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1. INTRODUCTION
Disruptive technologies have increasingly become a 
significant factor in global security dynamics, particularly in 
the realm of strategic nuclear stability. These technologies, 
which include advancements in artificial intelligence (AI), 
cyber warfare, hypersonic weapons, and autonomous 
systems, have the potential to alter the balance of power 
and challenge traditional concepts of deterrence. For 
nations with significant nuclear capabilities, such as Russia 
and China, the integration of these technologies into their 
military strategies presents both opportunities and risks.
From a Russian perspective, disruptive technologies are 
viewed as a double-edged sword. On one hand, they 
offer the potential to enhance strategic capabilities and 
maintain parity with other global powers, particularly the 
United States. On the other hand, these technologies could 
undermine strategic stability by lowering the threshold 
for nuclear use or by enabling more effective counterforce 
strategies, thereby increasing the likelihood of conflict 
escalation (Krepon, 2019).
Similarly, China perceives disruptive technologies as 
essential to its national security strategy, especially in 
the context of its rising global influence and the need to 
safeguard its strategic interests. China’s focus on integrating 
AI, quantum computing, and advanced missile systems 
into its defense framework is driven by the desire to offset 
perceived vulnerabilities and to ensure that it can effectively 
deter or respond to threats (Kania, 2018). However, like 
Russia, China also recognizes the potential destabilizing 
effects of these technologies, particularly if they lead to an 
arms race or provoke preemptive strategies among nuclear-
armed states.
This paper explores the perspectives of Russia and China 
on the implications of disruptive technologies for strategic 
nuclear stability. By examining their respective military 
doctrines, technological advancements, and strategic 
calculations, the analysis seeks to understand how these 
nations navigate the challenges posed by disruptive 
technologies in maintaining or achieving strategic stability.

1.1. Point and Targets of the Study
1.1.1. Point
The aim of this study is to analyze the impact of emerging 
disruptive technologies on strategic nuclear stability, with 
a particular focus on the perspectives of Russia and China. 
1.1.2. Targets

i. To Assess the Impact of Hypersonic Weapons and Low-
Yield Nuclear Warheads

ii. To Examine the Influence of Space-Based Systems on 
Nuclear Command and Control

iii. To Evaluate the Risks and Opportunities Associated with 
Cyber Warfare in Nuclear Strategy

2. LITERATURE REVIEW
The review of related literatures highlights key themes and 
findings relevant to the impact of emerging technologies on 
nuclear stability and arms control. This summary synthesizes 
insights from various sources, offering a comprehensive 

overview of the current understanding of these issues.

2.1. Cyber Warfare and Nuclear Command and Control
• Vulnerabilities and Risks: The literature emphasizes that 

modern nuclear command and control systems are increasingly 
vulnerable to cyberattacks due to their reliance on digital 
technologies and communication networks (Libicki, 2021). 
Studies highlight the risks of data manipulation, system 
disruptions, and potential unauthorized access, which could 
lead to operational failures or accidental nuclear launches 
(Reddy, 2020). 

• Strategic Implications: Research suggests that cyber 
vulnerabilities could undermine nuclear deterrence by affecting 
the credibility and reliability of nuclear forces. The perception 
of a compromised command and control system could lead 
to heightened tensions and potential escalation in conflicts 
(Libicki, 2021).

2.2. Advanced Nuclear Weapons
• Low-Yield Nuclear Weapons: Literature reviews indicate 

that low-yield nuclear weapons present new challenges to arms 
control agreements. These weapons are designed for tactical use 
with reduced collateral damage but could lower the threshold 
for nuclear use and complicate deterrence models (Acton, 2018). 
The development of these weapons might also undermine 
existing arms control frameworks by introducing ambiguities 
in verification and compliance (Krepon, 2019).

• Hypersonic Warheads: The review highlights that 
hypersonic weapons, which travel at speeds greater than 
Mach 5, pose significant challenges to missile defense systems 
and arms control agreements (Woolf, 2020). Their ability to 
penetrate advanced defenses and their rapid deployment 
capabilities could alter strategic stability and increase the risk 
of escalation (Acton, 2018).

2.3. Space-Based Weapons
• Regulatory Challenges: The literature on space-based 

weapons reveals that existing arms control agreements, such 
as the Outer Space Treaty (OST), do not adequately address 
the development of new space-based systems (Friedman, 2018). 
The potential for space-based anti-satellite (ASAT) weapons 
and missile defense systems introduces new complexities 
that current frameworks are not equipped to handle, raising 
concerns about a potential arms race in space.

• Strategic Impact: Studies suggest that the deployment of 
space-based weapons could disrupt existing nuclear command 
and control systems, complicating the strategic balance and 
increasing the risk of conflict (Friedman, 2018).

2.4. Need for New Arms Control Frameworks
• Updating Existing Agreements: The literature 

underscores the need for updated arms control agreements that 
specifically address emerging technologies. Comprehensive 
treaties and new international bodies could help manage the 
risks associated with low-yield nuclear weapons, hypersonic 
systems, and space-based technologies (Krepon, 2019; Woolf, 
2020).



10

https://journals.stecab.com
Stecab Publishing

Journal of Computer, Software, and Program (JCSP), 1(2), 8-19, 2024 Page 

• International Cooperation: The need for international 
cooperation is a recurring theme. Multilateral forums, 
confidence-building measures, and collaborative research 
efforts are essential for addressing the complexities of emerging 
technologies and fostering a stable security environment 
(Acton, 2018; Krepon, 2019).

3. METHODOLOGY
In this study case studies were employed to gather in-depth, 
contextual data about the impact of emerging technologies on 
nuclear stability and below are how case studies were used to 
collect data for this research:

3.1. Case Selection
Purpose: The selection of specific cases focuses on understanding 
how emerging technologies like hypersonic weapons, low-
yield nuclear warheads, and space-based systems are being 
developed and utilized by Russia and China.
3.1.1. Selected Cases

• Russia’s Development of Hypersonic Weapons: The 
Avangard hypersonic glide vehicle and the Kinzhal hypersonic 
missile.

• China’s Advances in Space-Based Technologies: 
China’s anti-satellite (ASAT) capabilities and their impact on 
space-based nuclear command and control systems.

• Deployment of Low-Yield Nuclear Warheads: 
Examination of Russia’s low-yield nuclear warheads and their 
strategic implications.

