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OVERVIEW

In 2023 alone, the number of reported data compromises in the United States private
sector stood at over 3,205 cases. Meanwhile, over 422 million individuals were affected
in the same year by data compromises [1]. As communication demands grow,
information sharing systems become more vulnerable due to their weaknesses.

The commonality between the private and public sector in this regard is that
centralized systems are expensive and not fast enough to process, validate and
manage the volumes of data required for making quick decisions in peer-to-peer
communications without significant security risks. Next generation, or “Web3”,
Blockchain networks will have a direct impact on both the private and public sectors in
unique ways, while also acting as a bridge to ensure secure, transparent and private
cross-domain data exchanges. The federal government and DoD are dealing with
rampant amounts of data and have invested heavily in existing data management
solutions and systems [2]. Existing solutions currently in use by both commercial and
federal organizations usually only protect data at one point or location, which forces
agencies to employ multiple siloed solutions, leaving gaps in security, adding costs, and
causing inefficiencies.

By utilizing Web3 Blockchain, smart contracting, and encryption technology, the secure
information sharing improvements investigated within this document will propose vast
impacts for private and public sector entities. The purpose of this best practices guide
is to inform the reader on the emergence of utilizing decentralized infrastructure for
secure information sharing. The practical approach and improved security that is
provided within this paper will reduce cyber-attacks, hacks and overall corruption,
resulting in lower costs for humanity thanks to a vastly more secure internet.

Blockchain is a powerful technology that is going to impact all ways of life around the
globe. Blockchain is a secure, immutable network capable of validating data from the
source in real time with a level of granularity previously not possible. This technology
has been validated in the industries of maintenance, sustainment, healthcare, finance,
supply chain logistics and more, resulting in enhanced security, greater transparency
and instant auditability. Web3 Blockchain is creating efficiencies and optimizing speed
and automation. Through instant notarization and verification of data, organizations are
finding positive impacts to maintenance and sustainment, including significant cost
reduction.

By advancing Research & Development efforts of decentralized technologies, the
American public will see benefits to National Security, the economy, and the
government through thwarting threats such as deep fakes, voter fraud, fake news, tax
fraud, identity fraud, product counterfeiting, product recalls and privacy breaches.
According to IBM, data breaches alone cost businesses in America $3.7M on average for
each breach [3].
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STATE OF THE MESSAGING INDUSTRY &
COMMERCIAL OPPORTUNITY

Several messaging apps like FB Messenger, Telegram, Element, Signal, Threema, and
WhatsApp offer end-to-end encryption for messages. However, these apps rely on
proprietary APIs for tasks such as message storage, contact discovery, key
management, and group administration. These centralized APIs can potentially expose
metadata, build social graphs, or manipulate messages if accessed maliciously.

While many apps implement security-enhancing technologies like forward secrecy and
post-compromise security (PCS) for one-on-one communications, group chats are
another story and face challenges with key updates in large groups. This paper reviews
the capabilities and security profiles of popular messaging apps and examines current
industry standards for open messaging protocols.

This best practices guide proposes a framework that combines open standards and
decentralized components—such as identity management, key management, storage,
and messaging protocols—to create a secure and scalable messaging system with end-
to-end encryption and PCS for both individual and group communications. The paper
also explores how a decentralized architecture can support the development of
innovative applications for collaboration, payments, and social platforms.

Many messaging apps rely on centralized APIs [4], which create a single point of failure
and makes them dependent on the API providers for functionality, bug fixes, and
updates. These apps use proprietary protocols, which limits interoperability and makes
it difficult to develop alternative clients. They also depend on central servers for
authentication and messaging, causing disruptions during server outages. As messaging
is crucial for communication, any service interruptions affect millions of users.

PROPOSED OUTCOME & BENEFITS WITHIN

Using Blockchain for secure information sharing employs a shared and immutable
ledger accessible only to authorized members. Network participants control the
visibility of information and the actions that each organization or member can perform.
Although Blockchain is often referred to as a “trustless” network, this term does not
imply a lack of trust among business partners; rather, it signifies that trust is not
required because the system itself ensures it.
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The trust in Blockchain comes from its superior security, transparency, and instant
traceability. In addition to fostering trust, Blockchain offers substantial business
benefits, including cost savings through increased speed, efficiency, and automation. By
minimizing paperwork and reducing errors, Blockchain lowers overhead and transaction
costs and often eliminates the need for third parties or intermediaries to validate
transactions.

Using a decentralization approach to secure information sharing eliminates the need to
rely on singular entities, enhancing security and reducing vulnerabilities. By
incorporating programmatic behavioral changes through incentive models,
organizations can effectively drive desired actions and outcomes. With Blockchain and
digital assets having reached a level of maturity suitable for large-scale production,
their adoption is poised to revolutionize various sectors. Secure information sharing
facilitated by these technologies will not only elevate society but also stimulate
innovation and unlock opportunities for underserved and underrepresented
communities. Furthermore, incentivized and attributed data contributions will
accelerate advancements in Al and other data-driven applications, leading to more
robust and impactful technological developments.

The goal is to bring decentralized, Web3 solutions to existing infrastructure and
applications in a way that doesn't require the replacements of these investments.
Individuals have long trusted centralized entities that boast privacy and encryption
even though breaches are increasing every day.

TRADITIONAL INFORMATION SHARING:
COMMUNICATION & COLLABORATION SOLUTIONS

Communication is at the very core of the internet and goes back further than most
people are aware. The evolution of messaging systems began in the 1960s and 1970s
with teletype machines for long-distance text transmission and the development of
ARPANET [5] by the U.S. Department of Defense, which utilized packet switching. The
1970s saw the emergence of email on ARPANET using the Simple Mail Transfer Protocol
(SMTP), followed by commercial email services like CompuServe in the 1980s. The
1990s introduced instant messaging with platforms like IRC, ICQ, and AOL Instant
Messenger. SMS and MMS emerged in the 1990s and early 2000s for mobile text and
multimedia messaging. In the 2010s, Over-the-Top (OTT) messaging apps like
WhatsApp, WeChat, Telegram, and Signal gained popularity, offering enhanced features
and privacy. Key players in messaging development include Cisco, Microsoft, Google,
Facebook, and Tencent, highlighting how technological advancements and evolving user
needs have shaped communication from early systems to modern applications.
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The most powerful consumer application to come out of the internet to date has been
email. Seeing that the internet is a communication protocol it's no surprise that the
majority of events that take place on a day to day basis are focused on
communications. With regards to information sharing volumes, below highlights the
most popular services used every day globally.

* Email: Estimated 350 billion emails sent every 24 hours globally [6] with Gmail,
Outlook and Proton being the most popular [7].

* SMS Text Messages: Estimated 23 billion text messages sent every 24 hours
globally [8].

* Messaging Applications: There are over 3 billion active users on messaging apps
with WhatsApp at the top generating 140 billion messages every 24 hours globally
[9].

* Collaboration Tools: Microsoft 365, Google Apps and Slack make up the most daily
used and popular collaboration applications in the world [10]. Slack alone has
roughly 35 million daily active users [11] but Google Workspace is the market leader
with over 3 billion users worldwide [12].

Every aspect of traditional internet communications uses a suite of communication
protocols known as TCP/IP, which stands for Transmission Control Protocol/Internet
Protocol. It is used to enable devices to communicate over a network, such as the
internet. Here's a breakdown of its key components and functions:

¢ Transmission Control Protocol (TCP): TCP is responsible for ensuring that data
sent from one device to another is received accurately and in the correct order. It
breaks down larger messages into smaller packets, sends them to the destination,
and then reassembles them at the other end. TCP includes error-checking
mechanisms and handles retransmissions of lost or corrupted packets, ensuring
reliable data transfer.

¢ Internet Protocol (IP): IP handles the addressing and routing of packets across
networks. Each device on a network is assigned a unique IP address, which serves as
its identifier. IP determines the best path for the packets to travel from the source
to the destination and manages the routing of these packets through various
intermediary devices and networks.

e Layered Architecture: TCP/IP is designed around a layered architecture, which
separates the different functions of network communication into distinct layers.
This design promotes modularity and interoperability. Key layers include:

o Application Layer: This layer deals with high-level protocols and interfaces, such
as HTTP (for web browsing) and SMTP (for email).

© Transport Layer: This layer includes TCP and is responsible for end-to-end
communication and error recovery.

© Internet Layer: This layer includes IP and is responsible for packet addressing
and routing.
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o Link Layer: This layer handles the physical transmission of data over network
hardware, such as Ethernet or Wi-Fi.
¢ Scalability and Flexibility: TCP/IP is designed to be scalable and flexible,
accommodating a wide range of network sizes and configurations. It supports
various types of networks, from small local networks to global internet connections.
¢ Interoperability: Because TCP/IP is a standard protocol suite, it allows different
types of hardware and software from various manufacturers to communicate with
each other, facilitating interoperability across diverse systems and networks.

