
1 A Comprehensive Analysis of Site Reliability Engineering
(SRE) Practices: A 10-Year Retrospective

1.1 Abstract

Site Reliability Engineering (SRE) has evolved from a novel approach at Google into a mainstream
discipline for managing large-scale systems over the past decade. This paper provides a compre-
hensive retrospective on ten years of SRE practices, examining how SRE principles have been
adopted globally and highlighting areas of both significant progress and stagnation. We review the
evolution of core SRE practices (such as service level objectives (SLOs), error budgets, and
incident management), the development of SRE tools and monitoring technologies, and the cul-
tural and organizational shifts influenced by SRE. Real-world case studies from Google and Netflix
illustrate successes and challenges in implementing SRE at scale. Our analysis finds that while
SRE has greatly improved reliability awareness and tooling across the industry, certain aspects
have plateaued – for example, many organizations still struggle with on-call burnout, inconsistent
SRE role definitions, and partial adoption of advanced practices. We also discuss how emerging
trends like platform engineering and AI/ML-driven operations are influencing the future of SRE.
Finally, we offer recommendations to reinvigorate SRE practice, urging organizations to address
cultural bottlenecks and continuously innovate to avoid stagnation in reliability engineering.

Keywords: Site Reliability Engineering, DevOps, SLOs, Error Budgets, Observability, Platform
Engineering, Reliability Culture, Retrospective.

1.2 Table of Contents

1. Introduction

2. Background and Context

3. SRE Practices and Evolution

4. SRE Tools and Technologies

5. SRE Metrics and Monitoring

6. SRE Leadership and Culture

7. SRE Training and Development

8. SRE Challenges and Solutions

9. Case Studies and Examples

• 9.1 Google

• 9.2 Netflix

10. Future Directions and Recommendations

11. Conclusion

12. References

13. Appendices

1.3 Introduction

Site Reliability Engineering (SRE) is an engineering approach to operations that applies software
practices to achieve reliable, scalable systems. First popularized by Google around 2015, SRE was
defined as “what happens when you ask a software engineer to solve an operational problem” (Site
Reliability Engineering (SRE) Comes of Age in 2022 - DevOps.com). In essence, SRE implements
DevOps principles with a focus on reliability, emphasizing automation, measurement, and continual
improvement of service availability. Over the last ten years, SRE has come of age as a distinct
role and practice in the tech industry – by 2022, LinkedIn ranked the SRE role among the top 25
jobs in global demand (Site Reliability Engineering (SRE) Comes of Age in 2022 - DevOps.com).
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Major companies worldwide have established SRE teams to maintain high availability and meet
strict service-level agreements (SLAs) for their digital services.

This paper presents a comprehensive retrospective of a decade of SRE practices. We
review how SRE principles have evolved, survey the tools and technologies that enable SRE
work, and analyze key metrics and monitoring techniques that SRE teams rely on. We examine
the leadership and cultural changes required to sustain SRE, as well as efforts in training
and developing SRE talent. Throughout this retrospective, we highlight a central theme: despite
SRE’s successes, there are signs that SRE innovation has stagnated in certain aspects. Many
organizations have plateaued in their SRE maturity – adopting the basic tenets but struggling to
advance further. We explore possible reasons for this stagnation, including organizational inertia,
challenges in scaling SRE culture, and the limitations of current SRE models.

Real-world case studies from Google and Netflix are used to illustrate the trajectory of SRE
in practice. Google’s experience is especially instructive, as it pioneered SRE and continues to
push the boundaries with new methodologies (The Evolution of SRE at Google | USENIX). Netflix
provides a contrasting perspective with its unique approach to reliability in a “you build it, you run
it” DevOps culture (Rundown of Netflix’s SRE practice – Boost software reliability | SREpath). By
analyzing these examples, we observe how SRE practices can differ, and what common challenges
persist even in advanced SRE organizations.

