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Course Description 

Course Name: 
Information security and encryption 
Course Code:  
 
Semester / Year: 
Semester 
Description Preparation Date: 
15/ 06/ 2025 
Available Attendance Forms:  
Attendance only 
Number of Credit Hours (Total) / Number of Units (Total) 
30 hours/2 hour weekly/2 units 
Course administrator's name (mention all, if more than one name)  
Name: Dr. Lamya'a Ghalib Shihab 
Email: lemyaaldawood@stu.edu.iq 
Course Objectives  
Cognitive objectives 

1. The student will study the concepts and 

basics of information security, including 

various security threats and common attack 

methods, and encryption concepts and 

methods 

2. The student will understand various security 

attack methods such as hacking, malware, 

and fraud attacks, and learn how to 

Program Skill Objectives 

1) The student will 

acquire the skill of 

monitoring unwanted 

activities and responding to 

security incidents effectively 

to deal with security attacks 

and breaches. 

2)  The student will apply 

the best globally recognized 

mailto:lemyaaldawood@stu.edu.iq


implement security defense to counter these 

attacks 

3. The student will apply the best practices and 

modern technologies in the field of information 

security to protect systems, networks, and data 

from security threats 
 

security practices and 

standards to ensure the 

security of systems, data, 

and networks.  

The student will be able to  

apply security defense methods 

to protect systems and networks  

from various cyber attacks such 

as hacking and malware. 
Teaching and Learning Strategies  

1) Teaching Strategy Collaborative 

 Concept Planning. 

2) Teaching Strategy Brainstorming. 

3) Teaching Strategy Notes Series 

 

 

 

 

 

 

10.Course Structure 
Week   Hours  Required Learning 

Outcomes  

Unit or subject 

name  

Learning 

method  

Evaluation 

method  

1 2 understanding 
1. Definition and 

importance of 

information 

security. 

2. Key objectives: 

confidentiality, 

integrity, and 

availability. 

3. Common 

security threats 

and 

vulnerabilities. 

Introduction of 

Information 

Security 

Lecture  Daily Exams and 

Assignments 

2 2 Understanding 

1. Definition and 

significance of 

Basics of 

Cryptography 
 

Lecture  Daily Exams and 

Assignments 



cryptography in 

information security. 

2. Historical 

development of 

cryptography. 

3. Fundamental 

concepts: encryption, 

decryption, and 

cryptographic keys. 

3 2 Understanding 

1. Concepts and 

principles of 

symmetric 

encryption. 

2. Common symmetric 

encryption 

algorithms (AES, 

DES, 3DES). 

3. Applications and 

limitations of 

symmetric 

encryption. 

Symmetric 

Encryption 
 

Lecture Daily Exams 

and 

Assignments 

4 2 Understanding 

1. Concepts and 

principles of 

asymmetric 

encryption. 

2. Key asymmetric 

encryption 

algorithms (RSA, 

ECC). 

3. cases of asymmetric 

encryption in 

secure 

communications.  

Asymmetric 

Encryption 
 

Lecture Daily Exams 

and 

Assignments 

5 2 Understanding 

1. Importance of key 

management in 

cryptography. 

Key 

Management 

Lecture Daily Exams 

and 

Assignments 



2. Methods for key 

distribution and 

exchange. 

3. Public Key 

Infrastructure (PKI) 

and its components. 

6 2 Understanding 

1. Concept and 

importance of 

digital signatures. 

2. How digital signatures 

work. 

3. Digital certificates and 

their issuance. 

Digital 

Signatures and 

Certificates 
 

Lecture Daily Exams 

and 

Assignments 

7 2 Understanding 

1. Various methods of 

authentication 

(passwords, biometrics, 

tokens). 

2. Identity and Access 

Management (IAM) 

systems. 

3. Challenges and 

innovations in 

authentication. 

Authentication 

Techniques 
 

Lecture Daily Exams 

and 

Assignments 

8 2 Understanding 

1. Overview of 

malware (viruses, 

worms, trojans). 

2. Social engineering 

attacks. 

3. Denial of Service 

(DoS) and 
Distributed Denial 

of Service (DDoS) 

attacks. 

Security 

Threats and 

Common 

Attacks 
 

Lecture Daily Exams 

and 

Assignments 



9 2 Understanding 

1. Fundamentals of 

network security. 

2. Firewalls and their 

configurations. 

3. Intrusion Detection 

and Prevention 

Systems (IDS/IPS). 

4. Securing wired and 

wireless networks. 

Network 

Security 
 

Lecture Daily Exams 

and 

Assignments 

10 2 Understanding 

1. Key principles of 

application 

security. 

2. Common software 

vulnerabilities 

(SQL Injection, 

XSS). 

3. Secure coding 

practices and 

defensive 

programming. 

Application 

Security 
 

Lecture Daily Exams 

and 

Assignments 

11 2 Understanding 

1. Protecting data in 

transit and at rest. 

2. Full disk 

encryption. 

3. Database security 

practices. 

Data Security 
 

Lecture Daily Exams 

and 

Assignments 

12 2 Understanding 

1. Security policies 

and procedures. 

2. Incident response 

and management. 

3. Security standards 

and frameworks 

(ISO 27001, 

NIST). 

Cybersecurity 

Management 

 

Lecture Daily Exams 

and 

Assignments 



13 2 Understanding 

1. Cloud security: 

Challenges and 

solutions. 

2. IoT security: Risks 

and best practices. 

3. Future challenges 

in information 

security. 

Emerging 

Trends and 

Technologies 

in Security 

 

Lecture Daily Exams 

and 

Assignments 

11.Course Evaluation 

50 marks for mid-term exams (30 practical + 10 activity). 50 marks for final exams  

12.Learning and Teaching Resources  
Required textbooks (curricular 

books, if any) 

Lectures of the course material prepared by the lecturer 

Main references (sources) Information Security Management Handbook, Sixth 

Edition 

Recommended books and references 

(scientific journals, reports...) 

Some references available in the library. And all scientific online 

books and websites specialized in Network Security. 

Electronic References, Websites 
• Cryptography and Network Security: Principles and Practice 

by William Stallings 

A foundational textbook covering both the theory and real-world 

practices of cryptography and network security, widely used in 

academic and professional settings. 

• Network Security Essentials: Applications and Standards by 

William Stallings 

Focuses on the fundamentals of network security, including 

encryption, firewalls, intrusion detection, and secure communication. 

It provides clear explanations and practical examples. 

• Networking All-in-One For Dummies by Doug Lowe 

An accessible guide for newcomers, covering networking basics, 

network security, TCP/IP, and more. 
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1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

  
 1 / B –Rationale :-  

 Information security and cryptography is rooted in the need to protect 

sensitive data, ensure trust, and maintain the smooth functioning of digital 

systems and communications in an increasingly interconnected and threat-

prone world.  

  

1 / C –Central Idea :-  

1. Definition and importance of information security. 

2. Key objectives 

3. Common security threats and vulnerabilities. 

 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to understand:  

1. What is information security 

2. confidentiality, integrity, and availability. 

3. Common security threats and vulnerabilities 

 

  

1 / Overview 

  



 
- What is Information security?  

 

  

  

 
 

Introduction to Information Security 

Information security (often abbreviated as InfoSec) is the practice of 

protecting information—whether digital or physical—from unauthorized 

access, use, disclosure, disruption, modification, or destruction. It 

encompasses a broad range of policies, processes, and technologies designed 

to ensure the confidentiality, integrity, and availability of data, collectively 

known as the CIA triad. 

Core Principles: The CIA Triad 

The foundation of information security is built on three key principles: 

• Confidentiality 

• Integrity 

• Availability 
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Scope of Information Security 

InfoSec covers all forms of information—digital, printed, or spoken—and 

applies to a wide array of domains, including: 

• Physical security (protecting physical assets and documents) 

• Network security (safeguarding data as it travels across networks) 

• Endpoint security (securing devices like computers and smartphones) 

• Data encryption (protecting data at rest and in transit) 

• Administrative controls (policies, procedures, and training) 

• Technical controls (firewalls, intrusion detection, access controls) 

• Auditing and testing (ensuring security measures are effective) 

Threats and Vulnerabilities 

Information security addresses a variety of threats, including cyberattacks, 

data breaches, insider threats, natural disasters, and accidental data loss. 

Effective InfoSec programs identify vulnerabilities, assess risks, and 

implement controls to mitigate these threats. 

Information Security Controls 

Controls are categorized into three main types: 

• Administrative controls: Policies, procedures, training, and risk 

assessments. 

• Physical controls: Locks, alarms, environmental protections, and 

physical barriers. 

• Technical controls: Encryption, user authentication, access control 

lists, and security software. 

Importance and Benefits 

A strong information security program helps organizations: 

• Protect sensitive and critical data (e.g., customer information, 

financial records) 

• Comply with regulations (such as HIPAA, PCI-DSS) 

• Prevent costly data breaches and disruptions 

• Maintain business continuity and reputation 



Information Security vs. Cybersecurity 

While often used interchangeably, information security is broader than 

cybersecurity. InfoSec covers all information forms and threats, including 

non-digital risks, whereas cybersecurity focuses specifically on protecting 

digital assets from online threats. 

In summary, information security is essential for safeguarding all types of 

information against a wide range of threats, ensuring that data remains 

confidential, accurate, and accessible to those who need it. 

  

Difference Between Threats and Vulnerabilities in 

Information Security 

Threats and vulnerabilities are distinct but interconnected concepts in 

information security. Understanding their differences is crucial for effective 

risk management. 

Threats 

• A threat is any potential danger or harmful event that can exploit a 

vulnerability to cause harm to a system, organization, or individual. 

• Threats can be intentional (such as cyberattacks, malware, phishing, 

or insider threats) or unintentional (such as human error or accidents). 

• They represent the possibility of a negative action or event that could 

compromise information security. 

Vulnerabilities 

• A vulnerability is a weakness or flaw in a system, process, or human 

behavior that can be exploited by a threat. 

• Vulnerabilities can exist in software (e.g., unpatched code, 

misconfigurations), hardware, physical security, or even in people 

(such as susceptibility to phishing). 

• They are static features or conditions that make an asset susceptible to 

threats. 



Common Examples of Threats Exploiting Vulnerabilities in 

Organizations 

Organizations face a variety of threats that actively exploit vulnerabilities in 

their systems, processes, and people. Here are some of the most common 

examples: 

 

• Ransomware Attacks 

o Threat actors deploy ransomware to encrypt organizational data, 

demanding payment for decryption keys. These attacks often 

exploit vulnerabilities such as unpatched software, 

misconfigured systems, or users falling for phishing emails. 

Ransomware can cause business downtime, data loss, and 

reputational damage. 
• Phishing Attacks 

o Cybercriminals use deceptive emails or messages to trick 

employees into revealing sensitive information or credentials. 

Phishing exploits human vulnerabilities, such as lack of 

awareness or insufficient training, and can lead to credential theft 

or unauthorized access. 
• SQL Injection 

o Attackers inject malicious code into web application input fields 

to manipulate backend databases. This exploits poor data 

sanitization and validation, potentially allowing unauthorized 

access to sensitive data or even complete database compromise. 
• Man-in-the-Middle (MitM) Attacks 

o These attacks intercept and potentially alter communications 

between two parties, often exploiting insecure network 

configurations or lack of encryption. Attackers can steal login 

credentials, financial data, or other sensitive information 

transmitted over the network. 
• Denial of Service (DoS) Attacks 

o Attackers overwhelm organizational servers or networks, 

exploiting vulnerabilities in network infrastructure or insufficient 

resource allocation. This can make critical services unavailable 

to legitimate users, resulting in financial and reputational losses. 

• Credential Theft 

o Cybercriminals use techniques like phishing, malware, or 

credential stuffing to steal user credentials. Exploiting weak 



password policies or lack of multi-factor authentication, 

attackers can gain unauthorized access to systems and data. 
• Exploitation of Unpatched Software 

o Threat actors frequently target known vulnerabilities in outdated 

or unpatched software. Failing to apply security updates 

promptly leaves organizations open to a wide range of attacks, 

including remote code execution and malware deployment. 
• Exploitation of Misconfiguration 

o Incorrectly configured systems, applications, or cloud services 

can expose sensitive data or functionality to attackers. Common 

misconfigurations include overly permissive access controls, 

exposed APIs, and unsecured databases. 
• Cross-Site Scripting (XSS) and Cross-Site Request Forgery (CSRF) 

o These web application attacks exploit vulnerabilities in input 

validation and session management, allowing attackers to steal 

user data or perform unauthorized actions on behalf of users. 

These examples highlight the importance of regularly patching systems, 

training staff, enforcing strong authentication, and maintaining robust 

security configurations to reduce the risk of threats exploiting vulnerabilities 

within your organization. 

 

 
 What are Common security threats and vulnerabilities.? 

 

  

Made a short report about the historical development of 

cryptography. 
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1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

  

1 / B –Rationale :-  
 The rationale behind the basics of cryptography is to ensure the 

confidentiality, integrity, and authenticity of information as it is stored or 

transmitted, especially in environments where unauthorized access or 

tampering is a risk. 

 

1 / C –Central Idea :-  
 The central idea of cryptography is to enable secure communication and 

data protection in the presence of adversaries by applying mathematical 

techniques that ensure only authorized parties can access, modify, or verify 

information. 

 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to know: -  

1. Definition and significance of cryptography in information security. 

2. Historical development of cryptography. 

  

1 / Overview 

  



3. Fundamental concepts: encryption, decryption, and cryptographic keys. 

 
  

• What are cryptography basics? 

 

 

Basics of Cryptography 

Cryptography is the science and practice of securing information by 

transforming it into a format that is unreadable to unauthorized users, 

ensuring that only intended recipients can access and understand the data. 

Key Concepts 

• Encryption: The process of converting readable data (plaintext) into 

an unreadable format (ciphertext) using an algorithm and an encryption 

key. This protects the confidentiality of the information. 

