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Abstract

Today, to satisfy the needs of customers in the supply chain, there have been considered the design and optimization of the
logistic networks. The transfer pricing is one of the most important and the most complex issues that multinational companies
faced to it. This article provides a multi-objective mathematical model in order to design a logistic network by considering
the transfer pricing and the transportation cost allocation. There has been used the mixed integer nonlinear programming to
model the problem. This network has three levels: the supplier, distribution center and the retailer. To deal with the
uncertainty in the parameters of the model, there has been used the robust optimization approach and eventually phased

solution approach by TH method.
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1.Introduction

One of the main issues raised in the integrated logistic
system is the optimal network structure that can minimize
network structure costs during physical distribution and
effective techniques for solving the logistic network
design (Zhang & Xu, 2014). The transfer pricing is one of
the most controversial issues of the multinational
companies. The transfer pricing is a price that the
purchasing department pays to the sales department of
that (;ompany in order to obtain a product (Perron et al.,
2010).

In order to avoid the arbitrary manipulation of the transfer
prices by the multinational companies, most governments
have adopted the transfer pricing regulations based on the
arm’s length principle and there are different methods to
exploit the arm’s length principle. One of these methods
is taking into account the acceptable lower and upper
limits for the transfer prices from an origin to a
destination within a specific period represented the
compatible possible intervals with the arm’s length
principle and the exact amount of the transfer price is
determined by the model (Hammami et al., 2009).

Vidal and Goestschalckx (1997) identified some gaps and
opportunities in order to investigate the methodology of
the strategic and tactical designs of the global logistical
systems. A lot of relevant researches on the international
factors such as the transportation mode selection, the
transportation cost allocation among the subsets and the
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non-linear effect on the international taxation were
ignored and many models of the global supply chain had
assumed that the transfer price is fixed and is given. Vidal
and Goestschalckx (2001) investigated the transfer price
in their article. Due to their point of view, the transfer
price is one of the main issues in the maximization of the
profits of the multinational corporations. They noted that
the transfer pricing methods can have the significant
impact on the taxable income, charges and profit after tax
of the multinational corporations. They delivered a model
to optimize the global supply and maximize the profits
after tax of the multinational corporations included the
transfer prices and the transportation price allocation as
the variables in explicit making decision. Due to the
complexity of the model, there has been used the meta-
heuristic method to solve the problem.

Goestschalckx et al. (2002) focused, in their article, on the
integration and combination of the previous researches
and identified the new ideas on the network design of the
global supply chain to determine the distribution-
production allocation and the transfer prices. Qin et al.
(2009) have proposed two issues about making decisions
on the logistic multi-product field: inventory control and
facility location. These two issues have been combined
and the logistic network design problem has been formed
with regard to the retailer demand. In this problem, the
demand has been considered the uncertainty and it
follows the normal probability distribution. The model



S.Rahimi,B.Vahdani/ Presenting a Multi-Objective Mathematical Model for Designing.......

used in this article is the mixed integer nonlinear
programming that minimizes the cost of the entire
network due to the specific service level.

Fernandes et al. (2015) investigated some issue in a
multinational company in order to maximize the profit
after the tax using the goods flow determination, the
transfer price and the transportation cost allocation
between each subset. They considered the model of Vidal
and Goestschalckx (2001) and again reformulated the
model and proposed three other solutions. Shunko et al.
(2013) considered a multinational company with three
entities. They investigated the transfer pricing impact of
the decisions of the production or purchasing. They, also,
identified an important issue that the multinational
companies have been faced when regulating their transfer
prices- the contradiction between the role of incentives
and the role of the transfer price taxation.

Li (2013) designed the logistic integrated network. In fact,
there has been investigated, in this article, the optimal
location determination of the supplier, the allocation of
the suppliers to facilities, sending demands and the
management strategies of the supplies in the uncertain
environment. As a whole, the facilities in demands and
ask the items from the suppliers. To solve this kind of
modeling, there has been delivered Lagrangian relaxation
method.