In the sections that follow, we first establish background context about the origin of SRE and
its relationship to DevOps (Section 2). We then delve into the evolution of SRE practices over
the last decade (Section 3), followed by an overview of the tooling landscape that has enabled
those practices (Section 4). Section 5 covers SRE metrics and monitoring, including the shift
from traditional monitoring to modern observability. Leadership and cultural aspects of SRE
are discussed in Section 6, with Section 7 focusing on how SRE skills are taught and grown.
In Section 8, we address ongoing challenges in SRE (such as burnout, career progression, and
adoption barriers) and discuss solutions that have emerged. Section 9 provides detailed case
studies on Google and Netflix. Looking forward, Section 10 identifies future directions and offers
recommendations to rekindle innovation in SRE. We conclude in Section 11 with reflections on the
state of SRE after ten years.

Overall, this retrospective aims to give an academic yet practical analysis of SRE’s progression
and current state. By understanding both the evolution and the points of stagnation in SRE
practices, organizations and practitioners can better navigate the next decade of site reliability
engineering.

1.4 Background and Context

In order to understand the past decade of SRE, it is important to first understand how SRE
emerged and the context in which it operates. SRE was born at Google in the early 2000s as
an attempt to run production systems with the mindset of a software engineer. Google formally
introduced SRE to the public through talks and its landmark Site Reliability Engineering book
published in 2016. This book and related publications codified many of the core principles of
SRE, such as embracing risk (via error budgets), treating operations as a software problem,
and pursuing automation to reduce manual toil. The concept quickly resonated with other tech
companies facing similar scale and reliability challenges.

1.4.1 SRE vs. DevOps

SRE is often mentioned in the same breath as DevOps, and indeed the two are closely related.
Google’s SRE creators describe SRE as “Class SRE implements DevOps” – meaning SRE can
be viewed as a specific implementation of DevOps with opinionated practices. Both SRE and
DevOps aim to break down silos between development and operations and to rapidly deliver reliable
software. The key difference lies in emphasis: DevOps is a broad cultural movement and set of
practices to streamline software delivery, whereas SRE places a stronger emphasis on reliability as
a feature of the system. SRE introduces prescriptive concepts like SLOs (service level objectives)
and error budgets to balance reliability and innovation. In practice, many organizations have
combined DevOps and SRE ideas; some started with DevOps and later added SRE teams to focus
on reliability, while others began with SRE in mind from the start.

2

https://www.usenix.org/publications/loginonline/evolution-sre-google#:~:text=To%20address%20these%20challenges%2C%20Google,STPA%29%20for%20hazard%20analysis
https://www.srepath.com/rundown-of-netflixs-sre-practice/#:~:text=Developers%20must%20follow%20the%20%E2%80%9Cyou,it%E2%80%9D%20part%20of%20the%20equation


1.4.2 Global Adoption of SRE

In the ten years since its public introduction, SRE has spread globally across industries. Tech
giants were the first adopters: companies like Netflix, Amazon, and LinkedIn developed SRE or
SRE-like teams to keep their always-on services running. By the late 2010s, SRE practices had
made their way into finance, e-commerce, and other sectors where downtime is costly. Community
events like SREcon began in 2014 and expanded internationally by 2017, with annual SREcon con-
ferences in the Americas, Europe/Middle East/Africa (EMEA), and Asia-Pacific (APAC) regions
(SREcon | USENIX) (SREcon | USENIX). This global footprint indicates that SRE principles are
not limited to Silicon Valley – engineers worldwide have formed a shared community of practice
around site reliability engineering.

It’s worth noting, however, that SRE’s adoption has varied. Large-scale web companies
(often cloud-native by design) embraced SRE most fully, while smaller organizations or those with
legacy systems have been slower to adopt. Some companies renamed existing Ops teams to “SRE”
without fully empowering them as engineers, leading to what some call cargo-cult SRE (adopting
the name but not the practices). As we will discuss, this partial adoption is one reason certain
SRE initiatives stagnated. Nonetheless, the influence of SRE is evident in today’s operations
best practices – terms like blameless postmortem, error budget, and observability have entered the
mainstream vocabulary of IT operations in the last decade.

