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INTEGRATED SUPPLY CHAIN AND COMPETITIVE FACILITY LOCATION
MODELS

Canser Bilirt, Sule Onsel Ekici®

Abstract - The optimization of supply chain networks plays a key role in determining the competitiveness of the
whole supply chain. Therefore, during the last two decades, an increasing number of studies have focused on the
optimization of the overall supply chain network. However, in most of these optimization studies, the structure of
the network is considerably simplified and there is still a need for more comprehensive models that simultaneously
capture many aspects that are relevant to real-world problems such as demand dynamics on the market. Facility
location decisions—more specifically, decisions on the physical network structure of a supply chain network—
are important factors affecting chain’s competitiveness, especially for the supply chains serving retail markets.
However, supply chain network optimization models in the current literature ignore the impacts of network
decisions on customer demand. Nevertheless, competitive facility location problems model only the distribution
part of the supply chain, even though they have certain characteristics of supply chain networks and analyze the
rival chains existing on the market. In this study, an integrated supply chain network optimization model based
on the joint supply chain network optimization and competitive facility location models is proposed to analyze the
results of ignoring the impacts of network decisions on customer demand. The unique unknown variable within
the model is the demand. The demand at each customer zone is assumed to be determined by price and the utility
function. The utility function is defined as the availability of same-day transportation from the distribution center
to the customer zone.

l. INTRODUCTION

The optimization of SC networks plays a key role in determining the competitiveness of the whole SC. Therefore,
during the last two decades, an increasing number of studies have focused on the optimization of the overall SC
network. However, in most of these optimization studies, the structure of the SC network is considerably
simplified (e.g., a single product and a single location layer are usually assumed), and there is still a need for more
comprehensive models that simultaneously capture many aspects that are relevant to real-world problems such as
demand dynamics on the market.

Facility location decisions—more specifically, decisions on the physical network structure of a SC network—are
important factors affecting chain’s competitiveness, especially for the SCs serving retail markets. However, SC
network optimization models in the current literature ignore the impacts of SC network decisions on customer
demand. Nevertheless, competitive facility location problems model only the distribution part of the SC, even
though they have certain characteristics of SC networks and analyse the rival chains existing on the market (Bilir
etal., 2015).

In this study, a new model has been proposed in which the concept of SC network optimization modelling is
incorporated with competitive facility location factors (e.g., changing demands that are dependent not only on
price but also on customer service related functions). The aim of this model is to include the impact of a SC’s
physical network structure on customer demand.

The remainder of the paper is organized as follows: the next section provides a brief literature review. Section 3
defines a real-world problem to which the proposed model is applied. Section 4 focuses on the proposed model
and its objectives, variables, and parameters. The paper ends with final conclusions of the study and provides
further research suggestions.
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1. LITERATURE REVIEW

In order to identify different characteristics of the various models and common trends, we conducted a
comprehensive literature review of recently developed (from 2009 to 2013) SC network optimization models. In
this review, our focus was on identifying studies that included a strategic-level SCN model. Models that
considered the reconfiguration or relocation of the SCN nodes and arcs (0-1 decisions) are considered as strategic-
level models.

Supply chains are dynamic networks consisting of multiple transaction points with complex transportation,
information transactions and financial transactions between entities. Therefore, SC modelling involves several
conflicting objectives, at both the individual entity and SC levels. Our survey on SC network model objectives
showed that the majority of SC network optimization models are solely based on cost minimization (e.g.,
Nagurney & Nagurney, 2012; Lundin, 2012; Melo et al., 2012) or profit maximization objectives (e.g., Kabak &
Ulengin, 2011; Rezapour & Farahani, 2010; Yamada et al., 2011), even though the number of multi-objective
models is increasing and there appears to have been a major shift from cost minimization to profit maximization
objectives (Bilir et al., 2015).

