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ABSTRACT

Site Reliability Engineering has emerged as a dominant operational philosophy for governing the stability, scalability,
and user-perceived quality of large-scale distributed systems. Its central construct, the error budget, provides a
guantifiable bridge between service reliability targets and the pace of innovation. Yet, while error budgets are widely
adopted in industry, their theoretical foundations, socio-technical implications, and integration with cloud-native,
microservice, and edge-enabled architectures remain under-theorized in the academic literature. This study develops
a comprehensive analytical framework that situates error budget management within contemporary reliability
engineering, service-oriented computing, and performance governance research. Drawing upon Dasari’s rigorous
exposition of error budget management in large-scale systems (Dasari, 2025) and synthesizing insights from cloud
brokerage, service-level objective engineering, microservice observability, and distributed systems causality
analysis, this article advances a multi-layered model of reliability governance. The proposed framework
conceptualizes error budgets not merely as operational thresholds but as institutionalized decision rights that mediate
trade-offs between risk, innovation, and organizational accountability. Using an integrative qualitative methodology
grounded in literature-based analytical modeling, the study identifies key reliability governance patterns that emerge
when error budgets are embedded into service-level objective driven orchestration, elastic resource management, and
hybrid cloud-edge computing. The results demonstrate that error budgets function as adaptive regulatory instruments
that align technical system behavior with organizational strategy, provided that they are supported by coherent
observability pipelines, causal performance analytics, and socio-organizational feedback loops. The discussion
critically evaluates competing scholarly perspectives on reliability, performance, and service governance,
highlighting unresolved tensions between automation and human judgment. The article concludes by outlining future
research trajectories for empirically validating error-budget-centric governance models in increasingly heterogeneous
and autonomous computing environments.

Keywords: Site Reliability Engineering, error budgets, cloud computing, microservices, service level objectives,
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INTRODUCTION

The evolution of large-scale computing systems over the
past two decades has been marked by a profound shift
from monolithic software architectures toward highly
distributed,  service-oriented, and increasingly
autonomous  computational ~ ecosystems.  Early
conceptions of service-oriented computing emphasized
the modular composition of software services as a means
of achieving flexibility, interoperability, and scalability
(Huhns & Singh, 2005). This paradigm was later
amplified by the rise of cloud computing, which enabled
https://aimjournals.com/index.php/ijnget

on-demand provisioning of computational resources,
elastic scaling, and pay-as-you-go economics, thereby
transforming not only technical architectures but also
organizational and economic models of software
delivery (Bergmayr et al., 2018; ETSI CSC, 2016).
Within this evolving landscape, the question of how to
govern reliability, performance, and risk in systems
composed of thousands of interdependent microservices
has become one of the most pressing challenges in

contemporary computing research.
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Reliability in distributed systems is no longer a purely
technical attribute measured by uptime or failure rates.
Instead, it is increasingly understood as a socio-technical
construct that reflects negotiated expectations between
service providers and users, formalized through service-
level objectives and service-level agreements (Gamez
Diaz et al., 2018; Elhabbash et al., 2019). These
constructs translate abstract notions of quality of service
into operational targets that can be monitored, enforced,
and, when necessary, renegotiated. Yet the proliferation
of microservices, edge devices, and hybrid cloud
architectures has rendered traditional reliability
management approaches insufficient. Failures now
propagate across layers of abstraction, traverse
organizational boundaries, and interact with automated
orchestration mechanisms in ways that defy simple root-
cause analysis (Soldani et al., 2021; Chen et al., 2019).

It is in this context that Site Reliability Engineering has
emerged as a dominant operational paradigm.
Originating in large internet companies but increasingly
adopted across industries, SRE reframes operations as a
software engineering problem, emphasizing automation,
measurement, and continuous improvement. Among its
most distinctive innovations is the concept of the error
budget, which defines the permissible amount of
unreliability that a service may experience within a given
time period while still meeting its service-level
objectives. Dasari (2025) provides one of the most
systematic academic treatments of this concept,
demonstrating how error budgets enable organizations to
balance stability and innovation in large-scale systems.
According to Dasari, error budgets operationalize
reliability by quantifying the acceptable risk of failure,
thereby creating a shared decision-making framework
for development and operations teams.

Despite the growing influence of SRE and error budgets
in practice, the academic literature has yet to fully
integrate these ideas into broader theories of distributed
systems, service governance, and performance
management. Existing research on cloud elasticity
(Kouki et al., 2014), SLO-driven brokerage (Elhabbash
et al., 2019), and microservice performance diagnosis
(Zhang et al., 2022; Chen et al., 2019) addresses specific
technical mechanisms for managing complexity and
uncertainty, but often lacks an explicit conceptualization
of how reliability targets shape organizational behavior
and architectural evolution. Conversely, work on goal-
question-metric frameworks (Caldiera & Rombach,
1994; van Solingen & Berghout, 1999) offers
methodological tools for aligning measurement with
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strategic objectives, yet does not explicitly account for
the dynamic, failure-prone nature of large-scale
distributed infrastructures.