While TCP/IP is fundamental to network communication, it has some inherent
shortcomings when viewed through the lens of centralization. Here are several key
issues:

¢ Single Points of Failure: Centralized network architectures can have single points of
failure. If a central server or router goes down, it can disrupt communication for all
devices relying on it. This can lead to network outages or interruptions in service.

* Scalability Issues: Centralized systems can struggle with scalability. As the number
of users and devices grows, the central infrastructure must be upgraded to handle
increased traffic and data loads. This can lead to bottlenecks and performance
degradation if the central components are not sufficiently robust.

* Security Vulnerabilities: Centralized systems can be attractive targets for
cyberattacks. If a central server or data center is compromised, it can potentially
expose large amounts of sensitive data and disrupt service for many users. This
concentration of data and control makes centralized systems vulnerable to attacks
that could have widespread impacts.

* Privacy Concerns: In centralized networks, data often passes through and is stored
by central entities, such as service providers or cloud platforms. This can raise
privacy concerns, as these entities may have access to vast amounts of personal
data, which could be exploited or misused.

® Lack of Redundancy: Centralized systems may lack built-in redundancy and
failover mechanisms, making them less resilient to failures. While some systems
incorporate redundancy, many do not, making them vulnerable to data loss or
service interruptions in the event of a central system failure.

* Control and Censorship: Centralized control means that a single entity or a small
group of entities can exert significant influence over the network and its content.
This can lead to issues with censorship, as these entities may restrict access to
information or services based on their policies or interests.

* Higher Costs: Maintaining and scaling centralized infrastructure can be costly.
Centralized systems often require significant investment in hardware, software, and
human resources to ensure reliability, security, and performance.
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¢ Inefficiencies in Resource Utilization: Centralized approaches can lead to
inefficiencies, as resources are concentrated in a few central nodes rather than
being distributed. This can result in suboptimal use of network resources and
increased latency, as data often has to travel longer distances between centralized
nodes.

In contrast, decentralized approaches, such as those used in Blockchain technology,
aim to address these shortcomings by distributing control and data across multiple
nodes, enhancing security, resilience, and privacy, while reducing single points of failure.

centralized decentralized distributed

Figure 1. Centralized networks have a single point of control, decentralized networks distribute control among
multiple nodes without a central authority, and distributed networks spread data and processing across
numerous interconnected nodes, often improving resilience and efficiency.

While TCP/IP is generally stable, it has a wide attack surface of potential threat vectors.
Considering how ingrained the internet is in everyday global activities, integrating new
decentralized protocols into existing infrastructure and applications is the best
approach to enhance security for sensitive information in-transit.
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Figure 2. Traditional information sharing via TCP/IP centralized internet services

3% National DigiFoundry - Page 8



UNDERSTANDING THE CORE WEB3 COMPONENTS

In the following section we will look at the fundamental components of what makes up
Web3 and how these different attributes play a key role in supporting Secure
Information Sharing. It's important to note that Web3 does not replace Web2 but rather
is a different approach using many of the same concepts. However, while it may seem
like it adds unnecessary complexities to existing workflows, these components are
evolving positively every day.

In this section we will cover the following:

* Node Deployment & Cloud Management

* Blockchain Protocol Deployment & Subnetwork Configuration

* Smart Contracting, Auditing, Quality Assurance & Threat Detection

* Incentive Design & Digital Asset Orchestration

¢ Data Validation & Attribution Criteria

* Wallet Deployment & Signing Requirements

¢ |dentity Access Management (IAM), Governance & Database Ownership
¢ Data Exchanges, Marketplaces & Portals

¢ Dashboards & Alerting

TCP/IP TCP/IP

CENTRALIZED INTERNET
SERVICES

Email, SMS, App,
Comm Tool

Sender Terminal Receiver Terminal

Email, SMS, App,
Comm Tool

SENDER SMART CONTRACT / IAM SMART CONTRACT / IAM RECEIVER

DLT DLT
DECENTRALIZED BLOCKCHAIN PROTOCOL

VALIDATION NODES & STORAGE NODES

Figure 3. Web3, decentralized approach in conjunction with traditional TCP/IP services
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Node Deployment & Cloud Management

The traditional methodology of Web2 components involved centralization, which
allowed for a clear separation between the external internet and internal company
network components. Internal components, such as email servers, database servers, file
servers, and other network elements, including those that secure and manage
user/customer/client requests (coming from the Internet), are protected from the
Internet by various security devices. These devices can include Intrusion Prevention
Systems (IPS), Intrusion Detection Systems (IDS), firewalls, and security groups (SGs),
among others.
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Figure 4. Traditional, centralized, Web2 networking

An Intrusion Prevention System (IPS) is a security device that sits inline between a
company's internal systems and external networks, typically within the company’s own
data centers. It can detect and prevent intrusions.
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Firewalls can be either physical devices or software packages that prevent
unauthorized Internet traffic from entering internal centralized data centers. Security
Groups (SGs) are similar to firewalls, but they are software-based and primarily used in
cloud deployments. (The specifics of SGs are beyond the scope of this section.)

In addition to the separate systems a corporation or business puts in place to prevent
access to its centralized environment, the servers that handle incoming internet
requests also include security measures. These measures involve authentication,
authorization, accounting, patching security vulnerabilities, and server hardening to lock
down and secure the servers.

Security can also involve a set of rules defined on the server itself to prevent
unauthorized internet requests from being processed or executed. These rules help
ensure that only legitimate and safe requests are handled by the server.

* AAA: Authentication, Authorization and Accounting

* Authentication is the process of verifying the identity of an incoming request from
a system administrator, user, client, or customer. This is done using a security
passphrase, password, token, key, or another method to confirm that the requester
is allowed to access the server.

® Authorization determines whether a properly authenticated user has the necessary
privileges to access specific features, services, and programs on a server.

* Accounting involves keeping records of actions taken by a user, including
authentication and authorization events. These records can be used for billing,
auditing, generating statistics, triggering alerts if necessary, and other activities.

These three components—Authentication, Authorization, and Accounting—are
collectively referred to as AAA (Triple A).

All the security practices mentioned above have been essential in securing
environments from the early days of Webl through Web2. As we transition into the next
evolution with Web3, it is crucial to consider the changes and adaptations needed to
handle this new paradigm.

What is Web3?

Web3, the next evolution of the Internet also known as “The Internet of Value” or “The
Stakeholder Economy”, introduces the ability to communicate and transact without
relying on a centralized authority through the use of nodes. These nodes operate on a
decentralized model, allowing individuals to own their data, control their money (often
in the form of cryptocurrency), and keep track of transactions using Blockchain
technology. This shift provides more personal control and transparency in digital
interactions, without a centralized authority.

308
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Figure 5. Approach to node based, decentralized Web3 networking

Blockchain is a method of securely storing data in an immutable (unchangeable) way,
where the information is shared with everyone, including those you may not trust. This
concept, known as “zero trust,” ensures that data integrity and security are maintained
without relying on trust.

Web3 introduces a shift towards edge computing, a major component of its
philosophy. This shift makes some of the previously manageable components of Web2
more complex. As a result, it is crucial to secure this edge computing element to ensure
the safety and reliability of the decentralized systems.

Edge computing involves moving servers from centralized data centers, as seen in
Web2, to various locations around the Internet, often referred to as the "edges.” These
servers can be hosted by cloud service providers, within a company's infrastructure
(like in Web2), or even in the personal homes of individual operators. In the Web3
universe, these devices are called "nodes.” Edge computing, using decentralized
computing, typically requires a single manager for each edge physical server, virtual
private server (VPS) or node.

In most cases, edge computing involves using a cloud service or a shared tenancy VPS
that meets the hardware specifications required by the decentralized protocol.
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Shared tenancy refers to the concept of a cloud server using a single physical server to
host multiple virtual servers, each owned by different users or companies. These virtual
servers are separated by security protocols, which are managed by the cloud service
provider. This setup ensures that each user's data and applications remain secure and
isolated from others.

SHARED NON SHARED
TENANCY TENANCY

\/_‘
iy

i
M k
N AN

Figure 6. Evolution of data and application isolation from others using a non-shared tenancy approach

Decentralization Challenge: Node Deployment

A primary challenge of creating proper decentralization involves multiple node
operators using the same primary cloud provider(s).

While this setup can still be considered decentralized, it raises the issue of many nodes
being concentrated in the same locations. If a corporate entity such as a DAO wishes to
discourage this, it can offer incentives for diversification among major and lesser-known
cloud providers. This can be monitored and managed by identifying nodes’ locations
using classless inter-domain routing (CIDR) or other methods beyond the scope of this
document. These methods can help adjust the reward structure to encourage or
discourage certain deployment patterns.

