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Bitcoin+ Security™ (5 Days)
Program Detailed Curriculum

Executive Summary
The Bitcoin+ Security Certificate program provides an in-depth exploration of Bitcoin security, covering
fundamental cryptographic principles, blockchain ledger security, and consensus protocols like Proof of
Work. Participants will delve into Bitcoin scripting, transaction security, and network protocol security,
while also learning best practices for wallet security and understanding various exploits and vulnerabilities.
The course addresses the legal and regulatory landscape, examines emerging threats such as quantum
computing, and highlights innovations shaping the future of Bitcoin security. By emphasizing
comprehensive security policies, risk management, and continuous education, this program equips
students, professionals, and enthusiasts with the knowledge and skills to navigate and innovate in the
dynamic field of Bitcoin security.

Course Prerequisites
Interest in understanding the advancements in the field of Bitcoin.

Willingness to gain knowledge of Bitcoin’s structure, functionality, and blockchain principles.

Proficiency in any programming language (e.g., Python, C++, JavaScript) is preferred, but not mandatory.

Introduction to Bitcoin and Cryptocurrencies

1.1 Overview of Bitcoin

History of Bitcoin Blockchain: Pointwise Explanation of Different Phases: Covers the chronological development
of Bitcoin, including its creation, early adoption, major technological milestones, significant forks, and key regulatory
and market events.

Philosophical and Technological Motivations Behind Bitcoin Proposition: Covers the ideological drive for
decentralization, financial sovereignty, privacy, and the technological push for secure, transparent, and tamper-
resistant systems.

Core Concepts - Blockchain Structure, Mining, Decentralized Nature (Consensus): Covers the architecture of
blockchain, the process of mining for transaction validation, and the role of consensus mechanisms in maintaining
decentralization and security.

Introduction to Cryptocurrencies: Covers the fundamental concept of digital currencies, their decentralized nature,
underlying blockchain technology, and the basic differences from traditional fiat currencies.

1.2 Fundamentals of Cryptocurrencies

Types of Cryptocurrencies: Discusses various categories such as altcoins, privacy coins, stablecoins, DeFi tokens,
and utility tokens, highlighting their distinct features and use cases.



Cryptographic Hashing: Covers the process of converting data into a fixed-size hash value for integrity and security.
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1.3 Key Cryptographic Concepts

Bitcoin Blockchain Ledger Security

2.1 Integrity and Authentication in the Blockchain

Hashing and Immutability: Ensures data integrity and prevents tampering through unique hash values and
iterative hashing.

Authentication and Authorization with Digital Signatures and Public Key Cryptography: Authenticates users
and transactions, providing secure authorization and ensuring data integrity.

2.2 Block Mining and Security Implications

2.3 Merkle Trees and Block Integrity

Security Implications and Defensive Measures: Address mining-related security risks through network consensus
and chain reorganization to maintain blockchain integrity.

Efficiency and Compact Representation: Merkle trees enable efficient and compact verification of large data sets,
reducing the amount of data needed for validation.

Integrity and Tamper-Evidence: Provide a tamper-evident structure that ensures the integrity of blocks, making
any alterations easily detectable.

Technical Aspects and Source Code: Understand and implement mining pool operations and chain reorganization
techniques to ensure a secure and decentralized blockchain. Cryptography: Authenticates users and transactions,
providing secure authorization and ensuring data integrity.

Public Key Cryptography: Covers the use of paired public and private keys for secure communication and
transaction authentication.

Consensus Protocols and Security
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3.1 Proof of Work (PoW) Mechanism

Proof of Work and Fraud Prevention: PoW ensures agreement on a single blockchain and prevents fraudulent
activities by requiring significant computational effort to add blocks.

Mining and Block Validation: Miners validate transactions and add blocks to the blockchain, adhering to the
longest chain rule to maintain consistency.

Decentralized Trust and Chain Reorganization: Trust is maintained in a decentralized environment through
network consensus and chain reorganization to correct inconsistencies.

3.2 Security Benefits and Limitations of PoW

Spam and DoS Resistance: The high computational cost of PoW deters spam and denial-of-service attacks,
ensuring network reliability.

Immutability and Chain Rewriting Difficulty: The difficulty of altering the blockchain ensures data integrity and
prevents unauthorized changes.



