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In recent years, practitioners and academic researchers have emphasized that
organizations need to collaborate with suppliers and customers to improve their
competitive advantage. The availability of cost efficient information technologies like
EDI, XML, etc. have made it possible to develop and implement many forms of
collaboration strategies. Among them, Vendor Managed Inventory (VMI) and
Collaborative Planning, Forecasting and Replenishment (CPFR) are most popular, which
are considered for this study. While many studies have identified the benefits of demand
information sharing in supply chains; however the benefits gained by implementing
collaboration strategies like VMI and CPFR in a variable demand environment are not
well established in the literature.
This study uses discrete event simulation (Arena software) to develop three
different supply chain simulation models (TSC, VMI and CPFR). These models are used
to investigate cost benefits of CPFR and VMI over Traditional Supply Chain (TSC) in a
variable demand environment. The conceptual model is a two echelon productioninventory system with a manufacturer (plant and warehouse) and a retailer. Periodic
review order up-to inventory policy is used to determine order quantity for retailer and

production quantity for manufacturer during each period. Manufacturer has capacity
constraints and any demand not met during the period is backordered. Similarly, retailer
fulfills their demand from available inventory and any demand not met is backordered.
Demand variability, production capacity, backorder penalty cost, delivery lead time and
supply chain strategy are used as the control variables. Manufacturer cost and retailer cost
are used as the performance measures.
The outputs from the three simulation models are analyzed using ANOVA and the
Pairwise Comparisons method. The results from this study confirm that when compared
to TSC, both VMI and CPFR achieve cost reduction for both the manufacturer and the
retailer. Also higher cost reduction is achieved in CPFR collaboration strategy compared
to VMI for both the manufacturer and the retailer. In addition for both the manufacturer
and the retailer, higher cost reductions are achieved in the CPFR strategy when demand
variability is high, production capacity is low, backorder penalty cost is high and delivery
lead time is high.
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INTRODUCTION
Introduction
Many manufacturing companies develop forecast of future demand and use this
information for production planning and inventory replenishment decisions. In a
traditional supply chain (TSC), the manufacturer has no demand visibility of their
customer and they usually develop forecasts from historical demand. Several studies in
research and in practice have identified that historical demand often provide delayed and
inaccurate information of the actual future demand (Gavirneni et al. 1999, Zhao 2002).
Generally in a variable demand environment, the demand forecasts developed by the
manufacturer often tend to be less accurate, leading to increased inventory holding cost
and reduced service levels in the supply chain. Typically, inaccurate forecasts often lead
to increased production costs, increased transportation costs, increased stockout costs and
longer replenishment lead times (Chopra & Meindl, 2001). Additionally, in a variable
demand environment with production capacity constraints, the inaccuracy of the
manufacturer forecast can have a significant impact on the overall cost for both the
manufacturer and their customer.
To manage variable customer demand, supply chain members typically maintain
very high level of safety stock inventory which increases the overall cost of the supply
chain. For example in 1996, approximately $700 billion of the $2.3 trillion retail supply
chain was in safety stock inventory (Lewis, 1998); about 30% of the total inventory in the
retail supply chain. Also, in the recent Annual State of Logistics Report (Wilson, 2006)
over $1 trillion is annually spent on logistics; out of which approximately 33 percent was
attributed to the cost of holding inventory.
1

In recent years, many academic researchers and practitioners have emphasized
that information sharing between supply chain members can significantly improve the
forecast accuracy, reduce inventory levels and improve service levels in the supply chain.
In a supplier-customer (e.g. manufacturer-retailer) supply chain setting, many research
studies have shown the benefits of demand information sharing in the supply chain
(Gavirneni et al. 1999, Lee et al. 2000, Chen et al. 2000, Xu et al. 2001, Yu et al. 2002,
Zhao et al. 2002, Kelepouris et al., 2008). However, most of these studies also show that
the supplier gains more benefits of information sharing with very minimal benefits gained
by the retailer. In this situation, the retailer has no incentive to share information with the
supplier, unless the retailer gains significant benefits from information sharing. In order
to encourage retailers to share information with the suppliers, many collaboration
strategies like Continuous Replenishment Program (CRP), Vendor Managed Inventory
(VMI) and Collaborative Planning, Forecasting and Replenishment (CPFR) were
developed and implemented in many industries. For instance, Wal-Mart with Procter &
Gamble (Cooke 1998), Wal-Mart with Warner-Lambert (Foote and Krishnamurthi 2001),
Sears with Michelin (Steermann 2003), Boeing with Alcoa (Micheau 2005), etc. are some
examples of these collaboration strategies implemented in many different industries.
Typically, collaboration strategies like VMI and CPFR require different types of
information sharing that provide different levels of demand visibility and benefits for the
supply chain partners. Additionally, the implementation cost and operational cost for
these collaboration strategies are usually different. CPFR achieves higher collaboration
level with higher benefits; however the implementation cost and operational cost may
also be higher compared to VMI. Usually there is a trade-off between the costs and

2

benefits for these two collaboration strategies. So there is a need to determine the
appropriate collaboration strategy to pursue that will benefit both for the manufacturer
and the retailer.
Traditional Supply Chain (TSC)
In a Traditional Supply Chain (TSC) with a supplier (e.g. manufacturer) and
customer (e.g. distributor or retailer), the customer typically uses the conventional form
of inventory replenishment policy where only orders are placed by the customer. In a
TSC supply chain setting, the customer is responsible to track inventory levels at their
locations and create a purchase order to make appropriate inventory replenishment
decisions (e.g. order quantity and/or order timing). Usually, the supplier (e.g.
manufacturer) has no information about future demand or inventory levels at their
customer’s locations and so has no prior knowledge about the quantity and/or time of the
purchase order from their customer. In this situation, the supplier usually maintains a
higher level of safety stock inventory to meet their customer orders. Additionally, the
customer may also maintain a higher level of safety stock, in case the supplier is not able
to replenish the full order on time.
However, this decentralized decision-making leads to demand distortion, also
known as bullwhip effect. Demand distortion can impact the supply chain members with
inaccurate forecasts, inefficient production planning, increased transportation costs,
increased inventory levels and increased overall cost of inventory management. Several
authors have suggested that information sharing among supply chain partners helps to
reduce demand distortion, which in turn helps to reduce inventory management costs in
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the supply chain (Lee et al. 1997, Gavirneni et al. 1999, Chen et al. 2000, Lee et al. 2000,
Xu et al. 2001, Yu et al. 2002, Kelepouris et al. 2008).
Since a supply chain is a complex network, many researchers usually consider the
dyadic structure (two-levels) to study the benefits of information sharing. Some
researchers expand these studies to include multiple levels or multiple customers in the
supply chain. Most of the earlier studies usually focused on the benefits of information
sharing without considering collaboration between the supply chain members.
Forrester (1961), in his original work on industrial dynamics illustrated that
demand gets amplified as it moves up the supply chain. He determined that demand
amplification (also known as bullwhip effect) is caused by delays in decision-making and
inventory control policies. Using a simulation model known as “beer distribution game”
with four players, Steermann (1989) provided further evidence of bullwhip effect in the
supply chain. Lee et al. (1997) studied and analyzed four sources of bullwhip effect and
suggested that sharing demand information with upstream members of the supply chain is
one remedy to reduce the bullwhip effect and reduce inventory management cost in the
supply chain. In recent years several authors (Gavirneni et al. 1999, Lee et al. 2000, Xu et
al. 2001, Yu et al. 2002, Zhao et al., 2002, Simchi-Levi & Zhao 2003) have studied and
shown that information sharing helps to reduce the inventory levels and overall cost in
the supply chain. However, there are not many studies that consider benefits of
information sharing in a variable demand environment.
Generally, there is not much consensus on the magnitude of cost savings achieved
by information sharing. For example, Gavirneni et al. (1999) show that information
sharing helps the manufacturer to reduce their cost by up to 35%. Similarly, Zhao et al.
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(2002) show that information sharing helps to reduce the total supply chain cost by more
than 25%. Conversely, Raghunathan (2001) shows that in a wide range of conditions,
information sharing does not result in more than 0.1% reduction in the average supply
chain cost.
Additionally, many researchers (Lee et al. 2000, Zhao et al. 2002, Yu et al., 2002)
have noted that the supplier (e.g. manufacturer) gains more benefits of information
sharing than the customer (e.g. retailer). In this situation, the customer has no incentive to
share information with the supplier, unless the customer gains significant benefits from
information sharing. In order to encourage customers to share information with the
suppliers, many collaboration strategies like Continuous Replenishment Program (CRP),
Vendor

Managed

Inventory

(VMI),

Collaborative

Planning,

Forecasting

and

Replenishment (CPFR) were developed to potentially benefit both the supply chain
partners.
Vendor Managed Inventory (VMI)
Vendor Managed Inventory (VMI) is a collaboration strategy where sales data
and inventory level information are usually shared by the customer with the supplier. In a
typical VMI agreement between a supplier (e.g. manufacturer) and a customer (e.g.
retailer), the supplier is given the authority and responsibility to make inventory
replenishment decisions for their customer. The customer is responsible to share accurate
and timely sales data and inventory level information and the supplier is responsible to
utilize this shared information to make efficient inventory replenishment decisions for
their customer.
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The idea of VMI did not originate from the academic research, but was developed
by a partnership between two companies. One of the earliest VMI agreements was
pioneered by Wal-Mart (retailer) with Procter & Gamble (manufacturer) in the late 1980s
(Cooke 1998). This agreement, originally known as Continuous Replenishment Program
(CRP) was established to allow Procter & Gamble to make appropriate inventory
replenishment decisions for Wal-Mart. Based on the agreement, Wal-Mart shared sales
data and inventory level information on a regular basis and Procter & Gamble used this
information to make efficient inventory replenishment decisions for Wal-Mart. This
agreement between Wal-Mart and Procter & Gamble helped to improve service levels for
the trading partners and also reduce the overall cost of inventory management in the
supply chain.
With the successful introduction of this VMI agreement, several companies in
many different industries implemented VMI partnerships. For example: Barilla SpA
(Hammond 1994), Campbell Soup (Cachon & Fisher 1997), Intel Corporation (Kanellos
1998) Hewlett Packard (Waller et al. 1999), and Kraft Food Inc. (Emigh 1999)
implemented VMI with their suppliers or customers. Many researchers (Aviv and
Federgruen 1998, Waller et al. 1999, Cetinkaya and Lee 2000, Dong and Xu 2002,
Angulo et al. 2004, Yao et al. 2007) studied and showed the benefits of VMI over the
traditional supply chain (TSC). While some studies demonstrated that VMI helped to
reduce inventory levels and total cost in supply chain (Waller et al. 1999, Kaipai et al.
2002, Kulp et al. 2004), however, some other studies reported that VMI implementations
did not benefit all supply chain partners, specially the manufacturer (Cooke 1998, Vergin
& Barr 1999, Lapide 2001, Baljko 2003). For example, a study in electronics industry
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found that 62% of customers were able to lower their costs, whereas 49% of suppliers
had increased their costs by partnering in a VMI program (Baljko 2003). Some of these
studies reveal that, while many customers benefited with lower inventory levels and
reduced cost, however some manufacturers did not gain much benefits and stated that
their customer’s lower inventories were coming at their expense as they had to maintain
higher inventory levels to manage the fluctuations in customer demand.
Additionally, some customers backed away from VMI agreements after realizing
that the suppliers were not able to develop accurate forecast to meet variable customer
demand. For example, Kmart reduced a significant amount of VMI contracts as they were
not satisfied with the forecasting ability of some suppliers (Fiddis, 1997). Similarly,
Spartan stores cut down its VMI agreements as some of their suppliers were unable to
deal with product promotions and variable customer demand (Simchi-Levi et al., 2003).
It is important to understand the reasons behind why some VMI implementations
were successful, while others did not achieve the needed benefits. It is well understood
that in a typical VMI agreement, the customer is usually not involved in decision making
such as demand forecasting, replenishment planning, etc. Also, the customer rarely shares
sales forecast or future demand requirement, and so supplier only gains partial visibility
of the customer demand. However in a variable demand environment, the availability of
demand forecast or future demand requirements can be critical for both the supplier and
the customer. So to gain full demand visibility, it is important for the customer to be
involved in decision making activities and also collaborate with the supplier to develop
demand forecast or future demand requirements. To remedy this shortcoming of VMI, the
Collaborative Planning, Forecasting and Replenishment (CPFR) strategy was developed.
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Collaborative Planning, Forecasting and Replenishment (CPFR)
Collaborative Planning, Forecasting and Replenishment (CPFR) is considered to
be the latest strategy in the evolution of supply chain collaboration. Some of the earlier
collaboration strategies like CRP and VMI focused more on replenishment planning
activities and had gaps that did not give much consideration to the aspects of demand
forecasting and production planning. In CRP and VMI agreements, the customer
typically is not involved in decision making activities and this made it difficult for the
supplier to make accurate demand forecasting, production planning and replenishment
planning decisions in a variable demand environment. However, CPFR is a
comprehensive collaboration strategy that provides an excellent opportunity for both the
customer and the supplier to collaborate and jointly develop demand forecast and
replenishment planning activities.
Just like VMI, CPFR also originated from a partnership between two companies.
Wal-Mart can also be credited in initiating the development of CPFR. In 1995, the first
CPFR project was initiated by Wal-Mart (retailer) with Warner-Lambert (manufacturer).
Consulting company Benchmarking Partners and software companies SAP and
Manugistics supported them in this project. This project was initially called as
Collaborative Forecasting and Replenishment (CFAR). Listerine mouthwash products
were used to test this strategy during this pilot project. Wal-Mart and Warner-Lambert
independently developed their demand forecasts and compared them on a weekly basis.
Any discrepancies between their forecasts were resolved which helped both companies to
work with a single forecast. Additionally, both companies jointly made decisions on the
order and replenishment activities (Seifert, 2003).
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This initial project was considered a success and since then several companies
have been involved in implementing CPFR with their suppliers and/or their customers.
For example some early CPFR implementations include Sara Lee with Wal-Mart,
Schering-Plough with Kmart, Eckerd Corporation with Target, Procter & Gamble with
Metro, Nestle with Sainsbury, etc. (Seifert, 2003; Esper & Williams, 2003)
After initial success of this pilot project, the Voluntary Inter-industry Standards
Association (VICS, 1998), known for their involvement in developing industry wide
standards for EDI, became involved in developing voluntary guidelines aimed at
structuring and guiding supply chain partners to implement CPFR agreements. Several
leading retailers, consumer product manufacturers along with software providers and
consultants participated to develop these voluntary guidelines, called the VICS CPFR
process model. This VICS CPFR implementation process consists of nine steps:
Step 1 - Develop Front End Agreement
Step 2 - Create Joint Business Plan
Step 3 - Create the Sales Forecast
Step 4 - Identify Exceptions for Sales Forecast
Step 5 – Resolve and Collaborate on Exception Items
Step 6 - Create the Order Forecast
Step 7 - Identify Exceptions for Order Forecast
Step 8 – Resolve and Collaborate on Exception Items
Step 9 – Generate the Order

9

Figure 1. VICS CPFR Model
The CPFR model shown above provides a general framework for the
collaborative aspects of planning, forecasting and replenishment processes. The retailer
as a buyer and the manufacturer as a seller form the collaboration partnership, who then
work together to satisfy the demands of the consumer, who is at the center of the model.
These voluntary guidelines have helped several companies in developing and
implementing good CPFR relationship with their trading partners (e.g. manufacturers and
retailers). These guidelines provide detail information on “how to implement” CPFR
relationship with their trading partners. However, generally these voluntary guidelines do
not consider “under what factor combinations” should the trading partners develop and
implement the CPFR agreement with their trading partners.
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Problem Statement
In a supplier-customer (e.g. manufacturer-retailer) supply chain setting, there are
many studies that show the benefits of demand information sharing in a supply chain.
Many of these studies compare benefits of demand information sharing with no
information sharing in a traditional supply chain (Bourland et al. 1996, Gavirneni et al.
1999, Lee et al. 2000, Chen et al. 2000, Yu et al. 2002, Zhao et al. 2002, Lau et al. 2004,
Li et al. 2006). Most of these studies show that demand information sharing helps to
reduce the overall cost and inventory levels in the supply chain. However, most of these
studies consider benefits of demand information sharing in a traditional supply chain and
they do not compare and/or show the benefits of collaboration strategies like VMI and
CPFR with traditional supply chain.
However, there are very few analytical and/or simulation studies that compare and
show the benefits of VMI and CPFR over traditional supply chain (TSC). For example:
Boone et al. (2002), Disney et al. (2004), Cigolini & Rossi (2006) and Sari (2008) are
some studies that consider this situation. Boone et al. (2002) consider a four-level supply
chain and use simulation modeling to show the benefits of CPFR on service level
compared to reorder point (ROP) method. Disney et al. (2004) use a four-level supply
chain and utilize the beer game to determine the bullwhip effect of various supply chain
strategies like VMI, EPOS (similar to CPFR) over the traditional supply chain. Cigolini
& Rossi (2006) consider a four level supply chain and use simulation modeling to
compare benefits of CPFR and VMI over LCA (similar to TSC) on service level and
forecasting accuracy. Similarly, Sari (2008) consider a four-level supply chain and use
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simulation modeling to compare benefits of CPFR and VMI over TSC on service level
and supply chain cost.
The studies comparing the benefits of collaboration strategies like VMI and CPFR
over TSC, mostly consider a multi-echelon supply chain (Boone et al., 2002; Cigolini and
Rossi, 2006; Sari, 2008) and focus on service level and/or cost savings achieved by the
entire supply chain. These studies do provide some valuable information to pursue the
appropriate collaboration strategy based on a multi echelon supply chain setting.
However, most collaboration strategies typically involve two trading partners (e.g.
manufacturer and retailer) who need to make a decision based on the operational and
environmental parameters of the supply chain and also on the individual benefits gained
from these collaboration strategies (VMI and CPFR). To the best of our knowledge based
on the literature review, there are no studies that compare the benefits of CPFR and VMI
over TSC in a two-echelon supply chain consisting of a manufacturer and a retailer in a
variable demand environment.
This research investigates the benefits of VMI and CPFR to the manufacturer and
the retailer in a variable demand environment. The focus of this research is to study the
cost benefits of collaboration strategy (VMI and CPFR) over traditional supply chain
(TSC) for both the manufacturer and retailer in a variable demand environment. Based on
the different factor combinations (control variables), this research investigates the cost
benefits gained by each supply chain partner (manufacturer and retailer) under VMI and
CPFR collaboration strategies compared to the traditional supply chain (TSC).
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Research Objectives
As information sharing is the foundation for any collaboration strategies,
decisions on the level of collaboration are strongly correlated with decisions on the type
of information shared between the supply chain partners. Generally, collaboration
strategies like VMI and CPFR share different types of information that lead to different
level of demand visibility and benefits for the collaborating partners. Additionally, the
implementation cost and operational cost for these collaboration strategies are usually
different. CPFR achieves higher collaboration level with higher benefits, however the
implementation cost and operational cost is typically higher compared to VMI.
So the main objective of this research is to investigate the cost benefits of CPFR
and VMI collaboration strategies over TSC, for both the manufacturer and retailer in a
variable demand environment. A second objective is to critically analyze the benefits of
CPFR and VMI compared to TSC, to determine the significant impact of control
variables such as variable demand, production capacity, backorder penalty cost and
delivery lead time on the manufacturer cost and the retailer cost. This is accomplished by
developing three different simulation models (TSC, VMI & CPFR) using Arena software
to investigate the impact of different control variables considered in this study. Using the
results from the statistical analysis, the third objective is to provide managerial insight to
help the manufacturer and retailer to pursue appropriate collaboration strategy based on
the supply chain setting (factor combinations). The main motivation for this research is to
identify different factors (control variables) in CPFR and VMI collaboration strategies
that have a significant influence to reduce the manufacturer cost and the retailer cost.
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This research will use and extend some of these earlier studies (Aviv and
Federgruen 1998, Lee et al. 2000, Yu et al. 2002, Kelepouris et al. 2006 and Sari 2008).
Aviv and Federgruen (1998) modeled a two-level supply chain and compared the benefits
of VMI over the traditional supply chain. Lee et al (2000), Yu et al. (2002) and
Kelepouris et al. (2006) modeled a two-level supply chain and compared the benefits of
demand information sharing with no information sharing in a traditional supply chain.
Sari (2008) modeled a four-level supply chain and compared the benefits of VMI and
CPFR with the traditional supply chain. The proposed research will contribute to the
literature in several ways.
o Determines impact of no information sharing in TSC, sales and inventory
information sharing in VMI, forecast, sales and inventory information sharing in
CPFR on total cost for both the manufacturer and the retailer in a variable demand
environment.
o Determines the impact of control variables like demand variability, production
capacity, backorder penalty cost and delivery lead time on the manufacturer cost
and retailer cost in the three different supply chain strategies.
o Determines interaction effects of control variables in a variable demand
environment on manufacturer cost and retailer cost in the three different supply
chain strategies.
o Finally based on the statistical analysis, this research provides valuable
managerial insight by identifying the important control variables that have greater
influence on cost benefits in CPFR and VMI strategies for both the manufacturer
and the retailer.

14

Research Questions
To investigate the impact of collaboration strategies like VMI and CPFR
compared to TSC on the overall cost of inventory management for both the manufacturer
and retailer, this study considers a two level supply chain setting with a manufacturer (i.e.
supplier) and a retailer (i.e. customer). Since information is shared in the VMI and CPFR
supply chain strategies, it is expected that both VMI and CPFR will perform better than
TSC to help in reducing the overall cost for the manufacturer and the retailer. To
determine the important factors that will help to reduce the overall costs for the
manufacturer and the retailer, this study will investigate the following research questions.
1. In a variable demand environment, does CPFR perform better than VMI in
reducing the retailer cost?
2. In a variable demand environment, does CPFR perform better than VMI in
reducing the manufacturer cost?
3. In a variable demand environment how do these factors: production capacity,
backorder penalty cost and delivery lead time impact the choice of CPFR, VMI or
TSC for the retailer?
4. In a variable demand environment how do these factors: production capacity,
backorder penalty cost and delivery lead time impact the choice of CPFR, VMI or
TSC for the manufacturer?
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LITERATURE REVIEW
Literature review for this study will review the research in the area of information
sharing in Traditional Supply Chain (TSC), Vendor Managed Inventory (VMI) and
Collaborative Planning, Forecasting and Replenishment (CPFR). As information sharing
is the foundation for any collaboration strategies, decisions on the level of collaboration
are strongly correlated with decisions on the type of information shared between the
supply chain partners.
In a traditional supply chain (TSC), the customer places orders to the supplier and
usually do not share any information about sales forecast or their future demand. The
customer makes inventory replenishment decisions based on forecast of market demand.
Similarly, the supplier makes production planning and inventory replenishment decisions
based on forecast from historical demand. However, this decentralized decision-making
leads to demand distortion, also known as bullwhip effect. Demand distortion (bullwhip
effect) can affect the supply chain members with inaccurate forecasts, inefficient
production planning, increased transportation costs and increased overall cost of
inventory management. Several authors have suggested that information sharing among
the supply chain partners helps to reduce demand distortion, which in turn helps to reduce
the overall cost of inventory management (Lee et al. 1997, Gavirneni et al. 1999, Chen et
al. 2000, Xu et al. 2001, Yu et al. 2002, Dejonckheere et al. 2003, Chatfield et al. 2004).
Collaboration strategies like VMI and CPFR require sharing of information
between the supply chain partners. With recent advances in information technologies like
EDI, XML, etc., the cost of information sharing among supply chain partners has reduced
significantly. This has helped several companies to pursue collaboration strategies like
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CRP, VMI and CPFR. Typically in a VMI agreement, sales data and inventory level
information are shared by the customer with the supplier. Similarly in a CPFR agreement,
usually the sales forecast or demand data and inventory level information are shared by
the customer with the supplier. Based on the success of these collaboration strategies, it
has also prompted several academic researchers to study the benefits of information
sharing and collaboration strategies in the supply chain. There are several analytical and
simulation studies that consider the benefits of information sharing in the supply chains.
Table 1. Typical Information Shared in the Supply Chain
Supply Chain Strategy

