Journal of the KIMST, Vol. 20, No. 4, pp. 566-578, 2017 ISSN 1598-9127
DOI http://dx.doi.org/10.9766/KIMST.2017.20.4.566

OH
N
El

in!

T

EH
Jl

vl

Al

sk

o1

mjo

40

ok

>

ol

H

o9k
0

New Mathematical Model and Parallel Hybrid Genetic Algorithm
for the Optimal Assignment of Strike packages to Targets
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ABSTRACT

For optimizing the operation plan when strike packages attack multiple targets, this article suggests a new
mathematical model and a parallel hybrid genetic algorithm (PHGA) as a solution methodology. In the model, a
package can assault multiple targets on a sortie and permitted the use of mixed munitions for a target.
Furthermore, because the survival probability of a package depends on a flight route, it is formulated as a mixed
integer programming which is synthesized the models for vehicle routing and weapon-target assignment. The hybrid
strategy of the solution method (PHGA) is also implemented by the separation of functions of a GA and an exact
solution method using ILOG CPLEX. The GA searches the flight routes of packages, and CPLEX assigns the
munitions of a package to the targets on its way. The parallelism enhances the likelihood seeking the optimal
solution via the collaboration among the HGAs.

Key Words : Strike Package(3 4 t]), Weapon-Target Assignment(WTA, §-7]-3% %] ), Vehicle Routing Problem
(ZFF7 ZA-A), Hybrid Parallel Genetic Algorithm(3lo]H2]= WHEH {32 darg]s)
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Existing

Route : [ Base | > [w;, =1:0] - [w, =1.3] —» [w, =15
P 08 08 08

: Z(yy) =2.4720

Model | "1 b=17] [ b=2 [ b=3
Yo (). =0.7) (P2, =08), (75— 09)
Ry ¢ 08 0.64 0.521 : 7, (y,) =1.9168
Route : [Base | = [w, =1.0] — [w, =1.3] > [w, =15]
Py o: 08 0.64 0.521 : Z(yy) =1.9264
+ b= =3 b=1
New hos (2 =0%) (22 =09) n—o7)
Model

Rou're: nd |w¢,:1,5‘ - |w2:1.3| - |u1|:1,0‘

Py 08 064 0.521
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. b=3 b=2 b=1
y o (P33 =09) (P =08) (P =07)

Fig. 1. Optimal solutions of existing/new models
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Initial population
|

HGA(1) [ v 3 HGA(n)
HGAG Fitness evaluation
v v
»[ Selection |- —#  Selection |
: v I [ v :
: I I :
: v | | v :
: | | :
: v | | v :
:| [ Fitness evaluation Fitness evaluation| |:
: | | v :

n End condition | | End condition

: | | ¥ No :

{Migration condition]| | | | Migration condition}
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Migration « —
(Fully-connected topology)
END
(Best feasible solution)

Fig. 3. The framework of a proposed PHGA
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Targets Number of targets | Types of packages
[5 7 - 3[2 3 - 5|6 1 - 10]

Fig. 4. Gene representation
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(@ Information of Gene @ CPLEX @ Fitness
For each strike package,
« Formation, Munitions || Mathematical model for |~
+ Assigned targets WTA : Egs. (22)-(24)
+ Probabilities matrix

* Objective value : Eq. (2)
« Penalty function : Eq. (25)
« Fitness : Eq. (19)

Fig. 5. The procedure for the fitness evaluation
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Akt

1< Z Yo = B, 1ER (23)
bEB

Y3 Y < @y bEB 24

rERyy,

WEREE ACke Sl e Agwst An7)
E]—L—l O}'

A 3 &7} 5 (Infeasible) Wt A 37Ms
(Feasible) 3E $A3t=S gt . AFoAe Al
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1714
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¢ AICKL: 71EE &H, 20 7 3 v
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3.3 ME4(Selection)

AY AiAbeE AdE H7F A94E Ao R @ Al
(Generation)®] 2T 5 t5 Aldlel] E8< MAE
Agiste BAolth # AFoAE AdE e 3
o] AEAE BASE AP R solAE gEH
AE 71315 Fosk= 2 & (Roulette wheel) &
H A Aldie] HAHE ths Aldlel] dFd= dE
A E]~E B MK Elitist preserving strategy)=
=33l “Elitist-roulette wheel’s %]-8-3}1th

3.4 W XxHCrossover)

WA= FE(Parent)o] FHFAE 23Ete] AEE
572 / @t Abael 7] ekl A 4208 Al45(2017 89)

b

A4(Offspring) & A4 8HE goleh, 2 qle] BA

e A & Ao AT FEste A (3)9
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T d9el tElA= Yuan er alo] A9k TCX
(Two-part chromosome crossover) "= ©]-83}%] o1,
TCX®] AAbdAR= Fig 63 vk 7 WA Fow
AR AP Gl delid = Fig 79 22
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Step 1 : Select a pair of chromosomes as parents