The literature on Internet of Things and edge computing
further complicates the picture. As computation moves
closer to data sources and end users, systems become
more heterogeneous, resource-constrained, and context-
dependent (Shi et al., 2016; Dustdar et al., 2023).
Reliability in such environments cannot be ensured
solely through centralized control; instead, it requires
distributed coordination, adaptive resource
management, and often hybrid on- and off-blockchain
enforcement of service contracts (Molina-Jimenez et al.,
2018; Molina-Jimenez et al., 2019). These developments
raise fundamental questions about how error budgets,
originally conceived for relatively centralized cloud
services, can be extended to encompass the distributed
computing continuum.

This article addresses these gaps by developing a
comprehensive socio-technical framework for error
budget—driven reliability governance in cloud-native and
edge-integrated  systems. Building on Dasari’s
foundational analysis (Dasari, 2025) and synthesizing
insights from performance modeling (Baughman et al.,
2018; Wang et al., 2018), cloud modeling languages
(Bergmayr et al., 2018), and causality-based diagnosis
(Chen et al., 2019), the study advances three interrelated
arguments. First, error budgets should be understood not
merely as operational metrics but as institutionalized
decision rights that allocate risk and responsibility across
organizational roles. Second, effective error budget
management requires a layered observability and
analytics infrastructure capable of translating low-level
telemetry into actionable reliability insights. Third, the
extension of error budget concepts to hybrid cloud-edge
environments necessitates new governance mechanisms
that reconcile local autonomy with global service-level
commitments.

The remainder of this article is structured to
progressively elaborate and substantiate these claims.
The methodology section outlines a literature-based
analytical approach that integrates diverse strands of
research into a coherent conceptual model. The results
section presents the synthesized framework and
identifies key governance patterns that emerge from the
interaction between error budgets, service-level
objectives, and distributed system architectures. The
discussion critically evaluates these findings in light of
competing theoretical perspectives and explores their
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implications for future research and practice. The
conclusion reflects on the broader significance of error
budget—driven governance for the ongoing evolution of
large-scale computing systems.

METHODOLOGY

The methodological orientation of this study is grounded
in qualitative, theory-building research, drawing
primarily on an integrative literature analysis and
conceptual synthesis. Given the objective of developing
a comprehensive framework for error budget—driven
reliability governance, the study does not rely on
primary empirical data but instead systematically
interprets and integrates existing scholarly and
practitioner-oriented research. This approach is
consistent with prior work in cloud computing and
service governance, where conceptual models and
systematic reviews have played a crucial role in
structuring emerging fields (Bergmayr et al., 2018;
Elhabbash et al., 2019).

The first methodological step involved a close reading of
Dasari’s detailed exposition of error budget management
in large-scale systems (Dasari, 2025). This work was
treated as the conceptual anchor for the study, providing
both definitions and operational insights into how error
budgets function within SRE practices. Dasari’s analysis
emphasizes the role of error budgets in mediating trade-
offs between reliability and innovation, a theme that
resonates with broader debates in service-oriented
computing and cloud operations (Huhns & Singh, 2005;
Kouki et al., 2014). By positioning Dasari’s contribution
at the center of the analytical framework, the study
ensures that the core SRE perspective remains tightly
coupled to the wider literature.

The second step consisted of mapping relevant research
domains that intersect with error budget management.
These domains included cloud performance modeling
(Baughman et al., 2018; Wang et al., 2018), service-level
objective engineering (Elhabbash et al., 2019; Zhang et
al., 2023), microservice causality analysis (Chen et al.,
2019; Zhang et al., 2022), and hybrid cloud-edge
computing (Shi et al., 2016; Dustdar et al., 2023). Each
domain contributes a distinct analytical lens:
performance modeling elucidates how workloads and
resources interact; SLO engineering clarifies how
reliability targets are specified and enforced; causality
analysis reveals how failures propagate; and edge
computing research highlights the spatial and
organizational distribution of computation.
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To integrate these perspectives, the study employed a
goal-question-metric  inspired  analytical strategy
(Caldiera & Rombach, 1994; van Solingen & Berghout,
1999). At the highest level, the overarching goal was to
understand how error budgets can function as
governance instruments in complex distributed systems.
This goal was operationalized through a set of analytical
questions: How do error budgets relate to service-level
objectives and agreements? How are they measured and
enforced in microservice architectures? How do they
adapt to hybrid cloud-edge environments? For each
question, relevant constructs and empirical findings
from the literature were identified and compared.