3.3 Alternative Consensus Mechanisms (Proof of Stake, Delegated Proof of Stake, etc.)

Proof of Stake (PoS) and Benefits: PoS selects validators based on their stake in the network, offering energy
efficiency and reduced centralization risks.

Delegated Proof of Stake (DPoS) and Benefits: DPoS uses elected delegates to validate transactions, improving
scalability and transaction speed.

Decentralization and Distributed Control: PoW supports decentralized control, preventing any single entity from
dominating the network.

Bitcoin Scripting and Transaction Security
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4.1 Introduction to Bitcoin Script

Basic Constructs: Fundamental building blocks like operations and commands used to create transactions.

Execution Flow: The process by which the Bitcoin network validates and executes scripts to ensure transaction
validity.

4.2 Script Types and Their Functions

Pay-to-Public-Key-Hash (P2PKH): A common script type that locks transactions to a specific public key hash,
requiring the corresponding private key for unlocking.

Pay-to-Script-Hash (P2SH): Allows complex scripts to be used by referencing a hash of the script, enabling multi-
signature and custom transaction conditions.

4.3 Security Risks in Scripting

Transaction Malleability in the Bitcoin Blockchain: Transaction malleability allows altering a Bitcoin transaction's
hash by modifying its signature without changing the transaction content.

Segregated Witness (SegWit): Prevents such issues by restructuring transactions and separating signatures from
the data.

3.4 51% Attacks: Risks and Protections

Understanding 51% Attacks: Risks and Protections: Understanding and mitigating 51% attacks through
decentralization, network monitoring, and robust consensus rules to ensure network security.

4.4 Advanced Scripting Techniques

Advanced Scripting Techniques: Advanced scripting techniques in Bitcoin involve creating complex transaction
conditions using Bitcoin Script, enabling functionalities like multi-signature transactions, atomic swaps, and time-
locked transactions.

Security Implications of Bitcoin Script CheckLockTimeVerify (CLTV): CheckLockTimeVerify (CLTV) enhances
Bitcoin security by enabling time-locked transactions, preventing funds from being spent until a specified future
time, but improper implementation can lead to vulnerabilities and potential loss of funds.



Bitcoin Network Protocol Security
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5.1 Network Nodes and Network Topology

5.2 Data Transmission Security (Encryption and Propagation)

5.3 Sybil Attacks and Defenses

Bitcoin Network Protocol Security: Detailed technical explanations of Bitcoin network protocol security, focusing
on how the protocol ensures secure transactions and network integrity.

Data Transmission Security: Data transmission security in the Bitcoin network involves encryption techniques to
protect data integrity and confidentiality during propagation.

Sybil Attacks and Defenses: Understanding Sybil attacks in the Bitcoin network, where attackers create multiple
fake identities to gain control and disrupt the network.

Network Nodes and Network Topology: Description of different node types—full nodes that validate transactions,
lightweight (SPV) nodes that verify transactions using simplified payment verification, mining nodes that add new
blocks to the blockchain, and other specialized nodes—within the Bitcoin network topology.

Encryption Techniques: Using Transport Layer Security (TLS) and Elliptic Curve Cryptography (ECC) to secure
communications between nodes in the Bitcoin network.

Defensive Mechanisms Against Sybil Attacks in Bitcoin: Implementing defensive mechanisms such as Proof-of-
Work (PoW), node diversity, and peer randomization to mitigate the risk of Sybil attacks.

Security Implications: Analysis of how the structure and interaction of various node types impact the overall
security and robustness of the Bitcoin network.

Protocol-Level Security Features: Protocol-level security features include the Bitcoin protocol handshake, message
verification, and propagation methods like flooding and inventory (inv) messages to ensure secure and efficient data
transmission.

Additional Defense Strategies: Using rate limiting and banning to further protect the Bitcoin network from the
effects of Sybil attacks.

5.4 The Role of Network Nodes in Security

Network Nodes in Bitcoin: Discover the vital security roles of Bitcoin network nodes and examine real-world
examples showcasing their critical functions in maintaining blockchain integrity.

Upholding Blockchain Security: Investigate strategies and practices for upholding blockchain security, focusing on
the mechanisms that protect against vulnerabilities and ensure the robustness of blockchain systems.

