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State data security backed by Artificial Intelligence
and Zero Knowledge Proofs in the context of sanctions
and economic pressure

Abstract. This research paper aims to elucidate the intricate relationship between artificial intelligence (Al),
state data security, and the volatile circumstances induced by sanctions and economic pressure. By
undertaking a comprehensive literature review, the study not only offers a historical context of state data
security mechanisms but also delves deeply into the advancements provided by Al-driven solutions. The
work serves as a crucial reference for policymakers, cybersecurity experts, and academic researchers,
laying a foundation for the nuanced understanding of Al’s capabilities and limitations within the realms of
state data security and economic stressors.

Employing an analytical framework, the paper systematically distills knowledge from a wide array of
sources, including academic articles, technical reports, policy briefs, and international standards. This
multidimensional analysis allows for a holistic understanding of the state-of-the-art Al technologies, their
applicability in fortifying state data security, and the ethical labyrinth that states must navigate.

Paper underscores a multitude of challenges and ethical considerations that are often overshadowed by
the technological prowess of Al. These encompass issues such as data privacy infringement, potential
for mass surveillance, and ethical quandaries around bias and discrimination. The paper also throws
light on the pivotal factors of accountability and transparency, essential for maintaining public trust in
Al-augmented state security mechanisms. The study raises awareness about Al-driven cyber threats,
focusing on the paradox of employing Al to enhance security while also becoming susceptible to advanced
Al-driven cyberattacks. Paper addresses the long-term sustainability and resilience of Al-enabled security
measures, particularly in the context of evolving cyber threats and the inherent instability brought about
by economic pressures and sanctions. The resilience of Al algorithms and systems under these specific
conditions is scrutinized, offering a forward-looking perspective on the adaptability and robustness of Al
technologies in safeguarding state data.
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A3a9TKoBCbKUM A.

KaHAMOAT NeaaroriyHnx Hayk,

€eKCnepT 3i LWTYYHOro iHTENEKTY Ta Hayku Npo AaHi;

reHepasibHUn JUPEKTOP,

Platinum VC & Incubator Australia, CigHen, ABcTpanis

AepXaBHnil 3axXUCT AaHUX, NiAKPINJIeHUN LWTYYHUM iHTEeNIeKTOM Ta AoKa3aMu

3 HYJIbOBUM PO3roJIOLLEHHSAM, B YMOBaX CaHKLii Ta €KOHOMIYHOro TUCKY

AHoTauifa. MeTolo uiei JoCnioHULBKOT PoBOTU € 3>KCYBaHHS CKIQAHOMO B3AEMO3B>S3KY MK LUTYYHUM
iHTenexkTom (LUI), 6e3nekoto Aep>xaBHUX AaHMX Ta HECTabiNbHMMK 06CTaBUHAMU, CMIPUYNHEHMU CaHKLSMU Ta
€KOHOMIYHUM TUCKOM. MpoBiBLIM BCEBIYHWI Ornsa, nitepatypu, AOCHIOXEHHS He TiNbKW NPOMOHYE ICTOPUYHWI
KOHTEKCT OePXXaBHMX MEXAHI3MIB 3axXMCTy AaHuX, ane i mruboko po3rnsaae OCAMHEHHS, WO 3a6e3nedyioTbes
PiLLEHHSIMN, 3aCHOBaHNUMM Ha LUTY4HOMY iHTenekTi. Lisg poboTa Cny>knuTb BaXIMBUM OPIEHTMPOM 151 MONITUKIB,
eKcrnepTiB i3 kibepbe3nekn Ta akageMidyHUX OOCHIAHWKIB, 3akiagaloyn OCHOBY AJ1s1 AEeTaSlbHOrO PO3YMiHHS
MOXJIMBOCTEN Ta 0OMEXEHb LUTYYHOr 0 IHTENEKTY B Chepi AepXaBHOI 6e3MNekn AaHnX Ta EKOHOMIYHNX CTPECOPIB.
Y cTatTi BUCBITNEHO 6Garato NpobnemM Ta eTUYHMX MiIPKYBaHb, ki YacTO 3aTbMapIOThCSH TEXHOMONYHOIO
MaiCTEPHICTIO LUTY4YHOro iHTenekTy. BoHn oxonntoloTe Taki npobnemMu, sk NopyLweHHs KOHDIAEHLUiMHOCTI
JaHUX, MOXIJIMBICTb MaCOBOI0 CIMOCTEPEXEHHA Ta €TU4YHI TPYOHOLL, MOB>A3aHi 3 yrnepemXxeHicTio Ta
anckpuMiHauieto. Hawe agocnigXeHHa TakoxX MNPONMBAE CBITNO Ha KOYOBI PakTopu Mia3BIiTHOCTI Ta
NPO30pPOCTi, HEOOXiAHI ANA NIATPUMKK CYCMiNbHOIT JOBIPM A0 MEexaHi3MiB AepXaBHOi 6e3neku, A0MOBHEHI
WTYYHUM iHTenekToM. JlocnigkeHHs nigBuulye 06i3HaHICTb Mpo kibep3arpo3u, KepoBaHi LWTYYHUM
iHTENEeKTOM, 30Ccepen Xylouncb Ha NapagoKCi BAKOPUCTAHHS LUTYYHOrO iIHTENEKTY ANS NiABULLLEHHS Oe3neku,
BOJHOYAC CTalo4m CNPURHATIMBUM A0 NepefoBurx kibepaTtak, KepoBaHUX LUTYYHUM iIHTENIEKTOM.

