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Abstract

In the fast-paced and technologically driven landscape of the warehousing industry, optimizing decision
support systems (DSS) has become a critical endeavor for enhancing operational efficiency and supply
chain dynamics. This paper delves into the integration of blockchain technology as a pivotal innovation
for revolutionizing DSS within warehousing operations. The core of the study is the proposition and
examination of novel blockchain-based algorithms aimed at addressing some of the most pressing
challenges in warehouse management, including order prioritization, inventory control, and transaction
verification.

The rapid development of digital technologies, coupled with the demands for increased transparency,
security, and efficiency in logistics, presents both challenges and opportunities for the warehousing
sector. This research paper introduces a suite of blockchain-driven algorithms designed to enhance the
decision-making capabilities of warehouse management systems. These algorithms automate key
processes, from order confirmation to inventory management and logistic tracking, ensuring not only a
significant boost in operational efficiency but also a leap towards transparent and secure warehousing
operations. By leveraging smart contracts, these solutions promise to streamline warehouse activities,
minimize errors, and optimize supply chain relationships, positioning blockchain technology as an
indispensable tool in the modern warehousing ecosystem.
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1. Introduction

In the modern world, where the pace of technological development and globalization shape the
dynamics of market processes, the efficiency of logistics operations becomes a key factor for
business success. Among the most critical aspects of logistics, warehousing plays a fundamental
role in ensuring the continuity and efficiency of supply chains. Therefore, the issue of enhancing
the efficiency of decision support systems in the warehousing sector emerges as a current
challenge and a subject of in-depth research.

The central theme of this paper is the analysis of the potential for integrating modern
technological solutions into decision support systems at warehouses. In the context of rapid
digital technology development, particularly the use of Big Data [1], Artificial Intelligence (AI) [2,
3], Machine Learning (ML) [4, 5], and Blockchain [6, 7], new prospects for optimizing warehouse
processes, improving inventory management, minimizing errors, and increasing overall
productivity are revealed.

Given the above, this paper aims to explore and analyze the current state of decision support
systems in the warehousing sector, identify the key problems and challenges faced by warehouse
management, and propose ways to solve them through innovative technologies.
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2. Related Work

The literature review in the paper [8] focuses on exploring decision support in the field of
warehousing and distribution. Utilizing a systematic approach, the paper examines various
aspects of research, including types of warehouses, objectives of decision support, methodologies
used, operational tasks, types of problems, solution architectures, and technologies applied. The
paper highlights the need for the development of more sophisticated and intelligent decision
support systems for warehouse operations, especially in light of the growth of e-commerce and
the demand for rapid response. It is noted that in the current conditions, the issues of adaptability
and flexibility of decision support systems are particularly relevant for warehouse complexes to
ensure the ability to quickly respond to changing conditions and market requirements. Thus, the
literature review in [8] emphasizes the importance of innovations in the field of decision support
at warehouses and identifies key directions for future research aimed at improving the efficiency
of warehouse logistics. Blockchain provides a high level of transparency and the ability to track
any operation or product flow in real time. This is extremely important for warehouse logistics,
where accurate tracking of goods movement can significantly enhance inventory management
efficiency and reduce the risks of loss or damage to goods. Thanks to cryptographic protection
and decentralization, blockchain ensures a high level of data security. In the context of
warehousing, this means reducing the risks associated with record falsification, unauthorized
data access, or manipulation. The use of smart contracts on the blockchain can automate many
warehouse operations, including agreements between suppliers and buyers, fulfillment of
contractual obligations, verification, and execution of payments. Access to current, accurate, and
immutable information allows management and managers to more effectively plan resources,
optimize goods flows, and respond to changes in demand or supply [9-16].

The integration of blockchain technology in the warehousing industry, particularly for
enhancing DSS, has been the focus of significant research due to blockchain's potential for
improving efficiency, transparency, and trust in supply chain management.

The following studies highlight the advancements and implementations of blockchain in this
domain. Blockchain-assisted Supply Chain Management System for Secure Data Management by
Kandpal et al. (2022) showcases a framework utilizing technologies such as Ganache, Metamask,
MySQL, PHP, Node]JS, Solidity, and JavaScript to enhance supply chain management with
blockchain [9].