Bitcoin Wallet Security
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6.1 Types of Wallets (Hot Wallets, Cold Storage)

Hot Wallets: Hot wallets offer benefits like easy access and convenience but come with risks such as vulnerability to
online attacks; examples include mobile and web wallets.

Cold Storage: Cold storage provides enhanced security by being offline, reducing the risk of hacking, but is less
convenient for frequent transactions; examples include hardware wallets and paper wallets.



6.2 Security Features of Wallets (Seed Phrases, Multi-factor Authentication)

Bitcoin Wallet Security: Detailed technical explanations of Bitcoin wallet security, highlighting essential features
and mechanisms to protect user funds.

Seed Phrases: Seed phrases generate wallet private keys and provide a secure backup method, but must be stored
carefully to avoid loss or theft.

Multi-Factor Authentication (MFA): MFA enhances wallet security by requiring multiple verification methods, such
as passwords and biometric factors, to access funds.

Known Exploits and Vulnerabilities
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7.1 Double Spending

Bitcoin exploits and vulnerabilities include double spending, which occurs when the same bitcoin is spent more
than once due to conditions like network latency, but can be prevented with mechanisms such as confirmations
and proof-of-work, illustrated by real-world examples.

7.2 Race Attacks

Bitcoin's vulnerabilities include race attacks, which exploit transaction confirmation delays to double-spend by
broadcasting conflicting transactions before confirmation, preventable with stricter confirmation requirements and
secure methods, as illustrated by merchants losing funds from zero-confirmation transactions.

Real-World Examples and Situations: Practical instances where seed phrases and MFA protect against
unauthorized access and common pitfalls to avoid.

6.3 Best Practices for Wallet Security

Best Practices for Wallet Security: Implementing regular software updates, using strong, unique passwords, safely
storing and handling seed phrases, and recognizing and avoiding phishing attacks.

6.4 Hardware Wallets and Their Security Implications

Bitcoin Hardware Wallet Security: Bitcoin wallet security involves using hardware wallets for enhanced protection,
implementing regular software updates, creating strong, unique passwords, safely storing and handling seed
phrases, and recognizing and avoiding phishing attacks.

7.3 Finney Attacks

A Finney attack involves pre-mining a transaction block and spending the same Bitcoin in a new transaction before
broadcasting the pre-mined block, resulting in double-spending.

7.4 Vector76 Attack

A Vector76 attack combines elements of race attacks and Finney attacks to double-spend by pre-mining a
transaction block and exploiting confirmation delays in a merchant's transaction.

7.5 Analysis of Major Historical Exploits (e.g., The Mt. Gox Hack)

The Mt. Gox Hack (2014): The Mt. Gox hack involved the theft of 850,000 Bitcoins, leading to the exchange's
bankruptcy and significant financial losses for users.

Bitfinex Hack (2016): The Bitfinex hack resulted in the loss of 120,000 Bitcoins due to security breaches in the
exchange's multi-signature wallets.
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Regulatory and Legal Security Considerations

8.1 Impact of Regulations on Bitcoin Security

Regulatory and Legal Security Considerations: Regulations impact Bitcoin security by shaping legal frameworks
and compliance requirements.

Positive Impacts of Bitcoin and Crypto Regulation: Regulations enhance transparency, accountability, and
investor protection, ensuring safer market practices.

Restricted Innovation and Usage Limitations: Excessive regulations can hinder innovation and limit the use of
Bitcoin and cryptocurrencies.

8.2 KYC (Know Your Customer) and AML (Anti-Money Laundering) Compliance

8.3 Legal Challenges in Different Jurisdictions

KYC and AML Compliance in Bitcoin Blockchain Regulation: Compliance with KYC and AML rules ensures that
Bitcoin transactions are monitored to prevent illicit activities.

Bitcoin Regulatory and Legal Security Considerations: Bitcoin faces diverse legal challenges and compliance
issues across different jurisdictions, illustrated by case studies and legislative debates.

Impact on Privacy and Security: KYC and AML measures enhance security but can compromise user privacy.

Real-World Example: Exchanges implementing KYC and AML can detect and prevent money laundering and fraud,
as seen in numerous regulatory crackdowns.

