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Abstract

From the past, honey has been known as a healtkygir for human life. Iran has a
suitable climate for beekeeping and is among tlgh-rdnked countries in honey
production. However, due to failure to comply withality issues, export of honey
from Iran is associated with many problems. Acaugdio this issue, this paper
presents a robust possibilistic optimization netfwdesign model for honey global
supply chain regarding global issues (e.g. Incatgramd quality problems. The
proposed network design model considers the proguglity and its effect on the
amount of demand. Numerical results from the robmetlel compared with the
deterministic model show that the proposed robustieh provides appropriate
solutions with low risk for the decision makers.

Keywords: Agricultural products, honey supply chain, supplyaio network
design, robust probabilistic programming.

1- Introduction

A supply chain (SC) includes all sectors thayptole, either directly or indirectly, in meeting
customer’s needs. The SC contains not only the ymerd and the supplier, but it also includes
transportation, warehouses, retailers, and custof@hropra &Meindl, 2007).SC management is a series
of approaches to integrate the SC members withotljective of reduction of the system cost and
enhancing the level of service to the customersvadiays, companies are facing many challenges to
achieve their goals due to the reasons such matkahges, customer’s different requirements,
globalization of economic. The SC design and irgegt management will not only solve these problems,
but it can also create long-term competitive adaget for the company (Meixell & Gargeya,
2005).Supply chain network design(SCND) as a gifatdecision, has more impact on the reduction of
costs compared to tactical and operational dedsids strategic decisions are made before thectdcti
and operational ones, they play a constrainingfaoléhe latter decisions (Meepetchdee& Shah, 2007)
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The globalization of economic and emergence hef international companies have caused more
attention to global supply chain network design.tte last decades of 1entury, interesting in
international SCs have extended rapidly, specifigalthe automobile, computer, and clothing indiest
In a global SC, the members are scattered all arthm world and SC management is not limited to the
internal environment of only one country(Syam, 199he global SC management is a combination of
three key processes: 1) global sourcing (manageamehtommunication with international supplierg), 2
global production (production activities distribdthroughout the world), and 3) global distributicale
management and international distribution chanr{€aiato et al., 2013).

An agricultural supply chain (ASC) involves difént agricultural activities (cultivation, irrigah, and
harvesting), initial products processing, qualitgnicol tests, packaging, storing, distributing, and
marketing (lakovou et al., 2012). What making dif& between ASC and other kind of SCs is the
importance of agricultural product’s quality whidtighly affect human health (Salin, 1998). Also
unpredictable variations in ASCs parameters likmaiic conditions have made the management of these
SCs more difficult. Considering the importanceta health aspects of agricultural products anditje
risk of the flowing corruption in chain, the coardtion between parties involved in chain becomeemor
important.

Some factors of ASCs such diversity in consuntyes of agriculture products, corruption risks of
them and rapid changes in parameters like prodnat price increases the importance of the effectiv
strategies for ASCs management (Ahumada & VillalpD08).0n the other hand, Concerns regarding
the supply of the world’s growing population fooddaconsidering the reductions in the agricultural
resources has caused more attention to ASCs attéraational level. International parameters likees,
exchange rate, products’ insurance, and transpomrtatonditions increase the problem complexity
(Tsolakis et al., 2014).

Apart from risks in global SCs, there are moppartunities today to have SC facilities in diffiete
countries. In today's world economy, consumers tertally the best product at the lowest price naenat
where it has been produce (Canel&Khumawala, 19@6addition, advancements in technologies and
developments in the information infrastructuresenavade it possible for the companies to locate thei
different SC facilities in different parts of theodd. In an international SCs, the parties arerofteaware
of the business rules in each other’s countriesthisdcan result in disputes, legal claims, andtevas
money and time. On the other hand, transportatiom fone country to another as part of a SC can face
perils. To solve such these problems, the IntesnatiChamber of Commerce published a set of rules,
first in 1936 called “Incoterms” (International Camarcial Terms), with the objective of interpretitige
terms most common in the Global trade to preveeirtmultiple interpretations. Incoterms solves
problems regarding goods transportation from tHierso the buyer and deals with such problems as
transportation, import, export, body responsibletfe payments and to take the risks at differtages.
Some of the rules provided in “Incoterms” are: EXW& FCA Rule, CPT Rule, CIP Rule, FAS Rule,
FOB Rule, and CIF Rule. Since the last two termgsHzeen used in this paper, their brief descrigtion
are as follows:

A) The FOB Rule: this rule is specific just to marine transportatiéwcording to FOB the seller must
load the goods at the specified origin port andradkport clearance, delivers it to the buyer aorieaas
the buyer’s agent on the deck. In this rule thksrisnd costs up to the delivery on the deck arerathe
seller. after that, the risks and costs includiaggportation from the origin port to the destioatport,
unloading at the destination port, obtaining impdidenses, paying import duties and internal
transportation in the destination country are ail the buyer. In this Rule, the buyer takes no
responsibilities regarding the transportation iasge, but since the risks are on him after theiararr
loading, it is reasonable to insure the load agqirebable risks.

B) The CIF Rule In this rule, the delivery point is the carrier Beéke FOB where the seller delivers
the goods to the buyer or carrier as the buyersnfagbut the seller must pay all of the cost for
transformation and insurance but he has no redpititiss for the risks of products failure and teassk
are on the buyer.
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Another issue in the global supply chain netwaekign that has attracted more attention recéntlye
transfer pricing. Transfer price definite as th&erof the product bought by a company branch from
other branch of that company in other country (@est al., 2010); in general, transfer price iscigulate
the price of the products and services transfelretiveen two branches of one company. Since
multinational companies branches are establishédfgrent countries, transfer pricing is a powétol
that can transfer the income to the branches imtdes with lower taxes and hence cause an inadease
profit for the company (Shunko&Gavarnie ., 200Mefe are three common methods for transfer pricing
in the literature that in this paper, the upper dmder bound method is used. In this method, an
acceptable interval for price determined basedhencbst price, market price, and negotiations aed t
the optimum transfer price is found by the modehis interval.

