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Abstract

Organizations need records, but the majority of these records are held in separate systems, with a central management
system that other organizations are unable to use to verify. Another alternative is the use of blockchain and other
distributed ledger technologies: Transactions are checked by the community, and a public record of the transactions
cannot be modified. This paper aims to investigate the feasibility of such a system to provide transparent business
operations and digital trust management. It introduces the theoretical background of distributed trust, introduces a
four-layer architecture for transparent operations, provides an overview of representative deployment examples of
enterprises and the evaluation measures. It also discusses governance issues, privacy and security concerns that are
holding back uptake. The analysis shows that it isn't the blockchain technology that is valuable; it's the design of
blockchain governance, interoperability, and permissioning that governs its value.
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The Decentralized Imperative: Redefining Enterprise Trust

The Crisis of Centralized Ledger Systems

All organizations maintain inventories of assets, liabilities, production, and shipments. Usually, these records live in
separate databases, and each database is controlled by a single entity. This is fine inside of one organization, but doesn't
solve issues when two or more organizations have to share data. Both sides have the opportunity to tell the side of the
story, the reconciliation process takes time and it may be difficult to see what has been done wrong or tampered with
from the outside.

The issue is on the supply chain. Products can have a number of stages of suppliers, processors, carriers, and retailers,
and none of them document the product's movement, making it hard for customers and actors further along to trace
back to where it came from. Research on supply chain provenance highlights the ability of a blockchain to improve
the efficiency of the supply chain and trust in the process by giving all participants a shared, immutable record of a
product's travel in the chain (Vazquez Melendez et al., 2024). The stakes are high because the food industry is working
to create food systems, and blockchain can improve transparency and consumers' trust in food industry claims (Singh
& Sharma, 2023).

Production networks are also similarly opaque. In cloud manufacturing, there will be numerous cloud service providers
offering resources and services, and lacking a single authority, customers will have to choose whom to trust. One way
to address this is to implement a blockchain-based trust mechanism that gives all participants an immutable, indelible
record of the provider's behavior (Vatankhah Barenji, 2022). These cases show that the issue of siloed ledgers is not
technical, but rather an issue. It's a matter of trust, and it's magnified by the number of independent parties involved.

From Consensus to Confidence

In a distributed ledger, rather than a single keeper holding the ledger, a network of people holds a copy. There is no
way to enter the entries until the network, by consensus, agrees to receive the entry and the entry is cryptographically
linked to the previous entry. If someone changes an old entry, though, it would be costly and easy to detect because
everything that followed would have to be changed, and the network would have to accept the changes. Thus, trust is
placed in the system design and not in the trust of the operators.

This is a big change for business transactions. Parties can in principle rely on these technologies, given a shared ledger
and rules that work automatically — without relying on an auditor, a clearing house or a certification body. Blockchain-
based solutions can offer greater transparency and accountability of partners, which can help achieve more sustainable
business in digital supply chain management (Yerpude et al., 2023). The same concept can be expanded to
measurement, allowing for the creation of a trust model in the IoT world that can be deployed in a blockchain with
the aim of digitalizing the calibration and measurement data (Milicevié et al., 2022). The pattern is the same across
domains: a public record that is impossible to alter or forge converts trust-based information into verifiable
information.

Scholarly Objectives and Roadmap

There are four questions in this paper. It poses questions about the theoretical underpinning of how distributed ledgers
enable trust between organizations, and what architecture would enable a business to establish transparent operations
on a distributed ledger. It then looks at the state of enterprise deployments and challenges, and then at the remaining
governance, privacy, and security risks and how to address them.

This paper is divided into 6 sections. Section II develops the theoretical framework and critiques existing literature,
and Section III presents the layered architectural framework. Section IV explores deployment scenarios, areas of
friction, and trust metrics; Section V summarizes the findings and provides directions for leaders, policymakers, and
researchers.

