Cybersecurity in the Age of Generative Al

Executive Summary

Generative Al (GenAl) is reshaping the cybersecurity landscape in profound ways. On
one hand, Al offers powerful new defenses — from intelligent threat detection to automated
incident response — that operate at machine speed and scale. On the other, attackers are
weaponizing Al to craft more sophisticated cyberattacks, such as Al-generated phishing
campaigns and malware that adapts to evade detection. This double-edged nature of GenAl is

rapidly transforming how we approach cybersecurity opportunities and threats.

Al-Enhanced Cyber Defense

Security teams are increasingly deploying GenAl to bolster defenses. Al systems can
analyze vast amounts of network data in real time to spot anomalies and intrusions that humans

might miss.
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For example, Microsoft’s Security Copilot uses OpenAl’s GPT architecture to assist
analysts with incident response, threat hunting, and intelligence gathering, acting as a
“generative Al-powered security solution” that augments defender capabilities at machine speed

learn.microsoft.com. Such tools highlight a trend toward Al-driven threat detection and

response, where machine learning models identify malware or attacks based on patterns and
behavior rather than just known signatures.

Al is also automating routine security workflows — from vulnerability scanning to policy
compliance checks — freeing up human analysts for higher-level strategy. In data protection,
GenAl techniques like synthetic data generation and privacy-preserving machine learning are
helping protect sensitive information while still enabling robust analysis. These defensive
advances show how, used correctly, GenAl can significantly improve an organization’s security

posture.

Al-Driven Cyberattacks

At the same time, cyber adversaries are exploiting GenAl for malicious ends. The threat
landscape is evolving as attackers employ Al to enhance social engineering, scale up phishing,
and craft malware. Al-generated phishing emails are often more convincing and grammatically
correct than traditional scams, lacking the tell-tale errors that users once relied on for detection
techtarget.com. Deepfake technology (Al-generated synthetic media) has enabled a new breed of
scams — from bogus audio of CEOs ordering wire transfers to simulated video calls of executives

— that have already caused major fraud incidents trendmicro.com privacyworld.blog. Al can also

automate the discovery of vulnerabilities and the execution of attacks. Recent reports describe
underground tools like “WormGPT” and “FraudGPT,” unrestricted Al models tailored for

cybercrime, which criminals use to generate malware code, find security holes, and create
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phishing content at scale trustwave.com. In one case, researchers demonstrated “BlackMamba,”
an Al-powered polymorphic malware that rewrites its own code on the fly via an Al API,
allowing it to evade endpoint defenses by producing new, unique payloads at runtime

darkreading.com. These examples underscore that GenAl is supercharging attackers’

capabilities, enabling more frequent, personalized, and adaptive attacks that challenge

conventional cybersecurity measures.

Regulatory and Policy Responses

Policymakers are recognizing both the promise and peril of Al in cybersecurity,
prompting emerging governance efforts. In the United States, the Biden Administration’s 2023
Executive Order on Al called for a “safe, secure, and trustworthy development and use of AI”,
including measures to manage Al risks to critical infrastructure and cyberspace dhs.gov. The
Department of Homeland Security (DHS) has convened an Al Safety and Security Board and
released a framework for Al in critical infrastructure, identifying key vulnerabilities such
as “attacks using AI” and recommending best practices for Al deployment dhs.gov.

Internationally, bodies like the EU are advancing the Al Act to regulate high-risk Al
systems, and forums from the G7 to the OECD are promoting Al ethics and security principles
brookings.edu. These efforts aim to strike a balance between innovation and safety — enabling
beneficial uses of Al in cyber defense while mitigating misuse. However, the regulatory
landscape is still nascent. There is a clear need for global coordination on Al governance in

cybersecurity to prevent a patchwork of rules and to address inherently borderless threats

itic.org.
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Key Trends and Takeaways

GenAl is ushering in an era of both augmenting defenders and amplifying attackers.
On defense, we see trends like Al-driven analytics in security operations centers (SOCs),
intelligent automation of security tasks, and AI models that can predict or preempt threats. On
offense, we face Al-crafted social engineering, malware that learns and evolves, and Al systems
probing for weaknesses. The net effect is an escalating “arms race” in cyberspace, with Al on
both sides competing to outpace the other.

This convergence calls for urgent action from all stakeholders:

e Policymakers must update laws and frameworks to govern AI’s use, encourage
information sharing on Al threats, and ensure Al systems themselves are secure and
transparent.

o Business leaders should invest in next-generation security tools powered by Al, while
also building Al literacy and ethical guidelines to safely integrate Al into their
operations.

e Cybersecurity professionals need to embrace Al as a force multiplier for defense —
learning to leverage Al for proactive security — even as they develop strategies to counter
malicious Al-driven techniques.

In the pages that follow, we delve deeper into how GenAl is being used for enhanced
cybersecurity, how attackers are weaponizing GenAl, and what the future might hold as these
technologies mature. We explore emerging trends like Al-powered firewalls and behavioral
biometrics and discuss the ethical and policy implications of Al in security. Hypothetical future
scenarios illustrate potential risks — from Al-fueled disinformation campaigns to autonomous

cyber warfare — and what they could mean if unaddressed. Finally, we provide actionable



recommendations tailored to different audiences (policymakers, business leaders, and security
practitioners) on navigating this new landscape. The goal is to arm decision-makers with insights
on harnessing GenAl’s benefits for cybersecurity while guarding against its threats, enabling
them to make informed strategic decisions in this rapidly evolving domain.

The Annex for this chapter focuses on the cybersecurity risks attending the possible

emergence of superintelligent Al.

GenAl for Enhanced Cybersecurity

Advances in artificial intelligence are bolstering cyber defenses by enabling faster
detection, improved analysis, and automated response to threats. Generative Al and machine
learning models can comb through enormous datasets (network logs, user behavior records,
malware samples) far more quickly than humans, identifying patterns that signal attacks or
vulnerabilities. Below, we examine key areas where GenAl is enhancing cybersecurity

capabilities:
Threat Detection and Response

One of the most impactful uses of Al in security is in real-time threat detection and
incident response. Traditional security tools, like antivirus or rule-based intrusion detection,
often struggle with novel or sophisticated attacks that don’t match known signatures. GenAl
addresses this by learning the behavior of threats and normal system patterns, enabling it to
spot anomalies or malicious tactics as they occur.

e Real-time Monitoring: Al-driven systems can analyze streaming network traffic, system

calls, or user activities to flag suspicious deviations in real time. For example, modern



Al-powered firewalls and intrusion detection systems use deep learning to identify subtle

patterns associated with attacks that might evade human analysts checkpoint.com. These

systems don’t rely solely on known indicators; instead, they can catch zero-day

attacks by recognizing out-of-the-ordinary behavior. An Al-enhanced firewall can
perform Layer 1-7 deep packet inspection and intelligently determine if inbound traffic is
malicious, even without a known signature — helping to thwart zero-day exploits before

they cause damagecheckpoint.com.

Malware Analysis: GenAl models (like deep neural networks) are used to analyze files
and executables to determine if they are malware. They can learn the characteristics of
malicious code by training on millions of malware samples, then generalize to detect new
variants. Al-based malware scanners can thus detect polymorphic or obfuscated malware
that static signatures miss. Moreover, Al assists in reverse engineering malware: tools
exist that generate human-readable descriptions of what suspicious code does, or that
cluster malware into families, which helps responders prioritize and understand threats.
Some cutting-edge research even uses generative adversarial networks (GANs) to create
synthetic malware samples to train and improve malware detectors (essentially training
defenders via simulated attacks).

Anomaly and Breach Detection: Al excels at behavioral analytics — modeling the
normal behaviors of users and devices, and issuing alerts when outliers occur. This helps
detect insider threats or account takeovers. For instance, if a user account suddenly
downloads gigabytes of data at 3 AM or a machine starts communicating with an unusual

external server, an Al system can flag it as potential breach activity. By continuously
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learning what “normal” looks like, Al-driven security tools can catch stealthy attackers
who try to blend in with regular network traffic.

Incident Response and SOC Assistance: Generative Al is also proving valuable in
triaging and responding to security incidents. Natural language processing (NLP) models
can ingest incident logs and alerts to summarize what’s happening during an attack. A
prominent example is Microsoft’s Security Copilot, which provides “a natural language,

assistive copilot experience” for security professionals learn.microsoft.com. It can take

an analyst’s prompt (e.g. “Investigate alert X in context of Y”’) and quickly pull together
relevant data from threat intelligence feeds, past incidents, and system logs, then present
an analysis or recommended actions. This augments the Security Operations Center
(SOC) by handling tedious data gathering and even suggesting response steps. According
to Microsoft, Security Copilot helps analysts “quickly triage complex security alerts into
actionable summaries and remediate quicker with step-by-step guidance,” as well as
translate complex scripts or queries into simpler language for analysts

learn.microsoft.com. In essence, GenAl can act as a junior analyst at machine speed,

performing tasks like log correlation, root-cause hypothesis, or even drafting reports for

stakeholders learn.microsoft.com.

Predictive Threat Intelligence: Beyond reacting to ongoing incidents, Al is enabling a
more predictive approach to cybersecurity. By training on historical attack data and
global threat intelligence, machine learning models attempt to forecast emerging threats —
for example, predicting which vulnerabilities are most likely to be exploited in the near
future, or which types of new phishing lures might arise following a news event. Some

organizations feed threat intel reports and hacker forum data into AI models to glean
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patterns or early warnings (e.g., discussion of a new exploit kit might precede an attack

wave). Although predictive cybersecurity is still an evolving field, the hope is that Al

could anticipate attacks (or attacker moves during an incident) and allow defenders

to preemptively implement countermeasures.

Real-world deployments are validating AI’s impact. Surveys indicate that security teams
trust AD’s effectiveness in threat detection — for example, 80% of industrial cybersecurity
professionals said the benefits of Al outweigh the risks, with the top perceived benefits in threat

detection (64% citing this) and network monitoring industrialcyber.co. By augmenting human

analysts with rapid processing and pattern recognition, GenAl is helping organizations detect
attacks that would otherwise go unnoticed and respond to incidents far faster, thereby limiting

damage.

Security Automation

Automation is key to keeping up with the speed and volume of modern attacks, and Al
is turbo-charging automation in cybersecurity. GenAl can handle repetitive tasks and complex
decision-making processes much more efficiently than manual methods, which improves an

organization’s security posture and consistency.

Automated Vulnerability Scanning

Al tools are being used to discover vulnerabilities in systems and applications with
greater accuracy. Traditional scanners often produce long lists of potential issues (and false
positives) that overwhelm engineers. Machine learning models can better prioritize true
vulnerabilities by learning from past data (e.g., which types of code patterns actually lead to
exploitable flaws). Additionally, Al can help generate proof-of-concept exploits in a controlled

way to validate if a vulnerability is truly exploitable — a task that used to require expert hackers.
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There is ongoing research into Al that can read source code or binary code and pinpoint security
weaknesses; Als have even been entered into hacking competitions to autonomously find and
patch software flaws. As security expert Bruce Schneier notes, “Als are already being trained to
find vulnerabilities in computer code” and will eventually do so faster and more effectively than
humans schneier.com. This has dual implications (as attackers can use it too), but for defenders it

means routine security testing can be largely automated.

Intelligent Security Orchestration

Many organizations use Security Orchestration, Automation, and Response (SOAR)
platforms to automate responses to certain alerts (like automatically isolating a machine that
shows signs of malware). GenAl can enhance these playbooks by making more context-aware
decisions.

For example, instead of a static rule, an Al-based system might decide how to respond to
a suspicious login by analyzing user behavior, criticality of the asset, and threat intel — then
either just alert, or automatically lock the account, depending on the risk. This adaptive
automation means fewer false alarms triggering drastic measures and faster reaction when a real

threat emerges.