Horizontal vs Vertical Scaling

With the advent of cloud computing, the concepts of horizontal scaling and container
management have been greatly emphasized and amplified.
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Horizontal scaling involves adding servers with similar or identical resources to work
together, rather than increasing the resources of a single server. This approach
enhances system reliability and outage mitigation because if one server encounters a
hardware or software issue, it can be taken offline without disrupting mission-critical
services, as other servers continue to operate. This concept also applies to
virtualization technologies, such as containers and virtual servers, though these are
beyond the scope of this document.

Vertical scaling is the traditional approach to accommodating company growth. When a
server's resources become insufficient to run the company's services effectively, the
server can be upgraded. For example, if a server runs out of hard drive space, a larger
disk can be installed. This method involves enhancing the capacity of a single server to
handle increased demands.

Node Types and Roles

DAOs should consider implementing various node types within their cluster
environments, each tailored to handle different roles. These nodes can be rewarded
based on their specific responsibilities and other factors such as behavior and
maintenance.

* Validator Nodes: Require low disk space but need more compute power to handle
consensus and signing of validated snapshots.

* Archival Nodes: Require extensive disk space but less compute power to hold
copies of the Blockchain for validator nodes to access. Validator nodes will hold a
subset of the Blockchain.

* Area Edge Nodes: Require low disk space but more compute power to handle
Web2 to Web3 entry, cross-chain swaps, and movement of snapshots between
redundant clusters.

Security Practices for Nodes

The security of participating nodes should be managed by the anonymous individuals
or entities operating them. While the cryptographic nature of a DAO's Blockchain offers
a foundational level of zero-trust security for the cluster, the DAO should still establish
methodologies to monitor and enforce node security. This is essential for maintaining
the overall health of the cluster. While not all consensus mechanisms may incorporate
security, it may be relevant to update these mechanisms to handle security audits.

Guidelines for Node Operators

Building a node to join the network should involve traditional network and system
engineering practices to ensure the node’s security and prevent compromise.
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For nodes that are directly connected to the Internet, the following practices should be
implemented:

1. Avoid Direct SSH Access

The Secure Shell (SSH) protocol is the standard remote access mechanism used to
create a secure connection between a local administrator and a remotely located
server. SSH should be used to access a dedicated server within the cluster, known as a
bastion host, which is solely used for Authentication, Authorization, and Accounting
(AAA) services. In the context of Web3 decentralization, where there is typically one
node per user/operator participating in a cluster or Web3 business network, it is
advisable to use a non-standard SSH port when applicable. This adds an additional
layer of security by making unauthorized access attempts more difficult.

2. Strong SSH Key Management

SSH uses a public and private key pair to encrypt and decrypt data transferred across
an SSH tunnel (the connection between a local system and a remote system). The
private key, which is kept secret on the local system, can be used for both encrypting
and decrypting data. The public key, stored on the remote system, is used only for
decrypting data. In most other encryption/decryption scenarios, such as HTTPS web
connections, the private key may be stored remotely, while the public key is sent to the
local client for decryption.

For Web3 applications, it is recommended to use an Ed25519 key pair for cryptographic
purposes, as it is faster than RSA and is based on elliptic curve cryptography.

Alternatively, RSA-based keys can be used. The RSA algorithm, developed by Rivest,
Shamir, and Adleman at MIT, is a widely recognized cryptographic method. If using RSA
keys, it is recommended to use at least a 4096-bit key pair to ensure strong security.
Regardless of the type of encryption key used, it is advisable to add a passphrase to
protect access to the private key and to ensure that each node has a unique key pair.
Key pairs should not be shared between nodes.

3. Key Rotation

Key rotation involves periodically changing your encryption keys, much like regularly
updating your passwords or passphrases. This practice helps maintain security by

reducing the risk of key compromise over time.

There is ongoing debate about the necessity of rotating SSH keys on a given node.
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In theory, if a private key is solely owned by a single user and never shared, the concern
about rogue keys on nodes with multiple SSH keys for different users, or the use of
shared keys by an organization, is minimized. However, since encryption algorithms are
human-made, they can potentially be broken by humans. As computational power
becomes more accessible and affordable, the risk of breaking an encryption key could
increase.

Given this potential risk, rotating SSH keys is generally considered good practice. The
process is relatively simple and adds an additional layer of security, helping to mitigate
the possibility of key compromise over time as potential attack vectors evolve.

4. Strict Firewall Rules

Lock down unnecessary inbound and outbound access by only allowing essential ports
for stateful connections. It is also recommended to avoid using software-level firewall
implementations when possible.

Stateful connections are connections that are permitted only if they are initiated from
the local system behind the firewall. This setup allows Internet services to respond to
requests made by the local system, with the responses being allowed through the
firewall. If an unsolicited communication (one not initiated by the local system) is
received, it will be ignored and dropped.

5. User Access Management

Disable direct root access and default non-root user accounts. Instead, setup custom
non-root user accounts with superuser privileges when necessary. This helps enhance
security by limiting the potential impact of compromised accounts.

Deployment Utilities and Documentation

A DAO should provide a utility to streamline the deployment of its protocol on nodes,
simplifying the process to a single command line entry. This approach enables node
operators to participate with minimal understanding of the protocol’s lower-level
functionality, making it easier for more people to join and increasing interest in the
network.

Additionally, comprehensive documentation should be made readily available to ensure
ease of use. It is recommended to use technical documentation management software
to automate the deployment of new and updated documentation. This approach helps
ensure consistency across all organizational teams within the DAO and keeps the
information current and accurate.
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Cloud Deployment Considerations

Deploying Cloud VPS in a decentralized environment can be challenging, primarily due
to the complexity of automating deployment using APls and setting up cloud
automation processes. To overcome these challenges and make the process more
accessible, it is important to provide simplified documentation. To encourage a more
decentralized network, it is important to incentivize the use of diverse cloud providers.

Conclusion

In conclusion, DAOs should provide the necessary documentation to make it easy for
anonymous parties to run nodes and contribute to the cluster. The documentation
should cover:

* Clear and simplified instructions for node deployment and management.

* Incentives to encourage decentralization.

* Guidelines and incentivizes for implementing security measures, such as best
practice SSH key management and firewall configurations.

e Strict firewall rules and, if applicable, bastion host access management.

* Regular security audits, updates, and vulnerability patching.

* Monitoring and maintaining node performance to ensure optimal operation and
reward retrieval.

* DAO-provided utilities for protocol-level operations.

By following these guidelines, DAOs can maintain a healthy, decentralized network and
effectively support the broader goals of Web3. This approach ensures security,
accessibility, and robust participation, which are crucial for the success and growth of
decentralized ecosystems.
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Blockchain Protocol Deployment & Subnetwork Configuration

At its core, Blockchain technology relies on distributed ledgers, consensus mechanisms,
and smart contracts. These elements form the foundation for various Blockchain
implementations, from public networks like Bitcoin and Ethereum to private and
consortium Blockchains used in enterprise settings. Below is an overview of the current
state of Blockchain protocol deployment and subnetwork configuration, focusing on
technological and engineering perspectives.

Protocol Design and Architecture

* Blockchain Basics

o Distributed Ledgers: Fundamental to Blockchain technology, ensuring data is
synchronized across multiple nodes.

o Consensus Mechanisms: Essential for maintaining agreement on the
Blockchain’s state, with common examples being Proof of Work (PoW) and Proof
of Stake (PoS).

o Smart Contracts: Widely used for automating and enforcing agreements on
Blockchain platforms like Ethereum.

¢ Types of Blockchains

o Public Blockchains: Open and decentralized, such as Bitcoin and Ethereum.

o Private Blockchains: Restricted access, used by enterprises for internal
purposes, like Hyperledger Fabric.

o Consortium Blockchains: Controlled by a group of organizations suitable for
business collaborations, such as Corda.

¢ Blockchain Layers

o Data Layer: Stores transactions and blocks.
Network Layer: Manages peer-to-peer communication.
Consensus Layer: Ensures agreement on the Blockchain's state.
Incentive Layer: Provides economic incentives for participants.
Application Layer: Hosts decentralized applications (dApps) and smart
contracts.
® Scalability Solutions

o Sharding: Dividing the network into subnetworks (shards) that process
transactions in parallel.

o Layer 2 Solutions: Implementing off-chain processing through state channels,
sidechains, and rollups.

o Directed Acyclic Graphs (DAGs): Alternative structures to traditional
Blockchains, offering improved scalability and throughput.