Lin (2009) investigated the design of the integrated
logistic networks, including the suppliers and retailers by
taking into account the amount of the order due to the
uncertain demand of the customer. They determined, in
this article, the optimal areas and the wholesale price and
the transportation price of the products for the suppliers
and the amount of the demand for the retailers.

Hammami and Ferin (2014a) examined, in their paper, the
mathematical optimization model for the design of the
global supply chain that the emphasis on the transfer
pricing is tangible and intangible element. They used the
transfer pricing method of the profit split, delivered by
Organization for Economic Cooperation & Development
(OECD) and may be accepted by financial writers. This
model is a multi-period, multi- level and multi-product
model. They investigated in the same year in another
article the development of an optimal model in the large
scale specifically the redesign of the supply chain. The
assumed model can help the managers make different
logistic decisions. The integrated transfer price, in this
model, has been achieved by two methods: the acceptable
bounds on the value of transfer prices and the method of
profit split that has been delivered by Organization for
Economic Cooperation & Development (OECD)
(Hammami & Ferin, 2014b).

Optimization under uncertainty comes mainly from two
aspects: stochastic programming and robust optimization.

In stochastic programming, indeterminate parameters are
adjusted by the probability distribution function and the
model searches the way in order to minimize the expected
cost of the objective function. But in the robust approach,
the probability function is incommensurable and the
random parameters will be estimated among discrete
scenarios or continuous intervals. In the discrete mode,
there have been defined feasibility studies and various
scenarios due to previous tests for every uncertain
parameter and in the continuous mode, each uncertain
parameter is determined in the final period. The main goal
of the robust optimization is to minimize the worst cost or
regret (Habibzadeh Bokani et al., 2016).

Pishvaee et al. (2011) suggested a robust optimization
model in order to evaluate the inherent uncertainty of the
input data based on the closed-loop supply chain network.
First, they developed a mixed- integer linear
programming model with the certain integer to design a
closed-loop supply chain network.

Then, the suggested mixed- integer linear programming
model has been delivered by the use of the recent
development of the robust optimization theory. Vahdani
et al. (2012) delivered a new model to design a reliable
network of closed-loop supply chain facilities under the
uncertainty. For this purpose, there has been developed a
two objective mathematical formulation in order to
minimize the total costs and transportation costs expected
after the damage of the facilities of a logistic network. To
solve this model, there has been introduced a new hybrid
solution methodology combined with the robust
optimization approach, queuing theory and fuzzy multi-
objective programming. Vahdani and Naderi (2014)
delivered a new mathematical programming model for the
recycling network design in the iron and steel industry.
This recycling network is the multi-echelon, multi-
facility, interval stochastic, multi- product and multi-
supplier. In addition, the purpose of this paper is to
introduce a range random robust optimization
methodology to deal with different uncertainties in the
offered model.

According to the performed studies, it is obvious that in
the models delivered by researchers, the transfer pricing
models with the robust optimization approach have not
been considered and, due to the current study, the
networks with the shortage, hub and the uncertain
demands have not been attention on the transfer pricing
issues. In addition, most studies have been performed
with regard to an objective function. Therefore, in this
study, there has been offered a multi-objective
mathematical model to deliver the model under the
uncertainty conditions and the design of a logistics
network in order to maximize the profits after tax and the
service level. Because, the issues without uncertainty are
formulated by certain parameters, but, in the real world,
many parameters are faced with uncertainty and cannot be
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accurately determined. So, in this study, there will be
developed a solution method based on the robust
optimization approach to delivering model. The reason for
the selection of the robust optimization and the attention
to the uncertainty is that in this method, the variance of
responses by solving the model is less than other methods.
Also, since this method gives the worst possible solution,
it enables the decision makers to provide better planning
in the organizations (Vahdani et al., 2013).