• Decryption: The reverse process, where ciphertext is transformed back 

into plaintext using a decryption key, allowing authorized users to 

access the original data. 

• Hashing: A one-way process that transforms input data of any size into 

a fixed-size output (hash value or digest). Hashing is primarily used to 

2 /  Pretest 
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verify data integrity, as even a small change in the input results in a 

drastically different hash. 

• Authentication: Ensures that the sender of a message is who they claim 

to be, often using digital signatures or other cryptographic techniques. 

• Integrity: Guarantees that data has not been altered during 

transmission or storage, often verified using cryptographic hashes. 

• Non-repudiation: Prevents the sender from denying their involvement 

in a communication, typically achieved with digital signatures. 

Types of Cryptography 

• Symmetric-Key Cryptography: Uses the same secret key for both 

encryption and decryption. It is efficient for encrypting large amounts 

of data but requires secure key distribution between parties. 

• Asymmetric-Key Cryptography: Uses a pair of mathematically 

related keys—a public key for encryption and a private key for 

decryption. This method enhances security for key exchange and digital 

signatures but is computationally more intensive. 

• Hash Functions: Used for data integrity and verification, not for hiding 

information. Common hash algorithms include SHA-256 and SHA-3, 

while older ones like MD5 and SHA-1 are now considered insecure. 

Why Cryptography Matters 

Cryptography is essential for: 

• Protecting sensitive information in transit and at rest 

• Securing online transactions and communications 

• Verifying identities and ensuring data integrity 

• Preventing unauthorized access and cyber attacks 

In summary, cryptography underpins the security of modern digital systems 

by ensuring that data remains confidential, authentic, and unaltered 

throughout its lifecycle. 

 

 

 

 

 



 

 

Historical Development of Cryptography 

Cryptography has evolved over thousands of years, reflecting advances in 

technology, warfare, and communication. 

Ancient Beginnings 

• Egypt (circa 1900 BC): The earliest known use of cryptography 

involved Egyptian scribes using unusual hieroglyphs to obscure 

messages, not necessarily for secrecy but to add dignity or exclusivity 

to inscriptions. 

• Mesopotamia (circa 1500 BC): Clay tablets with encoded recipes for 

pottery glaze represent early examples of cryptography for protecting 

trade secrets. 

• Hebrews (circa 600–500 BC): The Atbash cipher, a simple 

monoalphabetic substitution, was used to encode written words. 

Classical Era 

 
Diagram of a Scytale, an early encryption device from Antiquity 

• Sparta (circa 600–400 BC): The Spartans employed the scytale, a 

transposition cipher using a strip of leather wound around a rod, to send 

secure military messages. 

• Rome (100–44 BC): Julius Caesar popularized the Caesar cipher, a 

substitution cipher shifting letters by a fixed number, to communicate 

with his generals. 

 



 

Medieval and Renaissance Advances 

• Islamic Golden Age (9th century): Al-Kindi, an Arab mathematician, 

developed frequency analysis, a method for breaking simple 

substitution ciphers, marking the birth of cryptanalysis. 

• Renaissance Europe (15th–16th centuries): Polyalphabetic ciphers, 

such as the Vigenère cipher, and mechanical cipher devices like those 

invented by Leon Battista Alberti, significantly strengthened 

cryptographic methods. 

 

Modern Era 

 
German Enigma encryption machine, open and revealing its internal components, with a 

document "For Readdressing!" inside its lid  

 

19th–20th Centuries: The invention of complex mechanical and electromechanical 

machines, such as the Enigma and SIGABA, enabled more sophisticated encryption, 

especially during the world wars. Breaking these codes, notably the Enigma, had a 

profound impact on the outcome of World War II. 

Late 20th Century: The advent of electronic computers revolutionized cryptography, 

making possible complex algorithms unsuitable for manual calculation. The introduction 



of the Data Encryption Standard (DES) and the invention of public-key cryptography 

(RSA) in the 1970s brought cryptography into widespread civilian use and 

laid the foundation for secure digital communication. 

Today 

Modern cryptography relies on advanced mathematical algorithms and 

underpins the security of digital communications, e-commerce, and data 

privacy, using standards like AES and ECC. 

Cryptography's history reflects a continuous arms race between code makers 

and code breakers, with each era's innovations shaping the security 

landscape of its time. 

 

 
  

- What are the Key Concepts of cryptography? 

  

  
 

  

- What are encryption kinds?  
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1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

  

1 / B –Rationale :-  
 The rationale of symmetric encryption lies in its ability to provide fast, 

efficient, and straightforward protection of data by using a single shared 

secret key for both encryption and decryption. 

  

1 / C –Central Idea :-  
 The central idea of symmetric encryption is that a single secret key 

is used for both the encryption and decryption of data. 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to understand: 

1. Concepts and principles of symmetric encryption. 

2. Common symmetric encryption algorithms (AES, DES, 3DES). 

3. Applications and limitations of symmetric encryption. 

 

  

1 / Overview 

  



 
  

- How Symmetric Encryption Works?  

 

  

 

 

 

 

 

Symmetric Encryption: Overview 

Symmetric encryption—also called secret key or private key encryption—

is a cryptographic method that uses a single, shared secret key for both 
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encrypting and decrypting data. This means both the sender and the recipient 

must possess the same key and keep it confidential. 

How Symmetric Encryption Works 

• Key Generation: A secret key is generated, typically using complex 

mathematical algorithms. 

• Encryption: The sender uses this key to transform plaintext (readable 

data) into ciphertext (unreadable, scrambled data). 

• Decryption: The recipient uses the same key to convert the ciphertext 

back into plaintext. 

Types of Symmetric Encryption 

• Block Ciphers: Encrypt data in fixed-size blocks (e.g., AES encrypts 

128-bit blocks). Each block is processed using the secret key, often 

with multiple rounds for added security. 

• Stream Ciphers: Encrypt data one bit or byte at a time, generating a 

keystream combined with plaintext to produce ciphertext (e.g., 

ChaCha20). 

Strengths and Weaknesses 

Advantages: 

• Fast and efficient, especially for encrypting large volumes of data. 

• Simpler and less computationally intensive than asymmetric 

encryption. 

Challenges: 

• Key Distribution Problem: Securely sharing and managing the secret 

key is difficult; if the key is intercepted or leaked, the data is 

compromised. 

• Less suitable for open networks or environments where secure key 

exchange cannot be guaranteed. 

Common Uses 

• Encrypting data at rest (e.g., files, databases) 

• Securing payment transactions in banking 



• Protecting sensitive data in applications and devices 

In Practice 

Due to the key distribution challenge, symmetric encryption is often 

combined with asymmetric encryption in modern systems: asymmetric 

methods are used to exchange the symmetric key securely, after which 

symmetric encryption handles the bulk data transfer. 

In summary, symmetric encryption is a foundational technology for data 

privacy and confidentiality, valued for its speed and simplicity, but requiring 

careful management of secret keys to remain secure. 

 

Applications and Limitations of Symmetric Encryption 

Applications of Symmetric Encryption 

Symmetric encryption is widely used across many sectors due to its speed 

and efficiency. Common applications include: 

• Data Security for Large Volumes: Symmetric encryption is ideal for 

encrypting large amounts of data quickly and efficiently, making it 

suitable for file, folder, and disk encryption (e.g., BitLocker, FileVault). 

• Secure Communication: It is used to protect the confidentiality and 

integrity of data transmitted over networks, including secure web 

browsing (TLS/SSL), email, and instant messaging (e.g., WhatsApp, 

Signal). 

• Database Encryption: Organizations use symmetric encryption to 

secure sensitive information stored in databases. 

• Hardware-Based Encryption: Devices such as self-encrypting drives 

rely on symmetric encryption to protect data at rest. 

• Virtual Private Networks (VPNs): VPNs use symmetric encryption 

to secure connections between remote devices and corporate networks. 

• Cloud Storage: Services like Amazon S3 employ symmetric 

encryption to protect stored files from unauthorized access. 
• Banking and Payment Systems: Symmetric encryption is essential for 

protecting payment transactions and sensitive customer data in 

financial systems. 



• Exchanging Secret Information: It is commonly used for securely 

transferring information between two parties over insecure channels, 

provided they have a shared secret key. 

 
 

 

 

Common Symmetric Encryption Algorithms 

Symmetric encryption algorithms are categorized mainly into block ciphers 

and stream ciphers. Here are the most widely used and recognized examples: 

Block Ciphers 

• AES (Advanced Encryption Standard): The most popular and widely 

used symmetric encryption algorithm today. It supports key sizes of 

128, 192, and 256 bits and is known for its security, speed, and 

efficiency. 



• DES (Data Encryption Standard): An older standard using a 56-bit 

key. It is now considered insecure due to its short key length and 

vulnerability to brute-force attacks. 

• 3DES (Triple DES): An enhancement of DES that applies the 

algorithm three times to each data block for improved security, though 

it is now being phased out in favor of AES. 

• Blowfish: A fast block cipher with variable key lengths (32 to 448 bits). 

It is known for its speed and effectiveness, though newer algorithms 

like AES and Twofish are now preferred. 

• Twofish: A successor to Blowfish, supporting 128-bit block size and 

key lengths up to 256 bits. It is open source and noted for its speed and 

security. 

• IDEA (International Data Encryption Algorithm): Uses a 128-bit 

key and operates on 64-bit blocks. It is used in applications such as 

Pretty Good Privacy (PGP). 

• RC5 and RC6: Block ciphers with variable block sizes, key sizes, and 

number of rounds. RC6 was a finalist in the AES competition. 

Stream Ciphers 

• RC4: Once widely used in protocols like SSL/TLS and WEP, but now 

considered insecure due to vulnerabilities. 

• ChaCha20: A modern, secure stream cipher designed as an 

alternative to RC4. It is fast, secure, and widely used in applications 

requiring authenticated encryption. 

These algorithms are fundamental to securing data in transit and at rest, with 

AES currently being the industry standard for most modern applications due 

to its robust security and efficiency. 

 

Limitations of Symmetric Encryption 

Despite its strengths, symmetric encryption has notable limitations: 

• Key Distribution Problem: Both sender and receiver must securely 

share and store the secret key. If the key is intercepted or leaked, the 

confidentiality of all encrypted data is compromised. 



• Scalability Issues: In environments with many users or devices, 

managing unique keys for every pair of communicators becomes 

complex and impractical. 

• No Built-in Authentication: Symmetric encryption alone does not 

verify the identity of the sender or receiver, making it vulnerable to 

impersonation attacks if not combined with additional authentication 

mechanisms. 

• Single Point of Failure: The security of the entire system depends on 

the secrecy of the key. If the key is compromised, all past and future 

communications encrypted with that key can be decrypted. 

• Less Suitable for Open Networks: Because of the challenges in key 

distribution and management, symmetric encryption is less practical for 

open or public networks compared to asymmetric encryption. 

In summary, symmetric encryption is highly effective for fast, large-scale 

data protection in controlled environments but requires careful key 

management and is less suited for scenarios where secure key exchange 

cannot be guaranteed. Hybrid approaches, combining symmetric and 

asymmetric encryption, are often used to balance these strengths and 

limitations. 

 

 
  

- What are the Applications of Symmetric Encryption? 

   

  
 

 

 

- What do you know about the asymmetric encryption ? 
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1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

  

1 / B –Rationale :-  
 The rationale of asymmetric encryption is to enable secure communication 

and data exchange without the need to share or transmit a secret key between 

parties. 

 

1 / C –Central Idea :-  
 The central idea of asymmetric encryption is to use a pair of mathematically 

related keys—a public key and a private key—for secure communication and 

data protection. 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to understand:  

1. Concepts and principles of asymmetric encryption. 

2. Key asymmetric encryption algorithms (RSA, ECC). 

3. cases of asymmetric encryption in secure communications. 

 

  

1 / Overview 

  



 
  

- What are the common algorithms of asymmetric encryption? 

 

  

 

 Asymmetric Encryption 

Asymmetric encryption, also known as public key encryption or public key 

cryptography, is a cryptographic technique that uses a pair of mathematically 

related keys: a public key and a private key. Unlike symmetric encryption, 

which uses the same key for both encryption and decryption, asymmetric 

encryption uses different keys for each process. 

How It Works 

• Public Key: This key is shared openly and can be used by anyone to 

encrypt a message intended for the key owner. 

• Private Key: This key is kept secret by the owner and is used to decrypt 

messages that were encrypted with the corresponding public key. 

For example, if Alice wants to send Bob a confidential message, she encrypts 

it with Bob’s public key. Only Bob, who possesses the matching private key, 

can decrypt and read the message. 
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Key Features and Benefits 

• Secure Key Distribution: Eliminates the need for a secure channel to 

exchange keys, which is a major challenge in symmetric encryption. 
• Authentication and Non-repudiation: Asymmetric encryption 

enables digital signatures, allowing the recipient to verify the sender’s 

identity and ensuring that the sender cannot deny having sent the 

message. 
• Foundation of Secure Protocols: It underpins secure communication 

protocols such as TLS/SSL, which make HTTPS possible for secure 

web browsing. 

Common Algorithms 

• RSA (Rivest-Shamir-Adleman) 

• DSA (Digital Signature Algorithm) 

• ECC (Elliptic Curve Cryptography) 

• Diffie-Hellman 

• El Gamal 

Limitations 

• Performance: Asymmetric encryption is slower and more 

computationally intensive than symmetric encryption, making it less 

suitable for encrypting large amounts of data. 

• Hybrid Use: In practice, asymmetric encryption is often used to 

securely exchange symmetric keys, which are then used for the bulk of 

data encryption. 

Applications 

• Secure web communications (HTTPS) 

• Email encryption 

• Digital signatures and certificates 

• Secure key exchange 

• Authentication systems 

In summary, asymmetric encryption is essential for modern secure 

communications, offering robust security for key exchange, authentication, 



and data confidentiality, despite being less efficient than symmetric 

encryption for large-scale data encryption. 

