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Introduction

Ethical hacking is the authorized practice of simulating cyberattacks on
computer systems and networks to identify and fix security vulnerabilities. By
using the same tools and tactics as malicious hackers, these professionals
help organizations strengthen their security posture and prevent costly data
breaches before criminals exploit them.

What is Ethical Hacking?

Ethical hackers (often referred to as “white—hat” hackers) operate under
strict legal agreements and explicit permission. Their work primarily
involves:

e Security Assessments: Evaluating networks, web applications, and
physical devices for weak points.

e Simulated Attacks: Launching controlled attacks to test an
organization’ s incident response and resilience.

e Reporting: Providing detailed scorecards and actionable recommendations

to patch vulnerabilities.

Types of Hackers
To understand the landscape of cybersecurity, it is helpful to know the

different categories of hackers:

e White Hat (Ethical Hackers): Security experts who hack for defensive
and protective purposes with authorization.

e Black Hat: Malicious hackers who exploit systems for financial gain,
data theft, or destruction.

e Grey Hat: Hackers who might breach a system without permission to find
vulnerabilities, but typically report them to the owner rather than

causing damage.

The 5 Phases of Ethical Hacking
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Ethical hackers generally follow a structured methodology that mirrors the

thought process of a malicious attacker.

Reconnaissance (Foot printing): Gathering as much information as
possible about the target (e.g., domain names, network topology, and
active employees) before the attack begins.

Scanning: Using specialized tools to identify open ports, active
devices, and running services on the network.

Gaining Access: Exploiting the identified weaknesses (such as system
flaws or unpatched software) to gain unauthorized entry.

Maintaining Access: Ensuring continued presence within the compromised
system to evaluate how deep an attacker could get.

Covering Tracks (Reporting): Removing traces of the intrusion and
organizing the findings into a clear, professional report for the

organization.

Essential Skills to Get Started

If you are looking to start a career in ethical hacking, you will need a

strong foundational skill set:

Networking: Deep understanding of TCP/IP, DNS, routing, and switching.
Operating Systems: Proficiency in Linux, as well as Windows and macOS.
Programming & Scripting: Knowledge of Python, Bash, or PowerShell for
automation.

Security Tools: Familiarity with standard industry software like Nmap,

Wireshark, and Metasploit.

Ethical hacking impacts:

Ethical hacking impacts cybersecurity by . It provides a measurable defensive
advantage by preventing data breaches, ensuring regulatory compliance, saving

money,

and building trust with stakeholders.
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Key Impacts of Ethical Hacking
The strategic and technical value of ethical hacking is felt across an
organization’ s digital ecosystem:

e Vulnerability Identification: Ethical hackers expose hidden security
flaws, logic errors, and system misconfigurations, allowing companies to
patch vulnerabilities before adversaries find them.

e Proactive Cost Savings: Finding and fixing a flaw during testing avoids
the astronomical costs associated with incident response, system
downtime, regulatory fines, and reputational damage from an actual
breach.

e Regulatory Compliance: Security testing fulfills assessment mandates
required by strict data privacy and security frameworks like GDPR,
HIPAA, or ISO/IEC 27001.

e Stakeholder Trust: Demonstrating a rigorous, ongoing commitment to
cybersecurity assures customers and partners that their sensitive data

is properly protected.

Categories of Ethical Hacking Impacts
Ethical hacking is typically split into distinct scopes or domains, each with

its own focus area:

e Network & Infrastructure Testing: Targets firewalls, routers, and
switches to ensure that critical environments (like power grids and

corporate servers) remain secure against unauthorized access.
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e Web & Application Security: Evaluates software for hidden flaws (e.g.,
SQL injection, cross—site scripting) to protect user databases and
transaction portals.

e Social Engineering & Human Firewalls: Tests employee awareness by
simulating phishing or impersonation attacks. This measures the

organization’ s susceptibility to manipulation.

The Hacker Framework:

An ethical hacking framework is . The most widely adopted standard is the EC-
Council’s Certified Ethical Hacker (CEH) methodology, which organizes
authorized security testing into five distinct phases.

-
___________ . SCANNING
Ethical B
- e GAINING ACCESS
,,,,,,,,,,,,,, . MAINTAINING ACCESS
__________ - COVERING TRACKS

The ethical hacking process must be legally backed by a strict scope of work
and written authorization. Once approved, ethical hackers step through the
following five phases:

Phases of

1. Reconnaissance

The foundational information—gathering phase. Ethical hackers map out the
target environment to learn about the organization’ s network architecture, IP
addresses, employee details, and existing hardware. This phase relies on two
methods:

e Passive Reconnaissance: Gathering publicly available information
without directly interacting with the target’ s systems (e.g., WHOIS
lookups, DNS analysis, and social media scoping).

e Active Reconnaissance: Actively probing the network to discover open

ports, active hosts, and system banners, which carries a higher risk of

detection.

