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Abstract 

The convergence of Internet of Things infrastructures, cloud computing platforms, and edge-centric architectures has 

transformed the way contemporary digital services are engineered, delivered, and governed. These heterogeneous 

ecosystems have become the backbone of data-intensive and latency-sensitive applications ranging from industrial 

automation to social platforms, yet they remain structurally vulnerable to performance volatility, cascading failures, and 

governance ambiguity. Traditional approaches to service reliability that emphasize static availability metrics or 

contractual service level agreements are increasingly insufficient in environments characterized by elastic resource 

allocation, continuous deployment, and dynamic user demand. Against this background, the emergence of Site Reliability 

Engineering and, in particular, the operationalization of error budgets as a governing mechanism has been proposed as a 

means to reconcile innovation velocity with operational stability. This article develops a comprehensive theoretical and 

analytical synthesis of error-budget–driven reliability management across cloud–IoT–edge ecosystems, grounded in 

contemporary scholarship on service level agreements, performance modeling, and self-aware systems. 

Building on the conceptual foundation of Site Reliability Engineering practices for large-scale systems as articulated by 

Dasari (2025), this study positions error budgets not merely as operational thresholds but as socio-technical governance 

instruments that mediate between development teams, operations personnel, and business stakeholders. By integrating 

literature on cloud service negotiation, multi-level SLA frameworks, and edge-centric computing, the article demonstrates 

how error budgets can be mapped onto heterogeneous service chains in which devices, networks, and platforms are owned 

and operated by different actors with divergent incentives. The analysis argues that error budgets provide a dynamic 

alternative to static SLA clauses by allowing controlled risk-taking in deployment and experimentation while maintaining 

accountability for reliability outcomes. 

Methodologically, the article adopts an integrative qualitative synthesis approach that draws on performance engineering, 

service-oriented computing, and cloud governance research to derive an analytically coherent framework for error-budget 

governance. The results section interprets how error budgets can be aligned with declarative performance measurement, 

model-based system awareness, and SLA negotiation mechanisms to produce more resilient and adaptive service 

ecosystems. The discussion extends this analysis by situating error-budget governance within broader debates on digital 

platform regulation, socio-technical coordination, and the economics of reliability, highlighting both the opportunities and 

the structural limitations of this approach. 

By offering an extensive theoretical elaboration and critical examination, this article contributes to the academic 

understanding of how reliability engineering practices can be translated into governance mechanisms for complex, 

distributed digital infrastructures. It shows that error budgets, when embedded within SLA-aware and performance-model–

driven frameworks, have the potential to redefine how reliability is negotiated, measured, and optimized in the next 

generation of cloud–IoT–edge systems. 
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1. Introduction 

The contemporary digital economy is increasingly 

sustained by large-scale distributed systems that 

integrate cloud platforms, Internet of Things 

infrastructures, and edge-centric computing paradigms 

into a single, continuously evolving technological fabric. 

These systems no longer function as isolated data centers 

or bounded enterprise networks; instead, they form 

sprawling socio-technical ecosystems in which billions 

of sensors, devices, microservices, and human users 

interact in real time. Early research into wireless sensor 

networks and their transition into the Internet of Things 

already recognized that the proliferation of connected 

devices would fundamentally alter assumptions about 

data generation, network reliability, and computational 

scalability (Flammini and Sisinni, 2014). Subsequent 

work on IoT paradigms and cloud computing 

emphasized that this transformation would lead to 

unprecedented volumes of data, new forms of service 

provisioning, and complex interdependencies between 

infrastructure layers (Buyya and Dastjerdi, 2016; Díaz, 

Martín and Rubio, 2016). These interdependencies, 

however, also introduced new vectors of fragility, 

making the maintenance of service reliability one of the 

most critical challenges in modern computing 

environments. 

Reliability in such ecosystems cannot be understood 

solely as a matter of uptime or failure rates. It is instead 

a multi-dimensional construct that encompasses 

performance stability, responsiveness, data integrity, and 

user trust. As digital services become more tightly 

integrated into economic and social processes, even 

minor degradations in reliability can have cascading 

consequences across supply chains, public services, and 

online communities (Markovets et al., 2020). The 

exponential growth of data described by Gantz and 

Reinsel (2012) further intensifies these challenges by 

increasing the load placed on storage, networking, and 

processing infrastructures. Traditional reliability 

engineering approaches, which were developed in the 

context of relatively static and centrally managed 

systems, are ill-equipped to cope with this level of 

complexity and dynamism. 