 

Key Asymmetric Encryption Algorithms: RSA and 

ECC 

RSA (Rivest-Shamir-Adleman) 

• Overview: RSA is one of the most widely used asymmetric encryption 

algorithms, introduced in 1977. It relies on the mathematical difficulty 

of factoring the product of two large prime numbers. 

• How It Works: 

o Two large prime numbers (ppp and qqq) are chosen and 

multiplied to create nnn, which is a key component of both the 

public and private keys. 

o The public key consists of nnn and a public exponent eee; the 

private key consists of nnn and a private exponent ddd. 

o Encryption is performed with the public key, and decryption with 

the private key. The roles can be reversed for digital signatures. 

• Applications: RSA is used for secure data transmission, digital 

signatures, and key exchange in protocols like TLS/SSL, SSH, and 

S/MIME. 

• Strengths: Well-studied, widely implemented, and supports both 

encryption and digital signatures. 

• Limitations: Computationally intensive and not suitable for encrypting 

large amounts of data directly; typically used to encrypt symmetric 

keys, which then handle bulk data encryption. 

ECC (Elliptic Curve Cryptography) 

• Overview: ECC is another major asymmetric encryption algorithm, 

based on the mathematics of elliptic curves over finite fields. It provides 

equivalent security to RSA but with much shorter key lengths, resulting 

in faster computations and lower resource usage. 

• How It Works: 

o ECC uses the algebraic structure of elliptic curves to create 

public and private keys. 



o Security relies on the difficulty of the Elliptic Curve Discrete 

Logarithm Problem (ECDLP). 

• Applications: ECC is used in secure messaging, digital signatures 

(ECDSA), and key exchange (ECDH), and is especially popular in 

mobile devices and IoT due to its efficiency. 

• Strengths: High security with smaller keys, faster operations, and 

reduced power and memory requirements compared to RSA. 

• Limitations: More complex mathematical background and, in some 

cases, patent/licensing issues in the past. 

In summary: 

RSA and ECC are the two most prominent asymmetric encryption 

algorithms. RSA is valued for its robustness and widespread adoption, while 

ECC is preferred for environments where computational efficiency and 

small key sizes are critical. 

 

Cases of Asymmetric Encryption in Secure Communications 

Asymmetric encryption is foundational to secure communications in a wide 

range of real-world scenarios. Here are the most common and impactful 

cases: 

• Web Security (HTTPS/TLS/SSL) 

o Asymmetric encryption is used during the initial handshake of 

protocols like TLS and SSL, which enable HTTPS for secure 

web browsing. When a user connects to a secure website, the 

browser retrieves the site's public key from its digital certificate 

and uses it to establish a secure connection. The website's private 

key remains secret. Once the connection is established, 

symmetric encryption takes over for efficient data transfer. 

• Secure Email (PGP and S/MIME) 

o Email encryption protocols such as Pretty Good Privacy (PGP) 

and S/MIME use asymmetric encryption to ensure that only the 

intended recipient can read an email. The sender encrypts the 

message with the recipient's public key, and only the recipient's 

private key can decrypt it, ensuring confidentiality and 

authenticity. 

o  



• End-to-End Encrypted Messaging 

o Messaging applications like Signal and WhatsApp use 

asymmetric encryption for secure key exchange. This ensures 

that only the sender and intended recipient can read the 

messages, preventing intermediaries and even service providers 

from accessing the plaintext content. The actual message content 

is typically encrypted with symmetric keys negotiated via 

asymmetric methods. 
• Digital Signatures 

o Asymmetric encryption enables digital signatures, which are 

critical for verifying the authenticity and integrity of digital 

messages and documents. The sender signs a message with their 

private key, and anyone with the sender's public key can verify 

the signature, confirming the source and that the content has not 

been altered. 

• Secure File Transfer 

o Protocols like SFTP and secure file exchange platforms use 

asymmetric encryption to authenticate parties and establish 

secure channels for transferring files across networks. 

• Online Banking and E-Commerce 

o Asymmetric encryption is widely used in online banking and e-

commerce transactions to protect sensitive data during 

transmission, authenticate users, and secure payment 

information. 

These cases highlight how asymmetric encryption is essential for 

establishing trust, confidentiality, and integrity in digital communications 

across the internet and enterprise environments.  

  

 

 

 

 

 

 



 
  

- What are the two most prominent asymmetric encryption algorithms? 

 

  
 

 

-What is Key management ? 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

4 / Post 
 test : 

     

  

      

4/ HomeWorks: - 



Ministry of high Education and Scientific Research 

Southern Technical University 
Technological institute of Basra 

Department of Computer Networks  

and Software Techniques 

 
  

  

 

 

  

                         Learning package  

                                                                In  

  

Information Security and Encryption 

For 

Second year students 

 

(5) 

 

  

By  

 

Dr. Lamya'a Ghalib Shihab 

Lecturer 
Dep. Of Computer Networks 

and Software Techniques 

 
2025 

  



 

 

  

1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

  
  

1 / B –Rationale :-  
 The rationale of key management is to ensure that cryptographic keys—the 

foundation of secure encryption—are generated, distributed, stored, used, 

rotated, and destroyed in a manner that maintains the confidentiality, 

integrity, and availability of encrypted data. 

  

1 / C –Central Idea :-  
 The central idea of key management is to systematically and securely handle 

cryptographic keys throughout their entire lifecycle to maintain the 

confidentiality, integrity, and availability of encrypted data. 

 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to understand:  

1. Importance of key management in cryptography. 

2. Methods for key distribution and exchange. 

3. Public Key Infrastructure (PKI) and its components. 

  

1 / Overview 

  



 
  

- What is key management? 

 

  

 
  

Importance of Key Management in Cryptography 

Effective key management is fundamental to the security and reliability of 

any cryptographic system. Its importance stems from several critical factors: 

• Foundation of Data Security: Cryptographic keys are essential for 

encrypting and decrypting data, authenticating users, and securing 

communications. The entire security of encrypted data depends on the 

protection and management of these keys. 

• Protection Against Unauthorized Access: If encryption keys are lost, 

stolen, or mishandled, unauthorized individuals can decrypt sensitive 

information, impersonate privileged users, or gain access to restricted 

systems. This can lead to severe data breaches and the collapse of an 

organization’s security infrastructure. 

• Lifecycle Management: Key management covers the entire lifecycle 

of cryptographic keys, including their generation, distribution, storage, 

rotation, usage, and eventual destruction. Each stage must be carefully 

controlled to prevent vulnerabilities and ensure that keys remain secure 

throughout their use. 
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• Compliance and Regulatory Requirements: Many industries are 

subject to regulations that mandate strong encryption and secure key 

management. Proper key management helps organizations comply with 

standards and avoid legal or financial penalties. 

• Maintaining Confidentiality, Integrity, and Availability: The 

primary objective of key management is to ensure that only authorized 

parties can access and use cryptographic keys, thereby maintaining the 

confidentiality, integrity, and availability of sensitive data. 

• Mitigating Risks: Without robust key management, even the most 

advanced encryption algorithms become ineffective. Poorly managed 

keys can result in unauthorized access, data loss, compliance failures, 

and reputational damage. 

In summary, key management is the cornerstone of cryptographic security. 

It ensures that encryption keys are protected throughout their lifecycle, 

minimizing the risk of unauthorized access, data breaches, and regulatory 

non-compliance, and ultimately safeguarding an organization’s digital 

assets. 

 
Methods for Key Distribution and Exchange 

Effective key distribution is crucial for secure cryptographic 

communication. The methods used depend on whether symmetric or 

asymmetric encryption is employed. 

Symmetric Key Distribution Methods 

In symmetric encryption, both parties use the same secret key, making 

secure distribution essential. Common methods include: 

• Manual Distribution: Physically delivering the key (e.g., in person, via 

courier, or on a secure device). This method is secure but impractical 

for large or geographically dispersed networks. 

• Key Distribution Center (KDC): A trusted third party generates and 

distributes session keys to communicating parties. Each user shares a 

unique master key with the KDC, which then securely distributes 

session keys as needed. 



• Encrypted Key Exchange: If two parties have previously shared a key, 

a new key can be sent encrypted with the old key. This method relies 

on the security of the prior key. 

• Public-Key Encryption for Key Exchange: The secret symmetric key 

is encrypted with the recipient’s public key and sent over an insecure 

channel. Only the recipient can decrypt it with their private key, 

combining the strengths of both symmetric and asymmetric methods. 

• Quantum Key Distribution (QKD): Uses quantum mechanics to 

securely distribute symmetric keys, allowing detection of 

eavesdropping attempts. While theoretically secure, it requires 

specialized hardware and is not yet widely adopted. 

Asymmetric Key Distribution Methods 

Asymmetric encryption uses a public/private key pair, simplifying key 

distribution but introducing trust and verification challenges: 

• Public Key Infrastructure (PKI): A framework where a Certificate 

Authority (CA) issues digital certificates binding public keys to verified 

identities. Users obtain public keys from the CA and use them for 

secure communication. 

• Public Key Servers: Public keys are uploaded to trusted servers, 

allowing anyone to retrieve them for secure message exchange. 

• Web of Trust (WoT): Trust in public keys is established through direct 

or indirect relationships, with users signing each other’s keys. This 

decentralized approach is flexible but can become complex as the 

network grows. 

• Diffie-Hellman Key Exchange: A widely used protocol that allows two 

parties to securely establish a shared secret over an insecure channel 

without prior shared secrets. It is foundational for many secure 

communication protocols. 

• Digital Signatures and Certificates: Digital signatures verify the 

authenticity of public keys and messages, often used in conjunction 

with PKI for secure key distribution. 

In summary, key distribution methods range from manual and 

centralized approaches in symmetric cryptography to automated, 



scalable, and trust-based systems in asymmetric cryptography. The 

choice of method depends on the scale, security requirements, and 

technological capabilities of the environment. 

 

 

Public Key Infrastructure (PKI) and Its Components 

Public Key Infrastructure (PKI) is a comprehensive framework that enables 

secure digital communications and transactions by managing public key 

encryption and digital certificates. PKI ensures the authenticity, integrity, and 

confidentiality of electronic information and identities. 

Key Components of PKI 

• Certificate Authority (CA): 

o The CA is the trusted entity responsible for issuing, signing, and 

revoking digital certificates. It validates the identity of entities 

(users, devices, or organizations) before issuing certificates, 

thereby establishing trust in the digital ecosystem. 

• Registration Authority (RA): 

o The RA acts as a verifier or intermediary between users and the 

CA. It authenticates the identity of entities requesting digital 

certificates and forwards approved requests to the CA for 

certificate issuance. 

• Digital Certificates: 

o These are electronic credentials that associate a public key with 

the identity of the certificate holder. Digital certificates facilitate 

secure communications and authentication by enabling parties to 

verify each other’s identities. 

• Public and Private Keys: 

o PKI relies on asymmetric cryptography, using a public key 

(shared openly) and a private key (kept secret). The public key is 

included in the digital certificate, while the private key is 

securely stored and used for decryption or signing. 

• Certificate Repository (Central Directory): 

o A secure storage location for issued certificates, certificate 

revocation lists (CRLs), and related metadata. This repository 



allows users and applications to retrieve and validate certificates 

as needed. 

• Validation Authority (VA): 

o The VA checks the status of digital certificates to ensure they 

have not been revoked or expired. It uses mechanisms like the 

Online Certificate Status Protocol (OCSP) or CRLs to provide 

real-time validation. 

• Secure Storage: 

o Private keys and sensitive certificate data must be securely 

stored, often using Hardware Security Modules (HSMs) to 

prevent unauthorized access and tampering. 

• Certificate Policy and Management System: 

o PKI operates under defined policies and procedures that govern 

certificate issuance, usage, renewal, and revocation. The 

certificate management system automates these processes, 

ensuring compliance and efficient lifecycle management 

  
  

 
  

- Give a summery for the key management. 

  
- What are Digital Signatures and Certificates? 
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1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

   

1 / B –Rationale :-  
 The rationale of digital signatures and certificates is to provide trust, 

authenticity, integrity, and non-repudiation in digital communications and 

transactions.   

1 / C –Central Idea :-  
 The central idea of digital signatures and certificates is to provide security, 

authenticity, and integrity for digital documents and transactions by using 

cryptographic methods. 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to understand:  

1. Concept and importance of digital signatures. 

2. How digital signatures work. 

3. Digital certificates and their issuance. 

  

1 / Overview 

  



 
  

- What do you know about digital signature? 

 
  

 

  

Concept and Importance of Digital Signatures 

Concept of Digital Signatures 

A digital signature is a mathematical technique that uses cryptographic 

methods to validate the authenticity and integrity of digital documents, 

messages, or software. It acts as the digital equivalent of a handwritten 

signature or a stamped seal, but offers much stronger security guarantees. 

Digital signatures are based on asymmetric cryptography, where a pair of 

keys—a private key and a public key—are used. The signer uses their private 

key to create the signature, and recipients use the corresponding public key to 

verify it. 

The process typically involves: 

• Generating a unique hash of the message or document. 

• Encrypting this hash with the sender’s private key to create the digital 

signature. 
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• Recipients decrypting the signature with the sender’s public key and 

comparing the resulting hash with a freshly computed hash of the 

received document. If they match, the signature is valid and the 

document is unaltered. 

Importance of Digital Signatures 

Digital signatures are crucial for several reasons: 

• Authenticity: They confirm the identity of the sender, assuring 

recipients that the message or document genuinely comes from the 

stated source. 

• Integrity: They ensure that the content has not been altered during 

transmission. Any modification to the signed data will invalidate the 

signature. 

• Non-repudiation: The signer cannot deny having signed the 

document, as only their private key could have created the signature. 

This is vital for legal and contractual purposes. 