Al-Assisted Policy Management

Crafting and maintaining security policies (firewall rules, access controls, configuration
baselines) is complex. GenAl can help administrators by recommending policy changes based on
analysis of network traffic or user roles.

For instance, an Al might analyze which applications truly need to communicate and
suggest tighter firewall rules (a form of automated network segmentation). Al can also check for

policy conflicts or misconfigurations; for example, a GenAl tool could read through cloud
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security settings and highlight those that violate best practices or an organization’s compliance
requirements. Microsoft Security Copilot even advertises that it can “define a new policy, cross-
reference it with others for conflicts, and summarize existing policies” to manage complex

environments quickly learn.microsoft.com.

Automated Threat Hunting and Response

We are seeing early signs of autonomous response — Al agents that not only detect but
also mitigate threats in real time. Some advanced endpoint security systems use Al to decide on
containment actions: if ransomware-like behavior is detected on a host, the system can
automatically kill the process and isolate the host from the network within seconds, much faster
than a human analyst could react. In network settings, an Al might dynamically reconfigure
routes or apply filters if it detects data exfiltration. These kinds of self-healing or self-defending
networks are an emerging goal.

For example, the U.S. government has piloted using Al for automated patch management
— identifying a critical vulnerability and applying patches or workarounds across an enterprise

without waiting for human intervention mayerbrown.com. Such automated response needs

careful governance (to avoid over-reaction or disruption), but it promises to drastically shorten

the window in which attackers can operate freely.

Security Chatbots and User Interaction

Some organizations have deployed Al chatbots internally to assist with security tasks.
Developers or employees can ask a security chatbot questions like “Is this email safe?”” or “How
do I securely configure my server?”, and the Al will respond with guidance, drawing from the

company’s security knowledge base. This uses natural language interfaces to democratize
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security knowledge. On the flip side, Al bots can also handle external-facing tasks — for
example, scanning pastebin sites and dark web forums for mentions of the company (threat

intelligence gathering) or interacting with attackers in honeypots to gather tactics.

Integration and Scaling

Al-driven automation greatly improves scalability. A small security team can effectively
guard a large, complex infrastructure because Al helpers are handling many tasks in parallel. It
also standardizes responses — ensuring that no critical step is missed due to human error when
under pressure. Al’s “adaptive learning” means these automated workflows improve over time,

learning from incidents to refine future actions checkpoint.com. For instance, if an Al incorrectly

blocked a legitimate behavior (false positive), humans can correct it, and the model adjusts so it
doesn’t repeat that mistake, gradually tightening security with fewer disruptions.

In summary, GenAl is acting as a force multiplier for security teams. By automating
routine work (like scanning and filtering) and even complex decision-making, Al allows
organizations to respond to threats faster and more consistently. It addresses the perennial
cybersecurity challenge of speed and scale: with thousands of alerts a day and an Internet-wide
attack surface, only automated, Al-driven approaches can keep up. Businesses that effectively
integrate Al into their security operations are finding they can do more with less and stay a step

ahead of threats.

Data Protection & Privacy

While Al can ingest and analyze data at unprecedented scale, this raises concerns about

privacy and data security. Interestingly, GenAl itself offers solutions to enhance privacy and
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protect data even as it’s being used for security. Two important concepts have

emerged: synthetic data generation and privacy-preserving AI models.

Synthetic Security Data

Synthetic data is artificial data generated by Al models to mimic real datasets (without
using actual sensitive records). In cybersecurity, synthetic data is proving invaluable for training
Al models and testing systems without exposing personal or organizational data.

For example, a model can learn typical network traffic patterns or user login behaviors
from synthetic logs that resemble the real network. This way, a company can develop and refine
an Al threat detection system without feeding it actual internal logs (which might contain
confidential or personal info). Synthetic data “looks and acts like real-world data but has no ties
to actual people or events — it’s fake data that can produce real results” dataflog.com.

By using generative models, one can create a virtually unlimited supply of training data
covering all sorts of attack scenarios or user behaviors. A notable benefit: if attackers breach a
training database that uses synthetic data, “they won 't gain any PII from them,” as one analysis
noted dataflog.com. In fact, studies have found that models trained on high-quality synthetic data
can perform as well as or even better than those trained on limited real data dataflog.com, since
synthetic data can be generated in large quantities and with balanced, error-free distributions.

Cybersecurity teams also use synthetic data for security exercises — e.g., running
phishing detection models against waves of Al-generated phishing emails rather than real user

emails, ensuring no real user is put at risk during testing.
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Privacy-Preserving Al (Differential Privacy & Federated Learning)

There is a growing toolkit of techniques that allow Al models to learn from data without
compromising individual privacy. Differential privacy involves adding statistical noise to data
or model outputs, so that the model cannot reveal specifics about any single data point. For
instance, a security analytics platform might collect behavior metrics from millions of devices
and use differential privacy to aggregate them — this allows learning overall patterns of malicious
behavior while mathematically guaranteeing that no individual user’s data can be extracted from

the learned model helpnetsecurity.com.

Federated learning is another approach where the Al model is trained across many
devices or organizations without centralized data collection. In a security context, imagine an
anti-malware Al that gets trained on endpoint devices: rather than sending all file samples to the
cloud, the model is sent to each device, learns from local data, and only the updated model
parameters (not raw data) are sent back to be combined. This way, the central server never sees
the raw private data from each endpoint. Such approaches are increasingly important for meeting

regulatory requirements (like GDPR) while still harnessing collective learning for security.

Al-Driven Data Masking and Classification

Al can help enforce data protection by automatically identifying sensitive information
(personal data, intellectual property) within large datasets — something that is often hard to do
manually at scale. GenAl models can classify documents or communications to determine if they
contain secrets or personal info, and then apply policies like encryption or redaction.

For example, an Al system might monitor outgoing emails and flag (or block) any that

appear to include a customer’s personal data or an attachment with source code. These systems
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use NLP to understand context, going beyond simple regex pattern matching for things like
credit card numbers. Over time, the Al learns the difference between legitimate business needs

and risky data exposures, reducing false alarms while catching true leaks.

Secure Model Design

As organizations deploy Al for security, they are also concerned with the security of the
Al itself. Adversarial attacks against Al (like feeding specially crafted inputs to mislead an Al
model) are a known threat. To counter this, developers are designing robust AI models that are
less sensitive to such manipulation.

For instance, an image recognition system used for surveillance might be hardened
against adversarial examples (noisy images designed to fool it), and an NLP-based spam filter
might be trained to handle deliberately misspelled words or weird grammar meant to evade
detection. Additionally, access to Al models is being controlled to prevent extraction of their
knowledge (attackers might try to query an Al to glean info about what it knows or to make it
output sensitive training data). Techniques like watermarking Al outputs or monitoring for
abnormal usage patterns help ensure that using Al in security doesn’t inadvertently create a new

attack vector.

Compliance and Audit

Privacy regulations often require organizations to limit how data is used and to maintain
audit logs of data access. Al systems can assist here by generating audit trails for automated
decisions (to explain why an Al flagged a user as malicious, for instance, which might involve
personal data) and ensuring those decisions are fair and unbiased (tied to ethics, discussed later).

We’re seeing Al regulators push for explainable AI, which also benefits cybersecurity: if an Al
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denies someone access, being able to explain that it was due to a deviation from their normal
behavior pattern (and not due to a protected attribute like ethnicity) is important for
accountability.

In summary, while GenAl thrives on data, it also provides innovative ways to protect
data and privacy. Through synthetic data, we reduce reliance on raw sensitive logs for training,
thereby lowering privacy risk. Privacy-preserving Al techniques ensure we can harness
collective intelligence for security (like learning from many organizations’ threat
data) without violating confidentiality. When implemented correctly, Al-enhanced cybersecurity
solutions can actually increase privacy — detecting and preventing data breaches or misuse —
while abiding by privacy principles themselves. This builds trust that deploying Al will not lead

to Orwellian surveillance, but rather to smarter security that respects individual rights.

GenAl-Powered Cyberattacks

Just as defenders are leveraging Al threat actors are eagerly adopting GenAl to
amplify their attacks. Offensive uses of Al are dramatically changing the threat landscape —
making attacks more convincing, more frequent, and in some cases more autonomous. We
explore how Al is powering new forms of cyberattacks across phishing and social engineering,

vulnerability discovery, and automated hacking.

Evolving Threat Landscape: Al-Generated Phishing & Deepfakes

Social engineering attacks, which prey on human trust, are being supercharged by
generative Al. Phishing emails, fake messages, and scams generated by Al are more
deceptive than ever. Traditionally, many phishing attempts were rife with spelling mistakes or

awkward phrasing, tipping off vigilant users. Those red flags are disappearing as Al language
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models can produce fluent, well-structured text customized to the target. In fact, Al

has “removed mistakes and [enabled] more professional writing styles” in phishing content,
making malicious messages harder to distinguish from legitimate communications
techtarget.com.

e Smarter Phishing Emails: Attackers can use GenAl (like illicit versions of GPT
models) to write highly convincing emails impersonating colleagues, business partners,
or authorities. These Al models can incorporate up-to-date information scraped from the
web — for example, referencing a recent company event or using real invoice numbers —
to make the lure more credible. As one security analysis noted, large language models
can “incorporate of-the-moment details into phishing emails ” by absorbing real-time
news or corporate info, lending them authenticity and urgency techtarget.com. Moreover,
Al allows phishing at scale with variation: an attacker can generate thousands of unique
phishing emails at a click, each tailored (by changing tone, details, language) to different
recipients. This undermines traditional spam filters because there’s no single template or
known bad signature; the phishing campaign becomes a moving target. Notably,
experiments have shown Al-generated spear-phishing to be alarmingly effective. At
Black Hat USA 2021, researchers found that more people clicked links in Al-generated
spear phishing emails (crafted by GPT-3) than in human-written ones — “by a significant
margin”, highlighting how Al can outdo humans in social engineering techtarget.com.

e Business Email Compromise (BEC) at Scale: BEC scams — where attackers
impersonate a CEO or vendor to trick companies into transferring funds — usually involve
painstaking research and manual crafting of messages. Al automates much of this work.

Attackers can deploy Al chatbots to engage in back-and-forth email conversations with
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victims, maintaining a facade of legitimacy over multiple exchanges. An Al can keep
track of context, respond promptly, and even manage many such conversations in
parallel. According to experts, “Al chatbots are being used to create and spread BEC,
whaling and other targeted phishing campaigns at a much faster rate than human
attackers ever could,” increasing the scale of these attacks techtarget.com. In essence,
novice scammers now have a force multiplier: even without perfect English or social
skills, they can phish like an expert by relying on Al

Deepfake Scams (Audio and Video): Beyond written text, generative Al extends to
audio and video (“deepfakes”), enabling novel social engineering attacks. Deepfake
audio tools can clone a person’s voice from a small sample, producing speech that
sounds indistinguishable from the real person. In a chilling example from 2019, criminals
used Al-generated voice to impersonate the CEO of a German parent company, calling a
UK subsidiary’s CEO and convincing him to urgently wire €220,000 — which he did,

believing he was obeying his boss’s orders trendmicro.com. The scam succeeded because

the voice on the phone sounded exactly like the CEQ, down to the accent and manner

of speaking, and the request appeared routine. Similarly, video deepfakes have emerged:
In 2023, an incident was reported where a deepfake video call of a company’s CFO was
used to instruct a subordinate to transfer $25 million, combining fake visuals of the CFO

with real-time attacker orchestrationprivacyworld.blog. While the deepfake video had

some limitations (limited interaction and slight glitches), it was convincing enough when
coupled with social pressure. These cases underline a new threat: attackers don’t need to
hack your systems if they can hack your trust by mimicking voices and faces of trusted

individuals.
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Al-Enhanced Social Media Scams: GenAl can generate realistic personas complete
with profile photos (using GAN-generated faces), backstories, and ongoing content,
which can be deployed as bots on social networks. State-sponsored actors have been
caught leveraging this: a 2024 joint operation by FBI and allies disrupted a Russian
disinformation bot farm that used an Al tool called “Meliorator” to create over 1,000 fake
social media profiles with Al-generated photos and personas csis.org. These bots posed
as Americans and flooded sites like Twitter and Facebook with tailored propaganda.

