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Introduction

Cryptography has become an indispensable part of modern information security, protecting everything from

personal messages to national secrets. As students progress through a cryptography course, the final examination
often represents the culmination of their learning, testing their understanding of both theoretical foundations and
practical applications. For many learners, having access to cryptography security final exam solutionscan be a
valuable resource—whether it's a reference for self study, a benchmark for exam preparation, or a tool for
instructors to design assessments. This article explores the core concepts of cryptography, the structure of typical
final exams, sample solutions, and best practices for students and educators alike.

Understanding Cryptography Fundamentals

Before diving into exam solutions, it's essential to grasp the building blocks that underpin cryptographic systems. A
solid foundation in these fundamentals will enable students to tackle even the most challenging questions with
confidence.

Symmetric vs. Asymmetric Encryption

Symmetric encryption uses a single secret key for both encryption and decryption. Algorithms like AES and DES
fall into this category. Asymmetric encryption, on the other hand, employs a key pair—public and private keys—
allowing secure communication without the need to share a secret beforehand. RSA, ECC, and ElGamal are
prominent asymmetric schemes.

Common Algorithms and Their Properties

¢ AES (Advanced Encryption Standard) — A block cipher known for speed and security.

¢ RSA (Rivest—-Shamir—Adleman) — A widely used public key algorithm based on integer factorization.

* SHA-256 (Secure Hash Algorithm) — A cryptographic hash function that produces a 256 bit digest.

« Diffie—-Hellman — A key exchange protocol that enables two parties to agree on a shared secret over an
insecure channel.

« Elliptic Curve Cryptography (ECC) — Offers comparable security to RSA with smaller key sizes.

Cryptographic Protocols and Their Applications

Protocols are structured sequences of cryptographic operations designed to achieve specific security goals.
HTTPS, TLS, and SSH are real world examples that combine encryption, authentication, and integrity checks.
Understanding how these protocols function helps students answer application oriented exam questions.

The Role of Final Exams in Cryptography Courses

Final exams serve multiple purposes: they assess comprehension, encourage synthesis of concepts, and prepare
students for real world security challenges. Exam questions often span a range of difficulty levels, from recall to
analysis.

Learning Objectives Covered by Exams

Typical cryptography final exams evaluate:



Knowledge of cryptographic primitives and their properties.

Ability to analyze the security of algorithms and protocols.

Skill in applying mathematical concepts to design or evaluate systems.
Critical thinking regarding potential vulnerabilities and mitigation strategies.

Assessment Strategies Employed by Instructors

Instructors may use a combination of multiple choice, short answer, and problem solving questions. They also often
incorporate practical exercises that require students to implement or simulate cryptographic processes, ensuring
that theoretical understanding translates into hands on competence.

Types of Cryptography Exam Questions

Exam questions can be categorized into several formats, each testing different skill sets.

Multiple Choice
These questions typically assess recognition and basic comprehension. They often present scenarios with several
plausible answers, requiring students to identify the most accurate response.

Short Answer

Short answer questions demand concise explanations, such as defining a term, describing a protocol step, or
summarizing a security property. Precision and clarity are key.

Practical Problems

These problems involve calculations, algorithmic design, or implementation tasks. They test the student’s ability to
apply concepts to concrete scenarios—e.g., generating RSA keys or computing hash values.

Sample Final Exam Solutions

Below are five representative cryptography exam questions, each accompanied by a detailed solution. These
examples illustrate how to approach typical problems and provide a reference for students preparing for their own
exams.

Sample Question 1: Caesar Cipher
Question:A message is encrypted using a Caesar cipher with a shift of 3. The ciphertext is “KHOOR”. What is the
original plaintext?