O O O O
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Network Topology and Node Configuration

* Node Types
o Full nodes: Full nodes offer complete verification capabilities but demand more
resources
o Light nodes: light nodes provide a more accessible way to interact with the
Blockchain at the cost of some independence.
o Specialized nodes (e.g., mining nodes, validator nodes)
* Subnetwork Configuration
© Subnetworks, or subnets, are smaller, isolated networks within a larger
Blockchain network.
© Improve scalability and performance by allowing for customized governance and
processing within the broader network structure.
* Deployment Frameworks
© Hyperledger Fabric: A modular framework for building private Blockchains.
o Ethereum: A public Blockchain platform with smart contract functionality.
© Corda: A Blockchain platform designed for business use cases.
* Network Topology
o Star Topology: Centralized control with a central node.
© Mesh Topology: Decentralized with multiple connections between nodes.
© Hybrid Topology: Combines elements of both star and mesh topologies.

Infrastructure and Deployment Strategies

¢ Cloud vs. On-Premise Deployment
o Enterprise Blockchain deployments leverage cloud infrastructure for easier
scaling and management.
o Sensitive applications may require on-premise deployments to maintain control
over data and infrastructure.
® Containerization and DevOps Practices
o Container technologies like Docker facilitate consistent deployment across
diverse environments.
o Implementing CI/CD pipelines and infrastructure-as-code practices enables
agile updates to Blockchain networks.
® Security and Performance
o Security: Focus on cryptographic techniques, consensus algorithms, and
network security measures.
o Performance: Consider factors like transaction throughput, latency, and
scalability when designing and deploying Blockchain networks.
* Automation and Evaluation
o NVAL (Network Deployment and Evaluation Framework): Automates the
deployment and evaluation of Blockchain networks, reducing potential errors
and streamlining the process.

oo

:,;,g§ National DigiFoundry - Page 19



* Emerging Trends

o Scalability Solutions: Explore Layer 2 solutions, sharding, and other techniques to
improve Blockchain scalability.

o Decentralized Finance (DeFi): Understand the growing field of DeFi and its
implications for Blockchain technology.

© Quantum Resistance: Developing quantum-resistant Blockchain protocols to
ensure long-term security.

o Environmental Concerns: more energy-efficient consensus mechanisms,
particularly in public Blockchains, to address environmental concerns
associated with PoW systems.

Real-World Example: Constellation Network’s DAG

¢ Scalability and Throughput: Constellation’s DAG (Directed Acyclic Graph) allows
for parallel processing of transactions, increasing throughput as more nodes join the
network.

¢ Data Handling and Integration: Efficiently handles large volumes of data, ideal for
real-time processing and analytics in Web3 applications.

® Security and Consensus: Uses a reputation-based consensus mechanism to
enhance security.

* Microservices and Modular Design: Supports a microservices architecture, allowing
for modular and interoperable applications.

Smart Contracting, Auditing, Quality Assurance & Threat
Detection

Smart contracts are pivotal to the secure and autonomous execution of transactions
and processes within decentralized networks. They embody the codified agreements
that are automatically enforced by Blockchain protocols, eliminating the need for
intermediaries and reducing the potential for human error. This section explores the
intricacies of smart contracting, from development and auditing to quality assurance
and threat detection, ensuring that these digital agreements are as robust and secure
as the systems they operate within.

Development and Design Principles

Smart contracts are designed to operate on a “code-is-law" basis, where the terms of
the agreement are defined by code and executed autonomously. The development
process begins with a clear articulation of the business logic and rules that the contract
must enforce.
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This is followed by meticulous coding, typically in languages such as Solidity for
Ethereum-based networks or others depending on the underlying Blockchain
technology. A modular design approach is preferred, allowing for the reuse of code and
easier maintenance. Contracts are kept as simple as possible to minimize attack
surfaces and ensure that they are easily auditable.

Auditing Process

Given the irreversible nature of Blockchain transactions, smart contracts must be
thoroughly vetted before deployment. Auditing is a multi-faceted process that includes
both automated and manual reviews. Automated tools scan for common vulnerabilities,
such as reentrancy, integer overflow, and underflow, while manual code reviews by
experienced auditors delve deeper into the logic and structure of the contract. Auditors
also assess the contract's compliance with established best practices, such as those
set by OpenZeppelin, and ensure that it aligns with the latest security standards.

Quality Assurance

The quality assurance (QA) process is critical to validating that the smart contract
performs as expected under various conditions. QA involves extensive testing, including
unit tests, integration tests, and end-to-end testing scenarios that simulate real-world
use cases. Each test is designed to ensure that the contract can handle edge cases,
unexpected inputs, and potential abuse scenarios. Stress testing is also conducted to
evaluate the contract’s performance under high transaction volumes. The goal of QA is
to identify and resolve any issues before the contract is deployed on the mainnet.

Threat Detection and Monitoring

Despite rigorous auditing and QA, the dynamic nature of Blockchain ecosystems
necessitates continuous monitoring of deployed smart contracts. Real-time threat
detection systems are implemented to monitor for anomalies, unusual transaction
patterns, or potential attacks. These systems leverage advanced analytics and machine
learning algorithms to detect and flag suspicious activities. In addition to automated
systems, a manual review process is in place for critical contracts, where security
teams periodically assess the contract’s operations and update its code if necessary to
address emerging threats.

Best Practices and Continuous Improvement

Adhering to industry best practices is paramount in the development and maintenance
of smart contracts. This includes following the latest guidelines from industry leaders,
participating in community discussions, and staying informed about new vulnerabilities
and attack vectors.
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Continuous improvement is encouraged through regular code refactoring, incorporating
feedback from audits, and adopting new tools and techniques as they become
available. Additionally, contracts are often deployed with upgrade mechanisms or proxy
patterns to allow for safe updates without disrupting the existing system.

In summary, the lifecycle of a smart contract—from development and auditing to QA
and threat detection—is a comprehensive process designed to ensure the highest
levels of security, reliability, and efficiency. By adhering to these practices, organizations
can deploy smart contracts that are not only functional but also resilient against the
evolving landscape of cyber threats.

Incentive Design & Digital Asset Orchestration

Incentive Design and Digital Asset Orchestration are critical components in the
architecture of decentralized networks, playing a central role in driving participant
engagement and ensuring network stability. A well-structured incentive model aligns
the interests of all stakeholders, from validators to developers and end-users, by
rewarding behaviors that contribute to the network’s security, scalability, and growth.
Tokenomics, which involves the design of the network’s native token or digital asset, is
key to this process. The token must be carefully crafted to serve various functions, such
as securing the network through staking, enabling governance, and providing utility
within the ecosystem.

The orchestration of digital assets extends beyond simple transactions, encompassing
the entire lifecycle of assets within the network, from creation and distribution to
transfer and retirement. This requires robust smart contracts, secure key management,
and transparent governance structures to ensure that these assets function seamlessly
and securely. Additionally, understanding the behavioral economics behind participant
actions allows for the optimization of incentive models, ensuring that rewards are
appropriately structured to encourage continuous engagement and prevent malicious
activities.

As decentralized networks evolve, the incentive mechanisms must adapt accordingly.
Continuous monitoring and assessment of these incentives help maintain a balanced
ecosystem that can respond to changing conditions, technological advancements, and
shifts in user behavior. By integrating well-designed incentive models with effective
digital asset orchestration, decentralized networks can foster a secure, efficient, and
participatory environment, crucial for the sustained success of Web3 applications.
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Data Validation & Attribution Criteria

In decentralized systems like Web3, data validation is paramount. Web3 technologies
are built on mechanisms that ensure that data shared, stored, and processed across
networks remains accurate, untampered, and trustworthy. Cryptographic techniques,
consensus mechanisms, smart contracts, and oracles all contribute to creating an
environment where data integrity is preserved and verifiable. Additionally, the
attribution mechanisms create a robust framework for verifying identity, ensuring data
authenticity, and attributing ownership. With decentralized identity verification,
cryptographic signatures, reputation systems, NFTs, and Blockchain provenance
tracking, Web3 enables a transparent and secure environment for recognizing creators
and verifying the origin and integrity of digital content. These systems are mutually
interdependent, working together to establish a trustless, decentralized ecosystem
where attribution is not only clear but verifiable at every stage of data sharing and
usage.

Integrity Verification

One of the core elements in maintaining data integrity in Web3 platforms is the use of
cryptographic techniques. Cryptographic hash functions, such as SHA-256, allow for a
secure method to verify data integrity. A hash function takes an input (data) and
generates a unique output, a fixed-length string of characters. If the data is altered in
any way, even by a single character, the resulting hash changes significantly. This
characteristic makes hash functions highly effective in ensuring that data remains
unmodified. Web3 platforms use this approach to confirm that data shared or stored
has not been tampered with. A data provider can generate and share the hash of a file,
and any recipient can recompute the hash to verify that the data remains unchanged,
providing a robust layer of integrity.

Decentralized Validation Mechanisms

Web3 operates in a trustless environment, where no central authority controls or
validates data. Instead, it relies on consensus mechanisms to ensure that data or
transactions are correctly validated before being recorded on the Blockchain. The two
most widely used consensus mechanisms are Proof of Work (PoW) and Proof of Stake
(PoS).

