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Study of Blockchain for Supply Chain Management
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Abstract: The market has seen significant change in recent years and has become more demanding and dynamic, creating a
competitive atmosphere. The supply chain, which is heavily dependent on cooperation, integration, and flexibility, plays a
significant part in helping the organization adapt to the changing environment. several business owners are interested in supply
chain applications, and several specialized applications are used to better control the flow of the supply chain. Block chain
technology has become one of the most significant new applications in the supply chain and has attracted the attention of many
business owners due to its ability to be quickly adjusted to changing business environments and market conditions.One upon
reading this will get to know about the effect of block chain technology utilization on this field. According to the study's findings,
businesses should invest in block chain technology to make their supply chains more open, adaptable, and safe. There is no
denying that block chain technology has a significant impact on building trust with supply chain stakeholders. The research
paper also discussed several potential uses for the blockchain in the fields of collaboration and integration, as well as some
positive implications.
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I. INTRODUCTION
The majority of multinational corporations have traditionally had trouble managing their supply chains. The company has
consistently invested a lot of resources, which results in several inefficiencies and the need to identify cost-cutting opportunities.
The advent of blockchain technology has prompted businesses to consider the future. The development of the supply chain may
benefit from this technology.
Analysts claim that through increasing supply chain efficiency, trust, and transparency, blockchain technology can improve the
modern structure of the supply chain [1]. In addition, many supply chain leaders believe that blockchain solutions are the way of the
future for the supply chain.
According to a PwC poll conducted in 2019 [2], more than 24% of the industrial manufacturing sector is interested in implementing
blockchain technology in supply chain management.More than 55% of senior executives and practitioners viewed blockchain as
their top priority, according to the 2020 Deloitte global blockchain study [3].As depicted in Figures 1, 2, and 3, blockchain
technology is essential to the industry of the 4.0 era because of its distributed secure technology. Both academia and business are
interested in the technology [4].
Blockchain is a distributed ledger technology that provides users with inexpensive, secure transaction and transfer settlement [5].
Additionally, blockchain is a relatively new technology in the realm of supply chain networks, which hold great promise for the
future of business. However, it is not a new internet infrastructure.

A. Definition of Blockchain.

It is well known that it consists of a series of encrypted data blocks, each of which contains the data itself and is locked so that only
the holder of the key may access it [6]. Each file in the chain contains information such as a timestamp that indicates when the data
was createy4d and historical data about the blocks in the blockchain [7]. The chain contains numerous files that are linked to one
another. The blockchain is the collective name for all the blocks.

B. Blockchain Infrastructure.

Only a computer, laptop, or server that is connected to the internet can access blockchain. When connected, all devices are referred
to as blockchain nodes. In the study of blockchain in the supply chain, specific users are given permission to access the blockchain,
which is held by the nodes [8].

When data is stored on the blockchain across nodes, which are recognized as a system where data is kept and shared across
numerous sites, nations, or institutions [6], a ledger is generated. The distributed ledger, where digital data is contained in a single
location and in blockchain, the nodes store identical data, is contrasted with traditional databases in this way.
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C. Adding to the Blockchain.

It is necessary to send a node out a transition request with the data that is added to other nodes of the blockchain network in order to
create the block in order to add data to the blockchain block [7]. Before a new block can be added to the blockchain, all parties
involved must consent to its inclusion. The node mist verifies that the new block is legitimate at the time of validation and that there
are no duplicate transactions in the block [9]. The other nodes in the blockchain network store the encrypted block that is added to
the blockchain when it has been verified. There is a great deal of trust and confidence in the data that is stored on the blockchain
because of the encryption nature of the blockchain and distributed ledger structure [10].
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A. Research Objective

The study's goal is to examine blockchain technology's potential benefits for logistic companies. Although most people are
unfamiliar with blockchain technology because it is a new technology, this paper has helped readers learn about its introduction and
how it might aid in supply chain management.

B. Research Question
How can technology help to find a solution to some of the supply chain challenges?

C. Research Motivation

There are numerous items in the supply chain that are delivered to the customer and consist of independent farms. Due to these
factors, the company cannot compete on its own; nevertheless, it is a component of the vast supply chain network [11]. Due to
globalization and high client expectations, businesses are also facing issues related to uncertainty. Additionally, there is intense
market competition and a complicated supply chain that necessitates coordination among supplier networks. Because of internal
competition and a lack of information sharing, supply chains are fragmented. In addition to this, these limitations also have a
significant impact on business performance and result in difficulties and limitations like high operating expenses and storage
capacity that can be easily resolved by blockchain technology [12].