Epistemic Grounding: Deconstructing Digital Trust and Cryptographic Architecture

The Lexicon of Distributed Trust

The arguments for blockchain's business application are 3 in number. There are three theories that explain how
blockchain is going to impact business. When people don't have the ability to verify others themselves, trust
institutions, and blockchain implies that some of the institutions' functions can be played by software and consensus.
The theory behind transaction cost economics is that it can be used to account for the emergence of firms and markets
and that some firms/markets can be cheaper because reduce some of the costs, such as the cost of verifying what a

55



International Academic Journal of Humanities,
Vol. 13, No. 3, pp.54-60.

counterparty says. Ideal of “trustless network paradigm” is a network in which individuals don't need to trust one
another since can't be dishonest with each other.

Marketing and management jargon has started to examine how these concepts manifest between companies and
customers. In blockchain-based exchanges, there are multiple subjects for building trust with the technology, partner,
and platform, and future directions are discussed (Tan & Saraniemi, 2023). Financial networks have noted that
innovative service provision of fintech is essential in building digital trust in financial networks for supply chain
finance (Han et al., 2024). The studies have led to the assertion that the word "trustless" may be a misnomer.
Blockchain doesn't remove the requirement to trust. It shifts the paradigm by placing trust in the protocol rather than
individual intermediaries, as well as in network governance and data quality.

Mechanics of Decentralized Governance

Two separate elements of decentralized governance: the consensus algorithm and the smart contract. The process used
to reach consensus on the next valid entry, i.e. the process used to determine who the next valid entry is. Participants
need not do any computation, making attacks expensive but not energy-consuming like proof of work. Validators also
are rewarded financially, meaning that proof of stake ensures that validators have an incentive to operate in the interests
of the network and the community, while reducing energy consumption by selecting validators based on the stake put
to the network. Fast finalization and the ability to be more useful to permissioned business networks, but less scalable,
are the practical Byzantine fault tolerance (PBFT), which is an existing coalition of validators that vote on entries.

A smart contract is essentially the code (program) that is saved on the ledger, which automatically runs when the
conditions are fulfilled. Smart contracts are employed to implement and verify business logic, such as payment on
delivery or awarding a certificate once a business is inspected. Such mechanisms can work together in practice, such
as by using a digital twin approach to managing digital twins through a blockchain. It uses Ethereum smart contracts
and the Interplanetary File System (IPFS) for off-chain storage to build trust and security in managing digital twins
(Onwubiko et al., 2023). It's interesting because it is a practical limitation: large files are not stored on the chain;
instead, the integrity is stored on the chain.

The logic shown in application studies in other sectors is similar. The number of applications related to waste
management and the potential of blockchain to track and confirm material flow are growing, and so is the challenge
of falsely reporting on waste management of material (Bulkowska et al., 2023). All of these governance scenarios are
automated in a consensus and code manner. The rules are applied consistently, and a record of the application of the
rules is maintained and made available to all authorized participants.

Theoretical Blind Spots

The current literature has several limitations that need to be noted. Scalability friction is not well studied, and many
examples come from pilots and proofs of concept, while few studies measure the effect of scalability on system
performance or whether the system can continue to perform as the number of participants and transactions grows. The
literature review indicates that the benefits of blockchain implementation are discussed far more than the challenges
of implementation in supply chain management (Sharabati & Jreisat, 2024).

Other gaps also exist in regulatory compliance. Rules governing data protection, financial reporting, and liability were
created for organizations with a known record keeper, and it is unclear how these rules apply to a network with no
known record keeper or controller. The gaps mentioned in these studies are also often not addressed (Butkowska et
al., 2023). Another limitation is interoperability, as many projects develop the own networks and standards, creating
the illusion of a new set of silos, when it comes to data. But there's another challenge in the way: interoperability —
many projects are developing the own networks, the own standards, a new set of silos when it comes to data. A final
warning from the trust literature is that people don't trust what is on a trust, if don't trust the data on a trust. Even if do
trust the data in a ledger, if there is a record of data which is tampered with and it is not correct, then it is not correct
(Tan & Saraniemi, 2023). This indicates the architectural and governance attention that will follow in the above blind
spots.
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Architectural Blueprint: Engineering the Transparent Operations Framework

Structural Anatomy of the Ledger Ecosystem

The proposed system consists of four levels as shown in fig. 1. Data ingestion collects operational and enterprise data,
including hashing and signing for origin and integrity. But keeping records does not ensure that the information
contained is accurate. The consensus engine can be used by validators to work out the order of the validator's entries
based upon the rules agreed upon. Business logic like settlement, compliance checks, quality conditions, exception
handling, and more has to be coded and applied at the smart contract level, which requires careful code review. Last
but not least, the enterprise application interface offers dashboards, audit portals, and tracking tools and links the
ledger with existing software to enable integrated operations without having to change out systems completely.