3.2. Data Analysis
3.2.1. Thematic Analysis

• Identification of Patterns: Analyzed the collected data to 
identify recurring themes, such as strategic shifts, technological 
capabilities, and their impact on nuclear stability. For instance, 
how the deployment of hypersonic weapons affects strategic 
deterrence and arms control.

• Comparative Analysis: Compared the cases of Russia 
and China to understand similarities and differences in their 
approaches to emerging technologies and their implications for 
nuclear stability.
3.2.2. Contextual Analysis
• Strategic Implications: Evaluated how each technology 
influences strategic stability from a Russian and Chinese 
perspective. For example, how the development of low-yield 
nuclear warheads affects regional and global security dynamics.
• Policy Responses: Assessed how each country’s policy 
responses to these technologies reflect broader strategic goals 
and how they impact international arms control efforts.

4. RESULTS AND DISCUSSION
4.1. Emerging Technologies and their Potential Impact
The impact of emerging technologies on nuclear stability is 
a critical concern, particularly regarding global powers like 
Russia and China. These technologies, including artificial 
intelligence (AI), cyber capabilities, and hypersonic weapons, 
can significantly influence the strategic stability among 
nuclear-armed states.

Figure 1. Diagrammatic listing of emerging technologies

Sources: Adapted from Brynjolfsson & McAfee, 2017)

Below is an overview of some key emerging technologies and 
their potential impacts:
4.1.1. Artificial Intelligence (AI)
AI has the potential to automate complex tasks, enhance 
decision-making processes, and enable new forms of 
innovation across industries. In healthcare, AI can improve 
diagnostics, personalize treatment, and manage patient data 
more efficiently. In transportation, AI powers autonomous 
vehicles, promising safer and more efficient travel. However, 
AI also raises concerns about job displacement, privacy issues, 
and the potential misuse of AI in surveillance and warfare 
(Brynjolfsson & McAfee, 2017).
4.1.2. Quantum Computing
Quantum computing represents a significant leap forward 
in computational power, enabling the solution of problems 
that are currently intractable for classical computers. This 
technology has the potential to revolutionize fields such as 
cryptography, materials science, and complex system modeling. 
However, quantum computing also poses risks, particularly 
to cybersecurity. The ability of quantum computers to break 
existing encryption methods could undermine global security 
and privacy (Bernstein & Lange, 2017).
4.1.3. Biotechnology
Advancements in biotechnology, such as CRISPR gene editing, 
synthetic biology, and personalized medicine, offer the potential 
to cure diseases, improve agricultural productivity, and address 
environmental challenges. However, these technologies also 
raise ethical concerns, particularly around genetic modification, 
biosecurity, and the potential for unintended consequences 
(Jasanoff & Saha, 2015).
4.1.4. Advanced Robotics
Advanced robotics, including automation and autonomous 
systems, have the potential to revolutionize manufacturing, 
logistics, and service industries by increasing efficiency and 
reducing labor costs. Robotics can also enhance capabilities in 
areas like healthcare, disaster response, and space exploration. 
However, the widespread adoption of robotics could lead to 
significant workforce disruptions and raise questions about the 
ethical implications of autonomous machines (Brynjolfsson & 
McAfee, 2017).
4.1.5. Internet of Things (IoT)
The IoT connects billions of devices, enabling new levels 
of automation, monitoring, and control in various sectors 
such as smart homes, healthcare, and industrial systems. 
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The widespread adoption of IoT devices promises enhanced 
efficiency and convenience. However, it also increases the 
vulnerability to cyberattacks, privacy breaches, and the 
potential for mass surveillance (Miorandi et al, 2012).
4.1.6. Renewable Energy Technologies
Renewable energy technologies, including solar, wind, and 
battery storage, have the potential to transform the global 
energy landscape by reducing dependence on fossil fuels and 
mitigating climate change. These technologies promise cleaner, 
more sustainable energy sources, driving economic growth 
and reducing environmental impact. However, the transition 
to renewable energy also poses challenges, including the need 
for large-scale infrastructure investments and the potential for 
geopolitical shifts in energy markets (IRENA, 2019).
4.1.7. Blockchain Technology
Blockchain technology offers secure, decentralized methods for 
recording transactions and managing data. It has the potential 
to revolutionize industries such as finance, supply chain 
management, and digital identity verification by increasing 
transparency and reducing fraud. However, the widespread 
adoption of blockchain also raises concerns about energy 
consumption, regulatory challenges, and the potential for new 
forms of digital crime (Tapscott & Tapscott, 2016).
4.1.8. 3D Printing
3D printing, or additive manufacturing, enables the production 
of complex objects layer by layer, offering new possibilities in 
manufacturing, healthcare, and construction. This technology 
can reduce waste, lower production costs, and enable mass 
customization. However, it also presents challenges, such as 
intellectual property concerns, the potential for the production 
of illegal goods, and the disruption of traditional manufacturing 
industries (Berman, 2012).

4.2. Potential Impact of Emerging Technologies on 
Nuclear Stability, Particularly in the Context of Russia 
and China.
Emerging technologies have the potential to significantly 
impact nuclear stability, particularly in the context of major 
nuclear powers like Russia and China. These impacts can 
be both stabilizing and destabilizing, depending on how the 
technologies are integrated into military strategies and the 
global security environment. For Russia and China, as well as 
other nuclear powers, the integration of these technologies into 