Indeed, 24 % of studies in the SC literature from 2009 to 2014 feature multi-objective functions. When compared
to 9 % of the articles reviewed by Melo et al. (2009), it can be concluded that multi-objective models are becoming
increasingly popular. Multi-objective models typically include a cost minimization or profit maximization
function, together with customer service, environmental effects or risk mitigation related objectives (e.g.,
Olivares-Benitez et al., 2013; Shankar et al. 2013; Akgul et al., 2012; Prakash et al., 2012).

The existence of competition within the market (both among firms and via other SCs providing the same or
substitutable goods) is an important factor that must be considered when designing a SC network.

The literature survey that we have conducted regarding competition modelling for SCs identified only seven
papers (Nagurney, 2010a; Nagurney & Yu, 2012; Masoumi et al., 2012; Yu & Nagurney, 2013; Zamarripa et al.,
2012; Rezapour & Farahani, 2010; Rezapour et al., 2011) explicitly modelling competition within the market.
Among these papers, the demand is simultaneously modelled as a function of both the retailer’s and the
competitor’s price (oligopolistic competition). These authors developed an equilibrium model to design a
centralized SC network operating in markets under deterministic price-dependent demands and with a rival SC
present. The competing chains provide products, either identical or highly substitutable, that compete for
participating retailer markets. Using this approach, the authors were able to model the joint optimizing behaviour
of these chains, derive the equilibrium conditions, and establish and solve the finite-dimensional variational
inequality formulation. In six other models (Yamada et al., 2011; Cruz et al., 2011; Cruz, 2009; Amaro &
Barbosa—Povoa, 2009; Meng et al., 2009; Yang et al., 2009), demand is modelled as a function of only the
retailer’s price. Only one study modelled demand as a function of selected marketing policy (e.g., inventory-based
replenishment policy, made-to-order policy or vendor managed inventory policy) (Carle et al., 2012). None of the
reviewed papers included customer service related factors—or, more specifically, the location or number of SC
network points—in their demand models. However, the physical network structure of a SC clearly influences its
performance and is an important factor that affects a chain’s competitiveness, especially for retail markets.

SC risk management is also an important part of SC network configuration and optimization. SC risk management
involves designing a robust SC network structure and managing the product flow throughout the configured
network in a manner that enables the SC to predict and address disruptions (Baghalian et al., 2013). The
uncertainties associated with disruptive events such as heavy rain, excessive wind, accidents, strikes and fires may
dramatically interrupt normal operations in SCs. Hendricks and Singhal (2005) quantified the negative effect of
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SC disruptions on long-term financial performance (e.g., profitability, operating income, sales, assets and
inventories).

In the literature survey, nine models (Cruz et al., 2011; Baghalian et al., 2013; Lundin, 2012; Yu and Nagurney,
2013; Cruz, 2009; Masoumi et al., 2012; Bassett and Gardner, 2010; Pan and Nagi, 2010; Kumar and Tiwari,
2013) explicitly included SC risk modelling (defined as SC robustness or SC risk models). In those models, the
robustness of the models is quantified in SC risk equations to identify how it changes through the changes in the
SC network.

A careful analysis of the SC network modelling literature finds that almost all SC network models assume that
customer demands (either deterministic or stochastic) are not substantially influenced by the configuration of the
SC network itself. However, the physical network structure of a SC clearly influences its performance and is one
of the most important factors affecting a SC’s competitiveness, especially for SCs serving retail markets. This
disconnect between models and reality represents a gap in the literature and an opportunity for future research.

In this paper, the main objective is the integration of competitive facility location factors (e.g., changing demands
dependent not only on price but also on customer service related functions) into SC network optimization model.
As SC networks are multi-objective in nature, we define our model as multi-objective. Such multiple objectives
might include profit maximization, sales maximization and SC risk minimization. Cost minimization and profit
maximization are traditional objectives in SC network optimization problems. Sales maximization may also be
utilized within the competitive facility location modelling framework as companies aim to increase (or at least
maintain) their sales by reconfiguration of their SC network and possibly by adding new SC network point(s)
(Plastria, 2001). The third objective proposed in the multi-objective framework is a risk minimization function.
As SC risks have significant effects on the long- and short-term operational and financial performance of the SC
(Hendricks and Singhal 2005), strategic-level SC network decisions should be modelled with a risk metric to help
understand how network decisions influence SC risks.

