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In the realm of cryptography and cybersecurity, Message Authentication Codes (MACs) play a vital
role in ensuring data integrity and authenticity. They act as cryptographic checksums that verify
whether a message has been altered during transmission or storage. Imagine a scenario where you
have access to a MAC value, denoted as X, and you also know the secret key K that was used to
generate this MAC. However, you do not know the original message M associated with this MAC. This
situation raises intriguing questions about what can be inferred or achieved under these
circumstances. Understanding this scenario is essential for both cryptographers aiming to analyze the
strength of MACs and security professionals working to safeguard systems.

In this article, we explore the implications of knowing the MAC value X and the key K without knowing
the original message M. We delve into the underlying cryptographic principles, potential attack
vectors, and the significance of such knowledge in real-world security contexts. Whether you're a
cybersecurity researcher, a developer implementing secure protocols, or a student studying
cryptography, gaining insight into this scenario will deepen your understanding of MAC security and
cryptographic vulnerabilities.

---

Understanding Message Authentication Codes (MACs)

Before examining the specific scenario, it is essential to understand what MACs are, how they are
generated, and their security properties.

What is a MAC?
A Message Authentication Code (MAC) is a short piece of information — typically a fixed-size string —
generated from a message and a secret key. It serves as a cryptographic checksum that
authenticates the message's origin and confirms its integrity. Formally, a MAC function is defined as:

\[ \text{MAC} = \text{MAC}_K(M) \]

where:
- \( M \) is the message,
- \( K \) is the secret key,
- \( \text{MAC}_K(M) \) is the MAC computed using key \( K \).

Anyone with the key can generate the MAC for a message, but only someone with the key can verify



that a MAC corresponds to a specific message.

Common MAC Algorithms
Some widely used MAC algorithms include:
- HMAC (Hash-based Message Authentication Code)
- CMAC (Cipher-based Message Authentication Code)
- UMAC and VMAC (Universal MACs)

These algorithms differ in their construction but share the core purpose of providing message
integrity and authenticity.

Security Properties of MACs
For a MAC to be considered secure, it must satisfy:
- Unforgeability: Without knowing the secret key, it should be computationally infeasible to produce a
valid MAC for any message.
- Collision Resistance: It should be hard to find two different messages with the same MAC.
- Key Secrecy: The MAC should not leak any information about the secret key.

---

The Scenario: Knowing MAC X, Key K, but Not the
Message M

Let us formalize the scenario:
- You have a MAC value, \( X = \text{MAC}_K(M) \), where \( M \) is unknown.
- You know the key \( K \).
- You do not know the original message \( M \).

This situation can occur in various contexts, such as:

- Cryptographic analysis: A security researcher has access to a MAC and the key but not the message,
aiming to understand the MAC's properties.
- System security: An attacker intercepts a MAC and knows the key (e.g., due to key compromise) but
not the message.
- Protocol debugging: Developers have the MAC and key but lack the original message for verification
or testing.

Understanding what can be deduced or achieved in these circumstances is crucial.

---



Implications of Knowing the MAC and the Key

Knowing the MAC value \( X \) and the secret key \( K \) can have several implications, depending on
the context.

1. Ability to Verify or Reproduce the MAC for a Known
Message
- If the message \( M \) is known, then verifying the MAC is straightforward:
\[ \text{Verify} \quad X \stackrel{?}{=} \text{MAC}_K(M) \]
- If the message \( M \) is unknown, then verification is impossible unless additional information is
available.

2. Generating MACs for New Messages
- With the key \( K \), one can generate MACs for any message \( M' \):
\[ X' = \text{MAC}_K(M') \]
- This ability underscores the importance of keeping the key secret to prevent forgery.

3. Re-deriving or Inferring the Message \( M \)
- The key question: Given \( X \), \( K \), but not \( M \), can we find \( M \)?
- This depends heavily on the properties of the MAC algorithm:
- If the MAC is invertible or has vulnerabilities, it might be possible to deduce \( M \).
- If the MAC is cryptographically secure, then recovering \( M \) from \( X \) and \( K \) should be
computationally infeasible.