military strategies necessitates a reevaluation of traditional 
concepts of nuclear stability and deterrence.
These emerging technologies have the potential to significantly 
impact nuclear stability, in the following ways: 
4.2.1. Lowering the Threshold for Nuclear Use
Emerging technologies, such as hypersonic weapons and 
precision-guided munitions, could lower the threshold for 
nuclear use by enabling more effective counterforce strategies. 
These technologies might give military planners confidence 
that they can successfully neutralize an adversary’s nuclear 
capabilities before they can be used (Acton, 2018). For Russia and 
China, the development and deployment of such technologies 
could create pressure to adopt more aggressive postures or 
preemptive strategies to avoid being caught off guard (Futter, 
2020).
4.2.2. Destabilization of Deterrence Dynamics
The introduction of advanced technologies like artificial 
intelligence (AI) and autonomous systems into nuclear 
command and control structures could destabilize traditional 
deterrence dynamics. AI-driven decision-making systems, while 
potentially faster and more efficient, could also introduce new 
risks of miscalculation or unintended escalation (Geist & Lohn, 
2018). If Russia and China were to rely on such technologies, 
the unpredictability and opacity of AI systems might increase 
tensions and the risk of inadvertent nuclear conflict (Kania, 
2018).
4.2.3. Acceleration of Arms Races
The development and deployment of emerging technologies 
can accelerate arms races, particularly in strategic domains like 
missile defense and space warfare. Russia and China may feel 
compelled to rapidly develop or acquire similar technologies 
to maintain strategic parity with the United States or each 
other (Krepon, 2019). This arms race dynamic could increase 
the likelihood of misperceptions and miscalculations, thereby 
undermining strategic stability.
4.2.4. Challenges to Strategic Stability
Disruptive technologies such as quantum computing and 
cyber capabilities could challenge the foundational elements 
of strategic stability. For instance, quantum computing could 
potentially break current encryption methods, compromising 
secure communication channels essential for nuclear command 
and control (Langer, 2020). Cyber capabilities, on the other 
hand, could be used to disrupt or deceive nuclear early warning 
systems, leading to false alarms or unauthorized launches. Both 
Russia and China are investing heavily in these technologies, 
which could lead to a more precarious global security 
environment if they are used to undermine the strategic balance 
(Futter, 2020).
4.2.5. Shift in Military Doctrine and Strategy
The integration of emerging technologies into military doctrine 
and strategy could lead to shifts in how nuclear powers perceive 
and respond to threats. Russia and China might develop new 
doctrines that emphasize the use of emerging technologies for 
deterrence, preemptive strikes, or escalation control. These 
shifts could create new uncertainties and complicate efforts to 
maintain nuclear stability, as other nuclear powers may struggle 
to understand or predict the strategic intentions behind these 
technological advancements (Krepon, 2019).

Figure 2. China-U.S. Cyber-Nuclear C3 Stability - Carnegie 
Endowment for International Peace.
Sources: Adapted from Zetter, 2021.
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maintain hypersonic speeds throughout their flight path while 
flying at lower altitudes, further complicating detection and 
interception (Sayler, 2021).
ii. Potential Impact on Nuclear Deterrence: Hypersonic 
weapons have the potential to significantly alter the landscape 
of nuclear deterrence. Their speed and maneuverability reduce 
the reaction time available to the target nation, complicating 
decision-making and increasing the risk of miscalculation or 
accidental escalation (Acton, 2018).

•  Undermining Existing Missile Defense Systems: 
Hypersonic weapons can evade most existing missile defense 
systems due to their high speed and ability to maneuver. This 
challenges the effectiveness of current defensive measures and 
could lead to a perception of vulnerability among nuclear-
armed states, prompting them to enhance their own offensive 
capabilities in response (Woolf, 2020).

• Destabilization of Strategic Stability: The ability of 
hypersonic weapons to strike targets with little to no warning 
could destabilize strategic stability by incentivizing preemptive 
strikes. Nations may feel pressured to launch their nuclear 
arsenals first in a crisis, fearing that their retaliatory capabilities 
could be neutralized by a hypersonic first strike (Acton, 2018).

•  Erosion of Second-Strike Capabilities: Hypersonic 
weapons could undermine the concept of second-strike 
capability, which is central to the doctrine of mutually assured 
destruction (MAD). If a nation believes that its nuclear forces 
could be destroyed before they can be launched in retaliation, 
the deterrent value of its nuclear arsenal is diminished, 
potentially leading to an arms race or shifts in military doctrine 
(Krepon, 2019).

2. Potential Russian and Chinese Adoption and Strategic 
Implications
i. Russian Adoption of Hypersonic Weapons: Russia has 
been at the forefront of developing and deploying hypersonic 
weapons as part of its broader strategy to counter U.S. missile 
defense systems and maintain strategic parity (Trudolyubov, 
2020). Notable examples include:

• Avangard Hypersonic Glide Vehicle: The Avangard is 
a nuclear-capable HGV that can reportedly reach speeds of up 
to Mach 20 and maneuver to evade missile defenses. Russia 
has deployed the Avangard as a key component of its strategic 
deterrent (Woolf, 2020).

•  Kinzhal Hypersonic Missile: The Kinzhal is an air-
launched hypersonic missile capable of carrying both 
conventional and nuclear warheads. It is designed to strike 
high-value targets such as aircraft carriers and missile defense 
systems (Trudolyubov, 2020).
ii. Strategic Implications for Russia: Russia’s adoption 
of hypersonic weapons enhances its strategic deterrence by 
complicating U.S. and NATO defense planning. These weapons 
provide Russia with a credible means to penetrate advanced 
missile defenses, thereby reinforcing its nuclear deterrent 
(Krepon, 2019). Additionally, Russia’s focus on hypersonic 
technology reflects its broader strategy of offsetting perceived 
U.S. conventional superiority, particularly in missile defense 
(Woolf, 2020).
However, Russia’s deployment of hypersonic weapons also 

4.2.6. Impact on Crisis Stability
Emerging technologies could also impact crisis stability, the 
ability to manage and de-escalate crises without resorting 
to nuclear use. Technologies that enhance surveillance, 
reconnaissance, and precision strike capabilities might make 
it harder for states to conceal their movements or intentions 
during a crisis, increasing the pressure for rapid decision-
making (Acton, 2018). In such scenarios, Russia and China may 
perceive a need to act quickly to avoid being outmaneuvered, 
raising the risk of unintended escalation (Geist & Lohn, 2018).

4.3. Emerging Dangerous Technologies for Strategic 
Nuclear Stability
Emerging dangerous technologies pose significant challenges 
to strategic nuclear stability, which traditionally relies on 
deterrence, arms control, and the mutual vulnerability of 
nuclear states. These technologies include advancements in 
artificial intelligence (AI), cyber warfare, hypersonic weapons, 
anti-satellite weapons (ASATs), and autonomous systems. They 
have the potential to disrupt the delicate balance of power that 
has been maintained through established nuclear doctrines.
4.3.1. Hypersonic Weapons
Hypersonic weapons are advanced military technologies that 
travel at speeds greater than Mach 5, which is five times the 
speed of sound (approximately 3,836 miles per hour or 6,174 
kilometers per hour). These weapons are designed for both 
offensive and defensive purposes and have become a focus for 
military powers around the world due to their ability to evade 
current missile defense systems (Woolf, 2020).
1. Capabilities and Potential Impact on Nuclear 

Figure 3. Diagrammatic Sample of Hypersonic Weapon

Sources: Adapted from Woolf, 2020

Deterrence
i. Capabilities of Hypersonic Weapons: Hypersonic 
weapons are advanced missile systems capable of traveling 
at speeds exceeding Mach 5 (five times the speed of sound), 
which is approximately 3,800 miles per hour (6,174 kilometers 
per hour) (Woolf, 2020). These weapons can maneuver during 
flight, making them highly unpredictable and difficult to 
intercept with existing missile defense systems (Sayler, 2021).