1.4.3 Early Milestones (2015–2018)

In the mid-2010s, key milestones solidified SRE’s foundation. Google’s SRE book (2016) and The
Site Reliability Workbook (2018) provided guidance that many organizations used as a starting
blueprint. Concepts such as the Four Golden Signals of monitoring (latency, traffic, errors,
saturation) (Google SRE monitoring ditributed system - sre golden signals), the enforcement of
SLOs with error budgets, and conducting blameless incident postmortems became well-known
tenets. During this period, companies like Netflix were demonstrating complementary practices
such as chaos engineering (e.g. the Chaos Monkey tool), which aligned with SRE’s philosophy
of proactively testing system resilience. By 2018, SRE job postings were rising and SRE teams
were becoming commonplace in large organizations, indicating that SRE was transitioning from a
Google specialty into an industry-wide practice.

1.4.4 Maturity and Plateau (2019–2021)

As SRE practices became more widespread, the late 2010s and early 2020s saw a mix of growth and
early signs of stagnation. On one hand, reliability engineering became a standard consideration
for any serious online service – many companies reported improvements in uptime and incident
response due to SRE initiatives. Surveys (e.g., the annual Catchpoint SRE report) showed increas-
ing management interest in reliability and budgets for SRE tooling. On the other hand, challenges
started to surface in adapting SRE to different organizational contexts. Some enterprises struggled
with the cultural shift required for SRE, resulting in siloed “SRE teams” that were on-call fire-
fighters rather than proactive engineers. Executive buy-in proved critical: without leadership
support, SRE practices often failed to take root beyond small teams (Site reliability engineering:
Challenges and best practices in 2023) (Site reliability engineering: Challenges and best practices
in 2023). By 2020, thought leaders in the community were asking hard questions about SRE’s
future – whether the role was sustainable for individuals (given on-call stress) and how to prevent
SRE from degenerating into traditional IT ops under a new name.

1.4.5 Recent Developments (2022–2025)

In the past few years, there have been both innovations and re-evaluations in the SRE field.
On the innovation side, Google’s SRE organization began pioneering advanced approaches in-
spired by safety engineering, such as adopting systems theory models (STAMP) to manage
complexity (The Evolution of SRE at Google | USENIX). The concept of observability gained
traction industry-wide, extending SRE’s monitoring capabilities to handle “unknown unknowns”
in cloud-native systems (What is observability? Not just logs, metrics, and traces). We also see
SRE principles influencing new paradigms like Platform Engineering, which aims to provide
self-service infrastructure with reliability built-in. In fact, companies like Cisco’s Outshift have re-
cently transitioned from a pure SRE model to a platform engineering model to reduce operational
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toil and burnout (Outshift | From SRE to platform engineering: Paving the way for innovation and
scalability at Outshift) (Outshift | From SRE to platform engineering: Paving the way for inno-
vation and scalability at Outshift) – essentially embedding SRE principles into internal developer
platforms.

At the same time, these developments highlight that SRE is at a crossroads. The move toward
platform engineering by some suggests that classical SRE, as implemented in the 2010s, was not
a perfect fit for every environment, potentially stagnating without adaptation. The integration of
AI/ML in operations (so-called AIOps) is now seen as a way to advance SRE practice, bringing
more automation to incident response and leveraging machine learning for anomaly detection. The
question is whether SRE teams can evolve and incorporate these new ideas, or whether they risk
being supplanted by adjacent disciplines.

In summary, the past 10 years of SRE have established it as a pillar of modern operations.
However, sustaining the momentum will require addressing the cracks that have appeared – in
practices, tools, culture, and training. The following sections of this paper delve deeper into each
of these facets, analyzing what has changed since 2015 and what has surprisingly stayed the same.

1.5 SRE Practices and Evolution

One of the core contributions of SRE to the industry has been a set of practices and principles
for running reliable systems. We examine several key SRE practices, how they have evolved in the
past decade, and where they may have stalled. Table 1 provides a high-level summary of major
SRE practices, their introduction, and their status a decade later.

