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Abstract \/

A fuzzy random mixed 0-1 integer program odel Qf blned Location Routing and
Inventory Problem (CLRIP) has been deye in BZC merce distribution system.
Demands of customers and dlstrlbutlo S h ] n assumed to be fuzzy random
variables. The expected value of fuz om and the possibilistic mean value

Therefore, this fuzzy rando as be onverted into deterministic. A two-stage
heuristic algorithm based on Searc as been designed for solving determined
model. A numerical examp s demon echthe effectiveness of the model and algorithm.

Keywords: dlstrlb‘{@catlon c%mg, inventory, fuzzy random, Tabu Search

1. Introdud\
Enterprise uild di ion system have three levels of decision-making: strategic,

tactical and operation . In the system design phase, location and other strategic layer
decisions play a@ nt role. Once the system frame is determined, the focus can be

method have been used to ’{3 e fuzzy om variables into determined ones.

shifted to tactic operational level decisions, such as inventory control and Vehicle
Route Problems (VRP). In previous literature, most of the different levels of decision-making
are consi eparately. However, the decisions for solving these three levels are
mterr one another. Therefore, we should fully consider combined location routing
q ory problem (CLRIP) [1] in order to achieve the total distribution system cost

e

cent years, with the continuous occurrence of new algorithm, the research on logistics
system optimization has focused on the integrated optimization with Location Inventory
Problem (LIP), Location Routing Problem (LRP) and Inventory Routing Problem (IRP),
which are all the two levels of decision. At present, there are few studies on this complex
CLRIP. S.C. Liu and S.B. Lee (2003) made this study on CLRIP earliest. They constructed
multi-depot LRP model taking inventory control decisions into consideration, and designed a
two-phase heuristic method to solve this problem [1]. After that, a few scholars have been
developing related research. As far as our best known, mostly works researched uncertainty
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demand in this field. Among them, the most studied CLRIP with random demand [2-6], only
the few discussed CLRIP with fuzzy demand [7].

But in practice, customer demands are random and fuzzy. Currently, further research about
fuzzy random variable (FRV) has been made in Supply Chain Management. Many scholars
have studied FRV problem in logistics. Some scholars made a research on inventory
optimization with FRV [8-13], and others studied routing optimization [14-15]. In general, all
above researched single-level decision-making with FRV. There is little research on
integrated optimization with FRV which combined two levels of decision. Especially, there is
nearly no researcher who studied the CLRIP with FRV. Thus, this paper establishes a CLRIP
model with fuzzy random demand (FRD) of B2C E-Commerce distribution system, and
inventory decision of Distribution Center (DC) is agent to the supplier by introducing Vendor
Management Inventory (VMI) to make enterprises meet customers’ needs much f@nd

better. v
2. FRV and its Expectation 0

*
A FRV is a measurable function from a probability spacéﬁﬁollecti
and essentially a random variable taking fuzzy values ince aak (1978) first
given on the basis

proposed the concept of FRV, and then different d of ERY wi i

of its different testability, therein, the definition givermay/B.D. Liu een used.
Definition 2.1.[16] Let¢ be a function fromQ@bablluy e (Q,A,P,)to a collection

of fuzzy variables, if for any R on the Borel , Pos é\ } is a measurable function of

o ,then¢ isa FRV.

Combining the expectations def| dlscrex [10] and the expectations definition
of fuzzy variables given by L e pres t an‘expectations definition of discrete FRV
in this paper.

Definition 2.2. Let dema®o be a FE®

O&\Q S [

|
{d P(@)=p

then E(D é@ yp, is called the fuzzy random expectations of D , Where, E(d )is
a

the fuzzy

% E(d )_J‘ cr{ fzr}drfL:Cr{der}dr

provided that at least one of the two integrals is finite. Especially, if d . Is a standard

tions of fuzzy variable d and

triangular fuzzy number (d_f d,.d f), then according to the work of [17], its fuzzy

expectation is given by E (d ,) = —(d , + 2d, +d ().