2. Scanning
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Using the information gathered in the first phase, ethical hackers perform
deeper technical tests on the target systems to find specific vulnerabilities.
Common scanning practices include:

e Vulnerability Scanning: Utilizing automated software to search for
known software flaws or misconfigurations.

e Port Scanning: Identifying open doors in a network using tools like
Nmap to determine what services are running.

e Network Mapping: Identifying the exact layout of network devices,

servers, and clients

3. Gaining Access
This is the exploitation phase. The ethical hacker uses the discovered
vulnerabilities (e.g., weak passwords, outdated software, or unpatched
systems) to bypass security controls and gain unauthorized access.
Practitioners leverage platforms like the Exploit Database or frameworks like
Metasploit to simulate real-world attacks.
4. Maintaining Access
Ethical hackers test how long and deeply an attacker could persist within a
network. This phase involves simulating the installation of backdoors,
rootkits, or Trojans to maintain access. The objective is to evaluate how well
an organization’ s security operations center (SOC) detects prolonged breaches
and lateral movement.
5. Covering Tracks and Reporting
Malicious hackers erase their tracks to avoid detection. However, for ethical
hackers, this phase is dedicated to:

System Cleanup: Reverting the environment to its exact pre—test state

and removing any testing artifacts (like backdoors created in the

previous step).

Documentation: Compiling a comprehensive, actionable report detailing the
vulnerabilities found, the risks they pose, and specific remediation

strategies

Planning the test:
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In ethical hacking, the Planning and Scoping phase is . Without this, even a
simulated attack is unauthorized and illegal. It dictates exactly what systems
will be tested, how they will be tested, and what to do in case of an
emergency.

_— - Key Phases of Penetration Testing

Planning and
Reconnaissance

Saining Access

Maintaining Access

Reporting

A robust planning framework in ethical hacking requires several specific
components to protect both the tester and the organization:

1. Defining Objectives and Goals

Before starting, you must know why the test is being conducted. Common goals
include:

e Fulfilling compliance requirements (e.g., PCI-DSS, SOC 2, HIPAA).

e Validating current security defenses against simulated real-world
threats.

e I[dentifying vulnerabilities before malicious actors find and exploit
them.

2. Scoping the Assessment
The scope defines the exact boundaries of the test. A poorly defined scope
often leads to scope creep or accidental downtime. You must explicitly

identify:

e In—scope assets: Specific IP addresses, domains, cloud instances,
physical facilities, or personnel (for social engineering).

e Qut—-of—-scope assets: Systems, services, or third-party hosted
environments that must not be touched (e.g., payment gateways).

e Testing methodologies: White-box (full knowledge of the system), Gray-
box (partial knowledge), or Black-box (no prior knowledge).

3. Rules of Engagement (RoE)
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The RoE acts as the legal and operational rulebook. It specifies the “how” and

“when” of the assessment:

e Permitted techniques: Whether Denial of Service (DoS) attacks, brute—
forcing, or physical break—-ins are allowed.

e Testing windows: Scheduling active, potentially disruptive tests during
off-peak hours to avoid impacting live business operations.

e Exemptions: Specific actions or sensitive databases that are off-

limits.

4. Legal Authorization and Documentation

Written consent is non—negotiable. This phase ensures:

e Scope Approval: The rules and boundaries are signed off by executive
stakeholders or legal teams.

e Liability Waivers: The testing team is protected from legal prosecution
while operating within the agreed—upon scope.

e Compliance/Privacy: Adherence to data privacy laws when handling

sensitive PII (Personally Identifiable Information) during the test.

5. Stakeholder Communication and Logistics

Clear channels of communication keep the assessment safe and aligned:

e Communication Channels: Establishing points of contact (POCs) for both
the testing team and the organization’s IT/Security team.

e Emergency Protocols: Outlining how to stop tests immediately if a
system crashes or an actual security incident occurs.

e Scheduling: Setting timelines, milestones, and dates for the final

delivery of the vulnerability report.

Sound Operations:

In ethical hacking, “Sound Operations” refers to . It ensures that all
testing procedures are legally compliant, safely executed within agreed
boundaries, and tightly aligned with the organization s broader business and
security objectives.
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Responsibilities

The Sound Operations phase sits at the foundation of the ethical hacking
lifecycle. It encompasses several vital components:
Key Elements of Sound Operations

e Rules of Engagement (RoE): This is the core document that defines
exactly how the test will be conducted. It details testing hours,
allowed testing methods (e.g., automated scanning, social engineering),
and what to do in the event of an emergency or system crash.

e Scope of Work (SoW): Clearly identifies the exact targets—such as
specific IP addresses, cloud environments, physical locations, or
employees—that are in-bounds and out-of-bounds. Proper scoping protects both the
ethical hacker from legal liability and the organization from accidental disruption.

e Resource and Constraint Management: Outlines timeframes, budget
limitations, and the types of testing (e.g., Black Box, Gray Box, or
White Box) to be utilized.

e Authorization and Sign—off: Secures documented consent from executive
stakeholders. This serves as legal protection and ensures stakeholders

understand the risk profile of the assessment.

Why Sound Operations Matters

Without a solid, well-documented operational framework, even an authorized
security test can lead to downtime, compliance violations, or unintended data
breaches. Establishing these parameters allows ethical hackers to simulate
real-world attacks responsibly, ensuring systems are rigorously tested without

putting the business’ s daily operations or sensitive data at risk

Reconnaissance

Reconnaissance (often called “recon” or footprinting) is the critical initial
phase in the ethical hacking framework. It involves .



