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Abstract

Purpose: Timely provision of spare parts is one of the essential requirements for the operational readiness of defense systems
and a strategy for enhancing service levels in operational units. This study presents and solves a model for the spare parts
supply chain in a defense organization under conditions of uncertainty.

Methodology: Given that the proposed mathematical model for the spare patts supply chain in the defense organization is
of the NP-hard type, metaheuristic methods are employed to solve it. These methods produce neat-optimal solutions within
a reasonable time compared to exact methods. In this study, the Non-dominated Sorting Genetic Algorithm IT (INSGA-IT),
a multi-objective genetic algorithm, has been used to solve the model.

Findings: To demonstrate the effectiveness of the NSGA-II algorithm, its results were compared with those obtained from
solving the mathematical model using the exact Ames method. The findings indicate that the average percentage difference
between the proposed algorithm and the exact method is less than 1%. Moreover, the time required to reach a solution using
the proposed algorithm is significantly lower than that of the exact method. Therefore, the proposed algorithm converges to
an optimal and efficient solution.

Originality/Value: Due to the numerous constraints in the mathematical model of the spare patts supply chain problem
for a defense organization, and the pursuit of multiple objectives such as cost minimization and increased responsiveness,
the real-world dimensions of this problem are large. Achieving an optimal solution through exact methods within a reasonable
time frame is not feasible. This highlights the necessity of employing metaheuristic approaches for such problems. The results
indicate that the average execution time for P31-P39 using AIMMS software is approximately 2510, whereas the
metaheuristic NSGA-II algorithm achieves an average time of around 479, demonstrating the superior efficiency of the
metaheuristic algorithm compared to the exact solution method.
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c T b t T k t
DO CRBerne XRNern).
c T n t
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minf2 = > 3 TWoge- Xlege + D > > > TBejpe- KBy +
r i j t c j b t
b 2k 2t TBKpjer. XBK e + X 2y X¢ TKLyre. XK Lyeye + Xy Yo 2o¢ TLM . XLM

SO TR XMRye + D" > > TRPp Xy + )
m r t c r p t

Z z z Z T’F]cpjt'XP]ijt + Z Z Z Z TRBcrbt-XRBcrbt +
c D j t c T b t

Zr Zk Zt TRKrkt-XRKrkt + Zc Zr Zn Zt TRNc‘rnt- XRNcrnt-

s.t.
ZXKLW >Qy foralll€L,forallt €T. (¥)
k
ZXLM,W >Em.Q,, foralll€L, forallt€eT. (%)
ZXMRmrt :ZXLM,W, forallme M, forallt €T. )
T L
ZXRK““ :ZKZXMRmrt, forallr R, forallt eT. )
K
ZXRBCTM =71, % RbZXMRm”, forallceC,forallr €R,forallt €T. )
b
ZXRPCTW =1, % TpZXMRmTt, forallceC,forallr €R,forallt €T. (A)
ZXRNcrm =7, % AnZXMRmrt' forallceC, forallr €R,, forallt €T. (1)
ZXP]ijt:ZXRPcrm, forall ceC,forallpeP,forall teT. (\+)
j r
ZXI]C”t + ZXP]ijt = ZX]BC]-M, forallceC,forallje€] forallt €T. (1Y)
i P b
ZX]BCJ-M + ZXRBcrbt =T, % ZXBK,,M, forallceC,forallb €B,forallt €T. (\Y)
J
ZXBKbkt + ZXRKT,“ ZXKLM, forallk €K, forall t€T. (\v)
ZXUCW < CAPI, forallceC,foralli€el, forall teT. (\F)
ZXI]Cijt < CAPJ.j Y]y, forallceC, forallje], forall teT. (10)
ZX]BCJM "APB., YB,,, forallc€C,forallb€B,forallt€eT. (\$)
Z XBKy < CAPK,YK,, forallk €K, forallt€T. (V)
ZXLM,mt < CAPM,YM,,, forallmeM, forallt€eT. (\A)
ZXMRW < CAPR,YR,,, forallr €R, forall teT. (19)