The main contributions of this paper are asofedl: 1) Designing global honey supply chain network
based on the quality levels of produ}, Consideration of global parameters particularlgoberms in
transferring products between countrig@sApplying transfer price as a variable in the modighendent
on quality level4) Supposing uncertainty demand and tax rate andj ysigibilistic theory to modeling
uncertainty.

The remaining of this paper is structured ak¥m: Section 2 briefly reviews the relevant litera on
global supply chain network design. In Section % teterministic model presented after problem
definition. Section 4, provides the posibilistibust design of the network. In Section 5, the roliosn
of the model has been solved based on the Hypo#hetata and results have been reported. Section 6
deals with interpreting the numerical results aimalfy in Section 7, managerial Conclusions ana als
gaps for more research are reported.

2- Literaturereview

Early studies on the global facility locatioroptem have been done by Hodder and Jucker (1988) wh
have proposed a mixed-integer programming modefdoility location in the global environment .The
global parameters considered in their work are amgk rate, customs tariffs and taxes. The exchange
rate and price of final product are supposed aanpeters with uncertainty and scenario —programnsing
used to model these uncertainties. The objectinetion in addition to optimize the average perfonoeg
reduce the differences between the values of thecte function for different scenarios. After ghi
work, many researches were focused on the glol@llgwchain network design that among them the
almost recent one is Hammami and Frein (2014). Bbegied the problem of redesign of a national SC
of to a global one with presenting a mixed-integetimization model for the maximization of the
company profit. The national SC includes supplipreducers, and distributers, and the network igdes
is to add foreign suppliers, producers, and disteils to meet the company’s needs in the intemalio
markets. The model decisions for the maximizatibrth@ company’s profit after tax deduction are
capacity planning, selecting foreign suppliers, tiadsfer pricing.

Most of the papers reviewed in our work, havasitdered one-echelon SC including Manufacturing
sites and retailers. Only Munson and Rosenbla@{}9Sheu and Lin (2012) and Hammami and Frein
(2013, 2014) have addressed two-echelon SCs imguglioduction, distribution centers and retailers.
Munson and Rosenblatt (1997) have proposed a digistim, single-period, mixed-integer model that
selects suppliers and production centers with @léocated demands. An important assumption of thode
is that the company should buy a specified raté&ésomanufacturing components from the domestic
suppliers and at most one production center cdadaged in each country.

Among reviewed papers, only Hammami and Fredi 8 2014) have considered the multi-product SC;
in Hammami and Frein (2013), raw material, mediuodpct, and final product have been considered as
separate products. In reviewed papers, Canel antnktvala,(1996), Goh et al. (2007), and Hammami
and Frein (2014) have used multi-period modelsstgply chain network design. Goh et al. (2007) have
presented a two-objective model for the global suppain network design problem that specifies the
locations of the facilities and the amounts of jprcid transported from facilities to retailer’s aast In
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their work, demands, taxes, customs tariffs, anchamge rate are assumed uncertain; one objective
function maximizes the profit after tax deductiorddahe other minimizes the risks in the SC.

Hodder and Juker (1985), Munson and Rosenbl®®7), and Hammami and Frein (2013) have
assumed unlimited facility capacity while Canel aldumawala (1996) is the only paper that has
modeled the problem with both limited and unlimitespacities. In their work, a multi-period, mixed-
integer model has been proposed. The model obgeiito maximize profit after tax deduction. They
considered investment, construction, transportastmrage and shortages costs in model. The proislem
deterministic and includes exchange rate, taxesfstaand direct export motivations as global tast
The applicability of the model also has been shimmanchemical industry case study.

In most of the reviewed papers, the problembeen modeled with deterministic parameters; fewehav
modeled the real world uncertainties. Jamalnid.g814) have used the fuzzy approach while Hodder
and Juker (1985), Hodder and Dinser (1986), and @bfal. (2007) have used the probabilistic
programming method in dealing with uncertaintiesootier and Dincer (1986) have studied the
production centers location problem consideringfitial decisions. In their work, the effects ofaficial
help from government for large companies are etatlal'he model objective is to maximize the profit
after tax deduction under uncertain price and exgbaate. The model uses of the exchange rates,taxe
and customs tariffs as the global parameters atatrdimes, in addition to the facilities locationsdahe
material flow between them, the most appropriateepa of financing from among the proposed patterns
Price, demand, exchange rate, tax, and tariff lageparameters that have been assumed uncertain in
reviewed papers. Hodder and Juker (1985), Hodddr R@inser (1986), and Goh et al. (2007) have
considered uncertain exchange rate. Also, Goh.gRa07) and Jamalniaet al. (2014) have addressed
uncertain demand. In Hodder and Juker (1985) anddeloand Dinser (1986) the price is assumed
uncertain. The model proposed by Goh et al. (2@)®e only one that considers both the tax anf tar
as uncertain parameters. Jamalnia et al. (2014 madeled the problem with uncertain objectives.

The global SC parameters are either quantitafeschange rate, tax, tariff, and transportation
insurance) or qualitative (country’s political sition, global survival and competition, state ragjohs,
cultural, and social). In reviewed papers, the tjtetive parameters have been of more intereshéo t
researchers. The only papers that have consideragitative parameters are Jamalnia et al. (201d) an
Badri (1999); the former has considered the cultana social situations of the foreign countriedlah
the latter has addressed the welfare level of cimsnpeople in the modeling.

