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Understanding cryptographic security involves delving into various types of
attacks that threaten the integrity and confidentiality of data. Among these,
the question of which attack involves attempting to compare a known digest to
an unknown digest is fundamental. The options typically presented are a pre-
image attack and a birthday attack. This article explores these two
cryptographic attacks in detail, explaining their mechanisms, differences,
and implications for digital security. By the end, you will have a
comprehensive understanding of which attack is characterized by the attempt
to compare a known digest to an unknown digest.

---

Introduction to Cryptographic Hash Functions

Before diving into the specific attacks, it’s essential to understand what
cryptographic hash functions are and their role in cybersecurity.

What Is a Cryptographic Hash Function?
A cryptographic hash function is a mathematical algorithm that transforms an
input (or message) into a fixed-size string of bytes, typically called a
digest or hash value. These functions are designed to be:
- Deterministic: The same input always produces the same digest.
- Fast to compute: Hashing should be efficient.
- Pre-image resistant: Difficult to reverse-engineer the original input from
the digest.
- Collision resistant: Difficult to find two different inputs that produce
the same digest.
- Avalanche effect: Small changes in input drastically change the output.

Importance in Security
Hash functions are integral to numerous security protocols, such as digital
signatures, message integrity verification, password storage, and blockchain
technology.

---

Understanding the Attacks: Pre-image and



Birthday

Cryptographic attacks aim to exploit vulnerabilities in hash functions to
compromise security. The two main types discussed here are pre-image attacks
and birthday attacks.

Pre-image Attack

Definition

A pre-image attack involves an adversary attempting to find an input that
hashes to a specific, known digest. In other words, given a hash value h, the
attacker tries to find an input x such that:

Hash(x) = h

This attack essentially attempts to reverse the hash function, which is
supposed to be computationally infeasible if the hash is secure.

Mechanism of a Pre-image Attack

- The attacker is given a hash value (digest), which is considered "known."
- The goal is to find any input that produces this digest.
- This process involves searching through potential inputs, which can be
computationally intensive.

Implications

Pre-image attacks threaten the integrity of systems where hash values are
used as unique identifiers or for verifying data authenticity. If feasible,
an attacker could forge data with a specific hash, undermining digital
signatures or message authentication codes.

Birthday Attack

Definition

A birthday attack exploits the probability theory behind hash collisions,
based on the birthday paradox. It aims to find two distinct inputs that
produce the same digest.

In simple terms:
- Given a hash function, the attacker tries to find x and y such that:

Hash(x) = Hash(y)

- Typically, the attacker doesn't know the hash values beforehand but seeks
any two inputs that collide.

Mechanism of a Birthday Attack

- The attacker generates multiple inputs and computes their hashes.
- Due to the birthday paradox, the probability of finding a collision



increases significantly with the number of inputs, roughly on the order of
the square root of the total number of possible hashes.
- Once a collision is found, it can be exploited for various malicious
purposes, such as creating fraudulent certificates or digital signatures.

Implications

Birthday attacks threaten systems relying on collision resistance. If
successful, attackers can substitute legitimate data with malicious data that
has the same hash, bypassing integrity checks.

---

Key Differences Between Pre-image and Birthday
Attacks

Understanding the distinction between these two attacks is crucial.

| Aspect | Pre-image Attack | Birthday Attack |
| --- | --- | --- |
| Objective | Find an input matching a known digest | Find any two inputs
with the same digest |
| Known Data | Known digest, unknown input | Unknown inputs, known hash space
|
| Focus | Reversal of hash function | Collision detection |
| Difficulty | Generally more computationally intensive | Generally less
computationally intensive due to probability |
| Typical Use Cases | Data forgery, pre-image resistance testing | Digital
signature forgeries, collision exploitation |

---

Which Attack Matches the Description? Analyzing
the Question

Returning to the question: Which attack is an attempt to compare a known
digest to an unknown digest?

- Pre-image attack: Given a specific digest, the attacker tries to find an
input that produces it. This involves starting with a known digest and
attempting to find the original input, but it does not directly involve
comparing two unknown digests.

- Birthday attack: The attacker attempts to find two inputs that produce the
same digest. This involves generating multiple inputs and comparing their
resulting digests. It is centered around the idea of collision detection,
which involves comparing different digests.

Therefore, if the attack involves comparing a known digest to an unknown
digest, it aligns more closely with the concept of a pre-image attack,
especially when the attacker attempts to find an input that generates a
specific, known digest.



---

Conclusion: Which Is the Correct Answer?

Based on the detailed analysis:

- A pre-image attack involves attempting to find an input that corresponds to
a known digest. The attacker has a specific digest and tries to find the
input that produces it, effectively comparing a known digest to an unknown
input.