Targets # of targets
Parent1| 6 | 3 | 5 | 1] 2[4z | 3 |
Parent 2 | 3 1\4\2\5|632. 2 [ 1]

Step 2 : Randomly select a gene segment for each package

Random Packagel  PackageZ
number 0 i 1 1 0 _ 1__ 0
Parent]’ﬁ E 1

% Number of selected targets for each package :

Step 3 : Shuffle gene positions according to the first part
of parent 2's chromosome
Lo [1[a]+[afefe]
Parent2| 3 (14| 2[5 [e]z2][2]1]
Step 4 : Add genes for each package and construct the
offspring 1's second-section chromosome
Random Packagel Padage2  Packaged
number | _ 1 , _ # of targets
Offspring 1 |- 31 ]2

3 12

% Randomly assign the unselected targets (6, 1, 4) in step 2 to each package
(i53) : package 1(1, 4), package 3(6)

Fig. 6. Two—part chromosome crossover

Parent1|3[2|2|415|0ffspring1|3|3|2|1|5|
(3 ¢ =y
Parent2|5\3|3|1J2|Offspring2|5|2|3|4|2|

Fig. 7. 2—point crossover

=210 (Mutation)
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=
&1 o] &-(Mutation rate)©ll W}E} Jojxoz fA



sAAYT-RA HA IS A%
& de¥sta a5 A5 GMAE WA AZE
PAo fFHRE At FAolt) ol A9 HH
e EEstd e S 94T F e V3 E
Agey H AFE Fig 4949 dYGFEol wet
Fig. 83 #Fo] 3 fHztolA <lol=2 278 AMAE
A3l olg9 A& A Sk 28 13K Two-point
exchange) ‘%‘t‘éi} %“’ Hog & AdNAE T35 |

2-point exchange 1-point mutation 2-point exchange

Targets Number of targets Types of packages
Lo [Gds [ 1Lz« [= (o) = a)Ce) 2 |

rand[0, 6-5] > <
|6‘2|5‘1‘3‘4 2‘1 1]3t3|
Fig. 8. Mutation operators
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dAte e

Fig. 9. Fully—connected topology

4, TxA[AH

41 =x|Ag oo|g
FAAY AT FF7] 4%, FF 5TeE HAH
= AU 85 34 1572 Ao, AT
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of AH&g dlolE]:= Table 17 ) =&, F3-31%

B gE, AU 14 olF 1 AEEE]

thEk HlolBi= H-=(Appendix)oll A AI&H3IEE
Table 1. Input data for packages and target

(a) Strike packages

Pack— Aircraft(a) Munition(b) T

age(k) | A [ As | As | As [ M [ Mo Ms [ M| Ms | F
1 - 12122 - - 1 1|2 1
2 - 1212012 - 1 112 1 1
3 -1 31312 - -1 201 1 1
4 - 131312 - 1|2 1 - 1
5 20 -1312 1 1 - 1 1 (0.8
6 20 -1312 - - {21108
7 - 213 - 1|2 1 1 1
8 - 213 - 1 1 1 1

S/Qy | 6 |11 [13|12(3 |4 |8 |76

(b) Locations of base and targets

Node | Location | w; | Node | Location | w;
Base(0) | (20, -4) | - 8 | (17, 15) | 67
1| (0,5 |81 9 | 11,19 | 77
T 2 a7, 7 79 Z 10 | (21, 19) 56
a| 3 (20, 10) | 91 | . | 11 | (14, 22) 62
; 4 | (11, 10) | 100 g 12| (@25,21) | 85
e | 5| (19,12 | 73| t|13] (20,24 | 61
"6 8, 16) | 70 14| 27,27 | 72
7 (12, 15) | 90 15| (33, 27) 83
4.2 A" A1
A48 i5-3210M 2.5GHz CPU®} 4GB RAM =
ERA 35 om, HPGAYE MATLABO.Z +d

Atk 7} PHGAO #-&% I&lu|E]E2 Table 29}
Zom, PHGAS &3l ©A% sl Table 339 %
. FAAEL Type 2, Type 3 2 170 A2} Type 4

3N AR FAs F 130 BA4E A8, o
HE s4 a9 77856122 UERth s &

A7V 2E, B4 Bige] AToR FH Ty, Tus
AU AQEAY. dE B, A HA FEA
UES B Ay An ACH 2 20H 0 FAH,
My, M;, Ms 7 183} M, 298 2bslal 34 Ty,

S TALE 7|4 8k8] 2] 4207 Al43(20179 8Y) /573
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Table 2. PHGA parameters

(a) Parameters for unit HGA

Population Crossover rate Mutation rate
50 individuals 0.7 (70 %) 0.2 (10 %)
(b) Migration parameters
Times Period Rate
2 (Twice) 30 generations 0.06 (6 %)