Related to the increased distance between tauper and the final consumer in the global SC, and
while quality plays an important role in the cust@nsatisfaction, none of the studied papers has
addressed the issue of quality in global supplyrchatwork design. Considering the customer demand
based on the product quality can prevent comparap#tal losses and will help better planning fopita
allocation. In most of the reviewed papers, thedfer price has been considered as a parametez whil
determining the optimum transfer price highly affethe profit maximization after the SC tax dedumti
Considering the great distances in the global &@ritory is quite an important issue for meeting th
customers’ demands. This has not been addressedpapgely in the papers reviewed; we have
considered this as a variable for the distributi@nters. None of the papers has considered insuranc
while in reality this is quite vital for the redimn of the risks due to failures in products trasgation.

In this paper a novel global supply chain for hohag designed. An important assumption in this lsupp
chain is regarding the price and demand of honeyfasction of quality. The constraints in inteinatl
trade also are considered by using Incoterms aables in model. Due to variation occurred in neatd

in such chains, demand and exchange rate assumgttegain parameters and fuzzy method used to
model these parameters. For lessening the risappifcability of the model, the robust theory i®ds

3- Problem statement and model for mulation

Human kind has long paid particular attentiowdrds natural products like honey. During the time
form past to present, scientific advances haveombt approved its value, but have also shown new
dimensions of its benefits. In addition to food gess honey is used in different industries like
pharmaceutics. A unique feature of this produdtssquality which highly affects its usage. Honay i
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marketed in different quality levels and the priok each level depends on this level of quality.
Considering quality in the honey global supply ohiai quite important because customers all arobad t
word pay more attention to the quality of foreigogucts.

The supply chain of honey that is discussetiimpaper includes active sectors in the honeygasing
and exporting. As shown in figurel, this sectoessurpply centers, processing center, distributeriars
and wholesaler centers. Among these centers, miogeand suppliers are located in one country and
Distributers and wholesalers scattered all arolmedword. The processing company buys its required
honey from the honey producers as suppliers inlgugain. To select these suppliers, some quality
parameters are introduced related to the featuréiseosupply centers. The value of each paramster i
found at the beginning of each period through ttspéctions by the company from the supply centers
and then entered in the model as a parameter. Bhhersvo upper and lower bounds defined for thal tot
value of quality parameters related to each supehter; centers with this total above the uppembdpu
receive an “Excellent Quality"(EQ) certificate atltbse with this total between the lower and upper
bounds receive a “Good Quality’(GQ) certificategleaertificate is valid for only one time periodhéh
buying honey from centers with the EQ certificates company does not check the product, but the
checking is carried out for centers with the GQtifieate which increases the company’s inspection
costs. The purchased honey is turned into finatlyets in the company’s processing centers. Adtigiti
have done in these centers includes Separatingritieguof honey, blending, quality categorizing and
packaging. The distribution centers are the comigaayents all around the word. At the end of the SC
the honey wholesale centers in the foreign counti® considered as the final customers; demands of
these centers have been assumed based on the duoaiéy. In the problem, the company wants to
choose some countries as location of distributemters. In other words, since customers are sedtier
different countries, the company would like to knownsidering criteria such the exchange rate, taxes
tariffs, and customs duties, which location, fromaag all the potential ones in different countriiss,
most suitable for locating a distribution center.

When some potential locations are selected tatbksh distribution centers, it is necessary thdhe
transportation-delivery contracts. By transportaitelivery contract we mean the Incoterms Rules and
since in this research the connection between tbeepsing and foreign distribution centers is agslim
only through the sea, FOB and CIF contracts ard.U&¢he foreign distribution center is establidrend
the FOB contract is selected between the processiddoreign distribution centers, then the co$the
goods transportation from the processing centéhecorigin port are on the processing center atet af
that they are up to the distribution center. Béitthie contract is of the CIF type, the costs of the
transportation from the production center to thendstic port (from where goods are transported ¢o th
foreign distribution center), transportation betwdhe two ports, and insurance are on the proggssin
center. The only costs that are up to the distidbutenter are those of the transportation frompibue
(distribution center) to the distribution centehelproposed model is capable of selecting the aptim
contract considering different tax rates in thegioriand destination countries. Another importastiés
raised in global SCs is the costs related to th@nduties that are to be paid by importers tociletoms
offices of their own countries. Since in most coigstthe import duties are computed based on thdgjo
CIF value, this method is used in this paper. Glki® is equal to sum of the goods price and thts ajs
transportation and international insurance.

The model assumptions are as follows:

» The SC is global and its different centers aretsgad in more than one country (the suppliers
and processing centers are in one country andatemfial distribution centers and wholesalers in
all around the word).

» The number and location of the suppliers, procgssémters and customers are pre-determined.

» The number and location of the distribution censfisuld determined by the model.

* The SCN is multi-product.

e The proposed model is multi-period.
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The customer centers are sir-sourced meaning that only one distribution cender meet eac
wholesaler's demand.

The processing and distribution centers are capdldtoring product

The product cabe sent betwe« consecutive centers only.

The wholesalers demand in each period can onlyim#état period and cannot transferrec
future time periods.

The raw material/product inventory in the procegsamd distribution centers can be transfe
from one period to anoth

The connection between the processing and foragrikaition centers in this research is by
marine mode.

The contracts used in this research are of the &QBCIF types because these are the ones
in marine transportatio

The import dutiesn the potential countries for setting up distribotcenters are calculated ba:
on the product CIF valu

The raw material and produinventory management system is FIFO.

