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A Multi-Stage Modelling Approche for Allocation of Defense Resources
to Invading Targets

A. R. Asadi Ghanbari, H. Alaei" M. Mohammadnia
Imam Hossein University
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Abstract

Weapon target allocation (WTA) is a command and control main components.In this process, the critical
time-based decisions often is made under uncertainty. In this paper attempt has been made to propose a realistic
approach to WTA problem. We consider a multi-stage weapon target allocation with multiple criteria including:
Minimizing the expected total value of surviving targets, minimizing the military resource costs and minimizing the
allocation risks. In the following study to develop a more realistic weapon target allocation model, we have tried to
bring almost all ignored constraints such scarcity of weapons, technological, atmospheric/geographical (e.g.
terrain) and structural limitations into account. Finally Non-dominated Sorting Genetic Algorithm-11 (NSGA-II)
has been used for solving multi-objective WTA problem and a Pareto optimal front for the model is depicted.
Comparison of the calculated solutions (from the point of quality and speed of calculation) with those provided
with expert commanders, suggests that the modelling and solving method have been successfully designed and
match the application greatly.

Keywords: Command and Control (C2); Dynamic Weapon Target Allocation (DWTA); Multi-objective
optimization
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2 Combat Power Management (Cpm) Systems
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® The Risk of Resource Allocation (Rra)
® political Satisfaction

C)‘Lw YL SiwJow ¥
ol el asamas alus G tuale 2 parass allas
O ypods Ban @l iz wb lae bl S adly s5leow sl
Wlew \GLJA: Closgaze (yuizrad 00,5 Al Glojer

! Operational Constraints




VAR Ll oY o lods o3l Jlw 1€y g8 aidlay (slo 553l g poker cole @ pid

Ban 2l 2y polie Wil alils ake lade Wiy el

J |
SxSee A E{O’ ZG’JZ”.} ot » g

[
beoogume .¥-F

S5y Mo 948 5 leludgione ZM arass alee 40
ol 50 00,5 clo )| gjlwaige anl,d aloul 5l LS Wb as Wl
)‘l Slac gaxa ‘C)L..: ormass oo )3‘5,.5‘5 6‘)3 s
Al o pid dslol jo a4 Canl oals a3 )T L o lazgsgase

W)

Bl gogime o s Do ilie Cygane
5 65,0 Sl sl Jsb o e Gl nlpls waslos
e Slows Q—.’.‘ )'| g ..\Jyu_w Cend L ‘5,'9)[_3’9) r°l’.'-3‘

Ded aid 5 IS
s 1
> X, <N, vk=12,..,K
s=1 i=1
I
Xii < N; vs=12,...,S, )
i=1

vk=12,...,K

2 K A 6l sl Bl slaalgls slass samsles N
K oo o5 oxlee Ban slaws iSlas) ol S al> e
4 Aty e ol (08 Ui Ll 4 S als e s wilgi e
Oeiored g odd osliiwl (L3 ol o aS olaalglS slass
ua)ﬁ ‘d)LMmbLM: 6‘).3 Jlas L)'l‘ )Q w‘ LS’?)L’B) WJLI-AAJ
oS Col Slbalgls slaws 4 axaly bais N e a5 353
sl 00 ooliasl L3 e 4o

N; =N, -B, Q)
sas By K g5 oo sladlsls S slass saimslas N
Syge Jb e (b o &5 cul Do g onl 5l aladlgls
&l Cudgaze laicdy Cudgame ol ol 43 )3 18 colatul
aS ogd g0 2,8 Allae (pl jo ealdll)l Jow o 09d oo aSL
Sl Sloge 65 Sl ol cujpele S (b o
Slles S5 b o bl Slage slasd 5 o358 iyl
e il 381 518

ooldiw] Cyogumo w d>gi b 1g,bg, K/ Cydgazo
oolaw! cwl USM LQ:C)L» )" Ls.aL$ 89.’ Lgl)g (20
25 Dogets Wlgi oo Cusgaze (pl WOl pa el g0
00,5 algo,8

sl b laas izl 3 coliswl ay 3 (5 5lwaiues
YL Conl 51 s g0 a4 (o 4 e LSige aisle)
5 ST Jloim! Ol o Ll 5l oolitul jglaiads el 13,95 5
b dlis ol o L8] mlie 3l atws cpl YU Cood imen
Sl 654 Glp peeds Jlae Sy Glyieas nj Saa

el o Sleiin sudly slagdls

K

fz:z

|
XikCik )