Within this context, the rise of cloud computing and 

service-oriented architectures has reshaped not only how 

systems are built but also how they are governed. Cloud 

platforms enable rapid provisioning and elastic scaling, 

allowing organizations to deploy services at global scale 

without owning physical infrastructure (Buyya and 

Dastjerdi, 2016). At the same time, this flexibility 

introduces new governance challenges, as services are 

often delivered through chains of providers bound 

together by service level agreements rather than by 

hierarchical control (Galati et al., 2014; Radha et al., 

2015). In such environments, reliability is not simply an 

engineering property but a negotiated outcome, mediated 

by contractual obligations, monitoring frameworks, and 

dispute resolution mechanisms (Zheng et al., 2014; 

Alqahtani et al., 2018). The literature on SLA 

management has therefore increasingly emphasized the 

need for multi-level and model-based approaches that 

can capture the interdependencies between services and 

the variability of performance in distributed systems 

(Comuzzi et al., 2009; Kounev et al., 2016). 

Yet even the most sophisticated SLA frameworks 

struggle to keep pace with the operational realities of 

modern cloud–IoT–edge ecosystems. One fundamental 

limitation is their reliance on static thresholds and 

predefined metrics that are often decoupled from the 

actual risk tolerance and business priorities of service 

providers and consumers. A service may technically meet 

its contractual availability target while still delivering an 

experience that users perceive as unreliable, or 

conversely may violate an SLA due to transient 

conditions that have little real-world impact. This 

disconnect has motivated a search for more adaptive and 

context-aware approaches to reliability governance. 

It is within this intellectual and practical landscape that 

Site Reliability Engineering has emerged as a 

transformative paradigm. Originating in large-scale web 

and cloud operations, SRE reframes reliability as a 

product feature that must be balanced against innovation 

velocity through explicit trade-offs. Central to this 

paradigm is the concept of the error budget, which 

defines the acceptable level of unreliability that a service 

can exhibit over a given period while still meeting its 

objectives. Rather than striving for absolute perfection, 

organizations allocate a finite budget of allowable errors 

and use it to govern deployment decisions, 
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experimentation, and operational priorities. The 

articulation of these practices for large-scale systems has 

been systematically explored in recent scholarship, most 

notably by Dasari (2025), who demonstrates how error 

budgets can be used to align engineering behavior with 

organizational risk tolerance in complex, distributed 

environments. 

The significance of Dasari’s contribution lies not only in 

its practical guidance but also in its theoretical 

implications. By framing reliability as a managed 

resource rather than an absolute requirement, error 

budgets introduce a new form of governance into digital 

infrastructures. They create a shared language through 

which developers, operators, and business leaders can 

negotiate the pace of change, the acceptable level of risk, 

and the allocation of operational effort. This is 

particularly important in cloud–IoT–edge ecosystems, 

where the heterogeneity of components and stakeholders 

makes traditional command-and-control approaches 

infeasible. 

Despite this promise, the integration of error-budget–

driven SRE practices with existing frameworks for SLA 

management, performance modeling, and edge 

computing remains under-theorized. Much of the 

existing literature treats these domains in isolation: 

performance engineers focus on modeling and 

measurement (Blohm et al., 2016; Gorsler, Brosig and 

Kounev, 2014), SLA researchers emphasize contractual 

and negotiation mechanisms (Kearney, Torelli and 

Kotsokalis, 2010; Keller and Ludwig, 2003; Kouki and 

Ledoux, 2012), and cloud and IoT scholars analyze 

architectural and scalability issues (Garcia Lopez et al., 

2015; Wang et al., 2016). What is lacking is an 

integrative perspective that shows how error budgets can 

function as a unifying governance mechanism across 

these layers. 

The literature gap addressed by this article therefore 

concerns the absence of a comprehensive theoretical 

framework that connects error-budget–based SRE with 

the established bodies of knowledge on cloud 

governance, SLA management, and performance 

engineering in heterogeneous digital ecosystems. While 

Dasari (2025) provides a foundational account of error 

budget management in large-scale systems, its 

implications for multi-provider service chains, IoT 

deployments, and edge-centric architectures require 

further elaboration. Moreover, the socio-technical 

dimensions of error budgets, including their impact on 

organizational behavior, accountability, and trust, have 

yet to be fully explored. 