FNQI
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3. Description and Modeling about CLRIP with FRV

In VMI environment, there is often a longer order and production cycle from suppliers to
enterprises. Thus, market conditions may change. For example, demand may increase, similar
or decrease compared to the forecast demand. The demand for a variety of market
circumstances can be given by the managers’ experiences, and the probability distribution can
be obtained by the historical data Statistics. This demand description only by random variable
or fuzzy variable is not accurate. Instead, to describe it by FRV is more appropriate. For
example, in the next order time, commodity demand may be increasing, similar or decreasing.
If it increases, it can reach 10,000 units or so. If it is similar to forecast demand, it can reach
6,000 units or so. If it decreases, it can reach 3,000 units or so. At the same time, the
probability of increasing is 0.5, similar to forecast demand 0.3 and decreasing 0.2. Now, we

can only use the FRV to characterize demand, i.e. demand is given by [11]. ‘

[1 p(w,)=0.5

d
S:JJZ p(a))—03 @
{J p(w3)=o \/

Where D denotes FRD, o, o, and o, respecti@ienoted \(d increasing, similar

and decreasing compared to forecast dem denoted fuzzy demand, in
general, fuzzy demand using standa |angul u y numbers, for example,
4 = (d,.d,.d) (f=1,2,3)to repres e ca f kind of market demands of

customers, the membershlpfum d |s as I

& )}i? T;f:
\\ otherwise

Where, d ?ar re@umbers L(x,) R(x,) are the left and right shape functions,

respectively. Here =(x,-d,)N(d,-d,) , R(x,)= (d T xf)/(d i —d,)
Triangular fuzzy S Jf may also be denoted by its a-cutd , =[d . l.a e[01].
Where,dm%+a(df ~d,).d =di-a(di-d,).

3.1.P Description

@IP model is to optimize the B2C E-Commerce distribution system in VMI
envirdnment, which consists of a single supplier, multiple DCs and a number of potential
customers. Its network structure is shown in Figure 1. In this network, the first level is from
supplier to DCs, the second level is from DCs to potential customers. Assuming that the
location and number of candidate DCs and customers are determined, customer’s demand is
FRV. DC maintains a certain inventory, and its inventory decision given by supplier. As the
supplier usually has a certain production cycle and uses the regular order model, this paper
uses the periodic review inventory strategy, and touring distribution methods. We need to
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determine the number and location of DCs, vehicle routing for its allocated customers,
optimal order time and the target inventory level of each open DC.

® ,ﬂmau
- / 0‘&}" &  Supplier
o @ 2. ® oDC
\ ”‘ ‘,&?‘ 83 Customer

Figure 1. B2C E-Commerce Distribution System Network S

|s S &modity, select
the optimal number and location from the candi @

h nnual opening and
operating cost of each DC is known. Each customer Can’be serve nly one vehicle. Each
route has only one vehicle to service customer d vehigl apacities are the same. The
total demands of customers on each route ga eed the c ty of the vehicle. Each route
starts from a DC and ends at the same D ome& and is independent and uncertain,

3.2. Assumptions

Main assumptions are as follows: the distribution gaot

which is considered as FRV. Each DC s (T, dic review inventory policy.

3.3. Parameters and Notations @

set of customers, 1| =il =1,2,,

set of candidate (@ m}

set of vehic k k =

annual op d op st of DCj

unit cem y trans ortation cost from supplier to each DC
un|t ce dIS cost from every DC to each customer
Cs cost rder pI the supplier by each DC

lead time

order tim

distanc node g tonode h

det%lcapacny of a vehicle
@ fuzzy random demand of customers served by DC j

zzy random demand of customers served by DC j at lead time, 5 =D xL

QOomA =

; U|IOQ_|'_

L, j
fuzzy random demand of customers served by DC j at one period, D_ 51 x T

EM  fuzzy random demand of customers served by DC j at lead time plus one period,

)]

D..;, =D, x(L+T)
d_i yearly fuzzy random demand of customer i
I target inventory level of DC j
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Ch inventory holding cost per unit commodity per year
Cs backorder cost per unit commodity per time

3.4. Decision Variables

(1, if vehicle k is from node g to node h
Xow = g=#hg,h=12-,n+m,k=212,-,1
|0, otherwise

(1, if DC jis opened
:

yj: j=1,2,"',m

o

otherwise

l
(1, if customer iis assigned to DC j
Z; = =12, ,n,j=12,,m

L 4
[0, otherwise V
T :r
Note x = (X111 1 Xy ’Xn+m,n+m,|) Yy = (y1' Yoo ym)T M= (r1'rz"" T )T@

3.5. Optimization Model of CLRIP

.