Evaluation of Factors Affecting the Decision to Adopt Blockchain Technology by Maden and
Alptekin (2020) illustrates blockchain's potential beyond financial services, notably in supply
chains, power, and food/agriculture, highlighting its role in enhancing processes and reducing
costs [10].

Blockchain Technology Implementation in Logistics by Tijan et al. (2019) explores the
applications of decentralized data storage in sustainable logistics and supply chain management,
addressing common logistics challenges like order delays and goods damage [11].

Blockchain Performance in Supply Chain Management by Hong and Hales (2021) assesses
blockchain's performance in supply chain management by identifying various performance
domains and methodologies for analysis [12].

Decision Support for Blockchain Platform Selection: Three Industry Case Studies by Farshidi
et al. (2020) discusses the usefulness of a decision model for blockchain platform selection,
offering a richer option list and reducing decision-making time and costs [13].

Big Production Enterprise Supply Chain Endogenous Risk Management Based on Blockchain
by Fu and Zhu (2019) applies blockchain to manage endogenous risks in big production
enterprises’ supply chains, demonstrating improvements in decision accuracy and economic
value [14].

Blockchain-Driven Customer Order Management by Martinez et al. (2019) investigates
blockchain's effects on customer order management processes, highlighting efficiency
improvements and better traceability for supply chain participants [15].



Evaluating the Feasibility of Blockchain in Logistics Operations: A Decision Framework by Ar
etal. (2020) introduces a framework for assessing blockchain's feasibility in logistics, focusing on
enhancing decision-making and operational processes [16].

The exploration of blockchain technology's application in warehouse management and
decision support systems uncovers several potential drawbacks and challenges, including:

1. Integration Complexity: implementing blockchain technology into existing warehouse

management systems can be challenging due to differences in architecture and the need for

high compatibility between systems [12].

2. High Initial Costs: the development and deployment of blockchain solutions require

significant initial investments, which can be prohibitive for some organizations, especially

small and medium-sized enterprises [13].

3. Scalability Issues: some blockchain platforms may face limitations in scalability,

particularly in the context of large warehouse operations where high volumes of transactions

need to be processed [17].

4. Transaction Delays: due to blockchain's consensus algorithms, such as Proof of Work,

transaction processing can experience delays, which may be critical for time-sensitive

warehouse operations [18].

5. Privacy and Security Concerns: despite blockchain's high level of security, there are

concerns about data privacy, especially in permissioned networks where access to

information can be limited [19].

6. Technical Complexity: developing and managing blockchain systems require specialized

knowledge and skills, which may not be available in some organizations, limiting their ability

to effectively utilize this technology [20].

7. Technology Dependence: a strong reliance on blockchain platforms can pose business

risks, especially if the platform experiences technical issues or ceases to exist [21].

These challenges necessitate careful consideration when implementing blockchain technology
in decision support systems within the warehousing sector, to ensure that the benefits of the
technology outweigh its potential limitations.

3. Problem Statement

The warehousing sector is essential in global supply chains but currently faces significant
pressures from increased demands for efficiency, transparency, and security, propelled by swift
technological progress and shifting market dynamics. These pressures demand improved
decision-making capabilities. Traditional DSS often falter in meeting these demands due to
limitations in processing real-time data, maintaining security, and integrating new technologies.
Known DSS methods are supported by technologies with inherent drawbacks. The right decision
in some areas may depend not only on the algorithms used but also on various external factors.
Issues such as data security and consistency may arise if decisions are made by third parties, and
privacy can only be ensured if all components of the DSS are appropriately licensed. Furthermore,
while the system needs to integrate seamlessly into existing workflows, it must also remain
adaptable to future expansions. Blockchain technology offers a novel decentralized approach to
address these issues. Data stored on the blockchain is accessible to anyone and its consistency is
verified through a consensus mechanism. Access and permissions are regulated and secured via
tokenomics, which ensures the data is protected within the blockchain framework. However,
ensuring the manipulation and interaction of this data are securely logged and tracked to
maintain a high level of security remains a challenge. Safely integrating a blockchain-based
solution into a Web2 enterprise also poses significant difficulties.