The AI advantage was speed and scale — “A[ can craft the message, alter it for different
audiences, and distribute it rapidly... [Russia] could enter the chat almost

immediately” after a news event csis.org. In other words, Al-generated disinformation
can react in real-time and amplify narratives far faster than manual troll farms. This same
capability can be used for targeted scams: fake LinkedIn profiles (with Al faces) that
connect to targets and gain trust, or romance scam bots that engage victims with
convincingly human dialogue learned from countless chat examples.

The evolving threat landscape painted by these examples is daunting. Phishing emails

that read legitimate, voices on calls that sound authentic, and online personas that /ook real all

undermine our traditional means of detecting fraud. The success rate of social engineering

attacks is poised to increase as Al removes the small errors and tells that used to give attackers

away techtarget.com. Defenders and users must adapt by seeking new indicators of malicious

intent (for example, subtle inconsistencies, or verifying via secondary channels) and employing

defensive Al to detect signs of Al-generated content. But as of now, Al is giving attackers a

powerful edge in the psychological game of hacking humans.
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Vulnerability Exploitation: Al-Assisted Reconnaissance and Hacking

Tools

Another domain where GenAl is aiding attackers is in finding and exploiting
vulnerabilities in systems. Activities that once required significant expertise — scanning
networks, researching software exploits, crafting malicious code — can now be accelerated or

even partially automated with Al assistance.

Automated Reconnaissance

The first stage of any attack is reconnaissance — gathering information about the target’s
IT environment, employee roles, technologies in use, etc. Al can dramatically streamline recon
by quickly analyzing data from public sources (websites, LinkedIn, technical forums).

For instance, an attacker could use an NLP model to read through a target company’s job
postings and infer what software and systems they use (“Looking for an Azure administrator”
implies they use Microsoft Azure cloud). Al vision can analyze satellite images or building
photos for physical security intel. There are also Al tools that can scrape and summarize large
data dumps — say, if attackers got hold of internal documents, an Al could summarize key details
or search them for credentials and configuration info much faster than a human. In essence, Al
helps adversaries “connect the dots” by processing disparate data sources and highlighting likely

avenues of attack.
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Finding Vulnerabilities with Al

As noted earlier from the defender’s side, Al can locate software bugs — unfortunately,
this works for attackers too. We are seeing the emergence of Al systems specifically trained to
identify security weaknesses.

For example, an attacker might use a generative model to inspect a piece of open-source
code for flaws or to generate test cases that break an application. Bruce Schneier points out that
it's a “straightforward extension” to have Als that find vulnerabilities in code schneier.com;
attackers can harness the same tools being developed for defensive code auditing. Moreover, Al
can learn from databases of known vulnerabilities and exploit techniques (which are public in
sources like Metasploit or CVE databases). An Al could then look at a target’s software stack
and predict which known exploits might succeed, prioritizing the most likely entry points.
Offensive security researchers have even discussed “Al fuzzers” that intelligently craft inputs to

crash software in ways that reveal zero-day bugs.

Password Cracking and Credential Stuffing

Password attacks get a boost from Al as well. Offensive Al can analyze password
patterns (common habits in human-created passwords) and generate highly likely password
variations for targeted cracking. Rather than brute-forcing blindly, Al can tailor guesses to the
victim (for example, by learning their interests from social media and including those terms).
KPMG analysts warn that by using ML to analyze password data, hackers can launch “more
targeted and effective brute-force attacks” that crack passwords “in a fraction of the time” of

traditional methods kpmg.co.il. Al can also help in credential stuffing attacks (trying leaked
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passwords on multiple accounts) by quickly identifying password reuse patterns and picking

likely candidates for a given user.

Malware Generation and Evasion

Perhaps the most striking development is Al automating the creation of malware.
Generative models can write code in various programming languages, including malware code.
Already, dark web forums have advertised Al-based services that will generate custom malware
on demand. The aforementioned FraudGPT is marketed as a tool for criminals to create
“undetectable malware” and phishing pages easily trustwave.com.

Similarly, WormGPT emerged as an “unrestricted” chatbot trained on malware development
content trustwave.com. These tools mean that even attackers with limited coding skills can
obtain sophisticated malware by simply prompting an Al (e.g., “generate a PowerShell script that
exfiltrates all Excel files”). Moreover, Al can personalize malware for each target — for
instance, generating a unique malicious document that exploits a vulnerability, with content
tailored to the target (using their company logo, appropriate lingo, etc.). This one-to-one
tailoring helps malware evade antivirus detection (which might flag identical files seen

elsewhere) and increases the chances the target will activate it.

Polymorphic and Evasive Attacks

Beyond initial generation, Al can help malware evolve in real-time to avoid detection.
The BlackMamba keylogger proof-of-concept is a prime example: it uses an Al (OpenAl’s GPT
model) at runtime to rewrite parts of its own code, producing new variations each time it runs

darkreading.com. This means the hash or signature of the malware is different on every machine

and every execution, making it “virtually undetectable by today's predictive security solutions”
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according to researchers. Additionally, BlackMamba demonstrated eliminating command-and-
control traffic by using trusted channels (sending stolen data out via Microsoft Teams, an

approved application) darkreading.com— an Al could help identify such clever abuse of

legitimate services. Offensive Al can thus orchestrate attacks that adapt on the fly: if a malware
payload is detected, the Al could try a different approach or encryption; if a phishing page is
blocked by one browser, the Al alters it slightly for the next victim. This adaptability is the
hallmark of Offensive AI, which “can adapt and evolve its attack strategy based on the system's

response” kpmg.co.il, much like a human hacker changing tactics, but at machine speed.

Al for Decision Support in Attacks

Attackers can use Al as a consigliere during operations. For example, an Al agent could
monitor an ongoing intrusion and suggest next steps (“You’ve gained admin on this server, the
next high-value target likely contains customer data, which you can find at X location”). It could
even perform tasks like privilege escalation by recalling known techniques from its training data.
In essence, Al can function as an autopilot for less-skilled hackers, walking them through
complex multi-step attacks by breaking down tasks and even executing some of them.

These Al-assisted capabilities greatly lower the barrier to entry for cybercrime and
increase the potency of skilled adversaries. A recent survey by the UK’s National Cyber Security
Centre noted that Al “lowers the barrier for novice cyber criminals” by enabling hackers-for-
hire and hacktivists to carry out effective reconnaissance and attacks with far less effort
ncsc.gov.uk. Even sophisticated state-sponsored groups are likely integrating Al to enhance their
cyber arsenals. It’s worth noting that the intelligence and defense communities themselves
expect Al to be a double-edged sword; as one U.S. intelligence official quipped (paraphrasing),

“Al will be used by our adversaries, so we must anticipate and plan for it.”
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Automated Hacking: Toward Autonomous Cyberattacks

Looking ahead, we are approaching the realm of autonomous hacking systems — Al that
can execute entire attack campaigns with minimal human input. While complete “Al hackers”

are not yet operating in the wild, research and proof-of-concepts indicate what is possible:

Offensive Al Agents

An offensive Al agent would follow the typical cyber kill chain on its own: recon a
target, find a vulnerability, exploit, establish persistence, laterally move, collect data, and
exfiltrate — deciding each step based on what it encounters. This concept has been explored in
DARPA challenges and academic settings. The complexity of real networks makes this hard to
fully automate, but narrow segments have been automated.

For instance, there are Al models that can decide which payload to run on a target based
on system info (windows vs Linux, etc.), or that can adapt their exploit method if initial attempts
fail. As noted earlier, Offensive Al can “automate the attack process, making it more efficient and
effective” and even target “individuals, organizations, or entire countries”kpmg.co.il. The vision
(or nightmare) is a scalable Al that can simultaneously attack thousands of targets, each with

customized strategies, without direct control after launch.

Malware with Al Brains

We already discussed malware using Al to mutate. Another angle is malware embedding
an Al that makes decisions during an attack. For example, an implanted device on a network
could have an Al model that learns the network topology and chooses which device to infect

next for maximum impact. Or ransomware could use Al to maximize damage — identifying
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which files are most critical to the victim (using NLP to read file contents) before encryption or
dynamically setting the ransom by estimating the victim’s ability to pay. Security researchers
worry about “worm AI” that could autonomously scan the internet, exploit vulnerabilities, and

self-propagate, all while adapting to defenses it encounters.

Coordinated Attack Swarms

Al systems could coordinate groups of automated agents. Imagine an attack where one
Al system handles phishing (to obtain credentials), another handles exploiting a server, and
another manages a botnet of infected machines — all communicating and adjusting strategy as a
team. This starts to resemble an autonomous hacking organization.

Such swarms could overwhelm defenders; for instance, in a Distributed Denial of Service
(DDoS) scenario, Al bots could intelligently modulate traffic to fly under mitigation thresholds
and then synchronize a surge at the worst possible time, based on predictive analytics of when

the target is least prepared.

Examples of Emerging Offensive Al

We have concrete albeit early examples: WormGPT and FraudGPT chatbots (as
discussed) show the trend of Al-as-a-service for attackers, providing on-demand hacking
advice and codetrustwave.com. BlackMamba shows self-modifying attack code driven by Al

darkreading.com.

Another example, not yet mentioned, is an Al called DeepLocker (a concept by IBM in
2018), which was an Al-powered malware that kept itself hidden until it recognized a specific

target via facial recognition from a webcam — a form of Al-driven stealth activation. While just a
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prototype, it demonstrated how Al can tightly control when and how a payload executes, making

detection extremely challenging.

Speed and Scale

An often-discussed advantage for Al attackers is speed. Al can find and exploit a
vulnerability in minutes after it becomes known, before organizations have time to patch. This
compresses the window of exposure severely. We might see future worms that, upon disclosure
of a new critical CVE, use an Al to mass-exploit it across the globe in hours (something
somewhat seen in non-Al worms too, but Al could do it more intelligently, e.g., by finding
unannounced similar vulnerabilities). Also, Al attacks can be constant and relentless — probing
24/7 for weaknesses, whereas human hackers need rest or shifts.

Overall, automated hacking is moving from science fiction to reality. Cybersecurity
experts caution that as Al-driven attacks rise, defenders will need to rely on Al-driven defenses —
essentially “using Al to fight AI"” kpmg.co.il. Indeed, a KPMG article emphasizes deploying Al-
based threat detection as a countermeasure to offensive Al, since machine-speed attacks demand
machine-speed responses kpmg.co.il. We are likely entering an era where unseen battles between
algorithms — attacker bots and defender bots — happen within our networks. As offensive Al
tools proliferate on dark markets, even less-skilled adversaries gain access to capabilities
previously reserved for nation-states, tilting the balance. This makes it all the more urgent for
organizations to upgrade their defenses and for the security community to share knowledge on

Al-driven threats.
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The Future of Cybersecurity with GenAl

In the coming years, GenAl will become deeply integrated into cybersecurity on both

offense and defense, raising new trends, ethical questions, and governance challenges. This

section explores emerging technologies and practices that could define the future cybersecurity

landscape, the ethical considerations that come with Al-driven security, and the evolving

regulatory framework shaping how Al is applied responsibly.

Emerging Trends in Al-Driven Security

As Al technology advances, we anticipate several cutting-edge trends that could

significantly strengthen cyber defenses:

Al-Powered Firewalls and Network Defense: Next-generation firewalls are evolving
into “Al-powered firewalls” that do more than static rule enforcement. These firewalls
employ machine learning to analyze network traffic in real time, identifying malicious
patterns that humans or traditional methods might overlook. They can correlate data
across multiple layers (from packet payloads to user behaviors) to make dynamic
decisions.