Maisammaguda (V), Kompally - 500100, Secunderabad, Telangana State, India

\ts2 NARSIMHA REDDY ENGINEERING COLLEGE Accredited by NBA & NAAC with ‘A’ Grade

Approved by AICTE

Permanently affiliated to JNTUH

Reconnaissance

Surveillance is the initial
phase of ethical hacking,
where the hacker gathers
as much information as

Scanning identifies open
ports, active devices, and
"4 services on the target / N
network.

Gaining Access
\

The hacker uses the
vulnerabilities discovered
during scanning to gain
unauthorized access to

Maintaining Access

Onee access is gained, the
hacker must maintaina
foothald in the target /N
system to perform
further actions, such as
data exfiltration or
surveillance.

Covering Tracks

The final phase of ethical
hacking ensures that the
hacker's presence remains
undetected.

possible about the target
system.

the target system.
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The reconnaissance process is broadly split into two primary methods,
serving different goals in an ethical hacking engagement:

each

e Passive Reconnaissance: Gathering information without directly

interacting with the target’ s infrastructure to avoid detection.
e TJechniques: Analyzing public records, reviewing social media,
using Google Dorks, and searching DNS records.

e Active Reconnaissance: Probing the target system directly to gather
precise, current data.

o Techniques: Ping sweeps, port scanning (e.g., via Nmap), O0S
fingerprinting, and trace routing. Mote: Because active methods
Interact directly with the target, they leave traces and risk

detection.

The 7-Step Reconnaissance Methodology
Ethical hackers generally follow a structured, multi—step sequence to ensure
their intelligence gathering is as comprehensive as possible:

e Gather Initial Information: Collect background details like company
size, employee contacts, and physical locations.

e Determine Network Range: Identify the target’s IP address range and
subnet masks.

e Identify Active Machines: Map out which devices, servers, and systems
are live on the network.

e Discover Open Ports: Scan for active ports and services running on
those machines.

e Fingerprint the Operating System: Determine the exact OS and version

running on the target hardware.
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e Locate Services & Versions: Identify the specific applications and

software versions tied to open ports to find known vulnerabilities.

e Map Trust Relationships: Analyze permissions, user account data, and

system—to—system trust to pinpoint the path of least resistance.

Enumeration:

Enumeration is . Falling between initial scanning and exploitation, it
converts basic network visibility into actionable intelligence to identify
valid attack vectors.
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The 5 Phases of Hacking
In the standard ethical hacking lifecycle, enumeration forms the second and
third steps:

e Reconnaissance (Footprinting): Passive and active gathering of general
organizational data.

e Scanning: Using tools to identify live hosts, open ports, and active
services.

e Enumeration: Actively probing services to extract granular data
(usernames, shares, software versions).

e Gaining Access: Using enumerated data to exploit identified
vulnerabilities.

e Maintaining Access & Clearing Tracks: Securing a foothold and erasing

evidence.

Primary Enumeration Targets
Ethical hackers and penetration testers target specific areas to map out the

attack surface:

e User & Group Enumeration: Extracting valid system accounts, Active
Directory records, and default passwords.
e Network & Host Resources: Mapping shared drives, printers, routing

tables, and device names.
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e Service Enumeration: Extracting granular configuration details from
specific network protocols:

o DNS (Domain Name System): Finding zone files, hostnames, and IP
addresses via DNS zone transfers.

o SNUP (Simple Network Management Protocol): Querying devices using
default read community strings to pull traffic metrics and system
parameters.

o SUB (Server Message Block): Listing shared folders, null sessions,
and group memberships.

o SUTP (Simple Mail Transfer Protocol): Verifying valid user

accounts through built—in commands.

Common Tools of the Trade

Security professionals rely on both specialized scripts and standard command-—

line tools to probe targets:

e Nmap Scripting Engine (NSE): Automates the discovery of service
versions and underlying system configurations.

e Enum4linux: A tool used to extract Windows and Samba information (user
lists, group memberships, and share information).

e SNMPwalk: Used to query network devices and extract valuable routing or
system status tables.

e Metasploit: Includes auxiliary modules designed to enumerate specific

network services and directory structures

Vulnerability Analysis:

In ethical hacking, Vulnerability Analysis is . It sits at the core of the
ethical hacking methodology, ensuring that flaws are uncovered and patched
before malicious actors can exploit them.

The Vulnerability Analysis Framework

The framework for conducting a vulnerability analysis generally follows a
structured, multi—step process:

1. Scope Definition

Before any testing begins, the parameters must be clearly defined. This
involves determining exactly which assets, networks, or applications will be
tested, and establishing the operational constraints and rules of engagement.
2. Information Gathering (Footprinting/Reconnaissance)
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Ethical hackers collect preliminary data about the target system. This phase
builds context using architectural diagrams, network topologies, and details
on hardware or software versions to understand the environment being
evaluated.

