
genetic algorithm for clustering and classification.”
Pattern Recognition Letters 16.8 (1995): 789-800.
Tang, Kit Sang, et al. “A theoretical development
and analysis of jumping gene genetic algorithm.”
IEEE Transactions on Industrial Informatics 7.3
(2011): 408-418.

Kang-moon Park, et al. “Modeling and Simulation



for Anti-submarine HVU Escort Mission” Journal
of the Korea Society for Simulation 23.4 (2014):
75-83.

15. Haupt, Randy L. “Optimum population size and

gt Z+ 2 (kmun422@naver.com)

2011
2013
2016

2016~ AR stARNStn R4

A M = (evdshin@naver.com)

2009
2011
2011~

Thalol : BdY 9 AlEg o)A,

X| & &£ (sdchi@kau.ac.kr)

7IgE AEAY, 1E nEE

sgrgdeln AHETe o
sgrgdeln AHET A
sgpdehn ARETe by SR

Talol : mdy 9 AlEd o)A, AR

mutation rate for a simple real genetic algorithm
that optimizes array factors.” Antennas and Propagation
Society International Symposium, 2000. IEEE. Vol.
2. 1IEEE, 2000.

31, Al ofloldE

eyl HEEgakat shAt
Shatoky sty e gstyl At
A AR BHSL AT T WA

ZE oolRE

1982 eddsh A)Esk s

1984 AAshL A7)F8k AAt

1985~1986 78 (& = gAg) 4F

1991 0|3 ofelzuist A7l s) et

1991~1992 m=]= SIMEX Systems and S/W 3|A} S/W Hizlz LH

190284 gHEgEOEE G U JHEAFIR 05

Tl oA AlAE mdElE] d AlEdlolA, AFE Heb AsAIAE YAkl e, AlEdeld

26 M4z 20174 12€