In CLRIP, the total costs consist of the locatio invent y\cbc/and transportation
cost. Location cost is the annual opening and op g cost Mopened DCs. Thus,

j=1

location cost is as follows: > F y, Inventor cOst cona\@ ordering cost, holding cost

and backorder cost. given by:

Zm: {i—3+ C,(r; - [?Lyj - %[ivj) D.r, s& [12]. Routing cost contains

d:iivery cost from suppler to &e&)pened G\ distribution cost from each opened DC to

customers.  Therefor b@outmg is as  follows: zm: |5_J.c1yj +
=1

n+m |
— Z > d,Cx cordmg ﬂascrlptlon and analysis above, the CLRIP model with

g.h=1k=1

FRD formula S follob

o= " (C = 1 = cC — = .
min C (r,T,Xx, ijj+Z{—3+Ch(rj—DLVJ——DT’].)+—SM (Dir, =) Y,
j=1 j=1 2 T
mo o~ 1 n+m |
E + DiCuy;+— zdghczxghk )
O j=1 T g,h=1 k=1
@ n+m |
D3 X =Lh =12, ,n (2)
g=1 k=1
> dixy <C k=121 (3)
g=1 i=1
Xy SLk =121 (4)
g=1 h=1
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X = O Xpge = 0,k =1,2,- 1 ©)
g.,h=1 h,g=1

yj2zij,i=l,2,---,n,j=1,2,~--,m (6)

L+TJ ZdL+T| ij = ’j:1’2"”‘m (7)

X, €{01} g=h,g,h=12-,n+mk=12-,I 8

y, {01} j=12,-,m 9)

z, {01}, i=12,,nj=12,,m (10)
L 4
Formula (1) is the objective function to ensure that the total cost is th m.
Constraint (2) guarantees that each customer has only one vehicle for its se ich is
each customer in only one distribution route. Constraint (3) ensures that thefcu s total
demands of each distribution route cannot exceed the servicee cap e vehicle.

\ . Cons (5) guarantees

Constraint (4) makes sure that each vehicle began at mos
the continuity of distribution, if a vehicle enters a ¢ edvor DC Ne/ en it must leave
from that node. Constraint (6) indicates that onl select C,provides service for
customers. Constraint (7) implies that the demand ch DC 1 total demands of the
customers allocated to it. Constraints (8), (9) an@) are 0s1 @sion variables.

*

4. Deterministic Equwalent For del with FRV

As there are FRVs in CLRIP S mo jcult to handle involving uncertainty
problem. Thus, we need to ¢ is mod deterministic. For the convenience of
calculation, formula (1) is s ied befdr. ver5|on Let A be the certain costs that

independent FRVs, let C beythe backcg@est and c2 be the other costs associated with

FRVs, thus
\\Q
Q Q y +— z d 4y C o X gue (1)
éﬁ(o (12)

.
L+T.j rj) Y

wm@icly,zch& =Dy, (13

re, we haveC (r,T,x,y)= A+C,+C,.

2

O

4.1."®etermination of Expected Shortage

In practice, if customers’ demands exceed the target inventory level in DC j during the
lead-time plus one period, then shortage occurs. In order to determine the expectation amount
of shortage, we need to consider two cases, one is shown in Figure 2, and the other is shown
in Figure 3 [9].