Mwu po3rnsipaemMo JOBroCcTPOKOBY CTilAKICTb 3axoAiB 6e3neku 3 NigTPUMKOL LUTYYHOrO iIHTENeKTY, 0co6anBo
B KOHTEKCTI pPO3BUBUTKY Kibep3arpos i BNacTUBOi iM HecTabinbHOCTI, BUK/IMKAHOI €KOHOMIYHUM TUCKOM i
caHkuigMn. CTINKICTb anropuTMIiB i CUCTEM LUTYYHOIO iHTENEKTY B UUX cheundiyHnx ymoBax peTenbHO
BMBYAETLCS HAMW, i MW MPOMNOHYEMO MEPCNEKTUBHUI NOMSAA HAa aAanTMBHICTb | HAOINHICTb TEXHONOrIN
LUTYYHOIO iIHTENEKTY B 3aXUCTi AePXXaBHUX OAHUNX.

Knio4yoBi cnoBa: gepxaBHi faHi; LUTY4HUI iHTenekT; 6e3neka; CaHKLii; Hy/IbOBE PO3rOJIOLLEHHS; a/ITOPUTM;
etnka

1. Introduction

In today’s digital era, state data security has become a cornerstone of national security and in-
ternational relations. Sensitive information, including defense plans, economic policies, and cri-
tical infrastructure details, is stored and transmitted electronically, making it vulnerable to cyber
threats from both state-sponsored and non-state actors. As sanctions and economic pressure
are increasingly used as tools of statecraft to exert influence and achieve strategic objectives, the
need to protect state data becomes ever more critical. The rapid advancements in artificial intelli-
gence (Al) offer new possibilities for enhancing state data security measures, providing robust so-
lutions to counter emerging cyber threats, and adapting to the unique challenges posed by sanc-
tions and economic pressure. This paper aims to examine the role of Al in ensuring state data se-
curity in the context of sanctions and economic pressure, exploring the potential of Al-driven solu-
tions, and addressing the challenges and ethical considerations associated with their implemen-
tation (Abadi & Andersen, 2016).

The concept of state data security has evolved significantly over time, from the early methods
of securing sensitive information in the pre-digital era to the complex cybersecurity measures em-
ployed today. This section will provide a comprehensive historical overview of state data security,
highlighting the transition from physical to digital data storage and the associated challenges and
vulnerabilities. Additionally, the growing importance of data security in national security and inter-
national relations will be explored, shedding light on the driving forces behind the continuous evo-
lution of state data security measures (Satrajit, 2015).

2. Brief Literature Review

The literature pertaining to state data security, Al, and Zero-Knowledge Proofs (ZKP) is volu-
minous and spans multiple disciplines, including computer science, information technology, law,
and international relations. Below is a synthesis of relevant works that provide foundational theo-
ries and empirical studies, shedding light on the intricacies of employing Al and ZKPs for enhan-
cing state data security in high-pressure scenarios like sanctions and economic constraints.

Al’'s role in cybersecurity has been extensively discussed. Goodfellow, Bengio, and Courville (2016)
lay down foundational principles of deep learning, a subset of Al, focusing on the automatic learning of
hierarchical representations of data. Their work offers a comprehensive framework for understanding
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Al algorithms that can be employed in cybersecurity. Specifically, Abadi and Andersen (2016) explore
neural cryptography, offering insights into how adversarial networks can be used to encrypt and de-
crypt messages, thereby enhancing communication security. Sharma and Bansal (2018) take a policy-
oriented approach, discussing Al’s utility in countering state-sponsored cyberattacks. They argue that
Al can predict and mitigate potential threats, thereby offering an extra layer of state data security. Pri-
vacy, particularly in state data, remains a significant concern. Xuefei, Yanming and Jiankun (2021) con-
duct an extensive survey of privacy-preserving techniques in machine learning, touching on federated
learning and encrypted decision trees. Their findings are particularly relevant for states seeking to
maintain data confidentiality when utilizing Al technologies. Shokri and Shmatikov (2015) delve into pri-
vacy-preserving deep learning, which enables the use of deep learning algorithms without exposing
sensitive data. This is crucial for state entities that are obliged to protect citizens’ data while ensuring
national security. Satrajit et al. (2015) explore post-quantum forward secure onion routing, highlighting
ZKPs’ potential to maintain user anonymity in a post-quantum world. Their research paves the way for
ZKPs to be employed as a secondary security measure to reinforce Al implementations. The premise
of ZKPs is particularly important for states under economic sanctions, where data integrity and confi-
dentiality are paramount.

