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Abstract

Nowadays, Information Technology (IT) is changing the way traditional enterprise management
concepts work. One of the most dominant IT achievements is the Blockchain Technology. This
technology enables the distributed collaboration of stakeholders for their interactions while fulfilling
the security and consensus rules among them. This paper has focused on the application of Blockchain
technology to enhance one of traditional inventory management models. The Vendor Managed
Inventory (VMI) has been considered one of the most efficient mechanisms for vendor inventory
planning by the suppliers. While VMI has brought competitive advantages for many industries, however
its centralized mechanism limits the collaboration of a pool of suppliers and vendors simultaneously.
This paper has studied the recent research for VMI application in industries and also has investigated
the applications of Blockchain technology for decentralized collaboration of stakeholders. Focusing on
sustainability issue for total supply chain consisting suppliers and vendors, it has proposed a Blockchain
based VMI conceptual model. The different capabilities of this model for enabling the collaboration of
stakeholders while maintaining the competitive advantages and sustainability issues have been
discussed.
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Introduction

management is one of the most important issues for production and manufacturing systems [1]. Due
to enormous raw material and complicated interactions of vendors and suppliers, VMI has been
proposed as one of the most effective solution to handle the inventory management system in recent
decades [2]. However, this paradigm requires the continuous and seamless communication between
vendors and suppliers [3, 4]. Moreover, the possibilities of the collaboration among suppliers and
vendors in a collaborative environment can bring serious problems for VMI as the shared information
among stakeholders can endanger the competitive advantages [5, 6]. Also the complex interaction of
supplies and vendors requires efficient tools to handle the financial transactions of stakeholders [7].
Considering the Blockchain technology, it seems the capabilities of this technology can enhance the
VMI paradigm for complex and real time interaction of suppliers and vendors in globalized market [8,
9]. This paper has proposed a conceptual framework for enabling the collaboration of multi suppliers,
multi vendors and has defined the capabilities of Blockchain technology to enhance the performance
of a VMI system. The special focus will be on using smart contract, traceability, and consensus
mechanism application for managing the relations of stakeholders in VMI system. Also, the paper has
tried to enable the sustainability fulfilment to enable a sustainable VMI solution.

Literature review

A Sustainability

The subject of sustainability has been a heated discussion in recent years, while the importance of
profitability and environmental effects are considered mutually in businesses [10]. However, there has
been a limited quantitative analysis for the planning of inventory in supply chains regarding to
sustainability assessment [11].

VMI, which is categorized as a “push” inventory management, has introduced many advantages to both
the supplier and vendor [12]. The main advantageous of VMI in downstream are considered as reducing
inventory-related costs, increasing service levels, declining demand uncertainty, and reducing stock-
out. Synchronization of inventory and transportation decisions is another favourable consequence of
VMI [12]. Reducing stock-outs will save costs for both supplier and buyer. It also provides more
information on the demand patterns of customers for suppliers. Therefore, it enables suppliers to have
better planning on the inventories [13].

VMI has been studied in some studies to determine its capability in sustainability [8]. Wee et al.
proposed a model to consider VMI and life cycle cost and benefit analysis. Their model that was in
response to Waste Electrical and Electronic Equipment (WEEE), Restriction of Hazardous Substance
(RoHS) and Eco-Design Requirements for Energy-Using Products (EuP), presented that there are many
factors affecting the green and sustainable product design, including selling price, depreciation, product
return rate, remanufacturing, and inventory holding cost [14]. Irungu et al. considered VMI as a solution
for achieving an efficient relationship between a supplier and a customer [12]. Malla and Prem
mentioned that VMI contributes to reducing inventory costs by monitoring the inventory level of the
customers [15]. In fact, in VMI, the supplier is responsible for controlling the buyer’s inventory level,
making replenishment decisions, and determining the timing. Therefore, VMI can have positive impacts
on long- term sustainability by optimizing decisions in inventory holding costs, lead times,
deteriorations, and customer satisfaction [16]. Gunasekaran et al. proposed VMI as one of the
techniques that can be used in the production decision area of Sustainable Operation Management
(SOM). According to their research, sustainability issues in the production area include
remanufacturing, recycling, eco-friendly operations, sustainable order quantity, green products, and
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reverse logistics. Respectively, they proposed different OR models and techniques, such as closed
gueuing network models, production-inventory model, linear programming, inventory models,
integrated production-inventory deteriorating model, and VMI system [17]. It is expected that
inventory-related operations have significant consequences on economic, social, and environmental
issues like carbon footprint [17]. Therefore, designing a platform for interactions between suppliers and
vendors through the VMI system can enhance sustainability performance in terms of improving energy
consumption, transportation costs, carbon footprint besides social parameters and profitability.

B. Multiple Supplier Policy

The Supply Chain Management (SCM) is the integration of multiple activities of different parties from
downstream to the primary supplier. Information sharing among partners is one of the critical
components of the supply chains. Therefore, suppliers and customers take advantage of ICTs to create
a relationship to share knowledge and add value [18]. Some types of research studies propose IT-driven
models for the processes of SCM. Nachiappan et al. presented an IT-driven normative model of VMI
system and a knowledge management system (KMS) in a two-echelon supply chain for multiple
suppliers and multiple buyers [19].