This study responds to that gap by developing a detailed, 

literature-grounded synthesis of how error budgets can 

be operationalized and governed across cloud–IoT–edge 

ecosystems. It argues that error budgets can serve as a 

bridge between the technical metrics of performance 

engineering and the contractual structures of SLA 

frameworks, enabling more adaptive and resilient forms 

of service governance. By situating this argument within 

the broader debates on self-aware systems, digital 

platform economics, and community management, the 

article aims to provide a holistic understanding of 

reliability as a socio-technical construct rather than a 

purely technical one (Kounev et al., 2016; Markovets et 

al., 2020). 

In doing so, the article contributes not only to the 

academic literature on reliability engineering but also to 

the practical discourse on how to design and govern the 

digital infrastructures that increasingly shape 

contemporary life. The following sections elaborate this 

argument through a detailed methodological approach, 

an interpretive analysis of findings grounded in the 

literature, and an extensive discussion of theoretical and 

practical implications, all anchored by the conceptual 

insights provided by Dasari (2025) and the broader body 

of research on cloud and IoT systems. 

2. Methodology 

The methodological orientation of this research is rooted 

in an integrative qualitative synthesis of existing 

scholarly and technical literature on cloud computing, 

Internet of Things architectures, service level 

agreements, performance engineering, and Site 

Reliability Engineering. Rather than pursuing empirical 

measurement through experiments or simulations, the 

study adopts a theoretically driven interpretive approach 

that seeks to construct a coherent conceptual framework 

for understanding error-budget–based reliability 

governance across heterogeneous digital ecosystems. 

This choice is justified by the nature of the research 

problem itself, which concerns the alignment of technical 

practices, organizational behaviors, and governance 

structures in environments that are too complex and too 

varied to be captured by a single empirical dataset 

(Buyya and Dastjerdi, 2016; Díaz, Martín and Rubio, 

2016). 

At the core of this synthesis is the conceptual model of 

error budget management articulated by Dasari (2025), 
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which serves as the primary analytical lens through 

which other strands of literature are interpreted. Dasari’s 

work is particularly suited to this role because it 

explicitly frames reliability engineering as a set of 

practices embedded within organizational and 

infrastructural contexts, rather than as a purely technical 

optimization problem. By treating error budgets as a 

governance mechanism that mediates between 

competing priorities, Dasari provides a foundation for 

integrating insights from SLA research, performance 

modeling, and edge-centric computing. 

The first methodological step involves the systematic 

identification and categorization of relevant theoretical 

constructs across the reference corpus. Literature on 

wireless sensor networks and IoT provides the 

background on the physical and network-level sources of 

unreliability (Flammini and Sisinni, 2014; Buyya and 

Dastjerdi, 2016). Studies on cloud and edge computing 

contribute perspectives on elasticity, decentralization, 

and data locality (Garcia Lopez et al., 2015; Wang et al., 

2016). Research on SLA frameworks and negotiation 

mechanisms offers insights into how reliability is 

formally specified, monitored, and enforced in multi-

provider environments (Galati et al., 2014; Radha et al., 

2015; Zheng et al., 2014). Performance engineering and 

self-aware systems literature introduces tools and models 

for measuring and predicting system behavior under 

varying loads and configurations (Blohm et al., 2016; 

Gorsler, Brosig and Kounev, 2014; Kounev et al., 2016). 

These bodies of work are not treated as isolated silos but 

as interrelated discourses that address different facets of 

the same underlying problem: how to ensure acceptable 

service quality in distributed, dynamic systems. The 

methodological challenge is therefore to map their 

concepts onto the error-budget paradigm in a way that 

preserves their theoretical integrity while revealing new 

connections. This is achieved through an iterative 

process of comparative analysis, in which key ideas such 

as availability, performance, latency, and risk tolerance 

are traced across the literature and reinterpreted through 

the lens of error budget governance (Dasari, 2025; 

Comuzzi et al., 2009). 