3. Vulnerability Scanning

This phase relies on automated tools to actively query networks and systems
for known security flaws, unpatched software, or misconfigurations. Standard
scanning tools include Nessus, OpenVAS, and Nikto.

4. Vulnerability Assessment (Manual Analysis)

Automated scans are rarely foolproof. Ethical hackers perform a manual review
of scan results to eliminate false positives, understand context, and evaluate
the true risk of identified weaknesses

5. Prioritization and Risk Scoring

Once vulnerabilities are verified, they are classified and ranked based on
their potential impact. Professionals frequently use the Common Vulnerability
Scoring System (CVSS) to calculate severity ratings, and CVE (Common
Vulnerabilities and Exposures) databases to track known flaws.

6. Reporting and Recommendations

The final step is to compile findings into an actionable report for the
organization’ s IT and security teams. The report typically details the
identified weaknesses, their potential business impact, and specific
remediation strategies to fix them.

Common Types of Vulnerabilities

Through this framework, ethical hackers typically screen for several major
categories of vulnerabilities:

e Software Flaws: Unpatched or outdated applications that can be
leveraged via buffer overflows or improper input handling.

o Web Application Vulnerabilities: Flaws such as SQL Injections (SQLi) or
Cross—Site Scripting (XSS) that bypass application—layer defenses.

e System Misconfigurations: Unsecure default passwords, open ports, and
overly permissive access controls.

e Human Elements: Susceptibility to social engineering or poor password

hygiene.

Exploitation:

Exploitation is the critical phase in ethical hacking where a tester leverages
a discovered vulnerability to bypass security controls and gain unauthorized
access. The core goal is to simulate a real-world attack to evaluate system
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defenses, prove the potential impact, and help organizations patch flaws
before malicious hackers find them.

The Hacking Framework: Where Exploitation Fits

Ethical hacking generally follows structured methodologies like the CEH
(Certified Ethical Hacker) five—phase framework or the Penetration Testing
Execution Standard (PTES).

The standard pipeline consists of:

e Reconnaissance: Gathering passive and active information about the target.

e Scanning & Enumeration: Probing ports, services, and running vulnerability
scanners (e.g., Nmap or Nessus) to find weak entry points.

e Exploitation: Executing a payload or manipulating data to successfully

breach the system through the identified weakness.

® Post-Exploitation: Assessing the value of the compromised system,

escalating privileges, and mapping further attack vectors to understand the

true impact of the breach. Types of Exploits

Ethical hackers use a wide array of attack vectors to test different layers of

a system: [1]

e Software Vulnerabilities: Taking advantage of buffer overflows, unpatched
software, or architectural flaws.

e Web Exploits: Manipulating web applications via SQL Injection (\(SQLi\)) or
Cross—Site Scripting (\ (XSS\)).

e Network Attacks: Utilizing man—in—the—-middle attacks or session hijacking.

e Human Manipulation: Exploiting social engineering, such as phishing, to

trick users into granting access.

Common Exploitation Tools

Security professionals use robust, pre-built frameworks alongside custom

scripts to test systems safely and efficiently:


https://www.blackduck.com/glossary/what-is-ethical-hacking.html
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e Metasploit: The premier framework for developing, testing, and executing
exploit code against a target system.

e Burp Suite: An essential platform for intercepting and manipulating web
traffic to find and execute web application exploits.

e Password Crackers: Tools like John the Ripper or Hashcat are used to test

the strength and vulnerability of hashed credentials.

Ethical Constraints vs. Malicious Hacking

While the technical mechanics used by ethical hackers and malicious actors
often look completely identical, the framework defining ethical exploitation

is bound by strict rules of engagement:

e Authorization: All exploits must be conducted with explicit legal
permission.

e Do No Harm: Ethical hackers stop immediately after proving a vulnerability
to avoid disrupting business operations or destroying critical data.

e Documentation: Every step is carefully tracked to provide the organization

with comprehensive details and remediation strategies.

Final Analysis:

In ethical hacking, the ”“Final Analysis” refers to the critical, post-—
exploitation phase of a security engagement. It is where all gathered
intelligence and vulnerability data are contextualized, risks are quantified,
and actionable remediation strategies are compiled for organizational
stakeholders.

1. The Haker Framework Lifecycle Context

To understand the final analysis, it helps to see where it fits into the
broader ethical hacking methodology:

e Planning: Defining the rules of engagement and scope.
e Reconnaissance & Enumeration: Gathering system intelligence.
e Vulnerability Analysis & Exploitation: Identifying flaws and proving they

can be weaponized.
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e Final Analysis & Deliverables: Translating technical breaches into

business—level risks.

2. Core Components of Final Analysis

When conducting a final analysis, the ethical hacker must look beyond merely

listing the bugs they found. A complete evaluation consists of:

e Risk Assessment: Prioritizing vulnerabilities based on impact and
exploitability, often utilizing frameworks like the Common Vulnerability
Scoring System (CVSS). [1]

e Business Impact Analysis: Explaining what a compromise means for the bottom
line, brand reputation, or compliance.

e Root Cause Identification: Determining why the vulnerability existed in the
first place (e.g., poor patch management, lack of input validation, or
misconfigurations).

e Actionable Mitigation Strategies: Providing step—by—step guidance,

workarounds, and security recommendations to fix the flaws.