Auditors and
Enterprise Application Interface Regulators

Smart Contract Logic

)

Partners and

Legacy Systems Customers

Consensus Engine

—
)
Operational External Inputs
Sources

—

Cross-Cutting: Interoperability and Per missioning | Security and
Privacy

Fig. 1: Layered Blockchain Framework for Transparent Enterprise Operations and Digital Trust

As shown in fig. 1, there are four elements that are interconnected and help to facilitate transparent enterprise
operations. The data ingestion layer gathers data from operational sources and legacy systems, with integrity
verification through the use of hashing and digital signatures. Validators use the consensus engine to agree on records
through an appropriate consensus mechanism. Smart contracts run business logic, do settlements, and do compliance
checks. The enterprise application interface provides dashboards, audit portals, and supply chain tracking to authorized
users. All layers are covered by interoperability, permissioning, security and privacy. These helps ensure traceability
and accountability, but outcome effectiveness still depends on the quality and accuracy of the source data and the
governance and control of the organizations involved.

Cryptographic Security and Traceability Vectors

The framework has three attributes of cryptography to make the framework safe and traceable. Hashed records are
small because, when compared to a trusted record, changes in a record can be detected by its record fingerprint. When
records are connected with hashes, modifying a record clearly shows the history of changes. If records are signed with
the private key associated with the public key infrastructure, digital signatures can ensure this. Without an identity
binding and secure key management, though, it would be impossible to determine whether or not the information that
has been submitted is accurate.

However, a signature, a time stamp, and a connection between records are all audit trails that are evidence of
tampering. Signed receipts can be matched to payments, quality checks to recorded conditions, and payments to
settlement events can be matched. These links enable product tracing, discrepancy investigations, and examination of
transaction histories within participating organizations.
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Interoperability and Permissioning Protocols

Permissioning is the ability to join, read, submit, and validate records. Tiered access enables users to view coordination
information while ensuring that unauthorized users do not access commercially confidential information.
Interoperability is the capability of different Systems (and Networks) to share information in comparable formats,
identifiers, credentials, and interfaces. Networks should agree on rules for verifying a record's authenticity and identity.
When exchanging information, privacy boundaries must be maintained; controlled disclosure/verification proofs
support this. These protocols minimize fragmentation and help to synchronize information sharing across the network
to meet business needs, privacy goals, and governance structures.

Empirical Realities: Enterprise Implementation and Trust Metrics

Stress-Testing the Chain

Exemplars were identified as scenarios to examine its applicability as opposed to validating it with a specific data set.
Data capture at the first step is key since it is required to capture data for the supply chain ledgers that will contain the
documentation of custody transfers between independent producers, carriers, and retailers. Networks need to share
records and smart contracts to record trades and make conditional payments, which is only possible with
confidentiality and regulatory acceptance. Corporate audit apps provide an audit trail for transactions, but require
integration with accounting apps. Blockchain can deliver the most value when two or more parties are involved in an
expensive dispute, as conventional databases cannot meet this need.

Operational Friction Points

Integration also adds costs that can increase with legacy systems: middleware, data cleaning, and workflow changes.
Processing, storage, and communication overhead of consensus and replication. The demands can be reduced by using
efficient permissioned protocols and external file storage. Organizational resistance, technical differences and a lack
of governance also make it difficult to implement adoption. The participation rules, responsibilities, cost sharing,
dispute resolution, and exit rules should be agreed upon in Consortium agreements.