Transparency and governance in the deployment of Al and ZKPs cannot be overlooked. Moya et
al., (2023) discusses the importance of transparency and accountability in Al-driven security
measures, while OECD (2019) provides a framework for Al governance. These works offer crucial
guidelines for states in ensuring that the use of advanced technologies complies with international
norms and ethical standards. The impact of geopolitical tensions and economic pressures on state
data security is a growing concern. The CSIS (2019) addresses this by presenting a framework for
public-private partnerships in cybersecurity, emphasizing the need for multi-stakeholder coopera-
tion. United Nations (2023) furthers the discourse on promoting cooperation, stability, and peace
in the use of ICTs, considering the role of Al and other technologies in this dynamic.

3. Purpose

The primary purpose of this research paper is to provide a comprehensive analysis of the role
of artificial intelligence in state data security, particularly under the conditions of sanctions and
economic pressure, while highlighting the ethical and practical challenges that come with the
adoption of Al-driven security solutions.

4. Research Methodology

This research paper employs a comprehensive analytical approach to examine the role of ar-
tificial intelligence in state data security, specifically in the context of sanctions and economic
pressure. The materials and methods used in this study consist of the following steps:

1. Literature Review: An extensive literature review was conducted to gather and analyze relevant
academic articles, technical reports, policy documents, and other sources of information. The
literature review focused on identifying key studies, theories, and concepts related to Al-driven
security solutions, the evolution of state data security, and the impact of sanctions and eco-
nomic pressure on state data security. It also aimed to understand the challenges and ethical
considerations that states must address when adopting Al technologies for data security.

2. Thematic Analysis: After collecting the relevant literature, a thematic analysis was performed to
identify and categorize major themes and sub-themes within the existing body of knowledge.
This process involved a systematic examination of the literature to identify recurring patterns
and trends, as well as gaps and inconsistencies in the current understanding of Al-driven secu-
rity solutions and their implications for state data security.

3. Synthesis and Interpretation: The findings from the literature review and thematic analysis were
synthesized and interpreted to provide a comprehensive understanding of Al-driven security
solutions, their potential benefits, and the challenges and ethical concerns they present. This
process involved drawing connections between different sources, comparing, and contrasting
various perspectives, and integrating the existing knowledge to generate new insights and re-
commendations for policymakers, security professionals, and academics.

4. Recommendations and Strategies: Based on the synthesis and interpretation of the literature,
the paper proposes a series of recommendations and strategies for addressing the challenges
and ethical considerations associated with the use of Al-driven security measures. These re-
commendations and strategies are intended to guide states in their efforts to implement Al
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technologies responsibly and effectively for state data security amid sanctions and economic
pressure.

5. Critical Reflection and Evaluation: Throughout the research process, a critical reflection and eva-
luation were conducted to ensure the robustness and reliability of the findings and conclusions.
This involved assessing the strengths and limitations of the existing literature, as well as consi-
dering alternative explanations and perspectives. The critical reflection and evaluation also aimed
to identify potential areas for future research and exploration, as well as to highlight the broader
implications of the study for the fields of Al, state data security, and international relations.

5. Results

The Evolution of State Data Security: A Historical Context

State data security has undergone significant transformations over the years, from early me-
thods of information protection in the pre-digital era to the complex cybersecurity measures em-
ployed today (European Commission, 2022). Understanding the historical context of state data
security is essential for grasping the contemporary challenges and opportunities in the field. This
section provides a comprehensive historical overview of state data security, highlighting the tran-
sition from physical to digital data storage and the associated challenges and vulnerabilities. Ad-
ditionally, the growing importance of data security in national security and international relations
is explored, shedding light on the driving forces behind the continuous evolution of state data se-
curity measures (Kandias, Mitrou, Stavrou, & Gritzalis, 2013).

Before the advent of digital technology, states primarily relied on physical means to protect
sensitive information. Governments utilized various methods of securing documents, including
encryption, ciphers, and secure storage facilities. One of the most well-known historical examples
of encryption is the Caesar cipher, used by Julius Caesar to communicate securely with his gene-
rals during military campaigns. As nations grew more interconnected and diplomatic correspon-
dence increased, the need for secure communication methods led to the development of more
sophisticated encryption techniques, such as the Enigma machine used by Germany during World
War Il (Zarsky, 2016).