A crucial methodological decision in this study is the 

focus on descriptive and interpretive analysis rather than 

prescriptive design. While some of the referenced works 

propose specific frameworks, languages, or algorithms 

for SLA management and performance modeling 

(Kearney, Torelli and Kotsokalis, 2010; Keller and 

Ludwig, 2003; Kouki and Ledoux, 2012), the aim here is 

not to evaluate or implement these tools but to 

understand how their underlying principles interact with 

error-budget–based SRE practices. This approach aligns 

with the recognition that socio-technical systems cannot 

be fully understood through technical artifacts alone; 

their behavior emerges from the interplay between 

technology, organizational structures, and human 

decision-making (Kounev et al., 2016; Markovets et al., 

2020). 

Another methodological element is the explicit 

consideration of historical and contextual factors. The 

evolution of cloud computing, IoT, and edge 

architectures is traced to show how reliability challenges 

have changed over time and why new governance 

mechanisms are needed. For example, early SLA 

frameworks were developed in the context of web 

services and grid computing, where service chains were 

relatively static and performance variability was limited 

compared to today’s highly elastic and mobile 

environments (Keller and Ludwig, 2003; Kearney, 

Torelli and Kotsokalis, 2010). By situating error budgets 

within this historical trajectory, the analysis can better 

assess their novelty and their potential limitations. 

The methodological rigor of this synthesis is further 

enhanced by the inclusion of counter-arguments and 

alternative perspectives. Not all scholars agree that error-

budget–driven SRE is universally applicable or sufficient 

for managing reliability in complex ecosystems. Some 

emphasize the importance of formal contracts and legal 

enforceability (Radha et al., 2015), while others highlight 

the role of predictive models and automated adaptation 

(Klatt et al., 2011; Kounev et al., 2016). These 

perspectives are not dismissed but rather incorporated 

into the analytical framework, allowing for a nuanced 

understanding of where error budgets complement 

existing approaches and where they may fall short 

(Dasari, 2025; Alqahtani et al., 2018). 

Finally, the methodological approach acknowledges its 

own limitations. Because the study is based on secondary 

sources, its conclusions depend on the validity and 

relevance of the existing literature. Moreover, the rapid 

pace of technological change in cloud and IoT domains 

means that any theoretical framework risks becoming 

outdated. However, by grounding the analysis in 

fundamental concepts of governance, risk management, 

and socio-technical coordination, the study aims to 

produce insights that remain applicable even as specific 

technologies evolve (Buyya and Dastjerdi, 2016; Dasari, 

2025). 
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Through this integrative and reflective methodology, the 

article constructs a detailed and theoretically rich account 

of how error-budget–based Site Reliability Engineering 

can be understood and applied as a governance 

mechanism in cloud–IoT–edge ecosystems. 

3. Results 

The integrative analysis of the literature reveals that error 

budgets, as conceptualized within Site Reliability 

Engineering, can be meaningfully aligned with existing 

frameworks for performance measurement, SLA 

management, and cloud–IoT–edge architectures, thereby 

offering a more adaptive and resilient approach to service 

reliability. One of the most salient findings is that error 

budgets translate abstract reliability goals into 

operationally actionable constraints that can be 

distributed across heterogeneous components and 

organizational boundaries (Dasari, 2025). In contrast to 

static availability targets, which often fail to capture the 

lived experience of service quality, error budgets provide 

a dynamic metric that reflects both historical 

performance and future risk tolerance. 

When viewed through the lens of performance 

engineering, error budgets can be interpreted as high-

level constraints on the outputs of declarative 

performance measurement systems. Tools such as 

Kieker4DQL, which enable the querying and analysis of 

performance data across software architectures, generate 

rich datasets about response times, throughput, and 

resource utilization (Blohm et al., 2016). These data, 

however, require a governance framework to determine 

how deviations from expected behavior should influence 

operational decisions. Error budgets fulfill this role by 

establishing a threshold beyond which further risk-

taking, such as deploying new code or reallocating 

resources, is curtailed. This creates a feedback loop in 

which performance measurements directly inform 

organizational behavior, aligning with the SRE principles 

outlined by Dasari (2025). 

The literature on architecture-level performance models 

further supports this interpretation. Gorsler, Brosig and 

Kounev (2014) demonstrate how performance queries 

can be used to predict the impact of architectural changes 

on system behavior. When combined with an error 

budget, these predictions can be evaluated not only in 

terms of their technical feasibility but also in terms of 

their contribution to or consumption of the organization’s 

reliability allowance. In this way, error budgets act as a 

bridge between predictive modeling and real-time 

operational governance, enabling more informed and 

risk-aware decision-making. 

