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Abstract: This research aims to explore the intricate challenges of Vendor Managed Inventory (VMI) and develop
an innovative Inventory Management Decision Support System (DSS). The study seeks to optimize VMI efficiency
by leveraging advanced Industrial Engineering methodologies, real-time data collection, and cutting-edge
technology. Key areas of focus include demand forecasting accuracy, dynamic inventory adjustments, centralized
data management, automated coordination processes, and risk assessment. The proposed DSS, integrated with a
Point of Sale (POS) System, is designed to streamline operations, minimize shortages, and enhance overall
inventory management within the VMI framework.
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1. INTRODUCTION:

In the dynamic landscape of supply chain management, the strategic handling of inventory emerges as an
essential element for operational efficiency, cost reduction, and enhanced customer satisfaction. Among various
inventory management paradigms, the concept of Vendor Managed Inventory (VMI) has gained prominence due to its
potential to revolutionize the traditional vendor-buyer relationship. At its essence, VMI involves delegating inventory
management responsibilities from the buyer to the vendor, enabling a collaborative approach to replenishment and
fostering symbiotic supply chain dynamics.

The overarching goal of this research is to address the intricate challenges associated with inventory
optimization within the context of Vendor Managed Inventory. In a global business environment characterized by
increased competition, fluctuating demand, and supply chain disruptions, the need for innovative solutions to streamline
operations and reduce costs has never been more pressing. This study aims to develop an Inventory Management
Decision Support System (DSS) that transcends conventional practices by leveraging advanced technologies and
strategic decision-making frameworks. Anchored in real-time data collection, analytical insights, and optimization
algorithms, this DSS seeks to offer a comprehensive solution to enhance the efficiency of VMI systems and minimize
inventory holding costs.

The motivation behind this research stems from the recognition that optimal inventory management plays a
pivotal role in balancing the delicate equilibrium between cost control and operational agility. By delving into the realms
of data-driven insights and innovative decision support tools, this research strives to contribute not only to the academic
discourse surrounding inventory management but also to provide tangible benefits to industries grappling with the
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complexities of modern supply chains. The forthcoming sections will detail the methodologies, models, and the system
architecture that constitute the foundation of this research endeavor.

2. LITERATURE REVIEW:

There is an abundance of literature available in the field of Vendor-Managed Inventory (VMI). Various forms
of VMI have been introduced in different industries. Full implementation requires robust Information and
Communications Technology (ICT) support capabilities, and in this setup, most of the inventory management functions
are handled by the vendor. Partial VMI, on the other hand, requires less ICT support, with vendors managing some of
the commonly agreed-upon functions.

Coordination is a key element in VMI, and various forms of coordination in supply chains are observed in the
literature. For instance, Chen and Wei (2012) discuss multi-period channel coordination in the VMI of deteriorating
goods. They propose three agreements, namely price-only contracts, profit-sharing contracts, and profit-sharing plus
linear discounts, as well as side payment contracts for channel coordination under Retail Managed Inventory (RMI) and
Vendor Managed Inventory (VMI) systems, respectively. The analysis results indicate that the proposed VMI system
policy with a profit-sharing system plus linear discounts and side contracts tends to result in low retail prices and high
demand.

Examining the benefits of partial coordination can also be done through game models. Yugang et al. (2006)
explored the VMI supply chain in which manufacturers and some retailers partially cooperate in inventory control using
VMI policies. This study helps determine optimal marketing and product inventory policies by maximizing the
individual net profits of retailers and manufacturers.

Kannan et al. (2013) also analyzed the benefits of VMI arrangements for single suppliers and multiple customer
settings. They compared traditional supply chains with VMI for the same company based on the Economic Order
Quantity (EOQ) formula and associated total costs. VMI provided better results in the two specific cases examined.
Similar findings were observed by Wang (2009) when comparing traditional supply chain and VMI settings.

Bersani et al. (2010) proposed a distinctive approach to sustainable transport, specifically aiming to reduce the
frequency of shipments of petroleum products. In their study, Vendor-Managed Inventory (VMI) was suggested as a
solution. The mathematical formulation of the problem includes storage and routing costs.

Savasaneril and Erkip (2010) argue that Vendor-Managed Availability (VMA) represents an improvement that
extends benefits beyond VMI. This ensures material availability to suppliers at any price, providing greater flexibility
in manufacturers' operations and additional benefits.