ZXRPCTW < CAPP, » YPye, forallc€C, forallp €P,forallt €T. (v+)
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ZXRNCTM < CAPN,, YN,,, forallceC, foralln€N,forallteT. (Y1)
p-
ZXP]ijt < Cm]CjY]jt, forallceC, forallje]j, forallt eT. (YY)
P
ZXRBWM < CAPBB,, YB,,, forallceC, forallbeB, forallteT. (YV)
p-

ZXRKrkt < CAPRK, YKy, forallk€K, forallteT. ()
Zyjjt =1, forallt€T. (Y0)

j
ZYBM =1, forallteT. (Y#)

b
Z YKy = 1, forallteT. (Yv)

k
Z YM,;, =1, forallt eT. (YA)

m
Z YR, =1, forallteT. (Y4)
Z YP, =1, forallt eT. (*+)

P
Z YN, =1, forallt eT. (*1)

n
Rb+ZK +Tp+ An = 1. (ry)
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(fc(x)=ﬂ, ifcP<x<c™
cm —cP
mw={" . TErES (rv)
gc(x)=co_cn, if c"<x<c°,
0, if x <cPorx=c°.

1 2 3 4
FJj+FIG+FI+FT

minf:l:Zth( 2

FKjp+FKE +FKp +FKpe FME +FMZ +FM3 t+FMik,
e e Yie + B B Y My +

1 2 3 4
) Y]]t + Zb Zt (FBbt+FBbt:FBbt+FBbt) YBbt +

4 4
1 2 3 4
FRE:+FR%+FR3+FRY, FPQe+FPSe+FP+FPp¢

%, 3 (Rt e y g 4 3, 3, (FR R ) yp

1 2 3 4
FN111t+FNnt+FNnt+FNnt ClcijetClcijetClcijetClicije
Zn e ( YNy + X2 25 2 " XU ije +
1 2 3 4
CBKp e+ CBKE e+ CBK R i+ CBK Rt

CJBLip+CIBE b+C]B ibe+CIBEL
B3 By B (2L RO B, + o Ti e :

CKLY, + CKL?%,, + CKL3, + CKL%
Z Z Z ( kit kit . kit klt) XKLy, +

CLM} . + CLMZ,, + CLM3,, + CLM}
Z Z Z ( imt Imt imt lmt) -XLMlmt + (\'f’)
I m t

).XBKbkt +

4

CMR}Y,e+CMRZ, -t +CMR3y 1 +CMR e
I XMRyy +

A :

1 2 3 4
CRPEypt+ CRPZpyt+CRPE e +CRP Gyt
CRNgrnt+CRNZ g+ CRNG ¢+ CRN Gt
Zc ZT ZnZt XRNcrnt +

).XRPcrpt +

4
4
CRBcrbt+CRBcrbt+CRBcrbt+CRBcrbt
e % o Ze ( XRB iy +

CRKY, + CRK? + CRK3,, + CRK
z z Z ( rkt Tkt rkt rkt) XRK, 0 +
CP]cp]t + CP]cpjt + CP]c3pjt + CP]gpjt
Sy ; APl
c p J t

minf2 = Z Z Z Z (TUclijt + Tl Z Tl + TUgijt) Kl
ZZZZ(T]BCJDI: +T]Bc1bt +T]qut +T]qut> XJB n
. cjbt

TBKbkt+TBKbkt+TBKbkt+TBKbkt TKL}yy +TKLE o +TKLY ,+TKLY .
IDIDM XBKyer + Xic 21 Ze XKLy, +