Research studies show that many papers are working on integrated inventory management in two-
echelon supply chains with a single supplier and a single buyer [20, 21]. While a limited amount of
research works on this problem with a single supplier and multiple buyers [22], multiple- supplier and
single or multiple-buyer situations have taken less attention in research works [23]. The pros and cons
of a single-supplier and multi-supplier options in supply chains should be examined to explain this
difference. High costs of product design and supplier development are the main reasons to hold a single
supplier. By increasing the number of suppliers, more efforts for coordination and quality assurance
are required. On the other hand, by having just one supplier, purchasing volumes increases. So, buyer
has more power for negotiation in contracts such as obtaining quantity discounts, or payment terms
[23]. However, a single supply has a significant dependency risk for the purchasing department. In
contrast, competition for better price and quality among suppliers and higher flexibility toward risks is
benefit of utilizing multiple-supplier systems [23]. Moreover, globalization and simplification in trade
regulations provide an opportunity for businesses to move beyond the local supplies. Thus, dual or
multiple sourcing appears attractive for many companies [24].

Table 1-The literature review for fulfilling the sustainability in VMNI

Research
studies VMI

Blockchain
technology

Sustainable Multi-supplier

SCM Contribution

Providing a literature review on GrSCM with
classification on problem context in SCM,

models.

Proposing SOM in system design (location

methodologies and approach, and mathematical

[17] * planning, capacity planning) and system operation
(Procurement, Production, Logistics).
Proposing a new interaction mechanism between
8] " * * retailers and vendors, which aims to improve

their supply chain strategy and inventory policies
based on a trustless and distributed mechanism.
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(25]

Proposing a new interaction framework based on
smart contracts and blockchain for governing the
relationship between the vendor and the buyer.

(13]

This paper investigates the coordination of order
guantities amongst the players in a three-level
supply chain with a centralized decision process.
The first level of the supply chain consists of
multiple buyers, the second level of a vendor, and
the third level consists of multiple suppliers.

(30]

Determining key factors for long-term
sustainability in VMI system by quantitative
approach such as descriptive statistics,
bootstrapping analysis, validity and reliability test,
and correlation analysis.

(28]

This paper examines how blockchain is likely to
affect key SCM objectives such as cost, quality,
speed, dependability, risk reduction, sustainability
and flexibility.

(10]

Discusses operations management capabilities
and the management of human resources to
achieve sustainability.

(12]

Suggests adoption of VMI to build a strong
supplier-buyer relationship and increase
efficiency of operations in long-term.

(14]

Considering VMI in reverse SCM and conducting
life cycle cost and benefit analysis. Mathematical
model demonstrates effects of selling price,
deteriorating rate, holding cost, product return
rate, and remanufactured quality on the model.

[9]

The purpose of this paper is to combine the
blockchain technology and SCM in order to find a
feasible way to implement the VMI supply chain
mode.

(31]

This paper considers a vendor-managed inventory
(VMI) supply chain consisting of a risk-averse
supplier and a risk-neutral retailer engaging in
sales promoting efforts.

(15]

Presenting a case study to show the effectiveness
of VMI model is to cut inventory related costs and
keep inventory levels low by transferring the
responsibility of managing and replenishing
inventory to vendors.

This
paper

Providing a Blockchain based VMI model which
enables the sustainability objective through the
vendors and suppliers’ collaboration
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C. Blockchain Technology

VMl is an inventory management policy wherein the responsibility of replenishment of inventory is
shifted from retailers to the suppliers [25]. It results into a two-way relationship that benefits both the
suppliers and the retailers [26]. Implementation of VMI in supply chain has been seen to establish
improved price strategies; improved retailer services; inventory reduction; measuring performance;
and better environment performance [25]. In spite of having so many merits, it has been observed that
not all VMI implementations are successful [25].

Blockchain technology is seen as a tool which can revolutionize and improve supply chain performance
in numerous ways [25]. Blockchain technology is a diverse database that comprises of records and
information of all digital events that have taken place, and these are then shared among the agents
who are a part of blockchain [7]. It ameliorates traditional VMI system by establishing multiple features
and configurations. These agreed upon terms are then abided by both the supplier and retailer [25].

Adoption of Blockchain in VMI assists in overcoming various shortcomings. It aids in reduction of cost
(since the entire VMI system is now fully automated); increased order fulfillment (as the system is
automated i.e., less human error) [25]; better traceability (as the other parties involved such as
distributors etc. keep updating the status of the order using Blockchain technology); efficient storage
management (no overflow of goods as the status of the inventory is updated) [27]; risk management;
better sustainability [28]; auditability; security; and integrity.