• Legal Validity: In many countries, digital signatures are legally 

binding and accepted as equivalent to handwritten signatures in courts 

and official transactions. 

• Security: Digital signatures leverage strong cryptographic algorithms, 

making them highly resistant to forgery and tampering. 

• Widespread Use: They are used in software distribution, financial 

transactions, contract management, secure email, and many other 

scenarios where trust, authenticity, and data integrity are essential. 

In summary, digital signatures are a foundational technology for secure digital 

communication, providing assurance of origin, integrity, and legal 

enforceability in electronic transactions. 

 

How Digital Signatures Work 

Digital signatures use cryptographic techniques to ensure the authenticity and 

integrity of digital documents or messages. Here’s a step-by-step explanation 

of how they work: 



1. Key Generation 

• The signer generates a pair of cryptographic keys: a private key (kept 

secret) and a public key (shared openly). 

2. Creating the Digital Signature 

• The signer creates a hash (a unique, fixed-size representation) of the 

document or message. 

• This hash is then encrypted using the signer’s private key, producing 

the digital signature. 

• The digital signature is attached to the original document. 

3. Sending the Signed Document 

• The signed document, along with the digital signature, is sent to the 

recipient. 

4. Verification by the Recipient 

• The recipient receives the document and the digital signature. 

• The recipient uses the signer’s public key to decrypt the digital 

signature, revealing the original hash value. 

• The recipient also generates a new hash from the received document. 

• If the decrypted hash matches the newly generated hash, the signature 

is valid—proving the document’s authenticity and integrity. 

Why This Process Is Secure 

• Only the signer’s private key can create the digital signature, and only 

the corresponding public key can verify it. 

If the document is altered after signing, the hashes will not match, and the 

signature will be invalid, alerting the recipient to tampering. 

 

Digital signatures thus provide authenticity, integrity, and non-repudiation for 

electronic documents and transactions. 



Digital Certificates and Their Issuance 

What Are Digital Certificates? 

Digital certificates are electronic credentials that bind a public key to the 

identity of an individual, organization, or device. They play a crucial role in 

secure electronic communication by: 

• Verifying the identity of the certificate holder. 

• Enabling encryption and digital signatures for confidentiality and 

authenticity in data exchanges. 

A digital certificate typically contains: 

• The holder’s public key 

• Identity information (such as name, organization, or domain) 

• Validity period 

• The digital signature of the issuing Certificate Authority (CA). 

Issuance Process of Digital Certificates 

The issuance of digital certificates involves several key steps, usually 

managed by a trusted third party known as a Certificate Authority (CA): 

1. Key Pair Generation 

o The entity (person, organization, or device) generates a pair of 

cryptographic keys: a private key (kept secret) and a public key 

(shared). 

2. Certificate Signing Request (CSR) 

o The entity creates a CSR, which includes the public key and 

relevant identity information (such as domain name or email 

address). 

o The CSR is submitted to the CA for validation. 

3. Identity Verification 

o The CA verifies the identity of the applicant using various 

methods, such as checking legal documents, domain ownership, 

or email verification. 

o The level of verification depends on the type of certificate (e.g., 

individual, organizational, or server certificate). 

4. Certificate Issuance 



o Once the CA is satisfied with the verification, it issues the digital 

certificate, embedding the public key and identity information, 

and signs it with its own private key. 

o This digital signature allows anyone to verify the certificate’s 

authenticity using the CA’s public key. 

5. Certificate Delivery and Installation 

o The issued certificate is delivered to the applicant, who installs it 

on the relevant server, device, or application. 

o The certificate is now ready for use in secure communications, 

authentication, and digital signing. 

6. Certificate Renewal and Revocation 

o Certificates have a set validity period and must be renewed 

before expiration. 

o If compromised or no longer needed, certificates can be revoked 

by the CA. 

  

  

 
  

- How Digital Signatures Works? 

 

  

  
- What are Authentication Techniques? 
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1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

  

1 / B –Rationale :-  
 The rationale of authentication techniques is to verify the identity of users, 

devices, or systems attempting to access network resources, thereby 

preventing unauthorized access and protecting sensitive information from 

malicious activities such as identity theft, data breaches, and ransomware 

attacks. 

1 / C –Central Idea :-  
  

1 / D – Performance Objectives  
After studying the first unit, the student will be able to understand: 

 1. Various methods of authentication (passwords, biometrics, tokens). 

2. Identity and Access Management (IAM) systems. 

3. Challenges and innovations in authentication. 

 

  

1 / Overview 

  



 
- What are Methods of Authentication? 

 

  

 
  

Various Methods of Authentication 

Authentication methods are essential for verifying the identity of users, 

devices, or systems before granting access to resources. Here are the most 

common approaches used today: 

1. Password-Based Authentication 

• Description: Users provide a secret password (and often a username) 

to prove their identity. 

• Strengths: Simple, widely used, and easy to implement. 

• Limitations: Vulnerable to brute-force attacks, phishing, and 

password reuse; security depends on password strength and 

management. 

2. Biometric Authentication 

• Description: Uses unique biological traits such as fingerprints, facial 

recognition, iris scans, or voice patterns to authenticate users. 

• Strengths: Difficult to forge or share, convenient for users. 
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• Limitations: Privacy concerns, potential for false positives/negatives, 

and requires specialized hardware. 

3. Token-Based Authentication 

• Description: Involves physical or digital tokens (e.g., smart cards, 

hardware dongles, RFID chips, or software-generated codes) that 

users possess to gain access. 

• Strengths: Difficult to replicate or steal remotely; often used in two-

factor authentication. 

• Limitations: Physical tokens can be lost or stolen; digital tokens can 

be hijacked if not properly managed. 

4. Multi-Factor Authentication (MFA) 

• Description: Combines two or more authentication factors, typically 

from different categories: something you know (password), something 

you have (token or device), and something you are (biometric). 

• Strengths: Significantly increases security by requiring multiple 

proofs of identity. 

• Limitations: More complex for users; can still be vulnerable to 

sophisticated attacks if not properly implemented. 

5. Certificate-Based Authentication 

• Description: Uses digital certificates issued by a trusted Certificate 

Authority (CA) to authenticate users, devices, or servers. 

• Strengths: Highly secure, supports mutual authentication, and is 

difficult to forge. 

• Limitations: Requires certificate management and infrastructure. 

6. Federated Authentication and Single Sign-On (SSO) 

• Description: Allows users to access multiple systems with one set of 

credentials, often managed by a trusted identity provider (e.g., 

Google, Microsoft). 

• Strengths: Convenient for users, reduces password fatigue, and 

centralizes identity management. 

• Limitations: If the identity provider is compromised, multiple 

services may be at risk. 



7. Behavioral Authentication 

• Description: Analyzes unique user behaviors, such as typing patterns 

or device interaction, to verify identity. 

• Strengths: Low-friction and continuous; difficult for attackers to 

mimic. 

• Limitations: May require ongoing monitoring and can be less 

accurate for some users. 

In summary:Authentication methods range from traditional passwords to 

advanced biometrics, tokens, certificates, and behavioral analysis. Modern 

security often combines several methods (MFA) to balance usability and 

protection against evolving threats. 

Identity and Access Management (IAM) Systems 

Identity and Access Management (IAM) systems are frameworks of 

policies, processes, and technologies that ensure only the right individuals (or 

entities) have access to the right resources at the right times for the right 

reasons. IAM is essential for managing digital identities and controlling 

access across an organization’s IT environment, including cloud, on-premises, 

and hybrid systems. 

Core Components of IAM Systems 

• Identity Management: 

IAM systems create, maintain, and retire digital identities for users, 

devices, and applications. This includes storing identity attributes 

(such as names, roles, and credentials) in a centralized identity 

repository or directory service, ensuring a single source of truth for 

user information. 

• Authentication: 

The process of verifying the identity of a user or device before 

granting access. IAM supports various authentication methods, 

including passwords, biometrics, security tokens, multi-factor 

authentication (MFA), and single sign-on (SSO). 

• Authorization: 

Once authenticated, IAM systems determine what resources a user can 

access and what actions they can perform. Authorization is enforced 

through policies such as role-based access control (RBAC), attribute-



based access control (ABAC), and discretionary or mandatory access 

controls. 

• Administration: 

Involves managing the entire lifecycle of identities and access rights, 

including provisioning (granting access), updating permissions as 

roles change, and deprovisioning (removing access when no longer 

needed). Many IAM systems automate these processes to reduce 

errors and improve efficiency. 
• Auditing and Reporting: 

IAM systems track and log access events, changes to identities, and 

resource usage. This provides accountability, supports compliance 

with regulations, and helps detect unauthorized or suspicious activity. 

Key Functions and Benefits 

• Centralized Access Control: 

IAM provides a single point for managing and enforcing access 

policies across diverse systems and environments. 

• Improved Security: 

By ensuring only authorized users have access to sensitive resources, 

IAM reduces the risk of data breaches and insider threats. 

• Regulatory Compliance: 

Detailed auditing and reporting features help organizations meet legal 

and industry requirements for data protection and access control. 

• Scalability: 

IAM systems can manage thousands of users and devices, supporting 

dynamic environments and cloud integration. 

Modern IAM Features 

• Single Sign-On (SSO): 

Allows users to authenticate once and access multiple applications 

without re-entering credentials. 

• Multi-Factor Authentication (MFA): 

Adds extra layers of security beyond passwords, such as biometrics or 

one-time codes. 

• Federated Identity: 

Enables users to use a single digital identity across different 

organizations or domains. 



In summary: 

IAM systems are foundational for secure, efficient, and compliant 

management of digital identities and access rights, supporting both human 

and non-human entities across modern IT environments. 

 

Challenges and Innovations in Authentication 

Key Challenges in Authentication (2025) 

• Credential Theft and Infostealers: 

Credential theft remains a major threat, with a surge in infostealer 

malware designed to harvest login credentials at scale. Attackers sell 

stolen credentials on the dark web, enabling widespread breaches and 

reducing the barrier to entry for cybercriminals. 

• Expanded Attack Surfaces: 

The shift to cloud and hybrid environments has increased the number 

of entry points for attackers. Misconfigured access controls, weak 

authentication, and API vulnerabilities expose organizations to new 

risks. 

• Deepfakes and Synthetic Identity Fraud: 

AI-generated deepfakes are undermining the reliability of biometric 

authentication and identity verification. Enterprises face growing risks 

from synthetic identity fraud, where attackers use deepfakes to 

impersonate users and bypass security controls. 

• SSO Bypass and MFA Gaps: 

Attackers exploit weaknesses in Single Sign-On (SSO) configurations 

and inconsistent Multi-Factor Authentication (MFA) enforcement. 

Local accounts not protected by SSO or MFA create blind spots, 

making it easier for attackers to gain unauthorized access. 

• Poor Credential Hygiene: 

The continued use of weak, reused, or shared passwords exposes 

organizations to brute-force, credential stuffing, and phishing attacks. 

Poor credential management undermines even advanced security 

controls. 

• Balancing Security and User Experience: 

Organizations struggle to provide robust security while maintaining a 

seamless, low-friction user experience. User resistance to new 



authentication methods, especially those involving personal data, can 

hinder adoption. 

Innovations in Authentication 

• Passwordless Authentication: 

The industry is rapidly moving away from traditional passwords in 

favor of passwordless solutions such as biometrics, passkeys, and 

FIDO2-based hardware tokens. These methods offer stronger security 

and a better user experience. 

• Rise of Passkeys and Hardware Tokens: 

Passkeys and hardware-backed tokens are being widely adopted, 

particularly in finance and regulated sectors, to provide phishing-

resistant and user-friendly authentication. 

• Behavioral and Adaptive Authentication: 

Behavioral analytics and anomaly detection are increasingly used to 

identify suspicious activities and adapt authentication requirements in 

real time, enhancing security without adding unnecessary friction. 

• AI-Driven Detection Tools: 

Advanced AI tools are being deployed to detect and counter deepfakes 

and synthetic identity attacks, helping to restore trust in biometric and 

identity verification systems. 

• Decentralized and Federated Identity Solutions: 

Decentralized identity (Web3) and federated authentication models 

are emerging to give users more control over their digital identities 

and streamline secure access across platforms. 

In summary: 

Authentication in 2025 faces significant challenges from credential theft, 

deepfakes, and expanding attack surfaces. Innovations such as passwordless 

authentication, behavioral analytics, and AI-driven defenses are shaping a 

more secure and user-friendly future, but organizations must remain vigilant 

and adapt quickly to evolving threats. 

 



 

- What are the Challenges and Innovations in Authentication? 

  

  

  
 

- Make a report about common attacks. 
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1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

   

1 / B –Rationale :-  
The rationale for understanding security threats and common attacks is to 

proactively identify, assess, and mitigate the risks that can compromise the 

confidentiality, integrity, and availability of digital assets and network 

resources.  

1 / C –Central Idea :-  
 The central idea of security threats and common attacks is that digital 

systems and networks are constantly targeted by a variety of malicious actors 

who exploit vulnerabilities to compromise the confidentiality, integrity, and 

availability of data and services. 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to know:  

1. Overview of malware (viruses, worms, trojans). 

2. Social engineering attacks. 

3. Denial of Service (DoS) and Distributed Denial of Service (DDoS) 

attacks. 

 

  

1 / Overview 

  



 

 
- What are the Security Threats and Common Attacks? 

 

  

 
  

Overview of Malware: Viruses, Worms, and Trojans 

Malware is a broad term for malicious software designed to harm, exploit, or 

otherwise compromise computers and networks. Three of the most common 

types are viruses, worms, and trojans, each with distinct characteristics and 

methods of operation. 

Viruses 

• Definition: A virus is a type of malware that attaches itself to legitimate 

programs or files and spreads when these are executed by a user. It 

relies on human action to propagate, such as opening an infected file or 

running a malicious program. 