D. Research Gap

Although blockchain technology has many advantages, it is not a complete supply chain management solution. The use of
blockchain technology and other related technologies is fraught with issues. The project must recognize the difficulties in the supply
chain system and supply change domains that arise from a blockchain-based system's need for several legislative measures.
Furthermore, the current blockchain platform falls short of the supply chain system's high transaction throughput requirements.
There are many different participants in the supply chain. As a result, it's important to offer incentives like efficiency improvements
to increase liquidity and data security and keep players engaged. Security and privacy are two additional crucial blockchain-related
challenges [13].There are issues with IoT data, and the current IoT system was built on a central concept where IoT devices are
identified, connected, and verified. As a result, considering change is vital to identify blockchain technology.

II. LITERATURE REVIEW
A. Blockchain in Supply Chain Management
1) Blockchain technology definition and its boundaries
As was said above, a distributed ledger database known as a blockchain is made up of records, transactions, and other types of
digital happenings that are carried out by members. Recently, a few papers have been released to explain blockchain technology and
how it functions [14]. One of the most well-known applications of blockchain technology is cryptocurrency, which includes the
term Bitcoin. Aside from these cryptocurrencies, the blockchain also has consequences for people in the areas of manufacturing,
financial services, and supply chains. Instead of finishing the technical operation of the blockchain technologies, this research study
has focused on the use of blockchain in supply chain management [15]. The paper omits discussing crucial elements of blockchain
technology as protocols, algorithms, and wallet signature sand hash function.

2) Supply chain Management Definition and its Boundaries

The term "supply chain management" has several meanings to different people, but according to [16], it is the act of managing the
full integrated flow of materials, from a source of raw materials to production, warehousing, and transportation to the end
customers. Supply chain management uses a variety of techniques, thus it's critical to define its limitations [12]. All supply chain
activities, from supply to production, distribution, and customer-related activities, have been covered in this study report. In
addition, supply chain management explains how the study's complete chain is managed.

3) Blockchain-based Supply Chain

The adoption of blockchain is questionable, both globally and logistically [17]. The immaturity of blockchain is the cause because it
aims to change SC activities by enhancing and increasing accountability. Transparency is a key component of the traceability level,
according to [18]. But [19] has proposed three different openness levels for a SC. They consist of a variety of participation,
transparency, and transparency goods.
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As a result, in order to deploy blockchain-based SCs, it is required to examine the SC transparency factor and link it with list
perspective analysis and opportunity analysis in order to help determine the mysterious profits or loses.

To comprehiend how blockchain technology applies to the supply chain. Interdisciplinary research must be taken into account in
order to develop and construct blockchain technology theories [20]. Additionally, blockchain-based social responsibility and
sustainability can assist businesses by increasing visibility and ensuring due diligence. It has been discovered that there is a
knowledge and experience gap with regard to blockchain technology, as well as a competence gap with regard to this technology
that needs to be closed. Furthermore, according to [17], blockchain technology for business and technology needs to be
appropriately addressed because there are many expectations for this technology that could result in its field adoption in the
industry.

The seven goals of SCM can be accomplished with the use of blockchain technology: their cost, quality, speed, dependency, risk
reduction, sustainability as well as flexibility [21].has talked about how real-time data control, which is necessary for all trusted
partners in the network, can help break down data silos and give a single data source in digitalization. In addition to this, there are
corporate values that would contribute to developing trust with the aid of blockchain by enhancing efficiency, reputation, and
responsiveness [17]. With the help of blockchain, trust and security may be readily improved. The performance of the supply chain
is significantly impacted by the blockchain, but when it comes to operation management, the blockchain offers many advantages
over the current solutions. Enterprise resource planning, RFID, and the blockchain are viewed as key technologies by [22] As
complimentary technologies, corporate resource planning, radio frequency identification, and the blockchain must be studied to
determine their ideal pairing in order to optimize impact. According to [20], there are four obstacles that prevent SCs from using
blockchain technology for development: interest, organizational, technological, and external factors. Despite these obstacles, there is
no denying that blockchain technology is very helpful in driving digitization in the SC[20].
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In the supply chain, as seen in Figs. 4 and 5, blockchain is essential in addressing two pressing problems based on the transparency,
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traceability, and irreversibility of transaction data. The inability to move and claim responsibility due to incomplete information
transparency and the poor product quality that is difficult to eliminate due to the multizone and long-term characteristics of logistics
are the two main problems of the supply chain [23].