This paper highlights the urgent need to enhance both the efficiency and effectiveness of DSS
in warehouses by leveraging blockchain technology. Blockchain provides a decentralized, secure,
and transparent framework that could potentially revolutionize DSS by automating critical
operations such as order confirmation, inventory management, and logistic tracking. The
adoption of this innovative technology aims not only to streamline operations but also to enhance



the security and reliability of data throughout the supply chain. Nonetheless, the implementation
of blockchain in an established industry involves challenges, including integration complexity,
high initial costs, and scalability issues that must be meticulously addressed to fully capitalize on
its potential. This research delves into the integration of blockchain into DSS as a strategic
response to these persistent challenges, with the goal of offering a thorough understanding of its
impacts and applications within the warehousing sector.

4. Blockchain-based approach of DSS automation for Supply Chain
needs

To automate DSS based on blockchain for supply chain needs, the following steps must be
executed:

1. Preliminary analysis and objective definition:

- collecting data about existing processes in the supply chain and identifying potential

problems or shortcomings that can be resolved using blockchain technology;

- formulating specific goals for DSS automation, including cost reduction, increased

transparency, and decreased processing and delivery times.

2. Development of a conceptual model:

- Selecting the main components of the system, including the type of blockchain (e.g,

private, public, consortium), smart contracts, types of network nodes, consensus mechanisms,

etc;

- developing an interaction model among supply chain participants based on blockchain,

including algorithms for executing smart contracts to automate routine operations.

3. Development and prototyping:

- developing a DSS prototype based on blockchain that includes the main functions

necessary for testing and concept validation;

- conducting prototype testing to identify errors, assess efficiency, and refine the system.

4. Integration with existing systems:

- API development: creating software interfaces for integrating the blockchain platform

with existing IT systems of supply chain participants;

- data integration: ensuring data exchange between the blockchain system and other

programs and platforms used in supply chains.

5. Pilotimplementation and deployment:

6. Scaling and deployment:

7. Continuous monitoring and support:

8. Feedback and continuous improvement:

This approach to blockchain-based DSS automation for supply chain needs encompasses not
only the technical side of implementing cutting-edge technologies but also organizational aspects
such as planning, testing, monitoring, and continuous improvement, which together ensure the
creation of an efficient, secure, and adaptive supply chain management system. Let's further
examine the stage of developing the conceptual model.

To create a model of interaction between supply chain participants based on blockchain, a set
of basic principles for modeling supply chain dynamics, automation using smart contracts, and
settlement mechanisms can be used.

Let:

P; - product i.

Q; - the quantity of product i for the transaction.

C; - the cost per unit of product i.

U; - a supply chain participant j (manufacturer, supplier, distributor, etc.).

T;; - the transaction of product i between supply chain participants, where j indicates a specific
transaction.

R; - the reputation of participant j.

A transaction between two participants U, and U}, for product P; can be represented as:



Tu =0Q; X G,

where Q; is the quantity of the product, and (; is the price per unit.

The reputation of participant U; can be determined as the average value of ratings from other
participants over a certain period:

R; = Y}~ evaluation k,

where n is the number of received ratings.

A smart contract for automatic execution of payment for transaction T;; can be represented by
the condition: If T;; is confirmed, then execute the payment T;; from U, to U,, where the
confirmation of the transaction depends on the reputation of the participants and other
conditions specified in the smart contract.

To ensure transparency and traceability of products in the supply chain, each transition Tj;
can be registered in the blockchain using a hash function:

Hash(T;;) = hash(Q; Il C; 11 Ug |l Uy |l Time),

where || denotes concatenation.

This approach allows for the creation of a reliable and secure record system that is difficult to
forge or alter without the knowledge of all network participants. The use of hash functions
ensures that any attempt to unauthorizedly change data in the transaction will be easily detected,
as it will lead to a change in the hash, which is easily verified by other network participants.