Information Shared

TSC

No Information is Shared

VMI

Sales Data, Inventory Data

CPFR

Forecast, Sales, Inventory Data

Information Sharing in Supply Chains
Forrester (1961), in his original work on industrial dynamics illustrated that
demand gets amplified as it moves up the supply chain. He determined that demand
amplification (also known as bullwhip effect) is caused by delays in decision-making and
inventory control policies. The increase in demand variability (bullwhip effect) as one
move up the supply chain can significantly reduce the service level and increase cost of
inventory management in the supply chain. Using a simulation model known as “beer
distribution game” with four players, Steermann (1989) provided further evidence of
bullwhip effect in the supply chain. Lee et al. (1997) studied and analyzed four sources of
bullwhip effect and suggested that sharing demand information with upstream members
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of the supply chain is one remedy to reduce bullwhip effect and reduce overall cost of
inventory management in the supply chain.
Since a supply chain is a complex network, many researchers usually consider the
dyadic structure (two-levels) to study the benefits of information sharing. Some
researchers expand these studies to include multiple levels or multiple customers in the
supply chain. Most of the earlier studies usually focused on the benefits of information
sharing without considering collaboration between the supply chain members.
In one of the earliest studies to determine the benefits of sharing demand
information, Bourland et al. (1996) consider a supply chain consisting of a manufacturer
supplying a single component to a customer (final assembly plant). They compare
sharing demand information with no information sharing in a traditional supply chain
(TSC). In the no information sharing setting, the manufacturer periodically receives
orders from the customer with variable order sizes. In the information sharing setting, the
customer provides daily demand information at the end of each day and periodically
orders from the manufacturer. The manufacturer has long changeover times between
products and uses a periodic scheduling system. The numerical study examines the
differences in inventory levels by changing some of the parameters. Based on their
analysis, they conclude that the value of demand information is significant when the
length of the order cycle decreases and as the service levels, holding costs and demand
variability increases.
Gavirneni et al. (1999) study the benefits of information sharing in a supply chain
with one supplier (manufacturer) and one retailer where demand is independent and
identically distributed. They aim to study the trade-offs between inventories, capacities
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and information available to the supplier. The supplier has limited production capacity
and the retailer uses a periodic review (s, S) inventory replenishment policy. At the
beginning of each period, the retailer reviews their inventory level (on-hand inventory
minus customer backorders), and if it is below s, they place an order with the supplier to
raise the inventory level to S. If the supplier does not have sufficient inventory to fulfill
the order, partial shipment is made to the retailer and the remaining is back ordered. The
production lead time for the supplier is assumed to be one period and the delivery lead
time to the retailer is assumed to be zero. They develop an analytical model and use
computational study to compare information sharing with no information sharing in a
traditional supply chain (TSC). In the information sharing setting, demand information is
shared with the supplier. Based on their analysis, they show that information sharing can
reduce the manufacturer’s cost by 1% to 35% depending on the manufacturing capacity,
demand variance and ratio of penalty cost to holding cost. They conclude that the benefits
of information sharing are most significant when manufacturing capacity is high, the
demand variance is moderate and the ratio of penalty cost to holding cost is moderate.
Similarly, Lee et al. (2000) consider a two-level supply chain with one
manufacturer and one retailer. Whereas, Bourland et al. (1996) and Gavirneni et al.
(1999) consider demand to be independent and identically distributed over time, Lee et
al. (2000) consider demand to be auto-correlated. Both the manufacturer and retailer use
the periodic review order-up-to level policy to replenish their inventory. The order-up-to
level at the manufacturer and retailer are determined to help minimize the inventory
holding and stock out costs during the delivery lead time. They analytically compare
information sharing with no information sharing in a traditional supply chain (TSC)
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setting. Their analysis indicates that having access to retailer’s demand information can
provide significant cost savings and inventory reductions for the manufacturer,
specifically, when demand is highly correlated over time and demand variance is high
within each time period or when the lead time is long.
Yu et al. (2002), use the model developed by Lee et al. (2000) to further test the
benefits of information sharing in a VMI setting. They consider similar supply chain
setting of one manufacturer and one retailer with auto-correlated demand process as in
Lee et al. (2000). They analytically compare three different situations: (i) no information
sharing in a traditional supply chain (TSC), (ii) information sharing in a traditional supply
chain (TSC) and (iii) information sharing in a VMI supply chain. The results from their
analysis to the first two situations are similar to those obtained by Lee et al. (2000).
Additionally, they show that information sharing in a VMI agreement helps to further
reduce the overall cost and inventory levels in the supply chain. However, most of the
benefits are gained by the manufacturer and the benefits to the retailer are minimal. They
explain this to the fact that the retailer’s order-up-to level and also the lead time from
manufacturer to retailer does not vary in the three different situations. They suggest that
one way to improve benefits to the retailer is by reducing the delivery lead time and
sharing this information with the retailer.
Cheng & Wu( 2005) expand the studies of Lee et al. (2000) and Yu et al. (2002)
by considering a two-level supply chain with multiple retailers to study the impact of
information sharing on inventory level and the expected cost. They consider a supply
chain setting of one supplier and multiple retailers with autoregressive demand process as
in Lee et al. (2000) and Yu et al. (2002). A periodic review order-up-to level policy is
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used by the supplier and the retailers to replenish their inventory. The size of all retailers
demand during time t is considered as the total demand for the supplier. The supplier
orders inventory from an outside source with a fixed lead time. They analytically
compare three different situations: (i) no information sharing in a traditional supply chain
(TSC), (ii) information sharing in a traditional supply chain (TSC) and (iii) information
sharing in a VMI supply chain. The results from their analysis are similar to those
obtained by Lee et al. (2000) for situations (i) and (ii). However, they also show that
there is no difference in inventory level and expected cost for the manufacturer between
information sharing at levels (ii) and (iii). Based on their analysis, they explain that the
inventory level and expected cost depend only on the variance of the demand, which is
same in both the information sharing situations (ii) and (iii).
Some studies have considered the benefits of information sharing when
manufacturer has limited production capacity. Zhao (2002) study the benefits of
information sharing in a two-level supply chain with a single capacitated manufacturer
and a single retailer facing independent demand. The retailer shares demand information
on a regular basis and places an order using a periodic review policy. The production
capacity of the manufacturer is assumed to be proportional to the time available for
production. Based on their analysis, they determine that in a make-to-stock environment,
the benefits of information sharing increases as the production capacity increases. As the
production capacity over mean demand increases from 1.2 to 3.0, the overall cost savings
increases from 3% to 35%. With the increase in production capacity, the manufacturer is
able to better plan their production to take advantage of all the information available from
the retailer, which in turn helps to reduce total cost.
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Similarly, Simchi-Levi and Zhao (2003) study a two-level production-inventory
system with a single capacitated manufacturer and single retailer with independent and
identically distributed demand. They compare information sharing with no information
sharing in a traditional supply chain (TSC). In the information sharing setting, the retailer
provides sales data more frequently (once a week or once every other week) and place
orders once every four weeks. They demonstrate through computational study, that the
increased frequency of information sharing during an order interval increases the benefits
to the manufacturer. These benefits increase when the manufacturer has excess
production capacity, which helps them to plan and make better production decisions.
Xue et al. (2011) compare the benefits of information sharing in a two level
construction supply chain between continuous review (s, S) and periodic review (PR)
inventory policy. The two-level supply chain (supplier and contractor) is used to
determine benefits of information sharing. Service level and total supply chain cost are
used as the performance measures. The study concludes that there are benefits of
information sharing in both inventory policies. However when contractor’s service level
needs to be higher, a periodic review policy can be used instead of continuous review
policy. However to reduce cost of inventory management, shorter review period should
be used along with improved information sharing.
Some authors have suggested that the forecasting method used by the retailer (for
e.g. moving average, exponential smoothing) can have a significant impact on the quality
of forecast developed by the retailer, which in turn can have a significant impact on the
bullwhip effect and inventory levels in supply chain. Chen et al. (2000A) study the
impact of forecasting method used by the retailer on bullwhip effect in a two-level supply
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chain with a manufacturer and a retailer. A periodic review order-up-to level policy is
used by the retailer to replenish their inventory. Using an auto-correlated AR (1) demand
process they study the bullwhip effect, when the downstream retailer uses the moving
average (MA) method to forecast their lead time demand. They study the bullwhip effect
by determining the variance of order quantity relative to the variance of demand quantity.
They determine that the increase in variability from the retailer to the manufacturer is a
function of three parameters, (1) p, the number of observations used in the moving
average forecast, (2) L, the lead time parameter, and (3) ρ, the correlation parameter.
Chen et al. (2000B) extend the study of Chen et al. (2000A) by using Exponential
Smoothing (ES) forecasting method to study the impact of forecasting method used by
the retailer on the bullwhip effect. They determine that the increase in variability from
retailer to manufacturer is a function of three parameters: (1) α, smoothing parameter
used in exponential smoothing forecast, (2) L, the lead time parameter, and (3) ρ, the
correlation parameter. Next, they compare the increase in variability for the two
forecasting methods; moving average (MA) and exponential smoothing (ES), for the i.i.d.
demands. To make this comparison, they choose the parameters α and p such that both
forecasts have the same variance of the forecast errors. They conclude that shorter lead
times and using more demand information to develop the forecast reduces the bullwhip
effect in the supply chain. Additionally, for both the moving average and the exponential
smoothing forecasts, a retailer developing a forecast for a demand with a linear trend will
have more variable orders than a retailer forecasting for an i.i.d. demand process.
Similarly, there are other studies that consider and show the benefits of
information sharing. Yu et al. (2001) consider a two-level manufacturer-retailer supply
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chain setting and show that sharing demand information helps to reduce the inventory
levels and total costs in the supply chain. They also conclude that manufacturer gains
more benefits of information sharing than the retailer. Xu et al. (2001) consider a
manufacturer-retailer supply chain setting and show that information sharing will be
effective in reducing the safety stock inventory of the manufacturer while keeping the
retailer’s unchanged, when manufacturer’s variance of forecast errors is greater than that
of the retailer's before information sharing.
Kelepouris et al. (2008) consider a two level supply chain and study the impact of
lead-time, safety factor (z) and smoothing factor (α) used in the exponential smoothing
forecasting method. They use real demand data from a retailer and the results from
simulation clearly indicate that increase of either smoothing factor or safety factor results
in an increase of bullwhip effect. Additionally, the results show that information sharing
is a very effective way to significantly reduce the bullwhip effect and inventory levels in
the supply chain. Zhao et al. (2002A) considered a two level supply chain with one
supplier and four retailers. Based on a simulation study they conclude that the value of
information sharing is significantly influenced by the demand pattern, the forecasting
model used by the retailers and capacity tightness of the supplier.
Some studies show the benefits of information sharing in a multi-echelon supply
chain setting. Chen (1998) compares the echelon stock policy and installation stock
policy in a serial supply chain with N stages. Each stage replenishes a stage-specific
inventory position according to a stage-specific reorder point policy. Installation stock
policy does not require centralized information, whereas echelon stock policy requires
centralized demand information. They develop an algorithm for computing both the
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optimal echelon reorder point and the optimal installation reorder point, for fixed order
quantity. They conduct an extensive computational study to assess the value of
centralized demand information using the echelon reorder point. Based on the numerical
study they determine that the value of information has a fairly wide range of cost benefits
with highest value of 9.0% and a mean of 1.75%. The numerical examples also suggest
that the value of information tends to increase when there is an increase in the number of
stages, the lead-times or the batch sizes.
Zhang & Zhang (2007) use discrete event simulation to study the benefits of
information sharing in a three-level Supplier-Distributor-Retailer supply chain. The
demand follows a general auto-correlated AR (1) process with no seasonality. Each tier in
the supply chain uses the simple moving average method to forecast future demand. They
study the impact of demand parameters (demand variance, correlation and covariance),
lead times and information sharing with and without the intermediate tier. The results
show that when demand variance was high, demand trend was low, and correlation of
demand processes was high, the supply chain that reduced the intermediate tier
performed better than that with the intermediate tier.
Hall and Saygin (2011) study the effect of information sharing in a four-echelon
supply chain using simulation modeling. They consider three experimental factors
namely; capacity tightness, delivery reliability and information sharing modes to
determine the impact on the total cost in the supply chain. The three information sharing
modes are inventory information sharing (INV), demand information sharing (CD) and
reliability information (RI) sharing. The periodic review base stock policy is used for
inventory replenishment decisions by the supply chain members. The study concludes
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that all three experimental factors are statistically significant and have an impact on the
supply chain cost. The study concludes that all three information sharing modes help in
reducing the cost in the supply chain. However when capacity is high, there is lower cost
reduction in all three information sharing modes. As capacity decreases, the benefit of
information sharing increases with significant cost reduction in the supply chain. This
study shows that along with inventory and demand information sharing, reliability
information sharing can also be useful in reducing the total cost in the supply chain.
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Table 2. Summary of Studies on Supply Chain Information Sharing
Information
Shared
Demand

Supply Chain
Structure
Two Level (1 supplier
and 1 customer)

Demand
Type
i.i.d
normal

Modeling
Method
Analytical

Inventory
Policy
Periodic
Review (R,S)

Demand,
Inventory

Serial Supply Chain

Poison

Analytical

Periodic
Review

Aviv and
Federgruen
(1998)

Demand

Two Level (1 supplier
and J retailers)

i.i.d
normal

Analytical,
Simulation

Gavirneni et
al. (1999)

Demand,
Inventory

Two Level (1 supplier
and 1 retailer)

i.i.d
normal

Lee et al.
(2000)

Demand

AR(1)

Cachon and
Fisher (2000)

Demand,
Inventory

Two Level (1
manufacturer and 1
retailer)
Two Level (1 supplier
and N identical retailers)

i.i.d
normal

Gavirneni
(2001)

Demand

Two Level (1 supplier
and N retailers)

i.i.d
many

Xu et al.
(2001)

Demand

AR(1)

Fry et al.
(2001)

Demand

Two Level (1
manufacturer and 1
retailer)
Two Level (1 supplier
and 1 retailer)

Analytical,
Numerical
Example
Analytical,
Numerical
Example
Analytical,
Numerical
Study
Analytical,
Numerical
Study
Analytical

Authors
Bourland et
al.
(1996)
Chen (1998)
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i.i.d
normal

Analytical,
Numerical
Study

Study Details

Objective

Compare traditional
policy with information
sharing policy
Compare installation
stock with the echelon
stock policy

Impact of information
sharing on total cost and
inventory levels
Minimize long-run
average costs

Periodic
Review (m, β)

Compare traditional
supply chain with VMI
supply chain

Minimize long-run
average costs

Periodic
Review

Compare traditional
policy with information
sharing policy
Compare traditional
policy with information
sharing policy
Compare traditional
policy with information
sharing policy
Compare traditional
policy with information
sharing policy
Compare traditional
policy with information
sharing policy
Compare RMI policy
with the VMI policy

Determine trade-offs
between inventory,
capacity, information
Impact of information
sharing on total cost and
service levels
Minimize the system
wide total cost

Periodic
Review (R, S)
Periodic
Review (R,
nQ)
Periodic
Review
Periodic
Review (R, S)
Periodic
Review (R, S)

Determine impact of
capacity, penalty cost
and demand variance
Determine impact of
supplier and retailer
forecasting errors
Determine the min. and
max. inventory
parameter for VMI

Table 2 – Continued
Information
Shared

Supply Chain
Structure

Demand
Type

Modeling
Method

Inventory
Policy

Yu et al.
(2002)

Demand

Two Level (1
manufacturer and 1
retailer)

AR(1)

Analytical,
Numerical
Example

Zhao (2002)

Demand

i.i.d
normal

Zhao et al.
(2002A)

Demand

Two Level (1
manufacturer and 1
retailer)
Two Level (1 supplier
and four retailers)

Raghunathan
(2003)

Demand

Simchi-Levi
and Zhao
(2003)
Lau et al.
(2004)

Demand

Authors
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Demand,
Inventory

Cheng and Wu
(2005)

Demand

Cigolini and
Rossi (2006)
Kelepouris et
al. (2008)

Demand,
Inventory
Demand

Sari (2008)

Demand,
Inventory

Two Level (1
manufacturer and N
retailers)
Two Level (1
manufacturer and 1
retailer)
Three Level Supply
Chain
Two Level (1
manufacturer and
multiple retailers)
Serial Supply Chain
(Four Levels)
Two Level (1
manufacturer and 1
retailer)
Serial Supply Chain
(Four Levels)

Study Details

Objective

Periodic
Review (R, S)

Compare traditional
policy, information
sharing and VMI

Impact of information
sharing on total cost
and inventory levels

Analytical

Periodic
Review

Four
demand
patterns
AR(1)

Simulation

Periodic
Review

Analytical,
Simulation

Periodic
Review

Determine impact of
production capacity on
total cost
Determine impact of
forecasting methods on
total cost
Determine impact of
demand correlation

i.i.d
many

Analytical,
Simulation

Periodic
Review

i.i.d
normal

Simulation

Periodic
Review

Compare traditional
policy with information
sharing policy
Compare traditional
policy with information
sharing policy
Compare traditional
policy with information
sharing policy
Compare traditional
policy with information
sharing policy
Compare order info.
Demand info. sharing

AR(1)

Analytical,
Numerical
Example
Simulation

Periodic
Review

Demand
patterns
Sales
data
Demand
patterns

Simulation
Simulation

Periodic
Review
Periodic
Review
Periodic
Review

Compare traditional
policy with information
sharing policy
Compare LCA, VMI
and CPFR
Compare traditional
policy with information
sharing policy
Compare TSC, VMI
and CPFR

Determine impact of
capacity, penalty cost,
demand variance
Determine impact of
lead time, variance,
capacity, batch size
Impact of information
sharing on total cost
and inventory levels
Determine benefits of
collaboration strategy
Determine impact of
lead time, smoothing
factor, safety factor
Determine benefits of
collaboration strategy

Collaboration Strategies in Supply Chains
Several research studies have shown the benefits of information sharing in the supply
chain. However, there is not much consensus on the magnitude of cost savings achieved by
information sharing. For example, Gavirneni et al. (1999) show that information sharing
helps the manufacturer to reduce their cost by up to 35%. Similarly, Zhao et al. (2002) show
that information sharing helps to reduce the average supply chain cost by more than 25%.
Conversely, Raghunathan (2001) shows that in a wide range of situations, information
sharing does not result in more than 0.1% reduction in the average supply chain cost.
Additionally, many researchers (Lee et al. 2000, Zhao et al. 2002, Yu et al., 2002)
have noted that the supplier (e.g. manufacturer) gain more benefits of information sharing
than the customer (e.g. retailer). In this situation, the customer has no incentive to share
information with the supplier, as the customer does not gain significant benefits from
information sharing. So in order to encourage customers to share information with the
suppliers, collaboration strategies like Continuous Replenishment Program (CRP), Vendor
Managed Inventory (VMI) and Collaborative Planning, Forecasting and Replenishment
(CPFR) have been developed that can potentially benefit both the supply chain partners.
One of the earliest studies in VMI was by Cachon and Fisher (1997). They develop a
simple inventory management rules and test it with a simulation model. They use the demand
data from four retailers who have continuous replenishment program (similar to VMI)
partnership with Campbell Soup Company. Campbell Soup found that continuous
replenishment program can help to reduce the inventories at retailer locations by up to 50%,
while increasing service level slightly from 98.7% to 99.5%. However the impact on
Campbell Soup’s own inventory levels was not tracked in this study.
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Some authors have studied the benefits of information sharing in VMI compared to
information sharing in TSC (some authors have used the terminology RMI for Retailer
Managed Inventory which is essentially a Traditional Supply Chain). Aviv and Federgruen
(1998) analyze the benefits of information sharing in traditional supply chain (TSC) with
information sharing in vendor managed inventory (VMI) programs. They consider a two
level supply chain with a single supplier and J retailers, where demand is stochastic and
independent across retailers. Retailers use a periodic review (m, β) policy, where inventory is
reviewed every m periods and increased to β. Supplier has limited capacity which can
constrain them to meet all inventory replenishment orders. Three different coordination
structures are studied: (i) no information sharing in a traditional supply chain, (ii) information
sharing in a traditional supply chain and (iii), information sharing in vendor managed
inventory where the supplier receives demand data and inventory data from all retailers. They
use simulation to study the impact of four experimental factors: replenishment lead-time,
supplier capacity, demand distributions and ratio of shortage penalty cost to inventory
holding cost. The results show that information sharing in traditional supply chain compared
to no information in traditional supply chain reduces total system cost from 0% to 5%, with
an average of 2%. However in a VMI supply chain, the total system costs are uniformly
lower than those under information sharing ranging from 0.4% to 9.5% with an average of
4.7%. The benefit of VMI increases significantly with higher levels of capacity utilization,
which is in line with some other studies (Gavirneni 1999, Simchi-Levi and Zhao 2003).
Waller et al. (1999) consider a two-level supply chain and develop a simulation
model to determine the impact of limited manufacturing capacity, different levels of demand
variability and partial channel adoption in a VMI environment. They consider three levels of
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demand variability using the coefficient of variation. Their analysis indicate that VMI
provides greater inventory reductions and a higher utilization of manufacturing capacity,
which they attribute mainly to more frequent inventory reviews and shorter intervals between
deliveries in VMI (daily or weekly) compared to four weeks in the traditional supply chain.
There are other studies involving information sharing and vendor managed inventory.
Cachon and Fisher (2000) studied information sharing in TSC and VMI in a single supplier
and multiple retailers setting. They show that information sharing in VMI lead to shorter lead
times and smaller batch sizes, helping to reduce overall inventory in the supply chain. Disney
and Towill (2003) developed a simulation model for a two level supply chain to study the
effects of demand variability and information sharing in TSC and VMI supply chains. They
show that information sharing in VMI program helps to respond quickly to demand
variability compared to TSC supply chains. Yao et al. (2007) developed an analytical model
in a two level supply chain comparing VMI and TSC. The results from this study indicate
that the cost savings realized from VMI are likely to be higher, as ordering costs for the
retailers can be reduced through the VMI partnerships.
Chaouch (2001) study VMI in a single supplier and single retailer setting. They
present a model that seeks the best trade off among inventory investment, delivery rates and
inventory shortages based on some random demand. Their numerical study shows that
demand variability has a significant effect on the decisions among these different parameters.
Fry et al. (2001) propose a (z, Z) type VMI contract in a single supplier and single retailer
setting. In this contract policy, the supplier pays a penalty cost whenever the inventory goes
below z (minimum level) and above Z (maximum level). Using this contract policy they
show that, VMI performs better in most cases compared to the traditional supply chain.
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Aviv (2002) consider a two-level supply chain consisting of a supplier and retailer
and analyze the benefits of VMI. The study focuses on the abilities of the supplier and the
retailer to explain the uncertainty observed in the customer demand. The analytical and
numerical study indicates that the success of VMI programs mainly depends on the relative
forecasting skill of the supplier, as the retailer is not involved in forecasting. Their results
indicate that the performance of the supply chain under VMI can be worse than the
traditionally managed supply chain unless the supplier can explain the uncertainty observed
and has better forecasting skills than the retailer.
Setamanit (2009) evaluate the effect of VMI in a four-echelon supply chain using
simulation modeling. The study compares the traditional supply chain (TSC) with three
different VMI supply chain structures namely; VMI between retailer and warehouse (VMI
RT-WH), VMI between warehouse and distributor (VMI WH-DC) and VMI between
distributor and factory (VMI DC-FT). An (s, S) inventory control policy with a review period
of one week is used for replenishment decisions in all four supply chain structures. The
market demand is assumed to follow normal distribution with an average of 8 units per week
and standard deviation of 4 units per week. The study concludes that VMI helps to reduce the
total cost of the supply chain in all three VMI supply chain structures when compared to
traditional supply chain (TSC). However, the study also concludes that VMI implementation
between upstream member’s (VMI DC-FT) results in higher cost reduction compared to VMI
implementation at the downstream members.
Some authors have studied VMI to show the distribution benefits achieved by the
supplier by coordinating and/or consolidating inventory replenishment for multiple
customers. Shipment coordination in VMI has been studied as an inventory routing problem.
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Cheung & Lee (2002), Kleywegt et al. (2002), Campbell & Savelsberg (2004), Kleywegt et
al. (2004), Jaragumilli et al. (2006) studied VMI as an inventory routing problem to
coordinate shipments for multiple customers. They show that shipment coordination in VMI
program helped to reduce the total distribution cost of inventory replenishment to multiple
customers. Cetinkaya & Lee (2000), Bookbinder & Higginson (2002), Cetinkaya & Lee
(2002), Cetinkaya & Bookbinder (2003) studied shipment consolidation in the VMI program.
They show that shipment consolidation (time based and/or quantity based) program can be
utilized to reduce the total transportation cost to manage inventory replenishment for multiple
retailers located in a given geographical area.
Vendor Managed Inventory (VMI) has helped several companies to reduce inventory
levels and improve service levels. However in some cases, VMI has not been beneficial for
all collaborating partners. In a typical VMI agreement, the customer shares only the sales and
inventory level information and the supplier need to use this information to make production
planning and inventory replenishment decisions for the customer. Typically, the customer is
not involved in demand forecasting, production planning or inventory replenishment
decisions. Additionally, sales forecast or future demand is usually not shared by the
customer. Without the knowledge of future demand or full demand visibility, the supplier’s
forecasts can be inaccurate leading to increased production costs, increased transportation
costs, higher inventory levels for the supplier and lower service levels for the customer.
So recognizing the limitation of VMI and the importance of collaborative forecasting
and replenishment planning, a newer form of collaboration strategy originally known as
CFAR (Collaboration Forecasting and Replenishment) was initiated in mid 1990s between
the retailer Wal-Mart and manufacturer Warner-Lambert. Using Listerine product line for
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this pilot project, they shared and compared their sales forecast and jointly planned demand
forecasting and inventory replenishment activities. This initial pilot project was considered a
success, which helped to improve service levels and reduce inventory levels for both the
supply chain partners.
Most of the research on CPFR are usually descriptive studies or case studies with
very few analytical or simulation studies. These are some of the analytical and simulation
studies that are relevant to our research. Some of these studies show the benefits of CPFR
over TSC in a two-level supply chain, while other studies consider the benefits of CPFR and
VMI over TSC in a multi-echelon supply chain.
Raghunathan (1999) developed an analytical model to study the impact of CFAR on
the supply chain consisting of a manufacturer and two independent identical retailers. The
model assumes that the manufacturer does not have any capacity constraints and knows the
actual demand of the retailers. Based on their analysis they conclude that CFAR helps to
reduce the overall cost for manufacturer when compared to the traditional supply chain.
Aviv (2001) examined the interaction between inventory and forecasting in a two
level supply chain consisting of a retailer and a supplier. The supplier has unlimited source of
supply and both the retailer and supplier replenish their inventory periodically. They compare
the local forecasting (LF) and collaborative forecasting (CF) with the base line setting (B).
The base line setting is a special case where no forecast adjustments are integrated into the
replenishment policies. Based on their numerical analysis, the local forecasting helps to
reduce the supply chain cost on an average 11.1% compared to base line setting and 19.43%
for the collaborative forecasting compared to the base line setting.
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Aviv (2007) develop an analytical model for two-level supply chain with a retailer
and a supplier. The supplier has unlimited source of supply and both the retailer and supplier
replenish their inventory periodically. The demand evolves according to an auto-regressive
time series. The study focuses on the trading partner’s ability to explain the market demand.
Based on the numerical studies, it is indicated that CFAR reduces the supply chain costs in
most cases; however in some cases the supply chain costs can be increased. The study
suggests that the benefits of advanced collaboration strategy like CFAR depend on the
relative forecasting skills of the trading partners.
Cigolini and Rossi (2006) consider a four-level supply chain consisting of factory,
warehouse, distributor and retailers. They develop a simulation model to test and evaluate the
most appropriate collaboration level within this supply chain. Three types of supply chain
configurations are studied similar to traditional managed inventory (LCA), vendor managed
inventory (VMI) and collaborative planning, forecasting and replenishment (CPFR). Fixed
reorder interval and dynamic economic order quantity are used to replenish inventory
between the trading partners. The sales forecast for each trading partner is developed from
the historical data of the steady component of demand using winters model. Using two
demand patterns termed steady demand and nervous demand, they analyze the model to
determine the effects on three performance measures - service level, warehousing cost and
forecast accuracy. For the steady demand scenario they determine that difference among
system performances between VMI and CPFR are not significant. However, they claim that
for nervous demand scenario CPFR reduces safety stock inventory in supply chain on an
average 28% when compared to VMI.
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Sari (2008) considers a four-level supply chain with a manufacturer, warehouse,
distributor and a retailer. They develop a simulation model to test and evaluate the most
appropriate collaboration level within this supply chain. Three types of supply chain
configurations are studied similar to traditional supply chain (TSS), vendor managed
inventory (VMI) and collaborative planning forecasting and replenishment (CPFR). In all the
three supply chain configurations the order up to level (R, S) inventory control policy is used
for replenishment decisions. Four independent factors are considered in the simulation
model: supply chain strategy, available production capacity, demand patterns and the
replenishment lead times. Two dependent factors are considered as performance measures:
total supply chain cost and service level of retailer. The analysis of the simulation model
determines that the benefits of CPFR are always higher than VMI. Additionally, when
demand uncertainty is present the performance of CPFR is significantly better than VMI.
However, when the lead times are short and manufacturing capacity is tight then the benefits
of moving from VMI to CPFR are limited.
Gaps in the Literature
In a supplier-customer (e.g. manufacturer-retailer) supply chain setting, there are
many studies that show the benefits of demand information sharing in a supply chain. These
studies compare benefits of information sharing with no information sharing in a traditional
supply chain (Bourland et al. 1996, Gavirneni et al. 1999, Lee et al. 2000, Yu et al. 2002,
Zhao et al. 2002, Lau et al. 2004, Leblanc et al. 2006). Similarly, there are some analytical
and simulation studies (Aviv and Federgruen 1998, Waller et al. 1999, Cetinkaya and Lee
2000, Dong and Xu 2002, Disney et al. 2003, Yao et al., 2007) that show benefits of VMI
over traditional supply chain. Additionally, there are some analytical studies (Raghunathan
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1999, Aviv 2001, Aviv 2002) that show the benefits of collaborative forecasting (CFAR)
over the traditional supply chain (TSC).
However there are very few analytical and/or simulation studies that compare and
show the benefits of collaboration strategies like CPFR and VMI over traditional supply
chain (TSC). For example: Boone et al. (2002), Disney et al. (2004), Cigolini & Rossi (2006)
and Sari (2008) are some studies that consider this situation. The studies comparing benefits
of collaboration strategies like VMI and CPFR over TSC mostly consider a multi-echelon
supply chain (Boone et al. 2002, Cigolini and Rossi 2006, Sari 2008) and focus on service
level and/or cost savings achieved by the entire supply chain. However, most collaboration
strategies typically involve two supply chain partners (e.g. manufacturer and retailer) who
generally have to make a decision based on the operational and environmental parameters of
supply chain and also on individual cost benefits gained from CPFR and VMI collaboration
strategies. If both supply chain partners can potentially gain benefits, then CPFR and VMI
collaboration strategies will be more successful.
Based on the literature review, it is determined that there are no studies that compare
and investigate the benefits of CPFR and VMI over TSC in a two-echelon supply chain for
both the manufacturer and the retailer in a variable demand environment. The focus of this
research is to investigate the cost benefits of VMI and CPFR collaboration strategies over
traditional supply chain (TSC) for both the manufacturer and retailer in a variable demand
environment. Also, this research determines which control variables (demand variability,
production capacity, backorder penalty cost and delivery lead time) have greater influence on
achieving higher cost benefits in CPFR and VMI collaboration strategies for both the
manufacturer and the retailer.
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RESEARCH METHODOLOGY
There are different methods to study a system. However, the cost, time, accuracy and
feasibility usually determine the method that can be utilized efficiently to study a system.

System

Experiment with
a model of the
actual system

Experiment with
the actual system

Physical
Model

Mathematical
Model

Analytical
Model

Simulation
Model

Figure 2. Ways to Study a System (Law and Kelton, 2000)
Several studies in information sharing have used analytical method to determine the
benefits of information sharing to the supply chain members (Gavirneni et al. 1999, Lee et al.
2000, Chen et al. 2000, Xu et al. 2001, Yu et al. 2002, Kelepouris et al., 2008). Most of these
studies usually consider demand information sharing with deterministic factors. Similarly
many studies have used simulation method for analyzing supply chain systems when
stochastic factors and interaction effects of the supply chain parameters are considered
(Cachon and Fisher 1997, Waller et al. 1999, Zhao et al. 2002, Smaros et al 2003, Angulo et
al. 2004, Boone et al. 2002, Sari 2008).
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In a supply chain, simulation can help to gain insight into the causes and effects of
different factors or variables on the performance measures, i.e. the factors or variables that
have significant impact on performance measures for the supply chain members. Simulation
is typically used when analytical model cannot accurately describe the time varying behavior
and the stochastic nature of the supply chain. According to Law and Kelton (2000) many real
world systems with stochastic elements cannot be described accurately by an analytical
model. The dynamic nature of supply chains in a variable demand environment makes it
necessary to use simulation methods for studying the time varying behavior of supply chain
systems (Law & Kelton, 2000). Additionally, simulation can also capture the interactions
between the manufacturer’s decisions and the retailer’s decisions in a variable demand
environment. This study will use simulation as the research methodology, as the aim of this
study is to gain valuable insight on the impact of the three different supply chain strategies on
the performance measures for both the manufacturer and the retailer.
Some authors have discussed the value of simulation over optimization in the supply
chains. Optimization methods have been useful to find solutions in the supply chains.
However, there are some key business issues in supply chains that optimization will not be
able to handle. Ingalls (1998) has discussed a couple of these key business issues that
optimization cannot handle. Based on his experience at Compaq, he is convinced that one of
the most significant impacts on the supply chain is “demand variance” and optimization has
not been useful in handling this problem. If demand variance is the key parameter in the
supply chain, then optimization will not capture the supply chain dynamics; and in this
situation, Ingalls (1998) recommends using simulation to provide useful solutions to the
supply chain members.
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Optimization is generally based on some fixed estimate of demand over a given time
frame. However, optimization in general is not efficient in handling highly variable demand
patterns. Typically, optimization is considered to be a “black box” approach, wherein inputs
are taken, numbers are crunched and an output is presented. In this situation, different results
can be generated for different input parameters (for example: variable retailer demand),
which may not be very useful for the user. It may be very difficult for the user to really
understand the interaction of various input parameters and how the overall supply chain
system is working. In this situation, simulation can provide more meaningful solutions.
In this study, demand variability is one of the key input parameter and therefore
simulation will be an appropriate methodology to use in determining the performance of the
three supply chain strategies. Three different simulation models will be developed for each of
the supply chain strategy (TSC, VMI and CPFR) that will carefully control the parameters
under study to gain clear insights into the research questions and research hypothesis. Based
on the statistical analysis on the output from these three supply chain strategies, valuable
managerial insight is provided to help the manufacturer and the retailer to pursue the
appropriate supply chain strategy to reduce their overall cost.
Simulation Modeling
This section provides a brief description about simulation and simulation modeling.
There are several definitions for simulation. In general, simulation is the process of designing
a mathematical or computerized model that follows the rules of a real system considered for
the study. Shannon (1998) define “simulation as the process of designing a model of a real
system and conducting experiments with this model for the purpose of understanding the
behavior of the system and /or evaluating various strategies for the operation of the system.”
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Computer simulation can be divided into three main categories: (i) Monte Carlo, (ii)
continuous, and (iii) discrete event. Monte Carlo simulation is a technique that involves using
random numbers and probability to solve the problems where explicit representation of time
is not required. Continuous simulation is a dynamic modeling method in which the state
variables change continuously with respect to time. Discrete event simulation is a dynamic
modeling method in which the state variables change at a given instant in time. These three
forms of simulation types are commonly used in the literature. A hybrid simulation generally
refers to a simulation that has both discrete event and continuous components.