Blockchain is essential for better tracking and reporting, and it also improves logistics transparency. Additionally, the business can
gain from accelerating delivery [24].

The broad range of supply increases the likelihood of mismatch, conflict, and inconsistency in the traditional supply chain.
Blockchain technology has a critical role to play in solving this problem, and it can be useful in implementing GPS-based vehicle
tracking. Additionally, blockchain technology is an excellent choice for logistics because it involves truck location tracking, which
lowers costs and boosts efficiency [17].

Blockchain technology has a lot of potential for the industrial sector since it guarantees security, stability, and data transparency
without a centralized data storage facility [2]. Blockchain technology has the potential to outperform conventional methods.
Centralized solution by offering promising result in the organization and economic criteria.

5) Supply Chain Flexibility and Blockchain Technology

Today's supply chain operations take place in a more complicated and unreliable business environment than in the past. Because of
the variety of products and the short product life cycles, customer expectations are very high. All of these industries demand a
flexible supply chain, and if the supply chain is flexible, the business and its supply structure must be able to adjust to
environmental changes [25].

The ability to respond to a diverse customer base and meet their needs in order to outperform competitors is referred to as supply
chain flexibility. There is no denying that due to constant transformation, the business has encountered an extremely ambitious
position [26].The government can employ flexibility to quickly adapt to the significant change brought on by the lack of reliable
information. In order for the business to maintain a competitive advantage in the current market, which demands dynamism,
ambiguity, and unpredictability, a flexible supply chain must be established. Additionally, if the supply chain is flexible, the
business may be confident of a faster delivery procedure and simple transportation of the product to the market in the appropriate
numbers [27]. Moreover, because business transactions are becoming more volatile and international, an enhanced supply chain
might aid in addressing environmental concerns. An business can attain flexibility across the whole supply chain to outperform the
competition and meet consumer demand when it can appropriately respond to and adapt to disruption and demand. It is essential to
concentrate on accelerating economic and technological development in order to obtain flexibility in internal and external supply
chains [25]. Companies with flexible supply chains will find it simple to react more quickly in uncertain conditions. Additionally, a
flexible supply change might improve the business's capacity to satisfy customers' expectations by clearly and effectively offering
its goods and services to them [27].

Blockchain technology is one of the best options for obtaining flexibility since it makes tracking and tracing possible during all
phases of production. Specific contact points in the supply chain are where blockchain technology will be implemented [28]. The
firm will be able to manage data security for all the supplies involved in transactions thanks to blockchain technology. In addition, it
can increase supply chain visibility and provide real-time data exchange on the network. Therefore, by addressing the varied
numbers of stakeholders that are impacted by an outage, the blockchain can help with supply chain flexibility methods [29]. A more
realistic supply and inventory management would result from the technology's ability to enhance manufacturing, combine different
supply chain operations, and improve management. Using blockchain technology in the supply chain system has the additional
benefit of enabling the provision of design-related documents that are to be shared and used [24]. Due to the ease with which all
participants can access the various papers, all these aspects will assist the firm in making better decisions throughout the supply
chain. An business can attain flexibility across the whole supply chain to outperform the competition and meet consumer demand
when it can appropriately respond to and adapt to disruption and demand. It is essential to concentrate on accelerating economic and
technological development in order to obtain flexibility in internal and external supply chains [25].

Companies with flexible supply chains will find it simple to react more quickly in uncertain conditions. Additionally, a flexible
supply change can improve the company's capacity to communicate the goods and services to the client simply and efficiently,
satisfy[27].0One of the most suitable technologies for achieving flexibility is blockchain technology by facilitates tracking and
tracing in the various stages of production. The implementation of blockchain technology in the supply chain lies at specific contact
points [28].