4

TLMime + TLMine + TLMine + TLM e
$3 3 (et Pt Pl 1),
TMRL,, + TMR%,, + TMR3,,, + TMR
+ZZZ ( mrt mrt - rt mrt).XMRmrt +
m r t 2 3 4
Z Z Z Z (TRpm,t + TRPZ,; + TRPZ,; + TRPNpt> YRP (v0)
4 Crpt
. Z Z z z (TRNCTM + TRNZ,, Z TRN}p + TRN;‘Tnt> XRN,.. +
Z Z Z Z (TRBcrbt + TRBcrbt Z TRBcrbt + TRB?T“) .XRBcrbt +
z z Z (TRK o + TRKZ, + TRKZ, + TRK#m) XRK.., +
4
r k t

TP]clpjt + TP]czpjt + TP]cspjt + TP]gpjt
7 Xepjer
c p j t
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Qic+Qit Qi+ Qi
XKLy 2 a———+ (1—a)T, foralll €L, forallt €T. (¥#)
x
3 4 1 2
ZXLMIW > Em. (a% +(1-a) %), forallle L, forallteT. (*v)
m
ZXMRmrt =ZXLMlmt, forallme M, forallt €T, (*A)
r l
ZXRKTM =ZKZXMRmrt, forallr €R,forallt €T. (v4)
k m
ZXRBWM =71, % RjZXMRmTt, forallce C,forallr €R,forallt €T. (f+)
b m
ZXRPcrpt =1, % TpZXMRmrt, forallceC,forallr €R,forallteT. (fy)
) m
ZXRNC”” =1, % AnZXMRmrt, forallceC, forallr €R,, forallt€T. (fY)
n m
ZXP]Cp o= ZXRPcrpt, forallceC, forallp€P, forallteT. (fv)
j r
qua-]—t + prjcpjt - ZX]BC]-M, forallc€C, forallj€] forallt€T. (F¥)
i P b
ZX]BC]-bt+ZXRBcrbt =rC*ZXBKbkt, forallceC,forallb € B, forallteT. (Y0)
J T k
ZXBKbkt +ZXRKTkt =ZXKLW, forallk €K, forallt€T. (%)
b r l

2 2
forallteT.

CAPIY . CAPI? CAPI3_ CAPI%
ZXIJCijtS[a#'F(l_a)#]’ forallceC, foralli€l, (£V)

J

[ CAPJL..CAPJ? CAPJ3., CAPJ*
ZXUCE']T < ay_k (1- a)y]_Y]ﬂ‘ forallceC, forallje], (fA)
i

forallteT.

[ CAPB},,CAPB? CAPB}, CAPB}
ZX]Bcjbt < |a cb; ch + (1 _ a) cb; ch
k
€EB,forallt eT.

].YBbt, forallceC, forallb (£9)

CAPK}!, CAPK? CAPK3?,CAPK}}
ZXBKbkt < [a#+ (1- a)%].mm forallk €K, forallt €T. (04)
b
CAPM}  CAPM? CAPM3_ CAPM;
ZXLMIW [a%+(l—a}%]¥Mﬂm forallme M, forallt €T. (2))
7
CAPR},CAPR? CAPR3,CAPR}
ZXMRm” < [ #+(1—a}#].YRm forallr €R, forallteT. oY)

CAPPL,,CAPPZ CAPPZ,,CAPP}
ZXRPC,pt < [a%+ (1- a)%]. i
=

forallceC,forallp e P,forallt €.

(ov)
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CAPNY,,CAPN? CAPN3,,CAPN?
ZXRNcm < [Q%Jr (1- a)%
~

EN,forallteT.