Marques et al. (2010) conducted a literature review based on conceptual elements and presented a macro process
that summarizes the operational and collaborative aspects of VMI. From the literature, it is evident that VMI is a win-
win situation for both manufacturers and retailers. Its introduction helps enhance flexibility, increase profits, reduce
costs, improve customer service, and optimize inventory.

3. CHALLENGES ADDRESSED BY THE INVENTORY MANAGEMENT DECISION SUPPORT
SYSTEM (DSS) FOR VENDOR MANAGED INVENTORY (VMI):

The implementation of Vendor Managed Inventory (VMI) introduces a set of challenges that can impede the
efficiency and effectiveness of supply chain operations. By developing an Inventory Management Decision Support
System (DSS), these challenges are specifically addressed, aiming to unlock the potential benefits of VMI while
mitigating associated drawbacks.

Demand Forecasting Uncertainty: VMI systems frequently encounter challenges in accurately forecasting demand,
driven by market fluctuations and unforeseen events. The DSS aims to leverage data analytics and predictive modeling
to enhance demand forecasting accuracy, thereby reducing the risk of stockouts and overstock situations.

Inventory Imbalances: Achieving and maintaining optimal inventory levels is intricate, with the potential for imbalances
that can result in increased carrying costs or missed sales opportunities. The DSS endeavors to dynamically adjust
inventory quantities based on real-time demand, consumption patterns, and supplier lead times.
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Data Complexity: Aggregating and analyzing data from various sources present challenges in VMI systems. The DSS
aims to centralize data from diverse sources, transforming it into actionable insights for effective decision-making.

Coordination Complexity: Coordinating production, transportation, and replenishment activities across different
stakeholders is a common hurdle in VMI. The DSS envisions automating coordination processes to seamlessly align
supply and demand, thereby enhancing overall supply chain coordination.

Risk Management: VMI introduces risks such as stockouts, supplier disruptions, and inaccurate forecasts. The DSS aims
to integrate risk assessment and mitigation strategies, enabling proactive measures to address potential disruptions.

Vendor-Buyer Collaboration: Effective collaboration between vendors and buyers is pivotal in VMI systems. The DSS
seeks to foster collaboration by providing a unified platform for real-time data sharing, communication, and decision-
making.

Performance Measurement: Evaluating the effectiveness of a VMI system can be challenging without appropriate
performance metrics. The DSS aims to provide comprehensive analytics and reporting capabilities to assess the impact
of the VMI strategy on various performance indicators.

Adaptability: VMI systems must adapt to evolving market dynamics. The DSS envisions a system that can swiftly
respond to changes in demand, supply, and external factors, ensuring continued alignment with organizational goals.

By systematically addressing these challenges through the Inventory Management Decision Support System,
the research aims to equip businesses with a powerful tool that optimizes inventory control, streamlines operations, and
enhances the benefits derived from the VMI framework.

4. MODEL OUTLINES FOR INVENTORY MANAGEMENT DECISION SUPPORT SYSTEM:

A decision support system is a tool that enhances the decision-making process by transforming multiple inputs
into the outputs necessary for informed decision-making. The inputs and outputs for an inventory management DSS are
illustrated in Figure 1 and will be discussed in more detail later. We start by discussing expenditures because they
represent the information needed for making inventory management decisions. Subsequently, we provide an overview
and detail the necessary inputs to achieve the demonstrated results.

Cloud
Inventory Modal
Application
Program

Shortage Cost,
Surplus Cost,
Demand History 7,

Database

Shop Code, Order Quantity,
Exceed Qty from last time Safety Stock
-
Mobile POS

Figure 1. Model Outlines for Proposed DSS

This decision support system outlines a process for managing inventory in a retail store, employing a
combination of on-site Point of Sale (POS) devices and a cloud-based Application Program. Let's break down each
step for a clearer understanding.

1. Create a Shop Code: Assign a unique Shop Code for identification purposes when starting and stocking
items in the store.
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2. Investigate the Demand Range: Explore the demand range of similar items in the store and input this
demand range information into the POS machine.

3. Data Transmission to the Cloud Server: The POS device sends the demand range data to the Application
Program in the Cloud Server.

4. Inventory Calculation: Utilizing the Shortage Cost and Surplus Cost stored in the database, the
Application Program employs an Inventory Model to calculate Order Quantity and Safety Stock for each
item to be delivered.