Quantifying Trust and Operational Velocity

Depth of verified process coverage (time traced), independent verification, turnaround of audit, record
duplication/reconciliations (dispute) should be measured for evaluation. Baseline/follow-up definitions can be used in
a consistent manner to allow for meaningful comparisons to be made, while other operational changes should be
considered when making attribution more meaningful. The confidence and willingness of the partners to share the
data in conjunction with quantitative indicators. All gains reported should take into account data quality, participation
and limitations of implementation.

In order to understand the relevance of shared ledgers at scale, and the security provided by confirmation depth, there
are two important analytical relationships that need to be understood. To explain the relevance of shared ledgers at

scale and the security of confirmation depth, there are two important analytical relationships to understand. With n

-1)

organizations, each organization will have to do n(nT verifications with each organization it partners with, and the

same number with a shared ledger. Let's say that, when the adversary has a fraction g of the capacity to validate, then
honest validators have p = 1 — q. The probability that the adversary may eventually be able to catch up with a chain
z blocks ahead is (q/p)* for ¢ < p (Nakamoto, 2008). The metrics used for evaluating such systems are defined in
table 1 and both relationships are plotted in fig. 2.

Table 1: Trust and Efficiency Metrics for Evaluating Ledger-Based Operations

Metric Formula Interpretation ]?esn'.e d
direction
Verified process C = (steps with signed records + total Depth of traceability Higher
coverage steps) x 100
Independent V = records confirmed by > 2 validators | Reduced reliance on one .
. . . ) Higher
verification ratio =+ total records party
Dispute rate D = disputed records + total records Reconciliation burden Lower
Audit turnaround T = mean(t_close — t request) Speed of oversight Lower

The definitions of the evaluation measures introduced above are presented in table 1, by using the ledger and
operational records. Verified process coverage is the percentage of process steps with a signed and time-stamped
record and is the percentage of an operation that can be traced. Independent verification ratio is the ratio of the number
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of records verified by two or more unrelated validators, showing the validation reliance of each validator. The dispute
rate is the number of records disagreed upon divided by the total number of records, a measure of the number of
records that must be reconciled in the event of a dispute, which a shared ledger is designed to reduce. The shorter the
score, the quicker the oversight will be closed and the faster the audit will be closed. There is a formula for each metric
with a defined direction, and baseline and follow-up periods can be compared on a regular basis. The table does not
contain any numbers, because the table represents hypothetical scenarios, not a particular set of data. The metrics to
be recorded prior to deployment should be clearly defined, and the unit of a record should be chosen before
deployment, as the reported improvements should not be due to changes in other activities of the organization and in
transaction volumes or number of participants. The definitions also help to facilitate comparisons of audit evidence
among partners.

10°

1072

1074

1076

10—8 -

Catch-up probability (log scale)

107] 0 I I I I I I I I
1 2 3 4 5 6 7 8 9 10

Confirmation depth (z, blocks)

Fig. 2: Verification Links versus Number of Organizations (Left) and Attacker Catch-Up Probability versus
Confirmation Depth (Right)

Two analytical graphs are displayed, both with a logarithmic scale along the Y axis, to ensure that all curves are visible,
and separate, in fig. 2. The left graph illustrates the number of participating organizations by verification links. The
approaches need 45 and 10 links at 10 organizations and 4,950 and 100 links at 100 organizations, which is a quadratic
growth, rather than linear growth. This reinforces the previous statement about the ledger being a bigger trust problem
as the number of independent parties increases — but this graph does not include consensus, storage, or integration
costs. The proper graph would be the one where the probability of rebuilding a chain by an attacker holding a share
of q after z confirmations is graphed as (q/p)"z. After six confirmations the risk is about 2 x 107¢ for q = 0.1 and about
6 x 1072 for q = 0.3. The more blocks are added, the more protected it is, however, as the attacker share increases the
protection decreases at a constant rate. It relies on the third-party validation and honest majority, which makes
collusion and non-accuracy of source data are risks of good governance. The results enhance allowances with many
independent validators in these allowances.