To automate routine operations in supply chains using smart contracts on the blockchain, the
following algorithms can be developed:

I. Algorithm for automatic order confirmation

The algorithm for automatic order confirmation in a blockchain-based supply chain system
using smart contracts can be described in the following steps:

Input data: order: an object containing the product ID, the quantity of the product ordered, the
buyer's ID, and the seller's ID.

Algorithm steps:

1. Product availability check.

Check condition.

Storing order information in the blockchain.

Sending confirmation.

Smart contract execution logic: all the execution logic described above can be
1mplemented in the form of a smart contract, which is automatically activated upon receiving
an order. The smart contract checks the conditions for product availability and performs the
corresponding actions depending on the results of the check.
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Figure 1: Visualization of the algorithm for automatic order confirmation

The algorithm for automatic order confirmation in a blockchain-based supply chain system
using smart contracts is visualized in the UML sequence diagram (Fig.1). This diagram illustrates



the interactions between the buyer, the blockchain system, the smart contract, and the seller,
based on the provided steps.

II. Inventory Management Algorithm

The inventory management algorithm is designed for automating the processes of monitoring
and replenishing product stocks in real-time using smart contracts on the blockchain.

Input data: Product_ID: a unique identifier for the product. Quantity_change: the amount of
product that is added or subtracted from the inventory. Minimum_stock: the threshold quantity
of the product below which a replenishment order needs to be initiated.

Algorithm steps:

1. Inventory update:

2. Inventory level check:

3. Initiation of replenishment order:

4. Communication with suppliers:

The inventory management algorithm for monitoring and replenishing product stocks in real-
time using smart contracts on the blockchain is visualized in the UML sequence diagram (Fig. 2).
This diagram outlines the interaction between the smart contract, the inventory system, and
suppliers to automate inventory management processes.
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Figure 2: Visualization of the inventory management algorithm

III. Logistics and Tracking Algorithm

The logistics and tracking algorithm is designed for automating logistics processes and
ensuring transparency of goods movement in the supply chain through smart contracts on the
blockchain. It allows all supply chain participants to access up-to-date information about the
condition and location of goods in real-time.
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Figure 3: Visualization of the Logistics and Tracking Algorithm

Algorithm steps:
1. Shipment registration:
2. Real-time status update:



3. Shipment delivery:

4. Tracking and audit:

The logistics and tracking algorithm for automating logistics processes and ensuring
transparency of goods movement in the supply chain through smart contracts on the blockchain
is visualized in the UML sequence diagram (Fig. 3). This diagram showcases the interactions
between supply chain participants, the blockchain system, logistics nodes, and the destination to
automate and track the movement of goods.

IV. Automatic Settlements and Payments Algorithm

The automatic settlements and payments algorithm is designed for use in smart contracts on
the blockchain, with the goal of automating financial transactions between supply chain
participants through transparent and secure mechanisms.

Algorithm steps:

1. Calculation of the payment amount.

2. Verification of transaction conditions.

3. Initiation of payment: upon fulfillment of all transaction conditions, initiating the

payment transaction from the buyer to the seller for the total amount.

4. Recording the transaction in the blockchain.

5. Confirmation of payment.

5. Implementation

The integration of blockchain technology in the warehousing industry, particularly for enhancing
DSS, represents a significant shift towards more efficient, transparent, and secure management
practices.

DAOs, characterized by their high degree of decentralization, democratic governance, and
operation without centralized control, leverage blockchain technology to automate tasks and
make decisions through smart contracts. These organizations promise to transform traditional
hierarchical management models, significantly reducing organizational costs related to
communication, management, and collaboration by autonomously operating without third-party
intervention [22, 23].

The governance structure within DAOs, facilitated by blockchain, ensures transparency and
enables informed participation, pivotal for effective decision-making and resource allocation [24,
25].

Applying DAO principles to the warehousing industry can enhance decision support systems
by introducing decentralized decision-making processes, thereby reducing the reliance on
centralized management structures. This can lead to improved efficiency, transparency, and
security in warehouse operations, aligning with blockchain's promise of transforming
organizational economics towards democratic and distributed structures. However, like DAOs,
integrating blockchain into warehousing faces challenges such as security and privacy concerns,
unclear legal positions, and governance difficulties, which must be addressed to realize the full
potential of this technology [26].