System Model

Deterministic

Static

Stochastic

Dynamic

Static

Dynamic

Monte Carlo
Simulation

Continuous

Discrete

Continuous

Discrete

Continuous
Simulation

Discrete Event
Simulation

Figure 3. Types of Simulation Methods
As periodic review inventory policy is used by both the manufacturer and retailer, all
the decisions are made at the beginning of each period (i.e. discrete event). Therefore this
research study will use a dynamic discrete event simulation model to determine the benefits
of the collaboration strategies in a variable demand environment.
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Typically, a discrete event simulation model has the following characteristics:
o It is a computerized model using mathematical equations and the system logic.
o It is a stochastic dynamic model where state variables change with respect to time.
o The model is not solved by the numerical analysis; instead the time paths of the
dependent variables (output values) are computed based on the initial state of the
simulated system and the values of independent variables (input values).
This implies that the simulation model does not provide an optimal solution or a
closed form solution. Instead the simulation experiment is performed with different
independent variables and model structures to determine how the system performs under
various conditions. Further analysis is usually needed to interpret the results that will
determine the impact of different input variables on the performance measures.
Gogg and Mott (1993) describe a dynamic discrete event simulation model to perform
a repetitious sequence of instructions similar to the following steps: 1) Determine what event
type will occur next, 2) Set a simulation clock variable equal to the time of the next event 3)
Update any statistical variables where required, 4) Perform actions (computations) associated
with the most current event, and 5) Schedule a time for next occurrence of that event type.
Simulation Terminology
As mentioned earlier, a simulation model is a representation of a system intended to
replicate the properties of the system that is considered for the study. These are some
terminologies that are commonly used in the simulation modeling.
o A model is comprised of objects and the relationships among objects.
o An event is a change in an object state occurring at a given instant.
o An activity is the state of an object over a given time interval.
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o A process is a succession of states of an object over a span of one or more activities.
o An object activity is the state of an object between two events describing successive
state changes for that object.
According to Nance (1981), event, activity and process form the basis of three
primary conceptual frameworks within the discrete event simulation. According to Ingalls
(2002) the basic structural components for discrete event simulation include entities,
activities, events, resources, global variables, a random number generator, a calendar, system
state variables and statistics collectors. An entity can be any object that moves through a
series of processes in the system. Entities have attributes which are characteristics unique to
that particular entity. Activities are processes and logic in the simulation and events are
conditions that occur at a point in time which cause a change in the state of the system. An
entity interacts with activities to create events.
There are three major types of activities in a simulation: delays, queues and logic.
Resources represent anything that an entity needs in order to be processed. Global variable is
a variable that is available to the entire model at all times. A global variable can track just
about anything that is of interest to the entire simulation. Random number generator is a
routine that generates random numbers used in the model to calculate random values. The
random number generator is a software routine that generates a random number between 0
and 1 that is used in sampling random distributions. Calendar for simulation is a list of events
that are scheduled to occur in the future. In every simulation, there is only one calendar of
future events and it is ordered by the earliest scheduled time first. Every simulation package
has current time as one of the system state variable. Statistics collectors collect statistics on
states, the value of global variables, or performance statistics based on attributes of entities.
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Simulation Methodology
The simulation methodology comprises of planning, modeling, verification,
validation, experimentation, analysis and implementation.
Problem Definition

Strategic Planning

Data Acquisition

Model Scoping

Model Building

Model Translation

Verification

Validation

Experiments

Analysis

Implementation

Figure 4. Simulation Methodology with Feedback (Pooch and Wall, 1993)
In developing a simulation model to study a system, the literature generally agree that
a formal procedure is desirable. Many authors have proposed formal procedure or simulation
steps to develop a simulation model that can be used to study a system (Shannon, 1998;
Banks, 1999). Shannon (1998) identifies twelve steps in a simulation study which can help
the decision makers to solve a problem. These twelve steps are briefly described here:
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(1)

Problem definition: Clearly defining the goals and purpose of the study.

(2)

Project planning: Providing appropriate management support, financial, personnel,
software, and hardware resources to complete the project.

(3)

System definition: Determining the boundaries and restrictions to be used in
defining the system used for the study.

(4)

Conceptual model formulation: Developing a preliminary model to define the
components, variables and logic used by the system.

(5)

Preliminary experimental design: Selecting the measures of effectiveness, factors to
vary, and levels of those factors to be investigated.

(6)

Input data preparation: Identifying and collecting a proper data set for the model.

(7)

Model translation: Formulating the model in an appropriate simulation language.

(8)

Verification and validation: Confirming that the model works the way the designer
intended and the output is representative of the output of the real system.

(9)

Final experimental design: Determining an experiment that determines how each of
the tests specified in the experimental design needs to be executed.

(10) Experimentation: Running the simulation model to get the desired output and
perform sensitivity analysis.
(11) Analysis and interpretation: Drawing inferences from the data generated by the
simulation runs.
(12) Implementation and documentation: Implementing the findings from the study and
documenting the results.
Similar to the twelve steps identified by Shannon (1998), Banks (1999) proposed a
twelve step process, specifically for the discrete event simulation as shown below.
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Figure 5. Discrete Event Simulation Steps (Banks, 1999)
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Conceptual Model
This section describes the conceptual model used to investigate the impact of three
different supply chain strategies (TSC, VMI and CPFR) on the overall cost for both the
manufacturer and retailer. Discrete event simulation (Arena software from Rockwell
Automation) is used to investigate the benefits of Vendor Managed Inventory (VMI) and
Collaborative Planning, Forecasting and Replenishment (CPFR) over the Traditional Supply
Chain (TSC) in a variable demand environment. The conceptual model is a two echelon
production-inventory system with a manufacturer (plant and warehouse) and a retailer (i.e.
customer). Demand forecasting for both the retailer and the manufacturer is developed using
the exponential smoothing forecast technique. Periodic review order-up-to inventory policy
is used to determine the order quantity by the retailer and production quantity by the
manufacturer during each period. The retailer demand, order quantity and the production
quantity are non-negative. The manufacturer has a production lead time of one period and
has capacity constraints. They can only produce up to their maximum capacity and any
demand not met during the period is back ordered. Similarly, any demand not met by the
retailer during the period is back ordered. The variable demand, forecast demand, target
inventory level, order quantity and production quantity are updated during each period of the
simulation run.
Three different supply chain simulation models (TSC, VMI and CPFR) are developed
with the following logic: In TSC supply chain, both the manufacturer and retailer forecast
their demand independently and no information is shared by the retailer. In VMI supply
chain, the manufacturer manages the inventory of the retailer and the retailer shares the sales
and inventory information with the manufacturer. In CPFR supply chain, the manufacturer
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and retailer collaborate and the retailer shares the demand and inventory information with the
manufacturer. Supply chain strategy, demand variability, production capacity, backorder
penalty cost and delivery lead time are used as control variables. Total cost for the retailer
and total cost for manufacturer are used as the performance measures. To develop the
forecasts for both supply chain partners, these smoothing factors are considered for study.
Basic Assumptions
The following assumptions are made to establish the supply chain model for this study.
o A periodic review (R, S) order-up-to policy is used to determine the order quantity for
the retailer and the production quantity for the manufacturer during each period.
o The review period for both the retailer and the manufacturer is one period.
o The manufacturer and retailer use exponential smoothing forecast technique.
o The manufacturer has production capacity constraints and any retailer order not
fulfilled during the period is backordered.
o The retailer meets their demand from available inventory and any demand not
fulfilled during the period is backordered.
o The production lead time to produce the production quantity is one period.
o Transportation time from the plant to the warehouse is assumed to be negligible.
o Retailer demand, demand forecast for retailer and manufacturer, order up-to level for
retailer and manufacturer, order quantity and production quantity are updated during
each period of the simulation run.
To facilitate valid comparison and determine the impact of the control variables on
the performance measures, the inventory policy and the production policy is the same for all
three supply chain strategies (TSC, VMI, and CPFR).
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Model Notations
hm = Inventory holding cost per unit per period at the manufacturer
hr = Inventory holding cost per unit per period at the retailer location
bm = Back order penalty cost per unit for the manufacturer
br = Back order penalty cost per unit for the retailer
d = Initial demand in the auto-correlated demand
ρ = Correlation factor in the auto-correlated demand
σ = Standard deviation in the auto-correlated demand
α = Smoothing parameter for the retailer
β = Smoothing parameter for the manufacturer
Ld = Delivery lead time from warehouse to retailer
Lp = Production lead time for each production run
Dt = Demand quantity for retailer during the period t
Ot = Order quantity by the retailer during the period t
Pt = Production quantity for manufacturer during period t
Pc = Maximum production capacity available during period t
= Forecasted demand for retailer during the period t
= Forecasted demand for manufacturer during period t
= Current inventory level at retailer during the period t
= Current inventory level at manufacturer during period t
= Echelon inventory position at manufacturer period t
= Back order quantity for the retailer during the period t
= Back order quantity for manufacturer during period t
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= Order-up-to inventory level for retailer during the period t
= Order-up-to inventory level for manufacturer during period t
= Echelon Order-up-to level for manufacturer during period t
Experimental Design
The purpose of an experimental design is to develop a methodology to track the
changes in performance measures by varying the factors under study during the experimental
runs. According to Kelton (2000), “One of the principal goals of experimental design is to
estimate how changes in input factors affect the results or responses of the experiment.”
Hunter and Naylor (1970) describe that a variety of experimental designs can be used in the
simulation experiments, when the objective is to explore the reaction of a system (response
variables) to changes in factors (control variables) affecting the system. Some of the relevant
experimental designs include the full factorial, fractional factorial and response surface
designs. A factorial experiment is one in which the effects of all factors (control variables)
and factor combinations in the design are investigated simultaneously. Each combination of
factor levels are used the same number of times.
In this research study, the independent variables (control variables) are changed to
study the impact on the dependent variables (response variables) based on the three different
supply strategy (TSC, VMI and CPFR). This research study will employ a full factorial
design to gain an insight to the research questions and research hypothesis.
Five experimental factors with three levels each are considered for this research:
(1) Supply Chain Strategy, (2) Demand Variability, (3) Production Capacity, (4) Backorder
Penalty Cost and (5) Delivery Lead Time.
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Independent Variables
Five independent variables with three levels are considered for this research study.
Table 3. Control Variables used for the Research
Control Variables

Number of Levels

Supply Chain Strategy
(3 Levels)

Traditional Supply Chain (TSC)
Vendor Managed Inventory (VMI)
Collaborative Planning, Forecasting
and Replenishment (CPFR)
Low Demand Variability, σ = 10
Med Demand Variability, σ = 20
High Demand Variability, σ = 30
Low Production Capacity, 1.20
Med Production Capacity, 1.35
High Production Capacity, 1.50
Low Backorder Penalty Cost, 09
Med Backorder Penalty Cost, 19
High Backorder Penalty Cost, 32
Low Delivery Lead Time, 1.0 Period
Med Delivery Lead Time, 2.0 Period
High Delivery Lead Time, 3.0 Period

Demand Variability
(3 Levels)
Production Capacity
(3 Levels)
Backorder Penalty Cost
(3 Levels)
Delivery Lead Time
(3 Levels)

A Total of 243 Factor Combinations = 3 x 3 x 3 x 3 x 3
Dependent Variables
Two dependent variables (response variables) are considered for this research study.
Table 4. Performance Measures used for the Research
Response Variables

Details

Total Cost for the Retailer

Inventory Holding Cost for Retailer plus
Backorder Cost for the Retailer

Total Cost for Manufacturer

Inventory Holding Cost for Manufacturer plus
Backorder Cost for the Manufacturer
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Table 5. Information Sharing in Three Supply Chain Strategies
Supply Chain Strategy

Information Shared

TSC

No Information is Shared

VMI

Sales Data, Inventory Data

CPFR

Forecast, Sales, Inventory Data

Delivery Lead Time (Ld)

Production Lead Time (Lp)

Plant

Pt

Warehouse

Ot

Retailer

Dt

Figure 6. Details of the Supply Chain System

Control Variables

Supply Chain Strategies

Response Variables

Demand Variability
Production Capacity
Backorder Penalty Cost

TSC, VMI,
CPFR

Manufacturer Cost
Retailer Cost

Delivery Lead Time

Figure 7. Control and Response Variables for the Study
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Variable Retailer Demand
Demand variability plays an important role in determining the type of collaboration
strategy to pursue in the supply chain. In a low variable demand environment, the
manufacturer may be able to use historical demand to make more accurate demand forecast
and so there may be less need for collaboration. However in a high variable demand
environment, historical order quantity may not provide enough information for manufacturer
and usually the demand forecast tend to be less accurate. Additionally, if the manufacturer
has production capacity constraints, then inaccurate forecasts of the manufacturer not only
impact the manufacturer’s cost, it tends to impact the retailer’s cost and service levels. In this
situation, there may be more need for collaboration for both the supply chain members.
Different types of demand patterns have been used in information sharing and
collaboration studies. Many studies in information sharing have considered autocorrelated
demand type (Lee et al. 2000, Xu et al. 2001, Aviv 2002, Yu et al. 2002, Raghunathan 2003,
Kim and Ryan 2003, Cheng and Wu 2005). Similarly, some studies in information sharing
have considered demand to be independent and identically distributed (Bourland et al 1996,
Gavirneni 1999, Waller et al. 1999, Cachon and Fisher 2000, Simchi-Levi and Zhao 2003,
Dejonckheere et al. 2003). Also, some studies in information sharing have used other demand
patterns such as trend and/or seasonal (Zhao et al. 2001; Zhao et al. 2002, Sari, 2008).
Lee et al. (2000) examined weekly sales data of 150 products at a major supermarket
in United States for a two year period and found that the sales pattern is significantly
autocorrelated. This study will consider the autocorrelated demand pattern with three levels
of demand variability. Autocorrelated demand is generated using, Dt = d + ρDt-1 + εt
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Where, d = initial mean, ρ = correlation factor and εt = i.i.d. normally distributed with mean
zero and standard deviation σ. The correlation factor will be 0.5 and three levels of variable
demand are generated by varying σ in the above equation. σ = 10 (low variability), σ = 20
(medium variability) and σ = 30 (high variability). The mean demand for all three demand
variability will be about 100 units per period.
Supply Chain Strategy
The main motivation for this research is to investigate the benefits of collaboration
strategies like VMI and CPFR in a variable demand environment. In a supplier-customer
(e.g. manufacturer-retailer) supply chain setting, there are many studies that show the
benefits of demand information sharing in a supply chain. These studies compare benefits of
information sharing with no information sharing in a traditional supply chain (Bourland et al.
1996, Gavirneni et al. 1999, Lee et al. 2000, Yu et al. 2002, Zhao et al. 2002, Lau et al.,
2004, Leblanc et al. 2006). Similarly, there are some analytical and simulation studies (Aviv
and Federgruen 1998, Waller et al. 1999, Cetinkaya and Lee 2000, Dong and Xu 2002,
Disney et al. 2003, Yao et al. 2007) that show benefits of VMI over traditional supply chain.
However, there are very few analytical and/or simulation studies that compare and
show the benefits of collaboration strategies like CPFR and VMI over traditional supply
chain (Boone et al., 2002; Disney et al., 2004; Cigolini & Rossi, 2006; Sari, 2008). However,
there are no studies that determine the benefits of CPFR and VMI over TSC in a two-echelon
supply chain consisting of a manufacturer and retailer in a variable demand environment. So,
one of the independent variables in simulation modeling will be the three different supply
chain strategies: Traditional Supply Chain (TSC), Vendor Managed Inventory (VMI) and
Collaborative Planning, Forecasting and Replenishment (CPFR).
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Production Capacity
In this study, production quantity is determined for each period based on the orderup-to inventory level policy. Production capacity usually puts a limitation on how much can
be produced in a given period. Therefore production capacity becomes an important variable
in the study of collaboration strategies. Generally, higher production capacity can give more
flexibility in terms of production and inventory management. Similarly, lower production
capacity can negatively impact the overall cost and service level for both the manufacturer
and the retailer. Some of these studies have determined that production capacity does have a
significant impact on the overall cost of the supply chain (Gavirneni et al. 1999, Waller et al.
1999, Zhao 2002, Simchi-Levi and Zhao 2003, Sari 2008).
Production capacity is based on the ratio of total production capacity to the retailer
mean demand. Sari (2008) considered three levels of production capacity to determine the
benefits of VMI and CPFR in the multi-echelon supply chain. In this study, production
capacity is considered as one of the control variables in the simulation models. Based on the
variable demand and order quantity of the retailer, this study investigates how production
capacity will impact the overall cost for both the manufacturer and the retailer in the three
supply chain strategies. Three levels of production capacity (available capacity over mean
demand) of 1.20, 1.35 and 1.50 for the manufacturer are considered for this study.
Backorder Penalty Cost
Periodic review order-up-to inventory policy is used to determine the target inventory
levels for both the retailer and the manufacturer. Using target inventory levels and available
inventory levels, the order quantity for the retailer and the production quantity for the
manufacturer are determined. Demand for the manufacturer and retailer are fulfilled from the
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available inventory and any demand not fulfilled are backordered. Generally, inventory
holding cost and backorder penalty cost are important parameters in determining order-up-to
inventory level which can significantly impact total cost and service level for both the
manufacturer and the retailer. Many studies consider a backorder penalty cost (backorder
cost/holding cost) of 19 or 20 times the inventory holding cost. However, many different
backorder penalty costs are considered in several studies (Gavirneni et al. 1999, Lee et al.
2000, Zhao et al. 2002, Zhang and Zhang 2007, Sari 2008).
In this study, instead of changing both the inventory holding cost and backorder cost
at the same time, the inventory holding cost is held steady and backorder cost is changed to
determine the impact on the overall cost and service levels for both the retailer and the
manufacturer in the three supply chain strategies. Three levels of backorder penalty cost
(backorder cost/holding cost) of 9, 19 and 32 are considered for this study. The service factor
for both the retailer is calculated based on inventory holding cost and backorder penalty cost.
Delivery Lead Time
The delivery lead time is an important variable, which helps in determining the safety
stock needed during the lead time. The order-up-to inventory level is based on several factors
including the delivery lead time. Some studies in information sharing have determined that
lead time has a significant impact on the total cost and inventory levels in the supply chain
(Chen et al., 2000B; Zhang, 2004; Kelepouris, 2008, Sari, 2008). The order-up-to inventory
level is based on several factors like forecast demand, service level and the lead time. So this
study will look at the impact of delivery lead time on the total cost for the manufacturer and
retailer in the three different supply chain strategies. This research considers three levels of
delivery lead time of one period, two periods and three periods.
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Fixed Parameters
Exponential smoothing forecast technique has been used in several information
sharing studies to develop the demand forecast (Chen et al. 2000B, Xu et al. 2001, Zhao et al.
2002A, Kim and Ryan 2003, Zhang 2004, Sari 2008, Kelepouris et al. 2008). It is also one of
the most common forecasting techniques used in practice. The exponential smoothing
forecast technique is most suited when the data types have variable demand with no trend.
This research study considers variable demand with no trend, and so the use of exponential
smoothing forecast technique is appropriate to determine the demand forecast for both the
retailer and the manufacturer. These are the smoothing parameters used in this study.
Table 6. Smoothing Parameters for Supply Chain Strategies
Supply Chain Strategies

Retailer

Manufacturer

TSC Supply Chain

Smoothing Factor α = 0.5

Smoothing Factor α = 0.4

VMI Supply Chain

No Forecasting

Smoothing Factor α = 0.4

CPFR Supply Chain

Smoothing Factor α = 0.3

No Forecasting

The inventory holding cost is assumed as $1.0 per period for the manufacturer and
$1.5 per period for the retailer. In the simulation model, the demand forecasts for
manufacturer and retailer, order-up-to inventory level for the manufacturer and retailer, order
quantity and production quantity is updated during each period of the simulation run. The
review period considered for this study is one period, which has been used in many other
information sharing studies (Zhao et al. 2002A, Cigolini & Rossi 2006, Sari 2008). Many
studies in information sharing usually consider lead time for production as zero. However,
time is usually needed for production and therefore a production lead time of one period is
considered for this study.

57

Simulation Model Parameters
Basically, stochastic discrete event simulation is a statistical experiment where the
o Purpose of simulation modeling, is to obtain estimates of the performance measures
for the system (or systems) under study
o Purpose of statistical analysis, is to acquire some assurance that these estimates are
sufficiently precise to make valid inferences
In this research, the purpose of using stochastic discrete event simulation is to obtain
and compare the estimates of performance measures for three different supply chain
strategies (TSC, VMI & CPFR). However, to have some assurance that these estimates are
sufficiently precise, statistical analysis is performed to make valid inferences.
To make valid inferences, the sample data used for statistical analysis needs to be
independent and identically distributed random variables. In this study, total cost per period
for both the manufacturer and the retailer is used as performance measures. For example, if
‘X’ is the output variable (i.e. total cost per period for manufacturer), then a simulation run of
one period provides a single sample observation from population of all observations on X.
The sample size can be increased to ‘m’ observations based on a simulation run length of ‘m’
periods. However these observations do not constitute a random sample, as they are not
considered statistically independent. In this situation, independent replications with different
random number sequence will provide samples that are independent for statistical analysis.
Since different runs (or replications) use independent random numbers, the output estimates
(performance measures) from these runs are considered independent and identically
distributed for statistical analysis to make valid inferences. The sample mean is determined
by averaging across all replications to get a point estimate (sample mean) for performance
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measure. However, the output estimates usually vary across replications as the input
parameter (retailer demand) is a random variable. So in order for the data to be useful to
make valid statistical inferences, it is important to reduce the variance of these estimates.
A variety of variance reduction techniques are discussed in Law and Kelton (2000).
The use of common random numbers (CRN) is one of the most important variance reduction
technique specially used in simulation experiments where two or more alternate system
configurations are considered. By using the same random number sequence to generate same
input data (retailer demand) for different system configurations (TSC, VMI & CPFR), then
any differences in performance can be attributed to differences in the model configurations
(supply chain strategies) and not due to different random number sets used to generate the
input data. The use of common random numbers to simulate different system configurations
greatly reduces the variance, sharpens the precision of the output estimators and is a
statistically valid and simplest approach (Law and Kelton 2000). So in order to reduce the
impact of random variations of input data, the same random number sequence is utilized to
generate the same retailer demand data for all three supply chain strategies.
In addition, the variance of the point estimate (sample mean) can be determined to be
within a certain level of precision by using the confidence interval (CI), which is a measure
of error and the confidence level (CL), which is the level of significance (α). The confidence
interval quantifies the confidence (probability) that the true (but unknown) mean falls within
an interval whose boundaries are calculated using the point estimates, standard deviation of
the sample and the confidence level. It is important to remember that the variance of sample
data (performance measure) can be reduced; however it cannot be totally eliminated, as the
input data (retailer demand) is a random variable.
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Confidence Interval = Point Estimate ± Margin of Error,
Point Estimate = Sample Mean,
Margin of Error = Half width of confidence interval
Half Width = (t1-α/2, n-1) *

where

n = number of replications
s = standard deviation of sample
t1-α/2, n-1 = appropriate value from t distribution
The sample size ‘n’ (number of replications) can be selected so as to be confident that
the margin of error in the sample mean is within a certain level of precision. The sample size
for a certain level of precision can be determined using the method stated by Law and Kelton
(2000). They differentiate level of precision as ‘absolute precision’ and ‘relative precision’.
For this study, the relative precision of 5 percent (γ = 0.05) and the confidence level of 95%
(α = 0.05) is considered to determine the sample size ‘n’ (number of replications). Using
demand variability (low, medium and high) as one of the main factors, all three simulation
models (TSC, VMI and CPFR) was run for different factor combinations using sample size
of 30, 60 and 90 replications. The half width and error (in percentage) were calculated for all
these factor combinations. For a sample size of 30, the error was less than 3.5% for most
factor combinations with lower and medium demand variability and was slightly more than
5.0% for higher demand variability. However for a sample size of 60, the error was less than
4% for all demand variability and different factor combinations. So for this research study, a
sample size of 60 replications is used for the statistical analysis.
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Generally, stochastic processes for most real systems do not have a steady state
distributions, since the parameters of the system may continue to change over time. In this
research, the retailer demand varies from period to period and therefore the steady state
parameters are not well defined or do not exist. In this situation, typically there will be a
fixed amount of data describing how input parameters can be varied over some time duration.
This in effect provides a terminating event for simulation and thus analysis techniques for
terminating simulations will be appropriate (Law and Kelton 2000, Banks et al. 2009).
To determine the performance measures for a terminating simulation, the initial
conditions should be representative of the actual system. For example, to determine the
performance measures for a bank during lunch hour (12 pm - 1 pm), the simulation should
begin when bank opens at 9 am and end at 1 pm. The initial conditions at 12 pm, i.e. at the
beginning of lunch hour will be representative of the actual system, and the output data from
12 pm - 1 pm is collected to determine the performance measures during the lunch hour. That
is, running simulation model from 9 am to 12 pm (warm-up period) determines appropriate
initial conditions for simulation at the beginning of lunch hour. The data from 9 am - 12 pm
will be considered as warm up period and is discarded from analysis (Law and Kelton, 2000).
As shown in table below, these are some related studies in supply chain information sharing
and collaboration strategies that use simulation modeling and statistical analysis. Many of
these studies test several factor combinations and different factor combinations usually
produce different output results. Typically as shown in the table below, the researcher
specifies the length of simulation and warm-up period that will initialize the system to be
representative of the actual system. The statistical analysis and inferences will be made based
on the data collected after the warm-up period from the simulation model.
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Table 7. Supply Chain Studies for Length of Simulation
Articles
Authors and Year

Supply
Chain

Length of
Simulation

Warm up
Period

Number of
Replications

Waller et al. (1999)

Two Level

1500

150

20

Ganeshan et al. (2001)

Three Level

1100

100

10

Zhao et al. (2002)

Two Level

400

50

5

Chatfield et al. (2004)

Four Level

700

200

30

Angulo et al. (2004)

Four Level

1500

180

15

Kim et al. (2006)

Two Level

5000

500

20

Zhang & Zhang (2007)

Three Level

2000

200

15

Schmidt (2007)

Three Level

1000

200

10

Sari (2008)

Four Level

1128

400

15

For this research, the performance measures for three different supply chain strategies
are determined by running the simulation model for a total of 1144 periods, with the first 104
periods considered as warm-up that will initialize the system to be representative of the
actual system and the remaining 1040 periods is then used for the statistical analysis.
Changing the warm-up period to lower or higher than 104 periods does not have a significant
impact on the output values (performance measures), as the output values from all three
simulation models are relatively stable for different warm-up periods.
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Research Hypothesis
Since information is shared in VMI and CPFR supply chain strategies, it is expected
that both VMI and CPFR supply chain will help in reducing the manufacturer cost and
retailer cost compared to TSC. In addition, different factors may have an impact on the
manufacturer cost and the retailer cost in the three supply chain strategies. To test and
evaluate the hypotheses and determine the impact of control variables on the manufacturer
cost and retailer cost in the three supply chain strategies, this research has developed an
experimental design using three different supply chain simulation models. Formally, the
following hypotheses will be tested using statistical analysis on output from the three
simulation models.
H0 1: For different production capacities, there is no significant difference in retailer cost
between the three supply chain strategies in a variable demand environment
H1 1: For different production capacities, there is a significant difference in retailer cost
between the three supply chain strategies in a variable demand environment
H0 2: For different backorder penalty costs, there is no significant difference in retailer cost
between the three supply chain strategies in a variable demand environment
H1 2: For different backorder penalty costs, there is a significant difference in retailer cost
between the three supply chain strategies in a variable demand environment
H0 3: For different delivery lead times, there is no significant difference in retailer cost
between the three supply chain strategies in a variable demand environment
H1 3: For different delivery lead times, there is a significant difference in retailer cost
between the three supply chain strategies in a variable demand environment
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H0 4: For different production capacities, there is no significant difference in manufacturer
cost between the three supply chain strategies in a variable demand environment
H1 4: For different production capacities, there is a significant difference in manufacturer
cost between the three supply chain strategies in a variable demand environment
H0 5: For different backorder penalty costs, there is no significant difference in manufacturer
cost between the three supply chain strategies in a variable demand environment
H1 5: For different backorder penalty costs, there is a significant difference in manufacturer
cost between the three supply chain strategies in a variable demand environment
H0 6: For different delivery lead times, there is no significant difference in manufacturer cost
between the three supply chain strategies in a variable demand environment
H1 6: For different delivery lead times, there is a significant difference in manufacturer cost
between the three supply chain strategies in a variable demand environment
Production capacity of the manufacturer can play a significant role in pursuing the
appropriate supply chain strategy. In a production capacity constraint environment, making
the optimal decision of order quantity by the retailer and production quantity by the
manufacturer becomes more important to reduce the backorder cost which in turn helps to
reduce the overall cost. When production capacity is high, full production quantity can be
produced to reduce the backorder cost. However when production capacity is low, having
access to information available through VMI and CPFR supply chain can be helpful for the
manufacturer to make optimal decision regarding production quantity to improve the service
level and reduce the backorder penalty costs. So generally, when the production capacity is
low, CPFR should potentially have the lowest cost for both the manufacturer and the retailer.
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Backorder penalty cost can have a significant impact on the overall cost for the
manufacturer and the retailer. When the backorder penalty cost is high, it is important that
the retailer and the manufacturer have accurate demand forecast to reduce the backorders. In
TSC supply chain, the manufacturer does not have full demand visibility and develop their
demand forecast from retailer orders. In a CPFR supply chain the retailer and the
manufacturer collaborate to develop the demand forecast, which can be helpful to improve
the service level and reduce the backorder cost. Specially, when the backorder penalty cost is
high, CPFR can potentially help in reducing the overall cost for both the manufacturer and
the retailer.
Delivery lead time can have a significant impact on the overall cost for both the
manufacturer and the retailer. When delivery lead time is longer, more safety stock is usually
needed to meet the retailer demand. In a TSC supply chain the manufacturer may not be able
to fully meet the demand of the retailer, as the manufacturer does not have full demand
visibility, which can lead to increased backorders. When the demand variability is high, the
availability of more accurate demand information can help to improve the service levels and
reduce the backorder costs for the manufacturer and the retailer. So, when the delivery lead
time is longer, CPFR can potentially help in reducing the overall cost for both the
manufacturer and the retailer.
Demand variability can have a significant impact on the total cost for both the
manufacturer and the retailer. In the traditional supply chain (TSC), both the retailer and the
manufacturer forecast their demand using the exponential smoothing forecast. The retailer
uses the historical market demand and the manufacturer uses the historical order demand to
develop their demand forecast. It has been well established that the order quantity from the
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retailer does not provide accurate demand information for the manufacturer, which in turn
increases the overall cost for both the manufacturer and the retailer. In a low variable demand
environment, the historical order information of the retailer may be useful to make demand
forecast and production quantity decisions for the manufacturer. However, when the demand
variability is high, the historical order quantity of the retailer does not provide accurate
information of demand for the manufacturer, which in turn can increase the overall cost for
both the manufacturer and the retailer. The sales and inventory information in VMI supply
chain and the demand and inventory information in CPFR supply chain should be helpful in
making optimal decision regarding the order quantity for the retailer and production quantity
for the manufacturer in a production capacity constraint environment. Generally, this should
help reduce the backorders for the retailer and the manufacturer and potentially reduce the
total cost for both the supply chain partners.
To test and evaluate these hypotheses and also determine the impact of the control
variables on the manufacturer cost and retailer cost in the three supply chain strategies, this
research has developed an experimental design using three different supply chain simulation
models (TSC, VMI & CPFR). The same random number sequence (CRN) is used to generate
the same variable demand data for all three supply chain strategies. All these models are
simulated with different values from independent variables (control variables) and the output
of simulations (performance measures) are analyzed using statistical methods to test and
evaluate the research questions and the research hypotheses statements.
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Traditional Supply Chain (TSC)
In a TSC supply chain setting, retailer does not share any information and orders on a
periodic basis and the manufacturer does not know the demand information of the retailer.
The retailer is involved in three important decisions during each period.
-

Demand Forecasting, Inventory Planning and Order Planning.