Blockchain technology will allow the organization to control data security for all the supplies in transactions. Apart from this it can
also enhance the visibility of the supply chain and offer real-time data sharing on the network. Therefore, the blockchain can assist
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in supply chain flexibility strategies by meeting the various numbers of stakeholders that are affected due to an outage [29]. The
technology can also integrate the various supply chain processes and can enhance production and management which would result
in a more realistic supply andinventory management. Advantage of using blockchain technology in the supply chain system is that it
can obtains the design-related documents that are to be shared and used [24]. All these factors will help the organization to
improves.

6) Supply Chain Trust and Blockchain Technology

Without a question, the commerce network in contemporary society has grown significantly more complicated, forcing its many
forms to deal with businesses they may not be familiar with. As a result, building trust between the enterprises is essential for the
success of the supply chain, and optimal information success is required to guarantee trust [30]. By exchanging information, supply
chain stakeholders hope to eliminate uncertainty risk. Dealing with ethical noncompliance, a lack of communication, and adultery
follow from this. The two things that are necessary to do in the supply chain industry in order to eliminate the danger of damaging
trust are connectivity and vulnerability.Finding a supply chain partner is one of the most crucial elements in the risk assessment
process [31]. The supply chain map, which illustrates the pertinent information flows and how it is generated, is next shown. One
may forecast the possible bottleneck, as well as study and attack levels, by determining the floors.

The supply chain process of information exchange is influenced by a number of significant aspects, but development is seen to be
the most essential one, as shown in Figs. 6 and 7. There is no use in modifying the transaction once the appropriate parties have
authorized the name since transactions in blockchain technology are identifiable in a time-stamped and viewable manner before
being validated. Speaking of data security and integrity, supply chain transactions using blockchain technology are considerably
more dependable, efficient, and transparent [32]. Since there is no way to alter a record on a blockchain, all transactions and
decisions made by supply chain participants are correctly recorded and documented using this technology.

The supply chain participants are fully informed about the activities and transaction correctness, as illustrated in Fig. 8. The supply
chain's participants may simply keep an eye on any circumstances that can produce contentious business outcomes, take the required
action, and modify their operations when a subsequent transaction is finalized [33]. Another component of the blockchain that builds
confidence in the supply chain is a smart contract. Blockchain and smart contract applications may be used in a variety of contexts,
including financial transactions, corporate transactions, insurance returns, and more [33].

Conflicting aims are things that can harm the trust between the customer and the provider [17].
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The study indicated that supply networks might benefit from the use of blockchain. Although the blockchain is still in its infancy, a
research has shown that its adoption will one day revolutionize the supply chain [17]. The use of blockchain in supply chain
management is expected to have a significant positive impact [35], thus academics are hopeful about this technology. Supply chain
management-related publications on the blockchain are gradually becoming more common [17].

There aren't many papers on blockchain technology in supply chain management. [20] has developed a research that has looked at
the adoption of blockchain, and [36] has talked about the transparency and traceability that blockchain technology can provide to
supply chain management. [21] investigated the tips' supply chain management. This technology has not only caught the interest of
supply chain managers, but other technologies like smart contracts, the internet of things, and artificial intelligence also have the
potential to drastically revolutionize supply chain management [37].

However, there is a dearth of studies that examine how blockchain technology works in conjunction with integrated technologies in

supply chain management.
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III. METHODS AND MATERIALS

A. Research methodology

In order to respond to the research questions, the literature review methodology was used in this work. The study work has
emphasized how numerous review papers have discussed the technical features of the blockchain in the context of supply chains,
but it hasn't come to any management-specific conclusions regarding the subject [35]. Only the research's basis has been provided in
the research article. According to [31], a systematic, clear, and reproducible strategy for identifying, analyzing, and rating the body
of the recorded documents is a literature review. The literature review on the use of blockchain in supply chain management is
discussed in this essay [19].

Additionally, one will receive a thorough analysis of the blockchain and its practical application, which aims to provide a more
comprehensive understanding of the blockchain and its impact on supply chain management.

B. Research Design

Any research may be conducted using any research method, including qualitative data, quantitative data, or a mixed-method
approach.

The interpretivist research philosophy is used in qualitative research because this research methodology is appropriate for studies
where it is necessary to draw new conclusions from preexisting information or when the phenomena is not well understood [38].
Therefore, the qualitative technique is the most appropriate research method to apply given the nature of the study of blockchain
technology and its use in supply chain management. In order to study the effects of integrating blockchain in supply chain
management, an exploratory research technique will be used [39].