In the domain of SLA management, the results indicate 

that error budgets offer a complementary perspective to 

formal contractual mechanisms. Traditional SLA 

frameworks, such as WSLA and SLA*, specify 

performance objectives and penalties for violations, but 

they often lack the flexibility to accommodate the 

continuous change inherent in cloud and IoT 

environments (Keller and Ludwig, 2003; Kearney, 

Torelli and Kotsokalis, 2010). Multi-level SLA 

management frameworks attempt to address this by 

allowing different layers of service to have their own 

objectives and monitoring mechanisms (Comuzzi et al., 

2009). Error budgets can be mapped onto these multi-

level structures by allocating portions of the overall 

reliability allowance to individual services or providers, 

thereby creating a distributed yet coherent governance 

model (Dasari, 2025; Radha et al., 2015). 

Negotiation mechanisms in cloud and IoT environments 

further illustrate this potential. Zheng et al. (2014) and 

Alqahtani et al. (2018) show that SLA negotiation is 

often a dynamic process in which service providers and 

consumers adjust their expectations based on resource 

availability and application requirements. Error budgets 

can inform these negotiations by making explicit the 

trade-offs between higher performance and higher risk. 

For example, a service consumer may choose a lower-

cost option with a larger error budget, accepting 

occasional performance degradation in exchange for 

reduced fees. This aligns economic incentives with 

reliability governance in a way that static SLA clauses 

cannot easily achieve (Dasari, 2025; Galati et al., 2014). 

The analysis also reveals that edge-centric computing 

introduces new dimensions to error-budget governance. 

By pushing computation and data processing closer to 

the source of data generation, edge architectures reduce 

latency and bandwidth usage but also increase the 

number of points at which failures can occur (Garcia 

Lopez et al., 2015; Wang et al., 2016). Error budgets 

provide a mechanism for managing this distributed risk 

by allowing different edge nodes or service tiers to 

operate under tailored reliability allowances. A latency-

critical application may allocate a smaller error budget to 

its edge components, prioritizing stability, while 

allowing more flexibility in less critical backend services 

(Dasari, 2025; Díaz, Martín and Rubio, 2016). 

Another important result concerns the socio-technical 
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impact of error budgets on organizational behavior. The 

literature on self-aware systems emphasizes the need for 

infrastructures that can monitor, analyze, and adapt to 

their own performance in order to meet high-level goals 

(Kounev et al., 2016). Error budgets provide a concrete 

instantiation of such goals, translating abstract notions of 

reliability into quantifiable and enforceable constraints. 

This, in turn, influences how teams prioritize work, 

allocate resources, and respond to incidents. Rather than 

being driven by ad hoc reactions to outages, 

organizations guided by error budgets can adopt a more 

strategic and data-driven approach to reliability 

management (Dasari, 2025; Klatt et al., 2011). 

Finally, the results highlight that error-budget–based 

governance has implications beyond purely technical 

domains. In online communities and digital platforms, 

reliability affects user trust, engagement, and ultimately 

economic value (Markovets et al., 2020; Wurster and 

Baul, 2019). By making reliability a managed and 

transparent resource, error budgets can support more 

accountable and participatory forms of governance, in 

which stakeholders have a clearer understanding of the 

risks and trade-offs involved in service delivery. This 

socio-economic dimension reinforces the argument that 

error budgets are not merely an engineering tool but a 

broader governance mechanism for digital ecosystems 

(Dasari, 2025; Gantz and Reinsel, 2012). 

4. Discussion 

The results of this integrative analysis suggest that error-

budget–driven Site Reliability Engineering represents a 

significant conceptual and practical shift in how 

reliability is understood and governed in cloud–IoT–

edge ecosystems. At its core, this shift involves moving 

away from static, compliance-oriented models of 

reliability toward a dynamic, risk-based paradigm in 

which uncertainty is explicitly acknowledged and 

managed. This transformation resonates with broader 

trends in digital governance, where flexibility, 

adaptability, and continuous negotiation are increasingly 

valued over rigid control (Buyya and Dastjerdi, 2016; 

Dasari, 2025). 