The manufacturer is involved in three important decisions during each period.
-

Demand Forecasting, Inventory Planning and Production Planning.

Information shared by the retailer with manufacturer during each period.
-

No information is shared by the retailer
Order Only

Manufacturer

Plant

Variable
Demand

Retailer

Warehous

Products Shipped

Figure 8. Model I - TSC Supply Chain Setting
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Figure 9. Decisions Made in the TSC Supply Chain
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Fulfill
Market
Demand

Sequence of Events in TSC Supply Chain
The retailer and the manufacturer use the traditional supply chain (TSC), before any
collaboration agreement is reached between them. Only orders are placed by the retailer and
no other information is shared with the manufacturer. In this situation, the retailer and
manufacturer make inventory management decisions independently, with the manufacturer in
a less favorable position regarding the demand information. Both the retailer and the
manufacturer use the exponential smoothing forecast technique to develop their demand
forecasts. The retailer develops their demand forecast based on the market demand and the
manufacturer develops their demand forecast based on order demand received from retailer.
The sequence of events is as follows. Beginning of each period, both the retailer and
the manufacturer forecast their lead time demand, calculate their target order up-to inventory
level and determine the order quantity (by retailer) and production quantity (by
manufacturer) to bring the inventory to their order up-to level. The order up-to-level for both
the retailer and the manufacturer is calculated so as to minimize the total inventory holding
cost and backorder cost. These actions are taken by the retailer and the manufacturer
simultaneously during each period. If the production quantity is more than the production
capacity, only the maximum quantity is produced due to the production capacity constraints.
Any unfulfilled demand for the retailer and the manufacturer is backordered with a backorder
penalty cost to be filled during the next period. The service level for the manufacturer and
retailer for each period is calculated based on the fill rate. The total cost for the manufacturer
and the retailer are calculated for each period based on the inventory holding cost and
backorder penalty cost during each period.
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In a TSC supply chain, the following sequence of events occurs during each period.
At the Retailer:
o Receive shipments from the manufacturer (if any)
o Update the inventory level
o Observe the market demand
o Fulfill the market demand
o Demand not fulfilled is backordered
o Calculate the total cost for retailer
o Develop the demand forecast
o Calculate order-up-to level
o Determine the order quantity
o Place order to manufacturer
At the Manufacturer:
o Receive shipments from plant to warehouse (if any)
o Update the inventory level
o Observe the retailer demand
o Fulfill retailer demand
o Demand not fulfilled is backordered
o Calculate the total cost for manufacturer
o Develop the demand forecast
o Calculate order-up-to level
o Determine production quantity
o Begin the production at plant
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Retailer Decisions (TSC)
Demand Forecasting
Demand forecast for period t is determined by using the exponential smoothing forecast,
=α(

) + (1-α)

α is the smoothing parameter used by the retailer
is the demand quantity for retailer from previous period
is the demand forecast for retailer from previous period
Inventory Planning
A periodic order-up-to policy is used to raise the inventory level up to a given target
level during each period. The order up to level ‘ ’ is the inventory required to minimize the
total inventory holding cost and backorder penalty cost. The delivery lead time from
manufacturer to retailer is given as ‘Ld’. So the order-up-to inventory level is equal to
=

* Ld + zr * σr *

Zr * σr *

d

d

where

is the safety stock during delivery lead time

Zr is safety factor based on minimizing holding cost and backorder cost
σr is the standard deviation of the demand
Ld is the delivery lead time in number of periods
Order Planning
Based on the retailer order up-to level a replenishment order quantity ‘Ot’, will be placed by
the retailer to raise the inventory level to order up to level
Ot =

=

Where,

where

and
-

is the inventory level at the beginning of the period t
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Manufacturer Decisions (TSC)
Demand Forecasting
Demand forecast for period t is determined by using the exponential smoothing forecast,
=β(

) + (1-β)

β is the smoothing parameter used by the manufacturer
is the order quantity of retailer from previous period
Inventory Planning
A periodic order-up-to policy is used to raise the inventory level up to a given target
level during each period. The order up to level ‘

’ is the inventory required to minimize the

total cost based on the holding cost and the backorder cost. The production lead-time is given
as ‘Lp’ which is equal to one period. So the order-up-to inventory level is equal to
=

+ z m * σm

where

zm * σm is the safety stock during production lead time
zm is the safety factor based on minimizing holding cost and backorder cost
σm is the standard deviation of the demand
Production Planning
Based on the manufacturer order up-to level a production order quantity ‘Pt’, will be
determined to raise the inventory level to order up to level
Pt =

–
=

Where,

where

and
-

is the inventory level at beginning of the period, t. However, as there is

production capacity constraint, if Pt is greater than the available production capacity Pc, then
only the maximum available production quantity Pc will be produced.
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Vendor Managed Inventory (VMI)
In VMI supply chain setting, the retailer shares sales and inventory level information.
In return, the manufacturer takes the responsibility of managing inventory for their retailer.
The retailer is usually not involved in any decisions during each period.
-

Only fulfills the market demand of the retailer

The manufacturer is involved in four important decisions during each period.
-

Demand Forecasting, Inventory Planning, Order Planning, Production Planning

Information shared by the retailer with manufacturer during each period.
-

Sales Data and Inventory Data
Inventory Data, Sales Data
Manufacturer

Plant

Variable
Demand

Retailer

Warehous

Products Shipped

Figure 10. Model II - VMI Supply Chain Setting
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Figure 11. Decisions Made in the VMI Supply Chain
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Sequence of Events in VMI Supply Chain
In the Vendor Managed Inventory (VMI) collaboration strategy, the retailer shares the
sales and inventory level information with the manufacturer during each period. In VMI
supply chain, the retailer is not involved in any decision making and the manufacturer takes
the responsibility to make inventory replenishment decisions for the retailer. The
manufacturer develops the demand forecast using exponential smoothing forecast technique
and the sales data information provided by the retailer. To determine order quantity for the
retailer and production quantity, the manufacturer follows an echelon-based inventory policy
in their replenishment and production planning. Under echelon-based inventory policy, the
manufacturer considers their own inventory level plus inventory level of retailer, backorder
quantity and any inventory in transit (Axsater and Rosling, 1993; Heijden et al., 1997).
The sequence of events is as follows. Beginning of each period, the retailer shares the
sales and inventory level information with the manufacturer. The manufacturer develop their
demand forecast, calculate their target order up-to inventory level and determine the
replenishment order quantity (for the retailer) to bring the inventory level to the order up-to
level. Similarly, the production quantity (for the manufacturer) is determined based on the
echelon-based inventory policy. If the production quantity is more than the production
capacity, only the maximum quantity can be produced due to the production capacity
constraints. Any unfulfilled demand for manufacturer and the retailer is backordered with a
backorder penalty cost which will be filled during the next period. The service level for the
manufacturer and retailer for each period is calculated based on the fill rate. The total cost for
the manufacturer and the retailer are calculated for each period based on the inventory
holding cost and backorder penalty cost during each period.
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In a VMI supply chain, the following sequence of events occurs during each period.
At the Retailer:
o Receive shipments from manufacturer (if any)
o Update the inventory level
o Observe the market demand
o Fulfill the market demand
o Demand not fulfilled is backordered
o Calculate the total cost for retailer
o Share information with manufacturer
At the Manufacturer:
o Receive shipments into the warehouse (if any)
o Update the inventory level
o Observe the retailer demand
o Fulfill the retailer demand
o Calculate total cost for manufacturer
o Demand not fulfilled is backordered
o Develop the demand forecast
o Calculate order-up-to level
o Determine order quantity for retailer
o Determine the production quantity
o Begin the production at plant
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Retailer Decisions (VMI)
In a VMI agreement, the retailer typically is not involved in demand forecasting and
inventory replenishment planning activities. In a VMI agreement, the retailer shares the sales
and inventory level information and the manufacturer makes the production quantity, order
quantity and replenishment decisions.

Manufacturer Decisions (VMI)
Demand Forecasting
Demand forecast for period t is determined by using the exponential smoothing forecast,
=β(

) + (1-β)

β is the smoothing parameter used by the manufacturer
is the sales quantity of retailer from previous period

Inventory Planning
A periodic order-up-to policy is used to raise the inventory level up to a given target level
during each period. The order up to level ‘

’ is the inventory required to minimize the total

cost based on the holding cost and the backorder cost. The production lead-time is given as
‘Lp’ which is equal to one period. So the order-up-to inventory level is equal to
=

+ z m * σm

where

zm * σm is the safety stock during the lead time
zm is safety factor based on minimizing holding cost and backorder cost
σm is the standard deviation of the demand
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Inventory level at manufacturer and retailer is calculated for order and production quantity
=

-

=

-

Order Planning
A periodic review (R, S) order-up-to inventory policy is used by the manufacturer for the
retailer location to raise the inventory level up to a given target level. The order up to level
‘ ’ is inventory required by retailer to ensure a given retailer service level. As the retailer
does not develop any forecast, the manufacturer’s forecast is used to calculate the retailer’s
order up to inventory level. The delivery lead-time from manufacturer is given as ‘Ld’.
So the Order-up-to inventory level for the retailer location is equal to
=

* Ld + zc * σm *

z c * σm *

d

d

where

is the safety stock during delivery lead time

zc is safety factor based on minimizing holding cost and backorder cost
σm is the standard deviation of the demand
Ld is the delivery lead time in number of periods
Using the above order up to level information ( ), a replenishment order quantity ‘Ot’, for
the retailer is calculated, where
Ot =

=

Where,

and
-

is the inventory level at beginning of the period t.
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Production Planning
An echelon-based policy (Axsater & Rosling 1993, Chen & Zheng 1994) is used for
production planning at the manufacturer’s location. The production order quantity ‘Pt’, is
determined by considering the retailer’s and manufacturer’s inventory level, retailer’s and
manufacturer’s backorder quantity, retailer’s order quantity and manufacturer shipment to the
retailer which has been not yet received.
The availability of inventory level information is useful in echelon-based stock policy
to help the manufacturer in producing the optimum quantity which in turn can help both the
manufacturer and the retailer to reduce their cost of inventory management. However for the
retailer, there will be no difference between an echelon stock policy and installation stock
policy as there is no downstream inventory.
Pt =

-

where,

= Optimal installation base stock level at the manufacturer plus optimal echelon
base stock level at the retailer
= Manufacturer’s and retailer’s inventory level minus manufacturer’s and
retailer’s backorder quantity plus retailer’s order quantity plus manufacturer shipment
to retailer not yet received
However, as there is production capacity constraint, if Pt is greater than the available
production capacity Pc, then only the maximum available production quantity Pc will be
produced during that period.
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Collaborative Planning, Forecasting and Replenishment (CPFR)
In CPFR supply chain setting, retailer shares demand and inventory data information
The retailer is involved in three important decisions during each period.
-

Demand Forecasting, Inventory Planning and Order Planning.

The manufacturer is involved in two important decisions during each period.
-

Inventory Planning and Production Planning

Information shared by the retailer with manufacture during each period.
-

Forecast Data and the Inventory Data
Forecast Data, Inventory Data

Manufacturer

Plant

Variable
Demand

Retailer

Warehous

Products Shipped

Figure 12. Model III - CPFR Supply Chain Setting
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g
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Figure 13. Decisions Made in the CPFR Supply Chain
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Fulfill
Market
Demand

Sequence of Events in CPFR Supply Chain
In a CPFR supply chain, the retailer and the manufacturer usually collaborate to
jointly develop their demand forecast. In this study, the retailer demand forecast is calculated
using the exponential smoothing forecast technique. After developing their forecast, the
retailer shares their demand forecast and inventory level information with the manufacturer
during each period. In this situation, the manufacturer does not forecast and uses the forecast
information shared by the retailer to determine the production quantity.
The sequence of events is as follows. Beginning of each period, the retailer develops
demand their demand forecast and shares the demand forecast and inventory level
information with the manufacturer. The retailer calculates their target order up-to-level
inventory and determines the order quantity to bring the inventory to their order up-to level.
To determine the production quantity, the manufacturer follows an echelon-based inventory
policy in their replenishment planning and production planning. Under the echelon-based
inventory policy, the manufacturer considers their own inventory level plus inventory level
of retailer, backorder quantity and any inventory in transit (Axsater and Rosling, 1993;
Heijden et al., 1997). If the production quantity is more than the production capacity, only
the maximum quantity can be produced due to the production capacity constraints. Any
unfulfilled demand for manufacturer and the retailer is backordered with a backorder penalty
cost which will be filled during the next period. The service level for the manufacturer and
retailer for each period is calculated based on the fill rate. The total cost for the manufacturer
and the retailer are calculated for each period based on the inventory holding cost and
backorder penalty cost during each period.
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The following sequence of events occurs during each period in the CPFR supply chain.
At the Retailer:
o Receive shipments from manufacturer (if any)
o Update the inventory level
o Observe the customer demand
o Fulfill the customer demand
o Demand not fulfilled is backordered
o Calculate the total cost for retailer
o Develop demand forecast and share information with manufacturer
o Calculate order-up-to level
o Determine order quantity
o Place order to manufacturer
At the Manufacturer:
o Receive shipments into the warehouse (if any)
o Update the inventory level
o Observe the retailer demand
o Fulfill the retailer demand
o Demand not fulfilled is backordered
o Calculate the total cost for manufacturer
o Use demand forecast from retailer
o Calculate order-up-to level
o Determine production quantity
o Begin production at the plant
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Retailer Decisions (CPFR)
Demand Forecasting
The retailer and the manufacturer collaborate and jointly determine the demand forecast. In
this research the demand is forecasted by the retailer and shared with the manufacturer.
=α(

) + (1-α)

α is the smoothing parameter used by retailer after collaboration
is the demand quantity for retailer from previous period
Inventory Planning
A periodic order-up-to policy is used to raise the inventory level up to a given target level
during each period. The order up to level ‘ ’ is the inventory required to minimize the total
cost based on the holding cost and the backorder cost. The delivery lead-time from the
manufacturer is given as ‘Ld’. So the order-up-to inventory level is equal to
=

* Ld + zr * σr *

Zr * σr *

d

d

where

is the safety stock during delivery lead time

Zr is safety factor based on minimizing holding cost and backorder cost
σr is the standard deviation of the demand
Ld is the delivery lead time in number of periods
Order Planning
Based on the retailer order up-to level a replenishment order quantity ‘Ot’, will be placed to
raise the inventory level to order up to level
Ot =

=

Where,

where

and
-

is the inventory level at the beginning of the period t
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Manufacturer Decisions (CPFR)
Demand Forecasting
Demand forecast is shared by the retailer with the manufacturer, so the manufacturer does
not forecast and uses the forecast information shared by the retailer
=
Typically, the manufacturer and the retailer collaborate to develop the demand forecast that
will be suitable for both the manufacturer and the retailer

Inventory Planning
A periodic order-up-to policy is used to raise the inventory level up to a given target level
during each period. The order up to level ‘

’ is the inventory required to minimize the total

inventory holding cost and the backorder cost. The production lead-time is given as ‘Lp’
which is equal to one period. So the order-up-to inventory level is equal to
=

+ z m * σm

where

zm * σm is the safety stock during the lead time
zm is safety factor based on minimizing holding cost and backorder cost
σm is the standard deviation of demand
The order up to level is calculated for each period to minimize the total inventory holding
cost and the backorder cost for the manufacturer.
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Production Planning
An echelon-based policy (Axsater & Rosling 1993, Chen & Zheng 1994) is used for
production planning at the manufacturer’s location. The production order quantity ‘Pt’, is
determined by considering the retailer’s and manufacturer’s inventory level, retailer’s and
manufacturer’s backorder quantity, retailer’s order quantity and manufacturer shipment to the
retailer which has been not yet received.
The availability of inventory level information is useful in echelon-based stock policy
to help the manufacturer in producing the optimum quantity which in turn can help both the
manufacturer and the retailer to reduce their cost of inventory management. However for the
retailer, there will be no difference between an echelon stock policy and installation stock
policy as there is no downstream inventory.
Pt =

-

where,

= Optimal installation base stock level at the manufacturer plus optimal echelon
base stock level at the retailer
= Manufacturer’s and retailer’s inventory level minus manufacturer’s and
retailer’s backorder quantity plus retailer’s order quantity plus manufacturer shipment
to retailer not yet received
However, as there is production capacity constraint, if Pt is greater than the available
production capacity Pc, then only the maximum available production quantity Pc will be
produced during that period.
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RESULTS AND CONCLUSIONS
In this section, the results and conclusions are provided based on the analysis of the
output from the three different supply chain simulation models (TSC, VMI and CPFR). Since
information is shared in VMI and CPFR supply chain strategies, it is expected that both VMI
and CPFR will perform better than TSC in reducing the manufacturer cost and the retailer
cost. CPFR is considered the more advanced collaboration strategy and the main motivation
for this study is to investigate whether CPFR performs better than VMI for both the retailer
and the manufacturer. Another objective is to determine the significant factors in VMI and
CPFR collaboration strategies that will have an impact on cost benefits for the manufacturer
and the retailer. To investigate the benefits of VMI and CPFR supply chain strategies and to
determine the factors (variables) that will have an impact on cost benefits for manufacturer
and retailer in VMI and CPFR supply chain strategies, this study investigates the following
four research questions.
1. In a variable demand environment, does CPFR perform better than VMI in reducing
the retailer cost?
2. In a variable demand environment, does CPFR perform better than VMI in reducing
the manufacturer cost?
3. In a variable demand environment how do these factors: production capacity,
backorder penalty cost and delivery lead time impact the choice of CPFR, VMI or
TSC for the retailer?
4. In a variable demand environment how do these factors: production capacity,
backorder penalty cost and delivery lead time impact the choice of CPFR, VMI or
TSC for the manufacturer?
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Benefits of VMI and CPFR Supply Chain Strategies over TSC
The performance measures (manufacturer cost and retailer cost) from the three supply
chain simulation models are analyzed to investigate the benefits of VMI and CPFR over
TSC. Based on the analysis, significant factors are identified to provide valuable managerial
insight that help to increase the cost benefits for both the manufacturer and retailer in VMI
and CPFR supply chain strategy in a variable demand environment. To determine the
significant factors (control variables) that help increase cost benefits for the manufacturer and
the retailer, valid comparisons between the three supply chain strategies under different
factor combinations are made. A full factorial design is used (to avoid unbalanced design)
with a total of 243 factor combinations (35) times 60 replications. The statistical software
‘Minitab 16’ is used for the statistical analysis.
Since information is shared in VMI and CPFR supply chain strategies, it is expected
that both VMI and CPFR will perform better than TSC in reducing the retailer cost and the
manufacturer cost. Before investigating factors that will have a significant impact on cost
benefits for manufacturer and retailer in the three supply chain strategies, it is important to
verify that VMI and CPFR do perform better than TSC in reducing the manufacturer cost and
retailer cost in a variable demand environment. Research question 1 and research question 2
will try to provide the answers to these questions. The ‘retailer cost per period’ and the
‘manufacturer cost per period’ are used as performance measures in this research.
For research questions 1 and 2, the average retailer cost and average manufacturer
cost for all three supply chain strategies are calculated for all factor combinations. Also, the
cost benefits of VMI and CPFR supply chain strategy in low, medium and high demand
variability is calculated. The calculated results are then used to verify if both VMI and CPFR
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perform better than TSC and also if CPFR performs better than VMI in reducing the cost for
both the retailer and the manufacturer. In addition, using pairwise comparisons method
(TSC=VMI, TSC=CPFR and VMI=CPFR) the confidence intervals for all 81 factor
combinations are calculated for both the manufacturer cost and retailer cost to determine if
there is a statistically significant difference between the three supply chain strategies.
For research questions 3 and 4, the hypothesis statements are analyzed to determine
any significant difference between the three supply chain strategies under different factor
combinations. Also, the cost benefits of CPFR and VMI over TSC for different factors in a
variable demand environment is determined. Initially, ANOVA is used to analyze the output
from three supply chain simulation models, to determine the factors that have a significant
impact on the performance measures. As ANOVA model alone may not provide all the
information on which supply chain strategy is significantly different, further analysis is
performed using ‘All Pairwise Comparisons’ method to determine the impact of different
factors on cost benefits for the manufacturer and the retailer in CPFR and VMI supply chain.
Abbreviations used in the Tables, Figures and Statistical Analysis
Table 8. Abbreviations Used in the Tables and Figures
Abbreviation

Details

SCS

Supply Chain Strategy

VDR

Variable Demand for the Retailer

PCM

Production Capacity of Manufacturer

BOP

Backorder Penalty Cost

DLT

Delivery Lead Time
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Table 9. Control Factors Considered in Statistical Analysis
Control Variables
Variable Demand
(VDR)
Production
Capacity
(PCM)
Backorder Penalty
(BOP)
Delivery Leadtime
(DLT)

Details for Variables
Low Demand Variability, σ = 10
Med Demand Variability, σ = 20
High Demand Variability, σ = 30
Low Production Capacity, 1.20
Med Production Capacity, 1.35
High Production Capacity, 1.50
Low Backorder Penalty Cost, 09
Med Backorder Penalty Cost, 19
High Backorder Penalty Cost, 32
Low Delivery Lead Time, 1.0
Med Delivery Lead Time, 2.0
High Delivery Lead Time, 3.0

Other Details
Average Demand is
100 units per period
Production Capacity is
factor of Avg. Demand
Backorder Penalty is
factor of Holding Cost
Delivery Lead Time is
factor of Review Period

Table 10. Response Variables Considered in Statistical Analysis
Response Variables

Details for Response Variables

Retailer Cost per Period
(RTL Cost)

Inventory Holding Cost for Retailer plus
Backorder Penalty Cost for the Retailer

Manufacturer Cost per Period
(MFG Cost)

Inventory Holding Cost for Manufacturer plus
Backorder Penalty Cost for Manufacturer

In this research study, the independent variables (control variables) are changed to
study the impact on the dependent variables (response variables) based on the three different
supply strategy (TSC, VMI and CPFR). This research study will employ a full factorial
design to gain an insight to the research questions and research hypothesis. A factorial
experiment is one in which the effects of all factors (control variables) and factor
combinations in the design are investigated simultaneously. Each combination of factor
levels are used the same number of times.
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Comparison of Retailer Cost in the Three Supply Chain Strategies
Research Question 1
In a variable demand environment, does CPFR perform better than VMI in reducing
the total cost for the retailer?
To determine if VMI and CPFR perform better than TSC, the average retailer cost is
calculated for all three supply chain strategies and also the average retailer cost is calculated
for different demand variability’s as shown below. The average retailer cost for all factor
combinations for the three supply chain strategies are shown in Figure 14.

Retailer Cost for Three Supply Chain Strategies
$350.00
$300.00
$250.00

TSC

$200.00
$150.00

VMI

$313.54
$261.04

$100.00

CPFR

$237.86

$50.00
$0.00

Figure 14. Average Retailer Cost for Three Supply Chain Strategies

Retailer Cost (Low Demand Variability)
$120.00
$100.00
$80.00

$60.00
$40.00

TSC
VMI

$109.28
$85.60

CPFR
$78.78

$20.00
$0.00

Figure 15. Average Retailer Cost for Low Demand Variability
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From results shown in Figure 14, it can be seen that on average both VMI and CPFR
perform better than TSC in reducing total cost for the retailer. On average VMI helps reduce
retailer cost by 16.7 % and CPFR helps reduce the retailer cost by 24.1 % percent when
compared to TSC. This implies that on average, CPFR performs better than VMI in reducing
retailer cost. Further results for average retailer costs are shown for low demand, medium
demand and high demand variability. From figures 16, 17 and 18, it can be seen that as the
demand variability increases, overall retailer cost also increases. This is understandable, as
demand variability increases overall inventory costs and backorder costs also increase.
Retailer Cost (Medium Demand Variability)
$300.00
$250.00
$200.00

$150.00

TSC
VMI

$280.11

$223.28

$100.00

$201.40

CPFR

$50.00
$0.00

Figure 16. Average Retailer Cost for Medium Demand Variability

Retailer Cost (High Demand Variability)
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$400.00

$300.00
$200.00

TSC
VMI
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$474.24
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CPFR
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Figure 17. Average Retailer Cost for High Demand Variability
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Retailer Cost Benefits of CPFR and VMI in
Variable Demand Environment
(TSC - VMI)
$140.00
$120.00
$100.00
$80.00
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$0.00

(TSC - CPFR)
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(TSC - VMI)

VDR = High

$23.68

$56.83

$77.00

(TSC - CPFR)

$30.50

$78.71

$117.74

Figure 18. Retailer Cost Benefits of CPFR and VMI in VDR
Based on the supply chain setting considered in this research, it can be seen from
Figures 15, 16, 17 and 18, both VMI and CPFR perform better than TSC in reducing the
retailer cost for low demand, medium demand and also for high demand variability.
Typically, the information shared in VMI and CPFR supply chain strategies not only helps
the manufacturer in reducing their cost, but also helps in reducing the cost for the retailer.
As ANOVA model alone may not provide all the information on which supply chain
strategy is significantly different, further analysis is performed using ‘All Pairwise
Comparisons’ method to determine the impact of different factors on cost benefits for the
manufacturer and the retailer in CPFR and VMI supply chain. In addition, using the Pairwise
Comparisons method, the cost benefits of CPFR and VMI supply chain strategies for the
retailer in all 81 factor combination is shown in ‘Appendix A.’
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Comparison of Manufacturer Cost in Three Supply Chain Strategies
Research Question 2
In a variable demand environment, does CPFR perform better than VMI in reducing
the total cost for the manufacturer?
To determine if VMI and CPFR perform better than TSC, the average manufacturer
cost is calculated for all three supply chain strategies based on all factor combinations and
shown in Figure 19 and the average manufacturer cost for low demand variability, medium
demand variability and high demand variability are shown in Figures 20, 21 and 22.

Manufacturer Cost for Three Supply Chain Strategies
$300.00
$250.00
$200.00

TSC
VMI

$150.00
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$100.00
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Figure 19. Average Manufacturer Cost for Three Supply Chain Strategies

Manufacturer Cost (Low Demand Variability)
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TSC

$60.00
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VMI
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Figure 20. Average Manufacturer Cost for Low Demand Variability
91

From results shown in Figure 19, it is clear that on an average both VMI and CPFR
perform better than TSC in reducing the manufacturer cost. On average VMI helps reduce
the manufacturer cost by 17.8 % and CPFR helps reduce manufacturer cost by 29.9 % when
compared to TSC. This implies that on average, CPFR performs better than VMI in reducing
the manufacturer cost. Further results for average manufacturer costs are shown for low
demand, medium demand and high demand variability. From figures 20, 21 and 22, it can be
seen that as demand variability increases, the manufacturer also increases. This is because as
demand variability increases overall inventory costs and backorder costs also increase.