• Behavior: Once activated, a virus can replicate by modifying other 

programs and inserting its own code. It can corrupt data, disrupt system 

operations, steal information, or cause system failures. 
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• Spread: Viruses typically spread through file sharing, email 

attachments, or downloads, but always require user interaction to 

initiate infection. 

Worms 

• Definition: A worm is a self-replicating malware program that 

spreads independently across computers and networks, without 

needing to attach to a host file or require user intervention. 

• Behavior: Worms exploit vulnerabilities in operating systems or 

network protocols to propagate. Their main objective is to spread as 

widely as possible, often causing network congestion and 

performance issues. 

• Spread: Worms can move from one device to another automatically, 

often just by being on the same network as an infected device. 

Trojans (Trojan Horses) 

• Definition: A trojan is a type of malware that disguises itself as a 

legitimate or harmless program to trick users into installing it. 

• Behavior: Trojans do not self-replicate like viruses or worms. 

Instead, they rely on deception to gain access to systems. Once 

installed, they can open backdoors, steal sensitive data, or give 

attackers remote control over the infected device. 

• Spread: Trojans are commonly distributed through phishing emails, 

malicious downloads, or fake software updates, requiring the user to 

execute the program. 

Summary Table 

Type 
Self-

Replication 

Requires 

User 

Action 

Spreads 

via 

Network 

Disguised as 

Legitimate 

Software 

Virus Yes Yes 
No 

(directly) 
Sometimes 

Worm Yes No Yes Rarely 

Trojan No Yes No Yes 



Understanding these differences helps organizations and individuals deploy 

appropriate security measures, such as antivirus software, regular updates, 

and user awareness training, to defend against various forms of malware. 

 

Social Engineering Attacks: Overview and Types 

Social engineering attacks exploit human psychology to manipulate 

individuals into divulging confidential information or performing actions that 

compromise security. Attackers use deception, urgency, and trust to bypass 

technical defenses and target the “human element” of security. 

Common Types of Social Engineering Attacks 

• Phishing: 

Attackers send deceptive emails, messages, or websites impersonating 

trusted sources (banks, employers, government agencies) to trick 

victims into revealing sensitive information or clicking malicious 

links. Variants include: 

o Spear Phishing: Highly targeted phishing using personalized 

information about the victim. 

o Whaling: Targets high-profile individuals like executives. 

o Smishing: Phishing via SMS. 

o Vishing: Voice phishing, using phone calls to impersonate 

trusted entities. 

• Pretexting: 

Attackers fabricate a scenario (the “pretext”) to obtain information or 

access. For example, pretending to be IT support to solicit login 

credentials or personal data. 

• Baiting: 

The attacker offers something enticing (e.g., a free USB drive or 

download) to lure victims into installing malware or revealing 

information. 

• Tailgating (Piggybacking): 

Gaining unauthorized physical access by following authorized 

personnel into secure areas, or digitally by accessing unattended 

devices. 



• Quid Pro Quo: 

Attackers promise a benefit or service in exchange for information, 

such as posing as tech support offering help in return for credentials. 

• Watering Hole Attacks: 

Attackers compromise websites commonly visited by the target group, 

infecting visitors with malware. 

• Scareware: 

Victims are tricked into believing their system is infected, prompting 

them to install fake security software that is actually malware. 

Why Social Engineering Attacks Are Effective 

• They exploit trust, urgency, curiosity, or fear. 

• They often bypass technical controls by targeting human behavior. 

• Attackers use information from social media or public sources to craft 

convincing stories. 

In summary: 

Social engineering attacks remain a leading cause of data breaches and 

financial loss, leveraging psychological manipulation rather than technical 

exploits. Awareness, training, and vigilance are the best defenses against these 

evolving threats. 

 

Denial of Service (DoS) and Distributed Denial of Service (DDoS) 

Attacks 

Denial of Service (DoS) Attack 

A Denial of Service (DoS) attack is a cyberattack aimed at making a machine, network, or 

service unavailable to its intended users by overwhelming it with superfluous requests or 

data. This overload prevents legitimate users from accessing the targeted resource, causing 

disruption or a complete outage. DoS attacks are typically launched from a single source 

and can take various forms, such as flooding a server with excessive traffic or exploiting 

vulnerabilities to crash services. 

Distributed Denial of Service (DDoS) Attack 

A Distributed Denial of Service (DDoS) attack is an advanced form of DoS attack in which 

the traffic flooding the target comes from multiple sources—often thousands of 



compromised devices (botnets) spread across the internet. Because the attack is distributed, 

it is much harder to block or mitigate, as simply filtering out a single IP address is 

ineffective. DDoS attacks can generate massive volumes of traffic, overwhelming 

bandwidth, servers, or applications and making them inaccessible to legitimate users. 

How These Attacks Work 

• DoS: A single attacker floods the target with requests or data, 

exhausting its resources. 

• DDoS: Multiple systems (often coordinated through malware or 

botnets) simultaneously flood the target, amplifying the attack’s 

impact and making it harder to trace and defend. 

Common Attack Techniques 

• Flood Attacks: Overwhelm the target with a high volume of traffic 

(e.g., UDP floods, SYN floods). 

• Application Layer Attacks: Target specific applications or services, 

such as HTTP floods that exhaust web server resources. 

• Amplification Attacks: Exploit protocols (like DNS) to multiply 

attack traffic directed at the target. 

• “Low and Slow” Attacks: Send traffic at a slow rate to avoid 

detection while still exhausting resources. 

Consequences 

• Service outages and downtime 

• Financial losses and reputational damage 

• Difficulty distinguishing attack traffic from legitimate traffic, 

complicating mitigation efforts 

In summary: 

DoS and DDoS attacks are designed to disrupt the availability of online 

services. While DoS attacks originate from a single source, DDoS attacks 

leverage multiple compromised devices, making them more powerful and 

challenging to defend against. 

  

  



 
  

- What are the Common Types of Social Engineering Attacks? 

 

 

  
 

 

 

- Make a short report about Network Security. 
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1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

  

1 / B –Rationale :-  
 The rationale of network security is to protect data, systems, and networks 

from unauthorized access, cyberattacks, and other malicious activities, 

ensuring the confidentiality, integrity, and availability of information and 

business operations 

1 / C –Central Idea :-  
 The central idea of network security is to protect computer networks and the 

data they carry from unauthorized access, cyberattacks, and breaches, 

ensuring that only authorized users can access, modify, or transmit 

information 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to know:  

1. Fundamentals of network security. 

2. Firewalls and their configurations. 

3. Intrusion Detection and Prevention Systems (IDS/IPS). 

4. Securing wired and wireless networks. 

  

1 / Overview 

  



 

  

- What is firewall? 

 

 

  

 

 Fundamentals of Network Security 

Network security is the discipline of protecting the integrity, confidentiality, 

and availability of data and resources as they are transmitted across or stored 

within computer networks. It encompasses a range of technologies, policies, 

and practices designed to defend against threats such as unauthorized access, 

malware, and data breaches. 

Core Principles: The CIA Triad 

• Confidentiality: Ensures that sensitive information is accessible only 

to authorized users and remains protected from unauthorized access or 

disclosure. 

• Integrity: Safeguards the accuracy and completeness of information 

and network configurations, ensuring that only authorized users can 

alter data or system settings. 

• Availability: Guarantees that network resources and services are 

accessible to authorized users whenever needed, minimizing downtime 

or disruption. 

2 /  Pretest 
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Key Components and Technologies 

• Firewalls: Act as barriers between trusted internal networks and 

untrusted external networks, filtering traffic based on predefined 

security rules. 

• Intrusion Detection and Prevention Systems (IDS/IPS): Monitor 

network traffic for suspicious activity, alert administrators, and can 

automatically block or quarantine threats. 

• Access Control: Defines and enforces who can access which 

resources on the network, often using authentication and authorization 

mechanisms. 

• Encryption: Protects data in transit and at rest, ensuring that 

intercepted information cannot be read by unauthorized parties. 

• Virtual Private Networks (VPNs): Encrypt connections between 

remote users and the main network, securing data over public 

networks. 

• Malware Protection: Scans and blocks malicious software such as 

viruses, worms, and trojans from entering or spreading within the 

network. 

• Network Segmentation: Divides the network into smaller, isolated 

segments to limit the spread of attacks and improve control. 

• Behavior Monitoring and Anomaly Detection: Uses analytics and 

AI to detect unusual patterns or potential threats within network 

traffic. 

• Security Policies and Best Practices: Include regular software 

updates, strong password policies, and user training to reduce 

vulnerabilities. 

Common Threats Addressed 

• Unauthorized access (e.g., brute-force attacks, stolen credentials) 

• Malware (viruses, worms, trojans, ransomware) 

• Social engineering (phishing, pretexting) 

• Network-based attacks (DoS/DDoS, man-in-the-middle, ARP 

poisoning) 

• Data breaches and information leakage 

Best Practices 

• Keep all systems and software updated to patch vulnerabilities. 



• Enforce strong password and authentication policies. 

• Segment networks to contain breaches. 

• Monitor and respond to incidents promptly. 

• Educate users about security risks and safe behaviors. 

In summary: 

Network security is a foundational element of modern digital infrastructure, 

built on the principles of confidentiality, integrity, and availability. It employs 

a layered approach—combining technology, policies, and human vigilance—

to protect networks from a wide range of evolving threats. 

 

Firewalls and Their Configurations 

Firewalls are essential network security devices or software that monitor and 

control incoming and outgoing network traffic based on predetermined 

security rules. They serve as the first line of defense against unauthorized 

access, malware, and various cyber threats. 

Types of Firewalls 

• Packet-Filtering Firewalls: 

Operate at the network layer, examining each packet's source and 

destination IP address, port number, and protocol. They are simple 

and cost-effective but cannot inspect the contents of packets, making 

them vulnerable to IP spoofing and unable to detect malware within 

the data payload. 

• Circuit-Level Gateways: 

Monitor TCP handshakes and session initiation messages to verify the 

legitimacy of connections. While resource-efficient and easy to 

manage, they do not inspect the packet contents and are best used 

alongside other firewall types for comprehensive protection. 

• Stateful Inspection Firewalls: 

Combine packet inspection with connection state monitoring. They 

track the state of active connections and use this context to make more 

informed decisions about which packets to allow or block. These 

firewalls offer a higher level of security but can impact network 

performance due to their resource demands. 



• Application-Level Gateways (Proxy Firewalls): 

Act as intermediaries at the application layer, filtering traffic based on 

specific application protocols (such as HTTP or FTP). They can 

perform deep packet inspection, block access to harmful sites, and 

prevent direct connections between internal and external systems. 

While highly secure, they can slow down network performance and 

are more complex to manage. 

• Next-Generation Firewalls (NGFW): 

Integrate traditional firewall capabilities with advanced features like 

intrusion prevention, deep packet inspection, application awareness, 

and sandboxing for zero-day threats. NGFWs provide robust 

protection but are more resource-intensive and complex to configure. 

• Internal and Distributed Firewalls: 

Internal firewalls segment the network into zones, enforcing security 

policies within the network and not just at the perimeter. Distributed 

firewalls operate across multiple devices, providing scalable and 

comprehensive protection for both internal and external traffic. 

Firewall Configurations 

• Rule-Based Configuration: 

Firewalls are configured with rules that specify which traffic to allow 

or block based on IP addresses, ports, protocols, and application types. 

These rules must be regularly updated to adapt to evolving threats. 

• Zone-Based Configuration: 

Networks are divided into zones (e.g., internal, external, DMZ), with 

specific policies governing traffic between zones. This segmentation 

enhances security by limiting the spread of threats. 

• Default Deny/Allow Policies: 

Firewalls can be set to deny all traffic by default except for explicitly 

allowed connections, or to allow all except for explicitly denied 

traffic. A default-deny posture is generally more secure. 

• Logging and Monitoring: 

Firewalls should be configured to log traffic and alert administrators 

to suspicious activity, enabling rapid incident detection and response. 

In summary: 

Firewalls are a cornerstone of network security, available in various types 

and configurations to suit different needs. Proper configuration—including 



rule management, network segmentation, and monitoring—is crucial for 

maximizing their effectiveness against modern cyber threats. 

 

Intrusion Detection and Prevention Systems (IDS/IPS) 

Intrusion Detection Systems (IDS) and Intrusion Prevention Systems (IPS) 

are critical components of network security designed to identify and respond 

to malicious activities or policy violations. 

Intrusion Detection System (IDS) 

• Function: IDS monitors network or system activities for suspicious 

behavior and known threats. It analyzes traffic patterns, compares 

them to databases of known attack signatures, or looks for anomalies 

in behavior. 

• Response: When a potential threat is detected, IDS generates alerts or 

notifications for administrators but does not take direct action to block 

or mitigate the threat. 

• Placement: IDS is typically deployed out-of-band, such as on a 

network tap or span port, so it passively observes traffic without 

impacting network flow. 

• Types: 

o Network IDS (NIDS): Monitors network traffic for entire 

segments. 

o Host IDS (HIDS): Monitors activity on individual devices or 

hosts. 

Intrusion Prevention System (IPS) 

• Function: IPS not only detects suspicious or malicious activity but 

also takes proactive measures to prevent or block such threats from 

reaching their target. 

• Response: IPS can automatically drop malicious packets, block 

traffic, or reset connections based on predefined security policies or 

rules. 

• Placement: IPS is deployed inline with network traffic, meaning all 

traffic passes through it, allowing real-time intervention. 



Key Differences 

Feature 
IDS (Intrusion 

Detection) 
IPS (Intrusion Prevention) 

Response Alerts/Notifies only 
Blocks, drops, or modifies 

traffic 

System Type Passive (monitoring) Active (control) 

Placement Out-of-band (not inline) Inline (in traffic path) 

Impact on 

Network 
Low Can affect performance 

Advances and Integration 

• Modern IDS/IPS: Many solutions now combine IDS and IPS 

functions, sometimes integrated with firewalls in unified threat 

management (UTM) or next-generation firewall (NGFW) platforms. 