The rest of this article is following sections: section 2
provides the proposed model in two certain and uncertain
models. Section 3 delivers Fuzzy solution approach of the
proposed model. Section 4 shows the numerical
experiments. Sections 5 and 6 examine the sensitivity
analysis and conclusion, respectively.

2.Proposed Model
2.1.Defining Problem

In the current study, the purpose is to provide a multi
objective mathematical model to design a logistic network
with the transfer pricing and the transportation cost
allocation. The proposed model in this article is an
integrated  logistics network including suppliers,
distribution centers, retailers and final customers. In this
network, the suppliers sell several products to the
distribution centers, then the retailers buy these products
from the distribution centers and finally the products are
sold to the customers. In this case, due to economies of
scale, it is observed that which distribution centers will be
the hub. All products will be processed in distribution
centers. While distribution center open as a hub, the
transportation cost and the processing cost decrease. In
retailer level, all products may not be sold or shortage can
be occurred. As a result, the holding cost of unsold
products and the shortage costs are considered in the
model.

One of the other objectives is the transportation cost and
transportation saving cost allocation. It means that the
transportation cost between two parts A and B, such as the
supplier and the distribution center, may be allocated to
the part A or B or both of them.

2.2.Model Assumption

e Each distribution center can act as a hub to save
cost

e Suppliers, distribution centers and retailers
should pay taxes

¢  Since the customer demand may not be fully
satisfied, shortage may be occurring

e The lower and upper bounds should be
considered for the transfer price

2.3.Model Symbols
2.3.1.Parameters

I: set of suppliers, indexed by i

J: set of distribution centers, indexed by j

K: set of retailers, indexed by k

P: set of products, indexed by p

TCijp: Transportation cost of each product p from supplier
i to distribution centre (hub) j

TCijp: saving cost of transportation of each product p from
supplier i to distribution centre j when j has been opened
asahub

TCjp: transportation cost of each product p from
distribution centre (hub) j to retailer k

TCik: saving cost of transportation of each product p
transported from distribution centre (hub) j to retailer k
when j has been opened as a hub

F;: fixed cost of opening a distribution centre j as a hub

Aj: unit processing cost of products in distribution centre j
B;: Processing savings cost per unit of product p in
distribution centre (hub) j, if j has been opened as a hub
Ti: supply capacity of supplier i

N;: processing capacity of distribution centre (hub) j

TAX;: tax rate of supplier i

TAX;: tax rate of distribution center (hub) j

TAX: tax rate of retailer k

TP': lower bounds of transfer price of product p
transported from supplier i

TPY%: upper bounds of transfer price of product p
transported from supplier i

TP': lower bounds of transfer price of product p
transported from distribution center (hub) j

TPY%p: upper bounds of transfer price of product p
transported from distribution center (hub) j

Rip: customer demand of product p in retailer k, it is an
uncertain variable

Fi(r): probability density function of customer demand at
retailer k

PRyp: retail price of the product p in retailer k

Hip: unit holding cost of unsold product p in retailer k Uyp:
unit shortage cost of product p in retailer k

2.3.2.Decision Variables

Xijp: @amount of product p transported from supplier i to
distribution centre (hub) j

Xjko: @mount of product p transported from distribution
centre (hub) j to retailer k

tpip: transfer price of the product p transported from
supplier i
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tpjp: transfer price of the product p transported from
distribution center(hub) j

z;: if distribution center j opens as a hub, z;=1; otherwise
z=0

ibts;*: profit before tax of supplier i

ibts;: loss before tax of supplier i

ibts;*": profit before tax of distribution centre (hub) j

ibts;: loss before tax of distribution centre (hub) j

ibtsi*: profit before tax of retailer k

ibtsy: loss before tax of retailer k

ysjj: transportation cost between supplier i and distribution
centre (hub) j, allocated to supplier i

yij: transportation cost between supplier i and distribution
centre (hub) j, allocated to distribution centre (hub) j

ydjc: transportation cost between distribution centre (hub)
j and retailer k, allocated to distribution centre (hub) j

yric: transportation cost between distribution center (hub) j
and retailer k, allocated to retailer k

