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Abstract In this paper, a supply chain network (SCN) model with disruption risk is
proposed. Either the disruption of the facilities in each stage of the SCN or the disruption of
route between them is considered as the disruption risk in the SCN model. Many conventional
studies have considered facility disruption and route disruption separately. However, their
disruptions can be occurred simultaneously in real world. This paper proposes the SCN model
with facility disruption and route disruption simultaneously. The SCN model is represented as a
nonlinear 0-1 programming and solved using a hybrid meta-heuristics approach called
GA-JAYA-FLC approach. In numerical experiment, the performance of the GA-JAYA-FLC
approach is compared with those of some conventional single and hybrid meta-heuristic
approaches using a multi-stage SCN model. Experimental result shows that the GA-JAYA-FLC
approach outperforms some conventional single and hybrid meta—heuristic approaches.
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Fig. 1 Overall Structure of the Proposed SCN Model with Disruption Risk
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A(Set), 19 2 (Index), E 4 (Parameter) 2 W
F(Decision Variable) A2 v} 2},

- Al(Set), 192 (Index)

Al: Set of SGs, indexed by al

S: Set of main supplier, indexed by s

S Set of backup supplier, indexed by s

R1: Set of main route of s indexed by rl
R1: Set of backup route of s,, indexed by r1
M: Set of manufacturer, indexed by m

R2: Set of main route of m indexed by r2
A2: Set of RDCGs, indexed by a2

D: Set of main DC, indexed by d

D't Set of backup DC, indexed by d

R3: Set of main route of d, indexed by r3
R3: Set of backup route of d,, indexed by r3
A3: Set of RCGs, indexed by a3

- X 4 (Parameter)

C,,: Capacity of s at al
C,, .+ Capacity of s at al
C,, . Capacity of m

C,44° Capacity of d at a2

C,,, Capacity of d at a2
C,5: Capacity of a3
Q,.s: Quantity treated at s at al

Q.,." Quantity treated at s at al
Q,,: Quantity treated at m
Q,54° Quantity treated at d at a2

Q,,,+ Quantity treated at d at a2
F,,: Fixed cost of s at al

als”

F

als

: Fixed cost of s at al
F . Fixed cost of m

m”

F; Fixed cost of d at a2

F,, - Fixed cost of d at a2
H,,,: Unit handling cost of s at al
H , - Unit handling cost of s at al

als

H,,: Unit handling cost of m
H,,,» Unit handling cost of d at a2

H_, - Unit handling cost of d at a2

a
A, e s Quantity transported from s at al to
m using rl

mals,1 - Quantity transported from s at al

A
to m using r

A gogmro Quantity transported from m to d at
a2 using r2

A o/ mro+ Quantity transported from m to d at
a2 using r2

A 3004030 Quantity transported from d at a2 to
a3 using r3

A .

wsandrs - Quantity transported from d at a2
to a3 using r3

T .a1sr1- Unit transportation cost from s at al
to m using rl

T Unit transportation cost from s at

malsrl”
al to m using rl

T o4mro- Unit transportation cost from m to d
at a2 using r2

T o imro- Unit transportation cost from m to d
at a2 using 12

Ti3a24r3: Unit transportation cost from d at a2

to a3 using 73
T

laaadry - Unit transportation cost from d at

a2 to a3 using r3

- W4 (Decision Variable)

Zg1s- take value 1 if s at al is available 0
and otherwise
x,, - take value 1 if s at al is available 0

and otherwise

Yarsp1- take value 1 if r1 of s at al is
available 0 and otherwise
Y15, - take value 1 if rl " of s at al is

available 0 and otherwise

z,,. take value 1 if m is available 0 and
otherwise
Ymro- take value 1 if r2 of m is available 0

and otherwise
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Tooq- take value 1 if d at a2 is available 0

and otherwise
if d at a2 is available 0

z .. take value 1

a2d”
and otherwise
Yooars: take value 1 if r3 of d at a2 is
available 0 and otherwise
Yyodrs  take value 1 if r3 of d at a2 is
available 0 and otherwise
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5. GA-JAYA-FLC H=H
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Procedure: GA-JAYA-FL.C Approach
begin
t=1://t: generation
glo _best sol=0;// glo best sol= global best solution
randomly generate parent population P(¢) = [x(1)]:
while (not stop condition)
produce offspring C(#+1) from P(#) using crossover operation; // C(#+1)= [x(#+1)]

s . 2 2 GA
produce offspring C(#+1) from P(f) using mutation operation; Loop
evaluate C(7+1) and find the best solution x;,(#+1) and the worst solution x,,,,.(#+1)in C(#+1); —
fork=1to K