5. Received Order Quantity and Safety Stock: Receive the calculated Order Quantity and Safety Stock from
the Application Program. Send this information back to the POS machine and save it in the database.

6. Return and Counting: When returning items to the store, count the remaining items.

7. Data Transmission to Cloud Server: Enter the list of remaining items along with the Shop Code into the
POS machine. The POS device sends this data to the Application Program in the Cloud Server.

8. Update Inventory and Recalculate: The Application Program calculates Shortage Cost, Surplus Cost, and
Order Quantity for each remaining item stored in the database. These calculations are added to the list of
remaining items. Utilize the Inventory Model to recalculate Order Quantity and Safety Stock for each new
item.

9. Received Order Quantity and Safety Stock: Receive the newly calculated Order Quantity and Safety
Stock from the Application Program. Send this information back to the POS machine and save the
updated details in the database.

In summary, this decision support system seamlessly integrates on-site POS machines with a cloud-based
Application Program to efficiently manage inventory. The process encompasses collecting demand data, calculating
optimal order quantities and safety stocks, and updating the system based on the actual stock levels in the store. This
approach ensures the maintenance of an optimal inventory level, minimizing shortages and surpluses, and thereby
enhancing overall inventory management.

5. INDUSTRIAL ENGINEERING METHODS AND MODELS USED IN DECISION SUPPORT
SYSTEM:

The optimization of Vendor Managed Inventory (VMI) demands a robust integration of Industrial Engineering
methods and models. This integration marries theoretical concepts with real-world applications, aiming to achieve
operational excellence within the VMI framework. This section delves into the key principles and frameworks employed
to streamline inventory management, encompassing specific methodologies for making Inventory Policy Decisions.

Economic Order Quantity (EOQ): The foundational principle of Economic Order Quantity (EOQ), a classic Industrial
Engineering model, is leveraged to determine the optimal order quantity that minimizes total inventory costs.
Accounting for factors such as ordering costs, carrying costs, and demand patterns, the EOQ model provides valuable
insights for establishing efficient replenishment quantities within the VMI context.

Just-In-Time (JIT) Principles: Applying Just-In-Time (JIT) principles within the VMI framework aligns with lean
inventory management, fostering reduced lead times, minimized stock levels, and heightened supply chain
responsiveness. JIT principles serve as the foundation for the efficient coordination of orders and deliveries, ultimately
enhancing overall operational efficiency.

Demand Forecasting Techniques: Industrial Engineering encompasses advanced demand forecasting methodologies
that facilitate accurate predictions of future demand. These methodologies include time-series analysis, regression
models, and data-driven techniques, providing crucial support for proactive inventory management decisions within the
VMI system.
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Inventory Policy Decisions: A crucial aspect of Industrial Engineering in optimizing VMI lies in making informed
inventory policy decisions. The calculation of the Reorder Point with a Fixed Order Interval ensures timely
replenishment based on lead times, demand patterns, and service levels. Additionally, the determination of Safety Stock
accounts for demand and lead time variability, providing a safeguard against supply chain uncertainties.

Calculating Extra Carrying Cost and Opportunity Cost: Industrial Engineering principles extend to evaluating the
financial implications of inventory management decisions. The assessment of Extra Carrying Cost considers the costs
associated with excess inventory, while Opportunity Cost addresses the potential revenue loss due to stockouts. The
incorporation of demand variability within these calculations refines inventory optimization strategies.

The convergence of Industrial Engineering methods and models within the VMI framework underscores the
synergy between academic principles and practical solutions. This holistic approach aims to optimize inventory
management for VMI, paving the way for enhanced operational efficiency and cost savings.

6. SIGNIFICANCE OF DECISION SUPPORT SYSTEM:

The proposed decision support system is multifaceted, encompassing both theoretical advancements and
practical applications in the realm of Vendor Managed Inventory (VMI) optimization. The overarching goal is to
enhance operational efficiency, reduce costs, and facilitate informed decision-making within the VMI framework. The
specific objectives include:

Development of an Advanced Decision Support System (DSS): Develop an innovative Inventory Management Decision
Support System (DSS) that leverages cutting-edge technology, data analytics, and optimization algorithms. The DSS is
designed to furnish decision-makers with real-time insights and recommendations concerning inventory policy
decisions, order quantities, and replenishment schedules.