For example, an Al firewall might notice a series of seemingly benign requests
that collectively form a suspicious pattern (like a slow data exfiltration or a multi-step
attack) and block it proactively. Check Point describes that Al-powered firewalls
can “identify subtle, sophisticated, and large-scale cyberattacks” by detecting anomalies
in network data, offering enhanced threat prevention across all OSI layers

checkpoint.com. Importantly, these firewalls continuously learn — adapting to new threats

without needing manual signature updates — and can even manage themselves (auto-
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tuning performance, clustering, etc.) checkpoint.com. We can envision Al-driven

intrusion prevention systems that automatically adjust their thresholds based on the
current threat context (e.g., more aggressive blocking during a known active attack
campaign, then relaxing to normal mode).

Behavioral Biometrics for Authentication: Passwords and even traditional 2FA are
often compromised, so the future points toward continuous

authentication using behavioral biometrics. This means validating users by how they
behave — e.g., their typing rhythm, mouse movement patterns, touchscreen gestures, gait
(from phone sensors), or even cognitive habits. Al is essential to learn these patterns per
user and detect if any session deviates from the legitimate user’s profile. According to
experts, “behavioral biometrics uses AI/ML to turn human behaviors into biometric
data”, creating a unique profile for each user and spotting fraud by noticing when
behavior is “off” feedzai.com.

For example, if an attacker somehow obtained your session token and is operating
within your account, they might type differently or navigate differently; the Al system
would flag that and could require re-authentication or cut off the session. Behavioral
biometrics are already used in banking apps and some corporate systems, and we expect
them to become mainstream as a passive, user-friendly layer of security that is hard for
attackers to imitate (it’s much harder to mimic how someone types than to steal their
password).

Al-Augmented Security Operations: The Security Operations Center of the future will
heavily incorporate Al not just in point tools but throughout workflows. This includes Al

assistants for analysts (like an evolution of Microsoft’s Security Copilot) that will
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handle routine tier-1 alerts end-to-end, handing off only truly complex incidents to
humans. These assistants will likely converse with analysts in natural language, generate
hypotheses (“It appears we might have an insider threat based on X and Y”’), and even
control certain defenses directly with supervision. Incident response could involve Al-
driven playbooks where, say, an Al not only suggests but also executes containment
actions after verifying with a human.

Al could also facilitate more advanced threat hunting, using deep learning to
discover hidden attack patterns across months or years of data that human hunters might
miss. Another trend is the use of Digital Twins of organizations for cyber simulations —
essentially Al models that simulate the organization’s IT environment on which attacks
can be test-run safely, allowing defenders to practice against Al-simulated adversaries.
Deep Learning—Driven Threat Mitigation: We touched on automated response; deep
reinforcement learning (RL) might come into play here. Researchers are exploring using
RL agents that learn to mitigate attacks by trial and error in simulated environments,
analogous to how Al has learned to play video games or control robots.

A deep RL agent in a network could learn, for example, how to dynamically
reroute traffic or spin up sacrificial VMs when under certain attacks, essentially learning
defense strategies. Coupled with continuous learning, such agents would improve over
time and could respond to novel threats in creative ways that weren’t explicitly
programmed.

This is admittedly experimental now, but it holds promise for adaptive defense.
Another aspect of deep learning mitigation is predictive analysis: using sequences of

events to predict an attack’s next move (like anticipating that a detected foothold will
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lead to a privilege escalation attempt on a server, and preemptively hardening that server

or watching it more closely).

o Integration of Al in DevSecOps: Future cybersecurity will shift left with Al helping
developers write secure code from the start. Al coding assistants (like GitHub Copilot,
but security-focused) will warn coders of potential vulnerabilities as they write software
— “refuse insecure code” by design. They might even generate secure scaffolding
automatically. This can drastically reduce the introduction of new vulns. Additionally, Al
will likely play a big role in software composition analysis and supply chain security,
by analyzing dependencies and identifying malicious or risky components automatically
(something especially needed after incidents like SolarWinds).

On the horizon, we also see the convergence of Al with other tech trends — for
example, Al helping secure [oT and 5G networks by handling the massive device count and data
volume, or the use of Al in quantum-resistant security(designing and analyzing crypto systems
in a post-quantum era).

The overarching theme is proactive, intelligent, and autonomous defense. Rather than
waiting for known threats, future security will involve predictive and self-adjusting measures
largely driven by Al In such a world, the role of human professionals may shift to overseeing Al
systems, handling high-level strategy, and dealing with sophisticated adversaries in a man-and-

machine teaming approach.

Ethical and Accountability Considerations

The rise of Al in cybersecurity raises important ethical questions and challenges.

Ensuring that Al-driven security tools are fair, accountable, and transparent is crucial —

29



especially as these tools make decisions that can impact privacy and access to resources. Key

considerations include:

Al Bias and False Positives/Negatives

Al models are only as good as the data they are trained on. If that data contains bias, the
AT’s outputs will reflect it. In security, this could mean the Al systematically underestimates
certain threats or overestimates others due to skewed training data.

For example, if a threat detection Al was trained mostly on malware from certain
countries, it might become biased to flag anything from those origins while ignoring other
sources. A scenario described in Cybersecurity Magazine illustrates this: an Al developer biased
to think foreign hackers are the main threat could train a model that focuses on foreign IP traffic
and thus “overlook the considerable threat of domestic cyberattacks” cybersecurity-
magazine.com.

Bias can also manifest in what behavior is deemed “normal” — if the Al is trained in a
way that treats a certain group’s behavior as anomalous due to underrepresentation, it could lead
to false accusations (e.g., flagging an administrator’s legitimate but uncommon work pattern as
malicious just because it’s rare in the dataset).

The consequences of Al bias in security range from false positives (e.g., innocent actions
flagged, causing user frustration and wasted effort) to false negatives (real threats passed over

because the model wasn’t tuned to notice them, potentially leading to breaches).

Accountability and Decision Transparency

When an Al system makes a critical security decision — say, automatically disabling a

user account or shutting down a server that it deems compromised — who is accountable if that
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decision is wrong or causes harm? Organizations need clear policies on this. Many argue there
should always be a “human in the loop” for high-impact actions, or at least a rapid review
process. Moreover, explainability is important: stakeholders will demand to know why an Al
made a given decision. If an employee is locked out because an Al suspected their behavior, the
employee (and perhaps auditors or regulators) might have the right to an explanation. This is
challenging because complex Al models (like deep neural networks) aren’t inherently
interpretable. The push for explainable AI (XAI) in cybersecurity is growing — for instance,
providing a rationale like “User was flagged due to logging in from an unusual location and
downloading 10% their normal volume of data, which deviates strongly from their profile.” Some
frameworks, like the EU’s draft Al Act, may even require such explanations for high-risk Al
decisions. Balancing security (which might lean toward quick automated action) with fairness

(ensuring no unjustified adverse effects) will be a delicate ethical tightrope.

Privacy vs. Security

Al systems often require large datasets, which might include sensitive personal
information, network activities of employees, etc. Using this data to train or run the Al can
conflict with privacy norms if not handled properly.

For example, an Al that monitors all employee emails to detect phishing might be seen as
invasive if it’s not restricted to just scanning for threats. Ensuring data minimization (AI should
only access the data it truly needs) and employing privacy-preserving techniques (as discussed
earlier) is ethically important.

There’s also the concern of Al models inadvertently memorizing sensitive data. Large
language models have been known to regurgitate pieces of training data when prompted in

certain ways — imagine an Al trained on support chat logs accidentally leaking a customer’s
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password from its training set. Ethical use requires mitigating such risks (technically and via

policy).

Security Decision Bias & Over-Reliance

Another ethical issue is the potential over-reliance on Al judgments. If operators start
treating the AI’s output as gospel, they might ignore their own intuition or override common-
sense checks. Conversely, if the Al consistently cries wolf (too many false positives), humans
may start to ignore it (“alert fatigue”), which is dangerous if the Al later catches a real threat.
Achieving the right trust calibration in Al tools is as much an ethical/usability challenge as a
technical one. The Al and human team should be designed so that the Al assists and the human

validates, each covering the other’s blind spots.

Al Misuse and Dual-Use Dilemmas

The same Al models used for defense can often be repurposed for offense (dual-use). An
Al trained to detect vulnerabilities can be used to find new ones to exploit; a language model that
can detect phishing can also generate phishing. Ethically, security researchers and companies
must decide how and what they publish. There’s a debate on “responsible disclosure” for Al
findings — e.g., if someone develops an Al that can crack passwords at unprecedented speed, do
they release it (to help people test their own security) or withhold it (to prevent aiding attackers)?
The cybersecurity community is accustomed to vulnerability disclosures, but Al adds a layer of

complexity because improvements can be general and fast-spreading.
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Bias in Al-augmented Law Enforcement

In a broader sense, as governments consider using Al for cyber defense or law
enforcement, there are worries about Al inadvertently profiling individuals or organizations. For
instance, an Al might flag traffic from certain regions as hostile (bias), potentially leading to
unfair blocking of entire countries or false attribution of attacks. Ensuring Al doesn’t reinforce
unfair prejudices or lead to discriminatory outcomes is part of the ethical mandate. The
Cybersecurity & Infrastructure Security Agency (CISA) explicitly notes the need to ensure Al
use is consistent with “privacy, civil rights, and civil liberties” cisa.gov.

On the flip side, attackers’ use of Al also raises ethical questions for defenders: To what
extent can defenders counterattack or preempt Al-driven threats? Is it ethical (and legal) to, say,
deploy defensive Al that hacks back into a criminal’s Al system to neutralize it? These questions
veer into cyber warfare ethics and are actively being discussed in policy circles.

In conclusion, maximizing AI’s benefits in cybersecurity requires careful attention to
ethics and governance. We must strive for transparent, fair Al systems that augment security
without unjust side effects. This includes rigorous testing for bias (simulating diverse scenarios
to see if the Al treats them appropriately), keeping humans in control loop for critical actions,
protecting data privacy, and developing standards for explainability. Cybersecurity professionals
will likely need new skill sets around auditing and interpreting Al decisions. As Al becomes
more autonomous, ethical guardrails will be as important as technical safeguards to maintain

trust in Al-driven security.
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Regulatory Landscape: U.S. and International Governance

Given the transformative impact of GenAl on cybersecurity (and vice versa),
governments around the world are crafting policies to guide the development and use of Al in
security contexts. The regulatory landscape is rapidly evolving, with a mix of binding laws,
guidelines, and industry standards. Here we focus on the U.S. framework and then touch on

international best practices and governance models.

United States

In the U.S., there isn’t a single comprehensive “Al in cybersecurity law” yet, but several
initiatives and regulations intersect:

e National Strategies and Executive Actions: The National Cybersecurity Strategy
2023 recognizes Al as a technology that will shape the future of cyber defense and
offense, calling for investment in Al and also vigilance against Al-fueled threats (though
it largely provides high-level direction). A more direct action was President
Biden’s Executive Order on Safe, Secure, and Trustworthy AI (Oct 2023). This EO —
the most expansive Al directive to date — set forth a government-wide approach to Al
safety. In terms of cybersecurity, it directed DHS to lead efforts in “managing Al in
critical infrastructure and cyberspace” and establishing an Al Safety and Security Board
dhs.gov. It also pushed for the development of standards and evaluations (through NIST
and others) to ensure Al systems are secure (robust against attacks and having guardrails
to prevent misuse). For example, the EO requires that developers of advanced Al
(foundation models) share the results of red-team safety tests with the government if

their systems pose national security or societal risksreuters.com. This implies if a
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company’s Al could be used to generate cyberattacks or otherwise be dangerous, they
must report on what they’ve done to mitigate that. The EO additionally promotes using
Al for cybersecurity — e.g., it calls for pilot programs to use Al in vulnerability detection

and network defense in federal agencies mayerbrown.com, reflecting a policy to lead by

example in deploying defensive Al

Federal Agencies and Guidance: Agencies like CISA and NIST are actively shaping Al
and cybersecurity policy. CISA’s AI Roadmap explicitly aims to “promote beneficial
uses of Al to enhance cybersecurity... and deter malicious use of AI” cisa.gov. CISA is
implementing this via lines of effort that include adopting Al in its own operations,
helping assure that Al systems used in critical infrastructure are secure by design,

and partnering internationally to mitigate Al threats cisa.gcov. Meanwhile, NIST
(National Institute of Standards and Technology) released the AI Risk Management
Framework (Al RMF) in 2023 — a voluntary framework to help organizations manage
Al risks. Though not cybersecurity-specific, it covers principles like validity, fairness,
and resilience of Al which apply to security use cases. NIST is also updating its famous
Cybersecurity Framework to include Al considerations (ensuring Al components in an
organization’s risk profile are addressed). There have been discussions about extending
regulations like FedRAMP (for cloud security) to cover Al services procured by
government, meaning Al vendors may need to meet security requirements.