- A birthday attack involves finding any two inputs that produce the same
digest, thus focusing on collision detection rather than matching a specific
known digest.

Thus, the correct answer to the question "Which attack is an attempt to
compare a known digest to an unknown digest?" is:

a. Pre-image Attack

---

Additional Considerations and Security
Implications

Understanding these attacks helps in designing secure cryptographic systems.

Preventing Pre-image Attacks
- Use hash functions with strong pre-image resistance.
- Employ sufficiently large hash sizes (e.g., SHA-256).
- Regularly update cryptographic standards as vulnerabilities are discovered.

Preventing Birthday Attacks
- Use hash functions with long digest lengths to reduce collision
probability.
- Apply additional cryptographic measures, such as digital signatures, to
prevent collision exploitation.

Summary
- The attack involving comparing a known digest to an unknown input is a pre-
image attack.
- The birthday attack is about finding any two inputs with the same digest,
exploiting the birthday paradox.

---

In summary, understanding the nuances of these cryptographic attacks is vital



for maintaining robust digital security. Proper implementation of secure hash
functions and awareness of potential vulnerabilities can significantly
mitigate risks associated with pre-image and birthday attacks.

Frequently Asked Questions

Which attack involves attempting to compare a known
digest to an unknown digest?

Pre-image Attack

What is the primary goal of a Pre-image Attack in
cryptography?

To find an input message that hashes to a specific known digest.

Is a Birthday attack related to comparing known and
unknown digests?

No, the Birthday attack is related to finding collisions between different
inputs that produce the same digest.

Which type of attack is used to find an input that
results in a specific hash value?

Pre-image Attack

Does the Birthday attack involve trying to match a
known digest to an unknown digest?

No, it involves finding two different inputs that produce the same digest,
not matching a known digest to an unknown one.

In cryptography, what does a Pre-image Attack aim to
achieve?

It aims to find an original message given its hash value.

Which attack is characterized by attempting to find a
message that hashes to a specific digest?

Pre-image Attack

Additional Resources
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In the realm of cryptography, understanding the vulnerabilities and attack
vectors against hash functions is crucial for designing secure digital
systems. Hash functions are fundamental components used in data integrity,
digital signatures, password storage, and blockchain technology. However,
their security can be compromised through specific types of cryptanalytic
attacks. Among these, pre-image attacks and birthday attacks are two
prominent, yet fundamentally different, threats. This article explores these
two attack types in detail, clarifying which one involves attempting to
compare a known digest to an unknown digest, and why understanding their
distinctions is vital for cryptographic security.

---

Understanding Hash Functions and Their Security Goals

Before diving into the specific attacks, it’s essential to understand what
hash functions are and what security properties they aim to provide.

Hash functions are mathematical algorithms that take an input (or message) of
arbitrary length and produce a fixed-length string of bits, known as the
digest or hash value. Ideally, this process is one-way and collision-
resistant, meaning:

- Pre-image Resistance: Given a hash value, it should be computationally
infeasible to find an input that hashes to that value.
- Second pre-image Resistance: Given an input and its hash, it should be
difficult to find a different input with the same hash.
- Collision Resistance: It should be hard to find any two distinct inputs
that produce the same hash.

Attacks on hash functions aim to exploit weaknesses in these properties,
especially pre-image resistance and collision resistance, to compromise
security.

---

The Core Question: Which Attack Involves Comparing a Known Digest to an
Unknown Digest?

The phrase “comparing a known digest to an unknown digest” is central to
understanding the differences between pre-image and birthday attacks. To
clarify, consider the following:

- Pre-image Attack: An adversary is given a hash value (a digest) and tries
to find an input that produces that hash. Here, the digest is known, and the
attacker attempts to find the corresponding input, essentially attempting to
invert the hash function.
- Birthday Attack: An attacker does not focus on a specific digest but
instead seeks to find any two different inputs that produce the same hash,
exploiting the birthday paradox. This involves comparing multiple digests
(some known, some unknown) to find collisions.

Now, to directly answer the question: The attack that involves comparing a
known digest to an unknown digest is related to the birthday attack. This is
because a birthday attack relies on generating and comparing multiple digests
to find two that are identical, i.e., a collision.

Let’s explore both attack types in more detail to understand why.



---

Pre-image Attack: Attempting to Find the Input for a Known Digest

Definition and Purpose

A pre-image attack targets the hash function’s pre-image resistance property.
Given a digest \( h \), the goal is to find an input \( x \) such that:

\[
H(x) = h
\]

where \( H \) is the hash function.