The digital revolution transformed the way governments store, process, and transmit sensi-
tive information (Figure 1). The emergence of computers and electronic data storage systems in

Figure 1:
Policy and research areas by Al
Source: GAO forum on Al (https://www.gao.gov/products/gao-18-142sp)
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the latter half of the 20" century enabled states to manage vast amounts of data more efficiently.
However, this shift to electronic data storage also introduced new challenges and vulnerabilities
in state data security. The proliferation of digital technology necessitated the development of new
techniques to protect sensitive information from unauthorized access and tampering, giving rise
to the field of cybersecurity (Scherer, 2016).

The transition to digital data storage has presented states with several challenges and vulne-
rabilities, including (Guo et al., 2022):

* Increased attack surface: The widespread use of digital technology and interconnected net-
works has expanded the potential entry points for cyber adversaries, making it more challen-
ging to defend against cyber threats.

* Cyber espionage: The ease with which digital information can be accessed, copied, and trans-
mitted has amplified the risk of cyber espionage, with adversaries seeking to gain access to
sensitive state data for strategic advantage.

* Insider threats: The reliance on digital systems has also increased the risk of insider threats, as
rogue employees, or contractors with access to sensitive data can cause significant damage by
leaking, altering, or destroying information.

» Data breaches: States must contend with the risk of data breaches, where unauthorized in-
dividuals gain access to sensitive information through vulnerabilities in network defenses or
through social engineering attacks (Vaswani et al., 2017).

As the digital age has progressed, the significance of state data security in national security
and international relations has become increasingly apparent. Governments recognize that pro-
tecting sensitive information is crucial for maintaining national security, preserving economic sta-
bility, and safeguarding citizens’ privacy. State data security has become a central aspect of na-
tional security strategies, with states investing heavily in the development and implementation of
advanced cybersecurity measures.

In the realm of international relations, state data security has emerged as both a source of
cooperation and contention among nations. States collaborate in sharing threat intelligence, deve-
loping cybersecurity standards, and conducting joint exercises to enhance their collective security
posture. However, state data security also plays a role in geopolitical rivalries, with cyber espionage
and cyber warfare becoming prominent features of modern statecraft. In this context, ensuring state
data security is not only a matter of national security but also a crucial aspect of maintaining interna-
tional stability and avoiding escalatory conflicts in cyberspace (Sharma & Bansal, 2018).

Artificial Intelligence and State Data Security

Artificial intelligence (Al) technologies have emerged as a promising solution to the complex
challenges of modern state data security. As the field of Al has rapidly advanced, its potential
applications in enhancing data security measures have garnered significant interest among re-
searchers, practitioners, and policymakers. This section provides an overview of Al technologies
and their applications in state data security, exploring Al-driven security solutions, advancements
in Al-driven threat intelligence, and the role of Al in anticipating and mitigating security threats in
real-time (Knight, 2017).

Artificial intelligence, broadly defined, refers to the development of computer systems that
can perform tasks typically requiring human intelligence, such as learning, reasoning, problem-
solving, and decision-making. The field of Al encompasses various subfields, including machine
learning (ML), natural language processing (NLP), computer vision, and robotics, among others.
In the context of state data security, Al technologies offer several advantages over traditional, rule-
based security measures. These advantages include the ability to process vast amounts of data
quickly, identify patterns and anomalies, and adapt to new threats through continuous learning.
The breakdown of economic impact of Al on the world economy is given in Figure 2.

Some of the key Al technologies and techniques applied in the realm of data security include:

* Machine learning: ML algorithms enable computer systems to learn from data, making predic-
tions or decisions based on patterns identified in the data. In data security, ML can be used to
detect anomalies and potential threats in real-time, allowing for rapid response to emerging se-
curity incidents.

* Deep learning: A subset of ML, deep learning employs artificial neural networks to model complex
data patterns. Deep learning techniques have been applied in various data security tasks, such as
intrusion detection, malware analysis, and identification of malicious domains (Kshetri, 2018).
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Figure 2:
Breakdown of economic impact, cumulative boost vs today, %
Source: McKinsey Global Institute analysis (https://www.mckinsey.com/featured-insights/artificial-
intelligence/notes-from-the-ai-frontier-modeling-the-impact-of-ai-on-the-world-economy)

» Natural language processing: NLP techniques enable computers to understand and generate
human language, facilitating the analysis of text-based data sources, such as logs, social me-
dia feeds, and news articles. In the context of data security, NLP can be utilized to analyze threat
intelligence, identify phishing emails, and monitor online forums for potential threats.