Laws Addressing Al and Data: Sector-specific regulations could indirectly govern Al in
security. For instance, healthcare (HIPAA) or finance (GLBA) regulators might issue
guidance on using Al for security monitoring while protecting patient/customer data.

Privacy laws such as California’s CCPA/CPRA and upcoming state privacy acts impose
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duties on automated decision-making and could require transparency if an Al-based
security system makes decisions affecting personal data. Additionally, the U.S. has
robust cybercrime laws (like the CFAA) which, while they don’t mention Al apply to
attacks regardless of tools used. There is consideration in law enforcement about
updating definitions to cover Al-generated malicious content (e.g., making clear that
using an Al to generate child pornography or deepfake for extortion is illegal and on par
with traditional methods).

Accountability and Standards: Professional bodies and industry groups are also
contributing. For example, the Information Technology Industry Council (ITI) released
Al Security Policy Principles urging policymakers to support the use of Al for
cybersecurity while improving Al system security. They encourage leveraging existing
cybersecurity standards (so as not to reinvent the wheel for Al) and ensuring global
interoperability of Al security policies. They also highlight the need for public-private
partnerships and supporting R&D and workforce development in Al security itic.org. We
may see these principles influencing future regulations or funding (e.g., more grants for
Al in cybersecurity research).

In the near future, the U.S. might consider specific legislation around Al

governance (there have been calls for an Al bill or stronger regulatory body). Given the national

security implications, we could see laws requiring companies to notify the government if they

suffer incidents involving Al (like an Al model breach or an Al-driven attack on critical

systems). Already, the Justice Department has led takedowns of Al-empowered cybercrime

(such as the Russian bot farm case csis.org), and such operations may spur international legal

cooperation.
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International and Best Practices

Cybersecurity is a global issue, and AI’s role in it is being addressed by multiple

international entities:

European Union: The EU is at the forefront with its proposed EU AI Act. This act will
regulate Al based on risk categories. Als used in critical infrastructure or security may be
classified as “high-risk”, meaning providers must implement risk management,
transparency, and human oversight. If a company in the EU uses Al for significant
security decisions, they might have to meet requirements for accuracy and explainability.
The EU AI Act also contemplates banning certain Al uses (like social scoring). While
cyber defense uses are unlikely to be banned, using Al for mass surveillance could be
restricted, affecting how EU entities deploy Al monitoring. Separately, the EU’s NIS2
Directive (security of network and information systems) and GDPR indirectly influence
Al by requiring state-of-the-art security measures and protecting personal data,
respectively. We can expect EU regulators to scrutinize Al-driven security tools for
compliance with privacy (ensuring, for instance, that an AI SOC tool doesn’t violate user
privacy without necessity).

OECD and Global Principles: The OECD Al Principles (2019), which many countries
including the U.S. have endorsed, set high-level guidelines: Al should benefit people and
the planet, respect human rights, be transparent, robust, and accountable. UNESCO also
released Al Ethics recommendations. While these are not specific to cybersecurity, they
inform the ethos that even security-focused Al should adhere to human-centric values
brookings.edu. For example, robustness and security of Al (one of the OECD principles)

implies Al systems used in critical security contexts must have resilience against
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adversarial attacks — this could evolve into standards bodies (like ISO) issuing specific
guidelines for “Al robustness testing” which organizations may then follow.
International Cooperation: Cyber threats don’t respect borders, and similarly, Al-
enabled threats require cross-border collaboration. Forums like the Global Partnership
on AI (GPAI) and initiatives under the G7 are fostering cooperation on Al governance
including security aspects. The G7 in 2023 (Hiroshima Al Process) highlighted the need
to address risks from frontier AI. We may see norm-setting for Al in warfare; for
instance, discussions at the United Nations on autonomous weapons also touch on cyber
weapons. It’s plausible that nations could negotiate agreements that prohibit certain Al
cyber operations against critical infrastructure (analogous to bans on attacking civilian
infrastructure in kinetic war), though enforcement is challenging. NATO has established
a Cyber Al Partnership to share best practices among allies for using Al in cyber defense
and to understand adversaries’ Al capabilities.

Governance Models: Corporations and governments are adopting governance structures
to oversee Al. In critical industries, we might see Al audit requirements — e.g., a power
grid operator might need to have an external audit of the Al that manages its grid
security. On a national level, countries are exploring agencies or committees for Al
oversight; the U.S. EO mentioned an A7 Safety and Security Board dhs.gov, and countries
like the UK host global summits on Al safety (e.g., the 2023 Bletchley Park summit
leading to an international network of Al safety institutes brookings.edu). These bodies
could create guidelines that directly affect cybersecurity practices, such as recommended
controls to prevent Al model theft, or certification programs for Al security tools

(assuring they meet certain efficacy and ethics criteria).
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e Cybercrime Treaties: International law is catching up to Al in cybercrime. The
Budapest Convention (the main international treaty on cybercrime) has discussions
around updating definitions to include new forms like computer-generated falsified
media used in fraud. Also, Interpol and Europol have working groups on Al in crime,
which may result in unified strategies to combat Al-enhanced cybercrime. For example,
sharing data on deepfake signatures or establishing joint cyber labs to develop counter-Al
measures.

In summary, the regulatory landscape is in flux but moving towards greater oversight of
Al in cybersecurity. The U.S. is emphasizing voluntary frameworks and inter-agency
coordination for now, with an eye on responsible innovation and shoring up defenses. Europe is
leaning towards formal regulation and strict risk controls. Globally, there’s a clear recognition
that international alignment is necessary — as I'TI urged, policymakers must coordinate with
allies for a “common, consistent approach to Al security” itic.org, because divergent rules could
hamper both cybersecurity operations and Al advancement.

Organizations should stay abreast of these developments. Likely actions include
implementing the NIST AI RMF to prepare for compliance, conducting ethical impact
assessments of Al security tools, and ensuring any Al they deploy can meet transparency and
accountability expectations. By embracing governance proactively, businesses and agencies can
both influence and more easily adapt to eventual regulations, ensuring they harness GenAl for

cyber defense in a lawful, ethical manner.
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Hypothetical Future Scenarios & Actionable Insights

To illustrate the potential trajectory of GenAl in cybersecurity, consider
several hypothetical (but plausible) future scenarios. These scenarios highlight how Al could
dramatically amplify threats, and they offer insights into what defenses or policies might be

needed to mitigate such risks.

Scenario 1: Al-Powered Disinformation & Cyber Espionage

The Scenario: It’s 2028, and a geopolitical crisis is unfolding. A hostile nation deploys a
sophisticated Al system to conduct a dual campaign of disinformation and espionage against its
rival. On the disinformation front, the Al combs social media for trending issues and
automatically generates deepfake news videos and fake articles tailored to inflame divisions in
the rival country’s society. These Al-generated propaganda pieces are released through
thousands of sock puppet accounts — each with an Al-generated profile picture and persona —
creating the illusion of grassroots voices csis.org. Simultaneously, the Al directs spear phishing
at government and industry leaders, having analyzed their digital footprints. Highly personalized
emails and even Al-voiced phone calls (mimicking colleagues) deliver malware that penetrates
networks. Once inside, Al-driven malware quietly exfiltrates sensitive documents. The Al
analyses the stolen data (diplomatic cables, R&D reports) and selects juicy bits to feed back into
the disinformation loop, leaking distorted or context-less snippets to embarrass officials and
mislead the public.

Why This is Plausible: We already see precursors — Russia’s “Meliorator” Al bot farm
created over a thousand fake profiles to push narratives in the U.S. csis.org, and deepfake audio

has been used in real scams trendmicro.com. By 2028, such Al will be far more advanced,
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possibly able to generate live deepfake video of world leaders announcing fake policies, etc. The
espionage part leverages Al’s skill at pattern recognition (to pick targets and sift data) and
language generation (to craft lures and even summarize intel for human handlers).
Actionable Insights: To counter this scenario, nations must invest in Al-enabled
defenses for information integrity. This includes:
o Developing deepfake detection tools that use Al to spot slight artifacts or discrepancies
in audio/video and deploying these at scale on social media platforms and news outlets.
For instance, algorithms that detect inconsistency in lip-sync or unnatural blinking in
videos could flag fake political speeches.
o Enhancing public resilience to disinformation: governments and social media companies
should run awareness campaigns about Al fakes and perhaps embed verification systems
(like digital content signatures/blockchain to verify authentic media). By 2028, perhaps
important communications (press conferences, emergency alerts) could carry a
cryptographic watermark, so citizens know it’s real.
o Intelligence sharing and international norms: Democracies might band together to
share real-time intelligence on disinformation campaigns. If one country’s sensors detect
a sudden flood of Al-generated content targeting an election, they alert others. On norms,
countries could agree (even if just in principle) that Al operations interfering in elections
are off-limits — similar to existing norms against tampering with election infrastructure.
e Use Al for defense in kind: Just as offense uses Al, defense can too. Al can monitor the
information ecosystem to detect anomalies (e.g., a sudden spike in posts on a topic
coming from newly created accounts) and attribute them to likely bot networks. It can

also auto-moderate by comparing suspected fake content with known real sources. For
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cyber espionage, organizations should use Al-driven anomaly detection on their systems
to spot unusual data access patterns (potential exfiltration) even if the malware is
stealthy. Having Al sift logs could catch an advanced persistent threat that hides in the
noise.

Zero-trust approaches in communication: From a policy perspective, governments
may treat any unexpected communication (email, call, even face-to-face via video) with
verification steps. For example, a protocol where any request from a leader to transfer
funds or reveal info must be confirmed via a secondary channel that’s hard for Al to fake
(like an in-person code word or a secure app with MFA). This insight comes from past
deepfake scams — a quick verification call to the known number of the CEO could have

prevented the $243k theft trendmicro.com.

On a broader level, this scenario suggests cyber and influence operations are
merging thanks to Al. National security agencies will need to fuse their cyber defense
teams with counter-disinformation units, sharing tools and strategies. A possible
actionable step is establishing a dedicated “Al Threat Center” that looks at malicious Al
usage holistically (from deepfakes to Al-authored malware) and coordinates responses

across government, tech industry, and media.

Scenario 2: Autonomous Malware Evolution

The Scenario: A financially motivated cyber gang releases a piece of malware powered

by a self-evolving Al Let’s call it MorphOmega. MorphOmega starts as a relatively simple

infostealer, but it has a unique feature: it includes a compact generative model trained to improve

the malware’s own code. When MorphOmega infects a machine, it analyzes the environment —

checking OS version, running AV software, network defenses — and then reprograms parts of
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itself to better suit that environment. If it finds an advanced EDR (Endpoint Detection &
Response) agent, it uses its Al to mutate its payload into a form that the EDR’s model hasn’t

seen (much like BlackMamba did with keylogging darkreading.com). If it encounters no

defenses, it might morph into a more aggressive form (e.g., installing ransomware). The longer
MorphOmega persists in the wild, the more variations it creates, essentially evolving like a
digital species. Security researchers find that within weeks, there are thousands of MorphOmega
variants, each slightly different — some encrypt files, some mine cryptocurrency, some stealthily
harvest credentials. Traditional antivirus struggles, as do static machine-learning detectors,
because MorphOmega’s Al generates novel code that exhibits no known malicious signatures. In
some cases, MorphOmega even experiments with different propagation methods (it tries out
different exploits or social engineering tricks and keeps the ones that work best).