k=1 i=1l

Sl cas 35,0 ol Cople 4 azgi b plio 5l eolaiul as s

2 F, Gan alb g5 polie 1V sl amals Laie jlade
S fze{O,ZK:ZI:Cik} o5l

k=l i1

aipen § iy sl 1T pmas gy s (g 5lwaies

Do parazs e o sl pFmreai 1 ot S)kene

(k) colial jarass 4 aluly Cusl (See 5y ,ks

Jdoas Wl oo cenlss pas ol sl prlpe Glanl 4 oSl

Dyge e ol 4z b oS ail udgl 5 pdle gs

Grdysbas g5 90 @D panass anlp o cnlply 9,5

D9l o yaS ) D ygods Wlgi oo

plosl s atly (s pdy sl g45 cpl +/olS plad/ (g gty oo -
MLLSA C)Lu 4]515

oolawl ol dl> o S 0 oS M tCu gyl gy paS -

A2l Gy Al e 1 el ot Joye 3 s

5 48,5 I8 argisyee gpdpyhs ey gy Al onl o
bab cnl ool oad Jow oz s pdgrhs ol G olyea
e e 4 a5 sezlpe Blael | SaiS ol 5l colatul
Lg..\;.é‘.\g_. C)L"‘ (ngb; LgL(b&sgl)\a cdadle uu))| Slade
Gb UJ‘ .ao)f@ ML?M 59"‘" ool ua».«a?u LQ,)—‘ O ..\.\‘5.\6.‘0.’
123,50 dgar® 5 O )90y s pdy sl
3 I K
f, =ij.{zﬁi.1‘[(1— xik)} ©)
j=1 =1 k=1
prles o o a5 S9doe B s pdkS &b cnl
&l Gl sais 0ols Lamass ] 4 ablis iy S p &S
oS oo b spdyhs sadly sl asgeme S

|
Caally ol 0aisS puSaie () alal, 4o a’j-{zﬁi“} <ske
i=1

e 9 @) asly ol cbadlre (b3l a5 Lxil 51 el

Fo il G a ey b e2le o Sans



W OHKer g (5 8 sol Lo Jlae 1pa b Bladl 4 (guidlay asbn lale jouss amasi (g5lw o

maXZS:F(W,S,f,S) 1=1..,L (v
=1

e W g al> 6 S (puaai lone o)leis saimopylas LS
oddolpiden Jae ;0 sl A ge Ban b ((39) Cox )|
RRA 3 ETV CWU | oSy peod slo)lne acgao
(Ban milgi Codle [0 Cgldi 4y dz gl bl Bus 20U lgica
Wb Ll 5l Jol> (29,5 5 0092 glice s Jlae Ol ol

DI sgs g5l by

Ol parass dlae (Joo 25 bl Sadly slaiess
3 Slyuss 0gzg b oaileny a5 cnl onls (gileJan slaseSa
A e me Sl e @l 4 St Ll
oo el ous a3 5 s o adasais as dlas ojlualge b
adgl dasnis A arass Jaw o 1) olbosgs casall)
Lul (58,5 i 5o 4 ol Lol abex 5145 Sl 00,5 olonl
e 3l eolawl raiile glacgsgame (0,5 bl 5 laoxs
o3litul slacysgaze 5 mlie slocusgasme (pre slaojl ;o
Cools oaliolpiinn Joe jo omizmen 0,5 olil (g0 0
Ol parass an] 5 485 5 azg 5590 s lallis
ool 00 alga b slals eis Al S lgieas

Je ‘S}Lwoélﬁ A

Ol 32 48 (o9l 00l Jae Giolejl polateds (s cnl 5
e 5,50 plgee Blanl 5l Glacgore lawgy gadlay ol
dlas sy Jooly o ol oas a8 L5 13 5,5 o )8
ool Lo e 5l (g fle Ojg0h Wl oo D paras
298 Gl p ©)peds
Xy Xy oo Xk
Xy Xy oo Xy
. X,
_XIl X, oo X i

Gan 4 W eW 2l 51 cad Xy =1 1 o a8

o S Xy =0 5058 00l paass T €T oxle
Dgd 0old anas T| ET wolpe Ban a W, eW

degorme gt ST Sl (udyplnl) (o (ool iz

3 Porhe diged S gl wlai sLojl 1) vszge slacysgae

I el 51wty Ko orlee Gon | el a5 allis

PR gibwosle jslaieas (A5 (nl )3 0I5 Sszs (See Sl

! Consistent Optimal Solution

s+
ix; <1, vh=12,...,.S—q )
h=s
soze (g jwoolel (slp &S el oo olaas sasmolis [ o
b el syl do e saimslas Ny el s 50 Lo
wile (Bl 20,5 osliiul J53 50 2w 5l lgioes Sl e 0]
GISUIS sl ks vyse Gl 5 e LSl il
» e Gl wiiliee Fe lacasgame Gl o 5o d9e
Wy ooy 0 =1 51 Sl gy m STl 599, sl
Gy o cpl il ab )3 13 soliwl 3,90 S =1 al> e j0
Codgime 0y amlys eptes BB S =2 >y
25,5 dlgo b pj &gt Al oo
Xo+ X<l Vs=1,2,
Vi=12,...,1, @
vk=12,...,K
g 3 gd 5l (S 09250 logHw dad javadti
Cadgaze (pl Wgld ooy arass Wilgiee 29y, Sl
bt ozl gl ol a8 ol Wl cpl saSoLy