---

Cryptanalytic Perspectives: Can You Find the Original
Message?

Understanding whether it is possible to recover \( M \) from \( X \) and \( K \) involves analyzing the
specific MAC construction.

1. Theoretical Possibility
- For most cryptographically secure MACs, the process is designed to be one-way:
- Given \( M \), it's easy to compute \( X \).
- Given \( X \) and \( K \), it's computationally infeasible to recover \( M \).
- Therefore, in theory, knowing \( X \) and \( K \) does not help in recovering \( M \).



2. Potential Vulnerabilities and Attacks
- Length extension attacks (applicable to certain hash-based MACs like HMAC with MD5 or SHA-1):
- If the MAC construction is susceptible, an attacker with \( X \), \( K \), and \( M \) might extend the
message.
- However, without \( M \), such attacks are less relevant unless the MAC is poorly designed.
- Key recovery attacks:
- If the MAC algorithm is weak, it might leak information about \( K \), but not necessarily about \( M \).

3. Practical Feasibility of Reversing the MAC
- For secure MACs, reversing the process to find \( M \) from \( X \) and \( K \) is designed to be
computationally infeasible.
- In cryptography, this is akin to the concept of pre-image resistance.

---

Real-World Implications and Security Considerations

Understanding the scenario where you know \( X \) and \( K \), but not \( M \), has practical
significance.

1. Security of the MAC Scheme
- The inability to recover \( M \) from \( X \) and \( K \) demonstrates the strength of the MAC.
- If an attacker can find \( M \) easily, the MAC scheme is insecure.

2. Key Confidentiality
- Knowing \( K \) generally allows for generating valid MACs for any message but does not necessarily
reveal \( M \).
- Protecting \( K \) is critical to prevent forgery.

3. Message Confidentiality vs. Integrity
- MACs provide message integrity and authenticity but do not hide the message content.
- If confidentiality is required, encryption should be used alongside MACs.

4. Attack Vectors in Practice
- If an adversary intercepts \( X \) and knows \( K \), they can generate MACs for malicious messages,
leading to impersonation.
- If \( M \) is known, the MAC serves as proof of authenticity.

---



Conclusion: What Can Be Inferred and What Cannot?

In summary, knowing a MAC value \( X \) and the secret key \( K \) but not the original message \( M \)
provides limited information:

- What you can do:
- Generate MACs for any message using \( K \).
- Verify if a given message's MAC matches \( X \) (if you suspect the message is \( M \) or have
candidate messages).
- Assess the security of the MAC scheme based on its resistance to inversion or forgery.

- What you cannot do:
- Recover the original message \( M \) solely from \( X \) and \( K \) if the MAC is secure.
- Deduce any meaningful information about \( M \) without additional data.

This scenario underscores the importance of designing cryptographic primitives with robust security
properties, ensuring that knowledge of a MAC and the key does not compromise the confidentiality of
the message or enable message recovery.

---

Final Thoughts

Understanding the implications of knowing a MAC value and the key, but not the message, is
fundamental in cryptography. It highlights the importance of secure MAC algorithms that resist
inversion and forgery. For security professionals, it emphasizes the necessity of safeguarding keys
and understanding the limitations and strengths of cryptographic primitives. For cryptographers, it
provides insight into how to

Frequently Asked Questions

What should I do if I know the MAC value X and the key K
used to compute it, but I do not know the original message?
If you know the MAC value X and the key K, but not the message, you cannot directly retrieve the
message from the MAC since MACs are designed to be one-way functions. To verify or retrieve the
message, you need access to the message itself or the process used to generate the MAC.

Can knowing the MAC and key help in recovering the original
message?
No, knowing the MAC value and key alone does not allow you to recover the original message, as MAC
functions are cryptographic hash functions designed to be irreversible. The MAC confirms message
authenticity, not reveal the message itself.



Is it possible to forge a message if I only know the MAC value
X and the key K?
If you know the key K, you can generate valid MACs for any message, effectively forging MACs.
However, if you only know the MAC and not the key, forging a valid MAC for a new message without
the key is computationally infeasible if the MAC algorithm is secure.