3. Delivering the Report

The deliverable is the tangible proof of the ethical hacking engagement. It is

generally split into two main sections:

e Executive Summary: A high—level overview meant for C-suite executives and
board members that summarizes the overall security posture without bogging
them down in technical jargon.

e Technical Report: A granular, deep—dive section for IT administrators,
network architects, and developers containing exact steps to reproduce the

vulnerabilities.

4., Integration & Re—testing

The final analysis serves as a catalyst for long—term security improvements.
Once the organization reviews the analysis, they implement patch management

processes and security architecture upgrades. The ethical hacking cycle


https://www.youtube.com/watch?v=StIb8EtnpPY&t=9
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concludes with re—testing to verify that the vulnerabilities have been

successfully neutralized.

Deliverable:

In ethical hacking, the Deliverable refers to the final, comprehensive report
or documentation provided to the client at the end of an engagement. It
bridges the gap between technical execution and business risk by translating
attack findings into actionable, priority—-based recommendations for
remediation.

The ethical hacker’ s deliverable generally consists of the following key
components:

Key Components of the Deliverable

e Executive Summary: A non—technical, high—level overview tailored for
management and board members. It highlights the overall security posture,
major business risks, and the number of critical vulnerabilities found.

e Scope and Methodology: Details the agreed—upon rules of engagement,
including what systems were tested, what was out of scope, and the
methodologies used.

e Vulnerability Analysis: A classified list of discovered weaknesses (e.g.,
Critical, High, Medium, Low).

e Proof of Concept (PoC): Step—by—-step evidence, logs, and screenshots
demonstrating how a vulnerability was successfully exploited. This proves
the risk is real rather than a theoretical warning.

e Actionable Recommendations: Clear, prioritized instructions on how to patch

vulnerabilities, improve configurations, or update security policies

Integration:

Integrating “The Hacker Framework” into ethical hacking means adopting the
systematic, five—step methodology used by malicious actors. By executing
Reconnaissance, Scanning, Gaining Access, Maintaining Access, and Covering
Tracks, ethical hackers simulate real-world cyberattacks with proper
authorization to uncover vulnerabilities and strengthen an organization’ s
security posture.
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The 5 Phases of the Hacker Framework

1. Reconnaissance (Information Gathering)
The process of gathering intelligence on a target.

e Passive Recon: Collecting public data without alerting the target (e.g.,
WHOIS lookups, social media, and open—source intelligence/OSINT).

e Active Recon: Interacting directly with the target network to map out IP
addresses, hostnames, and employees (e.g., traceroutes, banner grabbing).

2. Scanning

Analyzing the intelligence gathered to identify weaknesses and exposed

services.

e Port Scanning: Identifying open doors on a server using tools like Nmap.

e Vulnerability Scanning: Using tools like Nessus to scan for known software
flaws, misconfigurations, and outdated protocols.

3. Gaining Access

Executing the attack to breach the system’ s perimeter.

e Exploitation: Utilizing known exploits, password cracking, or phishing
techniques to compromise the target.

e Privilege Escalation: If initial access yields limited permissions, the
ethical hacker attempts to gain administrative or root access.

4. Maintaining Access

Simulating an adversary s attempt to persist within the environment without

being detected.

e Persistence: Installing backdoors, rootkits, or hidden administrative
accounts.

e Pivoting: Using the compromised system as a launchpad to access deeper,
more secure segments of the network (lateral movement).

5. Covering Tracks

Erasing evidence of the intrusion to mimic stealthy, Advanced Persistent

Threats (APTs). [1]

e (Clearing Logs: Deleting event logs, modifying system logs, and destroying

artifacts to avoid detection by the organization’ s Blue Team.


https://www.geeksforgeeks.org/ethical-hacking/introduction-to-ethical-hacking/
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Rules of Engagement

What separates an ethical hacker from a malicious actor is governance and

consent. Ethical frameworks strictly require:

e Pre-engagement Authorization: Explicit, signed legal documents defining the
rules, boundaries, and scope of what can and cannot be attacked.

e Actionable Reporting: Instead of stealing or destroying data, ethical
hackers report their findings to the organization so the vulnerabilities

can be remediated

Information Security Models:

Computer Security:

Information Security Models provide the mathematical and theoretical
frameworks used to design, enforce, and test computer security policies. For
ethical hackers, understanding these models is crucial to evaluate system
vulnerabilities, identify authorization flaws, and bypass logical security
controls during penetration testing.

Here is a breakdown of the core models and how they apply to ethical hacking:

1. The C.I.A. Triad

The foundational model of information security, based on three pillars:

e Confidentiality: Ensures data is only accessible to authorized individuals.

e Integrity: Guarantees data has not been altered or tampered with.

e Availability: Ensures authorized users have uninterrupted access to
resources.

e Ethical Hacking Application: Hackers evaluate these properties to find
weaknesses (e.g., bypassing encryption for confidentiality, using SQL
injection to compromise integrity, or executing Denial of Service attacks
to test availability). [1, 2, 3, 4, 5]

N

Bell-LaPadula Model


https://iifis.org/blog/essential-information-security-models-to-know
https://www.tutorialspoint.com/what-are-the-terminologies-of-information-security-models
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https://quantum.cloud.ibm.com/learning/en/courses/quantum-safe-cryptography/symmetric-key-cryptography
https://sprinto.com/blog/types-of-security-models/
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multi—-level, lattice-based model designed exclusively to control access and

maintain confidentiality.