Proposed solution

In this section, the conceptual framework for the collaboration among multiple suppliers and multiple
customers in the VMI system is proposed. By taking advantage of blockchain technology, data from
suppliers and customers are stored in relative solvers. These data include the number of orders from
the side of customers and the number of supplies from suppliers. Each solver is responsible for the
assignments of supplies to orders. Then, detailed information about allocations, fulfillments,
backorders, ordering costs, inventory cost and holding cost should be transferred to the main dataset
(main solver). According to the collected information, the main solver can be modified. The conceptual
model of the proposed interactions is shown in Fig. 1.

A Framework Capabilities
The proposed conceptual model describes the platform mechanisms for managing the contractual
relations among customers and suppliers in the concept of VMI by implementing smart contracts and

by taking advantage of blockchain technology. The necessity of utilizing blockchain technology includes
traceability capability, smart contracts, and encrypted data.
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Figure 1-The conceptual model for enabling a VMI model for sustainability fulfillment while using blockchain
technology

1. Traceability

Traceability is an extremely essential component of this process. Using blockchain technology,
a framework will be formed which will enable us to trace the orders of all the suppliers
individually i.e., for each supplier inventory holdings, back orders etc. could be traced
separately along with tracing the assets right from the production till it reaches the end
customer. This would in turn help in creating a decentralized immutable record of all the
transactions [8]; ensuring proper allocation of all the assets especially for the ones with
backorders; reducing wastage and increasing customer satisfaction.

2. Smart Contract

All transactions involve exchange of money. Smart contracts act as a safe medium which
digitally facilitate exchange of money between the parties involved. The payment amount will
be blocked by the solver till the transaction has been executed and then the payment will be
done using smart contracts by the blockchain technology instead of having direct payment by
the customers. Suppliers will not be able to track the information of other supplier’s customers;
hence this will ensure data security and provide a convenient and a secured platform for
transactions.

3. Encrypted Data
Since the model involves VMI with multiple suppliers, it is imperative that suppliers do not take
advantage of each other. Suppliers should have no knowledge about customer demands and

inventory management of each other. Therefore, there is a need to ensure that the data are
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secured. For this, blockchain technology will be introduced. Utilizing the capabilities of
Blockchain technology, no agents part of the blockchain will be able to read or interfere with
any data stored. This would ensure that all the stakeholders involved in the process are able to
maintain a safe, permanent, and tamper-proof digital record of transactions [27].

B. Interaction of Agents inside the Proposed Model

According to the proposed conceptual model, it is assumed that solvers are responsible for the initial
allocation of orders. Therefore, each solver determines the number of fulfilled orders, and the number
of backorders. In this model, it is assumed that all suppliers have specific types of customers and the
main objective of individual solvers is to minimize the summation of ordering costs, inventory holding
costs, and backorder costs. The result of the initial allocation of solvers is stored in the database. In the
next step, the main solver will analyze the decisions made by all individual solvers. By calculating the
total inventory costs and backorder costs of each supplier, the main solver makes further allocations
between different customers and suppliers. In this way, the main solver can improve the performance
of the VMI system.

C. The Proposed Model’s Capabilities

This research develops a solution for the VMI system to include multi-suppliers by having smart
contracts. By implementing the suggested platform, the inventory of all suppliers is managed
simultaneously to reduce inventory holding costs and backorder costs. In this way, not only the
customers receive their orders, but also the wastage rate of the unused inventory in the system will be
decreased. Therefore, different suppliers and customers can sustainably work together in this system.

Based on the solution proposed by the research study, the VMI system will adopt multiple suppliers
through blockchain technology. As discussed earlier, the lack of cooperation of several suppliers in the
VMI system is a research gap, and it is considered the main objective of this research study. According
to the conceptual model, we can develop the case in order to create structural relationships between
different parties. In this case, each party has the role of supplier that should fulfill the specific demand
orders of customers. By taking advantage of blockchain technology, the main solver can allocate
excessive supplies of each party to the backorder of other parties. In this way, the main solver makes
secure cooperation between multiple suppliers in the VMI system.

Indeed the capacity of the blockchain technology is not limited to the supply chain management
systems and it can go beyond these boundaries. Multiple other studies specially the adoption of such
technology in the construction industry are done that worthwhile reading [32-35].

Conclusion

This paper has developed the VMI system for the inventory management of multiple suppliers and
multiple customers. According to the literature review, cooperation between several suppliers in the
VMI system has not been discussed in previous research studies. Therefore, the conceptual structure
and the mathematical model have been developed to create a relationship between multiple suppliers
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and customers through solvers by using the blockchain technology. The result of the model in the case
of one VMI system with four different suppliers shows that by implementing this structure, total cost
of inventory holding, and backorder costs will decrease in comparison to the case of having four
different VMI systems with just one supplier. Therefore, by taking advantage of blockchain technology,
we can create cooperation between different suppliers in the VMI system. So, not only the total
inventory management cost decreases, but it also assures data

security and traceability in the system. However, this model is developed for homogenous customers
to enable the system for exchanging demands between different parties. For further research studies,
extending the model to heterogeneous customers is an innovative direction.
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