Horizons Ahead: Strategic Synthesis and Future Trajectories

In addition to eliminating the need for trust between any given pair of business intermediaries, blockchain can enable
transparent business operations by shifting the trust to the protocol and governance, plus data quality. The framework
that is proposed includes data ingestion, consensus, smart contracts, enterprise interfaces, interoperability,
permissioning, security and privacy. The utility is in scenarios where multiple organizations require to access and
share the records without relying on any particular owner of the records. However, transparency relies on the ability
to capture data correctly, to have suitable access controls, and on the ability to govern correctly. Prior to the adoption
of blockchain, corporate leaders have to work through a trust issue, decide whether blockchain is necessary, identify
the membership, decide implementation costs, decide decision rights and decide dispute resolution processes. Planning
from the beginning is required for trust and efficiency metrics, data quality and integration with legacy systems.
Policymakers can define responsibilities in the areas of data protection/record keeping, liability and electronic
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signatures, and create common standards for identity, interoperability and supervised experimentation. Future research
should focus on analyzing and developing quantum-safe cryptography techniques that can help drive the progress
towards this future without compromising the archived information and security. Zero-knowledge proofs can be
evaluated on enterprise costs and performance, credential checking and audit evidence, and for confidential
compliance checking. Relationships in the longitudinal studies relating to the deployed systems, scalability of the
consortium, interoperability of chains and governance and legal accountability should be explored. Failed or
abandoned projects would give a good balance via research evidence. Last but not least, the effective use of trusted
data, robust governance and security in the operational lifecycle are all essential to the concept of trust.

References

Vazquez Melendez, E. 1., Bergey, P, & Smith, B. (2024). Blockchain technology for supply chain provenance:
increasing supply chain efficiency and consumer trust. Supply chain management: An international journal,
29(4), 706-730. https://doi.org/10.1108/SCM-08-2023-0383

Singh, V., & Sharma, S. K. (2023). Application of blockchain technology in shaping the future of food industry based
on transparency and consumer trust. Journal of food science and technology, 60(4), 1237-1254.
https://doi.org/10.1007/s13197-022-05360-0

Vatankhah Barenji, R. (2022). A blockchain technology-based trust system for cloud manufacturing. Journal of
Intelligent Manufacturing, 33(5), 1451-1465. https://doi.org/10.1007/s10845-020-01735-2

Yerpude, S., Sood, K., & Grima, S. (2023). Blockchain-augmented digital supply chain management: A way to
sustainable business. Journal of Risk and Financial Management, 16(1), 7.
https://doi.org/10.3390/jrfm16010007

Milicevi¢, K., Omrcen, L., Kohler, M., & Luki¢, 1. (2022). Trust model concept for IoT blockchain applications as
part of the digital transformation of metrology. Sensors, 22(13), 4708. https://doi.org/10.3390/s22134708

Tan, T. M., & Saraniemi, S. (2023). Trust in blockchain-enabled exchanges: Future directions in blockchain marketing.
Journal of the Academy of marketing Science, 51(4), 914-939. https://doi.org/10.1007/s11747-022-00889-0

Han, S., Ulhgi, J. P., & Song, H. (2024). Digital trust in supply chain finance: the role of innovative fintech service
provision. Journal of Enterprise Information Management, 37(6), 1737-1762.
https://doi.org/10.1108/JEIM-07-2022-0238

Butkowska, K., Zielinska, M., & Butkowski, M. (2023). Implementation of blockchain technology in waste
management. Energies, 16(23), 7742. https://doi.org/10.3390/en16237742

Onwubiko, A., Singh, R., Awan, S., Pervez, Z., & Ramzan, N. (2023). Enabling trust and security in digital twin
management: a blockchain-based approach with ethereum and ipfs. Sensors, 23(14), 6641.
https://doi.org/10.3390/s23146641

Sharabati, A. A. A., & Jreisat, E. R. (2024). Blockchain technology implementation in supply chain management: A
literature review. Sustainability, 16(7), 2823. https://doi.org/10.3390/su16072823

60


https://doi.org/10.1108/SCM-08-2023-0383
https://doi.org/10.1007/s10845-020-01735-2
https://doi.org/10.3390/s22134708
https://doi.org/10.1007/s11747-022-00889-0
https://doi.org/10.3390/su16072823


  n


    n  ( n − 1 ) 2


  q


  p = 1 − q


  z


     ( q / p )  z


  q < p


  1


  2