3 .Deterministic Mathematical Model

In this section we provide the model firstly. Then, we
explain the objective functions and constraints.

maxw, = Z[(L-TAX ) )ibts;” —ibts; ]+ Z[(L-TAX ;)ibts| —ibts;]+ (1)
! i

SIA-TAX , )ibts, —ibts, ]
k
Xdkp

maxw , = p(XRkp Squp)=p£ f (r)dr YVkeK (2
p p

Tdkp

P
maxw , = P(XRkp <Zakp) = [ i (rdr vkekK 3
p p

REP e

X =0, VkeKVpeP 4)
i
A °

—3 3 Ys Xjp + 2 2SC;Z Xy, + X 2tp X, =ibts]” —ibts; Viel
J P ] P i p

scsij: saving cost of transportation between supplier i and
distribution center j, if j opened as a hub, allocated to
supplier i

scij: saving cost of transportation between supplier i and
distribution centre j, if j opened as a hub, allocated to
distribution center j

scdj: saving cost of transportation between distribution
centre j and retailer k, if j opened as a hub, allocated to
distribution center j

scr: saving cost of transportation between distribution
centre j and retailer k, if j opened as a hub, allocated to the
retailer k

Qkp: total order of the retailer k from the product p

X =X VjelVpeP (6)
% jkp IZ ijp VIEIVPE
>3y, <T; Viel U]
ip

X, <N. Viel (8)
%Zpl jkp j Ve
1=>z. =M ©)

(10)
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i7iip i7ijp i ij7ijp

> 3 yiXip-FiZ; ZZAX +ZZsz +ZZSCX
i p 1

zZ;- ZZdekakp+ZZschkakp +

(11)
kZ%tpijjkp = lbtsj —|btsj Vjel
dkp Ikp
ZPRkp( ,[ rE, (ndr +qI qkak (ndr) ZHkp( J. (qkp F)Fk (rdr) — (12)
kp
+o0
Uiy | (r=ayp )R (0dr = XXy x g, + X XsCry x 7 = ibts, —ibts, vk e K
p Akp ip i
ysi +Yy = ZTC”px“p Viel,vjel (13) ys; 2scs; Viel,vj el A7)
Yij =sc; Viel,Vjed (18)
yd o + YTy _zTchp i Vi€l Vk eK (14)
yd; >scd; Vjel, vk eK (19)
SCSjj +SCj; ZTC”px”pzJ Viel,vjel (15)
Yrj = SCrj Vj elJ,Vk eK (20)
[ U 21
16) TP, <tp,, <TP, Vi el ,vpeP (21)
scd  +scry -ZTCJkp kpZj Vi €J, vk eK
TP, <tp,, <TP Vj eJ,VpeP (22)
(23)

Xiip» X jkp » ¥Sij » Yij » Yd jic » YTy - ibts]" ibts;,ibts |, ibts |, ibts,, ibts,. >0

iip
z, {01} (24)

The proposed model has two objective function. The first
objective function (1) maximizes profit after tax. On the
other word, it can maximize the total profit of the logistic
network. In the second objective function shown in the
equation (2), the service level has been defined as
satisfied demand probability or lack of shortage
probability and it has been maximized. Constraints (3)
represents that the total value of the output goods from all
distribution centers should be equal to the total value of
the orders from all retailers. Constraints (4) represent that
the order level for each retailer k and the product p should
be equal to the total amount of output from all distribution