A key methodological challenge in this process was the
heterogeneity of terminologies and assumptions across
different research communities. For example, cloud
brokerage literature often frames reliability in terms of
contractual guarantees and market mechanisms
(Elhabbash et al., 2019; Elhabbash et al., 2019), whereas
microservice diagnostics emphasize internal system
causality (Chen et al., 2019; Soldani et al., 2021). To
reconcile these perspectives, the study adopted a layered
abstraction model inspired by cloud modeling languages
and TOSCA-based deployment frameworks (Binz et al.,
2014; Bergmayr et al., 2015). This model distinguishes
between infrastructural, service, and organizational
layers, enabling a systematic analysis of how error
budgets operate across boundaries.

The analytical synthesis proceeded iteratively. Initial
conceptual mappings were refined through repeated
comparison with the source literature, ensuring that the
emerging framework remained faithful to empirical and
theoretical insights. For instance, the notion that error
budgets allocate decision rights between development
and operations teams was cross-validated against both
Dasari’s SRE-focused analysis (Dasari, 2025) and
broader organizational studies of service governance
(Elhabbash et al., 2019). Similarly, the integration of
causality analysis into error budget monitoring drew on
both CRISP’s critical path modeling (Zhang et al., 2022)
and hierarchical causality graphs (Chen et al., 2019).

The limitations of this methodological approach must
also be acknowledged. Because the study relies on
secondary sources, it cannot directly test the proposed
framework against real-world operational data.
Moreover, the diversity of application domains
represented in the literature—from e-health 10T systems
(Savolaet al., 2015) to blockchain-based smart contracts
(Molina-Jimenez et al., 2019)—introduces contextual
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variability that may not be fully captured by a single
conceptual model. Nonetheless, by explicitly grounding
the analysis in a wide range of high-quality studies and
anchoring it in a rigorous SRE framework (Dasari,
2025), the methodology provides a robust foundation for
theory building.

RESULTS

The integrative analysis yields a multi-layered
framework for error budget-driven reliability
governance that encompasses infrastructural, service,
and organizational dimensions. At the infrastructural
level, error budgets are grounded in continuous
performance and availability measurement. Techniques
for profiling and predicting application performance in
the cloud (Baughman et al., 2018) and multi-layered
performance analysis for big data applications (Wang et
al., 2018) provide the quantitative substrate upon which
error budgets are calculated. These measurements
translate raw telemetry into estimates of how much
unreliability a service has experienced relative to its
service-level objectives, a process that Dasari (2025)
identifies as central to SRE practice.

At the service layer, error budgets interact with SLO-
driven specification and brokerage mechanisms.
Frameworks for SLO-driven cloud specification
(Elhabbash et al., 2019) and SLA-driven API design
(Gamez Diaz et al., 2018) define the formal targets that
error budgets operationalize. The analysis reveals that
error budgets serve as dynamic buffers between
contractual commitments and actual system behavior.
When a service consumes its error budget too quickly,
automated orchestration systems, such as those
described in cloud elasticity management languages
(Kouki et al., 2014), can trigger scaling or throttling
actions to restore compliance. Conversely, when ample
error budget remains, development teams may be
granted greater freedom to deploy experimental features,
reflecting Dasari’s emphasis on balancing reliability and
innovation (Dasari, 2025).

The organizational layer is where the socio-technical
significance of error budgets becomes most apparent.
Error budgets allocate decision rights by specifying
when stability must take precedence over feature
development and vice versa. This allocation is not purely
technical; it embodies negotiated organizational
priorities and risk tolerances. The goal-question-metric
paradigm (Caldiera & Rombach, 1994) provides a
methodological basis for aligning these priorities with
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measurable indicators, but error budgets extend this
alignment by embedding it in daily operational practice.
The result is a form of distributed governance in which
teams are held accountable not just for meeting abstract
targets but for managing a shared pool of reliability
capital (Dasari, 2025).

The analysis also highlights the importance of causality-
aware observability in error budget management. In
microservice architectures, failures and performance
degradations often arise from complex interactions
across services (Soldani et al., 2021). Tools such as
CRISP (Zhang et al., 2022) and Causelnfer (Chen et al.,
2019) enable operators to trace critical paths and identify
the root causes of error budget consumption. By
integrating these tools into SRE  workflows,
organizations can move beyond reactive firefighting
toward proactive reliability governance, a transition that
Dasari (2025) characterizes as essential for large-scale
systems.

In hybrid cloud-edge environments, the framework
identifies additional layers of complexity. Edge
computing introduces variability in connectivity,
resource availability, and local context (Shi et al., 2016;
Dustdar et al., 2023). Error budgets in such settings must
therefore be partitioned and coordinated across
distributed nodes. Research on hybrid smart contract
enforcement (Molina-Jimenez et al., 2018; Molina-
Jimenez et al., 2019) suggests one possible mechanism:
local enforcement of service guarantees combined with
global oversight. When mapped onto error budget
management, this implies that local edge nodes may
consume and report their portion of the global error
budget, while centralized controllers reconcile these
reports to maintain overall service reliability.