Al-driven security solutions have been developed and implemented to address various as-
pects of state data security, including intrusion detection, encryption, and secure communication.
These solutions offer significant improvements over traditional security measures, enhancing the
ability of states to protect sensitive information from unauthorized access, tampering, and theft.

* Intrusion detection systems (IDS): Al-powered intrusion detection systems analyze network
traffic and system logs to detect anomalies and potential threats in real-time. By employing ML
and deep learning techniques, these systems can identify known threats and uncover previously
unknown attack patterns, allowing for timely response to emerging security incidents. Al-driven
IDS can also adapt to changes in the threat landscape, learning from new data and updating
their detection models accordingly (Goodfellow et al., 2016).

* Encryption: Al technologies have the potential to enhance encryption methods, ensuring the se-
cure transmission and storage of sensitive data. For example, researchers are exploring the use of
Al algorithms to generate encryption keys, making it more difficult for adversaries to decrypt inter-
cepted communications. Additionally, Al-driven approaches can be employed to analyze encryp-
ted data, detecting potential security vulnerabilities, and improving encryption algorithms over time.

» Secure communication: Al can play a crucial role in facilitating secure communication among
state actors, particularly in the face of cyber espionage and surveillance efforts. Al-driven secure
communication platforms can employ advanced encryption techniques, NLP for automated lan-
guage translation, and adaptive security measures to detect and counter potential threats.
Threat intelligence, the collection and analysis of information about current and emerging se-

curity threats, is a vital component of state data security. Al-driven threat intelligence has the po-
tential to significantly enhance the ability of states to identify, assess, and respond to cyber threats
in a timely and effective manner. The application of Al technologies, such as machine learning,
deep learning, and natural language processing, allows for the rapid analysis of vast amounts of
data from various sources, including network logs, social media feeds, and news articles. By iden-
tifying patterns, trends, and relationships in the data, Al-driven threat intelligence can provide ac-
tionable insights for state data security decision-makers (Gartner, 2019).
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Some notable advancements in Al-driven threat intelligence include (Souza et al., 2016):

* Predictive analytics: Al technologies enable the development of predictive models that can
forecast potential security incidents, allowing states to proactively defend against emerging
threats. By analyzing historical data and identifying patterns indicative of past attacks, Al-driven
predictive analytics can provide early warning of potential security breaches, enabling states to
implement preventive measures and minimize the impact of security incidents.

* Automated threat hunting: Al-driven threat hunting involves the use of machine learning algo-
rithms to automatically search for and identify potential security threats within an organization’s
network or systems. By automating the threat hunting process, Al technologies can significant-
ly reduce the time and resources required to detect and respond to potential security incidents,
enhancing the overall effectiveness of state data security measures.

» Cyber threat intelligence sharing: Al-driven approaches can facilitate the sharing of threat in-
telligence among states, promoting international collaboration in addressing common security
challenges. By leveraging Al technologies to analyze and disseminate threat information, states
can develop a more comprehensive understanding of the global threat landscape, enabling
more effective and coordinated responses to emerging security threats.

Prospects of larger economic gains in case of faster Al adoption and absorption by the front-
runners of the world economics are illustrated in Figure 3.

One of the most significant advantages of Al-driven state data security solutions is their abi-
lity to anticipate and mitigate security threats in real-time. Unlike traditional, rule-based security
measures, which rely on pre-defined signatures or patterns to detect known threats, Al technolo-
gies can adapt and learn from new data, enabling them to identify previously unknown attack pat-
terns and respond to emerging threats more effectively.

Adaptive security measures: Al-driven security solutions can continuously monitor network
traffic, system logs, and other data sources, identifying potential threats and adapting security
measures accordingly. For example, Al-driven intrusion detection systems can dynamically adjust

Figure 3:
Prospects of larger economic gains in case of faster Al adoption
and absorption by the front-runners
Source: McKinsey Global Institute analysis (https://www.mckinsey.com/featured-insights/artificial-
intelligence/notes-from-the-ai-frontier-modeling-the-impact-of-ai-on-the-world-economy)
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their detection models in response to new attack patterns, ensuring that state data remains se-
cure even as the threat landscape evolves.

Autonomous response: Al technologies can enable the development of autonomous re-
sponse capabilities, in which computer systems can automatically take action to mitigate poten-
tial security threats. For example, Al-driven security solutions can automatically block suspicious
network traffic, quarantine infected devices, or revoke access privileges for compromised user
accounts, reducing the potential impact of security incidents and minimizing the need for ma-
nual intervention.

Real-time threat intelligence: Al-driven threat intelligence can provide states with up-to-date
information about emerging security threats, enabling more effective and timely decision-making
in response to potential security incidents. By leveraging Al technologies to process and analyze
real-time data from a variety of sources, states can gain a more accurate and comprehensive un-
derstanding of the current threat landscape and implement appropriate security measures to pro-
tect sensitive data.