•  Hypersonic Glide Vehicles (HGVs): These are launched 
into the upper atmosphere on a ballistic trajectory and then 
glide towards their target at hypersonic speeds. They can 
change course mid-flight, making them challenging to detect 
and intercept (Woolf, 2020).

• Hypersonic Cruise Missiles (HCMs): These are powered 
by advanced propulsion systems, such as scramjets, and can 
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carries risks. The speed and unpredictability of these weapons 
could lead to heightened tensions and increased risks of 
miscalculation during a crisis (Acton, 2018). Furthermore, 
Russia’s emphasis on hypersonic weapons might provoke an 
arms race, with the U.S. and other nations accelerating their 
own hypersonic programs in response, thereby destabilizing 
global security (Krepon, 2019).

iii. Chinese Adoption of Hypersonic Weapons: China 
has also made significant strides in developing hypersonic 
weapons as part of its strategy to modernize its military and 
enhance its strategic deterrence capabilities (Zhao, 2020). Key 
developments include:

•  DF-ZF Hypersonic Glide Vehicle: The DF-ZF is a 
hypersonic glide vehicle that can be launched atop a ballistic 
missile and is capable of maneuvering at high speeds to evade 
missile defenses. It is believed to be part of China’s strategic 
arsenal, capable of delivering both conventional and nuclear 
payloads (Woolf, 2020).

•  Starry Sky-2 (Xingkong-2) Hypersonic Cruise Missile: 
This missile is an experimental HCM that China has tested as 
part of its efforts to develop advanced strike capabilities. The 
Starry Sky-2 is designed to travel at speeds exceeding Mach 
6 and could be used for both strategic and tactical missions 
(Zhao, 2020).

iv. Strategic Implications for China: China’s adoption of 
hypersonic weapons is driven by its desire to counterbalance 
U.S. military capabilities in the Asia-Pacific region, particularly 
missile defense systems and aircraft carriers (Zhao, 2020). 
Hypersonic weapons provide China with the means to 
challenge U.S. regional dominance and enhance its deterrence 
posture (Acton, 2018).
Strategically, China’s focus on hypersonic technology 
reflects its broader goals of achieving regional hegemony and 
protecting its interests, particularly in contested areas such 
as the South China Sea (Zhao, 2020). However, like Russia, 
China’s deployment of hypersonic weapons could contribute to 
regional instability by increasing the risk of conflict escalation, 
particularly in a crisis involving U.S. forces (Sayler, 2021).

4.3.2. Artificial Intelligence (AI) in Nuclear Command 
and Control
Artificial Intelligence (AI) is increasingly being explored for its 
potential role in nuclear command and control systems. The 
integration of AI into these systems presents both opportunities 
and significant risks, particularly in terms of strategic stability, 
decision-making processes, and the potential for accidents or 
unintended escalation.

1. Potential Benefits and Risks of AI Integration in 
Nuclear Command and Control
i. Potential Benefits

• Enhanced Decision-Making Speed and Efficiency: AI 
can analyze vast amounts of data rapidly, providing decision-
makers with timely and accurate information. This capability 
can enhance situational awareness and help in making informed 
decisions in high-pressure situations (Geist & Lohn, 2018).

• Improved Risk Assessment and Prediction: AI systems 
can model complex scenarios and predict potential outcomes 
based on historical data and real-time inputs. This can help in 
assessing risks more effectively and developing strategies to 
mitigate them (Geist & Lohn, 2018).

• Automation of Routine Tasks: AI can automate routine 
tasks, such as monitoring and data analysis, freeing human 
operators to focus on more strategic aspects of nuclear command 
and control (O’Hanlon, 2019). This can lead to increased 
efficiency and reduced cognitive overload for decision-makers.

ii. Potential Risks
• Risk of Miscalculation and False Positives: AI systems 

are not infallible and can make errors in interpreting data or 
predicting outcomes. A malfunction or misinterpretation could 
lead to false alarms or incorrect assessments of a potential 
nuclear threat, increasing the risk of accidental escalation 
(Geist & Lohn, 2018).

• Loss of Human Oversight: Overreliance on AI in nuclear 
decision-making could reduce human oversight and judgment, 
which are crucial in assessing complex, nuanced situations. 
The absence of human intervention might lead to decisions 
based solely on algorithmic outputs, which may not account 
for the broader strategic context (O’Hanlon, 2019).

• Vulnerability to Cyber Attacks: AI systems, like 
other digital technologies, are vulnerable to cyber-attacks. 
Adversaries could potentially exploit vulnerabilities in AI-based 
command and control systems to disrupt or manipulate nuclear 
operations, posing significant risks to stability (Binnendijk & 
Libicki, 2020).

2. Potential Russian and Chinese AI Development in this 
Domain and its Implications for Stability
i. Russian AI Development
Russia has been investing heavily in AI and automation 
technologies, including their application in military and strategic 
domains. The Russian military strategy includes integrating AI 
to enhance command and control capabilities, improve data 
processing, and increase the speed of decision-making (Giles, 
2021). Key aspects include:

• Development of Autonomous Systems: Russia is 
developing autonomous systems and AI-driven tools to support 
strategic decision-making. These systems are intended to 
improve the efficiency and accuracy of military operations, 

Figure 4.  Artificial Intelligence (AI) in Nuclear Command and 
Control
Sources: Adapted from Geist & Lohn, 2018
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including nuclear command and control (Giles, 2021).
• Strategic Implications: The integration of AI into Russian 

nuclear command and control could lead to increased precision 
and responsiveness but also raises concerns about reduced human 
oversight. The risk of miscalculation or unintended escalation 
could be heightened if AI systems misinterpret data or fail to 
account for the strategic context (O’Hanlon, 2019). Additionally, 
the potential for cyber vulnerabilities in AI systems could lead 
to destabilizing effects if adversaries exploit these weaknesses 
(Binnendijk & Libicki, 2020).

ii. Chinese AI Development
China is similarly advancing its AI capabilities with significant 
investments in developing AI technologies for military and 
strategic applications. The focus includes enhancing decision-
making processes and integrating AI into nuclear strategy 
(Kania, 2018). Key aspects include:

• Advancement in AI Capabilities: China is developing AI 
technologies to support various aspects of military operations, 
including nuclear command and control. This includes improving 
data analytics, decision-making algorithms, and integrating AI 
into surveillance and reconnaissance systems (Kania, 2018).