No Read-Up Rule: A subject cannot read data at a higher classification
level than their own clearance.

No Write-Down Rule (Star Property): A subject cannot write data to a lower
classification level to prevent data leakage.

Ethical Hacking Application: Useful when testing environments with strict
data classification, such as military or government networks. Hackers look

for privilege escalation vulnerabilities that violate these rules.

3. Biba Model

The inverse of Bell-LaPadula, focusing on data integrity rather than

confidentiality.

No Read—Down Rule: A subject cannot read data from a lower integrity level
to prevent using unreliable data.

No Write-Up Rule (Star Property): A subject cannot write data to a higher
integrity level, ensuring untrusted data doesn’t contaminate critical
information. [1, 2]

Ethical Hacking Application: Ethical hackers test applications and
databases to ensure low—privileged users or external processes cannot

overwrite core configuration files or system logs.

4, Clark-Wilson Model

A

model focusing on commercial integrity by ensuring internal consistency and

external data validation.

Separation of Duties: Prevents fraud or modification by requiring multiple
users to complete critical transactions.

Well-Formed Transactions: Specifies exactly how data can be altered using
Transformation Procedures (TPs).

Ethical Hacking Application: Relevant when testing financial or banking
applications. Ethical hackers look for flaws that bypass the separation of

duties (e.g., altering a transaction without the required approval step).


https://www.geeksforgeeks.org/computer-networks/introduction-to-classic-security-models/
https://iifis.org/blog/essential-information-security-models-to-know
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5. Brewer and Nash (Chinese Wall) Model

model created specifically to mitigate conflicts of interest.

Concept: It dynamically changes access controls based on a user’ s previous
actions to ensure they cannot access data belonging to direct competitors.
Ethical Hacking Application: Tested heavily in multi-tenant cloud
environments and consulting firms to ensure data isolation between

different clients.

6. Zero Trust Model

Unlike older models that trust internal networks by default, Zero Trust

operates on the principle of “Never Trust, Always Verify.”

Concept: Every user, device, and packet is authenticated and authorized
before granting access to resources, regardless of their location.

Ethical Hacking Application: Hackers use lateral movement techniques to
test if bypassing one perimeter grants them unrestricted access to the rest
of the network.

How Ethical Hackers Utilize These Models

Threat Modeling: Hackers use these models to understand the intended
security posture and spot discrepancies between security policies and
actual system execution.

Authorization Bypass: Penetration testers simulate attacks aimed at
breaking the rules established by security models (e.g., trying to read a
higher-classified file, which validates the Bell-LaPadula model).

Privilege Escalation: Hackers locate vulnerabilities where a low—level user
can assume the rights of an administrator, directly violating established

access control matrices.

Network Security:

Information security models provide the theoretical frameworks used to govern
data access, integrity, and confidentiality. In network security and ethical
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hacking, these models guide how penetration testers map vulnerabilities,
design defensive architectures, and enforce policies like “Least Privilege”
across an organization’s digital ecosystem.

Foundational Security Principles

e CIA Triad: The core framework of InfoSec. Ethical hackers assess networks
based on:

e (onfidentiality: Ensuring sensitive data is only accessed by authorized
parties.

o ntegrity: Verifying data hasn’t been altered or tampered with.

o Availability: Guaranteeing resources are accessible when needed, defending
against Denial of Service (DoS) attacks.

e Principle of Least Privilege (PoLP): Restricts users or processes to the
minimum access rights necessary to perform their jobs, preventing lateral

movement during an attack.

Core Information Security Models

e Bell-LaPadula Model: A rule-based model that strictly enforces
confidentiality. It operates on two main rules:

e No Read-Up: Subjects cannot read classified data at a higher security
level.

e No Write—Down: Subjects cannot write data to a lower security
classification level (to prevent data leaks).

e Biba Model: The inverse of Bell-LaPadula, focusing strictly on integrity.

o No Read-Down: Subjects cannot read data from a lower integrity level to
prevent contamination.

e No Write-lp: Subjects cannot write to a higher integrity level (preventing
unauthorized modification).

e Zero Trust Model: Assumes no device, user, or network segment should be
trusted by default. Every access request requires continuous

authentication, authorization, and validation.

Network Security & Ethical Hacking Frameworks
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Ethical hackers (penetration testers) use specialized models to guide their

assessments:

e 0SI Model (7 Layers): Hackers use this conceptual framework to pinpoint
exactly where an attack or vulnerability occurs. For instance:

o Layer 3 (Network Layer): Assessing IP spoofing or routing attacks.

o layer 7 (Application Layer): Targeting web application flaws like SQL
Injection.

e Defense in Depth: A model advocating for layered security controls. If a
firewall fails, Intrusion Detection Systems (IDS) or endpoint protections
step in. Hackers test the robustness of these overlapping defenses.

e The Cyber Kill Chain: Outlines the stages of a cyberattack (Reconnaissance,
Weaponization, Delivery, Exploitation, Installation, Command & Control,
Actions on Objectives). Ethical hackers replicate these stages to test an
organization’ s detection and response capabilities.