The dollar, the international currency acceptealbgourtries, is the currency considered for
inter<country payments and recipiel

The base currency is that of the distribution cesteuntry
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Processing center
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¢ Figurel. Schematic view of the honey export netw
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P Set of types of final productd {P

R  Set of all the raw honey types bought from the §epp ] R

T  Set of the time periodd ] T

Q  Set of the quality parametegid 1Q

Parameters:
|nkl inventory cost per unit product in distribution tark in time period t
Py Sale price of product p from distribution centeokvholesalerl at quality level 1lin time period t
P, e Sale price of product p from distribution centéokvholesaler | at quality level 2 in time period t
tr, Income tax rate for distribution center k in timeripd t
tr]_t Income tax rate for processing center j in timeqabt
fk Fixed cost of setting up distribution center k
ti, Import customs tariff for distribution center ktime period t
tCl,-k Transportation cost from production center j todhigin port for loading
tczjk Transportation cost from the origin port to thetpafrdistribution center k
tcgl_k Transportation cost from the port of distributicanter k to this center in transferring from prcieg

center j

Exchange rate in time period t

Insurance cost of the product loadin time period t

inventory cost of a unit product in processing eentn time period t

Processing cost for product p in processing cgritetime period t

inventory cost of one unit raw material in procegsienter j in time period t
Transportation cost of one unit raw material frarp@y center i to processing center j
Purchase price of raw material r from supply ceinfer processing center j in time period t
Quality parameter g for supply center i in timeipeit

High quality rank

Average quality rank

Coefficient of turning raw material r into prodyzt
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tcy Cost of sending unit of product from distributionckwholesaler |

Qcl Inspection cost per unit of raw material

Qc2 Periodic inspection cost of supply centers
Tfimin  Lower bound for transfer price of quality 1 produader FOB contract
Tflmax Upper bound for transfer price of quality 1 produntier FOB contract
Tf2min ~ Lower bound for transfer price of quality 2 produader FOB contract
Tf2max  Upper bound for transfer price of quality 2 produntier FOB contract
Tclmax Upper bound for transfer price of quality 1 produntler CIF contract
Tclmin  Lower bound for transfer price of quality 1 produader CIF contract
Tc2min  Lower bound for transfer price of quality 2 producder CIF contract
Tc2max  Upper bound for transfer price of quality 2 produntler CIF contract
Decision variables:

dk Binary variable: 1 if distribution center k is sg1, and 0 otherwise

YSit Binary variable: 1 if supply center i is allocatedprocessing center j in time period t, and O otfse

yf'kt Binary variable: 1 if transportation contract betweprocessing center j and distribution centertk wi
: mode m in time period t is FOB, and 0 otherwise

YC.\ Binary variable: 1 if transportation contract betweprocessing center j and distribution centertk wi
: mode m in time period t is CIF, and O otherwise

Vit Binary variable: 1 if wholesaler | is allocatedpimcessing center j in time period t, and O othsewi

San Binary variable: 1 if total quality rating of supptenter i in time period t is more than upper lbah
quality, and 0 otherwise

S\t Binary variable: 1 if total quality rating of sugptenter i in time period t is between upper amielio
bounds of quality, and 0 otherwise

ZI:I Profit of distribution center k in time period tfbee tax payment
z, Loss of distribution center k in time period t befdax payment

z Profit of processing center j in time period t breftax payment

z Loss of processing center j in time period t betasepayment

Tf Transfer price of product p at quality level 1 sterred from processing center j to distributiontee k in
time period t under FOB contract

Tf Transfer price of product p at quality level 2 sterred from processing center j to distributionteek in
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time period t under FOB contract

TC, Transfer price of product p at quality level 1 stered from processing center j to distributiontee k in
i time period t under CIF contract

TC, Transfer price of product p at quality level 2 sterred from processing center j to distributionteek in
i time period t under CIF contract

X ¢ Amount of raw material r transferred from supplyis i to processing center j in time period t
Jr

X, o Amount of product p at quality level 1 transferfeaim processing center j to distribution centen kiine
j .
period t

Amount of product p at quality level 2 transferfeain processing center j to distribution centen kime

2 jkpt .
e period t

X Amount of product p at quality level 1 transferfeain distribution center k to wholesaler | in tirperiod
p
t

Koot Amount of product p at quality level 2 transferfeain distribution center k to wholesaler | in tirperiod
p
t

Inventory of raw material r in processing centir fime period t

Inventory of product p at quality level 1 in disuition center k in time period t

ot Inventory of product p at quality level 2 in distation center k in time period t

P!

o Inventory of product p at quality level 1 in prosiesy center j in time period t
p

Ly Inventory of product p at quality level 2 in prosiesy center j in time period t
ip

The model objective function is the maximizationpobfit for the processing and foreign distribution

centers after tax deduction. The model constraimtiides establishment and allocation constraints,
meeting wholesaler's demand, selecting transportaind delivery contracts, determining the optimum
transfer price, and types of variables.

MaXZZ(l_trkt)(zl:t _Zt:t)+ZZ(1_trjt)(Zj+t _Zj_t) )
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szklpt < D2Ipt 0Lk, p.t (20)
k

Tflmin = Tfljkpt = Tflmax Dp’ J ,k,t, (21)
Thymin < Th i < TF

TC, i < Tc1jkpt <Tc

2min 2max

1max

TCZmin < TCijpt < TCZ max

)gjrt ’ lekpt ’ ijkpt ’X]klpt ’X2klpt 20 DJ ! k’t’ p’l (22)