• Strategic Implications: China’s development of AI for 
nuclear command and control could enhance its strategic 
capabilities by increasing decision-making speed and operational 
efficiency. However, like in Russia, the potential risks include 
reduced human oversight and increased susceptibility to cyber 
threats. The integration of AI might also lead to an arms race in 
AI technologies among major powers, potentially destabilizing 
strategic stability (Binnendijk & Libicki, 2020). The potential for 
miscalculation or false positives remains a concern, particularly 
in high-stakes situations involving nuclear threats (O’Hanlon, 
2019).
3. Space-Based Weapons
Space-based weapons refer to weapon systems that are either 
stationed in space or rely on space-based platforms to function. 
These weapons can have a variety of applications, including 
offensive strikes against targets on Earth or in space, defensive 
measures against enemy satellites, and the enhancement of 
conventional military operations. The concept of space-based 
weapons has been a subject of both technological development 
and international debate, especially concerning the potential 
militarization of space.

1. Potential for Space-Based Weapons to Disrupt Nuclear 
Command and Control Systems
i. Potential Disruptive Capabilities

• Anti-Satellite Weapons: Space-based weapons capable 
of targeting and destroying or disabling satellites could 
significantly disrupt nuclear command and control systems. 
Satellites play a critical role in communications, surveillance, 
and early warning systems that are essential for nuclear 
deterrence and response (Friedman, 2018). Disrupting these 
satellites could hinder the ability to relay command orders, 
gather intelligence, or provide real-time situational awareness, 
increasing the risk of miscalculation or miscommunication 
during a crisis.

• Electronic Warfare and Jamming: Space-based systems 

equipped with electronic warfare capabilities could interfere 
with or jam satellite communications and navigation systems. 
This could undermine the reliability of communication links 
between command centers and deployed nuclear forces, 
potentially leading to delayed or erroneous decision-making 
(Wright, 2020).

• Anti-Missile Systems: Space-based missile defense systems, 
such as space-based lasers or kinetic energy interceptors, 
could potentially intercept and neutralize incoming missiles, 
including those carrying nuclear warheads. While this could 
offer protection against a nuclear attack, it might also provoke 
an arms race in space-based defense systems and complicate 
strategic stability by reducing the effectiveness of retaliatory 
capabilities (Friedman, 2018).

ii. Risks and Strategic Implications
• Increased Risk of Miscalculation: The deployment 

of space-based weapons could increase the likelihood of 
miscalculation and unintended escalation. If a nation perceives 
that its nuclear command and control systems are being 
compromised by space-based assets, it might interpret this 
as an imminent threat, leading to hasty or erroneous nuclear 
decisions (Wright, 2020).

• Escalation of Space Warfare: The introduction of weapons 
into space could lead to a new arena of conflict, where nations 
engage in space-based hostilities. This could further destabilize 
global security and increase the potential for conflicts that 
extend beyond terrestrial boundaries (Friedman, 2018).

• Destabilization of Nuclear Deterrence: Space-based 
weapons that can disrupt or neutralize early warning and 
command systems could undermine the principle of mutually 
assured destruction (MAD). If nations believe that their ability 
to respond to a nuclear attack is compromised, they might be 
incentivized to adopt more aggressive postures or develop new 
counter-strategies, destabilizing nuclear deterrence (Wright, 
2020).

2. Potential Russian and Chinese Space Weapon Programs 
and Their Impact on Nuclear Stability
1. Russian Space Weapon Programs
Russia has been actively developing space-based weapons 

Figure 5. Space-Based Weapon

Sources: Adapted from Wright, 2020
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and related technologies, reflecting its strategic interest in 
countering U.S. and NATO capabilities. Key aspects include:

• Anti-Satellite (ASAT) Systems: Russia has demonstrated 
various ASAT capabilities, including ground-based systems 
that can target satellites in low Earth orbit (LEO). While these 
systems are not space-based, they reflect Russia’s focus on space 
dominance and the potential to disrupt adversary satellites 
used for nuclear command and control (Klimenko, 2020).

• Potential Space-Based Weapons: Although specific 
details are less clear, Russia has expressed interest in developing 
space-based missile defense systems and other space-based 
weapons. These systems could potentially be used to target 
and neutralize enemy satellites or ballistic missiles (Klimenko, 
2020).
ii. Strategic Implications for Russia

• Enhancement of Strategic Capabilities: Russia’s 
development of space-based weapons could enhance its ability 
to counter Western space and missile defense systems. However, 
it also raises concerns about destabilizing strategic stability, 
particularly if these systems are perceived as a threat to nuclear 
command and control infrastructure (Friedman, 2018).

• Arms Race and Escalation Risks: The development and 
potential deployment of space-based weapons by Russia could 
trigger an arms race in space, with the U.S. and other nations 
responding by advancing their own space weapon programs. 
This could increase the risk of conflict in space and complicate 
global security (Klimenko, 2020).
iii. Chinese Space Weapon Programs
China has also been making significant strides in space-based 
weaponry and space control technologies. Key aspects include:

• Anti-Satellite (ASAT) Systems: China has demonstrated 
its ASAT capabilities through successful tests of ground-based 
anti-satellite missiles. These systems are designed to destroy 
or disable satellites in orbit, potentially impacting space-based 
nuclear command and control systems (Li, 2020).

• Space-Based Missile Defense: China has expressed 
interest in developing space-based missile defense systems, 
including concepts for space-based lasers and kinetic energy 
interceptors. These technologies could be used to target 
incoming missiles, including those carrying nuclear warheads 
(Li, 2020).
iv. Strategic Implications for China

• Strategic Deterrence and Countermeasures: China’s 
development of space-based weapons enhances its strategic 
deterrence capabilities by providing options to counter U.S. 
and allied space assets. However, the introduction of these 
technologies could disrupt the balance of nuclear deterrence 
and lead to increased tensions with other nuclear powers 
(Kania, 2020).