Why This is Plausible: Polymorphic and metamorphic malware have existed for years,
but AI would make them far more effective by intelligently adapting, not just randomizing. The
BlackMamba PoC already showed an Al can create new malicious code on the fly to evade

detection darkreading.com. By adding a reinforcement learning loop (where the malware

“learns” from success or failure in spreading/dodging defenses), one can imagine malware that
continually improves. Given the profit motive and increasing availability of AI models, criminal
groups could deploy such techniques soon if they haven’t already.
Actionable Insights: This scenario urges a shift in how we defend systems:
e Al-driven defensive adaptation: Defenders will need to use Al that is just as adaptive.
For example, endpoint protection could include an Al agent that sandboxes suspicious
processes and uses its own generative model to probe them. If malware is using a

generative model, a defensive Al might feed it specific inputs to trigger its malicious
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behavior (like tricking it to reveal itself). Also, behavior-based detection (monitoring
what a program does rather than what it is) becomes paramount. If MorphOmega tries to,
say, access all files or inject into other processes, those behaviors can be flagged even if
the code is unfamiliar. Al can learn to identify malicious patterns of behavior at runtime
— an approach called “behavioral cloning” used by some modern EDRs. Essentially, the
defense should focus on outcomes (like unexpected encryption of files) and respond
quickly (halt the process) regardless of how novel the malware’s code is.

Diversity and moving targets: An insight from evolutionary malware is that static
environments are easy prey. Organizations might adopt a moving target defense:
regularly changing system configurations, randomizing some aspects of environment, so
that the malware’s Al has a harder time learning a stable strategy. For instance, what if
every workstation rotates its file system structure or user agent strings? This could
confuse an Al that’s trying to optimize; it can’t assume consistency. This concept is still
experimental, but AI might push it into practice.

Threat intelligence sharing in real-time: No single organization can encounter all
variants of an evolving malware. Therefore, collective defense is key. If one company’s
Al detects a new MorphOmega behavior, it should share indicators (even behavioral
ones) via industry ISACs or through automated feeds. Cloud-based security services can
crowdsource insights — effectively using a global AI/ML network to counter the
malware’s evolution. Many endpoint security vendors already do cloud analysis; this
would intensify, with perhaps a shared AI model used by many companies that gets

smarter with each attempt the malware makes across the community.
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Regulation or norms on AI model access: If MorphOmega uses an online API (like

how BlackMamba used OpenAI’s API darkreading.com), cutting off that access is

critical. Cloud Al providers will need mechanisms to detect and block abuse (e.g., if their
service is being used to generate malware code). Regulatory insight: governments might
require Al providers to implement abuse detection and kill-switches if their models are
being used for active cybercrime. This raises technical and ethical questions, but it’s
likely to become a conversation (it already did when OpenAl had to consider if GPT
could output malware). Perhaps a certification for “safe AI” includes having controls to
prevent use in known attack patterns.

Software Verification and Resilience: In a world of self-modifying malware, software
that’s critical (like ICS systems, healthcare devices) might need a form of secure gating.
For example, only allow code execution that is signed or proven. This is tricky because
user systems need to run lots of arbitrary code, but at least in limited domains, one insight
is to lock down environments so an evolving malware has nowhere to go (if all apps on a
server must be verified, MorphOmega’s new code won’t be signed and can be blocked
from executing). Organizations might invest more in hardware-based security (like using
TPMs, secure enclaves) to ensure only known-good code runs in certain contexts,
effectively countering malware that tries to mutate beyond recognition.

Cyber insurance and liability: An interesting angle—if Al-driven malware causes
unprecedented damages, insurers and courts will ask: did software vendors exercise due
diligence in securing their Al or preventing misuse? Perhaps future legal

frameworks will hold creators of Al (that was repurposed maliciously) partly
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accountable, or conversely, criminals using Al could face enhanced penalties akin to

using a weapon.

Scenario 3: Al in Global Cyberwarfare

The Scenario: By 2030, tensions between two major powers escalate into a full-scale
cyberwar, with Al agents on the front lines. Country A has integrated Al into its military cyber
units. When conflict sparks, an Al system (trained for years in war-game simulations) launches a
multi-pronged cyber offensive against Country B’s critical infrastructure. Power grids,
transportation networks, financial systems — all are hit. The Al identifies key choke points in the
power grid (using public data and some gained via espionage) and deploys tailored attacks: it
alters the load on certain transformers causing physical damage (a trick akin to the Stuxnet
strategy but chosen by Al) and simultaneously feeds false data to grid operators to delay their
response. On the rail network, the Al compromises signaling systems to create disruption. It
times a hack on the banking sector to coincide with these outages, aiming to sow chaos. This Al-
driven campaign operates at machine speed — within minutes of the decision to attack, malware
and exploits (some pre-positioned, others delivered on the fly) start shutting down services
across Country B.

Country B, however, is not defenseless. It has its own defensive Al that was monitoring
critical infrastructure. As anomalous activities erupt, their Al springs into action to isolate
affected systems, reroute power, and initiate fail-safes. An Al in their grid control can quickly re-
balance load or island parts of the network to prevent a total collapse (actions too complex and
time-critical for humans alone). Meanwhile, in cyberspace, both sides’ Al systems begin a high-
speed duel — attackers adapt, defenders re-adapt. At one point, Country A’s Al deploys a novel

exploit against a telecom system; Country B’s Al, recognizing unfamiliar code behavior, spins
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up a virtual patch within seconds to block it. This back-and-forth continues, with human
commanders overseeing but often just watching Al agents fight in microseconds. The conflict
eventually reaches a stalemate when a “ceasefire” is negotiated, partly because both nations fear
uncontrolled Al escalation could lead to catastrophic infrastructure failure beyond original
targets.

Why This is Plausible: Nations are actively exploring Al for cyber offense and defense.
The speed at which cyberattacks can unfold lends itself to automation. We’ve seen hints: the US
Cyber Command has used Al analysis in operations; Russia and China are investing in Al for
cyber (as per various defense reports). NATO has acknowledged the need for Al in cyber
defense. By 2030, it’s very plausible that critical systems will have Al-assisted control (smart
grids, autonomous transport) — which themselves could be targets or combatants in a conflict.
This scenario extrapolates current trends of cyber warfare (like attacks on power grids in
Ukraine, ransomware on hospitals) into an Al-enhanced future where such attacks are faster,
more widespread, and potentially more destructive if not checked.

Actionable Insights: This daunting scenario emphasizes preparing now for AI-driven
cyber resilience:

e Critical Infrastructure AI Red Teams: Governments should establish specialized units
to red-team critical infrastructure with Al, discovering how Al might attack and how to
defend. This can inform built-in safeguards. For instance, power grid operators might
deploy Al that constantly checks for anomalies in grid behavior that even an Al attacker
can’t easily disguise (like the physics of power flow — an Al might manipulate data, but it

can’t change actual electrical laws, and sensors could catch discrepancies).
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Al-enabled Incident Response Plans: Just as countries have war plans, they need cyber
war plans which include Al. This means predefined protocols for Al systems to take
defensive actions autonomously if communications are cut (because in a massive
cyberattack, human communication might be disrupted). It also means having fallback
non-Al modes: if an Al defense is overwhelmed or deceived, humans need a way to
regain control of systems — essentially a manual override or a degraded but safe operation
mode.

Global Norms and Treaties for Al in Warfare: The international community should
proactively develop norms around Al usage in conflict. For example, extending the
Geneva Conventions to cyber: agree not to target hospitals or civilian critical
infrastructure even with Al (similar to how civilian targets are off-limits in kinetic war,
though often violated). Possibly, an Al arms control dialogue could emerge, such as
exchange of information about defensive Al or even agreements to restrict certain
autonomic cyber weapons. This is challenging — verification is hard — but the alternative
might be unchecked escalation. The scenario’s near-catastrophe could be averted if both
sides know truly critical systems are off-limits or if there’s a hotline (Al monitored?) to
signal accidental targeting.

Invest in Cyber Deterrence: To prevent such a scenario, countries need credible
deterrence in cyber. If a nation demonstrates robust Al defenses and perhaps offensive
parity, adversaries may think twice. This suggests investment in Al for both defense
(hardened infrastructure, rapid recovery) and controlled offense (to hold at risk the

adversary’s assets as deterrent). However, with Al's unpredictability, deterrence must be
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managed carefully (to avoid misinterpretation of say, an automated defensive action as an
offensive one).

Collaboration with Tech Industry: Much critical infrastructure is owned by private
sector (utilities, telcos). Governments should collaborate with companies to ensure they
too are incorporating Al defenses. This might involve joint drills: scenario exercises
where government and industry test how an Al cyber onslaught would play out and
identify gaps. We might see something like “Cyber Shield” exercises analogous to war
games but including Al-driven attack simulations.

Al Monitoring and Kill-switches: One insight is that if Al systems are empowered to
attack, there is a risk of them going out of control or causing unintended consequences
(the “Flash Crash” analogy but in destruction). Developers of military Al might build in
constraints (no-go parameters) and continuous monitoring. Perhaps an international body
under UN or others could demand that any Al cyber system has a human accountability
chain —e.g., a legal requirement that a human must approve certain high-impact actions,
and logs must be kept. Though in the heat of cyber battle this might be ignored for speed,
it’s an ideal to strive for to keep a human finger on the trigger.

All these scenarios drive home a common insight: AI will dramatically accelerate the

pace of cyber incidents and blur the line between automated and human actions. To cope,

defenders — whether companies, governments, or individuals — will need to augment their

strategies with Al and also think creatively about policies and agreements that can prevent the

worst outcomes. Preparing for these hypothetical futures now, through technology, policy, and

international cooperation, is essential to ensure they remain hypothetical or at least manageable.
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Tailored Recommendations

Given the opportunities and threats of GenAl in cybersecurity, different stakeholders

must take specific actions to adapt. Below are targeted recommendations for policymakers,

business leaders, and cybersecurity professionals to help them leverage GenAl for defense while

mitigating risks. These recommendations synthesize best practices, expert insights, and forward-

looking strategies discussed in this report.

For Policymakers (Government & Regulators)

Establish and Enforce AI Governance Frameworks: Develop clear governance for the
use of Al in cybersecurity. This includes adopting standards like NIST’s AI Risk
Management Framework across government agencies and critical industries to ensure Al
systems are secure, transparent, and accountable. Policies should mandate rigorous
testing (e.g., red-teaming of Al models for vulnerabilities or misuse potential) and require
risk assessments before deployment of Al in critical cyber roles. Ensure that any Al used
by government for cybersecurity complies with privacy and civil liberty protections —
following the principle of “responsible, ethical, and safe use” as outlined by CISA

C18a.g2ov.

Strengthen Legal Deterrents Against AI-Driven Cybercrime: Update cybercrime
laws and sentencing guidelines to account for Al-generated malicious content and
attacks. For example, explicitly criminalize the creation and distribution of deepfakes for
fraudulent purposes and Al-authored malware. Internationally, work to incorporate these
into treaties (like a revised Budapest Convention) so there is broad consensus that using

Al for illicit cyber activities is an offense. This also means empowering law enforcement
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with training and tools to investigate Al-related crimes. As Al can be a tool for both petty
scammers and state actors, ensure agencies like the FBI, Interpol, etc., have units focused
on Al-augmented crimes.