Service Security :

Ethical hacking service security involves hiring authorized professionals to

simulate cyberattacks and uncover system vulnerabilities. By mimicking

malicious actors, these "white hat" hackers help organizations strengthen their

cyber defenses, protect sensitive data, and secure infrastructure before
cybercriminals can exploit them.

Key Types of Security Assessments

Ethical hacking services are tailored to evaluate different layers of an
organization's digital footprint:

Infrastructure Penetration Testing: Assesses network devices, servers, and
firewalls for weak configurations and unpatched software.

Web and Mobile Application Testing: Examines software interfaces for
coding flaws such as SQL injection, cross-site scripting (XSS), or broken
authentication.

Red Teaming & Social Engineering: Simulates advanced, multi-stage, real-
world adversary campaigns targeting both technology and human
vulnerabilities (e.g., phishing).

Breach Attack Simulation (BAS): Continuously tests an organization’s
incident response and detection capabilities against known threat actor
behaviors.

Methodologies and Service Delivery
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Ethical hacking engagements follow a strictly defined lifecycle to ensure
testing is safe and actionable:

Scoping: Establishing clear rules of engagement, including testing
boundaries, sensitive assets, and authorization.

Reconnaissance & Scanning: Gathering intelligence about the target system
to map out potential attack surfaces.

Exploitation & Reporting: Attempting to breach security controls to measure
the impact, followed by detailed vulnerability reporting and remediation advice

Application Security:

Application Security (AppSec) in ethical hacking is the process of
identifying, analyzing, and exploiting software vulnerabilities to ensure the
code remains resilient against cyber threats. By adopting an attacker’s
mindset, ethical hackers reveal flaws across the software development
lifecycle, preventing data breaches and unauthorized system access.

Core Methodologies in Application Security

Ethical hackers utilize a combination of manual and automated testing to
locate weaknesses in web, mobile, and cloud applications.

Static Application Security Testing (SAST): White-box testing where
hackers analyze the uncompiled source code to detect insecure coding
patterns and logic flaws.

Dynamic Application Security Testing (DAST): Black-box testing where the
running application is evaluated from an external attacker's perspective,
testing how it handles unexpected inputs.
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Penetration Testing: Simulated, authorized cyberattacks designed to safely
exploit identified weaknesses and assess the business impact.

Fuzzing: Providing invalid, unexpected, or random data as inputs to an
application to monitor crashes or unexpected behaviors.

Common Targets & Vulnerabilities

Hackers routinely check applications against industry standards, such as the
OWASP Top 10, to prioritize critical threats:

Broken Access Control: Exploiting inadequate restrictions on what
authenticated users are allowed to do.

Injection: Tricking interpreters (like SQL or NoSQL) into executing
unintended commands or accessing unauthorized data.
Cryptographic Failures: Exploiting weak encryption algorithms or
mishandling sensitive keys.

Security Misconfigurations: Bypassing default settings, incomplete
configurations, or poorly configured HTTP headers

Security Architecture:

In ethical hacking, Security Architecture serves as the blueprint of an
organization’s defenses. Ethical hackers analyze this framework to identify
vulnerabilities in networks, systems, and applications, testing how well
preventive and detective controls resist real-world threats before malicious
actors can exploit them.
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Key Components Analyzed by Ethical Hackers

When conducting security assessments, ethical hackers evaluate these core
architectural domains:

Network Security: Testing the placement of firewalls, IDS/IPS, and
segmentation to ensure unauthorized access is blocked.

Identity and Access Management (IAM): Auditing authentication,
authorization protocols, and the enforcement of the principle of least privilege.
Application Security: Attempting to bypass secure coding practices, input
validation measures, and API protections.

Data Security: Evaluating data-at-rest and in-transit encryption, backup
redundancies, and data loss prevention (DLP) controls.

Core Ethical Hacking Methodologies & Tests

Threat Modeling: Anticipating the types of threats an organization's
architecture is susceptible to by mapping out attack surfaces.]

Vulnerability Scanning: Using tools to continuously audit the architecture for
known flaws in software or configurations.

Penetration Testing: Actively exploiting structural or logic flaws within the
enterprise architecture to test the limits of its corrective controls.



}.— NARSIMHA REDDY ENGINEERING COLLEGE Accredited by NBA & NAAC with ‘A’ Grade

Approved by AICTE
M Maisammaguda (V), Kompally - 500100, Secunderabad, Telangana State, India Permanently affiliated to JNTUH

Cloud & Emerging Technologies: Ensuring secure principles (e.g., zero-
trust or proper cloud boundary management) are maintained during digital
transformation.