Security Implication

If an attacker can perform a successful pre-image attack, they can reverse
the hash function to find the original data from its digest. This compromises
the one-way nature of the hash function, which is critical for applications
like password storage and digital signatures.

Methodology

Pre-image attacks are generally computationally intensive because:

- Hash functions are designed to be one-way.
- The attacker must perform a brute-force search or find structural
weaknesses.

Practical Considerations

- For strong hash functions (e.g., SHA-256), pre-image attacks are
computationally infeasible with current technology.
- Nevertheless, cryptanalysts attempt to find vulnerabilities that could
reduce the computational effort.

Summary

- The attacker knows the digest \( h \).
- The attack involves attempting to find an input \( x \) such that \( H(x) =
h \).
- This is an inversion problem, attempting to compare the known digest to an
unknown input.

---

Birthday Attack: Finding Collisions Through Digest Comparison

Definition and Purpose

The birthday attack exploits the birthday paradox—a statistical phenomenon
where, in a group of just 23 people, there's over a 50% chance that two share
the same birthday—to find collisions in hash functions.

Security Implication

Collision resistance is vital for preventing two different inputs from
producing the same digest. Collisions can undermine digital signatures and



data integrity.

Methodology

This attack involves:

- Generating multiple random inputs.
- Computing their hashes.
- Comparing these hashes to identify any two that match, i.e., a collision.

Steps in a Birthday Attack

1. Generate a large set of random inputs.
2. Hash each input to produce a set of digests.
3. Check for duplicate digests in this set.
4. If two inputs produce the same digest, a collision is found.

Why It Works

Due to the birthday paradox, only approximately \( 2^{n/2} \) hash
computations are needed to find a collision in an \( n \)-bit hash function,
making this attack more feasible than exhaustive pre-image searches.

Practical Considerations

- For a 128-bit hash, about \( 2^{64} \) computations may suffice.
- For stronger hashes like SHA-256, the effort remains significant but is
still theoretically feasible with substantial computational resources.

Summary

- The attacker does not target a specific digest.
- Instead, they generate multiple digests and compare them.
- The goal is to find any two different inputs that produce the same digest,
i.e., a collision.

---

Key Differences Between Pre-image and Birthday Attacks

| Aspect | Pre-image Attack | Birthday Attack |
|----------------------------|-----------------------------------------------
--|--------------------------------------------------------------|
| Goal | Find an input for a given digest | Find two inputs producing the
same digest (collision) |
| Known data | The digest (known) | No specific digest; relies on multiple
digests generated |
| Nature of attack | Inversion of the hash function | Exploiting
probabilistic collision likelihood |
| Focus | Reversibility of the hash function | Collision resistance of the
hash function |
| Complexity | Typically \( 2^n \) for an \( n \)-bit hash | Approximately \(
2^{n/2} \) due to birthday paradox |
| Involves comparing | Known digest against unknown or any input | Multiple
digests against each other to find matches |

---

Real-World Implications of These Attacks



Understanding these attack types helps in designing and choosing secure
cryptographic systems:

- Pre-image resistance ensures that even if an attacker learns a digest, they
cannot reconstruct the original message, preserving confidentiality and
integrity.
- Collision resistance (protected against birthday attacks) prevents
attackers from creating different messages with the same hash, which is vital
for digital signatures and certificates.

As computational power increases, cryptographers continually evaluate and
strengthen hash functions to resist both pre-image and collision attacks. For
instance, moving from SHA-1 to SHA-256 was motivated by vulnerabilities
exposed through collision attacks.

---

Conclusion: Which Attack Involves Comparing a Known Digest to an Unknown
Digest?

In summary, the attack that attempts to compare a known digest to an unknown
digest—or more precisely, to find any two inputs that produce the same
digest—is the birthday attack. This attack leverages the statistical
likelihood of collisions and involves generating and comparing multiple
digests, some of which are unknown, to find a match.

The pre-image attack, on the other hand, is fundamentally different, as it
involves inverting the hash function to find the input corresponding to a
known digest, thus focusing on a specific known digest and attempting to find
an input that maps to it.

Understanding these distinctions is essential for cryptographers and security
practitioners. It informs the selection of hash functions with appropriate
bit-lengths and collision resistance guarantees, thereby safeguarding digital
systems against evolving threats.

---

Final Thoughts

Cryptography is a constantly evolving field, where the subtleties of attack
methods like pre-image and birthday attacks can significantly influence
security strategies. While pre-image attacks threaten the reversibility of
hashes, birthday attacks exploit probabilistic collision likelihoods. By
comprehending which attack involves comparing known to unknown digests,
security professionals can better design cryptographic protocols resilient
against both classes of threats, ensuring data integrity and privacy in an
increasingly digital world.
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