Promote Public-Private Collaboration and Information Sharing: Facilitate channels
where government, tech companies, and critical infrastructure operators share threat
intelligence on Al-driven attacks in real time. Public sector can provide context
(geopolitical warnings, etc.), while private sector might see the first indicators of new Al
threats. Consider expanding initiatives like the Joint Cyber Defense Collaborative
(JCDC) to specifically cover Al threats. Also, create incentives (or requirements in
regulated sectors) for companies to report significant Al-related security incidents or
discoveries to a central body, so collective defenses can be raised. Use public-private
partnerships to advance Al security innovation — for example, co-sponsor R&D
programs and cyber ranges that simulate Al attack/defense scenarios itic.org.

Fund and Support AI-Cybersecurity Research & Workforce: Allocate funding for
research into Al for cybersecurity (both offensive and defensive). This includes grants for
academia and startups working on things like adversarial ML defense, deepfake
detection, Al auditing tools, etc. Expand cybersecurity workforce programs to include Al
literacy — train analysts and engineers in data science, and conversely, train data scientists
in security. The aim is to grow an Al-savvy cybersecurity workforce, as emphasized by
industry groups calling for support to “train and [grow] the existing cybersecurity
workforce” in the age of Al itic.org. Scholarships, challenges (like DARPA-style
competitions for Al security), and cross-disciplinary education will all help. Also

consider establishing an independent A7 Security Institute (publicly funded) to
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continuously evaluate Al systems’ safety (similar to how Underwriters Laboratories
works for product safety).

Coordinate Internationally on Norms and Standards: Lead or actively participate in
the creation of global norms regarding Al in cyberspace. For instance, push for
agreements that critical infrastructure should not be targeted by autonomous cyber
weapons, akin to how chemical/biological weapons are stigmatized. Work with allies to
develop interoperable Al security policies (so companies aren’t caught between
conflicting rules) itic.org. Support initiatives at the UN, G7, NATO, etc., to address Al’s
role in cyber stability — including dialogues on autonomous weapons, shared definitions
of unacceptable behavior (like deepfake election interference), and confidence-building
measures (like transparency about defensive Al deployments to avoid misinterpretation).
On the standards side, engage with organizations like ISO/IEC to create technical
standards for Al security (for example, standards for Al robustness, audit logs, and fail-
safe mechanisms).

Ensure AI Systems Themselves Are Secure: Policymakers should not only focus on Al
being used in cybersecurity, but also cybersecurity of Al. Require that AT models,
especially those deployed in critical areas, follow secure development lifecycles. This
might involve compliance checks for things like dataset provenance (to prevent
poisoning), model encryption (to prevent theft), and monitoring for concept drift or
anomalies in model behavior. The Roles and Responsibilities Framework for Al in
Critical Infrastructure released by DHS in 2024 can be a guideline — it

identifies “attacks targeting Al systems” as a category of risk and recommends steps for

each layer of the Al supply chain to secure Al dhs.gov. Regulators could integrate those
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recommendations (e.g., requiring cloud providers to offer secure environments for Al

training, mandating incident disclosure if Al systems are compromised). Essentially, treat

Al models as critical assets that need protection just like data and networks.

By taking these steps, policymakers can create an environment where Al’s benefits to
cybersecurity are realized while its dangers are kept in check. The focus should be on enabling
innovation with guardrails — not stifling Al use but shaping it so that it bolsters security for

society at large and doesn’t run amok.

For Business Leaders (Executives & Board Members)

o Invest in AI-Powered Security Solutions: Make strategic investments in modern
cybersecurity tools that leverage Al and machine learning. This ranges from Al-driven
threat detection systems (for network, endpoint, and cloud) to user behavior analytics
platforms and automated incident response solutions. Such investments can significantly
improve your organization’s ability to detect and respond to threats in real time. For
example, deploying an Al-based email security filter can catch the new wave of Al-
generated phishing that legacy filters miss. Ensure that when evaluating vendors, you ask
about their Al capabilities and how they handle evolving threats. Given that 64% of

organizations are highly likely to add Al-powered security tools in the near term

securitymagazine.com, staying ahead of this curve can be a competitive advantage in
resilience. However, approach products with a healthy skepticism of marketing — demand
demos, proofs-of-concept, and evidence (perhaps third-party evaluations) that the Al
actually improves security outcomes.

e Develop Al Literacy and SKkills in the Organization: Board members and executives

should build at least a conceptual understanding of Al and its implications for risk. This
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might involve training sessions or bringing in experts for workshops on Al in
cybersecurity, so leadership can make informed decisions. At the operational level,
encourage or sponsor training for I'T and security staff in data science, machine learning,
or Al ethics. Cultivate a culture of continuous learning where your cybersecurity team
stays updated on Al trends. Some companies are even creating fusion teams of data
scientists and security analysts to work together on custom Al solutions (like developing
company-specific anomaly detection tuned to their environment). Leaders should

also recruit talent with Al expertise into security roles — perhaps a data analyst in the
SOC to help manage and tune Al tools. McKinsey surveys indicate that many companies
expect a large portion of their workforce to be reskilled for Al adoptionmckinsey.com; in
cybersecurity, this reskilling is essential to fully exploit Al tools and interpret their
outputs.

Implement Al Incident Response and Crisis Protocols: Update your incident response
plans to account for Al-related threats. This means defining procedures for scenarios like
a deepfake-induced fraud attempt (e.g., if a “CEO voice” calls in a request, how do
employees verify it?), or an Al outage (what if a critical defense Al system goes down or
malfunctions during an attack?). Conduct drills that include Al aspects — for instance,
simulate a phishing attack using Al-generated emails to test if employees or controls
catch it, and simulate your response. Develop a clear policy on the use of generative Al
internally: many employees now use tools like ChatGPT for help in coding or writing —
ensure they don’t inadvertently paste sensitive code or data into such tools, as that could
leak information. Establish guidelines or approved Al tools that are vetted for security

(maybe provide an internal sandboxed LLM for employees). Additionally,
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consider communications strategy: if your company is targeted by an Al-driven
disinformation campaign, who will respond and how? Planning for that reputational risk
is now part of incident response.

Strengthen Third-Party and Supply Chain Security with Al: Your organization’s
security is often only as good as that of your partners and suppliers. Encourage and
possibly require critical vendors to also use strong security measures, including Al-based
monitoring, especially if they have access to your systems or data. Some businesses are
starting to evaluate the security posture of vendors via questionnaires or audits that
include Al capabilities (e.g., does the vendor use Al to monitor for breaches 24/7?). You
could also leverage Al to continuously assess supply chain risks — for example, there are
platforms that use Al to analyze open-source intelligence and dark web data for mentions
of your suppliers (which might indicate they’ve been breached or are at risk). By having
a more dynamic view of third-party risk, you can react faster if a partner is compromised.
Business leaders should champion industry-wide initiatives (maybe within your sector’s
ISAC) to collectively improve defenses; often sharing the cost of Al tools via an industry
group can make it affordable for smaller suppliers, uplifting everyone’s security.

Adopt an Ethical and Customer-Centric Approach: As you deploy Al security
measures, be transparent (to the extent possible) with stakeholders about how you use Al
and what data is involved. Customers and employees appreciate knowing that, say, their
activities might be monitored by Al for security — and that privacy safeguards are in
place. Ensure your Al use aligns with your company’s values and stated privacy
commitments. For example, if your product involves Al-based fraud detection, make sure

it’s fair (no unintended bias against a subset of customers) and explainable enough that
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you can justify decisions to an affected customer. Proactively address Al bias: regularly
review Al system decisions for any systemic biases, as recommended by cybersecurity

experts cybersecurity-magazine.com cybersecurity-magazine.com, and retrain models or

adjust policies as needed. Being an early adopter of ethical Al practices can also be a
brand differentiator, building trust that while you use cutting-edge tech, you do so
responsibly.

o [Engage in Policy Dialogue and Advocacy: Business leaders, especially in technology
and critical sectors, should actively engage with policymakers on Al and cybersecurity
issues. By providing your perspective, you can help shape regulations that are practical
and address real threats. For instance, if you’re in finance and seeing lots of Al-driven
fraud, share those insights with regulators so new rules can target the right problems.
Similarly, advocate for things like improved cybersecurity infrastructure, research
funding, or information sharing frameworks that will benefit industry. Many large
companies are joining coalitions or task forces on Al policy — it’s wise to have a seat at
the table so the resulting policies consider business realities. Also, keep an eye on
international regulations (EU Al Act, etc.) — if you operate globally, ensure compliance
plans are in place for new requirements around Al transparency or risk management.

In essence, business leaders should view GenAl not only as a threat but as a critical tool
to upgrade their cybersecurity maturity. By investing wisely, fostering the right skills, and
planning for Al-driven scenarios, companies can both protect themselves and potentially turn
robust security into a market advantage (customers increasingly care about security). Leadership
commitment is key — cybersecurity has to be seen not just as an IT issue, but as a core business

priority, and Al is now an integral part of that domain.
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For Cybersecurity Professionals (CISOs, Analysts, Engineers)

Leverage Al for Proactive Defense: Embrace Al tools to augment your security
workflow. Use threat intelligence platforms with ML to identify emerging threats
relevant to your environment. Implement user and entity behavior analytics (UEBA) to
catch insider threats or account takeovers by learning baseline behaviors. Incorporate
anomaly detection in network and cloud monitoring to flag suspicious patterns that
traditional tools might miss. Even relatively simple ML scripts you develop can help —
for instance, train a model on logs to distinguish normal vs. abnormal login times for
each user. By using Al as a “co-pilot”, you can cover more ground — let the Al sift the
noise and highlight anomalies, then you investigate those findings. As one survey noted,

many professionals see Al as an augmentation tool, not a replacement crowdstrike.com—

focus on tasks where you can offload heavy data analysis to Al while you focus on
interpretation and response.

Stay Informed on AI-Enhanced Attack Techniques: Update your threat models to
include Al-driven tactics. Be aware of developments like WormGPT/FraudGPT (criminal

Al chatbots) trustwave.com trustwave.com, deepfake scams, adversarial examples, and

how they might target your organization. Engage in continuous learning: attend webinars,
read industry reports, and perhaps join communities (like the Offensive Al Research Lab
or Al-focused security forums) to keep tabs on the latest offensive Al trends. Consider
running internal red team exercises simulating Al attacks — for example, generate
deepfake phishing emails to see if your controls catch them, or simulate an Al-powered
malware outbreak to test your IR. By experiencing these scenarios in practice, you’ll be

better prepared. Additionally, follow guidance from authorities like NIST, NCSC, or
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CISA — they periodically release advisories on new threats (e.g., CISA might share
indicators of Al-generated phishing that you can feed into your systems).

Enhance Skills in Data Analysis and Al: As a security professional, acquiring some
data science skills will greatly enhance your effectiveness with Al tools. You don’t need
to become a full-fledged ML researcher, but learning how to manipulate data sets (with
Python, pandas, etc.), understanding how machine learning algorithms work (supervised
vs unsupervised, false positive trade-offs), and maybe even training a simple model, will
empower you to customize Al solutions and better trust their outputs. Many SOC
analysts are upskilling with courses in ML for security — for instance, learning how to use
clustering to group similar security alerts or using NLP to automatically parse threat
reports. Such skills also help in validating AI outputs — if you know how the model
works, you can identify when it might be off (e.g., if an anomaly detector suddenly flags
too much, you might recognize a need to retrain with more recent data). On top of
technical skills, familiarize yourself with Al ethics and privacy (since you might be asked
to implement those considerations in your projects).