Case 1: WhenD

of shortage as follows

<D, ., the possibilistic mean values of the expected amount

L+TJ_ j L+T,j?
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M(DL+TJ—H)+:J‘:0‘( L+T]) da+'|' L”J)ada—r(l—%ﬁ(rj)} (14)

L(r

Case 2: WhenD , <, < D .1, the possibilistic mean values of the expected amount
of shortage as follows:
A A

a \ i \
(D ide 7 (D;—T__j)rz (D) r (DIIIJ)N‘

Figure 2. D <r, <D, Figure 3. D

= L+T,j L+T,j L+T,j j

M( L+TJ_r) _J,R(r) L+TJ) da_—r R@ @ (15)
For more results on this topic, the work of [9, 12‘ efe\to

4.2. Determination of the other Costs Expecta@q

v

L+T,j

Due to C is FRV, its expectation is a\@ue fuz ber We will use possibilistic
mean values of fuzzy number [12 : fu22| s FRV C2 can be transformed to
deterministic one. The possibilisti vawe®c is given by

]
ij (16)

where,wj ij+D @ .

4.3. Deterministic E ;ent Form of CLRIP Object Function
Through the t@mmg above, the deterministic equivalent form of the object function

in CLRIP model is‘as follows.
Case 1; D, ., <r, <D . ,,deterministic equivalent object function is given by

L+T,j

— "o , 1, ]
r@x,y = “(DL+T,) da+_|' DL+T,j)ada_rj(1__L (rj)\}yj
L L(r;) k 2 )J
m T ]
+ 4(C1—LC -—C )w.;y. (17)
,Z L o2 )
Case 2: WhenD ., <r, < D .1, deterministic equivalent object function is given by
_ c " R(r;) 1
M (r,T . x,y) = ; {f @(D., ),da - =rR (r)}
T oL 2
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]
| JF Y, (18)

4.4. Deterministic Equivalent Forms of Constraints with FRVs

Because there are FRVs in constraints (3) and (7), we need to transform them into
deterministic. We can also use the possibilistic mean values of the FRD expectation to
convert the FRVs in constraints above. Therefore, the deterministic equivalent form of
constraint (3) can be given by

n+m n

zzz (_if+4dif+d_if)pfxgiksc K =12, 1 (19)

glllfl

Likewise, the deterministic equivalent form of constraint (7) can be given b@?

1
ZE(QL+Tif+4 L+T|f+DL % @
(=
_Zz ( L+T, 4dr +dL+T 'f@ V ,m(20)

i=1 f=1

5. Solution Methodologies

In this paper, the determined form \@our decision variables, such as r;,
T, x and y. We need to determine tlmal f rj and T, then to find the optimal

values of x and y.

5.1. Determination of the imal Va@r\j and T
Separately calculate imal es of rj and T in two cases as 4.1 description.

Q _ C_S rj - 2L+T,j >0
Case 1:@,10 DY, Wwe have rjz T (., D) ;then
. . o C 1
object function has value. Let— = rch - (1— —Lz(rj)Y'yj =0, thus we
or, L T 2 )J

have L” (r; ),—|2 1®

- N Cc Cc
@r)—é, < L2 )<1, S < T < —,
D,. -D 2C, c

L+T.j  =ZL+T.j h

oM . — o . .
And for T, we have < 0, which means M (r, T, x, y) is strictly decreasing function of

oT
* Cs *
T, hence we getT = c =D

i —L+T,j "
h

In this case, formula (17) can be converted to
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+

* * " 1 —
M(r T .,xy)=A+> {Chj.oa(DHija + DL”vja)da}yj
j=1

+ Y {(Cl— LC, —T—CJW,- —C. Dty

j=1 k 2 ) J
m[ c.cC C | nem |
= F o+t 3+(C + SWW e d_ C._x (21)
| j 1 J|yl gh ~ 2 " ghk

j:ll_ Cs k 2 ) J Cs g.h=1 k=1

_ 2 C,(Duirj—r,)

Case2: WhenpD, . <r <D .., We have = — > 0 ,then
+T.,j j L+T,j 2
or. T(DL+TJ_DL+T,])

) . . oM c \{
object function has minimum value, let — = [Ch === Rz(r.)—|yj =0, thu?s ave
or. T
]
2TC
R(r,) = b .
C, \
.. C * Cs - Q
Similarly, we haveo < 7 < ——, T = T f \/
2c, 2C, N