* Proof of Work (PoW): In PoW, miners compete to solve complex mathematical
problems. Once a problem is solved, the solution is broadcasted to the network,
which verifies its accuracy. After consensus is reached, the data or transaction is
recorded on the Blockchain. This process makes it extremely difficult to alter past
records, providing strong security and ensuring data integrity.
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* Proof of Stake (PoS): PoS selects validators based on the amount of
cryptocurrency they hold and are willing to "stake." Validators are chosen to verify
the data based on their stake, reducing the computational energy required by PoW.
These validators check the data for accuracy before allowing it to be added to the
Blockchain, ensuring that data validation remains decentralized and tamper-
resistant.

Both PoW and PoS decentralize the validation process, minimizing the chances of data
being corrupted or altered without detection.

Smart Contract-Based Validation

Smart contracts, another key innovation in Web3, play a vital role in automating data
validation. A smart contract is a self-executing code that runs on a Blockchain platform
and enforces predefined rules for data or transactions. When data is submitted to a
Blockchain, smart contracts can be programmed to verify its authenticity automatically.
For example, in a supply chain system, a smart contract might validate that all parties
have fulfilled specific conditions before the transaction can proceed. This automation
reduces reliance on intermediaries, lowering the risk of human error or fraud, and
ensuring that data is only accepted if it meets the established criteria. Since smart
contracts are transparent and immutable, they provide an additional layer of trust and
security for all parties involved.

Oracles for Off-Chain Data

While Blockchain technology excels at maintaining data integrity within its own network,
many real-world applications require the integration of off-chain data—data that exists
outside the Blockchain. For this, Web3 relies on oracles. Oracles serve as a bridge
between on-chain smart contracts and off-chain data sources. They retrieve, verify,
and submit external data to the Blockchain, ensuring that the data remains accurate
and trustworthy.

Oracles play a critical role in decentralized finance (DeFi), where real-time price feeds
and market data are essential for functions like trading and lending. To ensure the
accuracy of off-chain data, oracles often use cryptographic proofs or consensus from
multiple independent sources before submitting the data to the Blockchain. This
ensures that external information integrated into the Web3 environment maintains the
same level of integrity as on-chain data.

ﬁiﬁa‘ National DigiFoundry - Page 24



Identity Verification and Provenance

Web3 technologies allow for secure identity verification and data provenance, ensuring
that data can be traced back to its rightful creator or owner. Decentralized Identifiers
(DIDs) play a critical role in this context. DIDs are self-sovereign identities, meaning
individuals or entities can control their digital identity without needing centralized
authorities. This enables the direct attribution of data or content to its owner, offering
high levels of trust and traceability.

Public/Private Key Infrastructure

At the heart of Web3's attribution criteria lies public/private key cryptography. This
system allows for secure verification of ownership and data authenticity. When a user
shares data, they can sign it using their private key, creating a unique digital signature.
Anyone with access to the corresponding public key can verify the authenticity of the
data, ensuring that it was created by the rightful owner. This cryptographic
infrastructure creates a reliable way to trace digital content back to its origin, enhancing
trust and accountability within Web3 ecosystems.

Reputation Systems

In decentralized networks, reputation systems act as a measure of trustworthiness.
These systems rank participants based on their previous behavior or contributions,
providing an additional layer of validation for data and transactions. In Web3, reputation
systems allow users to gauge the credibility of data without relying on centralized
authorities. Those with higher reputations are more likely to have their data accepted as
legitimate, which further strengthens the integrity of the decentralized ecosystem.

Non-Fungible Tokens (NFTs) for Ownership Attribution

NFTs have revolutionized the attribution of digital content ownership in Web3. These
unique cryptographic tokens represent ownership of digital assets, including art, music,
or data sets. Once content is minted as an NFT, it becomes permanently linked to a
specific wallet or digital identity, offering verifiable proof of ownership. NFTs enable
transparent and traceable ownership transfers, ensuring that creators can easily prove
their authorship and that consumers can verify ownership. This system ensures fair
compensation and proper recognition for creators within data-sharing ecosystemes.

Provenance Tracking on Blockchain
One of Blockchain's most significant advantages is its ability to provide a complete and
immutable record of data provenance. Every transaction or modification of data is

recorded on the Blockchain, creating an indelible audit trail that cannot be altered.
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This transparent record allows users to trace the history of data or content from its
creation to each transfer or modification. When combined with cryptographic
techniques and decentralized identities, Blockchain provenance tracking provides a
highly reliable method for verifying data attribution and ownership, ensuring full
transparency in the Web3 ecosystem.

Wallet Deployment & Signing Requirements

In the dynamic world of Web3, digital wallets, commonly referred as decentralized
wallets or Blockchain wallets, are essential tools for managing and securing digital
assets such as cryptocurrencies, tokens, and digital identities. These wallets offer key
features that distinguish them from traditional wallets, providing users with enhanced
control, security, and flexibility.

Key Features of Web3 Crypto Wallets

Web3 wallets provide several key features that are integral to the decentralized nature
of the Web3 ecosystem:

* Ownership of Digital Assets: With Web3 wallets, users truly own their digital assets.

Unlike traditional systems, these wallets allow users to send, receive, and manage
their assets without needing permission from a central authority.

* User Control: Web3 wallets give users complete control over their private keys,
which is crucial, as these keys are essential for securely accessing and managing
their digital assets. This autonomy minimizes reliance on third parties, empowering
users to manage their assets independently.

* Security: Advanced security measures, such as hardware wallets (hard wallets) and
multi-signature setups, protect users’ assets from phishing attacks and other
common threats, ensuring the security of digital assets.

* Privacy: Web3 wallets prioritize user privacy by allowing anonymous or
pseudonymous transactions. This feature enables users to interact with
decentralized applications (dApps) and Blockchain services without revealing
personal information.

* Accessibility: Many Web3 wallets feature integration with multi-factor

authentication (MFA) systems to enhance security without sacrificing usability. This
ensures that only authorized individuals can execute transactions, adding a layer of
protection to the asset management process.

Access to Decentralized Applications (dApps): These wallets seamlessly integrate
with decentralized applications, allowing users to engage with Blockchain-based
services directly. This integration facilitates participation in DeFi (Decentralized
Finance), NFT marketplaces, and more.
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* Recovery Options: Reliable recovery mechanisms, such as seed phrases, help users
regain access to their funds if they lose their wallet or private keys, providing peace
of mind.

Additional Features to Consider

While the features listed above are the most impactful, Web3 wallets may also offer
other valuable functionalities, including:

* Auto Logout: Automatically logging out after inactivity to enhance security.

¢ Intuitive User Interface: User-friendly dashboards designed for novice and
experienced users enable effortless management of digital assets.

® Cross-Platform Accessibility: Web3 wallets are accessible across various
platforms, including desktop, web, mobile, and hardware devices, ensuring users can
manage their assets from their preferred devices.

Wallet Deployment

Deploying a digital wallet involves selecting the appropriate type based on user needs,
implementing robust security measures, and providing an intuitive user experience.

Types of Wallets and Deployment Strategies
Digital wallets can be categorized into three primary types:

e Software (“Soft"”) Wallets: Installed on personal devices, soft wallets offer user-
friendly interfaces that enhance accessibility and control over digital assets.
Examples include MetaMask for Ethereum-based assets and Stargazer Wallet for
the Constellation Network's DAG architecture.

¢ Hardware (“Hard") Wallets: Known for their emphasis on security, hard wallets
store private keys offline, making them ideal for securing substantial asset holdings.
Examples include Ledger Nano S and Trezor Model T.

* Web Wallets: Accessible via browsers, web wallets balance convenience and
security. They are often used for online transactions and quick access to assets,
with examples including Coinbase Wallet and Blockchain.com.

* Hot Wallets: Hot wallets are typically generated by applications to meet immediate,
temporary needs, such as interacting with a specific dApp or performing a quick
transaction. These wallets are connected to the internet and are designed for
convenience rather than long-term security, often being created and discarded as
needed.

'.:-3‘,%&' National DigiFoundry - Page 27



Decentralized vs. Centralized Wallets: Understanding the Difference

When evaluating wallet types, it's crucial to understand the distinction between
decentralized wallets and centralized wallets:

* Decentralized Wallets: In decentralized wallets, users manage their private keys,
granting them complete control and ownership of their digital assets. This aligns
with the core principles of Web3, emphasizing decentralization and user autonomy.
Examples include MetaMask and Ledger wallets, where users bear full responsibility
for the security of their private keys.