• Technological Advances: Newer IDS/IPS tools use machine 

learning, behavioral analysis, and AI to improve detection accuracy 

and adapt to evolving threats. 

• Cloud Deployments: IDS/IPS can also be deployed in cloud 

environments for scalable and flexible protection. 

In summary: 

IDS monitors and alerts on suspicious activity, while IPS takes immediate 

action to block or prevent threats. Both are vital for detecting and responding 

to cyberattacks, and modern security architectures often integrate their 

capabilities for comprehensive protection. 

 

Securing Wired and Wireless Networks 

Securing both wired and wireless networks requires a combination of 

technical controls, physical safeguards, and ongoing monitoring. While the 

core principles are similar—protecting data confidentiality, integrity, and 

availability—each type of network presents unique challenges and solutions. 



Securing Wired Networks 

• Physical Security: 

Disconnect unused wall jacks from switches or use port blockers to 

prevent unauthorized physical access. Control access to network 

equipment rooms. 

• Port Security: 

Configure switches to allow only specific MAC addresses per port, 

limiting the risk of unauthorized device connections. Use sticky MAC 

options to learn and restrict devices, but plan for manual resets when 

devices are relocated. 

• 802.1X Authentication: 

Implement IEEE 802.1X for network access control, using RADIUS 

servers for device authentication. For devices that do not support 

802.1X (like some printers), use VLAN segmentation and manual port 

configuration. 

• Network Segmentation: 

Use VLANs to separate device types (e.g., printers, cameras, user 

devices), limiting lateral movement if a device is compromised. 

• Disable Unused Ports: 

Turn off unused Ethernet ports to reduce attack surfaces. 

• Access Controls and Monitoring: 

Enforce strong user authentication, monitor network traffic for 

anomalies, and deploy intrusion detection/prevention systems 

(IDS/IPS). 

Securing Wireless Networks 

• Strong Encryption: 

Use the latest Wi-Fi encryption standards (WPA3) to protect data in 

transit5. 

• Authentication: 

Implement enterprise authentication (WPA2/WPA3-Enterprise, 

802.1X) for user and device validation. 

• Access Point Security: 

Secure physical access to wireless access points, hide SSIDs, and use 

guest networks with isolation to segregate untrusted devices. 

• Network Segmentation: 

Place wireless clients on separate VLANs or subnets, especially for 

guest or IoT devices, to limit access to sensitive resources. 

https://www.layer8packet.io/home/network-security-best-practices-for-wan-and-lan-protecting-your-infrastructure


• Regular Updates and Monitoring: 

Keep firmware and software updated to address vulnerabilities, and 

continuously monitor for unusual activity or unauthorized access 

attempts. 

• Signal Management: 

Adjust wireless transmit power to limit coverage to necessary areas 

and reduce exposure to public spaces. 

Best Practices for Both Network Types 

• Implement strong access controls and authentication mechanisms. 

• Segment the network to contain potential breaches. 

• Regularly update and patch all network devices. 

• Deploy IDS/IPS and monitor network traffic for suspicious 

activity. 

• Educate users about safe network practices and threats. 

In summary: 

Wired networks rely heavily on physical security, port controls, and 

segmentation, while wireless networks require robust encryption, 

authentication, and careful management of access points. Both benefit from 

strong access policies, network monitoring, regular updates, and user 

awareness to maintain a secure environment. 

 

- Enumerate Types of Firewalls. 
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1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 
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1 / B –Rationale :-  
 The rationale of application security is to protect software applications and 

the sensitive data they process from a wide range of cyber threats and 

vulnerabilities that could lead to data breaches, financial loss, business 

disruption, reputational damage, and regulatory penalties. 

  

1 / C –Central Idea :-  
 The central idea of application security is to protect software applications 

and their data from threats and vulnerabilities throughout their entire 

lifecycle—from development and deployment to ongoing maintenance and 

use. 
 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to understand:  

1. Key principles of application security. 

2. Common software vulnerabilities (SQL Injection, XSS). 

3. Secure coding practices and defensive programming. 

  

1 / Overview 

  



 
- What are the Common Software Vulnerabilities? 

 

 

 Key Principles of Application Security 

Application security is built on foundational principles that guide the design, 

development, deployment, and maintenance of secure software. These 

principles help protect applications from unauthorized access, data breaches, 

and other threats by ensuring the confidentiality, integrity, and availability of 

data and services. 

Core Principles 

• Confidentiality, Integrity, and Availability (CIA Triad): 

o Confidentiality: Ensure that sensitive information is accessible 

only to authorized users. 

o Integrity: Safeguard the accuracy and completeness of 

information and processes. 

o Availability: Ensure that applications and data are accessible to 

authorized users when needed. 

• Least Privilege: 

o Grant users, processes, and systems only the minimum access 

necessary to perform their functions. This limits the potential 

damage from compromised accounts or components. 

• Separation of Duties: 
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o Divide critical functions among different individuals or systems 

to prevent abuse or single points of failure. No single entity 

should have enough authority to misuse the system without 

oversight. 

• Defense in Depth: 

o Implement multiple layers of security controls so that if one 

layer fails, others continue to provide protection. This includes 

firewalls, authentication, monitoring, and anomaly detection. 

• Open Design: 

o Rely on transparent, well-tested, and publicly reviewed security 

mechanisms rather than secrecy of design. Security should not 

depend on keeping system details hidden. 

• Fail Securely: 

o Ensure that applications default to a secure state in the event of 

errors or failures, rather than exposing sensitive data or 

functionality. 

• Complete Mediation: 

o Every access to every resource must be checked for 

authorization, ensuring that access controls cannot be bypassed. 

• Secure Coding Practices: 

o Follow best practices such as input validation, output encoding, 

robust error handling, and secure authentication/session 

management to reduce vulnerabilities. 

• Continuous Improvement: 

o Application security is an ongoing process. Regularly reassess 

and update security measures to address evolving threats. 

• Economy of Mechanism: 

o Keep security mechanisms as simple as possible. Complexity 

increases the risk of errors and vulnerabilities. 

• Psychological Acceptability: 

o Security controls should be user-friendly to encourage 

compliance and reduce the risk of users bypassing them. 

Application Security in Practice 

• Threat Modeling: Proactively identify and prioritize potential 

security risks during the design phase. 

• Regular Code Reviews: Systematically review code for 

vulnerabilities before deployment. 



• Security Training: Ensure all stakeholders understand security risks 

and best practices. 

In summary: 

Application security is guided by principles such as least privilege, separation 

of duties, defense in depth, open design, and secure coding. These principles, 

when applied consistently, help build resilient applications that can withstand 

a wide range of security threats. 

Common Software Vulnerabilities: SQL Injection and Cross-Site 

Scripting (XSS) 

SQL Injection (SQLi) 

• Definition: 

SQL Injection is a server-side vulnerability where attackers insert 

malicious SQL queries into input fields of a web application to 

manipulate the backend database. 

• How It Works: 

Attackers exploit insufficient input validation by injecting specially 

crafted SQL statements. These statements can be used to access, 

modify, or delete sensitive data, bypass authentication, and even 

execute administrative operations on the database. 

• Types: 

o Union-based SQLi: Combines results of multiple queries to 

access extra data. 

o Boolean-based SQLi: Uses true/false conditions to infer 

information. 

o Time-based SQLi: Relies on database response delays to 

extract data. 

o Stacked queries: Executes multiple SQL statements in a single 

request. 

o Blind SQLi: Extracts data without visible error messages, often 

using timing or response differences. 

• Impact: 

Can lead to data breaches, loss of sensitive information, unauthorized 

access, and potentially full control over the application’s database. 



Cross-Site Scripting (XSS) 

• Definition: 

XSS is a client-side vulnerability where attackers inject malicious 

scripts (usually JavaScript) into web pages viewed by other users. 

• How It Works: 

The attacker finds a way to include untrusted, user-supplied data in a 

web page without proper validation or escaping. When another user 

visits the affected page, the malicious script executes in their browser, 

potentially stealing session cookies, credentials, or performing actions 

on behalf of the user. 

• Types: 

o Reflected XSS: Malicious script is reflected off the web server, 

such as in an error message or search result, and is executed 

immediately when a user clicks a crafted link. 

o Stored XSS: Malicious script is permanently stored on the 

target server (e.g., in a database, comment field), and delivered 

to users whenever they access the affected content. 

o DOM-based XSS: The vulnerability exists in client-side scripts 

that process user input and update the DOM without proper 

sanitization3. 

• Impact: 

Attackers can hijack user sessions, steal sensitive data, deface 

websites, spread malware, or impersonate users. 

Summary Table 

Vulnerability Target Attack Vector Impact 

SQL Injection Server/Database 
Malicious SQL 

statements 

Data theft, 

modification, deletion, 

control 

XSS Client/User 
Malicious 

scripts (JS) 

Session hijacking, data 

theft, impersonation 

In summary: 

SQL Injection and XSS are among the most prevalent and dangerous web application 

vulnerabilities. SQLi targets backend databases, while XSS targets end-users by 

executing malicious scripts in their browsers. Both can lead to severe security breaches if 

not properly mitigated. 

https://www.securebrain.co.jp/eng/blog/xss-and-sql-injection-attacks/


Secure Coding Practices and Defensive Programming 

Secure coding practices and defensive programming are essential strategies 

for reducing vulnerabilities and strengthening software against cyber threats. 

They involve proactive measures throughout the software development 

lifecycle to prevent, detect, and mitigate security risks at the code level. 

Key Secure Coding Practices 

• Input Validation and Output Encoding: 

Always validate all input on the server side, treating all data from 

users or external sources as untrusted. Use allow-lists for expected 

data types, lengths, and ranges, and reject invalid input. Output 

encoding ensures that data sent to users or other systems is properly 

sanitized to prevent injection attacks such as SQL Injection or Cross-

Site Scripting (XSS). 

• Authentication and Password Management: 

Implement strong authentication mechanisms, require complex 

passwords, and avoid hardcoding credentials. Use secure password 

storage techniques (e.g., salted hashing) and support multi-factor 

authentication. 

• Access Control: 

Enforce the principle of least privilege, ensuring users and processes 

have only the permissions necessary for their roles. Validate access on 

every request, not just at login, and avoid relying solely on client-side 

controls. 

• Error Handling and Logging: 

Handle errors gracefully without disclosing sensitive information to 

users. Log security-relevant events for auditing, but ensure logs do not 

expose confidential data. 

• Cryptographic Practices: 

Use strong, industry-standard cryptographic algorithms for data 

protection. Never implement your own cryptography, and always 

store keys securely—never hardcoded in source code. 

• Secure API Design: 

Protect APIs with authentication, rate limiting, and avoid exposing 

unnecessary data or endpoints. Validate and sanitize all API inputs 

and outputs. 

• Threat Modeling: 

Identify and assess potential threats and attack vectors early in the 



development process. Continuously update threat models as the 

application evolves to address new risks. 

• Peer Code Reviews and Automated Testing: 

Conduct manual code reviews and use automated tools (static and 

dynamic analysis) to detect vulnerabilities and logic flaws before 

deployment. 

• Secure Defaults and Configuration: 

Ship software with secure default settings and document proper 

configuration for administrators. Regularly update dependencies and 

patch known vulnerabilities. 

Defensive Programming Principles 

• Anticipate and Handle Errors: 

Write code that anticipates invalid, unexpected, or malicious input and 

handles it safely without crashing or exposing vulnerabilities. 

• Fail Securely: 

Ensure that if the application fails, it does so in a secure manner, not 

exposing sensitive data or system functionality. 

• Minimize Attack Surface: 

Limit the amount of code accessible to users, disable unnecessary 

features, and restrict access to sensitive resources. 

• Keep Code Simple and Understandable: 

Simpler code is easier to audit and less likely to contain hidden 

vulnerabilities. 

Integration in the Development Lifecycle 

• Incorporate secure coding principles from the requirements and design 

phases through implementation, testing, and deployment. 

• Use secure coding checklists (such as those from OWASP) as part of 

your development workflow. 

In summary: 

Secure coding and defensive programming involve validating input, 

enforcing strong authentication, handling errors securely, using robust 

cryptography, and continuously assessing threats. These practices, integrated 

throughout the software lifecycle, are vital for building resilient, secure 

applications. 



 

What are Defensive Programming Principles? 
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1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

   

1 / B –Rationale :-  
 The rationale of data security is to protect sensitive digital information from 

unauthorized access, breaches, and loss, ensuring the stability, 

trustworthiness, and competitiveness of an organization in a data-driven 

world. 

 

1 / C –Central Idea :-  
The central idea of data security is to protect digital information 

from unauthorized access, corruption, theft, or loss throughout its entire 

lifecycle 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to understand:  

1. Protecting data in transit and at rest. 

2. Full disk encryption. 

3. Database security practices. 

  

1 / Overview 

  



 
- What are protection methods? 

 

 

Protecting Data in Transit and at Rest 

Data in Transit 

Definition: 

Data in transit refers to information actively moving between devices, 

networks, or locations—such as during email transmission, file transfers, or 

web browsing. This data is vulnerable to interception and unauthorized 

access as it traverses potentially insecure networks. 

Protection Methods: 

• Encryption: The primary defense for data in transit is encryption, 

which transforms readable data into ciphertext that can only be 

decrypted by authorized parties with the correct key. Common 

encryption methods include asymmetric encryption (public/private 

key pairs) and symmetric encryption (shared secret keys). 

• Secure Protocols: Utilize secure communication protocols to ensure 

confidentiality and integrity: 

o Transport Layer Security (TLS): Widely used to secure web 

traffic (HTTPS), email, and other communications by 

encrypting data between endpoints. 
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o Secure File Transfer Protocol (SFTP) & Secure Shell 

(SSH): Secure file and command transfers over networks. 

o Hypertext Transfer Protocol Secure (HTTPS): Protects web-

based data exchanges. 

o Virtual Private Networks (VPNs): Create encrypted tunnels 

for all network traffic, especially useful on public Wi-Fi. 

