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Abstract: This article explores the integration of Vendor Managed Inventory (VMI) into the framework of the
Inventory Routing Problem (IRP) as a strategic approach to enhance supply chain efficiency. VMI involves
suppliers taking an active role in managing customer inventory levels and fostering real-time communication
and data sharing. The Inventory Routing Problem addresses the challenge of optimizing delivery routes while
simultaneously managing inventory levels. The benefits of implementing VMI in IRP include improved demand
forecasting, reduced stockouts and overstock situations, and optimized routing and transportation. The study
applies a method that strategically integrates Vendor Managed Inventory (VMI) into the Inventory Routing
Problem (IRP) framework, utilizing real-time data sharing and optimized routing algorithms to enhance supply
chain efficiency. This approach is evaluated through research findings highlighting its benefits and
implementation challenges. Thus, we discuss the potential advantages and challenges associated with this
integration. While VMI in IRP offers substantial benefits, data security, cultural shifts, and IT system integration
must be addressed for successful implementation. This article provides insights into the promising synergy
between VMI and IRP, offering organizations a competitive edge in the dynamic supply chain management
landscape.
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1. Introduction

In supply chain management, companies always seek new ways to improve inventory and operations(Panfilova
etal,, 2020). One approach that's becoming more popular lately is combining Vendor Managed Inventory (VMI)
with the Inventory Routing Problem (IRP). VM], a collaborative approach, entails suppliers taking an active and
responsible role in managing the inventory levels of their customers (Karimi et al., 2022). This helps make sure
supplies are always replenished smoothly and reduces the chance of running out of stock.

The contemporary supply chain environment is marked by increased complexities and challenges, including
global market dynamics, technological advancements, and changing consumer expectations (Akindote, 2023).
In response to these challenges, the strategic implementation of VMI in conjunction with the IRP presents an
opportunity for organizations to address critical aspects of their supply chain dynamics. This article explores
how VMI and IRP work together, discussing their benefits and challenges.

The integration of VMI and IRP represents a forward-thinking approach to supply chain optimization (de Maio
& Lagana, 2020). VMI, by design, enhances collaboration and communication between suppliers and customers,
fostering a proactive stance in inventory management. The significance of this integration lies in its ability to
provide a holistic solution that not only optimizes inventory processes but also addresses the complexities
inherent in routing goods to customers efficiently.

The proactive nature of VMI aligns seamlessly with the objectives of the IRP, which inherently deals with the
optimization of delivery routes while simultaneously managing inventory levels. According to (Bardeji et al,,
2022). By allowing suppliers to actively participate in inventory replenishment based on real-time data,
organizations can benefit from enhanced demand forecasting accuracy, reduced stockouts, and improved
overall efficiency.

The integration of VMI and IRP is not merely a theoretical concept but a practical solution that has
demonstrated tangible benefits in various studies. Organizations that implement VMI within the context of IRP

experienced a significant reduction in transportation costs and a marked improvement in route optimization
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(Soysal et al, 2023). These findings highlight the practical implications of integrating VMI into the IRP
framework and underscore its potential to bring about positive transformations in the logistics and supply
chain domains.

However, as organizations consider embracing this integrated approach, it is crucial to acknowledge and
address the challenges that may arise. The shift towards VMI in IRP involves not only technological
considerations but also cultural shifts and changes in traditional business practices. The insights gained from
this exploration will offer valuable guidance to organizations contemplating the adoption of VMI in IRP,
providing a wide and challenges associated with this strategic integration.

Figure 1: The Illustration Scenario for Inventory Routing Problem (IRP)
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2. Literature Review

Vendor-Managed Inventory: Nowadays, many companies are looking into using a method called vendor-
managed inventory (VMI) to make their supply chains work better (Harahap & Rahim, 2017). Vendor Managed
Inventory is a supply chain collaboration model in which suppliers monitor and manage inventory levels on
behalf of their customers. This approach involves real-time communication, data sharing, and mutual trust
between the vendor and the customer. The goal is to streamline the replenishment process, reduce stockouts
and overstock situations, and improve overall supply chain performance. (Kamarul et al,, 2017). They figure out
how much is needed and when to deliver it to meet customer needs. Customers don't have to worry about
managing stock or when deliveries come (Rodrigues et al., 2019).

After seeing the success of big retailers like Walmart using VMI, many other companies are trying it too
(Kamarul et al,, 2017; Guimardaes et al., 2019). Before, production and transportation decisions were made
separately, but connecting them can make companies work better (Yadollahi et al., 2019). The amount needed
is based on inventory information to estimate what customers need and manage transportation well (Tirkolaee
etal,, 2021). This helps both suppliers and customers in managing their activities.