7} HGAS] §-73l

o

= =

glol

sl o2

Fig. 102 PHGA®| &l @349 A& HojFal
ATk A WA olFHAA = 571 HGA F 1WA
HGA7} HAsE AFsielern, o|F& B Ff%
weroz 304t 3+ AlEA Sl
S S A3, 7 HA o|F Aol A= 2HA HGA
A& s Aeatlon, o
e T
@9] HGAE ©]
HholE9l 0 2 4

HGA7} ¥ $5
HAok AxpHoez, 7h

HGAE9 £ d&

Table 3. Experimental result

Elltst of swarm1
00—~

Generation

Elitist of all swarms

Elitst of swarm2
800w

eneration

Eltist of swarm3
800 -

Filness value
2

g

Eiist of swarmd
[

750 J—

g

8

so0l i
0

Generation

—— Swam{ —— Swarm2 —— Swarm3 —— Swarm4 —— Swarms |

|

J

Fitness value

]

F

a
Generation

a
Generation

Package Operation plan
Base — Tg(2/M4, 1/M5) - T15(1/M2)
Type 2 — Ty3(1/Ms) — Base
Base — Té(l/Ms) — To(1/My)
Type 4 — Ti(2/Ms) — Base
Type 4 Base — Ty(1/My) — Ts(1/M,, 2/M3)
— Base
Type 3 Base — T7(1/M4, 1/M5) - T12(2/M3)
— Base
Base — Ty(2/M3) — Ti(1/My)
Type 4 — Ty(1/M;) — Base

FAAE dAlol 3l Table 29 dEvEE ZHe=
PHGAE 53] Aagt Az, ALFAITHCPU time)
oF 7,688%(%F 2.13AI17h), A= 27.38% 300 ALt

o} AxS Eal g

rLo=&a o ar

7kl 99.9 % ol’do] A8 FHJTE o), B 7wk
duE]Fe] 54 A -
of 719lstH, &
(HGA 571 x 50704 x 90A|t)
gl FAAEI AR AAE

g AP e

= O
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Fig. 10. The example of PGA search process
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Table 5. Survival probability of package(Type 1~4)

<.