Constraints (10) show, the net income before tax of the
suppliers, including transportation costs, ransportation

centers. Constraints (5) show that the total amount of
products that are going to all retailers from all distribution
centers should be equal to the total amount of all products
that are going to the distribution centers from the
suppliers. Constraints (6) show that for each distribution
center j and the product p, the total output of all suppliers
should be equal to total input all retailers. Constraints (7)
and (8), respectively, represent the supplier's capacity and
the distribution center's capacity. Constraints (9) represent
that total open hubs should be less than or equal to a
number of the potential hubs and they should be larger
than or equal 1

saving cost if distribution center opened as a hub and the
transfer pricing. It should be noted that, these costs are
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between supplier and distribution center and both are
allocated to the supplier. Constraints (11) represents net
income before tax of the distribution centers including the
transportation costs between the supplier and the
distribution center allocated to the distribution center,
fixed cost of opening distribution center as a hub, the cost
of processing products, saving cost of processing products
if there is opened hub, the transportation cost between the
distribution center and the retailer allocated to the
distribution center, the transportation saving cost between
the distribution center and the retailer allocated to the

e income from the sale

distribution center if there is opened hub and the transfer
pricing. Constraints (12) represents the net income before
tax of the retailers including the proceeds from the sale of
the products, the holding cost of unsold products, shortage
cost, transportation cost between the distribution center
and the retailer allocated to the retailer and the
transportation saving cost between the distribution center
and the retailer allocated to the retailer if there is opened
the hub. The income from the sale of the product; the
holding cost of unsold products and the shortage cost are
calculated as follows:

Where (x-y) * denotes max [(x-y), 0]

%PRkp min(r,.dy,) vk e K (25) «  Shortage cost
¥ (27)
e  Maintenance cost of unsold products %U kp [rkp _qkp:I vkeK
* (26)
The total amount of these costs and incomes is as follows:
i + +
2 PRy, min(ti Gy ) =2 Hy P “2Y (o ~io | TRV X L LS X 2 (28)
Since the customer demand is uncertain, we can only obtain the expected income before tax as follows:
. + +
E {%PRkp mln(rkp,qkp)—JZ%yrjkxjkp +Jz%scrjkxjkpzj}—%E [%Hkp [qkp —rka +%Ukp [rkp —qka }:V1 -V, (29)
vV, =E |:Z PR, Mmin(r, .q,,) =22 Y X jup + 2 2SCrj X 3,7 ; :l =
p ip i p
(30)
9kp +o00
ZPRkp J rR . (r)dr + | Ayp Fi (r)dr —ZZyrjkx ikp +ZZscrjkx ikpZ j
p 0 Akp i p ip
vV, = % E l:% H,, I:qkp — Np :|+ -+ %U Kp I:rkp —Akp :I+:| =
Fkp Hoo (31)
%|:H kp C ({ @up —NpdFRc (rdr) —U , , C | (e, —d,)F (r)dr)]
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The first statement in the equation (31),
qkp

H kp( | (qkp - rkp)Fk (r)dr) represents the total unsold
0

products holding cost and the second statement,

Ukp( | (rkIO —qkp)Fk (r)dr) represents the total shortage
Akp

cost.

The constraints (13) express the transportation cost
allocation between the supplier and the distribution
center. The constraints (14) show the transportation cost
allocation between the distribution center and the retailer.
The constraints (15) represent the transportation saving
cost allocation between the supplier and the distribution
center if there is opened as a hub. The constraints (16)
represent the transportation saving cost allocation
between the distribution center and the retailer if there is
opened as a hub. The constraints (17), (18), (19) and (20)
show that if the transportation cost of every section have
gotten positive value, the transportation saving cost of that
section can have some level or not if there is opened as a
hub. But if there is no amount of the cost, the saving cost
amount of that section should not have any amount of
cost.

Constraints (21) and (22) bound the transfer price of the
suppliers and the distribution centers for the product p. the
constraints (23) and (24) show bound of variables.