Solution:

1. Recall that a Caesar cipher shifts each letter by a fixed number of positions in the alphabet.
2. The shift value is 3, so to decrypt we shift each letter backward by 3.
3. Apply the shift: KI'H, H'E, Or'L, O''L, RI'O.
4. The plaintext is “HELLO”.
Sample Question 2: RSA Key Generation

Question:Generate a small RSA key pair using primes p = 61 and g = 53. Compute the modulus n, totient <bta’A
public exponent e = 17, and private exponent d. Verify that ed "a 1 (mod <bta”’a

Solution:

1. Compute the modulus: n =p x q =61 x 53 = 3233.
2. Compute the totient: <bta’ Ot !" '+ " "Oc rS"O3#a



3. Given e =17, find d such that e x d "a 1 (mod 3120). Solve 17 x d "a 1 (mod 3120).

4. Using the extended Euclidean algorithm, we find d = 2753 because 17 x 2753 = 46801 = 15 x 3120 + 1.

5. Verify: 17 x 2753 = 46801; 46801 mod 3120 = 1. Thus, ed "a 1 (mod <bta”’a

6. Public key: (e, n) = (17, 3233). Private key: (d, n) = (2753, 3233).
Sample Question 3: Hash Functions
Question:Explain why cryptographic hash functions are considered one way and collision resistant. Provide an
example of a hash function that meets these properties.

Solution:

One wayA cryptographic hash function H maps an input x to an output H(x) such that it is computationally
infeasible to recover x from H(x). This property ensures that the hash can serve as a digital fingerprint without
revealing the original data.

Collision resistantt is computationally infeasible to find two distinct inputs x " y such that H(x) = H(y). This
protects against malicious attempts to forge messages with identical hashes.

Example:SHA 256 satisfies both properties. It produces a 256 bit digest, and current computational limits make
both preimage and collision attacks impractical.

Sample Question 4: Diffie-Hellman Key Exchange

Question:Two parties, Alice and Bob, agree on a prime modulus p = 23 and a base g = 5. Alice chooses a private
key a = 6, and Bob chooses a private key b = 15. Compute the shared secret that Alice and Bob will derive.

Solution:
1. Alice computes A = g"a mod p = 56 mod 23 = 15625 mod 23 = 8.
2. Bob computes B = g"b mod p = 515 mod 23 = 30517578125 mod 23 = 19.
3. Alice computes the shared secret s = B*a mod p = 196 mod 23 = 47045881 mod 23 = 2.
4. Bob computes the shared secret s = Ab mod p = 8"15 mod 23 = 35184372088832 mod 23 = 2.
5. Both parties arrive at the same shared secret s = 2.

Sample Question 5: Digital Signatures

Question:Describe the steps involved in generating and verifying an RSA digital signature for a message M =
“Secure”. Assume the key pair from Sample Question 2 is used.

Solution:
1. Hash the message: h = SHA 256(M). For simplicity, let's assume the hash value is 0x9A... (a 256 bit value).
2. Sign the hash using the private key d: s = h"d mod n. Compute s = 0x9A...#2753 mod 3233.
3. Transmit the message M and signature s to the verifier.
4. Verifier hashes the received message: h' = SHA 256(M).
5. Verify the signature using the public key e: compute v = s”e mod n. If v equals h', the signature is valid.

6. Because RSA’s multiplicative properties ensure that s"e "a h (mod n), the verifier can be confident that the
message was signed by the holder of the private key and has not been tampered with.

Tips for Preparing for Cryptography Final Exams

Effective preparation involves a blend of theoretical study, practical application, and strategic planning.

Study Guides



Start by outlining the syllabus and identifying core topics: encryption modes, key management, authentication
protocols, and cryptanalysis techniques. Create a study guide that lists definitions, formulas, and key theorems.

Practice Problems

Hands on practice is essential. Use textbooks, online resources, or past exam papers to solve a variety of problems.
Repeating calculations, such as RSA key generation or hash computations, builds muscle memory.

Time Management

During the exam, allocate time based on question weight. Reserve a few minutes for reviewing answers and
double checking calculations to catch careless mistakes.

Resources

* Books: “Cryptography and Network Security” by William Stallings; “Introduction to Modern Cryptography” by
Katz & Lindell.

¢ Online Courses: Coursera’s “Cryptography I” and “Applied Cryptography” series.

e Tools: OpenSSL, Crypto++ libraries, and online calculators for modular arithmetic.

Common Mistakes to Avoid

Even seasoned students can fall into pitfalls that undermine exam performance.

Misunderstanding Algorithms

Assuming that a cryptographic algorithm is secure without verifying its assumptions can lead to incorrect answers.
Always double check whether a scheme relies on hardness assumptions like factorization or discrete logarithms.

Overlooking Security
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