In this case, formula (18) can be converted toQ . %

M(r T ,x,y)= A+Zm:(2ch_[:aD: ’iji_th“T‘j)yj
Y N
+Z 4{(01— L h@:i}vy]

L 4

5.2. Heuristic Metho

CLRIP has be ed a NP-hard problem [2], usually can be solved by heuristic method.
Thus, this paper designed two-stage hybrid heuristic method to solve the CLRIP model with
FRD [2, 4]° heuristic algorithm can be divided into two stages. First stage is initial
solution @ Randomly assigned customers to each DC and vehicle, and then obtain the
initial on. Second stage is improvement stage. Based on Tabu Search (TS), firstly we
‘ prove the initial solution in location-allocation stage, and then we will continue to
e Amprovements in the inventory-routing stage. The heuristic algorithm will stop when
the termination criterion is matched. Finally, we will separately run the method in case 1 and
case 2, the smaller value of two cases will be the best solution.

5.2.1. Initial Solution Stage: Randomly generated initial solution in this stage.

Stepl: Set b=1, k=1, C4= vehicle service capacity, Count=0, V,=¢ . Put all customers into set
I and all DC into set J.
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Step2: Randomly select a customer s from set I.

Step3: If demands of customer s plus customers in Vj less than or equal to C,? If yes, go to
Step 4. Otherwise, let k=k+1, then go to Step 4.

Step4: Put customer s into V, delete customer s from set I, if I=¢ ? If yes, go to Step 5.
Otherwise, go to Step 2.

Step5: Randomly select a DC from set J, put this DC into set V,, delete this DC from set J, set
b=b+1.

Step6: If b >k? If yes, go to Step 7. Otherwise, go to Step 5.

Step7: Compute the total cost C, set initial solution C and V,, as the current best solution, that
is to say X =x°, C(x)=C(x°).

5.2.2. Improvement Stage: Firstly, improve solution quality in distribution atiph-
allocation stage.

Step8: Randomly generate k routes in k DCs which neither mcrease nor de e W route
than initial solution stage, and assigned the orlglnal ers to kAo t

Step9: If the total demands of each new route less than o C ? ITNesfgo to Step 10.
Otherwise, go to Step 8.

Step10: If the move above in the tabu list? If yes, go ep 11 w go to Step 12.

Stepll: If the Iength of tabu list equal to 7 [2]7 If ves, §o to Ste erW|se go to Step 8.

Step12: If C(x") <C(x)? If yes, (1) update X'= M= C@(\»@ update x’=x", C(x®)=C(x%),
(3)update the tabu list, (4) go to . Other (1) set no_improving_DC=
no_improving_DC+1, (2) upd (x), (3)update the tabu list in
location-allocation stage, (4) %tep 1 K

Stepl13: If move times of no_impro C Iess t%& ax_DC(=150) [2]? If yes, go to Step
8. Otherwise, go to S

Secondly, improve solutlon qg I|ty i ry-routing stage. We use three candidate
moves Move 1, Move 2 ove 3| ntory-routing stage, Move 1 is insert operation,

Move 2 is exchange Qp and M new rout generation operation [2].

Move 1. Randoml two fo and Vij, then randomly select a customer ¢, from V;,
find two ers who he nearest ones to customer ¢, from V;, put customer c,
mto stripu equence is C,, ¢y and cs, then delete ¢; from V.

Move 2. Ra y sele%utes Viand Vj, then randomly select a customer ¢, from V;,
find custome is the nearest one to customer c; from Vj, exchange ¢, and c,.

anewg tion route Vj, then delete ¢, from V;.

Step14: Rapdgml y enerate a move from the three moves above (from x° to x).

Step15: | ands of route V;and route V; separately less than or equal to C,? If yes, go
@p 16. Otherwise, go to Step 14.