The principal contribution of the proposed direction for future SC network optimization model research is the
improved modelling of demands, which are affected by the price and service characteristics of SCs. The price and
service, in turn, are substantially influenced by strategic-level SC network model decisions. As a second
contribution of the proposed framework, SC risk will be included in modelling strategic-level SC decisions.
Among the many published multi-objective SC network optimization models, only a few include SC risks as an
objective.
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MODEL DEFINITION

In this research, the model is built as deterministic MILP with three echelon SC networks, with multiple products
and a single period. The objectives of the model are to optimize SC configuration and to analyse how the location
and number of DCs will influence SC performance metrics. The demand at each customer zone is assumed to be
determined by the price and the utility function defined as DC-one day transportation coverage availability. The

Phase I: Identification of the model
objectives
Profit maximization (W)
Max. of total amount of sales (A)
Minimization of SC risks (B)

v

Phase I1: Definition of the
comprehensive mathematical model

v

Phase I11: Solving model as single
objective
Profit maximization
Maximization of Total Sales

v

Phase IV: Definition of goal
programming function and optimal
solution for MO Model

!

Phase V: Sensitivity analysis
Price elasticity (o)
One-day repl. effect coefficient ()
Risk factors (u, 8, @)
Relative weights of the objectives
(dy, d2)

Figure 1. Methodology on the
definition and analysis of the

3.1. Model Overview

SC structure consists of three echelons: (1) Suppliers, (2)
Distribution Centres (DC), and (3) Customer Zones. Figure 1
summarizes our methodology on the definition and the analysis of
the proposed model.

In Phase I, three objectives of the model are identified; profit
maximization, maximization of total sales (Plastria, 2001) and SC
risk minimization (Hendricks and Singhal 2005). Phase Il defines
the mathematical model which integrates the concept of the
competitive facility location model into SC Network optimization
models. The details of the proposed model may be found under
“model overview” section. Phase III provides the results of the
models defined as single objective separately for profit
maximization, sales maximization, and risk minimization.
Meanwhile, phase IV involves a multi-objective optimization model
which is constructed and solved to compare with the results of single
objective models. In that phase, goal programming algorithm is
utilized to solve the multi-objectivity. In the last phase, a sensitivity
analysis has been conducted to test the applicability of the model
with respect to various parameter coefficients; price elasticity, one—
day replenishment coverage impact, risk factors (disruption
probabilities), relative weights of the objectives.

Model Obijectives: The proposed model has three objectives. The first objective is the maximization of the total
profits. The second objective is the maximization of the total amount of sales, which are dependent on the price
and the distance between the DC and the customer zone. Sales volume is not calculated as the sum of the total
products distributed to customer zones, as the model may choose not to fill some of the demand when it is not
profitable. The third objective of the proposed model is the minimization of SC risks.

Decision Variables: There several decision variables that need to be determined:

= Number of DCs and their locations

= Capacity of each DC

= The inbound and outbound traffic network
=  DC - customer zone allocation

= Demand fill rate

Demand Function: In the SC network modelling literature, demand is generally either defined as deterministic
or defined as a product of price. As the main purpose of the present study is to prove that adding a utility
(attraction) function, which is also affected by strategic level SC decisions, to the demand model may have
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substantial influence on SC network optimization decisions, the demand model is built to include both price
elasticity and utility function. Demand is defined as the product of both the sales price and the responsiveness of
the SC network in terms of the distance between the DC and customer zones. In this study, the demand function
includes two independent variables:

e Demand to Price elasticity coefficient (a);

e Auvailability of the one—day replenishment coverage affect (B); it is assumed that if the distance between
the DC and retail outlet is less than a specified distance, the right product will be provided from the DC
in one day. Therefore, this availability will have a positive impact on the sales of the products by a
predefined coefficient (P).