• Regional and Global Stability: China’s advancements in 
space-based weapons could contribute to regional instability 
in the Asia-Pacific region and provoke responses from other 
nations. This could result in an arms race in space and further 
complicate strategic stability on a global scale (Li, 2020).

Cyber Warfare and Nuclear Command and Control
Cyber warfare is increasingly recognized as a critical threat 
to nuclear command and control systems. These systems are 

essential for the management, deployment, and potential use 
of nuclear weapons. The integration of digital technologies in 
command and control systems, while enhancing capabilities, 
also introduces vulnerabilities that adversaries could exploit 
through cyber-attacks. On the other hands Nuclear command 
and control (NC2) refers to the system of procedures, policies, 
and technologies that a state uses to manage its nuclear 
weapons arsenal. This system ensures that nuclear weapons 
can be used only by authorized leaders, that these weapons 
are protected from unauthorized or accidental use, and that 
they can be effectively employed if needed. The implications of 
cyber warfare on nuclear command and control involve risks to 
strategic stability, escalation dynamics, and the overall security 
of nuclear arsenals
Vulnerability of Nuclear Command and Control Systems 
to Cyberattacks

Figure 6. Diagrammatic Illustration of Cyber Warfare and 
Nuclear Command and Control
Sources: Adapted from Cimbala, 2018
1. Nature of Vulnerabilities

• Critical Infrastructure Dependency: Modern nuclear 
command and control systems are heavily reliant on digital 
technologies and communication networks. This dependency 
creates vulnerabilities that can be exploited through 
cyberattacks. Hackers could potentially access, disrupt, or 
manipulate these systems, affecting their operational integrity 
(Libicki, 2021).

• Data Integrity and Confidentiality: Cyberattacks can 
compromise the confidentiality and integrity of data within 
nuclear command and control systems. For instance, an attacker 
could intercept or alter communications between command 
centers and nuclear forces, leading to erroneous or misleading 
information (Reddy, 2020).

• Command and Communication Disruptions: 
Cyberattacks could disrupt the communication channels used 
for transmitting launch orders or situational updates. This 
could lead to delays or failures in decision-making processes, 
increasing the risk of miscommunication or miscalculation 
during a crisis (Binnendijk & Libicki, 2020).

2. Risks and Strategic Implications
• Increased Risk of Accidental Launch: If cyberattacks 
compromise the integrity of command and control systems, 
there is a risk of accidental or unauthorized nuclear launches. 
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This risk is heightened if attackers gain control over systems 
capable of issuing launch orders or tampering with warning 
signals (Reddy, 2020).

• Potential for Escalation: The perception of a successful 
cyberattack on a nuclear command and control system might 
lead to escalatory responses. If a nation believes its nuclear 
capabilities are being undermined, it might interpret such 
attacks as a precursor to a larger conflict, leading to heightened 
tensions and potential escalation (Binnendijk & Libicki, 2020).

• Challenges to Nuclear Deterrence: The effectiveness 
of nuclear deterrence relies on the credibility and reliability 
of a nation’s nuclear forces. Cyberattacks that undermine the 
operational capability or reliability of these forces could erode 
the credibility of deterrence and lead to strategic instability 
(Libicki, 2021).

Potential Russian and Chinese Cyber Capabilities and 
Their Impact on Nuclear Stability
1. Russian Cyber Capabilities
Russia has developed sophisticated cyber capabilities and has 
demonstrated its ability to conduct cyber operations against a 
range of targets. Key aspects include:
• Advanced Persistent Threats (APTs): Russian cyber 
actors, such as those associated with groups like APT28 (Fancy 
Bear) and APT29 (Cozy Bear), are known for their advanced 
cyber espionage and disruption capabilities. These groups 
have targeted various sectors, including defense and critical 
infrastructure (Hoffman, 2020).
• Potential Impact on Nuclear Command and Control: 
Russian cyber capabilities could potentially be used to 
disrupt or compromise the nuclear command and control 
systems of adversaries. Such attacks could involve targeting 
communication networks, manipulating data, or disabling 
operational systems, which could have significant implications 
for nuclear stability (Hoffman, 2020).
• Strategic Implications: Russia’s development and potential 
use of cyber capabilities against nuclear systems could 
contribute to strategic instability. If adversaries perceive that 
their nuclear command and control systems are vulnerable to 
cyber threats, it could lead to increased tensions, miscalculations, 
and potentially destabilize the balance of nuclear deterrence 
(Binnendijk & Libicki, 2020).

Chinese Cyber Capabilities
China has also developed advanced cyber capabilities and has 
been involved in various cyber operations aimed at espionage 
and disruption. Key aspects include:

• Cyber Espionage and Attack Capabilities: Chinese cyber 
actors have demonstrated the ability to conduct sophisticated 
cyber espionage operations against a range of targets, including 
military and strategic systems. Notable groups include APT10 
(Stone Panda) and APT41 (Barium) (Zetter, 2021).

• Potential Impact on Nuclear Command and Control: 
Chinese cyber capabilities could potentially target the command 
and control systems of adversaries, including those related to 
nuclear forces. This could involve disrupting communications, 
compromising data integrity, or interfering with operational 
systems, which could affect nuclear stability (Zetter, 2021).

• Strategic Implications: The potential use of cyber 
capabilities by China to target nuclear command and control 
systems could exacerbate regional and global tensions. The 
perception of vulnerability in nuclear systems could lead to 
escalatory behaviors and impact the credibility of nuclear 
deterrence, potentially leading to strategic instability (Reddy, 
2020).

Advanced Nuclear Weapons
Development of New Nuclear Weapons with Enhanced 
Capabilities

Figure 7. Advanced Nuclear Weapons
Sources: Adapted from Krepon, 2019

1. Low-Yield Nuclear Weapons
• Definition and Capabilities: Low-yield nuclear weapons 

are designed to produce a smaller explosive yield compared 
to traditional strategic nuclear weapons. These weapons are 
intended to achieve tactical or limited strategic objectives, such 
as targeting specific military facilities or infrastructure with 
reduced collateral damage (Krepon, 2019). The yield of low-
yield nuclear weapons typically ranges from less than 1 kiloton 
to several kilotons.