Ilkpt’lzlq)t’lljpt’lszt 2 O
Z124,2,2, 20
T, .., Tf, .. =0

1pjkt ? 2pikt =

dy. y5;, S2, S, U0, 1

Equation (1) is the objective function that nmaides the profit of the processing and distribution
centers after tax deduction. Equation (2) computexessing centers’ profit before tax deduction.
Equation (3) calculates distribution centers’ grog&fore tax deduction. Equations (4) and (5) deires
the quality level of the supply centers in eachetiperiod. Equation (6) states that supply centers
allocation to processing centers is possible orfigwsupply centers achieve the desired qualityl lefve
the company. Equation (7) specifies the relatiotwben the variables of supply centers’ quality lsve
Eq. (8) states that the honey transfer is possiblg when a supply center has been allocated to a
processing center. Equations (9) and (10) balamedlow of the distribution centers consideringithe
inventory. Equations (11) and (12) balance the fadvwthe processing centers. Equation (13) statafs th
the distribution center must established to signptoduct transfer contracts between processintgicen
and distribution center. Equations (14) and (18)esthat the product flow between the processinf an
distribution centers exists only when a contra€BFor CIF) has been signed. Equations (16) and (17)
state that the flow between distributions centerd aholesalers exist only when the wholesalers are
allocated to distribution center. Equation (18)edtahat allocation of wholesalers to distributmenters
is possible only when the distribution center get Hquation (19) and (20) take care of the demand
limitations. Equation (21) specifies the upper &dler bounds of the transfer price. And, finallyetset
of Equations (22) consider the model variables fgpbe problem.

4- Robust posibilistic programming model

The SCs, specifically at the global level, aeirig high Risks due to their dynamic and completxire
which can considerably affect their performanceréased influence of uncertainty on the SC design ¢
be intensified by long time horizon. This fact mskide uncertainty notion more important. In this
research, the exchange rate and demand parametgsbhen assumed uncertain. Data uncertainty is
either stochastic or cognitive; the former is doghie stochastic nature of the parameters andatter is
because of insufficient or lacking historical ddfahe problem parameters atpavailable,2) sufficient,
3) reliable, and}) their future behavior follows the patterns, thiea stochastic programming will be used
to model uncertainty; otherwise, fuzzy programmisigsed to model the uncertainty.

Because of the industries’ dynamic nature, bikta of patterns and lack of sufficient data abdhe
parameters precise determination of their valuegiige difficult, if not sometimes impossible. Alsto
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estimate the probability distribution function, toiscal data are important. In addition to the akality

of sufficient data, the expert knowledge for thaebestimation of uncertain parameters is needadet)
uncertainties with lack of exact data, the probsiiil programming can be an appropriate approach. |
the present study, data uncertainties are of tgaittee type (programming time period is long arahte
the historical data are either lacking or insuffit) and therefore fuzzy theory and probabilistic
programming approach have been used. In the pi@tabiprogramming problems, one possibility
distribution function is considered for each unaieriparameter. These functions indicate the pdigibi
of the occurrence of different values for each peater. Due to the lack of historical data, expeition

is used for the determination of the type of thatriution function.

To change the fuzzy mathematical model intodésterministic one, the chance constraint progrargmin
approach has been used. This method enables tiwodemaker to control the confidence level of the
constraints satisfaction. This approach was fiestetbped by Yager (1981) and then expanded by Buboi
and Prade (1987) and Hilpern (1992). Using Prolstigilprogramming, demand and exchange rate are
assumed to have trapezoidal possibility distributionsidering this assumption, equations (2)(19),
(20) of the main modethange into equations (23)-(26). The fuzzy maosl@ls follows.

Maxy 3 (-1, )z ~ ) +3. 3 (A-tr, )@ - 7,)

s.t:

Equations (4)-(18) and equations (21)-(22):

Z, -7, = (;;lekpt T oY e +;; Yoo T i Y + Oj,t (23)
Zplzk: Xt TCojex-YCia + Zplzk: Xy TCux YCii ) E[E, ]

jrt—l)'hcgt _

I, +1
_zzxm(pn,ﬁtqj)_z(u .
r ] -

5 (L * Lyjon)-hCye -y (g + 1 )y
2 - 2

P

Z S, (Z ;- QCc)+Qe 2__2 S, -Qc2- Z i TC ) z X it +z Xojiort T
i r i k p p

Zk: YC-(TCL, +Tc2, +h )(Zp: X it +Zp: Xjiit )
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Z|:t - Zk_t = Z Z Xlklpt'plklpt'E[Et] + Z Z X2k|pt' p2k|pt'E[Et] - Dkt (24}
I p I op '

fe-dy = Iny, {(Ilk‘“ “lug-d) | (g * M-D}.E[Et]

2 2
_(Z Z T e YF i X jupt -~ Z Z T ot -YF ikt Xa2jipt
i p

i

_Z Z TC kot YC ke Xajipt ~ Z Z TCoipt -YCumike - X2 jipt
i P p

]

Z Z Tczjkpt'ycjkt '(lekpt + X2 jkpt )).E [Et 1-
P

i
Z Z yfjkt'(xljkpt + Xijpt)'(bt +TC’2jkt +TC3jkt )=
b

Z Z ijkt'(lekpt + X2jkpt)'(TC3jkt )~
iop

Z Z tikt'yfjkt'(Tfljkpt + bt + TCijt +T03jkt )'lekpt -
i

Z Z tikt'yfjkt'(Tfljkpt + bt + TCijt +TC3jkt )'X2jkpt -

i
Z Z by - YC i TC3 e Xy jipt _Z Z b -YC ke TC 3t X1 jupt
i P p

J j
Nec{ > X, < Dy} 2@ Ok, pt (25
k

Neo{ D Xy < Dyt 2 Ol,k,pt  (26)
k

For model defuzzication average amount of exchaatgeis used, also for demand, the definition ef th
NEC measure applied. By these assumptions, thelrsodeanged as follows.