What are the security implications if someone knows the MAC
value and the key used?
Knowing both the MAC value and the key compromises the integrity and authenticity guarantees
provided by the MAC. It allows an attacker to generate valid MACs for any message, undermining the
security purpose of message authentication.

How can I verify a message if I only have the MAC value X and
the key K?
To verify a message, you need both the message and the MAC. Using the key K, compute the MAC of
the received message; if it matches X, the message is authentic. Without the message, verification
isn't possible.

What precautions should I take if I suspect the MAC key K has
been compromised?
If you suspect the key K has been compromised, you should immediately revoke the key, generate a
new key, and re-authenticate all messages with the new key. Also, investigate the breach to prevent
future compromises.

Additional Resources
Suppose That You Know A Mac Value X And The Key K That Was Used To Compute The Mac, But You
Do Not Know — this scenario presents a fascinating challenge in the realm of cryptography, especially
in message authentication codes (MACs). Understanding what can be inferred or reconstructed from
known MAC values and keys, without having access to the original message, is critical for both
security analysis and potential vulnerability assessment. In this guide, we will explore the
implications, methodologies, and potential strategies related to such a situation, providing a
comprehensive overview for security professionals, cryptographers, and enthusiasts alike.

---

Introduction: The Significance of Known MACs and Keys

Message Authentication Codes (MACs) are fundamental cryptographic primitives used to verify both
the integrity and authenticity of messages. They are generated using a secret key (K) and a message
(M), producing a fixed-size output (X), often called the MAC value.

Suppose That You Know A Mac Value X And The Key K That Was Used To Compute The Mac, But You



Do Not Know the original message. This scenario raises important questions:

- What information can you infer about the original message?
- Can you forge or verify new messages?
- Is it possible to reverse-engineer or deduce the message from the MAC and key?
- What are the security implications if such a situation occurs?

Understanding these questions helps in assessing the robustness of a MAC scheme, identifying
potential vulnerabilities, and designing more secure authentication mechanisms.

---

Fundamental Assumptions and Context

Before delving into the analysis, it’s essential to clarify the scenario's assumptions:

- Known MAC value (X): The output of the MAC function, which is a fixed-length digest.
- Known key (K): The secret key used in MAC computation.
- Unknown message (M): The original message that produced the MAC.
- Type of MAC function: The specifics of the MAC scheme (e.g., HMAC with SHA-256, CMAC with AES,
etc.) influence the analysis.
- Computational resources: Whether the attacker or analyst has unlimited computational power or
faces practical constraints.

Given these assumptions, our goal is to analyze what can be derived from the known MAC value and
key, and whether the message itself can be recovered or reconstructed.

---

Theoretical Foundations and Security Guarantees of MACs

1. MAC Construction and Security Properties

Most MAC schemes aim to satisfy two key properties:

- Unforgeability: Without knowledge of the key, it should be infeasible to produce a valid MAC for any
message.
- Collision Resistance: It should be difficult to find two different messages that produce the same MAC.

2. Implications of Knowing the Key and MAC

If the key (K) is known, the MAC's security implications change dramatically:

- Reversibility: Most secure MACs are designed to be non-invertible, meaning knowing the MAC and
key does not allow you to recover the message.
- Forgery: With knowledge of the key, generating valid MACs for new messages is straightforward, but
reconstructing the original message from the MAC alone is generally infeasible unless the MAC
scheme has vulnerabilities.

3. Is the MAC Scheme Reversible?



In cryptographic practice, MAC functions like HMAC, CMAC, or CBC-MAC are designed to be one-way
functions. Therefore, knowing the MAC and key does NOT typically enable the attacker to invert the
MAC to find the original message.

---

Can You Recover the Message? Analysis and Limitations

1. General Case: MACs Are One-Way

In standard cryptographic practice:

- The MAC function is a cryptographic hash or block cipher-based operation that is computationally
infeasible to invert.
- Without additional information or a known message, knowing the MAC value and key does not allow
you to recover the original message.