C. Data collection

In the search process, the terms supply chain and blockchain are used a few times. The research article was selected using data from
the preceding seven years with the intention of choosing comparable themes that are similar to earlier research papers. Research has
been done using journals from sources like Google Scholar, Emerald, Science Direct, Research Gate, Taylor & Francis, Elsevier,
Wiley Online, etc. More than 441 documents were discovered, however 285 and 116 of them were removed due to duplication and
irrelevant information, respectively. Only 40 of the 156 potential papers were taken into consideration for the grey research paper's
father discussion throughout the topic selection phase.Peer-reviewed journal papers of the highest quality that facilitate
communication amongst the research fellows have been taken into consideration. The report also took conference papers, consulting
reports, and third-party reports into consideration because the blockchain is still in its infancy and there aren't many published
articles on the subject, and all of these sources would offer up-to-date knowledge on the subject [15]. Furthermore, when the study's
abstract was not accessible, the paper read the entire article and evaluated its significance.

D. Study selection and evaluation

Based on established inclusion and exclusion criteria, the author has appropriately assessed the eligibility of the literature. The
exclusion criteria have been used in the bibliographic manager before importing the literature. Where the author had consulted the
study paper's abstract in the opening section, that is where the grey literature was evaluated. The full-text review came next, and
several other papers weren't included in the study's documentation. Until agreement was reached, the conversation assisted in
addressing any disagreement over the applicability of the items that were studied. Numerous research were furthermore disregarded
since they did not concentrate on the technical features of blockchain technology and blockchain architecture.They were all used in
the article introduction despite not meeting the introductory standards, which is why they are omitted.

IV. RESULTS AND DISCUSSION
A. Results
There is no doubt in the fact that the modern supply chain has benefited from the advancement in technology but there are still
significant challenges the modern supply chain management encounters in functioning which are discussed below:
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Complex ecosystem: there is an intricate web of
suppliers as well as registered channels of the global
enterprise that operates at regional, national, and
international levels [16]

Lack of traceability: it becomes difficult for the
supply network to pinpoint providence

Improper response: there can be delay experienced
if the process mismatch in between the individual
country and the operating company

Poor visibility: when the process is dispatched, [17]
the company cannot keep track of the goods with the
help of barcodes in the transit

Data reconciliation: there can be problems with data
reconciliation because there is a different process
that is likely to log data in various ways

Lack of trust: there can be a lack of trust in the
system and the function when they are not
transparent [40]

The study article has emphasized that the primary cause of all these issues is complexity. Because there were fewer suppliers in the
past, businesses knew what to anticipate and who to contact when issues arose. The business ecosystem, however, has evolved over
time, and the players are no longer aware of one another or able to see the multi-layered supply structure [36]. The company is also
unaware of each other's claimed operations, which raises the risk. Due to the market's current size and complexity, there is no
possibility for the company to resume its previous methods. But the difficulty may be overcome by coming up with a fresh approach
that promotes openness and fosters confidence among businesses [35]. End-to-end monitoring is a critical issue for supply chain
firms. This has made it impossible to accurately predict client demand, track the proportion of the transport's capacity, and
determine the location and condition of goods [7]. When taking into account global supply chains and geopolitical upheaval, this
also results in inappropriate end-to-end visibility and may put the business at risk of interruption. If a company's supply chain is
opaque, they risk suffering significant losses because they lack the necessary knowledge to respond to disruptions.speedier delivery
of products and identification of chain weaknesses.

There is no question that the technology would potentially provide total security and transparency. The businesses utilizing
blockchain technology are able to keep track of modifications as well as document what has changed, who has changed it, and why
[14]. They are able to trace changes since each item in the chain has a unique version of the registry, and there won't be any disputes
about transactions in the supply chain, which speeds up the transaction process [21].n

The data is recorded in the ledger when the company's goods are dispatched and the smart contract is signed.The information is then
properly kept together with details about who developed it, when it was made, and if it was difficult to forge. Additionally, the
businesses with access to this ledger are able to read the items and determine who is now in possession of them [34].

Additionally, a real-time delivery monitoring system using blockchain, the internet of things, and mobile technologies has been
explored in the study [6]. Digital sensors may be used to track commodities along the whole supply chain, eliminating the
requirement for manual product tracking. Using blockchain and the internet of things together in logistical organizations can also
assist to cut down on delivery times.In logistical organizations, the integration of blockchain and the internet of things can assist
reduce delivery times as well as improve the logistical process for transferring it to carefully manage deliveries [17].