Max> > ([1-tr, )(z —zk‘t)+ZZ(1—trjt)(zj+t -7,) (27)

st

Equations (4)- (18) and equations (21)- (22):
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Ok, t (28)

2% = e P B+ P L

fd —In, {(lm +2|ka—1) + ( ot +2| kat_1)}_[Ei+Ez';Es"'E4]

_(Z;Tfljkm e X _Zzp:-rfzm Wi Xaj
J J

+E +E.+E
‘ZZTCW-VCM Ko -ZZT%M-Y%-Xz,m)-[El E, 4E3 4] -
i p P

E+EEE,
4

ZJ_:ZP:TCZMWM K T Xojn )
JZ;yfm-(xm Xoj0)- +TC2, +TC3, )

Zj‘,;ycm-(xw + X5 )-(TC3y )_ngtikt Yo (Mg +B +TC2), +TC3 )X =
ijpltikt.yfj|<t (T R +TC2, +TC3 )Xy —

Zjlzp:tikt-ycjn TC3 Xy _Zjlzp:tikt YCi TC 3¢ Xyjx

alLk, p,t 29
3 Xy S50+ 0) Dy, +3 (10D, i -
k

1 1 Ol k, p,t (30)
zxzklpt SE-(]-'l' a)'D32Ipt +E '(1_a)D421pt
k

There are three main disadvantages in this apprd) an increase in the number of constraints with
uncertain parameters considerably increases theb&wrnf tests required to achieve appropriate
confidence levels for the decision makers and hamreases the time require?),there is no guarantee
that the final selected confidence level is optinaald3) it is probable that there might be deviations in
the constraints with uncertainties which can resutheir infeasibility. To eliminate these drawkaca
robust probabilistic programming model has beepgsed as follows.

A robust decision is can resist against unagtiees and its implementation bring about the minimu
fluctuations. Robust optimization programming isisk-averse approach for dealing with optimization
problems under uncertain conditions (Pishvaee. e2@12). For the first time in 1973, Sevister deped
a pessimistic method to deal with linear prograngmimodels. Mulvey et al. (1995) developed a more
flexible robust model, on the basis of a scenaasell stochastic programming, which was a turnirgt po
in the related literature and other models wersqmted later on its basis. Some years afterwarels; B
Tal and Nemirovski (2000) took a considerable $teward in enhancing the robust programming theory
by developing Sevister's model for uncertain linpesgramming problems with convex uncertainty sets.
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Next, Bertsimas and Sim (2004) proposed, basedemistgr's model, a pessimistic model with less
conservatism. Also, Leung et al. (2007) have priesesome developed forms of Mulvey’'s model.

In a robust model, the worst value of the objecfiunction occurs when its uncertain parameterg hav
their worst possible values; therefore, in our cseworst objective function value is when thetenge
rate has its worst possible value. Since the dbdtinction is of the maximization type, in there

with positive sign for exchange rate, the worstugabccurs ifE*and in terms with negative sign for

exchange rate it occurs . Considering these assumption, the robust prab#biprogramming model
will be as follows:

M@E[Z]-KE[Z]-Zﬂir)-ﬁ%(lwbDﬁw—;(l-a)D“ -D2] q%(mm —]2(1—0903,,—0;11 (31)

St.

Equations (4)-(18) and equations (20)-(21) ancagqgns (30)-(31)

E[Z =3 (1-tr).E(z —2) +D. > (A-tr, ) E(z, - Z,) (32)
k t j t
=D D At~ Z i + 2D (1 )2 - Z) (33)
k t jot min
E(Z, = Z) = Q.2 Xejox Thajox Wi * 22 Ko T e ¥ + Ot G4
2> Xorkr TCopa YCie +22X11kpt TCyx YCiq )-M]_szm (P +1G) —
I +1.. )Yhd .. hc. I, I2J Jt
3ty Tl Iy e Iy (5 QoD Q2

p P

Zsl Qc2- ny,n Icl, Exijkpit +szlkp|t )'Zycjkt lc}+Tc 2 +h )Exukplt +2X21kplt

Ok,t  (35)
BE 2= 2.2 Xua-Pr & * 2.2 Kot P -[%]—
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+E,+E,+E,
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»he,

4-1-Modsdl linearization

Since in equations (2) and (3 ) three decisimiables are multiplied, the model is nonlinear ahduld
be linearized to achieve more desirable state. iBhikone by a two-step approach presented by change

and change (2000).In the first linearization stehe auxiliary variable ul, is defined as
= Xy jit -Yf e - This variable definition guarantees thatyf,, =0, thenul, , =0. But, if yf, =1,
then U1]kpt

Again, the first linearization step fox,;,, and x;, in the CIF contracts is done according to equations
43-49.

X - EQuations 40-42 carry out the linearization xf, , in the case of FOB contracts.

Ul < Xijiee 0k, j, p,t (39
uly, <M 'yfjkt Ok, j, p,t (39
UL 2 X j =M YE Ok, j, p,t (40)
U2 S X Ok, . pit (41)
U2, < M.yf 0k, j, p,t (42
uzjkpt 2 Xjipt — M 'yfjkt 0k, j, p.t (43)
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U3, S X Ok, j, p.t (44)

u3,, <M.yc,, Ok, j, pt (49)
ULy = X0 — M YC, Ok, j, pit (46)
U4 S X Ok, j, p,t (47)
U, S M.yc, Ok, j, p.t (48)
U4 2 X ~ M YCy, Ok, j, p.t (49)

In the second step, the product of the two coiotiis variables Lland TF is linearized by defining the

auxiliary variablesl, . =tf , ul,  ,r2,  =tf,, U2, r3;, =tc;,u3,,and
r4 0 =1C, 4 U4, ; this method was first used by Vidal and Gutschgk®01). The point worth noting

in this method is that at least one of the twoalalgs should have upper and lower bounds; herea$F h
this condition. Substituting the above equationth@set of equations (21), we will have the equmsti
(50):