].YNm, forallceC, foralln (OFf)

CAPJJL., CAPJJ? CAPJJ3., CAP]J%.
ZXP]ijt < [a ]]c1+ ]]c; + (1 _ 0!) ]]C]+ j]C] ] it

2 2 (00)
P
forallce C,forallje], forallteT.
CAPBBY, CAPBB? CAPBBE,,CAPBB}
ZXRBcrbt < [a Cb; Li(1-a) Cb; <b ].YBbt, forallc € Cforallb (0%)
p
€ BforallteT.
CAPKK},CAPKK? CAPKK?,CAPKK;}
ZXRKrkt S le——F5——+0-a)—— | .YK, V)
p
forallk €K, forallteT.
Z YJje =1, forallt €T. (OA)
j
ZYB,,,: >1, forallteT. (04)
b
ZYKMZL forallteT. (£+)
&
ZYMWZ 1, forallt€T. *y)
m
ZYthZL forallt€T. ¢v)
-
Z VP, =1, forallt €T. (5v)
P
Z YN, =1, forallteT. (¢¥%)
n
Rj+ZK + Tp+ An = 1. (£0)
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Table 4- Data related to the control parameters of the NSGA-II algorithm.
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Table 5- Dimensions of experimental problems.
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Table 6 - Comparison of metaheuristic algorithm and exact solution of Aimms in the experimental problem.

NSGA-II Aimms NSGA-II Aimms a4z, Al ojleds
| ) | ) F, F,
15653946 15653946 5591078 5590315 0=0.1 Pn
15933980 15933481 5683412 5682607 a=0.2 P12
16213348 16213016 5775565 5774899 a=0.3 P
16503367 16492550 5867235 5867190 0=0.4 Pu
16772363 16772363 5960147 5959759 0=0.5 Pis
17054463 17053960 6173479 6164283 a=0.6 P16
17351420 17337548 6332843 6332747 0=0.7 P17
17634111 17621714 6430163 6430117 0=0.8 Pig
17913633 17906050 6527835 6527493 a=0.9 Pio
21634422 21629950 7769650 7769650 a=0.1 P2y
22027383 22022299 7903865 7903865 0=0.2 P2
22414648 22414648 8047548 8038080 a=0.3 P2
22813305 22806997 8172296 8172296 a=0.4 P24
23199346 23199346 8315271 8306511 0=0.5 Pos
23599067 23591695 8440726 8440726 0=0.6 P2
23992188 23984044 8574941 8574941 a=0.7 P27
24385149 24376393 8709156 8709156 a=0.8 P2s
24778110 24768742 8843372 8843372 0=0.9 P2
32460568 32458400 11369448 11363432 a=0.1 Psi
33045003 33040592 11558608 11558608 a=0.2 P32
33627899 33622799 11794260 11793910 0=0.3 P33
34205560 34205560 12010376 11989917 0=0.4 P34
34792021 34791861 12314515 12300245 a=0.5 Pss
35380503 35379728 12686465 12665852 0=0.6 P36
35980514 35968316 12870692 12870692 a=0.7 P37
36571106 36556903 13075966 13074774 a=0.8 Psg
37169774 37145714 13283730 13278899 a=0.9 P39
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Table 7- Average percentage difference between the results obtained from the Aimms
software and the meta-heuristic algorithm.

NSGA-II
F, Fq Julm.o
0.0296 0.0226 P11-Pio
0.0233 0.0248 P21-P2o
0.0194 0.0612 P31-P39

S8 30,9 5 5l Lrasgs s 31 53 52 5ly2 o i A Jpaz
Table 8 - Average execution time of each problem by Aimms and metaheuristic algorithm.

NSGA-II Aimms Jblao
420 611 P11-Pio
423 924 P21-P2o

479 2510 P31-P39




5 39 ST el (60,92} 2y Jobo G [ustslyr 5 o5 | T

3000

3, 2500 /
3 2000
A / —+— Aimms
_‘3) 1500 /
3 1000
5 / —+—NSGA-II
3 s00 & r~ 4
¢ &
0 : .
P11-P19 P21-P29 P31-P39
Sl

&) 1,3 w2950 g 500l 5138105 Jaags Jolwe 51 S 2 (g2l oy danagne -1 JS
Figure 1- Average execution time of each problem by Aimms software and metaheuristic algorithm.
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Figure 2 - Undefeated front for problem P19 in the NSGA-II algorithm.
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Figure 3 - MID diagram for problem P19 in the NSGA-II algorithm.
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