Integration of Industrial Engineering Principles: Apply established Industrial Engineering methodologies, including
Economic Order Quantity (EOQ), Just-In-Time (JIT) principles, and advanced demand forecasting techniques, to
optimize inventory levels and enhance supply chain coordination within the Vendor Managed Inventory (VMI) context.

Accurate Reorder Point Calculation: Design a system that accurately calculates the reorder point using the Fixed Order
Interval approach, aligning with demand patterns, lead times, and desired service levels. This objective aims to ensure
timely replenishment and guard against stockouts effectively.

Robust Safety Stock Determination: Develop methodologies for calculating safety stock that address demand variability,
lead time fluctuations, and desired service levels. The objective is to enhance supply chain resilience and effectively
mitigate uncertainties in the supply chain.

Comprehensive Analysis of Costs: Conduct a comprehensive analysis of Extra Carrying Cost and Opportunity Cost over
a constant lead time with varying demand. This analysis aims to provide valuable insights into the financial implications
of inventory decisions and guide the development of cost-effective strategies.

Empirical Validation and Practical Application: Validate the effectiveness of the developed Decision Support System
(DSS) and methodologies through empirical case studies and real-world implementation within Vendor Managed
Inventory (VMI) scenarios. Demonstrate how the proposed system and strategies lead to tangible improvements in
operational efficiency and cost reduction.

By addressing these objectives, this research aims to bridge the gap between academic principles and practical
solutions, providing organizations with actionable insights to enhance their Vendor Managed Inventory (VMI) strategies
and optimize their inventory management processes effectively.

7. CONCLUSION:

In conclusion, this study marks the initiation of a journey into the realm of Vendor Managed Inventory (VMI)
and acknowledges its transformative potential in reshaping traditional dynamics between suppliers and buyers. The
study is dedicated to addressing the intricate challenges associated with VMI, particularly in the face of the evolving
global supply chain landscape characterized by competition, demand fluctuations, and disruptions.
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The focal point of our efforts has been the development of advanced Inventory Management Decision Support
Systems (DSS), capitalizing on state-of-the-art technology and strategic decision-making frameworks. The proposed
DSS, anchored in real-time data collection, analysis, and optimization algorithms, stands as a comprehensive solution
aimed at enhancing Vendor Managed Inventory (VMI) efficiency and minimizing inventory costs. Our motivation is
rooted in the recognition that optimal inventory management is paramount for striking a balance between cost control
and operational agility. Through the revelation of data-driven insights and innovative decision support tools, this
research endeavors not only to contribute to academic discourse but also to provide tangible benefits to industries
navigating the complexities of modern supply chains.

A comprehensive literature review unveils a wealth of information concerning various forms of Vendor
Managed Inventory (VMI), coordination mechanisms, and the mutual benefits for manufacturers and retailers. The
challenges addressed by the proposed Decision Support System (DSS), spanning from the uncertainty of demand
forecasting to the intricacies of coordination, underscore the necessity for a robust solution in the VMI landscape.

The model outlined in this study delineates a practical and efficient process for inventory management in a retail
store, seamlessly integrating on-site point-of-sale (POS) devices with a cloud-based application program. This Decision
Support System holds the promise of streamlining operations, minimizing shortages and surpluses, and overall,
enhancing inventory management.

Our approach places significant emphasis on industrial engineering methods, incorporating principles such as
Economic Order Quantity (EOQ), Just-In-Time (JIT), demand forecasting, and cost analysis. The integration of these
methodologies into the VMI framework signifies a synergy between academic principles and practical solutions,
ultimately aiming at optimizing inventory management, enhancing operational efficiency, and achieving cost savings.

The significance of this proposed Decision Support System lies in its complexity, encompassing both theoretical
advancements and practical applications. The goals extend from the development of advanced DSS to the validation of
their effectiveness through empirical studies, with the ultimate aim of providing organizations actionable insights to
improve their VMI strategies.

Fundamentally, this research seeks to bridge the gap between academic theory and practical solutions, delivering
tools that not only contribute to the understanding of Vendor Managed Inventory (VMI) but also empower companies
to navigate the complexities of modern supply chains efficiently and informedly. The envisioned legacy is an era where
Vendor-Managed Inventory is characterized by a symbiotic blend of data-driven intelligence and strategic acumen.
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