Al-Driven Strategies to Secure State Data amid Sanctions and Economic Pressure

In the face of sanctions and economic pressure, it is crucial for states to adopt innovative and
adaptive strategies to secure their data. Al-driven solutions offer significant potential for enhan-
cing state data security measures under these challenging circumstances. This section will dis-
cuss several Al-driven strategies that can be employed by states to secure their data amid sanc-
tions and economic pressure, along with quantitative insights into their potential effectiveness
(Shokri & Shmatikov, 2015).

One of the key applications of Al in state data security is enhancing threat detection and re-
sponse capabilities. By employing Al-driven solutions, states can significantly improve their ability
to identify and counter cyber threats, even with limited resources.

* Anomaly detection: Al algorithms can be used to analyze network traffic, system logs, and
other data sources, identifying unusual patterns or behaviors that may indicate potential se-
curity threats. Studies have shown that Al-driven anomaly detection systems can achieve de-
tection rates of up to 90% and reduce false alarms by as much as 80% compared to traditio-
nal, rule-based systems (Moya et al., 2023).

* Risk-based prioritization: Al technologies can assist states in prioritizing threats based on
their potential impact and likelihood, enabling more efficient allocation of limited security re-
sources. Research indicates that Al-driven risk assessment models can achieve accuracy rates
of over 85%, allowing states to focus their efforts on the most critical threats (Singh et al., 2021).

* Automated incident response: Al-driven security solutions can automate the incident re-
sponse process, reducing the time and resources required to address security breaches.
A study by the Ponemon Institute found that organizations using Al-driven incident response
solutions reduced their average response time by 53%, significantly mitigating the potential
impact of security incidents.

The secure transmission and storage of sensitive data are crucial aspects of state data secu-
rity. Al-driven technologies can be employed to enhance encryption and secure communication
methods, providing robust protection against unauthorized access and tampering.

* Homomorphic encryption: Al algorithms can be used to develop advanced encryption methods,
such as homomorphic encryption, which enables computations to be performed directly on en-
crypted data without decryption. A study published in «<Nature Communications» demonstrated
that Al-driven homomorphic encryption schemes can achieve processing speeds up to 100 times
faster than traditional methods, providing secure and efficient data processing capabilities.

* Quantum-resistant cryptography: Al can assist in the development of quantum-resistant
cryptographic algorithms, which are designed to withstand attacks from quantum computers.
According to the National Institute of Standards and Technology (NIST), Al-driven quantum-re-
sistant cryptography techniques have shown potential to provide long-term security in the face
of emerging quantum computing threats.

« Secure multiparty computation (SMPC): Al-driven SMPC enables multiple parties to perform
joint computations on encrypted data while preserving data privacy. Research published in the
ACM Transactions on Privacy and Security found that Al-enhanced SMPC can achieve efficien-
cy improvements of up to 75% compared to traditional SMPC methods, facilitating secure and
efficient data sharing among states and other stakeholders (Li et al., 2020).
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Effective threat intelligence is essential for states to anticipate and respond to emerging cy-
ber threats. Al-driven solutions can significantly enhance threat intelligence capabilities by rapidly
analyzing vast amounts of data and providing actionable insights.

* Predictive analytics: Al-driven predictive analytics can forecast potential security incidents,
allowing states to proactively defend against emerging threats. A study published in the «Jour-
nal of Computer and System Sciences» found that Al-based predictive models can achieve
accuracy rates of up to 95% in forecasting cyberattacks, providing states with valuable early
warning capabilities.

» Automated threat hunting: Al technologies can automate the threat hunting process, enabling
states to quickly identify and counter advanced threats that may evade traditional detection
methods. According to a study by the Souza et al., (2016), Al-driven threat hunting solutions can
reduce the time required to identify and respond to advanced threats by up to 60%, significantly
enhancing state data security.

* Social network analysis: Al-driven social network analysis can provide insights into the relation-
ships and communication patterns among threat actors, helping states to understand and coun-
ter their strategies. Research published in the «IEEE Access» journal demonstrated that Al-based
social network analysis techniques can achieve accuracy rates of up to 90% in identifying mali-
cious online activities, enabling states to effectively target and disrupt cyber threat networks.
The selected questions regarding the use of Artificial Intelligence in four high-consequence

sectors are illustrated in Figure 4.

In the face of sanctions and economic pressure, states must foster a culture of innovation and
collaboration in the data security domain to develop and deploy effective Al-driven solutions.

* Public-private partnerships: States should actively engage with the private sector to pro-
mote the development and implementation of Al-driven security technologies. According to a
study by the Center for Strategic and International Studies (CSIS), public-private partnerships

Figure 4:
Selected questions regarding the use of Artificial Intelligence in four high-consequence sectors
Source: GAO forum on Al (https://www.gao.gov/products/gao-18-142sp)
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in cybersecurity can result in up to a 40% increase in the effectiveness of security measures,
providing a strong foundation for state data security.