Tf
Tf2min
TCimin-U3p =13
<sr4

ul,o<rl,  <sTf ,ul

U2, ST, s Tf

Imin jkpt

.u 2

e (50)
t < TClmax u 3jkpt

2max
ikp

Tc,,,.u4 S Tc,, .. U4

jkpt ikp jkpt
Again, in equations (11) and (12), two continuond hinary variables have been multiplied. To lifesar
these equations, we will use the first step ofdheve method by first defining the auxiliary valesb

€l = X S, and €2, = x;,.sh, and adding the equations (51)-(52) to the mode!:
elijrt < )gjrt

ej'ijrt s S (51)
e%n 2 X"t““ﬂ-5a1

e2ijrt < )gjrt

€2, <sh (52)
egnn 2 Kkt_-hn'sht

5- Numerical results

To solve the presented model the GAMS softwaresesiuAssuming a hypothetical SC including six
suppliers, one processing center, and five potgmiats for the distribution centers in five cores; the
model has to select three of them. Parametersdetatthese centers and the flows between them have
been hypothetically considered in the model whilthen solved in five time periods. Considering the
strategic decision horizon, each period in the rmdslesix months. Tables 1-3 show respectively the
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problem dimensions, exchange rate with trapezaidstibution (in dollar because of its internatibna
acceptance), tax rate on profit (for processingotdntial distribution centers in foreign coursjie

Table 1. Problem dimensions

No of raw No of product No of No of potential No of processing No of No of time
materials types wholesalers distribution points  centers suppliers  periods
6 5 10 5 1 6 5

Table 2. Exchange rate

Distribution Center Exchange rate( for periods ohaa)
1 (3000,3200,3400,3600)
2 (3200,3400,3600,3800)
3 (3400,3600,3800,4000)
4 (3600,3800,4000,4200)
5 (3800,4000,4200,4400)

Table 3. Tax rate on profit

Center Tax rate
Processing 0.25
Distribution 1 0.18
Distribution 2 0.32
Distribution 3 0.18
Distribution 4 0.20
Distribution 5 0.25

Model solution results have been reported in Talt8s As shown, locations with lower tax rates and
import rights are more appropriate for setting igtribution centers which means these two parameter
have the highest impact on the selection of theemi@l points (compared with other influential
parameters). Results also reveal that the purca$storage of the raw materials in the warehotifeeo
processing center, and also purchase and storape éihal products in the distribution centers erare
economical than buying them in each period bectheiestorage costs are low. Distribution centerg, 1
and 4 have been selected from among the five patemies.

Table 4. Setting up distribution centers

Distribution center K=1 K=2 K=3 K=4 K=5

Set-up 1 1 0 1 0
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Table5. Selecting FOB contract

Time period T=1 T=2 T=3 T=4 T=5
Distribution center
K=1 1 0 0 1 1
K=2 1 1 0 0 0
K=3 0 0 0 0 0
K=4 1 0 1 1 1
K=5 0 0 0 0 0

Table 6. Selecting CIF contract

Time period T=1 T=2 T=3 T=4 T=5
Distribution center
K=1 0 1 1 0 0
K=2 0 0 1 1 1
K=3 0 1 0 0 0
K=4 0 1 0 0 0
K=5 0 0 0 0 0

Table 7. Allocating distribution centers to wholesale

Distribution center| K=1 K=2 K=4
Time L
T=1 T=2 T=3 T=4 T=5| T=1 T=2 7T=3 T=4 T=% T=1 T=2 T=3T=4 T=5
Wholesaler

L=1 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0
L=2 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
L=3 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
L=4 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
L=5 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0
L=6 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0
L=7 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0
L=8 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
L=9 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
L=10 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
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Table 8. Optimum value of the transfer price for qualityéél

Dist. center Products T=1 T=2 T=3 T=4 T=5
K=1 P=1 0.5690 1.5262 1.8521 1.4625 1.2514
K=1 p=2 1.2521 1.0222 1.2323 1.0215 1.8350
K=1 P=3 0.9562 0.9452 1.5252 1.2511 1.2555
K=1 P=4 1.8525 2.2250 3.2323 1.2522 1.2521
K=2 P=1 1.2530 1.2530 1.2530 1.2360 1.2800
K=2 pP=2 0.9520 0.8520 0.8510 1.2562 1.5251
K=2 P=3 0.9652 0.9513 0.9145 0.9251 0.9623
K=2 P=4 1.2525 1.3333 1.2666 1.8989 2.0232
K=4 P=1 1.2522 .25323 .25211 0.2323 0.9858
K=4 p=2 1.2562 1.3636 1.4525 1.9652 1.9596
K=4 P=3 0.9586 0.9851 1.0052 1.0236 0.9552
K=4 P=4 0.9253 0.9562 0.9362 0.9325 0.9256

Table 9. Optimum value of the transfer price for qualityéé2

Distribution center Product T=1 T=2 T=3 T=4 T=5
K=1 P=1 1.2352 1.2 1.1251 1.0125 1.2
K=1 P=2 0.8 1.2532 1.1125 1.2563 1.7585
K=1 P=3 0.8965 1.2323 1.2511 1.256 1.3232
K=1 P=4 1.2222 1.3232 1.5252 1.2525 1.2531
K=2 P=1 1.2523 1.2523 1.2323 1.3333 1.2320
K=2 pP=2 0.963 0.8563 0.85 0.8562 0.8563
K=2 P=3 0.8562 0.9633 0.9562 0.9251 0.9623
K=2 P=4 1.8520 1.2510 1.2363 1.2365 1.5425
K=4 P=1 1.2522 1.2965 1.2520 1.5525 0.9858
K=4 pP=2 1.2562 1.3636 1.4525 1.9652 1.9596
K=4 P=3 0.9586 0.9851 1.0052 1.0236 0.9552
K=4 P=4 0.9253 0.9562 0.9362 0.9325 0.9256

6- Discussion

After solving the model, the effects of the taxe on the objective function will be studied. Filois
purpose, the related parameter has been incregsg@% and decreased by 20% compared to the base
value. Figure 2 shows the values of the integrateéit objective function under the influence oéttax
on profit. As shown, the objective function valuecbases with an increase in the tax on profit.