By connecting tiny sensors to the items, the organization will be able to maintain an accurate and current inventory [1]. The goods'
historical locations, times spent being stored on-site, and other pertinent information may all be found in the smart inventory.

The supply chain may use digital ledgers since they provide other significant benefits. Blockchain guarantees transparency, security,
authenticity, and visibility, according to a research by [19]. But [30] have investigated the different characteristics of the blockchain,
like decentralization, security, and visibility. the features of the blockchain that have been discussed are its decentralization,
permanence, anonymity, and different business aspects. Building trust is one of the critical factors for a business network that the
blockchain may help with in the supply chain industry, as emphasized by [24].

Even though the prior research may have used a different term for that property, the literature blends qualities with similar names
and also lists the essential blockchain attributes [11]. The section appropriately addressed and discussed the major qualities.
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B. Discussion

As mentioned above, blockchain development is still in its infancy. In the 4.0 age, technology like robotics, 5G, the Internet of
Things, 3D printing, and big data can be merged with blockchain technology [37]. Speaking about the Internet of Things system, it
may be used with blockchain technology to improve traceability by gathering data that allows customers and retailers to track the
whole supply chain process [22]. Other applications advise using machine landing models and keeping an eye on the delivery
process to anticipate potential problems.

risk and tracing the origin of the raw material. their system
can be used to its full potential by installing different types of’
sensors that can help in generating various traceability
reports. Morcover, by integrating the above Technology with
blockchain, many features can be benefited by arranging the
resources of the logistics by the IoT system availability [10].
Hence the client can figure out the delivery status as soon as
possible without any hassle.

V. CONCLUSION

A number of businesses produce supply chain management systems, which include several sorts of flow like information, money,
and items. To improve overall performance and provide a competitive edge for different firms, it is crucial to work with different
business models and combine the flows. The blockchain's strong properties that can be employed in many different industries were
examined in the literature review. Additionally, the report has highlighted blockchain technology and the ways in which it will
promote supply chain integration and cooperation. The fundamental issues of compliance, immutability, incapacity, and
transparency are all combined in this essay. Additionally, it acknowledged that the blockchain's primary concepts exist and that
supply chain management benefits can be gained from using it. The justification has also demonstrated that one of the developing
technologies, the blockchain, must be given the opportunity to demonstrate that it can revolutionize the supply chain. The populace
has also investigated smart contracts and how, when used in today's conventional system, they can actually be beneficial.
Additionally, research has been done on smart contracts to determine how to add data to the blockchain. However, some of the
experts disagreed that the deployment of blockchain is a separate piece of software that is essential in bringing down the price of
traditional software. However, the majority of academics concur on a number of points, including the cost-saving benefits of
blockchain adoption in IoT devices.

A.  Future Work

Although blockchain is a new technology and can contribute to the improvement of the supply chain industry, it cannot
fundamentally alter the business ecosystem on its own. However, the research article made clear that the technology would offer
ideas and options for future research, and a few directions were given. The main goal is to keep track of the high level, capability-
based business demands that have been specified. The second component is technology exploratory research, which will create
novel services by incorporating new information and communication technologies. The authors concluded by saying that it is vital
to combine blockchain with other technologies, such as the Internet of Things, smart contracts, 3D printing, etc., and that they
welcome feedback from users. All of the studies will aid scholars and government managers in their understanding of blockchain
technology and application to business and supply chain management.

B. Open Research Issues

The organizations are seeking networking opportunities with the corresponding groups on this topic as they currently have no idea

about blockchain-enabled solutions. Businesses have been sluggish to adopt blockchain technology in the realm of supply chains for

a number of

o  The firms are currently debating which solution will provide the best scalability, integration, security, and privacy.

o  The organizations are unsure of how the deployment will be applied in terms of compliance and regulation. Potential use cases
have not been developed, and it has not been determined whether they can be all-inclusive.

e Due to the impending change in management and the considerable complexity of interaction, the business is unable to
determine when to begin creating a consortium or to join an existing one.
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Performance and scalability, data governance, corporate architecture, and business process design are among the emerging tactical
and technological concerns that must be addressed.
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