Moreover, the practice of few entities controlling the majority of decisions within DAOs raises
questions about the extent of decentralization, a concern that parallels the warehousing
industry's need for equitable governance mechanisms. By ensuring democratic decision-making
and efficient resource allocation, DAOs can serve as a model for developing blockchain-based
decision support systems in warehousing, promoting more equitable and distributed
management practices [27]. An example of the development of a recommendation system based
on machine learning is given in work [28]. Tasks of creating an interval model of decision support
are given in the work [29].

The structure of a DAO that solves decision-making problems regarding warehouse order
prioritization would look as follows (Fig. 4):



1. Governed Contract - A smart contract that carries the main business load of the system.
This contract contains the history of decisions made by the SDSS and also acts as an entry point
into the business: interaction with other blockchain services or beyond its limits.

-{ Proposals ‘
Governance Token ———
» Governance Contract — -{ Voting ‘
Time Lock
‘ L Voting Process
Roles [ F —-{ Execution

v

Ownership- { Governed Contract

Figure 4: DAO architecture

2. Governance Contract - A smart contract that implements a system for prioritizing the

actions of all system participants. Each action or command goes through stages such as:

a. Proposal - A proposal. This is a programmatic representation of a business action or an

action directed at the DAQO itself in the form of transaction metadata.

b. Voting - An automatic or semi-automatic process of legitimizing the proposed

transaction. It is regulated by the system's tokenomics and controlled by DAO participants.

3. Execution - After a transaction is successfully voted on, it is authorized by the

organization to be executed. This can happen automatically, under a certain additional

condition, or manually.

4. Governance Token — An ERC20 smart contract that is key to organizing the tokenomics

within the system. Acts as a kind of reputation counter for each member of the organization.

5. Time Lock - A smart contract that represents the owner of the system - in this case, the

automated warehouse. The warehouse owns the Governance Token contract and handles its

accruals or burns.

6. Storing data in the blockchain to track processes based on their code within a transaction

is the only way to honestly reflect why a particular business decision was made by the system.

The integration of blockchain technology and the DAO framework in the warehousing industry
offers a promising path towards revolutionizing decision support systems. By embracing the
principles of decentralization, transparency, and democratic governance inherent to DAOs,
warehousing can overcome traditional inefficiencies, paving the way for a more agile, responsive,
and secure industry landscape. However, addressing the challenges of security, legal clarity, and
governance will be crucial for achieving a seamless and effective integration.

6. Conclusions

To address the challenge of enhancing decision support system (DSS) efficiency in the
warehousing sector, this study proposes the integration of blockchain technology as a pivotal
solution. Specifically, we introduced a suite of blockchain-driven algorithms designed to
automate and optimize key warehouse operations, including order confirmation, inventory
management, and logistic tracking. These algorithms leverage the transparency, security, and
efficiency of blockchain technology and smart contracts to streamline warehouse processes,
minimize errors, and foster robust supply chain relationships.

Furthermore, the study suggests the adoption of DAOs principles to foster decentralized
decision-making processes in warehouse management. This approach is aimed at reducing
reliance on centralized management structures, thus enhancing operational efficiency and
security. By embracing blockchain technology and the principles of DAOs, the warehousing
industry can overcome traditional inefficiencies, paving the way for a more agile, responsive, and
secure industry landscape.



The proposed blockchain-based approach necessitates careful planning, development, and
integration with existing systems. It involves stages such as preliminary analysis, conceptual
model development, prototyping, system integration, pilot testing, scaling, and continuous
improvement based on feedback. This comprehensive methodology ensures the creation of an
effective, secure, and adaptive supply chain management system that can respond dynamically to
market demands and technological advancements.

In conclusion, the proposed integration of blockchain technology and the adaptation of DAO
principles represent innovative steps towards solving the efficiency challenges of decision
support systems in warehousing. These advancements promise not only to enhance operational
productivity and customer satisfaction but also to position businesses for significant growth in
the competitive warehousing industry.
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