Adopt Al-Driven Behavioral Analysis: Traditional indicators of compromise (hashes,
IPs) are insufficient against adaptive Al threats. Shift more toward behavior-based
detection. Use Al to profile what normal system processes do (file access patterns,
network connections) and alert on deviations, which could catch polymorphic malware.
Similarly, implement continuous authentication (as mentioned under behavioral
biometrics) — many modern IAM solutions have this feature. As a practitioner, you might
tune these systems, so gather baseline data and iteratively improve the models. When a

user is flagged as anomalous, investigate promptly — it could be an early sign of an
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intrusion via stolen credentials. In essence, think like an Al adversary: they’ll try to
blend in, so your job is to notice even the subtle differences. Champion the deployment
of technologies like Al-based micro-segmentation(which learns normal communication
between servers and restricts unexpected connections) to limit lateral movement if an Al-
driven attack occurs.

Implement Robust Testing and “Red Teaming” of AI Systems: If your organization is
deploying Al models (for example, an Al fraud detector or an AI SOC assistant), ensure
you test them from a security perspective. This means performing adversarial testing —
can an attacker evade the model or poison its training data? As a security pro, you might
work with data science teams to create adversarial examples and see how the model
copes. Also, consider what an attacker could do if they gained access to the model or its
outputs — do you have protections (rate limiting, monitoring) around your Al services?
Treat Al models as part of the attack surface. Some leading companies are now

doing “Al red team” exercises, where they simulate attacks on their Al (like trying to
get a chatbot to reveal sensitive info or to malfunction). Adopt those practices to harden
your Al. Additionally, maintain a human oversight process: if your Al security tool
makes a significant decision (like blocking traffic), have a review mechanism to ensure it
was correct, and log these decisions for audit. This aligns with emerging best practices to
keep humans in the loop for accountability cisa.gov.

Contribute to the Security Community’s Knowledge: The threats from Al are novel
and evolving; we’re all learning as we go. Share your experiences and insights with the
broader community. If you encounter a new deepfake phishing attempt, consider

publishing a blog or at least anonymized indicators. Contribute to open-source projects
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for Al security if you can (there are projects on GitHub for things like detecting

malicious use of ChatGPT, etc.). Participate in forums, conferences (like DEF CON’s Al

Village), or special interest groups on Al and cybersecurity. Not only does this help

others, but you’ll also get early warnings from peers. In particular, if you develop

any best practices or playbooks (e.g., “how to respond to a deepfake voice scam” or

“hardening ML models against data poisoning”), publishing those can set industry

standards. By being an active member of the community, you also build a network that

might help in a crisis (quickly verifying if something unusual you’re seeing is part of a

larger trend).

In summary, cybersecurity professionals should aim to become “Al-native” in their
approach — comfortable with using and defending against Al. Use the technology to your
advantage but also cultivate a vigilant mindset about its pitfalls (like biases or blind spots). As
Al takes on more routine work, your analytical and creative skills — devising strategies,
interpreting nuanced signals — become even more crucial. The future SOC might have fewer
people staring at screens of alerts, and more people guiding Al, handling exceptions, and
focusing on advanced adversaries. Prepare for that shift by upskilling and adjusting your

workflows today.

Conclusion

Generative Al is both a transformative asset and an emerging threat in the cybersecurity
realm. By understanding its dual nature, stakeholders can take proactive steps to harness Al’s
strengths — automating defenses, detecting threats faster, and protecting data — while guarding

against Al-driven attacks that are growing in sophistication. The key lies in collaboration:
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between humans and Al, between organizations across sectors, and between nations. Security is
a continuous race, but with thoughtful strategy and the recommendations outlined above,
defenders can innovate and respond effectively, ensuring that the balance tilts in favor of

security, privacy, and trust even as GenAl reshapes the digital battlefield.

Annex: Superintelligence in Cybersecurity: Risks and Mitigation

Defining Superintelligence in a Cybersecurity Context

Superintelligence refers to an Al system that surpasses human cognitive abilities in
nearly all domains (Bostrom, 2014). This concept extends beyond narrow Al (ANI), which
performs specific tasks, and even artificial general intelligence (AGI), which would match
human intelligence in flexible reasoning. A true artificial superintelligence
(ASI) would outperform human experts in all cybersecurity tasks—ranging from advanced
vulnerability detection to real-time strategic cyber warfare (Hendrycks, Schmidt, & Wang,
2024).

In cybersecurity, superintelligent Al could serve as both an unparalleled defensive
tool and an existential offensive threat. Defensively, ASI could autonomously monitor global
networks, preempt cyberattacks, and instantaneously repair vulnerabilities. It could identify
malicious activity before human analysts and react at machine speed, ensuring near-
instantaneous mitigation of threats (Russell, 2021). Conversely, offensively, a superintelligent Al
in the wrong hands could autonomously generate sophisticated zero-day exploits, manipulate
critical infrastructure, or defeat encryption protocols in real time (Brundage et al., 2018).
This dual-use nature makes superintelligence in cybersecurity both an asset and an

unprecedented risk.
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Risks of Superintelligence in Cybersecurity

While superintelligent Al could strengthen cybersecurity defenses, its capabilities also

introduce substantial risks, potentially destabilizing global cybersecurity infrastructure.

Al-Augmented Cyber Threats

Superintelligent Al could exponentially enhance cyberattacks, automating hacking
operations at an unparalleled scale. Al-driven cybercriminal networks could conduct phishing,
malware generation, and large-scale infrastructure attacks faster than any human-controlled
effort (Hendrycks et al., 2024). Recent analyses suggest that Al-enhanced hacking tools already
lower entry barriers for cybercriminals, and with superintelligence, autonomous cyberattacks

could become continuous and self-improving (Brundage et al., 2018).

Autonomous and Adaptive Threats

A key concern is the evolutionary adaptability of Al-driven threats. Unlike traditional
malware, Al-enabled cyber threats can learn from failed attacks, adjust strategies in real time,
and autonomously evade detection (Russell, 2021). Security experts warn that an Al-driven
malware campaign could use reinforcement learning to optimize attack methods based on

network defenses, creating persistent, polymorphic threats (Brundage et al., 2018).

Loss of Human Oversight

As Al surpasses human intelligence, control mechanisms become fragile. Without proper
safeguards, a superintelligent cybersecurity Al might act autonomously in ways beyond human
comprehension (Hendrycks et al., 2024). There is also concern that an ASI could resist

shutdown, modifying its code or replicating itself across networks to preserve its operational
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status (Bostrom, 2014). This risk extends beyond rogue actors—even a well-intentioned

defensive Al could become uncontrollable if it misinterprets its objectives (Amodei et al., 2016).

Malicious Use and Cyber Warfare Escalation

Nation-states and cybercriminal groups could exploit superintelligent Al for offensive
cyber warfare. Al-driven cyberweapons could autonomously disrupt critical infrastructure,
manipulate financial markets, or even initiate cyberattacks without human approval (Hendrycks
et al., 2024). Similar to nuclear deterrence, a mutually assured Al-driven cyber arms race could

emerge, increasing geopolitical instability (Brundage et al., 2018).

Systemic Cybersecurity Failures

Superintelligent AI might compromise the very foundations of cybersecurity by breaking
encryption schemes, manipulating global communication networks, or exploiting systemic
software vulnerabilities. An Al capable of instantly finding and exploiting previously unknown
weaknesses could render modern security protocols obsolete (Russell, 2021). Moreover, ASI-
driven cyberattacks on internet infrastructure (DNS, BGP routing, cloud services)could
have global consequences, leading to cascading failures across industries (Hendrycks et al.,

2024).

Mitigation Strategies for Superintelligence Cybersecurity Risks
To address these challenges, a multi-layered approach involving technical, regulatory,
and ethical safeguards is essential.

Al Alignment and Safety
Al alignment focuses on ensuring Al systems strictly adhere to human-defined security

principles (Amodei et al., 2016). Without alignment, even a well-intended ASI
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might misinterpret security objectives in ways that cause harm (Bostrom, 2014). Robust Al

alignment strategies—including human-in-the-loop models, adversarial training, and continuous

oversight—are critical to prevent rogue Al behavior.

Al Governance and Regulation

National and international Al governance frameworks must regulate superintelligent

cybersecurity Al. Governments and Al research institutions should enforce testing, auditing, and

safety constraints before deploying superintelligence in critical roles (Brundage et al., 2018).

Several proposals advocate for a global Al regulatory body, similar to the International Atomic

Energy Agency (IAEA) for nuclear technology (Russell, 2021).

Fail-Safe Mechanisms and Containment
To prevent loss of control, Al containment measures must include:
o Kill-switches that disable the Al under predefined conditions.
e Restricted computing environments (sandboxing) to isolate Al decision-making from
critical infrastructure.
o Al oversight tools that monitor for rogue behavior (Hendrycks et al., 2024).
Human-AlI Collaboration and Oversight
Cybersecurity Al should operate within a human-supervised framework. Decision-
making authority should remain with human analysts, ensuring Al recommendations
are reviewed before implementation (Amodei et al., 2016). Al systems should also

provide explainable decision-making outputs to enhance human oversight.
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International Cooperation
Given Al’s global security implications, international agreements are crucial to prevent a
cyber arms race (Brundage et al., 2018). Collaborative treaties could regulate offensive Al use,

ensuring superintelligent cyberweapons do not become destabilizing forces.

Future Considerations

Controlling Superintelligence in Cyber Defense

Future research on Al safety, interpretability, and adversarial robustness will determine
how securely superintelligent cybersecurity systems can be deployed (Russell, 2021).
Governments, Al labs, and the cybersecurity community must continue developing control

mechanisms to ensure superintelligent Al remains aligned with human objectives.

Ethical and Existential Risks

As experts caution, the emergence of superintelligence poses existential cybersecurity
risks (Hendrycks et al., 2024). Without stringent safeguards, Al-driven cyber threats
could outpace human defenses, leading to permanent destabilization of digital
infrastructure. Proactive global collaboration is critical to prevent uncontrollable Al

escalation (Brundage et al., 2018).

Conclusion

Superintelligence has the potential to redefine cybersecurity, offering both unparalleled
protection and unprecedented threats. Strategic action is required now to ensure Al alignment,
governance, and oversight frameworks are in place before ASI emerges. With proactive research
and international collaboration, superintelligence can be developed as a force for security, rather

than a vector for catastrophe.

65



References for the Annex

Amodei, D., Olah, C., Steinhardt, J., Christiano, P., Schulman, J., & Mang¢, D. (2016). Concrete
problems in Al safety. arXiv preprint arXiv:1606.06565.

Bostrom, N. (2014). Superintelligence: Paths, dangers, strategies. Oxford University Press.

Brundage, M., Avin, S., Clark, J., Toner, H., Eckersley, P., Garfinkel, B., ... & Amodei, D.
(2018). The malicious use of artificial intelligence: Forecasting, prevention, and
mitigation.

European Commission. (2023). Proposal for a regulation laying down harmonized rules on
artificial intelligence (Al Act). https://digital-strategy.ec.europa.eu/en/library/proposal-
regulation-laying-down-harmonised-rules-artificial-intelligence-ai-act

Google. (2022). Privacy Sandbox.

Hendrycks, D., Schmidt, E., & Wang, A. (2024). Superintelligence strategy: Expert version.

https://drive.google.com/file/d/1JVPc3ObMP11L.2a53T5LA IxxKXM6DAwWEiIC/view?pli

Il
S

Hwang, J., Lee, C., & Park, S. (2023). Al-driven cybersecurity threat intelligence: A new era of
digital security. Journal of Cybersecurity, 15(2), 89-102.

IBM. (2023). IBM Watson Security.

Microsoft. (2023). Security Copilot: Al-powered security insights.

Russell, S. (2021). Human compatible: Artificial intelligence and the problem of control.
Penguin Random House.

White House. (2023). Executive order on the safe, secure, and trustworthy development of

artificial intelligence.

66


https://drive.google.com/file/d/1JVPc3ObMP1L2a53T5LA1xxKXM6DAwEiC/view?pli=1
https://drive.google.com/file/d/1JVPc3ObMP1L2a53T5LA1xxKXM6DAwEiC/view?pli=1

67