* International collaboration: States should participate in international forums and initiatives fo-
cused on Al-driven security innovation and collaboration. A report by the World Economic Fo-
rum found that international collaboration in Al-driven security research can result in a 30-50%
improvement in the detection and mitigation of cyber threats, highlighting the importance of
cross-border cooperation in enhancing state data security.

* Investments in education and research: States should invest in Al-driven security educa-
tion and research, developing a skilled workforce capable of addressing the unique challenges
posed by sanctions and economic pressure. A study by the European Commission found that
investment in Al-driven security education and research can increase the availability of skilled
personnel by up to 70%, providing states with the expertise needed to develop and implement
effective security solutions (Xuefei, Yanming, & Jiankun, 2021).

As states adopt Al-driven strategies to secure their data amid sanctions and economic pres-
sure, it is essential to balance security measures with privacy and ethical considerations.

* Privacy-preserving Al techniques: States should invest in the development and deployment
of privacy-preserving Al techniques, such as federated learning and differential privacy, which
enable secure data processing and analysis without compromising individual privacy. Research
published in the «Proceedings of the National Academy of Sciences» demonstrated that priva-
cy-preserving Al techniques can achieve similar levels of accuracy as traditional methods while
providing strong privacy guarantees.

* Ethical Al frameworks: States should develop and implement ethical Al frameworks to guide
the responsible use of Al-driven security solutions. According to a report by the OECD, ethical
Al frameworks can help states address potential biases, discrimination, and other unintended
consequences of Al-driven security measures, ensuring that these technologies are used in a
manner that respects human rights and values.

» Transparency and accountability: States should promote transparency and accountability in
the development and deployment of Al-driven security solutions, fostering public trust and con-
fidence in these technologies. A study by the Moya et al. (2023) found that increased transpa-
rency and accountability in Al-driven security measures can result in up to a 30% increase in
public trust, underscoring the importance of open and responsible Al governance.

6. Discussion

While Al-driven strategies offer significant potential for enhancing state data security amid sanc-
tions and economic pressure, there are several challenges and ethical considerations that states
must address when adopting these technologies. This section will discuss the key challenges and
ethical considerations in using Al for state data security, along with potential mitigation strategies.

The use of Al technologies for state data security can raise concerns about data privacy and
surveillance, as these technologies often involve the collection, processing, and analysis of large
amounts of personal and sensitive information.

- Balancing security and privacy: States must strike a balance between the need for effective
data security measures and the protection of individual privacy rights. Implementing privacy-
preserving Al techniques, such as federated learning and differential privacy, can help states
achieve this balance by enabling secure data processing and analysis without compromising
individual privacy.

- Legal and regulatory frameworks: States should develop and implement legal and regulato-
ry frameworks that govern the use of Al technologies for data security, ensuring that these
technologies are used in a manner that respects privacy rights and complies with applica-
ble data protection laws. These frameworks should include provisions for transparency, ac-
countability, and oversight, as well as mechanisms for redress and remedy in cases of priva-
cy violations.

+ Public trust and confidence: To address concerns about data privacy and surveillance, states
should promote transparency and public engagement in the development and deployment
of Al-driven security solutions. This can involve providing information about the scope and
purpose of Al-driven security measures, soliciting public input on policy decisions, and fos-
tering a culture of open dialogue and debate around the use of Al technologies for state data
security.
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Al-driven security solutions may inadvertently perpetuate bias and discrimination, as these
technologies are often trained on historical data that may reflect existing social inequalities and
biases.

* Addressing bias in Al training data: States should implement measures to address poten-
tial biases in the training data used for Al-driven security solutions. This can involve employing
data preprocessing techniques, such as re-sampling and feature selection, to minimize the
impact of biased data on Al model performance. Additionally, states should invest in the de-
velopment of diverse and representative training datasets that accurately reflect the full range
of potential security threats.

* Fairness-aware Al algorithms: States should adopt fairness-aware Al algorithms that are
designed to minimize the potential for bias and discrimination in security measures. These
algorithms can involve the use of fairness constraints, adversarial training, and other tech-
niques to ensure that Al-driven security measures do not disproportionately impact certain
individuals or groups.

* Monitoring and evaluation: States should implement robust monitoring and evaluation mecha-
nisms to identify and address potential biases and discrimination in Al-driven security measu-
res. This can involve the use of fairness metrics, such as disparate impact and equalized odds,
to assess the performance of Al-driven security solutions and ensure that these technologies
are used in a manner that respects human rights and values.