Manufacturer Cost (Med Demand Variability)
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$200.00
TSC
$150.00
VMI
$100.00
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Figure 21. Average Manufacturer Cost for Medium Demand Variability

Manufacturer Cost (High Demand Variability)
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$400.00
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$471.85
$200.00

VMI
$405.43

$352.74

CPFR

$100.00
$0.00

Figure 22. Average Manufacturer Cost for High Demand Variability
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Manufacturer Cost Benefits of CPFR and VMI in
Variable Demand Environment
(TSC - VMI)
$140.00
$120.00
$100.00
$80.00
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$22.43
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Figure 23. Manufacturer Cost Benefits of CPFR and VMI in VDR
From figures 20, 21, 22 and 23, it is clear that both VMI and CPFR perform better
than TSC and on average CPFR which is considered the more advanced collaboration
strategy performs better than VMI in reducing the cost for the manufacturer. Next, it is
important to find the cost benefits of CPFR and VMI over TSC to determine if CPFR
performs better than VMI and TSC under different factor combinations and also the impact
of control factors on the cost benefits of CPFR and VMI supply chain strategies. Research
questions 3 and 4 investigate the impact of control factors on the cost benefits of VMI and
CPFR supply chain strategies.
In addition, using the Pairwise Comparisons method, the cost benefits of CPFR and
VMI supply chain strategies for the manufacturer in all 81 factor combination is shown in
‘Appendix B.’
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Impact of Control Factors on Cost Benefits in VMI and CPFR
Ideally, the lowest cost for both the manufacturer and the retailer can be achieved
when the demand variability is low, production capacity is high, backorder penalty cost is
low and the delivery lead time is low. With this type of ideal supply chain setting, there will
be limited need for collaboration between the supply chain partners. However, the demand
variability, backorder penalty cost and delivery lead time are environmental factors and
usually not in the control of supply chain partners. Additionally, most manufacturers do not
have unlimited capacity and usually have production capacity constraints. Therefore the
supply chain partners (manufacturer and retailer) need to pursue supply chain collaboration
strategies to reduce their cost based on their supply chain setting (factor combinations).
In this research, supply chain strategy (SCS) is the ‘decision variable’ and variable
demand of retailer (VDR) is an ‘important factor’ considered in this study. As one of the
main objectives of this study is to investigate cost benefits of VMI and CPFR supply chain
strategies (SCS) in a variable demand environment (VDR), three-way interaction effects
between SCS and VDR with the other three factors (PCM, BOP and DLT) is investigated.
These are the two-way and three-way interaction effects investigated to determine the factors
that have a significant impact on the retailer cost and the manufacturer cost.
Two-way Interaction Effects:

SCS*VDR, SCS*PCM, SCS*BOP, SCS*DLT

Three-way Interaction Effects:

SCS*VDR*PCM, SCS*VDR*BOP, SCS*VDR*DLT

Based on the statistical analysis, significant factors are identified to provide valuable
managerial insight to help the manufacturer and retailer to increase their cost benefits of
pursuing the appropriate collaboration strategy.
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Statistical Analysis using Analysis of Variance
Initially, ANOVA is used to analyze the output (performance measures) from the
three supply chain simulation models to determine the factors (control variables) that have a
significant impact on the performance measures. If ANOVA lead to a conclusion that
different factors have a significant impact on the performance measures in the three supply
chain strategies, then further analysis is performed using ‘Pairwise Comparisons’ to
determine which means are statistically significantly different from others. To satisfy the
normality, independence and equal variance assumptions of ANOVA, output data was
analyzed and Log transformation was performed. There are many simulation studies in
supply chain information sharing that have used data transformation to satisfy the
assumptions of ANOVA (Zhao et al. 2002, Lau et al. 2008, Sari 2008). ANOVA is
performed on the transformed data and the results are shown in Table 10 and Table 11. The
ANOVA table shows the results of main effects and interaction effects of the five control
variables on the two performance measures (manufacturer cost and retailer cost). For the sake
of simplicity, ANOVA model considers the main effects and two-way interaction effects of
the five control variables on the two performance measures. The ANOVA result shows that
all main effects and almost all two-way interaction effects have a significant impact on both
the performance measures at 5% significance level. This implies that supply chain strategy,
demand variability, production capacity, backorder penalty cost and delivery lead time have a
significant impact on both manufacturer cost and retailer cost. Also, main effects plot and
interaction effects plot for the manufacturer cost and retailer cost are shown in Figures 26, 27
and 28. Further analysis is performed using ‘All Pairwise Comparison’ tests to determine
significant difference between the three supply strategies under different factor combinations.
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Abbreviations used in the ANOVA Table
SCS = Supply Chain Strategy
BOP = Backorder Penalty Cost
DLT = Delivery Lead Time

VDR = Variable Demand for the Retailer
PCM = Production Capacity of Manufacturer

Table 11. ANOVA Table for Manufacturer Cost (Log Transformation Data)
Source

DF

BLOCK
SCS
VDR
PCM
BOP
DLT
SCS * VDR
SCS * PCM
SCS * BOP
SCS * DLT
VDR * PCM
VDR * BOP
VDR * DLT
PCM * BOP
PCM * DLT
BOP * DLT
SCS * VDR * PCM
SCS * VDR * BOP
SCS * VDR * DLT
ERROR
TOTAL

59
2
2
2
2
2
4
4
4
4
4
4
4
4
4
4
8
8
8
14446
14579

Sum of
Squares
101.38
408.74
8369.17
1367.41
1175.05
549.70
13.91
3.97
3.00
58.59
28.61
44.76
122.33
35.44
91.26
13.99
2.05
0.33
1.86
100.46

S = 0.0833912

Mean
Squares
1.72
204.37
4184.9
683.71
587.52
274.85
3.48
0.99
0.75
14.65
70.90
11.19
30.58
8.86
22.82
3.50
0.26
0.04
0.23
0.01

F
247.10
29388.53
601744.72
98317.15
84486.21
39523.65
500.23
142.86
107.71
2106.39
10195.89
1609.10
4397.79
1273.99
3280.92
502.87
36.81
5.99
33.38

R-Square = 99.21%
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P
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Abbreviations used in the ANOVA Table
SCS = Supply Chain Strategy
BOP = Backorder Penalty Cost
DLT = Delivery Lead Time

VDR = Variable Demand for the Retailer
PCM = Production Capacity of Manufacturer

Table 12. ANOVA Table for Retailer Cost (Log Transformation Data)
Source

DF

BLOCK
SCS
VDR
PCM
BOP
DLT
SCS * VDR
SCS * PCM
SCS * BOP
SCS * DLT
VDR * PCM
VDR * BOP
VDR * DLT
PCM * BOP
PCM * DLT
BOP * DLT
SCS * VDR * PCM
SCS * VDR * BOP
SCS * VDR * DLT
ERROR
TOTAL

59
2
2
2
2
2
4
4
4
4
4
4
4
4
4
4
8
8
8
14457
14579

Sum of
Squares
175.08
120.69
6403.06
987.88
302.81
3405.32
2.11
1.67
0.06
67.74
428.41
9.44
60.09
14.51
36.10
3.94
0.34
0.01
0.79
181.11

S = 0.111968

Mean
Squares
2.97
60.35
3201.5
493.94
151.40
1702.66
0.53
0.42
0.02
16.93
107.10
2.36
15.02
3.63
9.03
0.99
0.04
0.00
0.10
0.01

F
236.70
4813.50
255370.91
39399.45
12076.81
135813.02
42.09
33.26
1.26
1350.78
8543.16
188.22
1198.32
289.36
719.89
78.62
3.39
0.07
7.83

R-Square = 98.52%
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P
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.282
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000
0.000

Figure 24. Normal Probability Plot for Manufacturer Cost (Log Transformation)

Figure 25. Normal Probability Plot for Retailer Cost (Log Transformation)
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Figure 26. Main Effects Plot for Manufacturer Cost and Retailer Cost
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Figure 27. Interaction Plots for the Retailer Cost (All Factors)
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Figure 28. Interaction Plots for Manufacturer Cost (All Factors)
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Pairwise Comparisons to Compare the Three Supply Chain Strategies
Based on research questions 1 and 2, it is shown that on average CPFR performs
better than VMI and TSC for both the manufacturer and the retailer. So it may seem justified
that both the manufacturer and retailer should pursue CPFR collaboration strategy to reduce
their cost. This may be true in most situations (factor combinations) and therefore it is
important to determine if cost benefits of CPFR is more than both VMI and TSC under
different factor combinations. To determine cost benefits of CPFR and VMI, further analysis
is performed to compare three supply chain strategies under different factor combinations.
For comparing alternative system configurations, appropriate statistical methods are
essential to avoid making incorrect conclusions. As ANOVA model alone may not provide
all the information on how the three supply chain strategies perform under different factor
combinations, further analysis is performed. In this research, three different supply chain
strategies are being compared to determine if they are statistically significantly different from
each other. Based on Law and Kelton (2000), the ‘All Pairwise Comparisons’ method for
comparing alternative system configurations is used to compare three supply chain strategies
(TSC=VMI, TSC=CPFR,VMI=CPFR). A 95% confidence level (1 – α) is considered for this
study, where α = 0.05. However, for comparing more than two systems (k > 2), individual
confidence interval needs to be c = k (k-1)/2. In this study, k = 3, and therefore individual
confidence level for pairwise comparisons will be equal to (1 – α/c) which will be equal to
98.33%. Pairwise comparison method uses a paired-t confidence interval for the difference
between the paired samples and the interpretation of any significant difference is based on
whether the confidence interval misses or contains zero. If the confidence intervals does not
contain zero, then the two systems being compared are statistically significantly different.
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Additionally, when comparing two or more systems, a confidence interval (lower and
upper limits) for each system can be calculated and displayed graphically. The interpretation
is based on that if the confidence intervals from different systems do not overlap, then the
performance measures between these systems will be statistically significantly different. In
this research, all pairwise comparisons method is used to calculate confidence intervals on
non-transformed data (TSC = VMI, TSC = CPFR, VMI = CPFR) to make the Pairwise
comparisons under different factor combinations. Using the Pairwise Comparisons method,
cost benefits of CPFR and VMI supply chain strategies for both retailer and manufacturer
for all factor combinations (total of 81 factor combinations for retailer cost and 81 factor
combinations for manufacturer cost) is shown in ‘Appendix A and Appendix B.’
Impact of Control Factors on Cost Benefits for Retailer in VMI and CPFR
Research Question 3
In a variable demand environment how do these factors: production capacity,
backorder penalty cost and delivery lead time impact the choice of CPFR, VMI or TSC?
Based on answers to research question 1, it is shown that on average, CPFR performs
better than VMI and TSC in reducing the retailer cost. So it may seem justified that the
retailer should pursue CPFR collaboration strategy to reduce their cost. This may be true in
most situations (factor combinations); however there may be some factor combinations
where retailer cost in CPFR is not significantly different than VMI or TSC. Also in some
factor combinations the cost benefits for retailer in CPFR is not significant enough to justify
pursuing CPFR strategy. Therefore further analysis is performed to investigate cost benefits
of CPFR and VMI in a variable demand environment. Using ‘Pairwise Comparisons’ with
individual confidence level of 98.33%, (TSC = VMI, TSC = CPFR, and VMI = CPFR)
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pairwise comparisons are made to determine cost benefits of CPFR and VMI collaboration
strategies in a variable demand environment.
‘Pairwise Comparisons’ method is used to compare the three supply chain strategies
(TSC, VMI, and CPFR), to investigate the impact of production capacity (PCM), backorder
penalty cost (BOP) and delivery lead time (DLT) in a variable demand environment (VDR).
All pairwise comparisons between the three supply chain strategies for all factor
combinations (total of 81 factor combinations for each supply chain strategy) are shown in
Appendix E. The information from the analysis is used to determine the factors that impact
the cost benefits for the retailer in CPFR and VMI supply chain strategies and provide
valuable managerial insight for the retailer to pursue the appropriate collaboration strategy.
Interaction of PCM, SCS and VDR on the Retailer Cost
In a variable demand environment, production capacity of the manufacturer can have
a significant impact on the retailer cost in the three supply chain strategies. In this research,
order-up-to level production policy (lot-for-lot production per period) is used wherein lower
production capacity can usually lead to higher backorder costs. So the cost benefits of CPFR
and VMI collaboration strategies in different production capacities and demand variability’s
is being investigated. To determine which supply chain strategy to pursue (CPFR, VMI or
TSC), a three way interaction effect of production capacity (PCM), demand variability
(VDR) and the supply chain strategy (SCS) is investigated using ANOVA and Pairwise
Comparison method. To determine if there is a significant difference in retailer cost between
the three supply chain strategies for different production capacities in both low and high
variable demand environment, the following research hypotheses are tested.

102

H0 1A: For different production capacities, there is no significant difference in retailer
cost between the three supply chain strategies in a low variable demand environment
H1 1A: For different production capacities, there is a significant difference in retailer
cost between the three supply chain strategies in a low variable demand environment
H0 1B: For different production capacities, there is no significant difference in retailer
cost between the three supply chain strategies in a high variable demand environment
H1 1B: For different production capacities, there is a significant difference in retailer
cost between the three supply chain strategies in a high variable demand environment
The interaction effects between production capacity of the manufacturer and different
demand variability of the retailer is investigated. For both low demand variability and high
demand variability, the impact of production capacities on the cost benefits of CPFR and
VMI collaboration strategies are investigated.

Interaction Plot for Retailer Cost
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Figure 29. Interaction Effects Plot of PCM and VDR on Retailer Cost
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Interaction Plot for Retailer Cost (VDR = Low)
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Figure 30. Interaction Plot of PCM and SCS on Retailer Cost in Low VDR
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Figure 31. Interaction Plot of PCM and SCS on Retailer Cost in High VDR
Analysis of Variance for Retailer Cost, using Adjusted SS for Tests
Source
BLOCK
SCS
VDR
PCM
SCS*VDR
SCS*PCM
VDR*PCM
SCS*VDR*PCM
Error
Total

DF
59
2
2
2
4
4
4
8
14494
14579

Seq SS
18210632
14615949
388795484
145715498
3149835
2590213
128730946
1232902
375985809
1079027268

Adj SS
18210632
14615949
388795484
145715498
3149835
2590213
128730946
1232902
375985809

Adj MS
308655
7307974
194397742
72857749
787459
647553
32182737
154113
25941

F
11.90
281.72
7493.90
2808.62
30.36
24.96
1240.62
5.94

P
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Figure 32. ANOVA for Retailer Cost with PCM, VDR and SCS
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Interaction Effects between PCM and VDR on Retailer Cost
ANOVA result in Figure 32 shows that all main effects and all interaction effects
have a significant impact on the retailer cost at 5% significance level. This implies that
supply chain strategy (SCS), demand variability (VDR) and production capacity (PCM) have
a significant impact on the retailer cost at 5% significance level. Based on interaction plot in
Figure 29, there is a significant interaction between demand variability and production
capacity. When demand variability is low, there is a smaller difference in retailer cost
between the three production capacities. However when demand variability is high, there is a
larger difference in retailer cost between the three production capacities. This suggests that
the production capacity has significantly larger impact in high variable demand environment.
Next the impact of production capacity and demand variability in three supply chain
strategies is investigated. In this research, supply chain strategy (SCS) is ‘decision variable’
and so the interaction effect between production capacity of manufacturer (PCM) and supply
chain strategy (SCS) both in ‘low demand variability’ and ‘high demand variability’ is
investigated further to help determine the cost benefits of CPFR and VMI supply chain
strategy to retailer in a variable demand environment.
Interaction of PCM and SCS in Low Variable Demand Environment
As seen from interaction plot in Figure 29, there is a difference in retailer cost
between the three supply chain strategies in all production capacities. Using one-way
ANOVA and Pairwise Comparisons tests, the interaction effect between production capacity
of manufacturer (PCM) and supply chain strategy (SCS) in low variable demand of retailer
(VDR) is analyzed. The results are shown in Figures 70, 71, 72 and summarized in Table 12.
Based on Pairwise Comparisons tests (Table 12 and Figure 33), it can be seen that for all
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production capacities (low, medium & high) there is a significant difference in retailer cost
between all three supply chain strategies.
The data suggests that when compared to TSC, both VMI and CPFR help in reducing
the retailer cost and higher cost benefits are achieved in CPFR strategy under all production
capacities. In addition, the highest cost reduction for retailer is achieved when production
capacity is low. This is due to the fact that in a supply chain with low production capacity;
the improved forecast and inventory information available in CPFR strategy helps the
manufacturer to effectively use the production capacity to reduce backorders and improve
service level to the retailer, which in turn helps reduce the overall cost for the retailer. This
implies that in a low variable demand environment, there are significant cost benefits for the
retailer to pursue CPFR in all production capacities and specially gain higher cost benefits
when production capacity is low. Therefore the hypothesis H01A is rejected, as there is
significant difference in retailer cost between the three supply chain strategies in all
production capacities.

Table 13. Confidence Intervals for Production Capacities in Low VDR
VDR = Low

Supply Chain
(RTL Cost)

PCM = Low

PCM = Med

PCM = High

TSC – VMI

(25.14, 31.56)

(19.49, 24.29)

(18.53, 23.08)

TSC – CPFR

(32.68, 40.78)

(25.21, 31.28)

(23.97, 29.71)
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Interaction of PCM and SCS on RTL Cost in Low VDR
(TSC - VMI)
$40.00
$35.00
$30.00
$25.00
$20.00
$15.00
$10.00
$5.00
$0.00

PCM = Low

(TSC - CPFR)

PCM = Med

PCM = High

VDR = Low
(TSC - VMI)

$28.35

$21.89

$20.80

(TSC - CPFR)

$36.73

$29.25

$26.84

Figure 33. Interaction of PCM and SCS on Retailer Cost in Low VDR
Interaction of PCM and SCS in High Variable Demand Environment
The interaction effect between production capacity of manufacturer (PCM) and
supply chain strategy (SCS) in high variable demand of retailer (VDR) is analyzed using oneway ANOVA and Pairwise Comparisons tests. The results are shown in Figures 73, 74, 75
and summarized in Table 13. Based on Pairwise Comparisons tests (Table 13 and Figure 32),
it can be seen that for all production capacities (low, medium & high) there is a significant
difference in retailer cost between all three supply chain strategies. The data suggests that
when compared to TSC, both VMI and CPFR help in reducing the retailer cost and higher
cost reduction is achieved in CPFR strategy under all production capacities. In addition,
significantly higher cost reduction for the retailer can be achieved in low production capacity
environment. There is an interaction effect between production capacity, demand variability
and supply chain strategy which is evident that when production capacity is increased the
cost benefits to the retailer are reduced.
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The cost benefits for retailer in VMI and CPFR strategy is highest, when production
capacity is low. This is due to the fact that in a supply chain with low production capacity,
the improved forecast and inventory information available in CPFR strategy can help the
manufacturer to determine the optimal production quantity. Also the manufacturer can
effectively use the production capacity to reduce the backorders and improve service level to
the retailer, which in turn helps to reduce the overall cost for the retailer.
This implies that in a high variable demand environment, there are significant cost
benefits for the retailer to pursue CPFR in all production capacities and specially gain
significantly higher cost benefits in low production capacity environment. In lower
production capacity environment, the availability of forecast and inventory level information
can help the manufacturer to produce the optimum quantity which in turn can help in
reducing the cost for both the manufacturer and the retailer. Therefore the hypothesis H01B is
rejected, as there is significant difference in retailer cost between the three supply chain
strategies in all production capacities.
Table 14. Confidence Intervals for Production Capacities in High VDR
VDR = High

Supply Chain
(RTL Cost)

PCM = Low

PCM = Med

PCM = High

TSC – VMI

(108.26, 140.53)

(57.88, 73.93)

(35.76, 45.59)

TSC – CPFR

(176.62, 219.45)

(86.15, 107.74)

(51.57, 64.88)
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Interaction of PCM and SCS on RTL Cost in High VDR
(TSC - VMI)
$210.00
$180.00
$150.00
$120.00
$90.00
$60.00
$30.00
$0.00

PCM = Low

(TSC - CPFR)

PCM = Med

PCM = High

VDR = High
(TSC - VMI)

$126.40

$65.91

$40.68

(TSC - CPFR)

$198.04

$96.95

$58.22

Figure 34. Interaction of PCM and SCS on Retailer Cost in High VDR
To summarize, VMI and CPFR help in reducing retailer cost in all three production
capacities, both in low demand variability and also in high demand variability. In lower
production capacity environment, the availability of forecast and inventory level information
can help the manufacturer to produce the optimum quantity which in turn can help in
reducing the cost for both the manufacturer and the retailer. Also, CPFR achieves the highest
cost benefits for retailer in all production capacities both in low variable demand and in high
variable demand environment. In a low variable demand environment, the difference in cost
benefits for retailer in CPFR between the three production capacities is smaller and not
significant. However in high variable demand environment, the difference in cost benefits for
retailer in CPFR strategy between the three production capacities is significantly larger. Also,
in high demand variability, the highest cost benefits are achieved in CPFR by the retailer in a
low production capacity environment.
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Interaction of BOP, SCS and VDR on the Retailer Cost
In a variable demand environment, backorder penalty cost can have a significant
impact on the retailer cost in the three different supply chain strategies. Higher backorder
penalty costs can lead to higher costs for both the manufacturer and the retailer. As
information is shared, it is expected that both CPFR and VMI will perform better than TSC
in reducing the retailer cost in all backorder penalty costs both in low variable demand as
well as in high variable demand environment. The cost benefits of CPFR and VMI
collaboration strategies in different backorder penalty costs and demand variability’s is
investigated. To determine which supply chain strategy to pursue (CPFR, VMI or TSC), a
three way interaction effect of backorder penalty cost (BOP), demand variability (VDR) and
supply chain strategy (SCS) is investigated using one-way ANOVA and Pairwise
Comparison method. To determine if there is a significant difference in retailer cost between
the three supply chain strategies for different backorder penalty costs both in low variable
demand and in high variable demand environment, the following research hypotheses are
tested.
H0 2A: For different backorder costs, there is no significant difference in retailer cost
between the three supply chain strategies in a low variable demand environment
H1 2A: For different backorder costs, there is a significant difference in retailer cost
between the three supply chain strategies in a low variable demand environment
H0 2B: For different backorder costs, there is no significant difference in retailer cost
between the three supply chain strategies in a high variable demand environment
H1 2B: For different backorder costs, there is a significant difference in retailer cost
between the three supply chain strategies in a high variable demand environment
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Figure 35. Interaction Effects Plot of BOP and VDR on Retailer Cost

Interaction Plot for Retailer Cost (Low VDR)
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Figure 36. Interaction Plot of BOP and SCS on Retailer Cost in Low VDR
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Interaction Plot for Retailer Cost (High VDR)
700

Supply
Strategy
1TSC
2VMI
3CPFR

Mean

600

500

400

300
9.00

19.00
Backorder Penalty

32.00

Figure 37. Interaction Plot of BOP and SCS on Retailer Cost in High VDR
Analysis of Variance for Retailer Cost, using Adjusted SS for Tests
Source
BLOCK
SCS
VDR
BOP
SCS*VDR
SCS*BOP
VDR*BOP
SCS*VDR*BOP
Error
Total

DF
59
2
2
2
4
4
4
8
14494
14579

Seq SS
18210632
14615949
388795484
35528947
3149835
545341
19910104
149285
598121692
1079027268

Adj SS
18210632
14615949
388795484
35528947
3149835
545341
19910104
149285
598121692

Adj MS
308655
7307974
194397742
17764474
787459
136335
4977526
18661
41267

F
7.48
177.09
4710.75
430.48
19.08
3.30
120.62
0.45

P
0.000
0.000
0.000
0.000
0.000
0.010
0.000
0.890

Figure 38. ANOVA for Retailer Cost with BOP, VDR and SCS
Interaction Effects between BOP and VDR on Retailer Cost
Initially the interaction effects between BOP and VDR on the retailer cost is
investigated. ANOVA result in Figure 38 shows that all main effects and all two-way
interaction effects have a significant impact on retailer cost at 5% significance level. This
implies that supply chain strategy (SCS), demand variability (VDR) and backorder penalty
cost (BOP) have a significant impact on the retailer cost at 5% significance level. Based on
interaction plot in Figure 35, there is a significant interaction between demand variability and
backorder penalty cost. When demand variability is low, there is a smaller difference in
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retailer cost between the three backorder penalty costs. However when demand variability is
high, there is a larger difference in retailer cost between three backorder penalty costs to
suggest that backorder penalty costs will have a comparatively larger impact in high variable
demand environment.
Next the impact of backorder cost and demand variability in three supply chain
strategies is investigated. In this research, supply chain strategy (SCS) is ‘decision variable’
and so interaction effect between backorder penalty cost (BOP) and supply chain strategy
(SCS) both in ‘low demand variability’ and ‘high demand variability’ is investigated further
to determine cost benefits of CPFR and VMI to retailer in a variable demand environment.
Interaction of BOP and SCS in Low Variable Demand Environment
The interaction effect between backorder penalty cost (BOP) and supply chain
strategy (SCS) in low variable demand environment is analyzed using one-way ANOVA and
Pairwise Comparisons tests. The results are shown in Figures 76, 77, 78 and summarized in
Table 14. Based on Pairwise Comparisons tests (Table 14 and Figure 39), it can be seen that
for all backorder penalty costs (low, medium & high) there is a significant difference in
retailer cost between all three supply chain strategies. The data suggests that when compared
to TSC, both VMI and CPFR help in reducing retailer cost and higher cost reduction is
achieved in CPFR strategy under all backorder penalty costs. In addition, the highest cost
reduction for retailer is achieved when backorder penalty cost is high. Specially, when
backorder penalty costs are high, it is important for both the manufacturer and retailer to have
more accurate forecast to reduce the variance in order quantity and production quantity. In
CPFR supply chain strategy, the retailer shares their forecast and inventory information,
which can help the manufacturer to reduce their variance in production quantity.
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This can greatly improve their service level to retailer which in turn helps to reduce
the retailer cost. This implies that even in a low variable demand environment, there are
significant cost benefits for the retailer to pursue CPFR in all backorder penalty costs and
specially gain higher cost benefits when the backorder penalty costs are high. Therefore the
hypothesis H0 2A is rejected, as there is a significant difference in retailer cost between three
supply chain strategies in all backorder penalty costs in a low variable demand environment.

Table 15. Confidence Intervals for Backorder Penalty Costs in Low VDR

Supply Chain

VDR = Low
BOP = Low

BOP = Med

BOP = High

TSC – VMI

(17.16, 21.19)

(21.17, 26.42)

(24.87, 31.26)

TSC – CPFR

(21.70, 26.68)

(27.53, 34.15)

(32.73, 40.85)

Interaction of BOP and SCS on RTL Cost in Low VDR
(TSC - VMI)
$40.00
$35.00
$30.00
$25.00
$20.00
$15.00
$10.00
$5.00
$0.00

BOP = Low

(TSC - CPFR)

BOP = Med

BOP = High

VDR = Low
(TSC - VMI)

$19.18

$23.79

$28.07

(TSC - CPFR)

$24.19

$30.84

$36.79

Figure 39. Interaction of BOP and SCS on Retailer Cost in Low VDR
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Interaction of BOP and SCS in High Variable Demand Environment
The interaction effect between backorder penalty cost (BOP) and supply chain
strategy (SCS) in high variable demand of retailer (VDR) is analyzed using one-way
ANOVA and Pairwise Comparisons tests. The results are shown in Figures 79, 80, 81 and
summarized in Table 15. Based on Pairwise Comparisons tests (Table 15 and Figure 40), it
can be seen that for all backorder penalty costs (low, medium & high) there is a significant
difference in retailer cost between all three supply chain strategies. The data suggests that
when compared to TSC, both VMI and CPFR help in reducing retailer cost and higher cost
reduction is achieved in CPFR strategy under all backorder penalty costs. In addition, the
highest cost reduction for retailer is achieved when backorder penalty cost is high. Specially,
when backorder penalty costs are high, it is important for both the manufacturer and retailer
to have more accurate forecast to reduce the variance in order quantity and production
quantity. In CPFR supply chain strategy, the retailer shares their forecast and inventory
information, which can help the manufacturer to reduce backorders. In high variable demand
environment, any improvement in forecast can greatly reduce variance in production quantity
to minimize backorders to retailer which in turn helps reduce retailer cost. This implies that
in a high variable demand environment, there are significant cost benefits for retailer to
pursue CPFR in all backorder penalty costs and specially gain higher cost benefits when the
backorder penalty costs are high. Therefore the hypothesis H0 2B is rejected, as there is a
significant difference in retailer cost between three supply chain strategies in all backorder
penalty costs in a high variable demand environment.