• Authentication: Digital certificates and mutual authentication (e.g., 

in TLS handshakes) ensure that communication occurs only between 

trusted parties. 

• Best Practices: Regularly update software, avoid insecure networks, 

and use strong encryption standards (e.g., AES-256, TLS 1.2+). 

Data at Rest 

Definition: 

Data at rest refers to information stored on physical media—such as hard 

drives, SSDs, databases, or cloud storage—when it is not actively being 

transmitted or processed. 

Protection Methods: 

• Encryption: Encrypt stored data so that even if storage media are 

compromised, the data remains unreadable without the decryption 

key. Common methods include: 

o Full-disk encryption: Protects all data on a storage device. 

o File- or database-level encryption: Protects specific files or 

database entries. 

• Access Controls: Implement strict authentication and authorization to 

limit data access only to authorized users or processes. 

• Key Management: Securely manage and store encryption keys, 

separate from the encrypted data, to prevent unauthorized decryption. 

• Physical Security: Protect servers, storage devices, and backup media 

from theft or tampering. 

Summary Table 

Data 

State 
Main Threats Protection Methods 

In 

Transit 

Eavesdropping, 

interception 

Encryption (TLS, SFTP, VPN), Secure 

Protocols, Authentication 



Data 

State 
Main Threats Protection Methods 

At Rest 
Theft, unauthorized 

access 

Encryption (disk/file/database), Access 

Controls, Key Management, Physical 

Security 

In summary: 

Protecting data both in transit and at rest is essential for maintaining 

confidentiality and integrity. Encryption is the cornerstone for both, supported 

by secure protocols, strong authentication, and robust access controls. 

Full Disk Encryption (FDE) 

Full disk encryption (FDE) is a security method that encrypts every bit of 

data on a device’s hard drive, including the operating system, system files, 

application data, and temporary files. This ensures that all information stored 

on the disk is converted into an unreadable format unless accessed with the 

correct decryption key or password. 

How Full Disk Encryption Works 

• Automatic Encryption: 

FDE operates automatically, encrypting data as it is written to the disk 

and decrypting it when read by an authenticated user. This means 

users experience little to no change in their workflow after initial 

setup. 

• Comprehensive Protection: 

Unlike file or folder encryption, FDE covers the entire disk, including 

swap space and temporary files, reducing the risk of sensitive data 

exposure through overlooked files. 

• Access Control: 

Access to the encrypted data requires authentication (such as a 

password or cryptographic key). Without this, even if the physical 

drive is stolen or removed, the data remains inaccessible. 



Benefits of Full Disk Encryption 

• Data Security: 

Protects sensitive data from unauthorized access, especially in cases 

of device theft or loss. 

• Regulatory Compliance: 

Helps organizations meet data protection regulations (e.g., HIPAA, 

GDPR, PCI DSS) by providing strong security for data at rest. 

• Reduced Human Error: 

Eliminates the need for users to decide which files to encrypt, 

reducing the risk of accidental data leaks. 

• Seamless User Experience: 

After setup, encryption and decryption are transparent, with minimal 

impact on system performanc. 

• Immediate Data Destruction: 

Destroying the encryption keys renders all data on the disk 

permanently inaccessible, which is useful for secure device 

decommissioning. 

Limitations and Considerations 

• Not for Data in Transit: 

FDE only protects data stored on the disk; it does not secure data as it 

moves over networks. 

• Key Management: 

Losing the decryption key or password can result in permanent data 

loss, so secure key backup processes are essential. 

• Performance Impact: 

There may be minor slowdowns, especially on older hardware, due to 

the encryption and decryption processes. 

• Partial Boot Encryption: 

Some implementations may leave the master boot record unencrypted, 

so not every byte on the disk is always protected. 

Common Implementations 

• BitLocker (Windows) 

• FileVault (macOS) 

• Linux dm-crypt/LUKS 



In summary: 

Full disk encryption is a robust, user-friendly, and regulatory-compliant 

method for protecting all data stored on a device from unauthorized access, 

especially in the event of loss or theft. It should be combined with strong key 

management and other security practices for comprehensive protection. 

 

Database Security Practices 

Securing databases is critical to protect sensitive data from breaches, 

unauthorized access, and other cyber threats. Effective database security 

involves a combination of infrastructure design, access controls, encryption, 

monitoring, and policy enforcement. 

Key Best Practices for Database Security 

1. Separate Database Servers from Application and Web Layers 

Isolate databases on dedicated servers or subnets to prevent direct 

access from public-facing services. This reduces the attack surface 

and limits lateral movement if other systems are compromised. 

2. Encrypt Data at Rest and in Transit 

o Use Transport Layer Security (TLS) to encrypt all database 

connections, protecting data in transit. 

o Encrypt disks or volumes storing sensitive data to secure data at 

rest. 

o Employ column-level encryption and data masking for 

particularly sensitive fields to enhance protection and 

compliance. 

3. Implement Strong Authentication and Access Controls 

o Avoid shared credentials; tie logins to individual users or 

systems. 

o Enforce multi-factor authentication (MFA) to strengthen 

identity verification. 

o Apply the principle of least privilege by restricting roles and 

permissions to only what is necessary. Regularly review and 

revoke unnecessary access to prevent privilege creep. 

4. Continuously Discover and Classify Sensitive Data 

Maintain an up-to-date inventory of your data, identifying which 



tables or columns contain sensitive information. This enables targeted 

protection and compliance with regulations. 

5. Limit Physical and Network Access 

o Secure physical access to database servers through locks, 

surveillance, and controlled environments. 

o Prevent public network access to databases by placing them 

behind VPNs or firewalls and restricting connections to 

authorized applications or users. 

6. Monitor User Activity and Database Access 

Implement real-time monitoring and logging of database activities, 

especially for privileged accounts. Use automated tools to detect 

anomalous behavior and alert administrators to potential threats. 

7. Deploy Application and Database Firewalls 

Use firewalls to filter and block malicious traffic before it reaches the 

database. Web Application Firewalls (WAFs) can protect against 

attacks like SQL injection by intercepting harmful request. 

8. Avoid Default Network Ports 

Change default ports for database services to reduce exposure to 

automated attacks targeting well-known ports. 

9. Regular Backups and Secure Backup Storage 

Ensure backups are performed regularly and stored securely with the 

same level of protection as the primary database. This guards against 

data loss and supports recovery efforts7. 

10. Keep Systems Updated and Patch Vulnerabilities 

Regularly update database software and related infrastructure to fix 

security flaws and reduce the risk of exploitation. 

 

 

Summary Table 

Practice Purpose/Benefit 

Server Separation 
Limits attack paths and lateral 

movement 

Encryption (At Rest & 

Transit) 

Protects data confidentiality and 

integrity 

https://www.ibm.com/think/topics/database-security


Practice Purpose/Benefit 

Strong Authentication & 

Access 

Prevents unauthorized access and 

privilege abuse 

Data Discovery & 

Classification 

Enables focused protection and 

compliance 

Physical & Network 

Access Control 

Protects against unauthorized 

physical and remote access 

Monitoring & Logging Detects suspicious activity early 

Firewalls 
Blocks malicious traffic and 

application-layer attacks 

Change Default Ports 
Reduces exposure to automated 

scanning and attacks 

Secure Backups 
Ensures data availability and recovery 

capability 

Patch Management 
Fixes vulnerabilities and strengthens 

defenses 

In summary: 

Robust database security requires isolating database infrastructure, encrypting 

data, enforcing strong authentication and access controls, continuous 

monitoring, and applying layered defenses such as firewalls and secure 

backups. Regularly reviewing and updating these practices helps maintain a 

strong security posture against evolving threats. 

 

  

 

  

  



 
  

- What Robust database security requires?  

  

  

  
 

 

 

 

- What is Cybersecurity Management? 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

4 / P ost 
  test : - 

    

  

      
4/ HomeWorks: - 



Ministry of high Education and Scientific Research 

Southern Technical University 
Technological institute of Basra 

Department of Computer Networks 

 and Software Techniques 

 
  

  

 

 

  

                         Learning package  

                                                                In  

  

Information Security and Encryption 

For 

Second year students 

 

(12) 

 

  

By  

 

Dr. Lamya'a Ghalib Shihab 

Lecturer 
Dep. Of Computer Networks 

and Software Techniques 

 
2025 

  



 

 

 

  

1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

  
 1 / B –Rationale :-  

 The rationale of cybersecurity management is to 

systematically identify, assess, and mitigate cyber risks in order to 

protect an organization’s data, systems, and reputation from 

evolving threats.  

  

1 / C –Central Idea :-  
 The central idea of cybersecurity management is the systematic 

and strategic approach to protecting an organization’s information 

systems, networks, and digital assets from cyber threats. 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to know:  

1. Security policies and procedures. 

2. Incident response and management. 

  

1 / Overview 

  



3. Security standards and frameworks (ISO 27001, NIST). 

 

 

 
  

- What are the Core Components of Security Policies? 

  

  

 

Security Policies and Procedures 

Security policies and procedures are formalized documents that define an 

organization’s approach to protecting its information assets, ensuring 

compliance, and managing risk. They serve as the foundation for enterprise 

security, shaping how employees, systems, and processes interact to maintain 

the confidentiality, integrity, and availability of data and services. 

Key Principles and Objectives 

• Confidentiality, Integrity, Availability (CIA Triad): 

Security policies are designed to protect critical resources by ensuring 

only authorized access (confidentiality), maintaining data accuracy 

(integrity), and guaranteeing that systems and data are available when 

needed (availability). 

• Comprehensive Coverage: 

Policies should address all aspects of security, including application 
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security, data protection, incident response, business continuity, and 

disaster recovery. 

• Alignment with Business Goals: 

Security objectives must align with organizational goals, regulatory 

requirements, and risk tolerance. 

Core Components of Security Policies 

• Purpose and Scope: 

Clearly state the intention of the policy and define its applicability 

(e.g., which systems, users, or departments it covers). 

• Roles and Responsibilities: 

Assign accountability for enforcing policies, managing incidents, and 

maintaining compliance. 

• Acceptable Use: 

Define how IT resources may be used, minimizing risk of misuse or 

abuse. 

• Data Classification and Management: 

Establish categories for data based on sensitivity and outline 

appropriate handling, storage, and transmission requirements. 

• Access Control: 

Detail who can access specific data or systems and the process for 

granting, reviewing, and revoking access. 

• Password and Authentication Standards: 

Specify rules for password creation, management, and use of multi-

factor authentication. 

• Incident Response and Reporting: 

Provide protocols for detecting, reporting, and handling security 

incidents to minimize damage and support recovery. 

• Backup and Recovery Procedures: 

Describe secure backup processes and regular testing to ensure data 

can be restored after loss or compromise. 

• Monitoring and Auditing: 

Require continuous monitoring, logging, and audit trails to detect and 

investigate suspicious activity. 

• Security Awareness Training: 

Mandate ongoing education for employees about security risks, 

policies, and best practices. 



Procedures 

Procedures are step-by-step instructions derived from policies, detailing how 

to implement security controls in daily operations. They translate high-level 

policy into actionable tasks—such as how to classify data, respond to an 

incident, or perform regular access reviews. 

Development and Maintenance Process 

1. Establish Goals and Objectives: 

Define what the organization aims to achieve with its security 

framework. 

2. Risk Assessment: 

Identify and evaluate risks and vulnerabilities to prioritize protective 

measures. 

3. Policy Development: 

Draft clear, enforceable policies that address identified risks and 

regulatory requirements. 

4. Implementation: 

Deploy policies through controls, training, and technical measures. 

5. Ongoing Monitoring and Review: 

Regularly assess policy effectiveness, update them as threats evolve, 

and ensure compliance. 

In summary: 

Security policies and procedures provide a structured, enforceable 

framework for protecting organizational assets, guiding user behavior, and 

ensuring resilience against cyber threats. They are living documents that 

require regular review, employee training, and adaptation to new risks and 

technologies. 

Incident Response and Management 

Incident response and management are structured processes organizations 

use to detect, respond to, and recover from cybersecurity incidents such as 

data breaches, malware infections, or unauthorized access. The primary 

goals are to minimize damage, restore normal operations, and prevent future 

incidents. 



Key Objectives 

• Rapidly detect and confirm security incidents 

• Contain and mitigate the impact of incidents 

• Eradicate threats and restore affected systems 

• Learn from incidents to strengthen future defenses 

Incident Response Lifecycle 

The incident response process is typically organized into the following 

phases: 

1. Preparation 

o Develop and maintain an incident response plan (IRP) 

o Train staff and assemble a dedicated response team (such as a 

CSIRT) 

o Deploy necessary tools and establish protocols for detection 

and communication 

2. Identification 

o Detect and confirm the occurrence of a security incident 

through monitoring, alerts, and analysis 

o Assess the scope, severity, and potential impact 

3. Containment 

o Isolate affected systems to prevent further spread or damage 

o Implement short-term measures (e.g., disconnecting 

compromised devices) and long-term solutions (e.g., patching 

vulnerabilities)  

4. Eradication 

o Remove the root cause of the incident, such as deleting 

malware or closing exploited vulnerabilities 

o Ensure all traces of the threat are eliminated from the 

environment 

5. Recovery 

o Restore systems and services to normal operation 

o Verify the integrity and security of restored systems before 

bringing them back online 

6. Lessons Learned 

o Review and analyze the incident and response effectiveness 

o Update policies, procedures, and defenses based on findings to 

improve future response 



Why Incident Response Matters 

Effective incident response reduces the cost, downtime, and reputational 

damage associated with cyber incidents. Organizations with formal response 

plans and trained teams recover faster and suffer less financial and 

operational impact from breaches. 