These results collectively demonstrate that error budgets
function as more than simple metrics. They constitute an
adaptive  governance  mechanism  that  links
measurement, automation, and organizational decision-
making across multiple layers of the computing stack
(Dasari, 2025; Elhabbash et al., 2019). The framework
thus provides a conceptual foundation for understanding
how reliability is negotiated, enforced, and evolved in
contemporary distributed systems.

DISCUSSION

The framework developed in this study invites a deeper
theoretical reflection on the nature of reliability in large-
scale distributed systems. Traditional engineering
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perspectives often treat reliability as a probabilistic
property of components and architectures, to be
maximized through redundancy and fault tolerance.
While such approaches remain important, they are
increasingly insufficient in environments characterized
by rapid change, organizational complexity, and
heterogeneous technologies (Bergmayr et al., 2018;
Dustdar et al., 2023). Error budgets, as articulated by
Dasari (2025), represent a shift toward a more pragmatic
and socio-technical conception of reliability, one that
acknowledges the inevitability of failure and focuses
instead on its controlled management.

From a theoretical standpoint, error budgets can be
interpreted through the lens of risk management and
organizational economics. By quantifying acceptable
unreliability, they transform uncertainty into a
manageable resource that can be allocated and traded off
against other objectives. This perspective resonates with
cloud brokerage research, which frames service
provisioning as a negotiation between competing
constraints of cost, performance, and reliability
(Elhabbash et al., 2019). However, whereas brokerage
models often emphasize market mechanisms and
contractual enforcement, error budgets operate within
organizations as internal governance instruments. They
shape behavior not through prices but through norms and
automated controls embedded in deployment pipelines
(Dasari, 2025).

A key tension in the literature concerns the balance
between automation and human judgment. On one hand,
advances in reinforcement learning—based resource
management (Zhang et al., 2023) and automated
causality analysis (Chen et al., 2019) promise to
optimize reliability decisions in real time. On the other
hand, scholars of service governance caution that over-
automation can obscure accountability and undermine
trust (Gamez Diaz et al., 2018; Elhabbash et al., 2019).
Error budgets occupy a middle ground: they are
computed and monitored automatically, yet their
interpretation and the actions taken in response often
require human deliberation. This duality underscores the
socio-technical nature of SRE, as emphasized by Dasari
(2025).

The extension of error budget concepts to the computing
continuum introduces further theoretical challenges.
Edge and loT systems are embedded in physical and
social contexts that cannot be fully captured by
centralized metrics (Savola et al., 2015; Moreno et al.,
2014). For example, in a smart building, local energy
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efficiency considerations may conflict with global
service-level objectives (Moreno et al., 2014). Error
budgets in such settings must therefore be
contextualized, raising questions about how to aggregate
heterogeneous reliability experiences into a coherent
global target. Hybrid enforcement architectures
(Molina-Jimenez et al., 2019) offer one promising
direction, but they also highlight the need for new
models of distributed trust and coordination.

Another important dimension is the relationship between
error budgets and performance optimization. While error
budgets focus on failures and outages, performance
degradations that fall short of outright failure can also
erode user satisfaction and consume reliability capital
(Wang et al., 2018; Baughman et al., 2018). Integrating
fine-grained performance metrics into error budget
calculations could enhance their sensitivity and strategic
value, a possibility hinted at in Dasari’s analysis (Dasari,
2025) but not yet fully explored in the literature.

The framework proposed here also has implications for
future research. Empirical studies are needed to validate
how error budget-driven governance operates in
different organizational and technological contexts.
Longitudinal analyses could examine how teams adapt
their development practices in response to error budget
constraints, while comparative studies could explore
variations across industries and architectures. Moreover,
as distributed systems increasingly incorporate
autonomous agents and learning-based controllers
(Zhang et al., 2023), the question of how error budgets
are interpreted and acted upon by non-human actors
becomes a fertile area for inquiry.

CONCLUSION

This article has developed a comprehensive socio-
technical framework for understanding error budget—
driven reliability governance in cloud-native and edge-
integrated distributed systems. Anchored in Dasari’s
rigorous analysis of error budget management (Dasari,
2025) and enriched by a wide range of research on cloud
computing, service-level objectives, and distributed
system diagnostics, the study demonstrates that error
budgets function as adaptive governance instruments
that align technical performance with organizational
strategy. By situating error budgets within layered
architectures and socio-organizational processes, the
framework provides a foundation for both theoretical
advancement and practical innovation in reliability
engineering.
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