115

Table 16. Confidence Intervals for Backorder Penalty Costs in High VDR

Supply Chain

VDR = High
BOP = Low

BOP = Med

BOP = High

TSC – VMI

(51.49, 67.69)

(66.35, 88.75)

(80.02, 107.66)

TSC – CPFR

(76.88, 98.32)

(103.42, 133.81)

(127.85, 166.13)

Interaction of BOP and SCS on RTL Cost in High VDR
(TSC - VMI)
$160.00
$140.00
$120.00
$100.00
$80.00
$60.00
$40.00
$20.00
$0.00

BOP = Low

(TSC - CPFR)

BOP = Med

BOP = High

VDR = High
(TSC - VMI)

$59.59

$77.55

$93.84

(TSC - CPFR)

$87.60

$118.61

$146.99

Figure 40. Interaction of BOP and SCS on Retailer Cost in High VDR
To summarize, backorder penalty cost does have a significant impact on the choice of
supply chain strategy for retailer both in low demand and high demand variability. Based on
analysis, VMI and CPFR help in reducing cost for retailer in all backorder penalty costs, both
in low demand variability and also in high demand variability. In addition, it is seen that
CPFR achieves the highest cost benefits for retailer in all backorder penalty costs both in low
variable demand and in high variable demand environment. Both in low variable demand and
in high variable demand environment, the difference in cost benefits for retailer in CPFR
strategy between the three backorder penalty costs are significant, with the highest cost
benefits achieved by retailer when backorder penalty costs are high.
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Interaction of DLT, SCS and VDR on the Retailer Cost
In a variable demand environment, delivery lead time can have a significant impact
on the total cost for both the manufacturer and the retailer. It is well understood that the
variance in retailer’s order quantity and manufacturer’s production quantity increases
(bullwhip effect) in high delivery lead time and in high variable demand environment.
Therefore in a variable demand environment, the delivery lead time can have a significant
impact on the choice of supply chain strategy for retailer. In longer delivery lead time
environment, cost for the retailer increases significantly due to increased inventory holding
cost and backorder costs. When delivery lead time is high, sharing forecast and inventory
information in CPFR helps to reduce the bullwhip effect, which in turn helps to reduce the
cost for both the manufacturer and the retailer. To determine if there is a significant
difference in retailer cost between the three supply chain strategies for different delivery lead
times both in low variable demand and high variable demand environment, the following
research hypotheses are tested.
H0 3A: For different delivery lead times, there is no significant difference in retailer
cost between the three supply chain strategies in a low variable demand environment
H1 3A: For different delivery lead times, there is a significant difference in retailer cost
between the three supply chain strategies in a low variable demand environment
H0 3B: For different delivery lead times, there is no significant difference in retailer
cost between the three supply chain strategies in a high variable demand environment
H1 3B: For different delivery lead times, there is a significant difference in retailer cost
between the three supply chain strategies in a high variable demand environment
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Interaction Plot for Retailer Cost
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Figure 41. Interaction Effects Plot of DLT and VDR for Retailer Cost

Interaction Plot for Retailer Cost (Low VDR)
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Figure 42. Interaction Plot of DLT and SCS for Retailer Cost in Low VDR

Interaction Plot for Retailer Cost (High VDR)
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Figure 43. Interaction Plot DLT and SCS for Retailer Cost in High VDR
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Analysis of Variance for Retailer Cost, using Adjusted SS for Tests
Source
BLOCK
SCS
VDR
DLT
SCS*VDR
SCS*DLT
VDR*DLT
SCS*VDR*DLT
Error
Total

DF
59
2
2
2
4
4
4
8
14494
14579

Seq SS
18210632
14615949
388795484
166775265
3149835
14257471
32968669
3015234
437238730
1079027268

Adj SS
18210632
14615949
388795484
166775265
3149835
14257471
32968669
3015234
437238730

Adj MS
308655
7307974
194397742
83387632
787459
3564368
8242167
376904
30167

F
10.23
242.25
6444.08
2764.21
26.10
118.16
273.22
12.49

P
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Figure 44. ANOVA for Retailer Cost with DLT, VDR and SCS
Interaction Effects between DLT and VDR on Retailer Cost
The ANOVA result above shows that all main effects and all interaction effects have
a significant impact on retailer cost at 5% significance level. This implies that supply chain
strategy (SCS), demand variability (VDR) and delivery lead time (DLT) have a significant
impact on the retailer cost at 5% significance level. Based on interaction plot in Figure 41,
there is a significant interaction between demand variability and delivery lead time. When
demand variability is low, there is a smaller difference in retailer cost between the three
delivery lead times. However when demand variability is high, there is significantly larger
difference in retailer cost between the three delivery lead times. This suggests that delivery
lead time will have a bigger impact on retailer cost in high variable demand environment.
Next the interaction effect of delivery lead time and demand variability in the three
supply chain strategies is investigated. In this research, supply chain strategy (SCS) is the
‘decision variable’ and so the interaction effect between delivery lead time (DLT) and supply
chain strategy (SCS) both in ‘low demand variability’ and in ‘high demand variability’ is
investigated further to help determine the cost benefits of CPFR and VMI supply chain
strategy to retailer in a variable demand environment.
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Interaction of DLT and SCS in Low Variable Demand Environment
The interaction effect between delivery lead time (DLT) and supply chain strategy
(SCS) in low variable demand of retailer (VDR) is analyzed using one-way ANOVA and
Pairwise Comparisons tests. The results are shown in Figures 82, 83, 84 and summarized in
Table 16. Based on the Pairwise Comparisons tests (Table 16 and Figure 45), it can be seen
that for medium and high delivery lead times there is a significant difference in retailer cost
between all three supply chain strategies. However, there is no significant difference in
retailer cost between three supply chain strategies when delivery lead time is low. The data
suggests that when compared to TSC, both VMI and CPFR help in reducing retailer cost in
medium and high delivery lead times with higher cost reduction achieved in CPFR strategy.
In addition, the highest cost reduction for retailer is achieved when the delivery lead time is
high. This implies that both CPFR and VMI achieve no significant cost benefits for retailer in
low delivery lead time; however CPFR and VMI can achieve significant cost benefits for
retailer in medium and high delivery lead times.
It has been well established that when delivery lead time is high, there will be
increased variance in retailer’s order quantity to the manufacturer. This in turn will increase
the variance of production quantity for the manufacturer. With increased variance in order
quantity and production quantity; backorders can increase for both the manufacturer and
retailer, which in turn will increase the cost for both the manufacturer and the retailer. So
when delivery lead time is high, having forecast and inventory information available through
CPFR strategy can reduce the variance in production quantity, which in turn can help in
reducing the backorders.
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Therefore, CPFR strategy significantly helps in reducing the overall cost for retailer
when delivery lead time is high. However, when the delivery lead time is low the
manufacturer can use the order information to develop their forecast and so the benefit of
collaboration when delivery lead time is low is comparatively lower. Therefore hypothesis
H0 3A is not rejected, as there is no significant difference in retailer cost between the three
supply chain strategies when delivery lead time is low.
Table 17. Confidence Intervals for Delivery Lead Time in Low VDR

Supply Chain

VDR = Low
DLT = Low

DLT = Med

DLT = High

TSC – VMI

(0.74, 0.95)

(13.38, 14.46)

(54.44, 58.09)

TSC – CPFR

(0.98, 1.25)

(18.33, 19.66)

(69.41, 73.98)

Interaction of DLT and SCS on RTL Cost in Low VDR
(TSC - VMI)
$80.00
$70.00
$60.00
$50.00
$40.00
$30.00
$20.00
$10.00
$0.00

DLT = Low

(TSC - CPFR)

DLT = Med

DLT = High

VDR = Low
(TSC - VMI)

$0.85

$13.92

$56.27

(TSC - CPFR)

$1.11

$19.00

$71.70

Figure 45. Impact of DLT and SCS on Retailer Cost in Low VDR
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Interaction of DLT and SCS in High Variable Demand Environment
The interaction effect between delivery lead time (DLT) and supply chain strategy
(SCS) in high variable demand of retailer (VDR) is analyzed using one-way ANOVA and
Pairwise Comparisons tests. The results are shown in Figures 85, 86, 87 and summarized in
Table 17. Based on Pairwise Comparisons tests (Table 17 and Figure 46), it can be seen that
for medium and high delivery lead times there is a significant difference in retailer cost
between the three supply chain strategies. However when delivery lead time is low, there is
no significant difference in retailer cost between the three supply chain strategies. The data
supports that when compared to TSC, both VMI and CPFR help in reducing the retailer cost
in medium delivery lead time and high delivery lead time environment. Higher cost benefits
are achieved in CPFR strategy with the highest cost benefits for retailer achieved when the
delivery lead time is high.
In a variable demand environment, it has been well understood that when delivery
lead time is high and no information is shared, there will be increased variance in the order
quantity to the manufacturer. This in turn will increase the variance of production quantity
for the manufacturer (bullwhip effect). In high variable demand environment, the variance in
order quantity and production quantity significantly increases when delivery lead time is also
high. With increased variance in retailer’s order quantity and manufacturer’s production
quantity, backorders can increase for both the manufacturer and retailer, which in turn will
increase the cost for both the manufacturer and the retailer. So when demand variability is
high and delivery lead time is high, having forecast and inventory information available
through CPFR strategy can help to significantly reduce the variance in production quantity,
which in turn can reduce backorders for both the manufacturer and retailer.
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This implies that there are no significant cost benefits for retailer in low delivery lead
time, however significant cost benefits for retailer to pursue CPFR in medium delivery lead
time and specially gain higher cost benefits in high delivery lead times. Specially, in a high
variable demand environment along with high delivery lead time, CPFR collaboration
strategy significantly helps in reducing overall cost for the retailer. Therefore the hypothesis
H0 3B is not rejected, as there is no significant difference in retailer cost between the three
supply chain strategies in high variable demand environment when delivery lead time is low.
Table 18. Confidence Intervals for Delivery Lead Times in High VDR

Supply Chain

VDR = High
DLT = Low

DLT = Med

DLT = High

TSC – VMI

(-2.11, 0.55)

(34.79, 40.44)

(181.86, 206.41)

TSC – CPFR

(8.43, 12.08)

(63.85, 74.25)

(256.84, 290.96)

Interaction of DLT and SCS on RTL Cost in High VDR
(TSC - VMI)
$300.00
$250.00
$200.00
$150.00
$100.00
$50.00
$0.00

DLT = Low

(TSC - CPFR)

DLT = Med

DLT = High

VDR = High
(TSC - VMI)

$0.77

$37.62

$194.14

(TSC - CPFR)

$10.26

$69.05

$273.90

Figure 46. Interaction of DLT and SCS on Retailer Cost in High VDR
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To summarize, delivery lead time does have a significant impact on the choice of
supply chain strategy for retailer both in low demand variability and in high demand
variability. Based on the statistical analysis, delivery lead time does have a significant impact
on the choice of the supply chain strategy for the retailer. When delivery lead time is low,
there is no significant difference in retailer cost between the three supply strategies.
Therefore there is less incentive for the retailer to pursue VMI or CPFR strategy when
delivery lead time is low. However, when delivery lead time is high, there is a significant
difference in retailer cost between the three supply chain strategies, both in low variable
demand and in high variable demand environment. In general, when delivery lead time is
high, retailer should pursue CPFR for higher cost benefits. Specially, in high variable
demand environment along with high delivery lead time, CPFR collaboration strategy
achieves significantly higher cost benefits for the retailer. However when delivery lead time
is low, there is less incentive for the retailer to move to either VMI or CPFR collaboration
strategy.
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Impact of Control Factors on Manufacturer Cost Benefits in VMI and CPFR
Research Question 4
In variable demand environment, how does: production capacity, backorder penalty
cost and delivery lead time impact choice of CPFR, VMI or TSC for manufacturer?
Based on answers to research question 2, it is shown that on average, CPFR performs
better than VMI and TSC in reducing the manufacturer cost. So it may seem justified that the
manufacturer should pursue CPFR strategy to reduce their cost. This may be true in most
situations; however there may be some factor combinations where manufacturer cost in
CPFR is not significantly different than VMI or TSC. Also in some factor combinations the
cost benefits for manufacturer in CPFR is not significant enough to justify pursuing CPFR
strategy. Therefore further analysis is performed to investigate the cost benefits of CPFR and
VMI in a variable demand environment. Using ‘Pairwise Comparisons’ with individual
confidence level of 98.33%, (TSC = VMI, TSC = CPFR, and VMI = CPFR) pairwise
comparisons are made to determine the cost benefits of CPFR and VMI to manufacturer in a
variable demand environment.
‘Pairwise Comparisons’ method is used to compare the three supply chain strategies
(TSC, VMI, and CPFR), to investigate the impact of production capacity (PCM), backorder
penalty cost (BOP) and delivery lead time (DLT) in a variable demand environment (VDR).
All pairwise comparisons for manufacturer cost for all factor combinations (total of 81 factor
combinations for each supply chain strategy) are shown in Appendix F. The information
from the analysis is used to determine factors that impact the cost benefits for manufacturer
in CPFR and VMI supply chain strategies and provide valuable managerial insight for the
manufacturer to pursue the appropriate collaboration strategy.
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Interaction of PCM, SCS and VDR on Manufacturer Cost
In a variable demand environment, production capacity can have a significant impact
on the manufacturer cost, as lower production capacity can increase the backorder costs and
higher production capacity can potentially decrease the backorder costs for the manufacturer.
However, the availability of forecast and inventory information in CPFR can help the
manufacturer to reduce their cost even in low production capacity environment. So
production capacity can determine the supply chain strategy to pursue for the manufacturer.
In this research, order-up-to level (lot-for-lot) production policy is used to determine the
production quantity per period. To determine if there is a significant difference in
manufacturer cost between the three supply chain strategies for different production
capacities in a variable demand environment, the following research hypotheses are tested.
H0 4A: For different production capacities, there is no significant difference in manufacturer
cost between the three supply chain strategies in a low variable demand environment
H1 4A: For different production capacities, there is a significant difference in manufacturer
cost between the three supply chain strategies in a low variable demand environment
H0 4B: For different production capacities, there is no significant difference in manufacturer
cost between the three supply chain strategies in a high variable demand environment
H1 4B: For different production capacities, there is a significant difference in manufacturer
cost between the three supply chain strategies in a high variable demand environment
For both low demand variability and high demand variability, impact of production
capacities on the cost benefits of CPFR and VMI collaboration strategies are investigated.
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Interaction Plot for Manufacturer Cost
700

Production
C apacity
1.20
1.35
1.50

600

Mean

500
400
300
200
100
0
10.00

20.00
Demand Variability

30.00

Figure 47. Interaction Effects Plot of PCM and VDR for Manufacturer Cost

Interaction Plot for Manufacturer Cost (Low VDR)
Supply
Strategy
1TSC
2VMI
3CPFR

90

Mean

80

70

60

50

40
1.20

1.35
Production Capacity

1.50

Figure 48. Interaction Plot of PCM and SCS for Manufacturer Cost in Low VDR

Interaction Plot for Manufacturer Cost (High VDR)
800

Supply
Strategy
1TSC
2VMI
3CPFR

700

Mean

600
500
400
300
200
1.20

1.35
Production Capacity

1.50

Figure 49. Interaction Plot of PCM and SCS for Manufacturer Cost in High VDR
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Analysis of Variance for Manufacturer Cost, using Adjusted SS for Tests
Source
BLOCK
SCS
VDR
PCM
SCS*VDR
SCS*PCM
VDR*PCM
Error
Total

DF
59
2
2
2
4
4
4
14502
14579

Seq SS
7137039
14765776
306494738
114277736
2974099
426198
80990082
214526058
741591727

Adj SS
7137039
14765776
306494738
114277736
2974099
426198
80990082
214526058

Adj MS
120967
7382888
153247369
57138868
743525
106550
20247521
14793

F
8.18
499.08
10359.55
3862.60
50.26
7.20
1368.74

P
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Figure 50. ANOVA for Manufacturer Cost with PCM, VDR and SCS
Interaction Effects between PCM and VDR on Manufacturer Cost
The ANOVA result in Figure 50 shows that all main effects and all interaction effects
have a significant impact on the manufacturer cost at 5% significance level. This implies that
supply chain strategy (SCS), demand variability (VDR) and production capacity (PCM) have
a significant impact on the manufacturer cost. As seen from interaction plot in Figure 47; in
low demand variability, the difference in manufacturer cost is smaller between all three
production capacities. However in high variable demand environment there is significantly
larger cost difference in manufacturer cost between three production capacities. It means that
when demand variability is high; the availability of higher production capacity allows the
manufacturer to produce enough to meet the demand and reduce backorders, which in turn
will help in reducing the cost for the manufacturer.
Next the impact of production capacity and demand variability in three supply chain
strategies is investigated. In this research, supply chain strategy (SCS) is ‘decision variable’
and so the interaction effect between production capacity of manufacturer (PCM) and supply
chain strategy (SCS) both in ‘low demand variability’ and ‘high demand variability’ is
investigated further to help determine the cost benefits of CPFR and VMI supply chain
strategy to manufacturer in a variable demand environment.
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Interaction of PCM and SCS in Low Variable Demand Environment
As seen from interaction plot in Figure 48, there is a difference in manufacturer cost
between the three supply chain strategies in all three production capacities. The interaction
effect between production capacity of manufacturer (PCM) and supply chain strategy (SCS)
in low variable demand of retailer (VDR) is analyzed using one-way ANOVA and Pairwise
Comparisons tests. The results are shown in Figures 87, 88, 89 and summarized in Table 18.
Based on Pairwise Comparisons tests (Table 18 and Figure 51), it can be seen that for all
production capacities (low, medium & high) there is a significant difference in manufacturer
cost between all three supply chain strategies. When compared to TSC, the data suggests that
both VMI and CPFR help in reducing the manufacturer cost and higher cost reduction is
achieved in CPFR strategy under all production capacities. In addition, the highest cost
benefits are achieved in CPFR in a low production capacity environment. This is due to the
fact that in a supply chain with low production capacity, the improved forecast and inventory
information available to manufacturer through CPFR strategy can help the manufacturer to
effectively use the production capacity to improve service level and reduce backorders,
which in turn helps to reduce the overall cost for the manufacturer. This implies that in a low
variable demand environment, there are significant cost benefits for the manufacturer to
pursue CPFR in all production capacities and specially gain higher cost reduction when
production capacity is low. Therefore the hypothesis H04A is rejected, as in a low variable
demand environment there is significant difference in manufacturer cost between the three
supply chain strategies in all production capacities.
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Table 19. Confidence Intervals for Production Capacities in Low VDR
VDR = Low

Supply Chain
(MFG Cost)

PCM = Low

PCM = Med

PCM = High

TSC – VMI

(23.35, 27.60)

(19.49, 22.82)

(19.07, 22.25)

TSC – CPFR

(35.91, 41.88)

(28.87, 33.57)

(27.86, 32.31)

Interaction of PCM and SCS on MFG Cost in Low VDR
(TSC - VMI)

(TSC - CPFR)

$50.00
$40.00
$30.00
$20.00
$10.00
$0.00

PCM = Low

PCM = Med

PCM = High

VDR = Low
(TSC - VMI)

$25.47

$21.16

$20.66

(TSC - CPFR)

$38.90

$31.22

$30.09

Figure 51. Interaction of PCM and SCS on Manufacturer Cost in Low VDR
Interaction of PCM and SCS in High Variable Demand Environment
As seen from interaction plot in Figure 49, there is a difference in manufacturer cost
between the three supply chain strategies in all three production capacities. The interaction
effect between production capacity of manufacturer (PCM) and supply chain strategy (SCS)
in high variable demand of retailer (VDR) is analyzed using one-way ANOVA and Pairwise
Comparisons tests. The results are shown in Figures 90, 91, 92 and summarized in Table 19.
Based on Pairwise Comparisons tests (Table 19 and Figure 52), it can be seen that for all
production capacities (low, medium & high) there is a significant difference in manufacturer
cost between all three supply chain strategies.
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When compared to TSC, the data suggests that both VMI and CPFR help in reducing
the manufacturer cost and higher cost reduction is achieved in the CPFR strategy under all
production capacities. In addition, the highest cost benefits are achieved in CPFR when
production capacity is low. This is due to the fact that in a supply chain with low production
capacity, the improved forecast and inventory information available to manufacturer through
CPFR strategy can help the manufacturer to effectively use the production capacity to
improve service level and reduce backorders, which in turn helps to reduce the overall cost
for the manufacturer. This implies that in a high variable demand environment, there are
significant cost benefits for the manufacturer to pursue CPFR in all production capacities and
specially gain higher cost reduction when production capacity is low. Therefore the
hypothesis H0 4B is rejected, as in a high variable demand environment there is significant
difference in manufacturer cost between the three supply chain strategies in all production
capacities.

Table 20. Confidence Intervals for Production Capacities in High VDR
VDR = High

Supply Chain
(MFG Cost)

PCM = Low

PCM = Med

PCM = High

TSC – VMI

(66.87, 82.09)

(61.68, 72.56)

(52.48, 61.19)

TSC – CPFR

(132.52, 153.52)

(109.10, 125.42)

(89.50, 102.97)
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Interaction of PCM and SCS on MFG Cost in High VDR
(TSC - VMI)
$160.00
$140.00
$120.00
$100.00
$80.00
$60.00
$40.00
$20.00
$0.00

PCM = Low

(TSC - CPFR)

PCM = Med

PCM = High

VDR = High
(TSC - VMI)

$74.48

$67.12

$56.84

(TSC - CPFR)

$143.02

$117.26

$96.23

Figure 52. Interaction of PCM and SCS on Manufacturer Cost in High VDR
To summarize, VMI and CPFR help in reducing cost for manufacturer in all three
production capacities, both in low demand and also in high demand variability. Also, CPFR
achieves the highest cost benefits for manufacturer in all production capacities both in low
demand variability and in high demand variability. In a low variable demand environment,
the difference in cost benefits for the manufacturer in CPFR between medium and high
production capacities is not significant. However in high variable demand environment, the
difference in cost benefits for manufacturer in CPFR strategy between the three production
capacities is significantly larger. Also, in high demand variability, the highest cost benefits
are achieved in CPFR by the manufacturer in a low production capacity environment.
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Interaction of BOP, SCS and VDR on Manufacturer Cost
In a variable demand environment, backorder penalty cost can have a significant
impact on the manufacturer cost in the three different supply chain strategies. Higher
backorder penalty costs can lead to higher costs for both the manufacturer and the retailer. As
information is shared, it is expected that both CPFR and VMI will perform better than TSC
in reducing the manufacturer cost in all backorder penalty costs both in low demand
variability as well as in high demand variability. The cost benefits of CPFR and VMI
collaboration strategies in different backorder penalty costs and demand variability’s is
investigated. To determine which supply chain strategy to pursue (CPFR, VMI or TSC), a
three way interaction effect of backorder penalty cost (BOP), demand variability (VDR) and
supply chain strategy (SCS) is investigated using one-way ANOVA and Pairwise
Comparison method. To determine if there is a significant difference in manufacturer cost
between three supply chain strategies for different backorder penalty costs both in low
variable demand and in high variable demand environment, the following research
hypotheses are tested.
H0 5A: For different backorder costs, there is no significant difference in manufacturer cost
between the three supply chain strategies in a low variable demand environment
H1 5A: For different backorder costs, there is a significant difference in manufacturer cost
between the three supply chain strategies in a low variable demand environment
H0 5B: For different backorder costs, there is no significant difference in manufacturer cost
between the three supply chain strategies in a high variable demand environment
H1 5B: For different backorder costs, there is a significant difference in manufacturer cost
between the three supply chain strategies in a high variable demand environment
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Interaction Plot for Manufacturer Cost
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Figure 53. Interaction Effects Plot of BOP and VDR for Manufacturer Cost

Interaction Plot for Manufacturer Cost (Low VDR)
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Figure 54. Interaction Plot of BOP and SCS for Manufacturer Cost in Low VDR

Interaction Plot for Manufacturer Cost (High VDR)
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Figure 55. Interaction Plot of BOP and SCS for Manufacturer Cost in High VDR
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Analysis of Variance for Manufacturer Cost, using Adjusted SS for Tests
Source
BLOCK
SCS
VDR
BOP
SCS*VDR
SCS*BOP
VDR*BOP
SCS*VDR*BOP
Error
Total

DF
59
2
2
2
4
4
4
8
14494
14579

Seq SS
7137039
14765776
306494738
75299469
2974099
2047385
43720390
507355
288645475
741591727

Adj SS
7137039
14765776
306494738
75299469
2974099
2047385
43720390
507355
288645475

Adj MS
120967
7382888
153247369
37649735
743525
511846
10930097
63419
19915

F
6.07
370.72
7695.14
1890.54
37.34
25.70
548.84
3.18

P
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001

Figure 56. ANOVA for Manufacturer Cost with BOP, VDR and SCS
Interaction Effects between BOP and VDR on Manufacturer Cost
Initially the interaction effects between BOP and VDR on manufacturer cost is
investigated. ANOVA result in Figure 56 shows that all main effects and all two-way
interaction effects have a significant impact on retailer cost at 5% significance level. This
implies that supply chain strategy (SCS), demand variability (VDR) and backorder penalty
cost (BOP) have a significant impact on manufacturer cost at 5% significance level. Based on
interaction plot in Figure 53, there is a significant interaction between demand variability and
backorder penalty cost. When demand variability is low, there is a smaller difference in
manufacturer cost between three backorder penalty costs. However when demand variability
is high, there is larger difference in manufacturer cost between three backorder penalty costs,
This suggests, backorder costs has larger impact in high variable demand environment.
Next the impact of backorder cost and demand variability on the manufacturer cost in
three supply chain strategies is investigated. In this research, supply chain strategy (SCS) is
‘decision variable’ and so the interaction effect between backorder penalty cost (BOP) and
supply chain strategy (SCS) both in ‘low demand variability’ and ‘high demand variability’
is investigated further to help determine the cost benefits of CPFR and VMI supply chain
strategy to manufacturer in a variable demand environment.
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Interaction of BOP and SCS in Low Variable Demand Environment
The interaction effect between backorder penalty cost (BOP) and supply chain
strategy (SCS) in low variable demand environment is analyzed using one-way ANOVA and
Pairwise Comparisons tests. The results are shown in Figures 93, 94, 95 and summarized in
Table 14. Based on Pairwise Comparisons tests (Table 20 and Figure 57), it can be seen that
for all backorder penalty costs (low, medium & high) there is a significant difference in
manufacturer cost between all three supply chain strategies. The data suggests that when
compared to TSC, both VMI and CPFR help in reducing manufacturer cost (in terms of
dollars) and higher cost reduction is achieved in CPFR strategy under all backorder penalty
costs. In addition, the highest cost reduction for manufacturer is achieved when backorder
penalty cost is high. When backorder penalty costs are high, it is important for both the
manufacturer and retailer to have more accurate forecast to reduce their backorders. In CPFR
supply chain retailer share their forecast with manufacturer, which can help the manufacturer
to improve their service level to retailer which in turn helps to reduce the retailer cost. This
implies that there are significant cost benefits for the manufacturer to pursue CPFR in all
backorder penalty costs and specially gain higher cost reduction when backorder penalty
costs are high. Therefore the hypothesis H0 5A is rejected, as there is significant difference in
manufacturer cost between the three supply chain strategies in all backorder penalty costs.
Table 21. Confidence Intervals for Backorder Penalty Costs in Low VDR
VDR = Low

Supply Chain
(MFG Cost)

BOP = Low

BOP = Med

BOP = High

TSC – VMI

(13.13, 14.95)

(20.48, 23.56)

(28.95, 33.51)

TSC – CPFR

(19.16, 21.58)

(30.70, 34.93)

(43.84, 50.21)
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Interaction of BOP and SCS on MFG Cost in Low VDR
(TSC - VMI)

(TSC - CPFR)

$50.00
$40.00
$30.00
$20.00
$10.00
$0.00

BOP = Low

BOP = Med

BOP = High

VDR = Low
(TSC - VMI)

$14.04

$22.02

$31.23

(TSC - CPFR)

$20.37

$32.82

$47.03

Figure 57. Interaction of BOP and SCS on Manufacturer Cost in Low VDR
Interaction of BOP and SCS in High Variable Demand Environment
The interaction effect between backorder penalty cost (BOP) and supply chain
strategy (SCS) in low variable demand of retailer (VDR) is analyzed using one-way ANOVA
and Pairwise Comparisons tests. The results are shown in Figures 96, 97, 98 and summarized
in Table 15. Based on Pairwise Comparisons tests (Table 21 and Figure 58), it can be seen
that for all backorder penalty costs (low, medium & high) there is a significant difference in
manufacturer cost between all three supply chain strategies. The data suggests that when
compared to TSC, both VMI and CPFR help in reducing manufacturer cost and higher cost
reduction is achieved in CPFR strategy under all backorder penalty costs. In addition, the
highest cost reduction for manufacturer is achieved when backorder penalty cost is high.
When backorder penalty costs are high, it is important for both the manufacturer and retailer
to have more accurate forecast to reduce their backorders. In CPFR supply chain the retailer
share their forecast with the manufacturer, which can help the manufacturer to improve their
service level to retailer which in turn helps to reduce the retailer cost.
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This implies that there are significant cost benefits for the manufacturer to pursue
CPFR in all backorder penalty costs and specially gain higher cost reduction backorder
penalty costs are high. Therefore the hypothesis H0 5B is rejected based on the analysis, as
there is significant difference in the manufacturer cost between three supply chain strategies
in all backorder penalty costs.
Table 22. Confidence Intervals for Backorder Penalty Costs in High VDR
VDR = High

Supply Chain
(MFG Cost)

BOP = Low

BOP = Med

BOP = High

TSC – VMI

(33.82, 39.58)

(59.18, 69.17)

(90.14, 104.99)

TSC – CPFR

(60.33, 67.77)

(108.66, 122.12)

(166.77, 187.38)

Interaction of BOP and SCS on MFG Cost in High VDR
(TSC - VMI)

(TSC - CPFR)

$200.00
$150.00
$100.00
$50.00
$0.00

BOP = Low

BOP = Med

BOP = High

VDR = High
(TSC - VMI)

$36.70

$64.17

$97.57

(TSC - CPFR)

$64.05

$115.39

$177.08

Figure 58. Interaction of BOP and SCS on Manufacturer Cost in HighVDR
To summarize, backorder penalty cost does have a significant impact on the choice of
supply chain strategy for manufacturer, both in low demand and high demand variability.
Based on analysis, VMI and CPFR help in reducing manufacturer cost in all backorder
penalty costs, both in low demand variability and also in high demand variability. In
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addition, it is seen that CPFR achieves the highest cost benefits for the manufacturer in all
backorder penalty costs. Both in demand variability and in high demand variability, the
difference in cost benefits for manufacturer in CPFR strategy between the three backorder
penalty costs are significant, with highest cost benefits achieved by manufacturer when
backorder penalty costs are high.
Interaction of DLT, SCS and VDR on Manufacturer Cost
In a variable demand environment, delivery lead time can have a significant impact
on the total cost for both the manufacturer and the retailer. It is well understood that the
variance in retailer’s order quantity and manufacturer’s production quantity increases
(bullwhip effect) in high delivery lead time and in high variable demand environment.
Therefore in a variable demand environment, the delivery lead time can have a significant
impact on the choice of supply chain strategy for retailer. In longer delivery lead time
environment, cost for the retailer increases significantly due to increased inventory holding
cost and backorder costs. When delivery lead time is high, sharing forecast and inventory
information in CPFR helps to reduce the bullwhip effect, which in turn helps to reduce the
cost for both the manufacturer and the retailer. To determine if there is a significant
difference in retailer cost between the three supply chain strategies for different delivery lead
times both in low variable demand and high variable demand environment, the following
research hypotheses are tested.
H0 6A: For different delivery lead times, there is no significant difference in manufacturer
cost between the three supply chain strategies in a low variable demand environment
H1 6A: For different delivery lead times, there is a significant difference in manufacturer cost
between the three supply chain strategies in a low variable demand environment
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H0 6B: For different delivery lead times, there is no significant difference in manufacturer
cost between the three supply chain strategies in a high variable demand environment
H1 6B: For different delivery lead times, there is a significant difference in manufacturer cost
between the three supply chain strategies in a high variable demand environment
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Figure 59. Interaction Effects Plot of DLT and VDR for Manufacturer Cost
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Figure 60. Interaction Plot of DLT and SCS for Manufacturer Cost in Low VDR
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Interaction Plot for Manufacturer Cost (High VDR)
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Figure 61. Interaction Plot of DLT and SCS for Manufacturer Cost in High VDR
Analysis of Variance for Manufacturer Cost, using Adjusted SS for Tests
Source
BLOCK
SCS
VDR
DLT
SCS*VDR
SCS*DLT
VDR*DLT
SCS*VDR*DLT
Error
Total

DF
59
2
2
2
4
4
4
8
14494
14579

Seq SS
7137039
14765776
306494738
7648181
2974099
4525860
1882455
742633
395420945
741591727

Adj SS
7137039
14765776
306494738
7648181
2974099
4525860
1882455
742633
395420945

Adj MS
120967
7382888
153247369
3824091
743525
1131465
470614
92829
27282

F
4.43
270.62
5617.22
140.17
27.25
41.47
17.25
3.40

P
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001

Figure 62. ANOVA for Manufacturer Cost with DLT, VDR and SCS
Interaction Effects between DLT and VDR on Manufacturer Cost
The ANOVA result above shows that all main effects and all interaction effects have
a significant impact on manufacturer cost at 5% significance level. This implies that supply
chain strategy (SCS), demand variability (VDR) and delivery lead time (DLT) have a
significant impact on manufacturer cost at 5% significance level. Based on interaction plot in
Figure 59, there is a significant interaction between demand variability and delivery lead
time. For both low demand variability and for high demand variability, there is a significant
difference in manufacturer cost between all three delivery lead times. This suggests that
delivery lead time will have a significant impact on the manufacturer cost.
141