One of the most profound theoretical implications of 

error budgets is their redefinition of reliability as a finite 

resource. In traditional SLA-based frameworks, 

reliability is typically framed as an obligation: a service 

must meet a specified level of availability or 

performance, and deviations are treated as failures to be 

penalized (Keller and Ludwig, 2003; Radha et al., 2015). 

Error budgets invert this logic by treating unreliability as 

something that can be strategically allocated and 

consumed. This reframing aligns closely with economic 

theories of resource allocation, where scarcity 

necessitates trade-offs and prioritization. In a cloud–IoT–

edge ecosystem characterized by elastic resources and 

fluctuating demand, such an economic perspective is 

arguably more realistic than the absolutist standards 

implied by many SLA clauses (Galati et al., 2014; Zheng 

et al., 2014). 

Dasari (2025) emphasizes that error budgets function as 

a governance mechanism precisely because they make 

these trade-offs explicit and enforceable. When a 

development team consumes too much of the error 

budget through risky deployments or unstable features, 

organizational policies can automatically restrict further 

changes until reliability is restored. This creates a self-

regulating system in which incentives are aligned with 

reliability goals. From a socio-technical standpoint, this 

mechanism reduces the need for hierarchical oversight 

and fosters a culture of shared responsibility, as teams are 

collectively accountable for the consumption of the error 

budget. 

However, the integration of error budgets into multi-

provider cloud and IoT environments raises complex 

questions about accountability and coordination. In a 

single organization, the governance of an error budget is 

relatively straightforward, as all teams operate under a 

common set of goals and management structures. In 

contrast, cloud–IoT–edge ecosystems often involve 

multiple independent actors linked by contracts and 

technical interfaces (Alqahtani et al., 2018; Buyya and 

Dastjerdi, 2016). In such contexts, allocating and 

enforcing error budgets becomes a negotiation problem 

that intersects with SLA management and service 

economics. The literature on multi-level SLA 

frameworks suggests that it is possible to decompose 

high-level service objectives into component-level 

agreements, but this decomposition is rarely perfect due 

to interdependencies and emergent behavior (Comuzzi et 

al., 2009; Kearney, Torelli and Kotsokalis, 2010). 

Error budgets offer a potential solution to this problem 

by providing a common metric that can be shared across 

organizational boundaries. If each provider in a service 

chain is allocated a portion of the overall error budget, 

then their performance can be evaluated not only in terms 

of contractual compliance but also in terms of their 

contribution to the system’s aggregate reliability (Dasari, 

2025; Radha et al., 2015). This could enable more 
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nuanced forms of accountability, where a provider that 

occasionally violates its SLA but stays within its error 

budget is treated differently from one that consistently 

degrades system reliability. Yet this approach also raises 

questions about trust and verification, as providers may 

have incentives to manipulate measurements or dispute 

allocations, echoing long-standing challenges in SLA 

enforcement (Keller and Ludwig, 2003; Zheng et al., 

2014). 

The relationship between error budgets and performance 

modeling further illustrates the tension between technical 

precision and governance practicality. Model-based 

approaches to system design and adaptation promise to 

predict the impact of changes on performance and 

reliability with increasing accuracy (Gorsler, Brosig and 

Kounev, 2014; Kounev et al., 2016). In theory, such 

models could be used to calculate the expected 

consumption of an error budget before a change is 

deployed, enabling proactive risk management. In 

practice, however, the inherent uncertainty and 

complexity of cloud–IoT–edge systems limit the 

predictive power of any model. Error budgets thus serve 

not only as a planning tool but also as a buffer against the 

inevitable inaccuracies of prediction, acknowledging that 

some degree of failure is unavoidable in complex 

systems (Dasari, 2025; Klatt et al., 2011). 

This acknowledgment of uncertainty has broader 

philosophical implications for how reliability is 

conceptualized. Traditional engineering disciplines often 

strive for deterministic control, seeking to eliminate or 

minimize variability through design and redundancy. 

While such approaches remain important, the scale and 

heterogeneity of modern digital ecosystems make 

complete control impossible. Error-budget–based SRE 

embraces this reality by shifting the focus from 

eliminating failure to managing its impact. This aligns 

with the notion of resilience, which emphasizes the 

capacity of a system to absorb disturbances and continue 

functioning rather than the absence of disturbances 

altogether (Garcia Lopez et al., 2015; Díaz, Martín and 

Rubio, 2016). 