0 1 2 3 4 5 6

7

8

9 10 11 12 13 14 15

1 10.954|0.961 | 0.953 | 0.944 | 0.946 | 0.923

0.931

0.936

0.918 | 0.924 | 0.912 | 0.916 | 0.908 | 0.896 | 0.890

0.914 1 0.974 | 0.961 | 0.981 | 0.961 | 0.961

0.965

0.958

0.952 | 0.940 | 0.941 | 0.927 | 0.929 | 0.909 | 0.896

092110934 | 1 ]0.246|0.976 | 0.980 | 0.957

0.967

0.972

0.954 | 0.957 | 0.948 | 0.946 | 0.942 | 0.926 | 0.916

091310921 10236 | 1 |0.968 | 0.990 | 0.954

0.967

0.979

0.957 | 0.968 | 0.954 | 0.959 | 0.953 | 0.939 | 0.929

0.904 | 0.941 | 0.936 10928 | 1 [0.971|0.976

0.196

0.972

0.968 | 0.954 | 0.958 | 0.940 | 0.944 | 0.923 | 0.909

0.906 | 0.921 | 0.940 | 0.950 | 0.931 1 ]0.960

0.973

0.986

0.963 | 0.974 | 0.961 | 0.963 | 0.959 | 0.943 | 0.932

0.88310.921 | 0.917 | 0.914 | 0.936 | 0.920 | 1

0.984

0.968

0.984 | 0.955 | 0.970 | 0.941 | 0.951 | 0.927 | 0.910

0.891 | 0.925 | 0.927 | 0.927 | 0.188 | 0.933 | 0.944

0.981

0.984 | 0.966 | 0.974 | 0.951 | 0.959 | 0.936 | 0.920

0.896 | 0.918 | 0.932 | 0.939 | 0.932 | 0.946 | 0.928

0.941

0.974 1 0.979 | 0.973 | 0.965 | 0.967 | 0.947 | 0.933

0.878 1 0.912 | 0.914 | 0.917 | 0.928 | 0.923 | 0.944

0.944

0934 | 1

0.965 | 0.984 | 0.952 | 0.964 | 0.940 | 0.923

0.884 | 0.900 | 0.917 | 0.928 | 0.914 | 0.934 | 0.915

0.926

0.939

0.925 1 |0.280 | 0.983 | 0.981 | 0.965 | 0.951

0.872 1 0.901 | 0.908 | 0.914 | 0.918 | 0.921 | 0.930

0.934

0.933

094410268 | 1 ]0.962|0.977 |0.953 | 0.935

0.876 | 0.887 | 0.906 | 0.919 | 0.900 | 0.923 | 0.901

0.911

0.925

091210943 |10.922| 1 |0.9790.977 | 0.965

0.868 | 0.889 | 0.902 | 0.913 | 0.904 | 0.919 | 0.911

0.919

0.927

0.924 1 0.941 |1 0.937 10939 | 1 [0.973|0.955

rlolnlZ|g|lo|lo|N|o|a|s|w|[v| =[O

0.856 | 0.869 | 0.886 | 0.899 | 0.883 | 0.903 | 0.887

0.896

0.907

0.900 | 0.925 | 0.913 | 0.937 | 0.933 1 |0.978

15

0.850 | 0.856 | 0.876 | 0.889 | 0.869 | 0.892 | 0.870

0.880

0.893

0.883 1 0.911 | 0.895 | 0.925 | 0.915 | 0.938 | 1

%% Lower/Upper triangular matrix :

Type 1, 2 / Type 3, 4
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Table 6. Survival probability of package(Type 5~8)

.
N

0

1

2 3

4

5

6

7

8

9

10

11

12

13

14

15

1

0.934 | 0.941 | 0.933

0.924

0.926

0.903

0.911

0.916

0.898

0.904

0.892

0.896

0.888

0.876

0.870

0.884

1 |0.954 | 0941

0.961

0.941

0.941

0.945

0.938

0.932

0.920

0.921

0.907

0.909

0.889

0.876

0.891

0.904

1 [0.241

0.956

0.960

0.937

0.947

0.952

0.934

0.937

0.928

0.926

0.922

0.906

0.896

0.883

0.891 | 0.228 1

0.948

0.970

0.934

0.947

0.959

0.937

0.948

0.934

0.939

0.933

0.919

0.909

0.874

0.911 | 0.906 | 0.898

1

0.951

0.956

0.192

0.952

0.948

0.934

0.938

0.920

0.924

0.903

0.889

0.876

0.891 | 0.910 | 0.920

0.901

1

0.940

0.953

0.966

0.943

0.954

0.941

0.943

0.939

0.923

0912

0.853

0.891 | 0.887 | 0.884

0.906

0.890

1

0.964

0.948

0.964

0.935

0.950

0.921

0.931

0.907

0.890

0.861

0.895 | 0.897 | 0.897

0.182

0.903

0.914

0.961

0.964

0.946

0.954

0.931

0.939

0916

0.900

0.866

0.888 | 0.902 | 0.909

0.902

0916

0.898

0911

0.954

0.959

0.953

0.945

0.947

0.927

0.913

0.848

0.882 | 0.884 | 0.887

0.898

0.893

0.914

0.914

0.904

0.945

0.964

0.932

0.944

0.920

0.903

0.854

0.870 | 0.887 | 0.898

0.884

0.904

0.885

0.896

0.909

0.895

0.274

0.963

0.961

0.945

0.931

0.842

0.871 | 0.878 | 0.884

0.888

0.891

0.900

0.904

0.903

0.914

0.259

0.942

0.957

0.933

0.915

0.846

0.857 | 0.876 | 0.889

0.870

0.893

0.871

0.881

0.895

0.882

0.913

0.892

0.959

0.957

0.945

0.838

0.859 | 0.872 | 0.883

0.874

0.889

0.881

0.889

0.897

0.894

0.911

0.907

0.909

0.953

0.935

rlolnlZ|g|le|lw|N|o|a|s|w[v =0

0.826

0.839 | 0.856 | 0.869

0.853

0.873

0.857

0.866

0.877

0.870

0.895

0.883

0.907

0.903

0.958

15

0.820

0.826 | 0.846 | 0.859

0.839

0.862

0.840

0.850

0.863

0.853

0.881

0.865

0.895

0.885

0.908

% Lower/Upper triangular matrix :

Type 5, 6 / Type 7, 8

Table 7. Target failure probability by munitions

S

6

7

8

9

10

11

12

13

14

15

My

0.875

0.867

0.915 | 0.934

0.951

0.897

0.865

0.912

0.962

0.941

0.971

0.922

0.891

0.853

0.915

Mo

0.924

0.982

0.812 | 0.861 | O

.92

0.912

0.932

0.859

0.875

0.931

0.888

0.898

0.897

0.903

0.913

Ms

0.897

0.903

0.914 | 0.951

0.962

0.851

0.961

0.922

0.861

0.962

0.917

0.953

0.941

0.923

0.852

Mg

0.956

0.951

0.931 | 0.953

0.912

0.959

0.912

0.902

0.895

0.931

0.907

0.913

0.921

0.922

0.901

Ms

0.989

0.97

0.895 | 0.962

0.942

0.975

0.981

0.951

0.913

0.953

0.925

0.931

0.942

0.946

0.929
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