Next the interaction effect of delivery lead time and demand variability in the three
supply chain strategies is investigated. In this research, supply chain strategy (SCS) is the
‘decision variable’ and so the interaction effect between delivery lead time (DLT) and supply
chain strategy (SCS) both in ‘low demand variability’ and in ‘high demand variability’ is
investigated further to help determine the cost benefits of CPFR and VMI supply chain
strategy to manufacturer in a variable demand environment.
Interaction of DLT and SCS in Low Variable Demand Environment
The interaction effect between delivery lead time (DLT) and supply chain strategy
(SCS) in low variable demand of retailer (VDR) is analyzed using one-way ANOVA and
Pairwise Comparisons tests. The results are shown in Figures 99, 100, 101 and summarized
in Table 16. Based on Pairwise Comparisons tests (Table 22 and Figure 63), it can be seen
that for all delivery lead times there is a significant difference in manufacturer cost between
the three supply chain strategies. The data suggests that when compared to TSC, both VMI
and CPFR help in reducing manufacturer cost in all delivery lead times with higher cost
reduction achieved in CPFR strategy. In addition, highest cost reduction for manufacturer is
achieved when delivery lead time is high.
It is well understood that the variance in customer demand, retailer’s order quantity
and manufacturer’s production quantity increases (bullwhip effect) in high delivery lead time
compared to low delivery lead time environment. When delivery lead time is high, sharing
forecast and inventory information in CPFR collaboration strategy helps to reduce bullwhip
effect, which in turn helps to provide significant cost benefits for both the manufacturer and
retailer. Also in TSC with low delivery lead time, the variance in retailer’s order quantity and
manufacturer’s production quantity is comparatively low and CPFR helps reduce variance in
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manufacturer’s production quantity to provide further cost benefits to the manufacturer. It
implies that CPFR strategy significantly helps in reducing the overall cost for manufacturer
both in low as well as high delivery lead times. However, the cost benefits of VMI and CPFR
to the manufacturer is comparatively smaller in low delivery lead time. Therefore hypothesis
H0 6A is rejected, as there is a significant difference in manufacturer cost between all three
supply chain strategies in a low variable demand environment.
Table 23. Confidence Intervals for Delivery Lead Times in Low VDR

Supply Chain

VDR = Low
DLT = Low

DLT = Med

DLT = High

TSC – VMI

(5.29, 5.75)

(19.95, 21.38)

(39.49, 42.71)

TSC – CPFR

(9.17, 9.93)

(30.78, 33.08)

(56.39, 61.05)

Interaction of DLT and SCS on MFG Cost in Low VDR
(TSC - VMI)
$70.00
$60.00
$50.00
$40.00
$30.00
$20.00
$10.00
$0.00

DLT = Low

(TSC - CPFR)

DLT = Med

DLT = High

VDR = Low
(TSC - VMI)

$5.52

$20.67

$41.10

(TSC - CPFR)

$9.55

$31.93

$58.72

Figure 63. Interaction of DLT and SCS on Manufacturer Cost in Low VDR
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Interaction of DLT and SCS in High Variable Demand Environment
The interaction effect between delivery lead time (DLT) and supply chain strategy
(SCS) in high variable demand of retailer (VDR) is analyzed using one-way ANOVA and
Pairwise Comparisons tests. The results are shown in Figures 102, 103, 104 and summarized
in Table 23. Based on Pairwise Comparisons tests (Table 23 and Figure 64), it can be seen
that for medium and high delivery lead times there is a statistical significant difference in
manufacturer cost between all three supply chain strategies. However, there is no significant
difference in manufacturer cost between VMI and CPFR in low delivery lead time. The data
suggests that when compared to TSC, both VMI and CPFR help in reducing manufacturer
cost in medium and high delivery lead times with higher cost reduction achieved in CPFR
strategy. In addition, the highest cost reduction for manufacturer is achieved when the
delivery lead time is high.
It has been well understood that when demand variability is high and no information
is shared, there will be increased variance in the order quantity to the manufacturer. This in
turn will increase the variance of production quantity for the manufacturer both in low
delivery lead time and high delivery lead time environment. With increased variance in order
quantity and production quantity (bullwhip effect) usually the backorders will increase,
which in turn will increase the cost for manufacturer. In high variable demand environment,
having forecast and inventory information available through CPFR strategy can reduce the
bullwhip effect, which in turn can improve the service level and reduce cost for the
manufacturer. Therefore, CPFR strategy significantly helps in reducing overall cost for the
manufacturer both in high delivery lead time and low delivery lead time environment.
However, the cost benefits for the manufacturer are comparatively smaller when delivery
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lead time is low. This implies that there are significant cost benefits in CPFR for the
manufacturer both in low delivery lead time and high delivery lead time environment.
Therefore the hypothesis H0 6B is rejected, as there is significant difference in manufacturer
cost between all three supply chain strategies in high variable demand environment.
Table 24. Confidence Intervals for Delivery Lead Times in High VDR

Supply Chain

VDR = High
DLT = Low

DLT = Med

DLT = High

TSC – VMI

(15.74, 18.94)

(52.50, 57.21)

(120.35, 132.12)

TSC – CPFR

(48.48, 54.23)

(101.46, 110.99)

(189.77, 208.10)

Interaction of DLT and SCS on MFG Cost in High VDR
(TSC - VMI)

(TSC - CPFR)

$250.00
$200.00
$150.00
$100.00
$50.00
$0.00

DLT = Low

DLT = Med

DLT = High

VDR = High
(TSC - VMI)

$17.34

$54.86

$126.24

(TSC - CPFR)

$51.35

$106.22

$198.94

Figure 64. Interaction of DLT and SCS on Manufacturer Cost in High VDR
To summarize, based on the analysis, delivery lead time does have a significant
impact on the choice of the supply chain strategy for the manufacturer both in low demand
variability and high demand variability. When delivery lead time is low, there is a significant
difference in manufacturer cost between the three supply strategies. Similarly, when delivery
lead time is high; there is significant difference in manufacturer cost between the three
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supply chain strategies. However, the cost benefits of CPFR and VMI to manufacturer in low
delivery lead times are comparatively smaller. In general, when delivery lead time is high,
manufacturer should pursue CPFR strategy to gain higher cost benefits both in low demand
variability and as well as in high demand variability. However, when delivery lead time is
low, the cost benefits for manufacturer in CPFR and VMI collaboration strategies will be
comparatively lower, but still significant enough specially in high demand variability to
pursue the CPFR collaboration strategy.
Implications for the Retailer
Based on the results, the factors or factor combinations that have greater influence on
the cost benefits of CPFR and VMI collaboration strategies over TSC for the retailer is
shown below for both ‘low demand variability’ and for ‘high demand variability’.
Retailer Cost Benefits when Demand Variability is Low
In a low variable demand environment, Delivery Lead Time has the biggest influence
on cost benefits for the retailer both in CPFR and VMI supply chain strategy. As seen in
Figure 65, CPFR strategy achieves higher cost benefits for the retailer compared to VMI
strategy. When delivery lead time is low, cost benefits for retailer are relatively small which
may or may not be significant enough to offset the operational cost of collaboration between
the supply chain partners. However as delivery lead time increases, the cost benefits of CPFR
and VMI collaboration strategy becomes comparatively larger to achieve significant cost
benefits for the retailer, with higher cost benefits achieved in the CPFR supply chain strategy.
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Figure 65. Retailer Cost Benefits of CPFR and VMI in Low VDR
It is well understood that the variance in customer’s demand, retailer’s order quantity
and manufacturer’s production quantity increases (bullwhip effect) in high delivery lead time
compared to low delivery lead time environment. When delivery lead time is high, sharing
forecast and inventory information in CPFR helps reduce bullwhip effect, which in turn helps
to reduce the backorders for both the manufacturer and retailer. However in TSC with low
delivery lead time, variance in retailer order quantity is comparatively low and therefore
CPFR will provide smaller variance reduction and smaller cost benefits to the retailer.
Also, in a low variable demand environment as seen in Figure 65, backorder penalty
cost has a significant impact on the cost benefits for the retailer. The cost benefits are higher
in high backorder penalty cost with low production capacity and high delivery lead time.
Similarly, in low variable demand environment as seen in Figure 65, production capacity has
a significant impact on cost benefits for the retailer. The forecast and inventory information
available through CPFR strategy can help the manufacturer to reduce backorders to retailer,
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which in turn helps reduce the cost for retailer. However, the difference in cost benefits in
CPFR for the retailer between low production capacity and high production capacity is
comparatively smaller in a low variable demand environment.
To summarize, when demand variability is low, ‘delivery lead time’ has the most
significant influence on the cost benefits to retailer. In a low variable demand environment,
both VMI and CPFR provide cost benefits to retailer with highest cost benefits achieved in
CPFR with high delivery lead time, high backorder penalty cost and low production capacity.
However there are significantly smaller cost benefits for retailer when delivery lead time is
low. Generally, there is less incentive for retailer to pursue either VMI or CPFR supply chain
strategy when demand variability is low and delivery lead time is low.
Retailer Cost Benefits when Demand Variability is High
In a high variable demand environment, Delivery Lead Time and Production
Capacity have the most significant influence on cost benefits for the retailer in both CPFR
and VMI supply chain strategy. As seen in Figure 66, the cost benefits for the retailer in a
high variable demand environment with low delivery lead time and high production capacity
is comparatively smaller and may not be significant enough to offset the cost of collaboration
between the supply chain partners. However even in low delivery lead time with low
production capacity, there are significant cost benefits in CPFR strategy. Also as delivery
lead time increases, cost benefits of CPFR and VMI strategy becomes comparatively larger
and can achieve significant cost benefits for the retailer. In addition, low production capacity
and high delivery lead time has higher cost benefits for the retailer both in VMI and CPFR
and the highest cost benefits is achieved in CPFR collaboration strategy.
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Figure 66. Retailer Cost Benefits of CPFR and VMI in High VDR
It is well established that the variance in customer demand, retailer’s order quantity
and manufacturer’s production quantity increases (bullwhip effect) in high delivery lead time
compared to low delivery lead time environment. When delivery lead time is high, sharing
forecast and inventory information in CPFR helps reduce variance in retailer’s order quantity
and manufacturer’s production capacity, which in turn helps to provide significant cost
benefits for both the manufacturer and retailer. However in TSC with low delivery lead time,
the variance in retailer order quantity is comparatively low and therefore CPFR will provide
smaller variance reduction and smaller cost benefits to the retailer.
In a high variable demand environment, higher cost reduction for retailer in CPFR
can be achieved in low production capacity and high delivery lead time environment. This is
due to the fact that in a supply chain with low production capacity, improved forecast and
inventory information available in CPFR strategy can help the manufacturer to effectively
use production capacity to reduce backorders and improve service level to the retailer.
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This in turn helps to reduce the backorder cost and the overall cost for the retailer. So
production capacity of the manufacturer will have a significant impact on the cost benefits of
information sharing both in VMI and CPFR collaboration strategy for the retailer. Also, in a
high variable demand environment as seen in Figure 66, backorder penalty cost has a
significant impact on the cost benefits for the retailer. The cost benefits are higher in high
backorder cost with low production capacity and high delivery lead time. However when
production capacity is high, the difference in cost benefits for retailer between low backorder
cost and high backorder cost is comparatively smaller. When production capacity is high,
generally the manufacturer can fully utilize the available production capacity which in turn
will help in reducing the backorder penalty cost. So generally, backorder penalty cost has
smaller impact on the cost benefits to the retailer.
To summarize, when demand variability is high, ‘delivery lead time’ and ‘production
capacity’ have a significant influence on the cost benefits for the retailer. In a high variable
demand environment, both VMI and CPFR provide significant cost benefits to the retailer
with highest cost benefits in CPFR supply chain with high delivery lead time, low production
capacity and high backorder penalty cost. However there are smaller cost benefits for retailer
in low delivery lead time and high production capacity environment. Typically, the cost
benefits achieved by the retailer are lower when delivery lead time is lower. Generally, there
is less incentive for retailer to pursue either VMI or CPFR supply chain strategy when
demand variability is high, production capacity is high and delivery lead time is low.
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Implications for Manufacturer
Based on results, factors or factor combinations that provide the best cost reduction
opportunities (cost benefits) for manufacturer to pursue CPFR or VMI collaboration
strategies is shown below for ‘low demand variability’ and for ‘high demand variability’.
Manufacturer Cost Benefits when Demand Variability is Low
In a low variable demand environment, Delivery Lead Time and Backorder Penalty
Cost have the most significant impact on cost benefits for manufacturer in both CPFR and
VMI supply chain strategy. As seen in Figure 67, the cost benefits for manufacturer in low
delivery lead time and low backorder cost is comparatively small and may or may not be
significant enough to offset the cost of collaboration between the supply chain partners.
However as delivery lead time increases, the cost benefits of CPFR and VMI supply chain
strategy becomes comparatively larger to achieve significant cost benefits for manufacturer.
In addition, when delivery lead time is high with higher backorder penalty cost, both VMI
and CPFR provide higher cost benefits to the manufacturer with the highest cost benefits
achieved in the CPFR supply chain strategy.
It is well understood that the variance in customer demand, retailer’s order quantity
and manufacturer’s production quantity increases (bullwhip effect) in high delivery lead time
compared to low delivery lead time environment. When delivery lead time is high, sharing
forecast and inventory information in CPFR collaboration strategy helps to reduce bullwhip
effect, which in turn helps to provide significant cost benefits for both the manufacturer and
retailer. Also in TSC with low delivery lead time, the variance in retailer’s order quantity and
manufacturer’s production quantity is comparatively low and CPFR helps reduce variance in
manufacturer’s production quantity to provide further cost benefits to the manufacturer.
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Figure 67. Cost Benefits of CPFR and VMI for MFG in Low VDR
Also, in a low variable demand environment as seen in Figure 67, backorder penalty
cost has a significant impact on cost benefits for manufacturer. The cost benefits are higher in
high backorder and high delivery lead time. Similarly, in low demand variability as seen in
Figure 67, production capacity has an impact on cost benefits for manufacturer. However in
low variable demand environment, the difference in cost benefits for manufacturer between
low production capacity and high production capacity is comparatively smaller.
To summarize, when demand variability is low, ‘delivery lead time’ and ‘backorder
penalty cost’ have most significant impact on cost benefits to manufacturer. In a low variable
demand environment, both VMI and CPFR provide significant cost benefits to manufacturer
with highest cost benefits achieved in CPFR supply chain with high delivery lead time, high
backorder penalty cost and low production capacity. There are smaller cost benefits for
manufacturer in low delivery lead time and low backorder cost. However, cost benefits for
manufacturer compared to retailer are still significantly higher, to pursue CPFR strategy.
152

Manufacturer Cost Benefits when Demand Variability is High
In a high variable demand environment, Delivery Lead Time, Production Capacity
and Backorder Penalty Cost all have a significant impact on cost benefits for manufacturer
in both CPFR and VMI supply chain strategy.

Figure 68. Cost Benefits of CPFR and VMI for MFG in High VDR
In a high variable demand environment as seen in Figure 68, there are significant cost
benefits for the manufacturer in almost all factor combinations with CPFR achieving higher
cost benefits compared to VMI. The cost benefits for the manufacturer in CPFR collaboration
strategy are significant in almost all factor combinations. Also as delivery lead time
increases, cost benefits of CPFR strategy becomes comparatively larger to achieve significant
cost benefits for the manufacturer. In addition, low production capacity, high backorder cost
with high delivery lead time has higher cost benefits for the retailer both in VMI and CPFR
and the highest cost benefits is achieved in CPFR collaboration strategy.
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Delivery lead time does have a significant impact on the cost benefits for the
manufacturer. The variance in customer demand, retailer’s order quantity and manufacturer’s
production quantity increases (bullwhip effect) when demand variability both in high
delivery lead time and low delivery lead time environment. When demand variability is high,
sharing forecast and inventory information in CPFR helps reduce variance in retailer’s order
quantity and manufacturer’s production capacity, which in turn helps to provide significant
cost benefits for the manufacturer. In general, cost benefits for the manufacturer is higher in
high delivery lead time compared to low delivery lead time. However in high variable
demand environment, the manufacturer gains cost benefits both in low delivery lead time as
well as high delivery lead time environment.
Also, in a high variable demand environment as seen in Figure 68, backorder penalty
cost has a significant impact on cost benefits for the manufacturer. The cost benefits are
higher in high backorder cost compared to low backorder cost. Generally in high variable
demand environment, higher backorder cost increases the overall cost for the manufacturer
due to higher backorders. Similarly, in high variable demand environment as seen in Figure
68, production capacity has a significant impact on cost benefits for manufacturer in CPFR
strategy. Higher cost benefits can be gained in CPFR strategy with low production capacity
environment. However in CPFR strategy, both low production capacity as well as high
production capacity provides significant cost benefits for the manufacturer.
To summarize, when demand variability is high, ‘delivery lead time’ ‘backorder
penalty cost’ and ‘production capacity’ all have a significant impact on cost benefits for the
manufacturer. In a high variable demand environment, CPFR provides significant cost
benefits to manufacturer in almost all factor combinations with highest cost benefits achieved
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in CPFR supply chain with high delivery lead time, high backorder penalty cost and low
production capacity. In a high variable demand environment, the manufacturer should pursue
CPFR strategy to significantly reduce their cost and increase their cost benefits.
Discussion and Conclusions
In conclusion, the key findings from the simulation study of the three supply chain
strategies (CPFR, VMI and TSC) in a variable demand environment are listed below. This
study contributes to both academic research as well as industry practitioners. Also, the
limitations of this study and recommendations for future research are also provided.
The conceptual model used in this study is a two echelon production-inventory
system with a manufacturer and a retailer. Demand variability, production capacity,
backorder penalty cost, delivery lead time and supply chain strategy are used as control
variables. Manufacturer cost and retailer cost are used as the performance measures. Ideally,
the lowest cost for both the manufacturer and retailer is achieved when demand variability is
low, production capacity is high, backorder penalty cost is low and the delivery lead time is
low. With this type of ideal supply chain setting, there is limited need for collaboration
between the supply chain partners. On the other hand, the cost is significantly higher for both
the manufacturer and retailer, when demand variability is high, production capacity is low,
backorder cost is high and the delivery lead time is high. Generally, demand variability,
backorder penalty cost and delivery lead time are environmental factors and usually not in
the control of supply chain partners. Additionally, most manufacturers do not have unlimited
capacity and usually have production capacity constraints. Therefore supply chain partners
(manufacturer and retailer) need to pursue the collaboration strategies to reduce their cost of
inventory management.
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Based on the supply chain setting considered in this research, both VMI and CPFR
perform better than TSC in reducing cost for the manufacturer and the retailer. On average,
VMI reduces cost by 17.8% while CPFR reduces cost by 29.9% for the manufacturer.
Similarly on average, VMI reduces cost by 16.7% while CPFR reduces cost by 24.1% for the
retailer. It is evident from this study that information sharing in VMI and CPFR collaboration
strategies does help in reducing cost for both the manufacturer and the retailer. Also from the
results it is evident that CPFR collaboration strategy achieves higher cost benefits than VMI
for both the manufacturer and the retailer. Other studies in multi-echelon supply chains
(Cigolini & Rossi 2006, Sari 2008) have made similar conclusions that CPFR achieves
higher cost reduction than VMI for the whole supply chain. So based on the results from this
study, it is fair to conclude that CPFR which is considered the more advanced collaboration
strategy achieves higher cost benefits for both the manufacturer and retailer.
Based on this study, the conclusion is that higher cost benefits are achieved in CPFR
collaboration strategy for both the manufacturer and retailer when demand variability is high,
production capacity is low, backorder penalty cost is high and delivery lead time is high.
Also, manufacturer gains higher cost benefits when compared to the retailer which is similar
to other information sharing studies (Lee et al. 2000, Zhao et al. 2002, Yu et al., 2002). In
addition, the manufacturer gains cost benefits from CPFR strategy in almost all supply chain
factor combinations. However, retailer gains cost benefits from CPFR strategy in most factor
combinations, except when delivery lead time is low. When delivery lead time is low, there is
less incentive for the retailer to pursue VMI or CPFR collaboration strategy.
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The results from this research study generally compares well with results from many
previous information sharing studies. In this research, both VMI and CPFR collaboration
strategies achieve higher cost benefits when demand variability is high compared to low
demand variability. Many previous studies (Bourland et al. 1996, Gavirneni 2001, Zhang &
Zhang 2007, Sari 2008) have made similar conclusions that benefits of information sharing
are higher when demand variability is high. However, the impact of production capacity on
the benefits of information sharing has mixed results. Some studies (Lee et al. 2000,
Gavirneni 2002, Lau et al. 2004) have concluded that benefits of information sharing are
higher when production capacity is high. Other studies (Gavirneni 1999, Gavirneni 2001,
Zhao et al. 2001, Zhao et al. 2002) have concluded that the benefits of information sharing
are higher when production capacity is low. In this research, higher cost benefits are achieved
in VMI and CPFR collaboration strategy when the production capacity is low.
Also, higher cost benefits are achieved in CPFR and VMI collaboration strategies
when delivery lead time is high compared to low delivery lead time. However when delivery
lead time is low, the manufacturer still gains cost benefits in CPFR with very minimal
benefits for the retailer. So there is less incentive for the retailer to pursue VMI or CPFR
collaboration strategies when delivery lead time is low. Many studies (Cachon & Fisher
2000, Lee et al. 2000, Sari 2008) have made similar conclusions where longer delivery lead
time significantly increases the benefits of information sharing. Higher cost benefits are
achieved in VMI and CPFR strategy in an environment with high backorder penalty cost
compared to low backorder penalty cost. These studies (Gavirneni 2001, Simchi-levi & Zhao
2003) have made similar conclusions where the benefits of information sharing in the supply
chain are higher when backorder penalty cost is higher.
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The investigation of the three supply chain strategies (CPFR, VMI and TSC) provides
valuable managerial insight for both the manufacturer and retailer. This study has determined
that CPFR can achieve significant cost benefits for both the manufacturer and the retailer. So
to reduce overall cost of inventory management, there is great incentive for both the retailer
and the manufacturer to pursue CPFR collaboration strategy. Based on the analysis, it is seen
that all the factors considered in this study, i.e. demand variability, production capacity,
backorder penalty cost and delivery lead time all have an impact on the cost of inventory
management for both the manufacturer and the retailer.
Even though there are significant cost benefits of pursuing VMI and/or CPFR
collaboration strategy for both the manufacturer and the retailer, however the costs of
information sharing should be considered when pursuing any collaboration strategy.
Generally, there are costs involved in information sharing and both supply chain partners
should use the latest information technologies to automate information sharing process to
significantly reduce the implementation and operational costs of collaboration. In addition,
for CPFR collaboration strategy to be successful, trust between the supply chain partners
(manufacturer and retailer) is very critical. Both supply chain partners should feel
comfortable to share forecast, sales, inventory and other information that will provide
significant benefits in cost and/or service levels for both supply chain partners. Finally,
supply chain collaboration should be viewed as a win-win situation by both supply chain
partners wherein both partners should strive to continuously work together to improve
benefits and achieve competitive advantage over their competitors.
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Limitations and Recommendations for Future Research
The model considered in this study is similar to a typical two-level supply chain with
a manufacturer and a retailer. However it is recognized that the conclusions provided here is
limited to the supply chain setting considered in this study. In this research, a single retailer
and a single manufacturer develop collaborative relationships with no incentive or conflicts
with other supply chain partners. It is assumed that the retailer does not know the customer
demand and exponential smoothing forecast technique is used by both the manufacturer and
retailer to develop their forecast. Periodic review order-up-to level (R, S) policy is used to
determine order quantity for retailer and production quantity for manufacturer during each
period. Fixed production lead time for manufacturer and fixed delivery lead time to retailer
are considered in this study. Also, only one set of inventory holding costs are considered for
both the manufacturer and the retailer.
Although valuable insights can be gained from this research study to help the retailer
and manufacturer to pursue the appropriate collaboration strategy to increase their cost
benefits, however there are many opportunities to evaluate and strengthen these insights by
investigating more parameters and developing a more realistic supply chain simulation model
for VMI and CPFR collaboration strategies. Future studies can investigate the impact on
manufacturer cost and retailer cost by considering other inventory management policies like
(s, S) and (R, Q) policies. Also, stochastic production lead times and stochastic delivery lead
times can be used to expand this research study. In addition, it would be valuable to extend
this study to investigate how different sets of inventory holding cost for the manufacturer and
the retailer will have an impact on manufacturer cost, retailer cost and the cost benefits
achieved in VMI and CPFR collaboration strategies.
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Another area of future research to consider is the cost of information sharing for the
supply chain partners. Generally, information sharing in collaboration strategies is not free as
there are implementation and operational costs involved for both supply chain partners to
share information. So this research can be further extended to include implementation and
operational costs to determine the cost benefit analysis of VMI and CPFR collaboration
strategies for both the manufacturer and the retailer. This would help determine, if the cost
benefits gained by the manufacturer and retailer in VMI and CPFR collaboration strategies
are large enough for practical implementation.
Also, this research study considers a simple two-level supply chain with a single
manufacturer and a single retailer. To expand this research study, future studies can develop
models with multiple retailers to determine impact of supply chain parameters like demand
variability, backorder cost, production capacity, delivery lead times and other factors on the
manufacturer cost and retailer cost in the three supply chain strategies. Finally, to develop
more realistic simulation models and investigate the benefits of VMI and CPFR collaboration
strategies, a combination of empirical study and simulation study can be performed to test the
parameters and results of collaboration in a more realistic supply chain environment.

160

REFERENCES
Angulo, A., Nachtmann, H., & Waller, M. (2004). Supply chain information sharing in a
vendor managed inventory partnership. Journal of Business Logistics, 25 (1), 101-120.
Aviv, Y. (2001). The effect of collaborative forecasting on supply chain performance.
Management Science, 47 (10), 1326-1343.
Aviv, Y. (2002). Gaining benefits from joint forecasting and replenishment processes: The
case of auto correlated demand. Manufacturing & Service Operations Management, 4 (1),
55-74.
Aviv, Y. (2007). On the benefits of collaborative forecasting partnerships between retailers
and manufacturers. Management Science, 53 (5), 777-794.
Aviv, Y., & Federgruen, A. (1998). The operational benefits of information sharing and
vendor managed inventory programs. Working Paper, Washington University.
Axsater, S., & Rosling, K. (1993). Installation vs. Echelon Stock Policies for Multilevel
Inventory Control. Management Science, Vol. 39, No 10, Pg. 1274-1280.
Baljko, J. (2003). VMI study shows cost disparity among partners. Electronic Buyer's News,
April 7.
Boone, T., Ganeshan, R., & Stenger, A. (2002). The benefits of information sharing in a
supply chain. An exploratory simulation study. Netherlands: Kluwer Academic Publishers.
Bourland, K., Powell, S., & Pyke, D. (1996). Exploiting timely demand information to
reduce inventories. European Journal of Operational Research, 92, 239-253.
Cachon, G., & Fisher, M. (1997). Campbell Soup's continuous replenishment program:
Evaluation and enhanced inventory decision rules. Production and Operations Management,
6 (3), 266-276.
Cachon, G., & Fisher, M. (2000). Supply chain inventory management and the value of
shared information. Management Science, 46 (8), 1032-1048.
Cetinkaya, S., & Lee, C. (2000). Stock replenishment and shipment scheduling for vendor
managed inventory systems. Management Science, 46 (2), 217-232.
Chaouch, B. (2001). Stock levels and delivery rates in vendor managed inventory programs.
Production and Operations Management, 10 (1), 31-44.
Chatfield, D., Kim, J., Harrison, T., & Hayya, J. (2004). The bullwhip effect - Impact of
stochastic lead time, information quality and information sharing. A simulation study.
Production and Operations Management, 13 (4), 340-353.
161

Chen, F. (1998). Echelon reorder points, installation reorder points and the value of
centralized demand information. Management Science, 44 (12), 221-234.
Chen, F., & Zheng, Y. (1994). Echelon Stock (R, nQ) Policies in Serial Production Inventory
Systems with Stochastic Demand. Management Science, Vol. 40, No. 10, Pg. 1262-1275.
Chen, F., Drezner, Z., Ryan, J., & Simchi-Levi, D. (2000A). Quantifying the bullwhip effect
in a simple supply chain: The impact of forecasting, lead times and information.
Management Science, 46(3), 436-443.
Chen, F., Ryan, J., & Simchi-Levi, D. (2000B). The impact of exponential smoothing
forecasts on the bullwhip effect. Naval Research Logistics, 47(4), 269-286.
Cheng, T., & Wu, Y. (2005). The impact of information sharing in a two level supply chain
with multiple retailers. Journal of the Operational Research Society, 56, 1159-1165.
Cheung, K., & Lee, H. (2002). The inventory benefit of shipment coordination and stock
rebalancing in a supply chain. Management Science, 48(2), 300-306.
Choi, K., Dai, J., & Song, J. (2004). On measuring supplier performance under vendor
managed inventory programs in capacited supply chains. Manufacturing & Service
Operations Management, 6(1), 53-72.
Chopra, S., & Meindl, P. (2001). Supply Chain Management. Strategy, Planning and
Operation. Prentice Hall; Second Edition .
Cigolini, S., & Rossi, T. (2006). A note on supply risk and inventory outsourcing. Production
Planning & Control, 17(4), 424-437.
Cooke, J. (1998). VMI: Very mixed impact. Logistics Management and Distribution Report,
37(12), 51-53.
CPFR, & Workgroup. (2002). Collaborative Planning Forecasting and Replenishment
Voluntary Guidelines. Voluntary Inter-industry Commerce Standards.
Daugherty, P., Myers, M., & Autry, C. (1999). Automatic replenishment programs: an
empirical examination. Journal of Business Logistics, 20 (2), 63-82.
Dejonckheere, J., Disney, S., Lambrecht, M., & Towill, D. (2003). Measuring and avoiding
the bullwhip effect: A control theoretic approach. European Journal of Operations Research,
147, 567-590.
Disney, S., & Towill, D. (2003). Vendor managed inventory and bullwhip reduction in a two
level supply chain. International Journal of Operations & Production Management, 23(6),
625-651.
Disney, S., Naim, M., & Potter, A. (2004). Assessing the impact of e-business on supply
chain dynamics. International Journal of Production Economics, 89 (2), 109-118.
162