randomly generate 1 and 7 2 in [0,1];
xk(r+1)ﬂew = xk(lel) + r]'(xbesr(f’il) ¥, ‘xk(f+1 )D = ?'Z(xu'm:n(t+ ]-) - |xk(t+1)|): JAYA
if fx (1)) > flx (#+1) then // for maximization problem Loop
S+ 1)) =fle(r+1) e
end if —
next GA
produce P(r+1) from P(f) and C(r+1) using selection operation; — Loop
evaluate P(#+1) and find the best solution cur best sol;
if cur best sol > glo best sol then // for maximization problem
glo_best sol = cur_best sol
end if Eig
automatically regulate crossover and mutation rates using detfuzzification rule of FL.C: — Loop
r<&ttl;
end
output: glo_best sol
Fig. 2 Pseudo Code of GA-JAYA-FLC Approach
- SGr 5 (7 SGel: 5719 BFEAAAAL F - Avele 585 SG 1RA F FFAA
THAA, 479 WA A7 A4 ¥, A9 RDCG 1M E 5 &/FA
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= A, 4706 W] &R AE)7E =A%) T dz27F S Ha, SAel RDCG 1314 =
- RCG: 5 (A9 571¢] RCGelA zHzhel Al T BFAEe F A2 Sddn
S TEwEED - Aldg e 7(S7): SG 3FAA F FFEFAA
B, sAld RDCG 33oAE F =74l

ol AAE SCN ol Fxo|A vhg3
< g TR Ade e s A

Al e 1(S1): SG 13tellA
SRS
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7 g,
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S ER
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o F B=sk Bwk

e A A7t

_41_

E7F &3 et
Al L 8(S8): SG 33l F FHAA
T A27F S, FA e RDCG 33t A

T =RAEe F A=V Sy Erh

i

Fengel A AgHE

i
rr

ou AgE Wel Ylq A gk
A
6.1 GA-JAYA-FLC M ZHe 3 xr BN



Supply Chain Network Model with Disruption Risk: GA-JAYA-FLC Approach

GA-JAYA-FLC AW FdEs 7]E9 ©
a8 vEelgE 28 HEHE(GADe Jong, 1975),
JAYARao, 2016b), TLBO(Rao, 2011), PSO
(Kennedy and Eberhart, 1995))3 &33 e &
g8 HWE(GA-TLBO(Gucyetmez and Cam,
2016), GA-PSO(Kao and Zahara, 2008))3}2] <

gt HuwEAS HAAST GA-JAYA-FLC
AT 719 ddy 2 2539 defFe=d
HITHE AlgHE 24 AAFL g3 2.
- AU ES): 500
- Fe =71 10
- axpy o] HE: 05
- =dWo] Hl& 0.3
Table 2 Parameter Setting
: Unit Unit
%ig‘? Handling Transp.
Cost Cost
Main
Supplier 0U11000,15001] Ul5,7] Ul6,3]
Backup
Supplier U11500,17001 Ul8,11] U18,12]
Manufacturer — U12000,2500] U170,80] U110,15]
Main DC U1800,1200] Ul4,7] Ul4,6]
Backup DC U11200,1500] Ul7,10] Ul8,10]
3714 EAUFEES) W Grke] A7) W
we el wE gy BAdsA AgEv, w
Awe] W mAwol W& GA, GA-TLBO,
GA-PSO AWl A&H w3 7 JIWE
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Els

- BS(Best Solution): o] F Adi4
ol Falz 7 53 3.
- AS(Average Solution): Z} &
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Table 3 Computation Results of Each Approach in

S1

- Time(Running Time): 2} A<

Tk A A A zEe] H gk (unitt sec.)

H
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PSO Hu} 7h7} 357%(=648,468/625,287), 0.92%
(=631,101/625,287), 2.70% (=642,609/625,287), 2.74%
(=642,878/625,287) t $-F3tH, =33 v el
28 HZHe GA-TLBO, GA-PSO x.t} 7}z+
1.49% (=634,714/625,287), 2.10%(=638,,697/625,287)
H $-Fetch oleb w=d AnE S2, S3, S49
A M= & 5 Qo) AN S19] 53
ASo| A= 7] GA-TLBO7} GA-JAYA-FLC
w}l 0.26%(=655,623/657,334) © -8k, S4¢]
ST ASO A= 7]E9] GAV}
GA-JAYA-FLC Xt 1.40%(=619,761/628,413)

o
<
]

s

it =0

R S

B

g 58 2e 4 F A FIAE HE
Time?] 7Z$-olE SI, S2, S3, S4 ZFolA
GA-JAYA-FLC7} 71&9 @48 9 &3t v
Beag HoWE 2y 9 958 A48 & 5
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2 Aol

S1 - 54

S2
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TLBO
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JAYA TLBO PSO
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FLC
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PSO
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JAYA TLBO PSO
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657,879
433
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Time 3.61 4.60 3.26 330 3.96

625,287
657,334
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2.90
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Table 4 Computation Results of Each Approach in S5 - S8

S5

S6

GA JAYA  TLBO PO QAL GALAYA- GA JAYA  TLBO PSO Ph GA GALAYA-
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