To study the effects of tax on the selectiorFOB and CIF contracts, their lower and upper bound
prices have been set equal. The model solutiontsasuder this assumption show that locations 2n8|,

5 are selected for setting up distribution centmd the CIF is the optimum contract between the
production and distribution centers. When the @mi§’ price ranges are set equal, the income pahtei
objective function will be the same for both cootsaand hence to maximize the objective functias it
necessary to allocate the transportation and inser&osts (between the production and distribution
ports) to the country with more tax because theéamrprofit of the mentioned country will be lessdan
therefore its after-tax profit will be increasedtobrdingly, to maximize the profit, it is necess#rgt the
production center should pay the transportationiasgrance costs (between the two ports); therefoee
CIF contract is selected.
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Figure 2. Effects of tax rate variations on the integrateafip

To analyze the performance of the proposed mdueprobabilistic model was optimized considerng
set confidence levels equal to 0.7, 0.8, and (B;tklated objective function values are showFim 3.
Results show that an increase in the least dedréeasibility will lead to a decrease in the objeet
function value due to more consumption of the reseai Next, 10 simulations were done randomly on
the uncertain parameters under 7 different pesalileown in Table 13. For each simulation for an
uncertain parameter with trapezoidal probabiligigtribution, a random number is produced uniformly
between the beginning and end points of the prdibaldiistribution function. Then, the parameters
produced in each simulation, and the optimum vabfabe variables specified by the probabilisticl an
robust probabilistic models under nominal data retite model to check the outputs desirability and
compare their results. Next, the optimum valuehef dbjective function were calculated and compared
under different penalties, average, and standarititen of the robust probabilistic programming rebd
(Figs. 4 and 5). The point quite obvious in Figs3hat the standard deviation of the robust maslel
always better than that of the probabilistic magtsdier different confidence levels. Another pointrtivo
noting is that the increase in penalties has isa@ahe standard deviation, but the robust model’s
superiority has been always maintained. In additiothe standard deviation, the average of thectibge
function too requires attention. As shown in Figthe values of the average of the objective fumctf
the robust model in the first two penalties argeetively less and equal to that of the probalilistodel
at different confidence levels meaning that theusttmodel’s performance is not desirable compaved t
that of the probabilistic model. But, in the negtiss of penalties, the average value of the romastel
is better than that of the probabilistic model miegra better performance. When the amount of piesalt
or the decision makers'’ risk aversion is high, ggisk-averse models as robust probabilistic moets
more logical suggestion.

Table 10- Penalty values

No 1 2 3 7 5 5 Z
pf;}ﬁgy 3000 5000 10000 20000 30000 40000 50000
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Figure 3. Different objective function values for differertrfidence level

4.00E+10

3.50E+10
e Robust Model
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Total 2.50E+10

Profit 2.00E+10 PM With C-L 0.8
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Figure 4. Average values of the objective function for diéfet fine value

(PM: Possibilistaic Model, CL: Confidence Le\
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Figureb5. Standard deviation values for different fine value

7- Conclusion

Business globalization and emergence of theriatsmnal companies are the reasons for more &ttent
towards the global supply chain network designc&itecisions regarding network design have long ter
horizon, costly, and time consuming effects thénoptn SCND is of great importance in decreasing the
costs and increasing the profits of the internaicdompanies. In this research a MIP model has been
proposed for the global SCND wherein the decisiabsut selecting best locations for distribution
centers, allocating them to customers, selectirsg toensportation/delivery contracts between pridoc
and distribution centers, finding the optimum tfengprice for products. It has been tried to coesid
international parameters as the exchange ratetatax import tariffs, and transportation insuramce
make the proposed model more realistic. In the ggegd model, fuzzy numbers and probabilistic theory
were used to address the uncertainty associatédtingt exchange rate and demand parameters. As the
model results show, centers with lower tax rates iamport rights are more appropriate for distribati
centers meaning that these parameters have theshigiffects on selecting the potential points for
distribution centers compared to other parameResults also reveal that buying raw materials amal f
products and storing them respectively in the msiog and distribution centers’ warehouses is more
economical than buying them in each time periodtdugeir low storage costs.

Although the appearance of the global SCND dagéek to many years ago, considering its importance
in today’s world, consistent research in this aseaf utmost importance and deems quite necessary.
Research opportunities enhancement of the exiglislganl SCND models are numerous. One of them is
the simultaneous consideration of qualitative andndjtative parameters in the model. Considerirgg th
global SC facility dispersion, addressing such iotigectives as risk minimization can be anothefuis
issue suggested for further research. Considetieg drawbacks and shortcomings associated with
probabilistic models, use of robust mathematicatlef® can be of great help in making the models more
realistic. Since real conditions are variable, tiveertainty assumptions in this research (for only
exchange rate and demand) can be extended to rothdel parameters to make it more realistic. The
contract forms used in this research for transtiortalelivery between centers are FOB and CIF;agisin
other really applicable forms of such contractsselection of foreign suppliers can be other issues
suggested for future studies.
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