Dong, Y., & Xu, K. (2002). A supply chain model of vendor managed inventory.
Transportation Research Part E, 38, 97-95.
Esper, T., & Williams, L. (2003). The value of collaborative transportation management
(CTM): Its relationship to CPFR and information technology. Transportation Journal, 42 (4),
55-65.
Fiddis, C. (1997). Manufacturer-Retailer relationships in the food and drink industry.
Strategies and tactics in the battle for power. London, UK: Financial Times Retail &
Customer Publications.
Foote, P., & Krishnamurthi, M. (2001). Forecasting using data warehousing model: WalMart's experience. The Journal of Business Forecasting Methods & Systems, 20(3), 13-17.
Forrester, J. (1961). Industrial Dynamics. Cambridge, MA: MIT Press.
Fry, M., Kapuscinski, R., & Olsen, T. (2001). Coordinating production and delivery under a
(z,Z) type vendor managed inventory contract. Manufacturing & Service Operations
Management, 3 (2), 151-173.
Gavirneni, S. (2001). Benefits of cooperation in a production distribution environment.
European Journal of Operational Research, 130, 612-622.
Gavirneni, S., Kapuscinski, R., & Tayur, S. (1999). Value of information in capacitated
supply chains. Management Science, 45 (1), 16-24.
Jung, S., Chang, T., Sim, E., & Park, J. (2005). Vendor managed inventory and its effect in
the supply chain. Heidelberg, Pages 545-552: Springer Berlin.
Kelepouris, T., Miliotis, P., & Pramatari, K. (2008). The impact of replenishment parameters
and information sharing on the bullwhip effect: A computational study. Computers &
Operations Research, 35, 3657-3670.
Kulp, S., Lee, H., & Ofek, E. (2004). Manufacturer benefits from information integration
with retail customers. Management Science, 50(4), 431-444.
Lapide, L. (2001). New developments in business forecasting. Journal of Business
Forecasting Methods & Systems, 20 (4), 11-13.
Lau, J., Huang, G., & Mak, K. (2004). Impact of information sharing on inventory
replenishment in divergent supply chains. International Journal of Production Research, 42
(5), 919-941.
Law, A., & Kelton, W. (2000). Simulation modeling and analysis. McGraw Hill, Third
Edition.
Lee, H., & Whang, S. (2000). Information sharing in a supply chain. International Journal of
Technology Management, 20(3), 373-387.
163

Lee, H., Padmanabhan, V., & Whang, S. (1997). The bullwhip effect in supply chains. Sloan
Management Review, 38 (3), 93-102.
Lee, H., So, K., & Tang, C. (2000). The value of information sharing in a two level supply
chain. Management Science, 46 (5), 626-643.
Lewis, T. (1998). Electronic Warehouses. Datamation, Vol. 44 No. 1, 17-18.
Li, J., Sikora, R., Shaw, M., & Tan, G. (2006). A strategic analysis of inter organizational
information sharing. Decision Support Systems, 42, 251-266.
Micheau, V. (2005). How Boeing and Alcoa implemented a successful vendor managed
inventory program. Journal of Business Forecasting, 24(1), 17-19.
Moinzadeh, K. (2002). A multi-echelon inventory system with information exchange.
Management Science, 48(3), 414-426.
Raghunathan, S. (1999). Interorganizational collaborative forecasting and replenishment
systems and supply chain implications. Decisions Sciences, 30(4), 1053-1071.
Raghunathan, S. (2001). Information sharing in a supply chain. A note on its value when
demand is nonstationary. Management Science, 47(4), 605-610.
Raghunathan, S., & Yeh, A. (2001). Beyond EDI: Impact of continuous replenishment
program between a manufacturer and its retailers. Information Systems Research, 12(4), 406419.
Sahin, F., & Robinson, E. (2005). Information sharing and coordination in make-to-order
supply chains. Journal of Operations Management, 23, 579-598.
Sari, K. (2007). Exploring the benefits of vendor managed inventory. International Journal
of Physical Distribution and Logistics Management, 37(7), 529-545.
Sari, K. (2008). On the benefits of CPFR and VMI: A comparative simulation study.
International Journal of Production Economics, 113, 575-586.
Seifert, D. (2003). Collaborative Planning, Forecasting and Replenishment. How to create a
supply chain advantage. AMACOM Div. American Management Association.
Simchi-Levi, D., & Zhao, Y. (2003). The value of information sharing in a two stage supply
chain with production capacity constraints. Naval Research Logistics, 50(8), 888-916.
Simchi-Levi, D., Kaminsky, P., & Simchi-Levi, E. (2003). Designing and Managing the
Supply Chain. IL: McGraw Hill.
Smaros, J., Lehtonen, J., Appelqvist, P., & Holmstrom, J. (2003). The impact of increasing
demand visibility on production and inventory control efficiency. International Journal of
Physical Distribution & Logistics Management, 33 (4), 336-354.
164

Steermann, H. (2003). A practical look at CPFR: The Sears-Michelin example. Supply Chain
Management Review, July/August, 46-53.
Sterman, J. (1989). Modeling managerial behavior: Misperceptions of feedback in a dynamic
decision making experiment. Management Science, 35(3), 321-339.
Vergin, R., & Barr, K. (1999). Building competitiveness in grocery supply through
continuous replenishment planning: insights from the field. Industrial Marketing
Management, 28(2), 145-153.
VICS. (1998). Collaborative planning forecasting and replenishment (CPFR). Voluntary
Interindustry Commerce Standards Association.
Waller, M., Johnson, M., & Davis, T. (1999). Vendor managed inventory in the retail supply
chain. Journal of Business Logistics, 20(1), 183-203.
Wilson, R. (2006). 17th Annual Logistics Report. Lombard, IL: Council of Supply Chain
Management Professionals.
Xu, K., Dong, Y., & Evers, P. (2001). Towards better coordination of the supply chain.
Transportation Research, 37, 35-54.
Yao, Y., Evers, P., & Dresner, M. (2007). Supply chain integration in vendor managed
inventory. Decision Support Systems, 43, 663-674.
Yu, Z., Yan, H., & Cheng, T. (2001). Benefits of information sharing with supply chain
partnerships. Industrial Management & Data Systems, 101(3), 114-119.
Yu, Z., Yan, H., & Cheng, T. (2002). Modelling the benefits of information sharing based
partnerships in a two level supply chain. Journal of the Operational Research Society, 53,
436-446.
Yue, X., & Liu, J. (2006). Demand forecast sharing in a dual channel supply chain. European
Journal of Operational Research, 174, 646-667.
Zhang, C., & Zhang, C. (2007). Design and simulation of demand information sharing in a
supply chain. Simulation Modeling Practice and Theory, 15, 32-46.
Zhao, X., Xie, J., & Leung, J. (2002). The impact of forecasting model selection on the value
of information sharing in a supply chain. European Journal of Operational Research, 142(2),
321-344.
Zhao, Y. (2002). The value of information sharing in a two stage supply chain with
production capacity constraints: The infinite horizon case. Manufacturing & Service
Operations Management, 4(1), 21-24.

165

Appendix A
Pairwise Comparisons Confidence Intervals for the Retailer Cost

166

These are the results of the Confidence Intervals from the Pairwise Comparisons for Retailer
Cost in the three Collaboration Strategies with different factor combinations.
Table 25. Supply Chain Strategy Comparisons for the Retailer (Low VDR)
Pairwise Comparisons Confidence Intervals for Retailer Cost (Low VDR)
VDR PCM BOP DLT
TSC - VMI
L
L
L
L
Confidence Intervals
(0.45, 1.20)
L
L
L
M
Confidence Intervals
(12.47, 14.59)
L
L
L
H
Confidence Intervals
(37.02, 43.09)
L
L
M
L
Confidence Intervals
(0.32, 1.26)
L
L
M
M
Confidence Intervals
(14.41, 18.00)
L
L
M
H
Confidence Intervals
(43.64, 53.23)
L
L
H
L
Confidence Intervals
(0.99, 1.28)
L
L
H
M
Confidence Intervals
(16.33, 21.35)
L
L
H
H
Confidence Intervals
(56.69, 68.41)
L
M
L
L
Confidence Intervals
(0.82, 1.14)
L
M
L
M
Confidence Intervals
(10.79, 12.37)
L
M
L
H
Confidence Intervals
(38.68, 43.42)
L
M
M
L
Confidence Intervals
(0.71, 1.07)
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TSC - CPFR

VMI - CPFR

(0.82, 1.64)

(0.26, 0.54)

(16.72, 19.08)

(4.02, 4.71)

(48.30, 57.25)

(11.29, 14.17)

(0.65, 1.75)

(0.17, 0.64)

(20.16, 24.20)

(5.39, 6.55)

(62.20, 73.05)

(18.09, 20.27)

(0.41, 1.84)

(0.13, 0.73)

(23.23, 29.06)

(6.47, 8.12)

(79.38, 83.35)

(22.14, 25.49)

(0.97, 1.42)

(0.11, 0.32)

(14.15, 15.98)

(3.21, 3.76)

(48.52, 53.76)

(9.62, 10.55)

(0.78, 1.37)

(0.02, 0.33)

Table 25 – Continued
Pairwise Comparisons Confidence Intervals for Retailer Cost (Low VDR)
VDR PCM BOP DLT
L
M
M
M
Confidence Intervals
L
M
M
H
Confidence Intervals
L
M
H
L
Confidence Intervals
L
M
H
M
Confidence Intervals
L
M
H
H
Confidence Intervals
L
H
L
L
Confidence Intervals
L
H
L
M
Confidence Intervals
L
H
L
H
Confidence Intervals
L
H
M
L
Confidence Intervals
L
H
M
M
Confidence Intervals
L
H
M
H
Confidence Intervals
L
H
H
L
Confidence Intervals
L
H
H
M
Confidence Intervals
L
H
H
H
Confidence Intervals

TSC - VMI

TSC - CPFR

VMI - CPFR

(11.84, 14.42)

(16.45, 19.46)

(4.38, 5.27)

(48.57, 55.33)

(62.53, 70.20)

(13.63, 15.19)

(0.51, 0.95)

(0.53, 1.29)

(-0.02, 0.38)

(12.95, 16.32)

(18.47, 22.63)

(5.26, 6.57)

(57.51, 66.53)

(74.68, 85.21)

(16.73, 19.11)

(0.89, 1.18)

(1.02, 1.44)

(0.09, 0.29)

(10.41, 11.87)

(13.66, 15.38)

(3.09, 3.65)

(36.96, 41.52)

(46.15, 51.16)

(8.97, 9.84)

(0.76, 1.10)

(0.83, 1.38)

(0.02, 0.32)

(11.26, 13.65)

(15.73, 18.57)

(4.25, 5.13)

(46.12, 52.50)

(59.27, 66.46)

(12.84, 14.26)

(0.55, 0.96)

(0.58, 1.32)

(-0.00, 0.39)

(12.19, 15.31)

(17.54, 21.45)

(5.10, 6.38)

(54.46, 62.81)

(70.75, 80.41)

(15.86, 18.02)
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Table 26. Supply Chain Strategy Comparisons for the Retailer (Med VDR)
Pairwise Comparisons Confidence Intervals for Retailer Cost (Med VDR)
VDR PCM BOP DLT
M
L
L
L
Confidence Intervals
M
L
L
M
Confidence Intervals
M
L
L
H
Confidence Intervals
M
L
M
L
Confidence Intervals
M
L
M
M
Confidence Intervals
M
L
M
H
Confidence Intervals
M
L
H
L
Confidence Intervals
M
L
H
M
Confidence Intervals
M
L
H
H
Confidence Intervals
M
M
L
L
Confidence Intervals
M
M
L
M
Confidence Intervals
M
M
L
H
Confidence Intervals
M
M
M
L
Confidence Intervals
M
M
M
M
Confidence Intervals
M
M
M
H
Confidence Intervals
M
M
H
L
Confidence Intervals
M
M
H
M
Confidence Intervals

TSC - VMI

TSC - CPFR

VMI - CPFR

(-0.50, 10.15)

(4.56, 15.34)

(4.42, 5.83)

(31.01, 36.81)

(48.33, 55.78)

(16.59, 19.69)

(118.56, 139.24)

(166.64, 192.57)

(48.66, 54.74)

(1.88, 5.99)

(8.17, 13.69)

(5.64, 8.33)

(38.67, 48.50)

(63.15, 76.51)

(23.56, 28.94)

(153.48, 188.73)

(196.52, 239.13)

(71.25, 82.18)

(3.17, 8.81)

(11.10, 19.10)

(7.11, 11.09)

(47.11, 61.76)

(77.55, 97.63)

(29.35, 36.96)

(152.76, 200.98)

(244.6, 302.8)

(88.94, 104.68)

(1.29, 2.35)

(2.06, 3.64)

(0.67, 1.38)

(20.02, 22.94)

(27.91, 31.76)

(7.61, 9.08)

(84.20, 95.92)

(110.91, 123.99)

(25.96, 28.80)

(1.22, 2.65)

(1.82, 4.16)

(0.50, 1.59)

(22.34, 26.65)

(32.35, 38.44)

(9.72, 12.07)

(104.91, 121.98)

(142.53, 162.56)

(36.63, 41.57)

(1.08, 2.96)

(1.65, 4.68)

(0.42, 1.86)

(24.88, 30.74)

(36.14, 44.59)

(10.94, 14.15)
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Table 26 – Continued
Pairwise Comparisons Confidence Intervals for Retailer Cost (Med VDR)
VDR PCM BOP DLT
M
M
H
H
Confidence Intervals
M
H
L
L
Confidence Intervals
M
H
L
M
Confidence Intervals
M
H
L
H
Confidence Intervals
M
H
M
L
Confidence Intervals
M
H
M
M
Confidence Intervals
M
H
M
H
Confidence Intervals
M
H
H
L
Confidence Intervals
M
H
H
M
Confidence Intervals
M
H
H
H
Confidence Intervals

TSC - VMI

TSC - CPFR

VMI - CPFR

(123.55, 145.59)

(169.00, 196.14)

(44.37, 51.63)

(1.45, 2.11)

(1.83, 2.88)

(0.33, 0.81)

(17.33, 19.50)

(23.25, 26.11)

(5.73, 6.78)

(63.50, 71.80)

(84.43, 94.65)

(19.14, 24.63)

(1.26, 2.08)

(1.49, 2.93)

(0.18, 0.89)

(18.42, 21.75)

(26.06, 30.68)

(7.39, 9.17)

(77.18, 88.49)

(106.06, 121.95)

(26.75, 35.60)

(0.92, 2.00)

(1.14, 3.03)

(0.152, 1.10)

(20.12, 24.46)

(28.56, 34.96)

(8.23, 10.70)

(89.63, 104.39)

(124.75, 146.33)

(32.60, 44.47)
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Table 27. Supply Chain Strategy Comparisons for the Retailer (High VDR)
Pairwise Comparisons Confidence Intervals for Retailer Cost (High VDR)
VDR PCM BOP DLT
H
L
L
L
Confidence Intervals
H
L
L
M
Confidence Intervals
H
L
L
H
Confidence Intervals
H
L
M
L
Confidence Intervals
H
L
M
M
Confidence Intervals
H
L
M
H
Confidence Intervals
H
L
H
L
Confidence Intervals
H
L
H
M
Confidence Intervals
H
L
H
H
Confidence Intervals
H
M
L
L
Confidence Intervals
H
M
L
M
Confidence Intervals
H
M
L
H
Confidence Intervals
H
M
M
L
Confidence Intervals
H
M
M
M
Confidence Intervals
H
M
M
H
Confidence Intervals
H
M
H
L
Confidence Intervals
H
M
H
M
Confidence Intervals

TSC - VMI

TSC - CPFR

VMI - CPFR

(4.37, 11.28)

(14.29, 18.55)

(4.96, 12.24)

(36.67, 48.44)

(74.12, 87.99)

(35.06, 41.94)

(188.97, 220.39)

(275.55, 312.56)

(83.64, 95.11)

(0.91, 12.73)

(22.29, 29.95)

(12.59, 26.01)

(46.96, 66.75)

(104.72, 130.39)

(54.34, 67.05)

(250.10, 301.4)

(379.0, 441.8)

(124.61, 144.63)

(-12.77, 4.59)

(21.84, 43.13)

(30.63, 42.51)

(60.67, 88.48)

(138.47, 177.27)

(73.49, 93.11)

(271.3, 336.4)

(438.7, 523.4)

(160.80, 193.51)

(-0.23, 2.44)

(3.48, 6.90)

(3.17, 5.00)

(25.66, 31.46)

(40.99, 48.78)

(14.67, 17.98)

(120.49, 142.58)

(166.59, 191.47)

(44.39, 50.61)

(0.32, 4.36)

(4.83, 10.47)

(3.76, 6.84)

(28.30, 37.44)

(48.63, 61.71)

(19.49, 25.12)

(148.30, 181.27)

(212.42, 250.78)

(61.48, 72.15)

(1.14, 6.52)

(6.51, 14.37)

(4.54, 8.67)

(31.91, 44.66)

(56.26, 75.20)

(23.31, 31.57)
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Table 27 – Continued
Pairwise Comparisons Confidence Intervals for Retailer Cost (High VDR)
VDR PCM BOP DLT
H
M
H
H
Confidence Intervals
H
H
L
L
Confidence Intervals
H
H
L
M
Confidence Intervals
H
H
L
H
Confidence Intervals
H
H
M
L
Confidence Intervals
H
H
M
M
Confidence Intervals
H
H
M
H
Confidence Intervals
H
H
H
L
Confidence Intervals
H
H
H
M
Confidence Intervals
H
H
H
H
Confidence Intervals

TSC - VMI

TSC - CPFR

VMI - CPFR

(167.56, 212.11)

(247.5, 298.1)

(75.37, 90.61)

(0.64, 2.14)

(1.56, 3.79)

(0.75, 1.81)

(18.05, 22.10)

(26.58, 31.87)

(8.21, 10.07)

(77.42, 90.99)

(106.13, 121.26)

(27.52, 31.45)

(0.34, 2.43)

(0.98, 4.46)

(0.48, 2.18)

(18.60, 24.10)

(29.04, 37.07)

(10.11, 13.29)

(88.73, 110.11)

(127.83, 152.37)

(37.49, 43.88)

(0.25, 3.10)

(0.96, 5.57)

(0.51, 2.67)

(19.92, 26.92)

(31.49, 42.27)

(11.24, 15.68)

(98.18, 128.11)

(145.09, 179.68)

(44.51, 53.97)
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These are the results of Confidence Intervals from Pairwise Comparisons for Manufacturer
Cost in the three Collaboration Strategies with different factor combinations.
Table 28. Supply Chain Strategy Comparisons for Manufacturer (Low VDR)
Pairwise Comparisons Confidence Intervals for Manufacturer Cost (Low VDR)
VDR PCM BOP DLT
L
L
L
L
Confidence Intervals
L
L
L
M
Confidence Intervals
L
L
L
H
Confidence Intervals
L
L
M
L
Confidence Intervals
L
L
M
M
Confidence Intervals
L
L
M
H
Confidence Intervals
L
L
H
L
Confidence Intervals
L
L
H
M
Confidence Intervals
L
L
H
H
Confidence Intervals
L
M
L
L
Confidence Intervals
L
M
L
M
Confidence Intervals
L
M
L
H
Confidence Intervals
L
M
M
L
Confidence Intervals

TSC - VMI

TSC - CPFR

VMI - CPFR

(3.71, 4.56)

(7.12, 8.03)

(3.26, 3.61)

(13.04, 14.18)

(20.43, 21.63)

(7.23, 7.60)

(25.93, 28.01)

(37.06, 39.31)

(10.98, 11.44)

(5.52, 7.04)

(11.08, 12.75)

(5.30, 5.96)

(21.00, 23.17)

(34.19, 36.50)

(12.85, 13.66)

(44.47, 48.10)

(64.86, 68.90)

(20.11, 21.07)

(7.56, 9.88)

(15.32, 17.88)

(7.35, 8.39)

(30.36, 33.82)

(50.22, 53.98)

(19.34, 20.67)

(66.57, 71.60)

(97.49, 103.37)

(30.45, 32.23)

(3.66, 4.00)

(5.98, 6.43)

(2.27, 2.46)

(12.71, 13.61)

(18.82, 19.80)

(6.02, 6.27)

(22.56, 24.36)

(31.75, 33.72)

(9.11, 9.43)

(4.91, 5.42)

(8.22, 8.97)

(3.26, 3.59)
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Table 28 – Continued
Pairwise Comparisons Confidence Intervals for Manufacturer Cost (Low VDR)
VDR PCM BOP DLT
L
M
M
M
Confidence Intervals
L
M
M
H
Confidence Intervals
L
M
H
L
Confidence Intervals
L
M
H
M
Confidence Intervals
L
M
H
H
Confidence Intervals
L
H
L
L
Confidence Intervals
L
H
L
M
Confidence Intervals
L
H
L
H
Confidence Intervals
L
H
M
L
Confidence Intervals
L
H
M
M
Confidence Intervals
L
H
M
H
Confidence Intervals
L
H
H
L
Confidence Intervals
L
H
H
M
Confidence Intervals
L
H
H
H
Confidence Intervals

TSC - VMI

TSC - CPFR

VMI - CPFR

(18.72, 20.23)

(28.80, 30.54)

(9.92, 10.46)

(36.36, 39.20)

(52.29, 55.53)

(15.78, 16.48)

(6.21, 6.90)

(10.42, 11.48)

(4.15, 4.64)

(25.50, 27.74)

(40.00, 42.65)

(14.27, 15.13)

(52.32, 56.37)

(75.89, 80.68)

(23.32, 24.56)

(3.57, 3.88)

(5.73, 6.14)

(2.13, 2.28)

(13.25, 14.16)

(19.22, 20.22)

(5.89, 6.12)

(22.82, 24.70)

(31.62, 33.64)

(8.72, 9.01)

(4.77, 5.23)

(7.77, 8.39)

(2.94, 3.20)

(18.68, 20.15)

(28.31, 30.01)

(9.49, 9.99)

(35.24, 38.12)

(50.17, 53.37)

(14.79, 15.38)

(5.94, 6.54)

(9.67, 10.54)

(3.66, 4.05)

(24.78, 26.89)

(38.45, 40.98)

(13.48, 14.28)

(49.55, 53.56)

(71.38, 75.98)

(21.59, 22.65)

175

Table 29. Supply Chain Strategy Comparisons for Manufacturer (Med VDR)
Pairwise Comparisons Confidence Intervals for Manufacturer Cost (Med VDR)
VDR PCM BOP DLT
M
L
L
L
Confidence Intervals
M
L
L
M
Confidence Intervals
M
L
L
H
Confidence Intervals
M
L
M
L
Confidence Intervals
M
L
M
M
Confidence Intervals
M
L
M
H
Confidence Intervals
M
L
H
L
Confidence Intervals
M
L
H
M
Confidence Intervals
M
L
H
H
Confidence Intervals
M
M
L
L
Confidence Intervals
M
M
L
M
Confidence Intervals
M
M
L
H
Confidence Intervals
M
M
M
L
Confidence Intervals
M
M
M
M
Confidence Intervals
M
M
M
H
Confidence Intervals
M
M
H
L
Confidence Intervals
M
M
H
M
Confidence Intervals

TSC - VMI

TSC - CPFR

VMI - CPFR

(6.66, 15.64)

(20.10, 29.21)

(12.81, 14.19)

(26.23, 28.69)

(46.28, 49.36)

(19.70, 21.02)

(60.82, 66.36)

(89.83, 95.94)

(28.52, 30.06)

(15.45, 19.45)

(39.30, 44.61)

(23.16, 25.84)

(45.62, 50.39)

(83.67, 90.05)

(37.47, 40.23)

(108.32, 118.53)

(163.30, 175.28)

(54.20, 57.51)

(25.39, 31.53)

(61.30, 69.70)

(34.82, 39.25)

(69.56, 77.39)

(129.34, 139.98)

(58.90, 63.45)

(166.04, 185.14)

(251.88, 271.55)

(82.07, 90.18)

(8.25, 9.38)

(15.73, 17.43)

(7.34, 8.18)

(23.76, 25.30)

(38.48, 40.49)

(14.54, 15.36)

(46.84, 50.78)

(69.76, 74.07)

(22.63, 23.58)

(13.23, 15.19)

(25.52, 28.76)

(12.13, 13.72)

(38.85, 41.77)

(64.99, 69.09)

(25.87, 27.60)

(81.02, 87.72)

(123.27, 130.83)

(41.70, 43.65)

(18.91, 21.85)

(36.09, 41.14)

(16.98, 19.47)

(56.66, 61.40)

(95.99, 102.81)

(38.94, 41.78)
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Table 29 – Continued
Pairwise Comparisons Confidence Intervals for Manufacturer Cost (Med VDR)
VDR PCM BOP DLT
M
M
H
H
Confidence Intervals
M
H
L
L
Confidence Intervals
M
H
L
M
Confidence Intervals
M
H
L
H
Confidence Intervals
M
H
M
L
Confidence Intervals
M
H
M
M
Confidence Intervals
M
H
M
H
Confidence Intervals
M
H
H
L
Confidence Intervals
M
H
H
M
Confidence Intervals
M
H
H
H
Confidence Intervals

TSC - VMI

TSC - CPFR

VMI - CPFR

(121.33, 131.07)

(186.29, 197.79)

(64.14, 67.54)

(7.66, 8.45)

(13.22, 14.46)

(5.50, 6.05)

(22.29, 23.78)

(34.68, 36.47)

(12.22, 12.85)

(40.46, 43.48)

(60.36, 63.88)

(19.46, 20.82)

(10.88, 12.26)

(19.33, 21.57)

(8.37, 9.38)

(34.31, 36.93)

(55.21, 58.72)

(20.65, 22.03)

(67.36, 72.39)

(102.77, 109.07)

(34.65, 37.44)

(14.48, 16.51)

(25.69, 29.14)

(11.12, 12.71)

(48.14, 52.29)

(78.49, 84.26)

(30.03, 32.28)

(99.07, 106.69)

(152.29, 162.41)

(52.09, 56.85)
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Table 30. Supply Chain Strategy Comparisons for Manufacturer (VDR = High)
Pairwise Comparisons Confidence Intervals for Manufacturer Cost (High VDR)
VDR PCM BOP DLT
H
L
L
L
Confidence Intervals
H
L
L
M
Confidence Intervals
H
L
L
H
Confidence Intervals
H
L
M
L
Confidence Intervals
H
L
M
M
Confidence Intervals
H
L
M
H
Confidence Intervals
H
L
H
L
Confidence Intervals
H
L
H
M
Confidence Intervals
H
L
H
H
Confidence Intervals
H
M
L
L
Confidence Intervals
H
M
L
M
Confidence Intervals
H
M
L
H
Confidence Intervals
H
M
M
L
Confidence Intervals
H
M
M
M
Confidence Intervals
H
M
M
H
Confidence Intervals
H
M
H
L
Confidence Intervals
H
M
H
M
Confidence Intervals

TSC - VMI

TSC - CPFR

VMI - CPFR

(-1.80, 3.90)

(24.89, 30.76)

(25.02, 28.53)

(29.83, 34.40)

(62.36, 67.27)

(31.50, 33.89)

(82.41, 90.51)

(125.73, 134.90)

(42.52, 45.18)

(2.64, 13.51)

(52.98, 64.85)

(47.28, 54.40)

(51.24, 59.43)

(114.58, 123.90)

(61.36, 66.46)

(144.98, 159.77)

(228.07, 245.27)

(81.69, 86.90)

(11.10, 28.15)

(88.92, 108.46)

(73.19, 84.93)

(79.93, 91.86)

(180.89, 195.57)

(98.06, 106.61)

(218.74, 240.11)

(349.79, 375.17)

(128.94, 137.18)

(10.52, 12.94)

(26.71, 29.96)

(15.70, 17.51)

(30.90, 33.55)

(55.97, 59.55)

(24.73, 26.32)

(64.65, 71.48)

(100.71, 108.26)

(35.58, 37.27)

(19.49, 23.85)

(47.95, 54.39)

(27.62, 31.35)

(52.39, 57.40)

(99.10, 106.33)

(46.12, 49.51)

(112.83, 125.19)

(181.05, 195.04)

(67.24, 70.82)

(30.99, 37.67)

(72.80, 83.18)

(40.57, 46.74)

(78.64, 86.73)

(151.13, 163.15)

(71.66, 77.26)
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Table 30 – Continued
Pairwise Comparisons Confidence Intervals for Manufacturer Cost (High VDR)
VDR PCM BOP DLT
H
M
H
H
Confidence Intervals
H
H
L
L
Confidence Intervals
H
H
L
M
Confidence Intervals
H
H
L
H
Confidence Intervals
H
H
M
L
Confidence Intervals
H
H
M
M
Confidence Intervals
H
H
M
H
Confidence Intervals
H
H
H
L
Confidence Intervals
H
H
H
M
Confidence Intervals
H
H
H
H
Confidence Intervals

TSC - VMI

TSC - CPFR

VMI - CPFR

(169.91, 189.02)

(276.66, 298.74)

(105.27, 111.22)

(11.28, 12.81)

(22.70, 25.04)

(11.21, 12.42)

(28.80, 31.03)

(49.50, 52.40)

(20.47, 21.59)

(54.16, 59.19)

(85.26, 90.89)

(30.71, 32.08)

(18.00, 20.61)

(36.87, 41.40)

(18.64, 21.00)

(46.92, 50.90)

(83.69, 89.41)

(36.47, 38.79)

(93.37, 102.61)

(150.75, 161.39)

(56.69, 59.46)

(26.18, 30.24)

(52.60, 59.88)

(26.12, 29.92)

(68.59, 74.93)

(123.84, 133.38)

(54.88, 58.82)

(139.60, 153.78)

(228.22, 244.97)

(87.51, 92.29)
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Appendix C
Simulation Models for the Three Supply Chain Strategies
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Figure 69. Simulation Model for Traditional Supply Chain
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Figure 70. Simulation Model for VMI Supply Chain
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Figure 71. Simulation Model for CPFR Supply Chain
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Appendix D
Main Effects Plot for Manufacturer Cost
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Main Effects Plot for Manufacturer Cost (All Factors)
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Figure 72. Main Effects Plot for Manufacturer Cost. – All Factors

Main Effects Plot for Manufacturer Cost (VDR = Low)
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Figure 73. Main Effects Plot for Manufacturer Cost – Low VDR
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Main Effects Plot for Manufacturer Cost (VDR = Med)
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Figure 74. Main Effects Plot for Manufacturer Cost – Med VDR

Main Effects Plot for Manufacturer Cost (VDR = High)
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Figure 75. Main Effects Plot for Manufacturer Cost – High VDR

186

Appendix E
Main Effects Plot for the Retailer Cost
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Main Effects Plot for Retailer Cost (All Factors)
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Figure 76. Main Effects Plot for the Retailer Cost – All Factors

Main Effects Plot for Retailer Cost (VDR = Low)
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Figure 77. Main Effects Plot for the Retailer Cost – Low VDR
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Main Effects Plot for Retailer Cost (VDR = Med)
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Figure 78. Main Effects Plot for the Retailer Cost – Med VDR

Main Effects Plot for Retailer Cost (VDR = High)
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Figure 79. Main Effects Plot for the Retailer Cost – High VDR
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