% the length of tabu list equal to 7 [2]? If yes, go to Step 17. Otherwise, go to Step

Move 3. Randomly, S one route V;, then randomly select a customer ¢, from V;, put ¢, into

If C(x ) <C(x)? If yes, (1) update x =x*, C(x")=C(x"), (2) update x’=x*, C(x®)=C(x"),
(3)update the tabu list, (4) go to Step 18. Otherwise, (1) set no_improving_Routing=
no_improving_Routing+1, (2) update x’=x", C(x%)=C(x"), (3)update the tabu list in
inventory-routing stage, (4) go to Step 18.

Step18: If move times of no_improving_Routing less than Max_ Routing (=2000) [2]? If yes,
go to Step 14. Otherwise, go to Step 19.

Stepl19: If the termination criterion is matched i.e. Count=max_Count(=5) [2]? If yes, stop.
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Otherwise, go to Step 8.

6. Computational Experiments

In order to verify the effectiveness of our heuristic algorithm, we assume that there are 6
DCs and 12 customers in distribution system. The following parameters are determined, the
unit commodity transportation cost from supplier to each DC is 2, the unit distance
transportation cost from every DC to each customer is 3, the cost per order placed to the
supplier by each DC is 15, the lead time of each DC is 10 days, vehicle service capacity is 50,
inventory holding cost per unit commodity per year is 0.5, backorder cost per unit commodity
per time is 10. As 5.1 mentioned, order time T is C; divided by C,which equal to 20 days in
case 1 and 10 days in case 2. ,

As mentioned above, we have

C1=2, C,=3, C;=15, L=10days =1/36year, C, =50, C,=0.5, C:=10

Case 1: T= C,/ C, =20days=1/18year, Case2: T= C; /2 C, =10days=1/36
Parameters of DCs and customers are separately shown i @e& and Fa
Table 1. Parameter @s
2 3

DCj 1 6
Coordinate | (15,19) | (19,75) | (318 | (71, 41)., (‘6183) (59,51)
F; 320 290 8Q v 20007) 430 450
Y e N
Table 2. Par, ers Q@amers
&
Customer i 1 @, 2 N 3 4
Coordinate [ 49)\ 87 (69,65) (93,91)
q. (p=05) 7%144’1 g( 288 72,180,216 144,216,288
q. (0=03) . , , 144,252 36,108,144 72,144,180
4., (=02 6,72% 36,108,144 36,72,108 36,72,108
Custoyflery, \, A 6 7 8
Coordinat 3g.31) (71,61) (29,9) (93,7)
q, (=05 { 16,288 | 108,180,252 | 180,288,324 | 144,252,288
d (=0 @QV72,108,144 72,144,180 108,180,216 | 108,144,216
i2
02) 36,108,108 36,108,144 72,108,180 72,108,180
#ﬂ 9 10 11 12
(Cyordinate (55,47) (23,13) (19,47) (57,63)
> [ _ 108,288,396 | 180,252,324 | 108,252,324 | 108,288,324
dil (pl_os)
d,, (p=0.3) 72,144,180 | 108,180,216 | 72,144,180 72,144,180
q.(p:=0.2) 36,108,144 72,144,180 36,108,144 36,72,144

By using the method in 5.2, Matlog toolbox of Matlab7.0 is used to develop the algorithm
procedure. Since TS is a random search algorithm, then the quality of its best solution may be
related to the initial solution. Therefore, we separately solve and record the 10 groups of best
solutions when the initial solution is different [18], in order to test our model and algorithm of
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CLRIP. Due to that routes of the opened DCs and vehicles are different, initial solution is
different, then the best total cost and the corresponding opened DCs and delivery routes are as
shown in Table 3. Where, J; denotes DC j, I; denotes customer i, for example, distribution
route Js= {lg,1,1,} denotes that distribution sequence is Js, I, I, 15and Js.

From Table 3, when different initial solutions are given, each best total cost is much closed
via using our heuristic algorithm, and the relative deviation between maximum and minimum
is only 0.45%, which verified the effectiveness of the proposed two-stage heuristic algorithm.