D)l 0525 Iy 095bg, 5l dl> e o )0 lazdle
|
Y Xe <l Vk=12...K,
i=1 (\+)

Vs=12,...,S
30 9 3,15 8529 P Laras Jow jo Clél Cusgase

b}wu’_a ou\.uala SOFE [GERTRESY dlie U"‘

ol by a5 aws e sl (VY) dhaly i ol jawati’
Sloal 4 u,..qi slasly (6 S anass (ezlpe b (65,0
18] s 3y el o2lges

Xa e{O,l}, vs=12,...,S,
Vi=1,2,...,|, 3D
vk=12,...,K
o lmenis lale pouixr T amasd Juo F-F

o2 Szl Glime (185 Sl 0 b Bas g 4 g b
e S, Gjpon Gl |y DOl parass Al dT )
303 (b ) S)gen ddasiir gleange

U=(f,...,f,) on

&b g5loaisS 5l L sdelcawsd gy o]y
S oo 3l Ojgons |, U ddan win (gileany



VAR Ll oY o lods o3l Jlw 1€y g8 aidlay (slo 553l g poker cole @ pid

Wy

Sae wlsi glo el Y Jgu

woloe Blaal Faras &0

LoD 3l oolatul asy 50

b ol)ls 5l cdadlxes o3|

0l8 . P
V[Txl] = 05 Sas ke

. _[05 04 . |
=06 09 Do P Jot
150
100 ¥ *
o« . '
< X
«
50 i T A .‘ * * * * L
u‘ .
[}
P — 5 8 "
Y3 0 ® “
1 3% 8
owu ETV

5 eolital b e parass Al J> )l Jobs mlbs ) JSb
DYINSGA-II 43,55

S5 Az F

Silodse sl ALISHly 65,50, b 0 allie cnl o
Q) Sglate pueal Hlre cpaiz l eolaul b 2 Lavass
Slaal jUaslsyge sl Jlaiz! gilwaieS (Jow ol jo 0l
GlwaaS 5 Slbuls glagie  giluaeS ezl
Olyeas laogibs) 5l dl> o 2 0 Mo (arads 6 pdy ks
G Joe 505 Seop sl b 4SS o peeal sl sl
Oezed g pde olasl 0g Sgaze  (oxBly Lyl
AL gono Q|9.:.c<\.g Lg)tl:}l.m 9 sla.ou ‘k.S';‘é Lgl.a:(;u”%.\;u
wnte $5)b e ObL o s (Byme bludgase 5l gwox
Cslierd silucie b Sy eSSl eslid L all
pled e Al (5,5 15 4 5 3ls sgzy aaile s
ilises glgil 0,8 15 )y 0550 ST laaios yo il e
> lp ohgt w0l me i 0 Ko

| O.A..u] Lngd,uaz; ‘5|).: u‘d}- 6[}&&_9,05.0 )i)b )l 69)L.§|

Ol 12 9 S Rl P (G arass &5 09 o0
prlees Bua So a4 Sl Wlgoe 293k, Sl Al e 0
Al legsgame plo jl S Jlys 098 ool Lamass
Gan wl syl 51 Jle gly ol ond dgpis
oo sl 9ok e S s e (1) Jgo2 &0
Gl g aales (V) IS8 oty P Janass ddasais
Slodye b Sy w5l gk A Gl e
DT et ons oslinal ' Golin

5 @ by osliend ilucie b Sy N
eyl ol s sliy Yeo¥ Jlo o DY K
@ Ssre Shes 95 (ol AlSl L g 0o 55k ealas Sl
sz wiyesll S 4 (Jaene (SoaSS Sy e 6Nl
gl Dlex e 8L sl o cel oal fas
5lalosle Slas g0 onl avo o 4 1) Ols> o i
Siloesire ol 2 (@5) Gip e o &S 6 -es ()
S 5 es (V5 wd o0 plaidl Comaxr glacl 4 ogladl
WS bis plyas; bogledeel, e o 1) Jool) g5
s S gl yd silecipe b Sy iyl VY]
Slwbve Sz L L daeas gleace
olal N g Baa alg olass M aS <l O(M.N.logN)
DY) el cones