* Centralized Wallets: On the other hand, centralized wallets are managed by third-
party platforms or exchanges that hold the private keys on behalf of the user. While
this approach offers convenience and potentially easier access, it also means that
the platform controls the assets, introducing a different set of risks. Examples
include wallets provided by exchanges like Coinbase, where the platform controls
the keys.

Security and Key Management

Security is paramount in wallet deployment. Advanced encryption protocols are
essential for securing data transmission and storage. Implementing MFA significantly
enhances security by requiring multiple verification methods before granting access,
effectively reducing the risk of potential breaches.

Equally important is the ability to recover keys. Implementing fail-safe key recovery
mechanisms ensures that users can regain access to their wallets in cases of lost or
forgotten credentials without compromising security.

Enhancing User Experience and Platform Integration

Digital wallets must deliver a seamless, intuitive experience. Clear and consistent user
interfaces should cater to both novice and advanced users. Customization options
should allow users to customize their wallet interfaces according to their preferences.

Onboarding should be straightforward, supported by interactive tutorials and a
comprehensive resource hub, including articles, videos, and FAQs on wallet security,
transaction management, and Blockchain principles. Robust support services like live
chat, email support, and community forums are essential for fostering a supportive user
community.

For platform integration, wallets should ensure compatibility across desktop, mobile,
and web environments, providing a consistent user experience.
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APIs and plugins can extend wallet functionalities, while tools for easy asset and data
migration between different platforms minimize friction and encourage adoption of new
features.

Interoperability is vital for a comprehensive digital wallet solution. Supporting multiple
Blockchains within a single wallet allows users to manage diverse assets without
needing separate wallets for each chain. Integration with DApps further extends the
wallet’s utility, enabling seamless interactions within the Web3 ecosystem.

Signing Requirements

Once a wallet is deployed, transaction security and authenticity rely heavily on robust
signing protocols. The following outlines the critical components of signing
requirements, ensuring all digital asset operations are secure, authenticated, and
compliant with regulatory standards.

Transaction Authentication

® Secure Private Key Management: This process ensures that all transactions are
authenticated by the user’s private keys, which are securely managed within the
wallet. It guarantees that only authorized users can initiate transactions, protecting
against unauthorized access.

* Smart Contract Interactions: Detailed protocols manage interactions with smart
contracts, ensuring that all transactions are validated securely on the Blockchain.
This involves ensuring the signing process is smooth and efficient, minimizing the
risk of errors or security lapses.

Regulatory and Privacy Compliance

* Know Your Customer (KYC) Procedures: Implementing KYC protocols during wallet
setup is essential to verifying user identities and preventing identity theft, financial
fraud, and the financing of terrorism.

¢ Anti-Money Laundering (AML) Measures: Implementing AML measures to monitor
and prevent illegal activities, such as money laundering, ensures that transactions
within the system remain secure and compliant with regulations.

* Privacy Protections: It is crucial to leverage Blockchain’s inherent capabilities to
protect user privacy while maintaining transaction transparency. Decentralized
verification mechanisms protect personal data from unauthorized access and
breaches.

Advanced Security Features and Ethical Considerations

Advanced security features, such as biometric verification, enhance the safety and
convenience of wallet use.
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Behavioral analytics can further secure wallets by detecting and responding to unusual
activity patterns.

Ethical and legal considerations are equally important. Transparent data governance
policies should clearly outline how user data is collected, used, and protected.
Promoting sustainable practices in wallet operations also aligns with broader
environmental goals, contributing to the overall sustainability of the Blockchain and
Web3 ecosystem.

Aligning Wallet Deployment with Security and Signing Requirements

Aligning wallet deployment with comprehensive security measures and specific signing
requirements is crucial for ensuring the authenticity and authorization of transactions.
By integrating robust security protocols with stringent signing processes, we create a
secure, user-friendly experience that protects the wallet and its contents and
guarantees the legitimacy and compliance of every transaction.

This approach ensures that wallets can adapt to future technological advancements
and evolving market demands while maintaining the highest security and transaction
integrity standards within the Web3 ecosystem. That said, attribution cannot exist
without identity which is not without it’s challenges when it comes to decentralization.

|dentity Access Management (IAM), Governance & Database
Ownership

Identity Access Management (IAM) & Governance encompass the policies, processes,
and technologies used to manage digital identities and control access to organizational
resources. It ensures that the right individuals have appropriate access, but not any
more access than necessary for their job functions, while Database ownership & Access
Controls manage who can view, modify, or delete data within network systems and
databases.

Together, these frameworks protect sensitive information, maintain data integrity, and
ensure regulatory compliance. Effective implementation is crucial for organizations to
mitigate security risks, prevent unauthorized access, and maintain confidentiality and
integrity of their data assets.

Since the 1960s, IAM has evolved from simple, isolated systems to complex,
interconnected ecosystems that span across on-premises, cloud, and hybrid
environments. Over the decades, we have seen various technologies and standards
emerge to combat challenges presented by the evolution of the internet.
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Current trends include a shift towards Zero Trust architectures, increased use of Al and
ML, stricter regulatory requirements, and exploration of decentralized identity solutions
for both humans and loT. Major challenges include managing identity sprawl, adapting
to cloud and multi-cloud environments, and integrating IAM with DevOps practices.

How are current processes failing and what are the challenges? Current approaches to
IAM, database ownership, and access controls present multiple complexities and single
points of failure. In November 2023, a significant data breach occurred at Okta, an
identity security company. The breach involved unauthorized access to the company's
customer support system, impacting all clients using the service. As a result, customers
faced an increased risk of phishing and social engineering attacks. The breach exposed
all 18,400 customers, with data downloaded between September 28 and October 17.
Okta initially reported only 1% of customers affected, but later admitted all clients were
exposed, leaving them vulnerable to active threats [13].

In collaborative environments, especially with external partners, establishing clear
ownership of data can be cumbersome. As organizations grow, managing access rights
across multiple platforms becomes increasingly complex and error-prone, plus existing
systems cannot verifiably provide tamper-proof logs of data access and transfers.

The IAM landscape continues to evolve rapidly, driven by technological advancements,
changing threat landscapes, and evolving regulatory requirements.

Future directions point towards passwordless authentication (e.g. biometrics,
tokenization), quantum-safe cryptography, and the development of universal identity
standards. Governments and enterprises are focused on balancing security, user
experience, and privacy.

Are Web3 technologies the answer? Here are 5 key advantages:

1. Decentralized Identity and Access Management
a. Eliminates single points of failure in IAM infrastructure.
b. Enhances security by allowing for more granular and robust access controls.
c. Improves collaboration with business units and external partners while
maintaining strict control over sensitive data.

2. Programmable Access Control
a. Automates complex access policies across entire networks.
b. Reduces human error in configuring and maintaining access controls.
c. Implements dynamic, context-aware rules that adapt to changing organizational
needs.
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3. Immutable Audit Trails
a. Provides an unalterable record of all data access and transfers.
b. Enhances the ability to detect and respond to unauthorized access attempts.
c. Strengthens compliance posture with comprehensive, verifiable data handling
records.

4. Cryptographic Data Ownership and Secure Transit
a. Clearly establishes and enforces ownership of data, even in collaborative
projects.
b. Leverages Blockchain's cryptographic properties to enhance the security of
data as it moves through networks and between collaborators.
c. Implements verifiable tracking of data movement, ensuring the integrity of
sensitive data throughout its lifecycle.

5. Decentralized Governance for Security Policies
a. Implements a more democratic approach to setting and updating security
policies.
b. Ensures that security measures evolve in line with the collective expertise of
the organization.

Implementation requires careful planning:

® Scalability: Ensure the chosen Blockchain solution can handle the organization's
volume of transactions and data in terms of cost and throughput.

* Integration: Plan for seamless integration with existing data types, systems, and
workflows to minimize disruption.

* Training: Prepare teams for the paradigm shift in managing identities and access
rights.

¢ Compliance: Verify that the Blockchain solution aligns with relevant regulatory
requirements in the industry.

* Key Management: Develop robust processes for managing cryptographic keys to
prevent unauthorized access or loss of control over data.
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Data Exchanges, Marketplaces & Portals

At the core of digital interaction and commerce lie data exchanges, marketplaces, and
portals, essential platforms that drive modern connectivity and information sharing.
These platforms are the backbone of digital interactions, enabling efficient transactions,
data sharing, and access to information. While each platform has distinct roles, they
often complement each other in the digital ecosystem. Traditionally, these platforms
have operated under centralized systems, which usually pose risks related to security
breaches and data tampering. Using Web3 technologies such as Blockchain and smart
contracts, decentralized architectures can help ensure enhanced privacy, security, and
trust.

Web?2 is known for its user-friendly design and maturity, which has developed over
decades of technological evolution and allows even the least tech-savvy users to
engage with global digital services. However, its centralized structure introduces
significant challenges, including monopolistic practices that can suppress competition
and innovation. Additionally, the concentration of user data in central locations poses
serious privacy concerns and makes Web?2 platforms prime targets for cyberattacks,
undermining trust and security.