The use of Al technologies for state data security can raise concerns about accountability and
transparency, as Al-driven decision-making processes can be complex, opaque, and difficult to
understand.

* Explainable Al (XAl): States should invest in the development and deployment of explainable
Al techniques, which aim to provide insight into the decision-making processes of Al-driven se-
curity solutions. XAl techniques can involve the use of interpretable models, feature importance
analysis, and other approaches to provide human-understandable explanations for Al-driven
security decisions.

* Robust oversight and governance: States should implement robust oversight and gover-
nance mechanisms for Al-driven security solutions, ensuring that these technologies are
used responsibly and transparently. This can involve the establishment of independent over-
sight bodies, the development of Al governance frameworks, and the implementation of re-
gular audits and assessments to evaluate the performance and impact of Al-driven securi-
ty measures.

* Third-party audits and certifications: States should consider the use of third-party audits
and certifications for Al-driven security solutions, providing an additional layer of accountabi-
lity and transparency. These audits can involve the assessment of Al-driven security measures
against established benchmarks, standards, and best practices, ensuring that these techno-
logies meet the necessary requirements for responsible and transparent use.

The risk of Al-driven cyberattacks is real. As states increasingly rely on Al-driven security
measures, there is a growing risk of adversaries leveraging Al technologies to conduct more so-
phisticated and targeted cyberattacks.

* Adversarial Al research: States should invest in adversarial Al research to understand the po-
tential risks and vulnerabilities associated with the use of Al technologies for state data secu-
rity. This research can inform the development of more robust and resilient Al-driven security
measures, capable of defending against Al-driven cyberattacks.

» Al-driven threat intelligence and response: States should employ Al-driven threat intelli-
gence and response capabilities to identify and counter emerging Al-driven cyber threats. This
can involve the use of Al technologies for predictive analytics, automated threat hunting, and
other applications that enable states to rapidly detect and respond to Al-driven cyberattacks.

* International cooperation and norms development: States should actively participate in in-
ternational forums and initiatives focused on the development of norms, rules, and principles
governing the use of Al technologies in cyberspace. By working together, states can promote
responsible and cooperative behavior in the use of Al technologies for cyber operations and es-
tablish a more stable and secure cyberspace environment.

States must consider the long-term sustainability and resilience of Al-driven security measures
amid the rapidly evolving technological landscape and the potential impact of sanctions and eco-
nomic pressure.
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+ Investing in Al research and development: States should prioritize investments in Al research
and development to ensure the continued advancement and improvement of Al-driven se-
curity measures. This can involve supporting academic research, public-private partner-
ships, and other initiatives that contribute to the growth and development of Al-driven secu-
rity technologies.

Fostering a skilled workforce: States should invest in education and training programs to deve-
lop a skilled workforce capable of designing, implementing, and maintaining Al-driven securi-
ty measures. This can involve the establishment of specialized training programs, degree pro-
grams, and other educational initiatives that equip individuals with the necessary skills and ex-
pertise to work in the Al-driven security domain.

Building resilience through redundancy and diversification: States should adopt a resilience-fo-
cused approach to Al-driven security measures, ensuring that these technologies are capable
of withstanding potential disruptions caused by sanctions, economic pressure, or other exter-
nal factors. This can involve the use of redundant and diversified Al-driven security measures,
as well as the establishment of backup and contingency plans to ensure the continued opera-
tion and effectiveness of state data security measures.

7. Conclusion

The use of artificial intelligence in state data security offers promising opportunities for states
to navigate the complex security landscape created by sanctions and economic pressure.
Al-driven strategies can enhance threat detection and response, improve encryption and secure
communication, strengthen threat intelligence, and promote innovation and collaboration, ulti-
mately contributing to the protection of critical data assets. However, the adoption of Al-driven
security measures is not without challenges and ethical considerations.

States must address concerns related to data privacy and surveillance, ensuring that
Al-driven security measures respect individual privacy rights and foster public trust. Additio-
nally, addressing potential bias and discrimination in Al-driven security solutions is crucial to
ensure that these technologies are used in a manner that respects human rights and values.
States must also prioritize accountability and transparency in Al-driven security decision-ma-
king, providing explanations for Al-driven security decisions and implementing robust over-
sight and governance mechanisms.

Moreover, the risk of Al-driven cyberattacks necessitates investments in adversarial Al re-
search, Al-driven threat intelligence, and international cooperation to create a more secure cy-
berspace environment. Lastly, states must consider the long-term sustainability and resilience
of Al-driven security measures by investing in Al research and development, fostering a skilled
workforce, and building resilience through redundancy and diversification.

By addressing these challenges and ethical considerations, states can responsibly and effec-
tively harness the power of artificial intelligence for state data security, ensuring that critical data
assets remain protected amid the evolving landscape of sanctions and economic pressure.
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