3. Information Security Program

The Process of Information Security:

Ethical hacking in information security follows a systematic, authorized
process that mimics real-world cyber threats. By proactively uncovering and
exploiting vulnerabilities, security professionals strengthen an organization's
security posture. The standard framework generally consists of the following 6
core phases:

1. Reconnaissance (Footprinting): This information gathering phase maps
the target's digital and physical assets. Passive reconnaissance relies on
publicly available information and OSINT (Open Source Intelligence), while
active reconnaissance involves interacting with the target to discover live
hosts and network topology. Learn more about this initial stage in the

2. Scanning: This phase involves analyzing the target's configuration using
network mappers, port scanners, and vulnerability scanners. Hackers identify
open ports, active services, and specific security weaknesses.

3. Gaining Access: Utilizing the intelligence gathered in the previous steps,
the tester launches simulated attacks to break into the system. Common
methods include phishing, password cracking, and injection attacks.

4. Maintaining Access: Testers attempt to retain their foothold to see if an
attacker could establish lasting presence using backdoors, rootkits, or
privilege escalation. This reveals how long a breach could go undetected.

5. Covering Tracks: This phase is conducted to remove traces of the attack
and restore systems to their original state. In ethical hacking, it primarily
focuses on cleaning up testing artifacts so normal operations aren't disrupted.
6. Reporting & Remediation: The critical final deliverable. Ethical hackers
document all discovered vulnerabilities, provide proof of concepts, and
recommend patches or mitigations to strengthen the organization's defenses.

Component Parts of Information Security Program

In ethical hacking, an Information Security Program is built on the CIA Triad
(Confidentiality, Integrity, Availability). It is operationalized through a cycle of
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risk management, security controls, and routine penetration testing to ensure
digital defenses withstand malicious threats.

CIATRIAD 96

Integrity Availability

The essential components of an Info Sec program from an ethical hacking and
security management perspective include:

1. The Core Principles (The CIA Triad)

Every component of an information security program is designed to uphold
these foundational tenets

Confidentiality: Ensures sensitive data is hidden from unauthorized eyes
(e.g., using encryption or strict access controls).

Integrity: Guarantees that data remains accurate and unaltered by malicious
actions or errors.

Availability: Ensures that authorized users can access necessary systems
and data when needed, even during attacks (such as preventing DoS/DDoS).

2. Framework Core Functions (NIST Standard)

Programs typically align with frameworks like the NIST Cybersecurity
Framework to organize their defensive components:
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Identify: Mapping and understanding the organization’s assets, risks, and
vulnerabilities.

Protect: Implementing safeguards (e.g., firewalls, access controls) to ensure
critical infrastructure is secure.

Detect: Continuously monitoring networks for anomalies and unauthorized
access.

Respond: Having an action plan in place to mitigate and manage security
breaches.

Recover: Restoring capabilities and services that were impaired due to a
cyber incident.

3. Offensive Testing & Ethical Hacking

To ensure the security program works, ethical hackers actively validate these
components using specific methodologies:

Vulnerability Assessment: Scanning networks and applications to identify
known weaknesses.

Penetration Testing: Authorized, simulated attacks to determine whether
vulnerabilities can be actively exploited to breach the CIA triad.

Threat Modeling & Kill Chains: Analyzing Tactics, Techniques, and
Procedures (TTPs) used by attackers to proactively disrupt them.

4. Administrative & Governance Components

Policies, rules, and procedures lay the foundation that ethical hackers audit
against:

Security Policies: Clear, actionable guidelines governing password strength,
acceptable use, and compliance.

Access Control: Providing the principle of least privilege (giving users only
the access necessary to do their jobs).

Monitoring & Auditing:

Risk Analysis and Ethical Hacking

Risk Analysis and Ethical Hacking work hand-in-hand to secure digital
infrastructure. Ethical hacking provides the simulated, real-world attacks used
to uncover system vulnerabilities, while risk analysis measures the business
impact of those vulnerabilities so organizations can effectively prioritize
security fixes.
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How the Two Disciplines Intersect

While ethical hacking uses hacker techniques to break into systems
responsibly, it doesn't happen in a vacuum. A complete cybersecurity strategy
connects these findings directly to business risks using defined methodologies
like OCTAVE or FAIR:

Identifying Critical Assets: Determining which servers, databases, or web
applications house the most valuable data.

Simulating Threats: Using Ethical Hacking Tutorial - GeeksforGeeks to
mimic an actual hacker, revealing exactly how a flaw can be leveraged.
Analyzing Likelihood and Impact: Quantifying what a breach would cost
financially, operationally, and reputationally.

The Core Methodology

Ethical hackers follow a strict pipeline to tie their technical discoveries back to
risk, often starting with risk evaluation frameworks like those discussed in
CSC 2350 - Ethical Hacking and Risk Analysis. The standard process
includes:

. Reconnaissance & Scanning: Mapping the target and finding live ports,
hosts, and software versions.

. Vulnerability Assessment: Identifying misconfigurations, injection flaws, or
broken authentication.

. Exploitation & Risk Evaluation: Attempting controlled exploitation not just to
see if it works, but to map that access to actual business risk.

. Reporting: Presenting the management team with a detailed vulnerability list
and the specific risk each poses to daily operations
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