Risk Function: To formulate SC risks, a path-based formulation, as proposed by Baghalian et al. (2013), is
utilized. In path-based formulation, possible disruptions in DCs (DC operations), inbound and outbound
connecting links (transportation links) are considered and formulated as the probability of disruption occurrence
in SC network nodes and links. Path-based formulation helps the analyser to visualize the effects of partial
disruption cases.

Predetermined probabilities of disruptions at DCs (DC operations), inbound and outbound connecting links
(transportation links) are formulated in risk value calculations. According to path-based supply side risk
calculation, the SC risk value of one DC network (current network) is calculated as follows:

SC risk value = (1-p)*(1-3)*(1-¢) = 0,995%0,99%0,98=0,965 1)

The first term in the formulation (p) is the probability of transporting the required goods to the DC without any
disruptions from suppliers. u assumed to be 0.5 % in the base scenario. The second term in the formulation () is
the probability of handling goods at the DC without any disruptions. d is assumed to be 1 % in the base scenario.
The third term in the formulation (o) is the probability of transporting the required goods from the current DC to
customer zones without any disruptions. ¢ is assumed to be 2 % in the base scenario. If more than one DC is
utilized within the SC network, the probability of disruption occurrences at each node and link is assumed to be
same. However, the disruption occurs at the SC network only if all alternatives at any single node or echelon are
disrupted.

Disruption costs: When the SC network does not operate due to disruptions, there will also be a loss of sales.
Therefore, shortage costs for each product type are also defined in the model. Shortage costs are defined as the
net difference between the sales price and the unit cost of the product. Disruption costs are calculated as the total
sales times the disruption probability of the whole SC network multiplied by shortage costs.

3.2. Notations and Formulation for the Model

Indices
i Products, i=1,.......... /
j Product suppliers, j=1,.......... J
k Distribution centres, k=1,.......... K
z Customer zones, z=1,......... V4
m Number of DCs, m=1,......... M
n Alternative cities, n=1,....... N
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Inputs

Fi Fixed costs for DC k
Cx Capacity for DC k
Tlij Inbound transportation costs for product (i) from supplier (j) to DC (k)

TOw, Outbound transportation costs for product (i) from DC (k) to customer zone (z)
ICni  Inventory costs per item in case of m DC(s)

Ui Unit purchasing cost of the product (i)

Si Shortage cost of the product (i)

SRjj Supply rate for the product i from supplier j

Price elasticity coefficient

One-day replenishment coverage area elasticity coefficient

Probability of disruption at the transportation link from suppliers to DC(s).
Probability of disruption at handling goods at DC(s).

Probability of disruption at the transportation link from DC(s) to customer zones
Poi Base (current) price of product (i)

DCKy, “1” if the distance between DC k and customer zone z is less than 600 km; otherwise, “0”
Doz Current demand of product (i) at customer zone (z)

DCnc  “1”if DCkis at city n; otherwise, “0”

9 OOFT ™

Outputs - Decision Variables

Xikz Total amount of product i distributed from DC k to customer zone z

Yii Total amount of product i distributed from supplier j to DC k

Dy, Demand of product i at customer zone z

TIC Total cost of inventory (changes depending on the total amount of sales and the number of DCs within
the SC network)

LS Total lost sales

LSC Total lost sales costs

Total profit

Total amount of sales

SC risk value

w > <

Binary Variables

DCx “1” if DCiis open; otherwise, “0”
DCSy, “1” if DC k serves customer zone z; otherwise, “0”
Om “1” if only m number of DC(s) is / are open; otherwise, “0”

