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Abstract - Cyber-physical systems rely on stable connections between the physical and digital worlds, but everything
depends on the data linking the two. If the data isn't trustworthy, the whole system falters. Engineers have spent years
studying CPS stability with control theory and computer science, but there's a blind spot: the economic incentives and
information structures shaping how data flows and gets used. That's a big gap. This study tackles the problem head-on by
building a framework grounded in information economics. It argues that data governance—things like quality control,
security, standards, and ownership—acts as the backbone for these systems. By connecting governance mechanisms to key
concepts from information economics, like reducing information asymmetry or making contracts whole, the paper shows
that good governance doesn't just patch technical holes. It also lowers internal coordination costs, keeps opportunistic
behavior in check, and pushes groups toward smarter decisions. In short, the paper offers a fresh perspective that blends
technical and economic thinking. It lays out a way to understand and strengthen the resilience of complex, data-driven
engineering systems.
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1. Introduction

Cyber-Physical Systems (CPS) bring together
computing, communication, and control to let us sense and
regulate physical processes in real time. They're at the heart
of smart manufacturing, smart energy, and autonomous
driving—basically, they keep these industries running[1].
Stability matters more than anything here. If a system can't
push through disruptions and keep doing what it's supposed
to do, safety and efficiency go out the window. Most
research on CPS stability zeroes in on technical details: how
tough control algorithms are, how fast the network moves
data, and how resources get scheduled. But there's a missing
piece—data. Researchers tend to gloss over this
fundamental aspect, even though data shapes everything
else.

Data drives everything in CPS. If sensor readings,
feedback, and control commands aren't accurate, reliable,
and fast, closed-loop control just doesn't work. But data
doesn't move flawlessly. It's messy—generated, sent,
processed, and used by all sorts of devices, algorithms, and
organizations. That's where the classic headaches of
information economics kick in.

One group always ends up knowing more or having
better data than the others[6]. Information quality jumps all
over the place—mnoise, errors, delays. Then you get
incentive misalignment. People act in their own interest, but
the system suffers. Wrong data leads to bad decisions,

subsystems don't cooperate, and the whole thing can tip
toward instability.

Data governance involves authoritative management
and value extraction from an organization's data assets[3],
tailored to tackle specific challenges. Yet, current research
mainly centers on corporate IT management, neglecting the
complex, real-time, and high-risk nature of Cyber-Physical
Systems (CPS). This paper thus raises a pivotal question:
How, through the lens of information economics theory,
does data governance bolster CPS stability?

This paper builds a theoretical framework to tackle this
question head-on. The paper argues that data governance
shapes the information environment inside CPS and,
through that, steers how every participant makes decisions
and interacts. In this sense, data governance acts as a kind
of "regulator" that runs deep, holding system stability
together. What does this paper add? First, it brings classical
information economics—think principal-agent theory,
signaling, and mechanism design—into the conversation
about CPS stability.

That's not a common crossover, and it opens up new
ways to think about the problem. Second, it spells out
exactly how data governance drives the stability of
engineering systems from an economic standpoint. This
gives us a solid foundation to design and evaluate these
systems more intelligently.
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2. Literature Review

Despite extensive research on cyber-physical system
stability, data governance, and information economics, a
substantial theoretical gap persists, with no unified
analytical framework to uncover their inherent
interconnections.

For a long time, CPS stability research has centered on
control theory and cybersecurity models. These approaches
often view data as a perfect, static signal ready for
technological processing. However, they tend to ignore
data's economic side as a production factor in circulation,
like poor investment incentives for data quality and
reluctance to share data among entities, which significantly
impact system robustness.

Data governance studies emerged from corporate info
management, aiming to guarantee data quality, security, and
value via policies and tech. While its principles are now
used in areas like the Industrial Internet, current debates
mostly center on boosting operational efficiency and
compliance. Yet, they haven't fully explained how data
governance rules, like quality benchmarks and ownership
clarifications, can, through theory, help CPS stay resilient
amid disruptions.

To sum up, research in this field feels scattered. That's
the gap this paper tackles. The real innovation here is pretty
direct: it brings together three threads and argues that the
stability of CPS hinges on its internal information economic
ecosystem. Data governance isn't just a side note—it's the
backbone, the institutional infrastructure that shapes how
this ecosystem works and keeps the system steady.

This study builds a theoretical framework to show, step
by step, how data governance boosts CPS stability. It does
this through mechanisms from information economics, like
cutting down on asymmetry and lowering costs.

3. Theoretical Foundation
3.1. The Multidimensional Dimensions of Cyber-Physical
System Stability and Information Vulnerability

To thoroughly assess data governance's impact, this
study begins by broadening the operational definition of
Cyber-Physical System (CPS) stability[8]. Unlike the
traditional view of Lyapunov stability in control theory,
which focuses solely on equilibrium in state space, our
approach emphasizes the system's overall resilience and
robustness. This includes maintaining functional safety to
avert catastrophic failures, ensuring continuous, reliable
operation, and demonstrating dynamic adaptability to self-
organize and recover from various disruptions, such as
parameter changes or component malfunctions.

Yet, attaining this stability encounters a key hurdle
within the information realm. In today's expansive, diverse
Cyber-Physical Systems (CPS), info flow isn't flawless. Its

uncertainties, incompleteness, and the risk of intentional
distortion make the system fragile. Here, this paper classify
these as three main "information vulnerabilities."

The trio of Perception Distortion, Decision-Island, and
Lack-of-Trust vulnerabilities encapsulates the main
information hurdles in Cyber-Physical Systems (CPS).
Perception Distortion stems from corrupted data, causing
flawed choices. Decision-Island results from isolated data
silos blocking coordination. Lack-of-Trust arises from
untrustworthy data sharing, weakening teamwork. All three
threaten system stability by compromising data accuracy,
access, and credibility.