The socio-economic dimension of this shift is equally 

significant. Digital platforms and online communities 

depend on user trust, which in turn is influenced by 

perceptions of reliability and responsiveness (Markovets 

et al., 2020; Wurster and Baul, 2019). By making 

reliability trade-offs explicit through error budgets, 

platform operators can potentially communicate more 

transparently with users about what level of service they 

can expect and why occasional disruptions may occur. 

This transparency could foster more realistic 

expectations and reduce the reputational damage 

associated with outages, although it also risks 

normalizing a level of unreliability that users may find 

unacceptable (Dasari, 2025; Gantz and Reinsel, 2012). 

Critics of error-budget–driven governance may argue 

that it prioritizes operational efficiency over user 

experience, allowing organizations to tolerate more 

failures than they otherwise would. From this 

perspective, the framing of unreliability as a consumable 

resource could be seen as a way to justify cost-cutting at 

the expense of quality. Such concerns are particularly 

salient in critical domains such as healthcare, 

transportation, and public infrastructure, where even 

small failures can have severe consequences (Buyya and 

Dastjerdi, 2016; Díaz, Martín and Rubio, 2016). In these 

contexts, the acceptable size of an error budget may be 

extremely small, limiting the practical utility of the 

concept. Yet even here, the explicit articulation of risk 

tolerance through an error budget may be preferable to 

implicit and unexamined trade-offs embedded in 

budgetary and design decisions (Dasari, 2025; Radha et 

al., 2015). 

Another limitation concerns the measurement and 

attribution of errors in distributed systems. Performance 

measurement tools and monitoring frameworks generate 

vast amounts of data, but attributing a specific failure to 

a particular component or provider remains challenging 

(Blohm et al., 2016; Galati et al., 2014). Without accurate 

attribution, error-budget allocations may be contested or 

misused, undermining their governance function. This 

highlights the ongoing importance of research into 

declarative performance measurement, model-based 

analysis, and automated diagnosis as complements to 

error-budget–based SRE (Gorsler, Brosig and Kounev, 

2014; Kounev et al., 2016). 

Despite these challenges, the integration of error budgets 

with SLA management and performance engineering 

represents a promising avenue for advancing the 

reliability of cloud–IoT–edge ecosystems. By providing 

a common language for discussing risk, performance, 

and accountability, error budgets can help align the 

interests of diverse stakeholders and support more 

adaptive forms of governance. Future research could 

build on this foundation by exploring empirical case 

studies of error-budget implementation in multi-provider 

environments, developing formal models for error-

budget allocation and negotiation, and investigating the 
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socio-cultural factors that influence how organizations 

interpret and use reliability metrics (Dasari, 2025; 

Alqahtani et al., 2018; Markovets et al., 2020). 

5. Conclusion 

This article has developed a comprehensive theoretical 

and analytical synthesis of error-budget–driven Site 

Reliability Engineering as a governance mechanism for 

cloud–IoT–edge ecosystems. By integrating insights 

from performance engineering, SLA management, and 

self-aware systems, and grounding the analysis in the 

conceptual framework articulated by Dasari (2025), it 

has shown that error budgets offer a dynamic and 

adaptable alternative to traditional, static approaches to 

reliability. Rather than treating reliability as a fixed 

obligation, error budgets frame it as a managed resource 

that can be strategically allocated to balance innovation, 

cost, and user experience. 

The study has argued that this reframing has far-reaching 

implications for how distributed digital infrastructures 

are designed, operated, and governed. In heterogeneous 

environments characterized by multiple providers and 

rapidly changing conditions, error budgets provide a 

common metric through which technical performance, 

contractual obligations, and organizational priorities can 

be aligned. While challenges remain in measurement, 

attribution, and trust, the potential of error-budget–based 

governance to enhance resilience and transparency 

makes it a compelling direction for both research and 

practice. 

As cloud, IoT, and edge technologies continue to 

converge and expand, the need for such integrative and 

adaptive approaches to reliability will only grow. By 

situating error budgets within a broader socio-technical 

and economic context, this article contributes to a deeper 

understanding of how reliability can be negotiated and 

sustained in the complex digital ecosystems that 

increasingly underpin contemporary life. 
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