In summary: 

Incident response and management are essential for minimizing the impact 

of cyber threats. A well-defined, regularly tested incident response plan—

covering preparation, identification, containment, eradication, recovery, and 

post-incident review—enables organizations to respond swiftly and 

effectively to security incidents. 

 

Security Standards and Frameworks: ISO 27001 and NIST 

Security standards and frameworks provide organizations with structured 

approaches to managing cybersecurity risks, protecting data, and 

demonstrating trustworthiness to customers and partners. Two of the most 

widely recognized frameworks are ISO 27001 and the NIST Cybersecurity 

Framework (NIST CSF). 

ISO 27001 

• What It Is: 

ISO 27001 is an international standard for establishing, implementing, 

maintaining, and continually improving an Information Security 

Management System (ISMS). It is published by the International 

Organization for Standardization (ISO) and is recognized globally. 

• Key Features: 

o Certification: Organizations can be formally certified as ISO 

27001 compliant through independent, accredited audits. 

Certification is often required by large enterprises and 

international partners to demonstrate robust information 

security practices. 

o Risk-Based Approach: Focuses on identifying information 

security risks and implementing controls to mitigate them. 



o Comprehensive Controls: Includes 93 controls in Annex A, 

covering areas such as access control, incident response, asset 

management, and business continuity. 

o International Recognition: Especially valuable for 

organizations operating globally or seeking to build trust with 

international clients. 

NIST Cybersecurity Framework (NIST CSF) 

• What It Is: 

Developed by the U.S. National Institute of Standards and 

Technology, the NIST CSF is a set of voluntary guidelines and best 

practices for managing and reducing cybersecurity risk. It is widely 

used in the U.S., especially by government agencies and their 

contractors. 

• Key Features: 

o Guidance, Not Certification: NIST CSF serves as a flexible 

guide rather than a certifiable standard. There is no formal 

certification or audit process. 

o Core Functions: The framework is organized around six 

functions: Govern (added in 2024), Identify, Protect, Detect, 

Respond, and Recover. 

o Technical Emphasis: Provides more technical and operational 

detail, making it well-suited for organizations building or 

maturing their cybersecurity programs. 

o U.S.-Centric: Designed primarily for U.S. federal agencies but 

applicable to any organization seeking to improve its 

cybersecurity posture. 

Similarities and Overlap 

• Both frameworks emphasize risk assessment, management oversight, 

and continuous improvement. 

• They share many controls and best practices, such as access control, 

incident response, encryption, and employee awareness training. 

• Organizations compliant with one framework often find significant 

overlap when adopting the other (e.g., ISO 27001 certification covers 

about 83% of NIST CSF requirements). 



Key Differences 

Aspect ISO 27001 NIST CSF 

Type 
International standard 

(certifiable) 

Voluntary framework (not 

certifiable) 

Recognition Global 
U.S.-centric, but globally 

respected 

Approach 
Risk-based, less technical, 

prescriptive 

Technical, flexible, outcome-

focused 

Certification 
Requires formal audit and 

certification 

No certification or audit 

process 

Use Case 
Mature organizations, 

global operations 

Organizations 

building/maturing security 

In summary: 

ISO 27001 and NIST CSF are both highly respected frameworks that help 

organizations manage cybersecurity risks. ISO 27001 is best for those 

needing formal certification and international recognition, while NIST CSF 

offers flexible, technical guidance ideal for organizations seeking to 

strengthen or begin their cybersecurity programs. 

 

- Why Incident Response Matters? 

  

   
 
- What is Cloud Security? 
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1 / A –Target population :-  
  

For students of Second year  

Technological institute of Basra 

Dep. Of Computer Networks and Software Techniques 

   

1 / B –Rationale :-  
 The rationale for studying Emerging Trends and Technologies in Security is 

to ensure organizations and professionals remain resilient and effective 

against a rapidly evolving threat landscape. 

  

1 / C –Central Idea :-  
 The central idea of Emerging Trends and Technologies in Security is that 

the cybersecurity landscape is rapidly evolving due to technological 

advancements and shifting threat dynamics, requiring organizations to 

continuously adapt their strategies and tools to remain resilient. 

1 / D – Performance Objectives  
After studying the first unit, the student will be able to understand:  

1. Cloud security: Challenges and solutions. 

2. IoT security: Risks and best practices. 

3. Future challenges in information security. 

  

1 / Overview 

  



 
  

  

  

 

Cloud Security: Challenges and Solutions 

Key Challenges in Cloud Security (2025) 

• Expanding Attack Surfaces and Complexity: 

Rapid cloud adoption and multi-cloud environments have 

dramatically increased the number and diversity of assets, leading to 

larger attack surfaces and more complex security management. Many 

organizations have neglected assets or outdated resources, with 32% 

of cloud assets in a neglected state and an average of 115 

vulnerabilities per asset. 

• Misconfigurations: 

Misconfigured cloud resources remain a leading cause of breaches, 

enabling unauthorized access to sensitive data. These errors often 

result from a lack of expertise, inadequate monitoring, or 

misunderstanding of cloud provider security responsibilities. 

• Identity and Access Management (IAM) Weaknesses: 

Poorly managed identities, excessive privileges, and weak 

authentication expose cloud environments to account takeovers and 

insider threats. The rapid rise of non-human identities (such as service 

accounts and API keys) further complicates IAM. 
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• AI-Driven and Advanced Persistent Threats (APTs): 

Attackers are leveraging AI-powered tools and sophisticated tactics, 

including APTs and supply chain attacks, to evade detection and 

exploit vulnerabilities in cloud infrastructure. 

• Secrets Management Failures: 

Many organizations have plaintext secrets (such as API keys or 

credentials) embedded in code repositories, making them easy targets 

if repositories are exposed. 85% of organizations have such secrets in 

their source code. 

• Lack of Visibility and Monitoring: 

Insufficient real-time monitoring and centralized logging hinder the 

ability to detect and respond to threats, especially in multi-cloud and 

hybrid environments. 

• Shadow IT and Supply Chain Risks: 

The use of unauthorized cloud services (shadow IT) and 

vulnerabilities in third-party providers or software components 

increase the risk of data leaks and large-scale breaches. 

• Shared Responsibility Model Confusion: 

Many organizations mistakenly believe their cloud provider handles 

all aspects of security, leading to gaps in protection. 

Effective Solutions and Best Practices 

• Continuous Auditing and Security Automation: 

Implement automated tools for continuous auditing, vulnerability 

scanning, and security posture management to identify and remediate 

risks promptly. 

• Strong IAM and Least Privilege: 

Enforce rigorous IAM policies, including multi-factor authentication 

(MFA), least privilege access, and regular reviews of permissions—

especially for non-human identitie. 

• Configuration Management: 

Maintain secure configuration baselines and use tools to detect and 

correct misconfigurations in real time. 

• Secrets Management: 

Use secrets management solutions to securely store, rotate, and 

control access to credentials, API keys, and other sensitive 

information. 

• Centralized Monitoring and Anomaly Detection: 

Deploy centralized logging, real-time monitoring, and AI-driven 



anomaly detection to quickly identify misconfigurations, unauthorized 

access, and malicious activities. 

• Cloud Security Posture Management (CSPM): 

Adopt CSPM solutions to automate compliance checks, monitor 

security baselines, and remediate risks across cloud assets. 

• Proactive Cloud Governance: 

Establish clear policies, educate teams on the shared responsibility 

model, and ensure collaboration between cloud providers and users 

for end-to-end security. 

• Supply Chain Security: 

Continuously monitor and assess the security of third-party providers 

and software components integrated into cloud environments. 

In summary: 

Cloud security in 2025 is challenged by expanding attack surfaces, 

misconfigurations, IAM weaknesses, and sophisticated threats. Effective 

solutions include continuous auditing, robust IAM, secure configuration and 

secrets management, centralized monitoring, and proactive governance to 

reduce risk and enhance resilience. 

IoT Security: Risks and Best Practices 

Key Risks in IoT Security (2025) 

• Device Vulnerabilities and Unpatched Software: 

Many IoT devices run on outdated firmware or software, with 60% of 

breaches linked to unpatched vulnerabilities. Limited processing 

power and storage often mean security updates are infrequent or 

unsupported. 

• Weak Authentication and Default Credentials: 

A significant portion of IoT devices still use default or hardcoded 

passwords, making them easy targets for attackers. One in five 

devices remains vulnerable due to unchanged credentials. 

• Botnet and DDoS Attacks: 

Compromised IoT devices are frequently hijacked into botnets, which 

are then used to launch large-scale DDoS attacks. IoT botnets now 

account for 35% of all DDoS incidents. 

• Data Privacy Breaches: 

IoT devices collect and transmit sensitive data, including personal, 

financial, and location information. Over 25% of IoT-related breaches 



involve stolen personal data, leading to privacy violations and 

regulatory penalties. 

• Industrial and Critical Infrastructure Risks: 

Industrial IoT (IIoT) devices in sectors like manufacturing, energy, 

and healthcare are increasingly targeted, with attacks leading to 

operational disruptions, safety incidents, and even threats to public 

welfare. 

• Physical Security Risks: 

IoT devices such as smart locks and connected vehicles can be 

exploited for physical break-ins or remote hijacking. 

• Large-Scale Deployments and Attack Surface: 

The rapid proliferation of devices expands the attack surface, making 

it difficult to monitor and secure every endpoint. 

• Emerging Sophisticated Threats: 

Attackers are leveraging machine learning and AI to automate and 

scale attacks, outpacing traditional security measures. 

Best Practices for IoT Security 

• AI-Powered Threat Detection: 

Use AI and machine learning to monitor device behavior, detect 

anomalies, and respond to threats faster than manual methods. 

• Zero Trust Architecture: 

Adopt a zero trust approach, assuming no device or user is trusted by 

default. Continuously verify identities and enforce least-privilege 

access. 

• Advanced Encryption: 

Encrypt data both in transit and at rest to protect against 

eavesdropping and data theft. 

• Strong Authentication and Credential Management: 

Replace default credentials with strong, unique passwords. Implement 

multi-factor authentication and robust credential management for all 

devices. 

• Regular Updates and Patch Management: 

Ensure all devices support secure update mechanisms and apply 

patches promptly to address vulnerabilitie. 

• Network Segmentation: 

Isolate IoT devices from critical systems and sensitive data using 

network segmentation to limit the impact of potential breaches. 



• Compliance with Regulations and Standards: 

Follow emerging regulations such as the EU Cyber Resilience Act and 

UK Product Security Regulations, and use recognized frameworks 

like the NIST Cybersecurity Framework for IoT. 

• Comprehensive Asset Inventory and Monitoring: 

Maintain an up-to-date inventory of all IoT devices and continuously 

monitor their status and behavior for signs of compromise. 

In summary: 

IoT security in 2025 faces escalating risks from unpatched vulnerabilities, 

weak authentication, botnets, data breaches, and sophisticated AI-driven 

attacks. Organizations must adopt advanced threat detection, zero trust, 

strong encryption, regular updates, and regulatory compliance to protect 

their IoT ecosystems effectively. 

Future Challenges in Information Security 

1. Proliferation of Connected Devices and Expanding Attack 

Surfaces 

By 2030, the number of internet-connected devices—including IoT, 

wearables, and smart infrastructure—is expected to reach tens of billions. 

Each device increases the potential points of entry for attackers, making 

comprehensive security and asset management far more complex. 

2. Advanced and AI-Driven Threats 

Attackers are increasingly leveraging artificial intelligence and automation 

to develop more sophisticated, adaptive, and rapid cyberattacks. This 

includes AI-powered phishing, deepfake-based social engineering, and 

automated vulnerability discovery. The unchecked deployment of AI tools, 

often without robust security measures, further exposes organizations to 

manipulation and breaches. 

3. Quantum Computing and Cryptography Risks 

The threat of “steal-now, decrypt-later” attacks is rising, as adversaries 

collect encrypted data today with the intention of decrypting it using future 

quantum computers. This forces organizations to accelerate the adoption of 

post-quantum cryptography to protect sensitive assets. 



4. Cloud, SaaS, and Supply Chain Vulnerabilities 

As dependency on cloud platforms and SaaS grows, attackers are targeting 

these environments with increasingly complex threats. Supply chain 

compromises—especially of software dependencies—pose systemic risks, 

while many organizations still struggle with visibility and consistent policy 

enforcement across sprawling cloud and SaaS ecosystems. 

5. Erosion of Trust and Disinformation 

Advances in AI and synthetic media make it harder to distinguish between 

legitimate and fake information, deepening the crisis of trust online. 

Misinformation and disinformation campaigns, often AI-driven, threaten not 

only cybersecurity but also social and political stability. 

6. Skills Shortages and Human Error 

The cybersecurity talent gap is widening, with a significant shortage of 

skilled professionals predicted by 2030. Human error—such as 

misconfigurations and poor patch management—remains a leading cause of 

breaches, especially as systems grow more complex. 

7. Legacy Systems and Critical Infrastructure 

Outdated and unpatched legacy systems, especially within critical 

infrastructure (energy, water, healthcare), are increasingly targeted by 

nation-state and criminal actors. The potential physical impact of digital 

attacks on society is growing. 

8. Regulatory and Governance Challenges 

The rapid evolution of technology, especially AI and quantum computing, is 

outpacing regulatory frameworks. Organizations face difficulties in 

complying with diverse and evolving global regulations, particularly 

regarding privacy, data protection, and AI governance. 

9. Data Privacy and Surveillance 

The rise of digital surveillance, loss of privacy, and authoritarian use of 

technology are emerging as major concerns. Organizations must balance 



innovation with the protection of personal and sensitive data in an 

environment of increasing regulation and public scrutiny. 

In summary: 

The future of information security will be shaped by the explosion of 

connected devices, AI-driven and quantum-enabled threats, cloud and 

supply chain vulnerabilities, erosion of trust, skills shortages, and regulatory 

complexity. Addressing these challenges will require resilient architectures, 

continuous innovation, investment in talent, and robust governance 

frameworks. 
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