VMI focuses on coordinating inventory and transportation, but it doesn't always go well. Problems can arise
from wrong data like customer order times and supplier decision-making (Zhong & Aghezzaf, 2012;
Mohammad, 2019). With a lot of data, it's hard to make everything work smoothly. One big challenge with VMI
is figuring out the best routes for delivering products from suppliers to retailers to cut down on costs, known
as the inventory routing problem (IRP).
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The Inventory Routing Problem: The Inventory Routing Problem is a well-known optimization challenge in
logistics and supply chain management. It involves determining the optimal routes for vehicles delivering goods
to customers while simultaneously managing inventory levels. The integration of VMI into the IRP framework
introduces a proactive approach to inventory control, as the supplier gains visibility into customer demand
patterns and takes an active role in managing inventory replenishment (Rohmer et al., 2019). The function of
IRP is to manage these three important items, which are inventory, vehicle routing, and delivery planning routes
(Rahim et al., 2017).

To solve the IRP, a solution to a difficult mathematical problem must be developed. According to the earliest
study by Bell et al. (1983), inventory planning and vehicle scheduling have a fluctuating adaptation of IRP. To
solve the IRP, a lot of methodologies and algorithms have been proposed. For example, when customer demand
is faced as deterministic or stochastic, or when customer demand is expected to be deterministic or stochastic,
a distinctive model can be developed (Kamarul et al., 2014).

3. Methodology.

To begin, the IRP model is introduced, including the parameters and the variables that are used to solve the
inventory routing problem. There are limitations in developing the IRP model, some assumptions must be
made. The following are some of them:

e Customer demand must be known in advance with the right amount.

e The vehicle's capacity must be set enough to deliver the customer’s requirement.

e The cost of transportation must be proportional to vehicle travel times.

e Only a fleet of homogeneous vehicles is used to replenish the customers

e Splitdelivery is not allowed in the model

Table 1 shows the parameters and variables used to solve the IRP:

Table 1: The Parameters and Variables Descriptions

Indices
T=1,2,.., T Period index
w=0 Depot/warehouse
$=12,..,N a set of customers (customer i demand inventory j)
Parameter
o The delivery handling fixed cost at location j € S* (customers and warehouse) in
period t € H.
Nj¢ The inventory holding cost per unit per period at location j € S* (in RM per ton per
period)
Pv The vehicle operating fixed cost v € V (in RM per vehicle)
6y The vehicle traveling cots v € V (in RM per kilometer)
kY The vehicle capacity v € V (in kg)
vy The vehicle's average speed v € V (in kilometers per hour)
0 The trip duration from a customer i € S* to customer j € S* (an hour)
dje The demand rate at customer j faced deterministic (in kg per hour) in period t € H
Lio The initial level of inventory at each customer (in tons) j € S
Variables
Qije The inventory quantity remaining in the vehicle (in location j € S* from location

i € S*inaperiod t € H.hen th trip (i, ), the quantity equals zero and there is no
vehicle v € V in period t

qje The delivered quantity (in tons) to a location j € S in period t € H, and 0

The inventory level at a location (customers and warehouse) j € S* at the end of

it
! period t € H (in kg)
Xt A binary variable is set to 1 if the location j € S* i ed after delivering location i €
S* using a vehicle v € V in period t € H, and 0.
vy A binary variable is set to 1 if the vehicle v € V is used in periods ¢, and 0.
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4. The Benefits of Implementing VMI in IRP

The benefits of solving IRP with the implementation of VMI policy are the ideal solution. With an integrated
VMI policy, IRP is solved to find the optimal solution where the final inventory level at each customer is zero,
leading to a smaller total quantity distributed. This integration under VMI ensures more efficient use of
resources, reduced distribution quantities, and better overall inventory management (Archetti & Speranza,
2016). Additionally, we proposed the benefits of implementing the VMI in IRP.

Table 2: The Benefits of VMI In IRP

Aspects

Description

Improved Demand
Forecasting

VMI allows suppliers to access real-time data on customer demand, enabling more
accurate forecasting. This helps in optimizing inventory levels and ensures that the
right amount of stock is delivered at the right time. VMI improves demand forecasting
accuracy which achieves a reduction in excess inventory costs (Karimi et al.,, 2022).

Reduced Stockouts
and Overstock

By having a proactive approach to inventory management, VMI minimizes the
likelihood of stockouts and overstock situations. This leads to improved customer
satisfaction and operational efficiency. (Bardeji et al, 2022) indicates that
implementing VMI in IRP reduces stockouts and overstock situations, leading to
improvement in overall supply chain performance.

Optimized Routing
and Transportation

Integrating VMI into IRP allows for better coordination of delivery routes based on
real-time inventory data. This leads to more efficient transportation planning and
cost savings. VMI implementation in IRP results in improving route optimization"
(Zhong & Aghezzaf, 2012).

Enhanced Customer
Satisfaction and
Operational
Efficiency

Beyond the quantitative metrics, the proactive approach inherent in VMI not only
reduces stock-related disruptions but also contributes to improved customer
satisfaction and operational efficiency. These aspects, though challenging to quantify
precisely, play a pivotal role in shaping a positive and resilient supply chain
ecosystem (Ibrahim et al,, 2023).