Objective 1: Maximization of total profit
w = [(Zipi * 21 Kinz) = LSCI] = [Z(Zkzoa-kz) U] + [Z,k(n-,-k) # (Thje)] +
[ BikzKirz) * (TOu)] + [ X, (Fi) * (DC)] + [TIC] )

Objective 2: Maximization of total amount of sales

A= Mug) - LS 3)
ikz

Objective 3: Maximization of SC risk value
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B= ) (-wmx (=8 (1-g™ xS, )

Subject to:

D;, = DO;, + a * [(P; — PO,) x

Z DCS,, * DCKy, * DO, Vi z (5)

PO

ZYijk < inkz Vik (6)
j z

Exikz « DCSy, < Dy~ Viyz %)
k
DVie = D Xuar SRy Vij ®
k kz
ZYi,-k < DGy *Cy vk €)]
ij
ZDCSkZ -1 vz (10)
k

Xiy < DCSy, * 100000000 V i, k, z (11)

ZDCk— Zo *m (12)
ZO —1 " (13)

Z(ZXlkz*lc,m) TIC < 1000000000 * (1 —S,,) Vm (14)

(Z ZXlkz) (1= ™) (1—8™) % (1—@™)]—LSC < 1000000000%(1—S,) ¥m  (15)

inkz*u— W™ s (1—8M)« (1—@™)] — LS < 1000000000 % (1 —S,) Vm (16)
ikz
Z DCy+DC <1 Vn 17
k
Xz Yijie ) Dig = 0 i,j,k, z (18)
DCp,DCSyy, Oy = 007 1V k,z,m (19)

The first objective function (W) (equation 3) maximizes total profit and is divided into five components: (1) Total
revenue excluding lost sales, (2) Total purchasing costs, (3) Total inbound transportation costs from suppliers to
DCs, (4) Total outbound transportation costs from DCs to customer zones, (4) Fixed costs associated with DC
operations, and (5) Total inventory costs.

The second objective function (A) (equation 4) maximizes total amount of sales excluding total lost sales due to
disruptions. The third objective function (B) (equation 5) maximizes SC risk value, which is a function of
disruption probabilities at SC nodes and links.

Equations 6 — 18 of the model represent the following:

Eqg. 6 specifies the demand for each customer zone for each product.

Eq. 7 ensures that any product transferred to a customer zone goes through a DC .

Eqg. 8 ensures that the total amount of products sold at each customer zone is less than the demand at that
point for a specific product.

Eq. 9 matches products sold at customer zones to supplied products.

Eq. 10 ensures that the total amount of products handled at each DC is within DC capacity.
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Eq. 11 and 12 ensures that each customer zone is served by only one DC.

Eq. 13 and 14 specify the number of DCs utilized within the model.

Eq. 15 calculates “Total inventory costs” based on the number of DCs utilized within the model. In the
calculation, the required Customer Service Level is assumed to be 99 %.

Eq. 16 calculates “Lost sales costs” based on disruption probabilities and the number of DCs utilized
within the model.

Eq. 17 calculates “Lost sales” based on disruption probabilities and the number of DCs utilized within the
model.

EQ. 18 ensures that a maximum of one DC is utilized at each city.

Eq. 19 ensures non-negativity for all variables.

EQ. 20 restricts the binary variables.
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IV. PROBLEM DEFINITION FOR A REAL-WORLD SCENARIO

XYZ Group Company is one of the leading ready-to-wear clothing companies primarily based in Turkey. The
company has approximately 150 retail stores throughout Turkey, including 3 multi-storey mega stores and over
500 sales points. The firm is one of Turkey’s first 500 Big Industrial Organizations in terms of sales volume,
number of employees, and other factors.

The company currently has only one DC in Istanbul. That DC supports all sales points throughout Turkey.
However, the number of sales points and the company’s total amount of sales increased sharply in recent years.
It is considered that the firm needs to reconfigure its SC network and to decide whether to open additional DC(s)
in alternative locations, such as Izmir or Ankara. In the case of opening a new DC, the firm also needs to decide
on the capacity of the new DC.