S 55 Sy ey 005y @mlie Cupe o o Ll
Obey 5250l 5o age slaclex b Slez (8l el Sl
ol 3,505, olal .cwl o cpl jo mpe Alus S (So
5 009 Al Jlsle & auly PDlo Larass Al J> ol
snilog slaclsr 35 g e pw b oud a3 5 Say slass,
b oSy piaysSl allie cpl o W0 DVFL wms s |,
asaiz Do parass dlae Jo lp Csbiapd 5locdse
Silosipe b ey w, s allie cpl 5o el o ooliiul
a8 G | SBECSS iy qeoe s SnaS b osliad
el 00 ool P anass Alas J> oy o

S Gl Ay ool G oo LS abais 2 (V) S o
Gty el B 005 o0 e K s ypiie o
sl Jlizl 5 anje (grdhs odd aneS lade Jold
S5 o8 Lawgs sadsall)l slaclsx auslie sl peids
el oy plawiled slasliin b osliené (sluciie b
oalsadilyl > (g, g sadplanl (g3l oe (09 90,8 5l (S
T azloe Slaal olass a5 canl ool (5,8 e ol jo o)l
el 0as ¥ 50 gaidlay sl olls olass o ¥ M slass

! Non-Dominated Sorting Genetic Algorithm-li (Nsga-li)
2 Single-Point Crossover
® Bit String Mutation



Wy

Ol 5 (5 pBgal Lo Jlae par by Bladl 4y (gusdlay puln glals pass amaxi (63w o

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Hosein, P. A.; Athans, M. “Preferential Defense Strategies.
Part Il: The Dynamic Case”; Cambridge (US): MIT
Laboratory for Information and Decision Systems. Report
No.: LIDS-P 2003.Technical Report, 1990.

Ahner, D. K.; Parson, C. R. “Optimal Multi-Stage Allocation
of Weapons to Targets Using Adaptive Dynamic
Programming”; Optim. Lett. 2015, 9, 1689-1701.

Kalyanam, K.; Rathinam. S.; Casbeer, D.; Pachter, M.
“Optimal Threshold Policy for Sequential Weapon Target
Assignment”; IFAC-PapersOnLine 2016, 49, 7-10.

Kline, A. G.; Ahner, D. K.; Hill, R. “The Weapon-Target
Assignment Problem”; Comput. Oper. Res. 2019, 105, 226—
236.

Johansson, F. “Evaluating the Performance of TEWA
Systems”; Ph.D Thesis, University of Skovde, Skovde, 2010.

Kline, A. G.; Ahner, D. K.; Lunday, B. J. “Real-Time
Heuristic Algorithms for the Static Weapon Target
Assignment Problem”; J. Heuristics 2018, 1, 1-21.

Coello, C. A. C.; Lamont, G. B.; Veldhuizen, D. A. V.
“Evolutionary Algorithms for Solving Multi-Objective
Problems Second Edition”; Springer, New York, 2007.

Mohammadi, R.; Parsaei, M. R.; Javidan, R.; Akbari, R. “An
Effective Countermeasure Method against Freeloading
Attack in Software Defined Networks”; Adv. Defence Sci.
Technol. 2018, 9, 211-219. (In Persian)

(1]

(2]

(3]

(4]

(5]

(6]

ez yo .V

Parson, C. R. “Approximate Dynamic Programming For
Military Resource Allocation”; Ph.D Thesis, Air Force
Institute of Technology, Ohio, 2014.

Zhang, J.; Zhuang, J. “Modeling a Multi-Target Attacker-
Defender Game with Multiple Attack Types”; Reliab Eng.
Syst. Saef. 2019, 185, 465-475.

Manne, A. S. “A Target-Assignment Problem”; Oper. Res.
1958, 6, 346-351

Hocaoglu, M. F. “Weapon Target Assignment Optimization
for Land Based Multi-Air Defense Systems: A Goal
Programming Approach”; Comput. Ind. Eng. 2019, 128, 681—
689.

Naseem, A.; Shah, S. T. H.; Khan, S. A.; Malik, A. W.
“Decision Support System for Optimum Decision Making
Process in Threat Evaluation and Weapon Assignment:
Current Status, Challenges and Future Directions”; Annu.
Rev. Control 2017, 43, 169-187.

Davis, M. T.; Robbins, M. J.; Lunday, B. J. “Approximate
Dynamic Programming For Missile Defense Interceptor Fire
Control”; Eur. J. Oper. Res. 2017, 259, 873-886.