Strategic Supplier-
Customer
Collaboration

The integration of VMI in IRP fosters a strategic collaboration between suppliers and
customers. By aligning objectives and sharing responsibilities, both parties can work
synergistically to achieve common supply chain goals (Aloui et al., 2021).

Flexibility and
Responsiveness

VMI provides a flexible and responsive approach to inventory management, allowing
for quick adjustments in response to changing market conditions or unexpected
disruptions (Upadhyay et al., 2013).

Cost-Efficient
Inventory Holding

Through improved demand visibility, VMI in IRP enables organizations to optimize
inventory holding, reducing carrying costs and improving capital efficiency (Huang
& Lin, 2010).

Environmental
Sustainability

The optimization of delivery routes facilitated by VMI in IRP not only contributes to
cost savings but also aligns with sustainability goals by reducing carbon emissions
associated with transportation (Jabir et al., 2015).

Strategic IT
Integration

Successful implementation of VMI in IRP necessitates robust IT integration.
Organizations investing in advanced IT systems experience enhanced efficiency and
effectiveness in managing real-time data for improved decision-making (Barbosa-
Povoa & Pinto, 2020).

Continuous
Improvement

Organizations embracing VMI in IRP are positioned for continuous improvement. The
feedback loop established through real-time data sharing allows for iterative
enhancements in inventory processes and routing strategies (Schuster Puga &
Tancrez, 2017).

In essence, the implementation of VMI within the context of the IRP not only presents a strategic solution to
immediate supply chain challenges but also establishes a foundation for continuous improvement, collaborative
relationships, and sustainable business practices.
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5. Challenges and Considerations

While the integration of Vendor Managed Inventory (VMI) into the Inventory Routing Problem (IRP) presents
a promising solution for enhancing supply chain efficiency, several challenges and considerations demand
careful attention to ensure the success of this strategic collaboration. Data Security and Privacy: The sharing of
real-time inventory data between suppliers and customers is a cornerstone of VMI in IRP, yet it raises critical
concerns regarding data security and privacy. Establishing robust communication protocols and secure data-
sharing mechanisms is crucial. Organizations must invest in state-of-the-art encryption technologies and
authentication methods to safeguard sensitive information.

Cultural Shift and Collaboration: One of the primary challenges in implementing VMI in the context of IRP
lies in the necessity for a significant cultural shift. Traditionally, the relationship between suppliers and
customers has been transactional. However, the success of VMI hinges on building a collaborative and trust-
based relationship. Organizations need to invest in change management initiatives to facilitate this cultural
transformation. Training programs, workshops, and communication strategies are essential to align the
mindset of both suppliers and customers with the collaborative nature of VMI-IRP integration. Success in this
area is crucial for unlocking the full potential of VMI in optimizing supply chain processes

Integration with IT Systems: The seamless integration of VMI into existing information technology systems is
a critical factor in the success of the integration. Compatibility issues and system upgrades may be necessary to
ensure smooth data exchange and communication between suppliers and customers. Organizations need to
assess the capabilities of their current IT infrastructure, identifying gaps and areas requiring enhancement.
Investment in advanced technologies, such as cloud-based solutions or [oT (Internet of Things) devices, may be
necessary to facilitate real-time data sharing. Additionally, collaboration between IT departments of both
suppliers and customers is vital to address integration challenges and ensure a cohesive and interoperable IT
ecosystem.

a) Cost Implications

While the benefits of VMI in IRP are substantial, organizations must carefully consider the associated costs. This
includes not only the initial investment in technology and infrastructure but also ongoing maintenance and
training expenses. A comprehensive cost-benefit analysis should be conducted to evaluate the long-term
financial implications of VMI-IRP integration. Organizations need to weigh the potential improvements in
efficiency against the upfront and ongoing costs to ensure a favorable return on investment.

b) Resistance to Change

Resistance to change is a common challenge in any organizational transformation. Employees at various levels
may resist adopting new processes and technologies associated with VMI in IRP. recommend implementing
change management strategies to address resistance, including clear communication, stakeholder engagement,
and showcasing the benefits of the integration. Employee training programs can also play a crucial role in
facilitating a smooth transition.

While the benefits of VMI in the context of IRP are compelling, addressing these challenges and considerations
is crucial for a successful implementation. Organizations that proactively manage these aspects stand to gain
not only in terms of operational efficiency but also in building resilient and collaborative supply chain
ecosystems for the future.

Conclusion

The integration of Vendor Managed Inventory into the Inventory Routing Problem offers a promising solution
for organizations looking to enhance their supply chain efficiency. By fostering collaboration, improving
demand forecasting, and optimizing inventory replenishment, VMI in IRP provides a competitive edge in today's
dynamic business environment. While challenges exist, the potential benefits of implementing VMI in IRP are a
worthwhile endeavor for organizations committed to staying at the forefront of supply chain innovation.
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