The company’s current SC structure is composed of three echelons. Figure 2 depicts the current network of the
company:

Customers

Outbound Transportation

Plant Inbound Transportation

DC (istanbul)

Suppliers

/7 DC (izmir)

& A
:/ DC (Ankara) \A
_ ~ A

< x\A
A

Figure 2. Current SC Network of XYZ Company

Customer zones are spread throughout Turkey. The company has 209 retail outlets. The demand for the retail
outlets is aggregated to 39 city locations. The company has an enormous number of SKU to provide to the
customer zones. To simplify the model, SKU are aggregated to represent the company’s entire product
composition. In the current SC network, only some of the stores are provided the right product within one day. If
the distance between the DC and the retail outlet is less than 600 kilometres the right product will be provided
from the DC in one day.

V. CONCLUSIONS AND FURTHER RESEARCH SUGGESTIONS

This study aims to analyse and explore how strategic level SC network decisions, such as number, location, and
capacity of SC nodes affect sales volume and, ultimately, strategic level SC network decisions. The developed
model is the first SC network optimization model to incorporate the changes in demand, which is defined as being
subject to both the price change and distance from the end-customers and which is substantially influenced by
strategic level SC network optimization model decisions. The results prove that including a utility function (based
on the number and the location of DCs) in demand substantially changes the value of all three performance
objectives of the model. When the model proposes opening an additional DC, it generates approximately 5 %
more sales volume due to the defined utility function. However, the model generates less profit due to the fixed
DC costs, slightly increased inventory holding costs, and slightly increased transportation costs.
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The model also proves that single objective models may not generate acceptable results and that SC network
optimization models need to be defined as multi-objective, as SCs are multi-objective in nature.

The model results also show that the model’s performance objectives are substantially influenced by strategic
level SC network decisions such as the number and location of DCs, price change level, and other factors, which
have a substantial influence on all performance objectives. However, decisions such as SC network traffic
decisions, DC — customer zone allocation, and demand fill rate have either minor or no influence on performance
of the SC.

The model is also utilized to model SC disruption risks. The risk factor sensitivity analysis shows that controlling
and lowering disruption probabilities as much as possible through SC nodes and links is crucial for the company’s
success, as lower disruption probabilities may lead to lower risks, higher sales volume, and higher profitability,
all of which are very important to serving customers without interruption.

To enhance the developed model, other utility (attraction) functions that are also influenced by SC network
configuration decisions—such as customer service level, availability of the stores at the demand point, distance
between the store and the customers—may be defined to explore how demand and, ultimately, network
configurations are influenced by those decisions.

A major limitation of the study concerns the lack of research on several major parameters of the model, such as
the price elasticity coefficient and the DC — customer zone one-day replenishment coverage effect coefficient.
After a more deliberate study of price elasticity in the market and after implementing the one-day replenishment
program, the study may be rerun with the real data gathered from the market on those coefficients.

To explore the usefulness of the model, it may also be applied to real-world scenarios from other highly
competitive sectors such as food products, electronic products. The SC network of the model firm only consisted
of three echelons. Defining a more complex SC network with more than three echelons and possibly including
recycling centres, globalization issues, and other factors may also enhance the usefulness of the model.

In the proposed model, a simple, linear demand model that includes price elasticity and utility function is defined
for the sake of simplicity. A more complex demand model may be defined to analyse how SC network
optimization decisions and model objectives change. Again, to simplify the model, only supply side path-based
risk formulation is utilized. The model may be defined with a more comprehensive SC risk modelling. To avoid
non-linearity in revenue function, different price change values are defined as alternative scenarios, and each
scenario is solved separately instead of defining sales price as a decision variable. In a future study, a non-linear
model that defines sales price as a decision variable may be defined and solved by non-linear solution algorithms.
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