Conversely, Web3 tools are still in their early stages but offer promising solutions to the
centralization issues of Web2, including security, privacy, and user autonomy. These
technologies, based on Blockchain, smart contracts, and decentralized protocols, offer
significant improvements over Web2. However, their complexity and steep learning
curve can deter average users accustomed to the simplicity of existing platforms.
Despite these challenges, continuous developments are underway to make Web3 tools
more accessible and user-friendly. As these tools mature, they are expected to disrupt
monopolistic power structures, increase data security, and give users ownership of their
data.

The evolution from Web2 to Web3 marks a pivotal shift towards securing and
democratizing digital interactions. As we explore the details of exchanging data, it's
crucial to comprehend how these technological advancements influence data transfer,
storage, and security mechanisms.

Data Exchanges

A data exchange is a platform or network where data is shared between organizations
or individuals. It is crucial for industries that rely on accurate, timely information, such as
healthcare, finance, and supply chain management. Data exchanges allow participants
to securely access, exchange, and analyze data, improving decision-making and
operational efficiencies.
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Web2 Data Exchange: Bloomberg Terminal [14]

The Bloomberg Terminal, offered by Bloomberg L.P., a computer software system that
allows professionals in finance and other industries to access the Bloomberg
Professional service, where they can monitor and analyze real-time financial market
data, news, and more.

Web3 Data Exchange: Chainlink [15]

Chainlink is a decentralized network that helps smart contracts on Ethereum securely
connects with external data sources, APIs, and payment systems. It acts as a data
exchange by providing accurate and tamper-proof information to smart contracts.

Marketplaces

Marketplaces are digital platforms that facilitate the buying and selling of goods and
services between third parties. They provide the necessary infrastructure for
transactions and logistics, helping connect buyers and sellers. Marketplaces often
manage the sales process and may offer additional services such as payment
processing, marketing, and customer service.

Web2 Marketplace: Amazon [16]

A leading online retailer, Amazon offers an extensive selection of new and used
products from both itself and third-party sellers. It is renowned for its diverse inventory,
convenience, rapid delivery, and comprehensive customer reviews.

Web3 Marketplace: OpenSea [17]

OpenSea is a decentralized marketplace for trading non-fungible tokens (NFTs) such as
digital art, collectibles, and virtual real estate. It operates on the Ethereum Blockchain
and provides a secure platform for users to trade digital assets without intermediaries.

Portals

Portals are web-based platforms that aggregate content and services from multiple
sources into a single user interface. They are designed to provide a comprehensive
gateway to various related information and services, enhancing user engagement and
accessibility. Portals are often used in corporate, governmental, and service-oriented
contexts to provide personalized access to information and resources.
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Web2 Portal: Google Finance [18]

Google Finance offers real-time market quotes, international exchanges, up-to-date
financial news, and analytics to assist investors in making more informed decisions. As a
portal, it consolidates vast financial and economic data and tools into a single, easily
navigable interface for end-users.

Web3 Portal: MetaMask [19]

MetaMask is a cryptocurrency wallet and a gateway to Blockchain apps. It serves as a
portal to the decentralized web, enabling users to manage their Ethereum and other
tokens, interact with smart contracts, and use decentralized applications (DApps)
directly from their web browser.

Bridging the Gap: The Case for Peer-to-Peer Data Sharing

The shift to peer-to-peer (P2P) data sharing will be driven by increasing awareness and
demand for data privacy and control. Many users are unaware that their data is being
bought and sold without their knowledge through data exchanges. This lack of
transparency has led to growing distrust in centralized platforms.

Web3 technologies offer a solution by decentralizing data control and enabling secure
P2P data exchanges. Blockchain and smart contracts ensure that data transactions are
transparent, tamper-proof, and only accessible to authorized parties. This decentralized
approach enhances security and empowers individuals with greater control over their
data.

In the context of secure information sharing, individuals and organizations can exchange
data directly without the need for intermediaries who may exploit the data for profit. By
utilizing decentralized data exchanges, users can ensure that their data remains secure,
private, and under their control. If they choose to make their data available for
purchase, they can do so with complete transparency and knowledge, receiving the
rightful compensation for their data.
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Dashboards & Alerting

Web3 dashboarding and alerting involves monitoring and visualizing data from
decentralized networks, smart contracts, and Blockchain activities. These solutions
provide real-time insights and alerts for various metrics and events in the Web3
ecosystem. Common alerting conditions in a Web3 dashboard and alerting system can
vary depending on the specific use case, but here are some typical scenarios:

Transaction-Based Alerts
DeFi (Decentralized Finance) Applications

* Dashboarding: Monitor DeFi protocols for metrics like total value locked (TVL),
liquidity pools, lending and borrowing rates, and token prices.

* Alerting: Get notified of critical changes in DeFi markets, such as sudden drops in
TVL, liquidation events, or changes in interest rates, allowing users to respond
quickly to market conditions.

NFT Marketplaces

* Dashboarding: Monitor NFT sales, marketplace activity, floor prices, and trading
volumes across various platforms.

* Alerting: Set alerts for new listings, price changes, or significant sales in the NFT
market, helping collectors and traders stay updated on market trends.

* Large Transactions: Notify when a transaction exceeds a certain value.

* Frequent Transactions: Alert if an address makes multiple transactions within a
short period.

* Failed Transactions: Trigger alerts for failed or reverted transactions.

Smart Contract Events/Monitoring

* Dashboarding: Track the performance and activity of smart contracts, including the
number of transactions, execution times, and contract state changes.

* Alerting: Receive alerts for specific smart contract events, such as successful
executions, failed transactions, or abnormal behavior that could indicate a security
breach.

* Specific Event Triggers: Monitor for specific events emitted by smart contracts,
such as token transfers or contract updates.

* Contract Interactions: Alert when a particular contract is interacted with, especially
if it's a high-value or sensitive contract.
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Wallet Activity, Token Performance and Market Analytics

* Dashboarding: Visualize token performance with charts and metrics, including price
trends, trading volumes, market capitalization, and order book depth.

* Alerting: Set up price alerts for specific thresholds, trading volume anomalies, or
significant market moves, helping traders and investors make informed decisions.

* Balance Changes: Notify when the balance of a monitored wallet changes
significantly.

* New Tokens: Alert when new tokens are received by a wallet.

Node, Network Conditions, and Infrastructure Monitoring

* Dashboarding: Track the performance of nodes, validators, and other infrastructure
components in the Blockchain network, including uptime, response times, and
resource usage.

* Alerting: Receive alerts for node downtimes, performance degradation, or potential
issues with network connectivity or synchronization.

* Gas Price Spikes: Trigger alerts when gas prices (transactions requiring users pay
small fees called “gas” to process network activity) exceed a certain threshold.

* Network Congestion: Notify when the network is experiencing high congestion or
delays.

Security Alerts, Security and Compliance Monitoring

* Dashboarding: Monitor security-related metrics such as vulnerability scans,
contract audits, and compliance with regulatory standards.

* Alerting: Get alerts for security incidents, such as potential exploits, unauthorized
contract changes, or non-compliance with legal requirements.

* Suspicious Activity: Detect and alert on unusual patterns that might indicate a
security breach or fraud.

* Contract Vulnerabilities: Monitor for known vulnerabilities or exploits in smart
contracts.

Blockchain Network Monitoring and On-Chain Activity Monitoring

* Dashboarding: Visualize the status and performance of Blockchain networks,
including metrics like block times, transaction volumes, network latency, gas fees,
and node status. Track on-chain activity such as transaction flows, wallet
interactions, token transfers, and activity across different Blockchain networks.

* Alerting: Set up alerts for critical network events such as sudden spikes in gas fees,
network congestion, or potential security threats like double-spending attacks or
forks. Receive alerts for large or unusual transactions, wallet activity, or sudden
changes in on-chain behavior that could indicate market manipulation or security
issues.
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Custom Conditions

® Custom Metrics: Set up alerts based on custom metrics relevant to your specific
application or business needs.

* Thresholds and Limits: Define specific thresholds for various metrics and trigger
alerts when these are crossed.

Example use cases for Custom Conditions

* User Activity and Engagement Dashboarding: Analyze user behavior on
decentralized platforms, tracking metrics like active users, transaction frequencies,
and engagement with dApps.

* Alerting: Notify administrators of changes in user activity patterns, such as sudden
drops in engagement or spikes in new user registrations, helping to identify
opportunities or issues

Governance and Voting Systems

* Dashboarding: Visualize governance proposals, voting participation, and outcomes
in decentralized autonomous organizations (DAOs).

* Alerting: Notify participants of new governance proposals, voting deadlines, or
quorum thresholds to ensure active participation and governance transparency.