3.1.Robust Mathematical Model

In this section, the robust model has been delivered using
the robust programming approach for the studied
problem, with the assumption of the existence of the
uncertainty in some studied parameters such as the fixed
cost of an opened distribution center as a hub (F;), unit

processing cost of products in a distribution center j (A;),
the supply capacity of a supplier (T;), processing capacity
of the distribution center(hub) (N;), tax rate of the supplier
(TAX;), tax rate of the distribution center (TAX;), tax rate
of the retailer (TAXy) and the saving cost of the
processing of the products in the distribution centers if
there is opened as a hub (B;). In the proposed model, it is
assumed that each uncertain parameter changes in Closed
Bounded Box (Ben-Tal & Nemirovski, 2000; Ben-Tal et
al., 2005). The general representation of the uncertain box
is as follows:

U ={6eR" | ~&|<pB,, t=12,..,np (2

Where is the normal value of the as tth parameters of
vector, Gt is the positive amount and represents the scale
of the uncertainty and is the uncertainty level. One
specific case is related to the case that relevant deviation
from nominal data is of size up to. For more information,
the readers can refer to the sources of Ben-Tal and
Nemirovski (1998), and Ben-Tal et al. (2009).

The robust state of the proposed model has been shown
using the relation 33-66.

max w, (33)

o
maxw, = p(XRkp <Xqkp)= [ f, (r)dr YkeK (34)
p p 0

iz[((l—TA'x Dibts;" + 771 2% )—ibtsi_]+JZ[((1—TAX Dibts [+ 7" ) —ibts | |+

%}[((1—TAX Oibts) 70 ) —ibts, | =w,

prax G ibts < Viel (36)
prax G ibts =~ viel 37)

TAX

Prax G

ibts| <™ vj el (38)

(35)

Prax G ibts] =™ v el (39)
Lrax QKTAX ithI:r < UIAX vk e K (40)
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Prax G ibtsy = vk e K (41) %Xjkp :izxijp VielvpeP (45)
- 42 _
%E%Xjkp _%%qkp “ SExy T -p G Viel (46)
ip

%xjkp =q,, VkeKvpeP (43)
ZZx,kp <N, -py G Vjed (47)

_ 44

Er 3 &
1<¥z. M (48)

—JZ % YSij Xijp + JZ%SC“- Z { Xijp + JZ%tpipx iip =ibts;" —ibts; Viel (49)
_Zzyu o -F (TP )25 ZA i (1+Pa )X +ZZZ Bj(1+05 )Xy + (50)
Zi:%scijxijpzj'%%ydjkxjkp +§%50d kX jkpZj Tt %%tpjpx jkp = ibtsj —ibts | Vje
dy 9kp
ZPRkp(j rE, (Ndr + _[ dyp Fc (Ndr) ZHkp( j' @yp —r)F (Ndr) —
Akp
-~ (51)
SU - | r—a )R (NDdr — >~ > yr, x ;,, +>3>scr, x;,,z; =ibts/ —ibts, Vke K
P Akp i P ip
SCSj; +SCj; ZTC”pxupzJ Viel,Vjel (54)
YSi: + Y ZTC X Viel,Vjel (52)
ij ij ijp™ijp scd ik T SCry, —ZTC,kp ikpZj Vj eJ,vk eK (55)
yd o + Yy =5TC X Vi €3,k €K (53)
P
ys; 2scs; Viel,vj el (56)

ij =
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yij 2sc; Viel,vjel (57) TP, <tp,, <TP, Vi el ,vpeP (60)
yd; zscd; Vjed,vk eK (58)
| .
TP <tp,, <TPY Vj eJ,vpeP (61)
yry =scry Vjel,vk eK (59)
Xiip+ X jup+ YSij » Yij » YO juc » Y L ibts]” ibts],ibts |, ibts |, ibts,!,ibts, =0 (62)
z; {01} Vjel (63) n}AX >0 Vjeld (65)
UIAX >0 Vk eK (66)
niTAX >0 Viel (64)
; to calculate the positive ideal solution and the negative
4.Fuzzy Solution Approach
y PP ideal solution, namely (WS, xPIS) and(Wr'S, x51S) each
In previous researchers, there are several procedures to certain model_ has been solved |_n_d|v!dually fo.r each
face the multi-objective problems. Among these obJectlve.functlon, and then the pos!tlve_ldeal solut_lon has
procedures, the fuzzy approach has been more attracted. been achleved, and also the negative ideal solution has
One of the main reasons that caused widely usage of these been estimated as follows:

approaches is an ability of taking to account of
satisfaction level of each objective function. In this paper,
the fuzzy solution approach that is developed by Liu and WS =Wy (x575), WS = W, (xf") (67)
et al. (2003) is used to solve the proposed model. The
steps of this approach are as follows: . . . .
P 'S app W Second step: Determine a linear membership function for
First step: Determine the positive ideal solution and the any objective function as follows:
negative ideal solution for any objective function. In order