2. Special Cases and Potential Vulnerabilities

However, certain circumstances or weaknesses could alter this:

- Weak or broken MAC schemes: If the MAC construction has known vulnerabilities, such as length
extension attacks or structural weaknesses, it might be possible to infer parts of the message or even
recover it.
- Predictable or weak message formats: If the message has a predictable structure or limited
variability, an attacker might attempt brute-force or guess-based approaches.
- Known message prefixes or partial information: If parts of the message are known or can be
guessed, they can be verified against the MAC to confirm or refine hypotheses.

3. Practical Approaches to Inferring the Message

While in theory, recovering the message is impossible in a secure MAC scheme, practical strategies
include:

a. Dictionary and Brute-force Attacks
- If the message space is small or predictable, an attacker could try all possible messages, compute
their MACs with the known key, and compare with the known MAC value.
- Limitations: Only feasible for small message spaces or known message formats.

b. Exploiting Weaknesses or Structural Flaws
- Certain MAC modes (e.g., improperly implemented CBC-MAC) are vulnerable to extension or collision
attacks, which can sometimes be exploited to deduce message parts.
- Example: Length extension attacks on hash-based MACs like HMAC can sometimes reveal
information about the original message.

c. Side-Channel or Implementation Attacks
- In some scenarios, side-channel attacks (timing, power analysis) might leak information about the
message content when processing the MAC.

---



Security and Forensic Implications

1. If You Know the MAC and Key, What Are Your Capabilities?

- Forge Valid Messages: Yes, if you know the key, you can generate the MAC for any message.
- Verify Messages: You can verify any message you generate against the MAC.
- Recover Original Message: No, unless the MAC scheme is compromised or has vulnerabilities.

2. What If the Key Is Unknown?

This scenario is more typical in security breaches:

- Without the key: The MAC value alone provides no information about the message, assuming a
secure MAC.
- With the MAC and a known key: The attacker can produce valid MACs for arbitrary messages but
cannot determine the original message from the MAC alone.

3. Practical Security Considerations

- Key management: Protecting the key is paramount; knowledge of the key compromises the integrity
and authenticity guarantees.
- MAC scheme choice: Use well-vetted, cryptographically secure MAC algorithms to prevent
vulnerabilities.
- Message confidentiality: Since MACs do not encrypt messages, confidentiality must be handled
separately.

---

Strategies for Handling Such Scenarios

1. Verifying Authenticity

If you possess the key and MAC:

- Verification is straightforward: Compute the MAC over the message and compare.
- Reconstruction of the message: Not feasible unless the message is known or can be guessed.

2. Forensic Analysis

In forensic or security breach investigations:

- Assess whether the MAC scheme has vulnerabilities.
- Attempt brute-force attacks if message space is small.
- Check for implementation flaws or side-channel leaks.

3. Mitigation and Best Practices

- Keep keys secret: Never leak keys.
- Use strong, standardized MAC algorithms.
- Avoid predictable message formats.
- Implement additional security measures: Encryption, access controls, and monitoring.



---

Summary: Key Takeaways

- Knowing a MAC value X and the key K does not permit the reconstruction of the original message M
in secure MAC schemes.
- The primary security guarantee of a MAC relies on the difficulty of forging valid MACs without
knowledge of the key.
- If the MAC scheme is weak or improperly implemented, vulnerabilities like length extension or
collision attacks could potentially be exploited to infer information about the message.
- Practical attempts to recover the message from MAC and key are generally infeasible but may be
possible under specific vulnerabilities or constraints.
- Protecting keys and employing robust cryptographic algorithms are essential to prevent such
scenarios from compromising system security.

---

Final Thoughts

Understanding the implications of knowing a MAC value and key without knowing the message
underscores the importance of using well-designed, thoroughly vetted cryptographic primitives. While
cryptography provides strong guarantees, these depend heavily on implementation, key
management, and adherence to best practices. Always stay informed about the latest research and
vulnerabilities in cryptographic schemes to maintain a secure environment.

---

Remember: In cryptography, assumptions matter. Secure MAC schemes are designed to prevent
message recovery from MACs and keys, preserving the confidentiality of the original message even
when an attacker knows the MAC and key — unless the scheme itself is flawed.
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