Tools and Platforms for Web3 Dashboarding and Alerting

* The Graph: A decentralized protocol for indexing and querying data from
Blockchains, making it easier to create dashboards for monitoring on-chain data.

* Dune Analytics: A platform that allows users to create custom dashboards and
queries for Blockchain data, with a focus on DeFi metrics.

* Etherscan: Provides APIs and data for monitoring Ethereum transactions, smart
contracts, and tokens.

* Chainlink: Offers decentralized oracles that can feed real-time data into
dashboards and trigger alerts based on predefined conditions.

* Tenderly: A platform for monitoring, debugging, and alerting smart contracts, with
features tailored for developers and operations teams.

® Zapper: A dashboarding tool for tracking DeFi investments and wallet activities
across multiple protocols and platforms.

¢ Arkham Intelligence: A platform tool for analyzing Blockchain footprints with known
entities or addresses [20].

* Aragon: Low and no-code tooling for establishing DAOs with board governance,
voting, proposals, and treasury management.

* OpenZepplin: Platform for smart contract auditing and Blockchain defender toolkit.

* DefiLlama: Dashboards for financial analytics across all major DeFi protocols and
Blockchains.
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These tools help create comprehensive dashboards that provide real-time insights into
Web3 activities and alerting mechanisms to respond to important events swiftly.

SELECT USE CASES OF IMPACT

Secure information sharing using Blockchain and Web3 technologies has numerous
industry use cases of impact. Any industry or individual sending sensitive information
that they need assurance hasn’t been hacked or tampered will benefit from this
approach. Here are some select examples below:

Healthcare

* Patient Data Management: Blockchain can create secure, immutable records of
patient data, enabling authorized parties to access and share information without
compromising privacy.

¢ Clinical Trials: Smart contracts can streamline the process of managing consent
and tracking participant data, ensuring transparency and trust among stakeholders.

Supply Chain Management

* Traceability: Blockchain can provide a transparent ledger for tracking products
from origin to consumer, enhancing accountability and reducing fraud.

¢ Verification of Authenticity: Companies can verify the authenticity of goods (e.g.,
luxury items, pharmaceuticals) through secure information sharing on a
decentralized network.

Finance and Banking

* Cross-Border Payments: Blockchain facilitates secure and efficient cross-border
transactions, reducing the need for intermediaries and lowering costs.

¢ Digital Identity Verification: Financial institutions can use Blockchain for secure
identity verification, reducing fraud and enhancing KYC processes.

Real Estate

* Property Title Management: Blockchain can securely store property titles, making
transfers transparent and reducing disputes over ownership.

* Smart Contracts for Transactions: Real estate transactions can be automated
using smart contracts, ensuring that conditions are met before funds are released.
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Government and Public Sector

¢ Digital Identity Management: Governments can implement Blockchain for secure
citizen identity verification, improving access to services and reducing fraud.

* Voting Systems: Blockchain can create secure, transparent voting systems that
enhance trust in electoral processes.

Telecommunications

® Secure Data Sharing: Telecom companies can use Blockchain to share customer
data securely between networks, ensuring privacy and compliance with regulations.

* Fraud Prevention: Blockchain can help in identifying and preventing fraudulent
activities, such as SIM card cloning.

Energy and Utilities

* Peer-to-Peer Energy Trading: Blockchain can facilitate decentralized energy
trading among consumers, allowing for secure sharing of energy usage data.

* Renewable Energy Certificates: Secure tracking of renewable energy certificates
can be managed on a Blockchain, ensuring transparency and reducing fraud.

Insurance

¢ Claims Processing: Smart contracts can automate claims processing, ensuring that
claims are paid out when predetermined conditions are met, thus speeding up the
process and reducing costs.

* Fraud Detection: Blockchain can provide a secure way to share information about
claims and payouts among insurers, helping to detect and prevent fraud.

Education

® Credential Verification: Blockchain can securely store and share educational
credentials, making it easier for employers to verify qualifications without risk of
forgery.

* Decentralized Learning Records: Learners can maintain a secure, immutable
record of their educational achievements, which can be shared with institutions or
employers.

Media and Content Creation

* Copyright Protection: Creators can use Blockchain to establish ownership and
rights to their work, enabling secure sharing and licensing.
* Transparent Royalties: Smart contracts can automate royalty payments, ensuring
that creators receive fair compensation for their work.
3is:
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These use cases illustrate the diverse applications of secure information sharing
through Blockchain and Web3 technologies across various industries. By leveraging
these solutions, organizations can enhance transparency, security, and efficiency in
their operations.

BROADER IMPACTS

Web3, often described as the next evolution of the internet, represents a convergence
of innovative technologies that are fundamentally reshaping our digital landscape. At its
core lies the concept of digital ownership, a principle that is rapidly gaining significance
as individuals and organizations alike recognize the need to reframe their understanding
of identity and assets in the digital realm. This shift is transforming the fabric of secure
information sharing into a complex, multidimensional cybersecurity challenge.

The emergence of Webg3 technologies, particularly Blockchain and decentralized
systems, heralds a new era of information integrity and secure data exchange. These
advancements offer robust solutions for notarizing and verifying information sources,
necessitating the development of new trust protocols in our increasingly cyber-
dominant world. This paradigm shift extends beyond mere technological innovation; it
touches upon the very essence of free speech and the unimpeded flow of verified
information.

In a landscape plagued by sophisticated cyber threats such as deep fakes, spoofing,
and sim swaps, Web3 technologies provide a framework for creating immutable records
and verifiable credentials. This not only safeguards against various forms of digital
manipulation but also empowers entities to maintain control over their data and digital
identities. The decentralized nature of Web3 introduces a new paradigm in data
ownership and privacy, putting power back into the hands of individuals and paving the
way for new economic models based on data sovereignty.

The implications of this shift are far-reaching, impacting sectors from journalism and
healthcare to scientific research. Web3 offers tools to combat misinformation,
revolutionize patient data management, and facilitate more open and transparent
collaboration in various fields. However, this transition is not without challenges.

It necessitates a fundamental rethinking of digital literacy and cybersecurity education
at all levels of society, extending to policymakers who must grapple with the legal and
ethical implications of a decentralized digital ecosystem. It is crucial to remain vigilant
and adaptive.
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The journey toward this new digital frontier is complex, but it holds the potential to
reshape our world in profoundly positive ways. By addressing fundamental issues of
trust, authenticity, and ownership in the digital space, Web3 technologies are laying the
groundwork for a more equitable and secure internet, safeguarding the free flow of
information while empowering individuals in the digital age.

RISKS, FINANCIAL IMPACT & RECOMMENDATION

Using Web3 solutions and approaches for secure information sharing offers several
potential benefits, but it also comes with distinct risks and financial implications. Here's
an overview of the current risks and financial impacts associated with these
technologies:

Risks

* Security Vulnerabilities: Smart Contract Bugs: Web3 relies heavily on smart
contracts, which can have coding errors that lead to vulnerabilities and exploits.

* Decentralized Storage Risks: While decentralized storage enhances security, it may
also expose data to unauthorized access if not properly configured.

* Regulatory Uncertainty: The regulatory environment for Web3 technologies is still
evolving. Compliance with data protection laws (like GDPR) can be complex and
costly.

¢ Scalability Issues: Many Web3 solutions face scalability challenges, leading to
slower transaction speeds and increased costs during peak times.

* User Experience: The complexity of using Web3 technologies can deter users,
potentially leading to errors in data sharing and handling.

* Interoperability: Different Blockchain protocols may not work well together,
complicating information sharing across platforms.

* Network Dependability: Web3 solutions rely on network nodes. If a significant
number go offline, the system'’s reliability may be compromised.

Financial Impact

¢ Initial Investment Costs: Implementing Web3 solutions often requires significant
upfront investment in technology, training, and infrastructure.

* Transaction Fees: Depending on the Blockchain used, transaction fees can vary
widely. High demand can lead to increased costs.

* Ongoing Maintenance Costs: Continuous updates, security audits, and
management of decentralized applications (dApps) can incur ongoing expenses.
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* Market Volatility: If a business relies on cryptocurrencies for transactions, they
expose themselves to market volatility, which can affect financial planning and
stability.

* Potential for ROI: While there are risks, successful implementation of Web3 can
lead to cost savings through improved efficiency and reduced reliance on
intermediaries, potentially leading to a positive return on investment.

Recommendation

While Web3 solutions provide innovative ways to enhance secure information sharing,
organizations must carefully weigh these risks against potential financial benefits. A
thorough risk assessment, regulatory compliance plan, and robust security measures
can help mitigate some of these challenges while leveraging the advantages that Web3
offers. Every day these risks decline and it's imperative that those handling any
sensitive information look into Web3 as a sound solution to mitigate unwanted
communication breaches.
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