1 if W, <WPIs (68)
WNIS — W

p(x) = 4W if Wi <w, <wps
0 if W, >wNs
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1
W, - i
.u'Z(x) = WZPIS _ WZNIS

0 if

In fact, u, (x) represents the satisfaction degree of ht"
objective function. It should be mentioned that u, (x) has
been used to minimize the objective function and p, (x)
has been used to maximize the objective functions.

Third step: Transform the certain models of the mixed
integer programming in a single- objective model of the
mixed integer programming using the aggregation
function calculated as follows:

max 206, Y) =yl + 0=p)Z b 0y)  (70)
Ag < 44, (X,y),h =1,2 (71)
X,y eF(x,y),/loandle{O,l} (72)
Fourth step: Determine the values of

parametersf,« p,y and solve the single-objective models
created in the previous step. If the solutions resulted for
the decision makers are satisfactory, they have been

Table 1
Size of test problem

if W, >wks

W, < Wi

(69)

if WS <w,<wfs

stopped; otherwise, in order to achieve the new solution,
we change the values of the parametersp, if needed.

5.Numerical Experiments

In this section, there had been considered five
experimental problems with different parameters, and
their size of problems had been summarized in Table
1. These problems have been solved in certain and
uncertain mode. The uncertain mode was solved through
three uncertainties levels 0.2, 0.5 and 0.7. The uncertainty
level in each problem is the same for all parameters. The
importance of the objective functions in every problem is
different, and the penalty coefficient has been considered
0.5 for all problems. All test problems are solved by
GAMS Software. The results of the robust model solution
on the levels of uncertainty 0.2, 0.5 and 0.7 and TH
method are shown in Table 2, and the certain model and
TH method are shown in Table 3. According to the tables
2 and 3, the uncertain model solution time is less than the
certain model solution time and by increasing the
uncertainty level, the objective functions are decreased,
and they give us worse solution. In figure 1 and 2, there
were shown the flows of goods and the transportation
costs allocation and transportation saving cost allocation
related to the example 1 about the numerical
experiments.

No. of suppliers

No. of distribution

No. of retailers No. of products

Problem no. 0 centers(j) ® ®
1 10 2 2 3
2 3 2 2 8
3 1 5 2 1
4 5 2 2 3
5 3 1 3 2
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Summary of test result from optimization robust model

Robust model

TH method under
uncertainty

E Uncertainty
g @ Soluti Soluti
& olution olution
Wi W2 W3 W4 time Iy time
2 4869289000 0.816 - 6:17.615 0.158 13:38.606
1 .5 3162039000 0 0.510 - 8:18.473 0.155 03:05.099
7 1635342000 0 0.306 - 6:53.931 0.197 09:52.233
2 4711817000 0.00004600336 1 - 7:03.614 0.158 01:57.760
2 .5 3071109000 0 1 - 3:33.483 0.149 03:06.618
7 1035524000 0 0.975 - 6:56.958 0.15 06:06.836
2 2845663000 0.000000000772161 0.448 - 01:11.642 0.145 00:57.437
3 .5 2420512000 0.000000000721909 0.28 - 00:26.805 0.059 00:46.896
7 2083372000 0 0.168 - 00:46.908 0.061 00:30.981
2 4764897000 0.816 - 02:54.891 0.226 02:23.082
4 .5 2897237000 0 0.510 - 02:27.116 0.151 01:41.467
7 1500152000 0 0.306 - 03:02.276 0.061 01:52.431
2 5587304000 0.0000000000431119 0.0000000000431117 1 00:38.691 0.125 00:01.376
5 .5 3296278000 0.0000000000411497 0.0000000000411495 0.625 00:15.339 0.125 00:03.195
7 2942534000 0 0 0.375 00:21.519 0.125 00:13.866
Table 3
Summary of test result from deterministic model
Deterministic model TH method under certainty
£
W1 W: W3 W4 Solution time Iy Solution time
1 6021592000 0.03 1 - 25:17.328 0.734 09:12.673
2 7669722000 0.009 1 - 30:58.370 0.464 03:11.361
3 6255677000 0.019 0.552 - 18:56.970 0.157 00:09.494
4 5617391000 0 1 - 18:52.165 0.752 02:00.350
5 6117815000 0.003 0.003 1 17:08.472 0.448 07:02.516
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Capacity
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2200
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g21=2052.02 ,>,=2910.554