• Strategic Implications: The development and deployment 
of low-yield nuclear weapons have several strategic 
implications:
	 • Potential for Increased Use: The perceived 
“usable” nature of low-yield nuclear weapons might lower the 
threshold for their use in a conflict. This could increase the 
risk of nuclear weapons being employed in regional or tactical 
scenarios, potentially leading to escalation (Acton, 2018).
	 • Complications for Deterrence: Low-yield nuclear 
weapons could complicate nuclear deterrence by introducing 
new options for escalation control. They might be used to 
achieve specific military objectives without triggering full-
scale strategic retaliation, potentially destabilizing traditional 
deterrence models (Krepon, 2019).
	 • Impact on Arms Control: The development of 
low-yield nuclear weapons could undermine existing arms 
control agreements by expanding the range of nuclear options 
and complicating verification and treaty compliance (Acton, 
2018).

2. Hypersonic Warheads
• Definition and Capabilities: Hypersonic warheads are 

designed to be delivered by hypersonic missiles, which travel 
at speeds exceeding Mach 5 and can maneuver during flight. 
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These warheads are intended to strike targets with high 
precision and rapid speed, making them difficult to intercept 
with existing missile defense systems (Woolf, 2020).

• Strategic Implications: The development and deployment 
of hypersonic warheads have several strategic implications:
	 • Enhanced Penetration Capabilities: Hypersonic 
warheads can potentially penetrate advanced missile defense 
systems due to their high speed and maneuverability. This 
capability could challenge existing defensive measures and 
alter the strategic balance (Woolf, 2020).
	 • Risk of Miscalculation: The speed and 
unpredictability of hypersonic weapons could reduce the 
warning time available to the target nation, increasing the 
risk of miscalculation and accidental escalation during a crisis 
(Acton, 2018).
	 • Impact on Strategic Stability: The deployment 
of hypersonic warheads could destabilize strategic stability 
by complicating nuclear deterrence and prompting an arms 
race in hypersonic technologies. Nations might feel compelled 
to enhance their own offensive and defensive capabilities to 
counter these new threats (Woolf, 2020).

Potential Russian and Chinese Development of Advanced 
Nuclear Weapons and Their Implications for Nuclear 
Stability
1. Russian Development of Advanced Nuclear Weapons

• Low-Yield Nuclear Weapons: Russia has been developing 
and deploying low-yield nuclear weapons as part of its broader 
nuclear strategy. The introduction of these weapons reflects 
Russia’s emphasis on enhancing its tactical nuclear capabilities 
and expanding its nuclear options for strategic deterrence 
(Krepon, 2019).

• Hypersonic Weapons: Russia has made significant 
advances in hypersonic missile technology, including the 
development of the Avangard hypersonic glide vehicle and 
the Kinzhal hypersonic missile. These systems are designed 
to deliver both conventional and nuclear payloads and are 
intended to enhance Russia’s strategic strike capabilities 
(Woolf, 2020).
2. Strategic Implications for Russia

• Enhanced Deterrence Capabilities: Russia’s development 
of low-yield and hypersonic nuclear weapons enhances its 
ability to conduct limited nuclear strikes and penetrate missile 
defenses. This could strengthen its strategic deterrence posture 
but also risks destabilizing strategic stability by increasing the 
complexity of nuclear deterrence (Krepon, 2019; Woolf, 2020).

• Regional and Global Instability: The deployment of 
these advanced nuclear weapons could contribute to regional 
instability, particularly in the context of NATO-Russia 
relations. It might also prompt responses from other major 
powers, leading to an arms race and increased risks of nuclear 
escalation (Acton, 2018).

3. Chinese Development of Advanced Nuclear Weapons
• Low-Yield Nuclear Weapons: China has been expanding 

its nuclear arsenal and is believed to be developing a range of 
advanced nuclear weapons, including low-yield warheads. This 
reflects China’s strategic interest in modernizing its nuclear 

forces and enhancing its deterrence capabilities (Zhao, 2020).
• Hypersonic Weapons: China has also been advancing 

its hypersonic missile technologies, including the DF-ZF 
hypersonic glide vehicle. These developments are intended to 
enhance China’s strategic strike capabilities and improve its 
ability to counter U.S. missile defenses (Woolf, 2020).
4. Strategic Implications for China

• Strategic Modernization: China’s development of low-
yield and hypersonic nuclear weapons is part of its broader 
strategy to modernize its nuclear forces and enhance its 
strategic deterrence capabilities. This modernization could 
alter the strategic balance and prompt responses from other 
nuclear powers (Zhao, 2020).

• Regional Dynamics: The introduction of these advanced 
weapons could impact regional security dynamics in Asia, 
particularly in the context of U.S.-China relations and territorial 
disputes. It might lead to increased tensions and an arms race in 
the Asia-Pacific region (Zhao, 2020).

• Global Arms Race: China’s advancements in nuclear 
weapons technology could contribute to a global arms race 
in advanced nuclear and hypersonic technologies. This could 
destabilize global strategic stability and complicate arms 
control efforts (Woolf, 2020).

Arms Control Implications
1. Challenges Posed by Emerging Technologies to 
Existing Arms Control Agreements
a. Emerging Technologies and Existing Agreements

• Low-Yield Nuclear Weapons: The development of 
low-yield nuclear weapons challenges existing arms control 
agreements, such as the Strategic Arms Reduction Treaty 
(START) and the Treaty on the Non-Proliferation of Nuclear 
Weapons (NPT). These agreements primarily focus on limiting 
the number and types of strategic nuclear warheads and 
delivery systems, but they often do not address the specific 
characteristics or deployment strategies of low-yield weapons. 
This gap can lead to uncertainty and difficulties in verification 
and compliance (Acton, 2018).

• Hypersonic Weapons: Hypersonic weapons, which can 
be equipped with either conventional or nuclear warheads, 
pose significant challenges to arms control frameworks. 
Existing treaties like the Intermediate-Range Nuclear Forces 
(INF) Treaty and the New START Treaty focus on traditional 
missile systems with established parameters. Hypersonic 
weapons, due to their speed and maneuverability, complicate 
verification and monitoring processes, making it challenging to 
assess compliance and enforce limits on these systems (Woolf, 
2020).