3.2. Information Economics: A Theoretical Lens for
Interpreting CPS Information Problems

To tackle the information security gaps mentioned
earlier, this paper needs more than cutting-edge tech. We
must grasp the economic essence of info flow in CPS.
Information economics, viewing information as a unique
economic commodity with production costs, varied values,
and asymmetric distribution, offers a robust framework. It
helps us pinpoint the core reasons for CPS's fragility.

Information asymmetry sits at the heart of CPS
collaborative networks—it's everywhere, really. No matter
where you look in distributed decision-making, you'll find
people with different levels of access to information. Take
a local energy unit: it knows its own real-time generation
way better than any central grid controller could. This
uneven knowledge isn't just an inconvenience; it drives
incentives out of sync and messes up coordination.

The agent, who knows more, can use that edge to
benefit themselves, sometimes at the expense of the
principal and the whole system. When data moves around
dynamically, this asymmetry doesn't just stay hidden—it
shows up in two classic forms of efficiency loss: adverse
selection and moral hazard. Adverse selection pops up
before anything happens. Low-quality or risky data
providers are more likely to join the data-sharing ecosystem,
dragging down the quality of everyone's data. Moral hazard
comes after the fact. Once someone gets access, they might
break the rules and use the data in ways they shouldn't.
These behaviors chip away at trust and make people less
willing to work together. Without trust and real
collaboration, system resilience takes a hit[2].

Every data-related move entails a crucial trade-off:
information value versus cost. Value comes from precise
predictions and sound decisions that bolster system stability.
Costs encompass the resources needed to obtain, clean,
transmit, and safeguard data. Data governance doesn't chase
informational perfection blindly. Instead, it focuses on
crafting rules to strike an optimal balance. The principles of
mechanism design serve as a methodical guide for creating
these essential rules.
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4. Data Governance as the Engine of Stability:
"Information Rules"
4.1. Path 1: Establish Quality Standards and lay the
Foundation for Trustworthy Perception

This method tackles the issue of being prone to
perceptual distortion. It hinges on data governance, which
sets up mandatory data quality standards, including
accuracy, timeliness, and consistency. It also manages data
quality throughout its lifecycle, from collection to
destruction, and employs cleansing and validation tech.
This boosts the raw data's quality and credibility.

Looking at this through the lens of information
economics, high-quality data stands out as a kind of public
good. In situations where information isn't evenly shared,
this data helps shrink the gaps in understanding and lets
people make decisions faster and with more confidence.
The thing is, when individuals or nodes produce high-
quality data on their own, everyone benefits — but the
benefits spill over, and the original creators can't keep them
all to themselves. That's where the classic free-rider

problem shows up: people tend to invest less because others
can just use what's already there. Data governance standards
step in here. By setting clear, unified rules and making sure
everyone follows them, these standards guarantee the
supply and signal the quality of data across the system.
They cut down the costs involved in checking if information
is real and trustworthy. With this stronger foundation of
fact-based consensus, control algorithms can work more
reliably. That, in turn, helps prevent those domino effects
— where one bad piece of information triggers a chain of
mistakes and throws the whole system off balance.

4.2. Path 2: Design a Coordination Mechanism to
Overcome Barriers to Collaborative Decision-Making
This method tackles the issue of isolated decision-
making systems. It does so by using data governance to
create a secure, controlled data-sharing platform with
standardized exchange protocols. This involves defining a
unified data model, setting clear rules for data circulation—
like who can access, view, and act on data—and thus
breaking down information barriers between subsystems.
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Fig. 1 Data Governance Theoretical Framework Process
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Let's look at this through the lens of information
economics. At the heart of this idea, you're slashing the cost
of moving information around inside the system. When
everyone follows unified standards, it's like speaking the
same language—communication gets easier, faster, and a
lot less frustrating. The shared platform works almost like a
marketplace, keeping transaction costs low and letting
people trade information efficiently. Circulation rules spell
out the basic template for agreements, so there's less
haggling and confusion. With these pieces in place, high-
value information flows freely. Gone are the days when
incompatible formats, closed-off interfaces, or endless
negotiations blocked the way. Now, local decision-makers
can actually see a bigger picture—they're not stuck
guessing or relying on incomplete data. Their decisions start
to reflect what's happening across the whole system, not just
their own little corner. So, the scope of rational decision-
making stretches from local to global, and everyone's
actions naturally line up better with the system's main goal:
stability.

4.3. Path 3: Define ownership rights and conduct audits
to foster trust in cooperation

This method tackles the issue of vulnerability
stemming from a trust deficit. It blends data governance
with technical tools like attribute-based encryption, trusted
execution environments, and blockchain evidence storage.
It also incorporates institutional frameworks like defined
data ownership, usage contracts, privacy standards, and
audit trails, ensuring robust protection for data.

Interpretation from the Perspective of Information
Economics: This method tackles issues like property rights
safeguarding and contract enforcement in open
collaboration. Well - defined data ownership[7],
encompassing ownership, usage, and revenue rights, is vital
for market transactions. It sets behavioral boundaries and
clarifies benefit distribution. Meanwhile, security tech and
audit systems act as a reliable "third - party enforcer",
enabling contract terms to be verified and audited, and
ensuring any breaches like data misuse are traceable.

5. Discussion and Further Thoughts

This framework doesn't just map out a neat chain—
governance shapes information and incentives, which drive
stability. It also brings up some interesting ideas worth
digging into. First, let's talk about how governance rules
work together. Data rules in quality, circulation, and
security aren't just separate boxes—they feed into each
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clear: it defines data governance as a core "information
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really just the foundation—the first step in a broader
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