Table 3. Initial Solution and Best Solution

Initial solution Best solution
Opened Distribution routs | Total | Opened Distribution routs Total .
DC cost DC st
Jz,Jg,J4, Je 32:{|1,|2,|3,|4},J3:{|3, 6967.0 J]_,J3,J4, le{ll,|10,|5},J3:{|g,|11,|7},
lo,110}J4={ls5,16,17},J6= Js, Jg Ji={112},J5={ls,14},
{111,112} JG‘{'B:'Q Is} y C’
313203, 35 | I={lnly, 15,1 3,3={1s, | 7086.2 | J1,d5,35, 32 {u%" 6734.9
.17}, J5={l11,112}, Ja, s, Is} {
Js={lg, 19,110} Js : M
J1,d3da Js | Ji={li, 112}, d5={lg,lg, | 7008.9 Jl,Jg,k —{I5,I7,WI1,I4, 3}, | 6726.1
l10}J4={ls,16,17}, J5,.06 J={l {11}
Je={l1.12,13,14} Je={ lo}

‘]21‘]3! JS! JG J2:{Il||2||3||4}1‘]3:{|51 7205% 21‘]31 \]1_ IEI }‘]2_{|51|12; 4} 6743.5

le,17},J5={ls,l9,110}, \ 4 Jo 13,113, 1.1:35={lo, 13,18},
Je={l11,112} (% I %@{[ﬂe}
2, J

Jl,Jz,\]g,, Jl—{ll,lz,lg, 4},\]2—{& MZ Jl,\] 1:{|10!|7}!‘]2:{|61|12}! 6725.1
‘]5 |91|10}l‘]3:{|5!|6!| s * @ ‘]3:{|1||111|51}1J4:{|2!|4}1

Js={l11,l12} N Js={ls, 3,10}
J1.32.34, 3={10 12,150 3y={Is, | 68208 ™N1.J2.ds, | Ji={l10}.Jo={l1. 17,12}, 6751.2
Js le, 17}, 34—b J4 J5.Js | Js={11}.Ja={l2ls,15},

Js={lg t J5={ls,13}, Je={lo, 112}

L
\B}Jz—ﬂ mlj J1d2da | J1={ls,07 1 do={l1,l11,15,10}, | 6732.8
APAEN Js5,Js J={12},35={ls, 15,14},

Js={l12,l10}
5, 7053.0 Jl,Jz,J4, J1:{|10,|7,|5},J2:{|6}, 67315
l6,17},J37 Js, Jg Ja={lo,12},J5={l12, 18,14},
Js= {Hg Je={l1 1113}
J1,d, 4, I7},3o={lg,le, | 6812.4 | J1,d3,ds, | J1={l10,11,17},35={l3}, 6734.5
Js |10 ={l1,12,13,14}, J5,J Ja={l2,18,19 },J5={l11,14,16},
{111,112} Jo={ls,112}
1:{|51|61|7}1‘]3:{|31|91 6973.3 \]2,\]3,\]4, J2:{|1,|5,|11}, 6755.6

J O lio}a={l1,12,13,14}, J5,Js Js={lo,13},Ja={l10,17, 112},
% Js={l1, 11} Js={l4,1s,12},J6={l6}
refore, the proposed model and algorithm can efficiently reduce the total cost of

distribution system, so as to realize the integrated optimization of B2C E-Commerce
distribution system.

7. Conclusions

In B2C E-Commerce distribution environment, considering customer demands FRV, this
paper makes a study on the integrated decisions of three levels with location, vehicle routing
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and inventory control. The mixed 0-1 integer programming model for CLRIP with FRVS is
established to minimize the total system cost, the expected value and the possibilistic mean
value are used to convert this model into deterministic. A two-stage hybrid heuristic
algorithm based on TS is proposed to solve this problem. The experiment shows that the
model is effective, and the algorithm is reliable to solve above-mentioned problems.

The distribution network studied in this paper assumes that each DC has one and only one
vehicle and capacity of each DC is the same. But in fact, each DC may have more than one
vehicle and various vehicle types, even the different capacity of each DC. Thus, in further
research, the model can be extended to multi-vehicle, a variety of vehicle types and each DC
with different capacity.
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