q11=34.762 (1.=17.521

12=6.848

025=37.426

Fig. 1. Flow of the goods

ydz, =38.97
yd>;=8766.232 scdz, =2054.864

Yr11=445.107 scry; =0
Y21 =2145.02 scry; =1455.33

yri2=112633.375 scry; =0
Yrz2=110786.062 scrz, =8945.899

scd,1 =16.487

Fig. 2. Transportation cost allocation and transportation saving cost allocation

6.Sensitivity Analysis
6.1.The effect of uncertainty on the objective function

There have been solved eight trial problems at different
uncertainty levels in range of 0.1 to 0.8 in order to
investigate the uncertainty effect. Furthermore, in each
problem, the uncertainty level is considered the same for
all parameters. In figures 3 and 4, there has been shown
the uncertainty sensitivity analysis. As it is obvious, by

12

increasing the uncertainty level, the profit after tax is
decreased, and we gain worse solution. By increasing the
uncertainty level at the second and third objective
function, the service level amount is decreased, and it
gives us worse solution.
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Fig. 3. Uncertainty level and first objective function Fig. 4. Uncertainty level and second and third objective functions
6.1.The Effect of Penalty Coefficient on the Satisfaction performed by different penalty coefficients in range of 0.1
Degree of Objective Function to 0.9, and the sensitivity analysis is done. The results are
shown in figures 4 and 5. By increasing different amounts
In this section, there has been investigated the impact of of the penalty coefficient, the satisfactory degrees of the
the penalty coefficient on the satisfaction degree of the objective functions are not necessarily decreased or
objective function. Furthermore, the uncertainty level is increased.
considered 0.2. Moreover, nine trial problems have been
60000 —— W2 ——WwW3
50000 1200
m 1000
o 40000 s
L 2 800
< 30000 =
2 =
= = 600
p= .
20000 =
o 400
=
10000 S 500
0 0
\ Y ¥ ¥ 3 o,y A q FARKIFA SR RN SN IR SR IR SR

Fig. 5. Penalty coefficient and satisfaction degree of the
first objective
Fig. 6. Penalty coefficient and satisfaction degree of second and
third function
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7.Conclusion

In this paper, there has been a multi-objective
mathematical model in order to design a logistic network
by considering the transfer pricing and the transportation
cost allocation and there has been used the robust
optimization approach. This model has been developed
using the robust optimization approach in the uncertain
mode and then has been solved using a fuzzy approach to
solve the multi-objective problems named TH. The
proposed model has been solved in GAMS Optimization
Software. Finally, there has been used the sensitivity
analysis on the uncertainty level and the penalty
coefficient. The robust model objective function values
are worse than exact model and by increasing the
uncertainty level, the objective functions generate worse
value.lt is recommended for the future researchers to use
other methods, including the profit-split and the price
resale method in order to determine the transfer pricing.
Since the Presented issue is considered as NP-Hard
roblems, it is suggested to use the heuristic and meta-
heuristic algorithms.
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