Parity Wallet Hack (2017): The Parity Wallet hack saw $30 million worth of Ethereum stolen due to a vulnerability in
the wallet's smart contract code.

Coincheck Hack (2018): The Coincheck hack involved the theft of $530 million worth of NEM coins, attributed to
inadequate security measures on the exchange.

Bitcoin Regulations by Region: The U.S., EU, and Japan each have distinct regulations affecting Bitcoin's legal
status, market impact, and real-world applications.
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Emerging Threats and Future Security Trends

9.1 Quantum Computing Threats to Cryptography

Quantum Computing Threats to Cryptography: Quantum computing poses significant risks to current
cryptographic systems by potentially breaking widely used encryption algorithms.

Shor's Algorithm: Shor's Algorithm can efficiently factor large numbers, which threatens the security of RSA
encryption, a cornerstone of modern cryptography.

Grover's Algorithm and Its Implications: Grover's Algorithm can speed up the search for cryptographic keys,
reducing the time needed to break symmetric encryption algorithms by a quadratic factor.

Quantum-Resistant Cryptography and Future Preparedness: Developing and transitioning to quantum-resistant
cryptographic algorithms is crucial for maintaining data security in the advent of quantum computing.



9.2 Potential Future Network Vulnerabilities

Eclipse Attacks: Eclipse attacks isolate a Bitcoin node by monopolizing its peer connections, allowing the attacker
to control the node's view of the blockchain.

Routing Attacks: Routing attacks intercept and manipulate Bitcoin network traffic, such as through BGP hijacking,
disrupting communication and potentially leading to double-spending or network partitioning.

9.3 Innovations in Blockchain Security (Layer 2 Solutions, Sharding)

9.4 Impact of Global Regulatory Changes on Security

Layer 2 Solutions for Bitcoin Security: Layer 2 solutions, like the Lightning Network, enhance Bitcoin's scalability
and security by enabling faster and cheaper transactions off the main blockchain.

Sharding for Bitcoin Security: Sharding partitions the Bitcoin blockchain into smaller, manageable segments,
improving transaction throughput and security by reducing the load on each node.
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Best Practices and Security Strategies

10.1 Developing a Comprehensive Security Policy

Creating a Comprehensive Security Policy for Cryptocurrency Organizations: Developing a security policy
involves defining objectives, establishing governance, and detailing response strategies to safeguard against
security breaches.

10.2 Risk Assessment and Management in the Bitcoin Space

Identifying Specific Cryptocurrency Risks: The module will cover identifying risks associated with cryptocurrency
transactions, wallet security, and exchange operations.

Strategies for Mitigating Cryptocurrency Risks: Participants will explore strategies for mitigating risks, including
dynamic risk management frameworks to adapt to emerging threats.

10.3 Security Auditing and Penetration Testing

Security Auditing in Cryptocurrency: Participants will explore techniques and tools to audit security systems and
assess vulnerabilities within Bitcoin and cryptocurrency environments.

Penetration Testing Techniques: The session will cover methods for simulating attacks on network infrastructures
to identify and address weaknesses.

Anti-Money Laundering (AML) and Know Your Customer (KYC) Requirements: Explore the critical Anti-Money
Laundering (AML) and Know Your Customer (KYC) requirements, essential for preventing financial crimes and
ensuring compliance in financial institutions.
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Research and Innovations in Bitcoin Security

11.1 Ongoing Research in Cryptographic Techniques

Advancements in Cryptographic Techniques: Explores the latest developments in encryption and hashing
algorithms crucial for Bitcoin and cryptocurrency security.



Quantum-Resistant Cryptography: Examines the progress in creating cryptographic methods resilient to the
potential threats posed by quantum computing.

11.2 Upcoming Bitcoin Protocol Upgrades

Anticipated Bitcoin Protocol Upgrades: Learners will explore upcoming changes to the Bitcoin protocol for better
security, scalability, and efficiency.

11.3 Case Studies of Recent Security Enhancements

Examines recent case studies showcasing security improvements in the Bitcoin ecosystem.

11.4 The Role of Open Source in Security Improvements

Role of Open-Source Software in Bitcoin Security: Explores how open-source software drives security
improvements in the Bitcoin community.

Bitcoin+ Security Detailed Curriculum Date Issued: 20/01/2024
Version: 1.1