• Space-Based Weapons: The potential development and 
deployment of space-based weapons challenge existing arms 
control agreements, such as the Outer Space Treaty (OST) and the 
Prevention of an Arms Race in Outer Space (PAROS) initiative. 
The OST prohibits the placement of weapons of mass destruction 
in space but does not specifically address other types of space-
based weapons. The emergence of space-based anti-satellite 
(ASAT) and missile defense systems introduces new complexities 
that existing frameworks are not designed to address, increasing 
the risk of an arms race in space (Friedman, 2018).
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b. Implications for Verification and Compliance
• Verification Challenges: Emerging technologies like 

hypersonic weapons and low-yield nuclear warheads present 
verification challenges due to their advanced capabilities 
and operational characteristics. Monitoring and verifying 
compliance with arms control agreements become more 
complex as these technologies evolve, potentially undermining 
the effectiveness of existing verification mechanisms (Woolf, 
2020).

• Compliance Issues: The lack of specific provisions for 
new technologies in existing arms control agreements can 
lead to ambiguities and disputes over compliance. Nations may 
exploit these gaps to develop or deploy advanced weapons 
systems without clear constraints, increasing the risk of arms 
races and destabilization (Acton, 2018).

2. Need for New Arms Control Frameworks to Address 
Emerging Technologies
a. Adapting Existing Frameworks

• Updating Treaty Provisions: Existing arms control 
treaties may need to be updated to include specific provisions 
for emerging technologies. For example, new agreements could 
address low-yield nuclear weapons and hypersonic systems 
by defining limits, establishing verification protocols, and 
ensuring transparency in their development and deployment 
(Woolf, 2020).

• Inclusive Agreements: Developing new arms control 
frameworks that specifically address emerging technologies 
can help to maintain strategic stability. These frameworks 
should be inclusive of all major powers and address the unique 
challenges posed by technologies such as hypersonic weapons, 
low-yield warheads, and space-based systems. This could 
involve negotiating new treaties or amending existing ones to 
cover these advanced capabilities (Acton, 2018).

b. International Cooperation and Frameworks
• Bilateral and Multilateral Negotiations: Bilateral 

negotiations between major powers, such as the U.S. and 
Russia, or multilateral discussions involving additional 
stakeholders can help to develop new arms control frameworks. 
These negotiations should focus on creating comprehensive 
agreements that address the full range of emerging technologies 
and their strategic implications (Krepon, 2019).

• Technical and Verification Advances: Investing in new 
technologies and methodologies for verification and monitoring 
can help to ensure compliance with arms control agreements. 
Developing advanced monitoring techniques, such as satellite-
based detection systems and cyber verification measures, can 
enhance the ability to track and verify emerging technologies 
(Woolf, 2020).

3. Potential Avenues for International Cooperation in 
Regulating Emerging Technologies
a. Multilateral Forums and Agreements

• Strengthening the Outer Space Treaty (OST): Efforts to 
strengthen and expand the OST could address emerging space-
based weapons technologies. This might involve negotiating 

additional protocols or agreements that specifically address 
new types of space-based systems and enhance transparency 
and confidence-building measures (Friedman, 2018).

• Creating New Arms Control Bodies: Establishing new 
international bodies or forums dedicated to arms control for 
emerging technologies can facilitate dialogue and cooperation. 
These bodies could focus on developing norms, standards, and 
agreements for technologies such as hypersonic weapons and 
low-yield nuclear warheads (Krepon, 2019).

b. Confidence-Building Measures
• Transparency and Information Sharing: Implementing 

transparency measures and information-sharing mechanisms 
can help build confidence among nations regarding the 
development and deployment of emerging technologies. This 
could include regular briefings, data exchanges, and joint 
assessments to reduce misunderstandings and build trust 
(Acton, 2018).

• Engaging in Confidence-Building Measures: 
Confidence-building measures, such as joint exercises, shared 
monitoring initiatives, and cooperative research efforts, 
can enhance mutual understanding and reduce the risk of 
miscalculations. These measures can help to manage the risks 
associated with emerging technologies and promote stability 
(Krepon, 2019).

5. CONCLUSION
5.1. Summary of Key Findings
The analysis highlights several key findings regarding the 
impact of emerging technologies on nuclear stability:

• Vulnerability to Cyberattacks: Nuclear command and 
control systems are increasingly vulnerable to cyberattacks. 
The integration of digital technologies into these systems 
introduces significant risks, including potential disruptions, 
data manipulation, and operational failures. This vulnerability 
underscores the need for enhanced cybersecurity measures to 
protect against cyber threats.

• Challenges from Advanced Nuclear Weapons: The 
development of low-yield nuclear weapons and hypersonic 
warheads poses new challenges to nuclear arms control. Low-
yield weapons could lower the threshold for nuclear use and 
complicate traditional deterrence models, while hypersonic 
weapons might undermine missile defense systems and 
increase escalation risks.

• Impact on Arms Control Agreements: Emerging 
technologies such as space-based weapons and hypersonic 
systems challenge existing arms control agreements. These 
technologies often fall outside the scope of current treaties, 
complicating verification and compliance efforts and potentially 
undermining strategic stability.

• Need for New Frameworks: There is a pressing need for 
new arms control frameworks to address the unique challenges 
posed by emerging technologies. Updated agreements and new 
international bodies could help manage these technologies 
and maintain strategic stability by setting clear limits and 
enhancing verification mechanisms.
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RECOMMENDATIONS
• Develop Comprehensive Arms Control Treaties: 

Initiate negotiations to develop comprehensive arms control 
treaties that address emerging technologies such as hypersonic 
weapons, low-yield nuclear warheads, and space-based 
systems. These treaties should include specific provisions for 
verification, compliance, and transparency.

• Enhance Cybersecurity Protocols: Conduct research 
into advanced cybersecurity measures tailored for nuclear 
command and control systems. Implement robust protocols 
to protect against cyber threats and ensure the integrity of 
nuclear operations.

• Establish New International Bodies: Create new 
international bodies or forums focused on regulating emerging 
technologies and enhancing arms control. These bodies should 
facilitate dialogue, develop norms and standards, and address 
gaps in existing agreements.

• Support Confidence-Building Measures: Promote 
confidence-building measures such as joint exercises, 
information sharing, and collaborative research to reduce 
misunderstandings and build trust among nations.
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