Table 1. Evolution of Key SRE Practices (2015–2025)
[]@lll@ Practice Introduced/Popularized 2025 Status (Evolution or Stagnation)

Service Level Objectives (SLOs) – defining target reliability levels for services Circa 2015
(Google SRE book) (Site Reliability Engineering (SRE) Comes of Age in 2022 - DevOps.com)
Widely adopted; tooling support improved. Still challenges in setting meaningful SLOs; many
companies use SLOs only nominally.
Error Budgets – allowing a measurable margin for errors and tying it to release decisions Circa
2015 (Google SRE book) (Site Reliability Engineering (SRE) Comes of Age in 2022 - DevOps.com)
Adopted in principle, but enforcement varies. Some orgs strictly tie error budget burn to halting
releases, others struggle to implement this discipline.
Blameless Postmortems – incident reviews that focus on learning, not individual blame Pre-
2015 (Google practice) Now a DevOps/SRE standard; embraced by most tech orgs. However,
true blameless culture is hard to maintain; some regress to finger-pointing under pressure.
Eliminating Toil – engineering work to automate repetitive manual tasks Circa 2015 (Google
SRE book) Partially evolved. Automation tools have improved (CI/CD, auto-scaling, etc.), yet
surveys show many SREs still spend 50%+ time on toil (SRE Report 2023: Findings From the
Field — Toil), indicating room for improvement.
Capacity Planning & Load Management – proactive management of scaling and capacity
Long-standing IT practice, refined by SRE Improved with cloud and auto-scaling. SREs now
leverage cloud elasticity. Still complex in multi-cloud/hybrid settings; practices relatively stable
without major new innovations.
Chaos Engineering – deliberately injecting failures to test resilience Early 2010s (Netflix), pop-
ularized 2015+ Gained adoption alongside SRE. Many large firms run game days or use chaos
tools. Still not universal; seen as advanced practice. Now often considered part of SRE toolkit for
proactive failure testing.
Progressive Rollouts – canary releases, blue-green deploys to reduce risk Pre-2015, adopted in
SRE book Now common DevOps practice. Strong tooling (Kubernetes, service mesh) supports
this. Continues to evolve with automated rollback and A/B testing. Widely practiced; an SRE
success story.
Incident Response & On-Call – structured process for 24/7 response to outages Pre-2015, for-
malized by SRE Standard practice, but burnout remains a concern. Pager fatigue and on-call load
have not significantly improved in many orgs (The Dark Side of SRE - by Team CodeReliant) (The
Dark Side of SRE - by Team CodeReliant), hinting at stagnation in work-life balance improvements.

As seen above, some practices (like progressive deployments) have been fully integrated into
mainstream operations, whereas others (like managing toil and humane on-call schedules) still

4

https://outshift.cisco.com/blog/sre-platform-engineering-strategic-transition#:~:text=Our%20journey%20began%20with%20DevOps%2C,stress%20environment.%20Now%20we
https://outshift.cisco.com/blog/sre-platform-engineering-strategic-transition#:~:text=Our%20journey%20began%20with%20DevOps%2C,stress%20environment.%20Now%20we
https://outshift.cisco.com/blog/sre-platform-engineering-strategic-transition#:~:text=,
https://outshift.cisco.com/blog/sre-platform-engineering-strategic-transition#:~:text=,
https://devops.com/site-reliability-engineering-sre-comes-of-age-in-2022/#:~:text=As%20mentioned%20above%2C%20the%20SRE,optimizing%20process%20automation%20over%20time
https://devops.com/site-reliability-engineering-sre-comes-of-age-in-2022/#:~:text=Google%20in%202015,optimizing%20process%20automation%20over%20time
https://www.catchpoint.com/blog/sre-report-2023-findings-from-the-field-toil#:~:text=With%20some%20people%20reporting%20that,repetitive%2C%20automatable%2C%20tactical%2C%20devoid%20of
https://www.catchpoint.com/blog/sre-report-2023-findings-from-the-field-toil#:~:text=With%20some%20people%20reporting%20that,repetitive%2C%20automatable%2C%20tactical%2C%20devoid%20of
https://www.codereliant.io/the-dark-side-of-sre/#:~:text=The%2024%2F7%20on,life%20balance
https://www.codereliant.io/the-dark-side-of-sre/#:~:text=Operational%20Treadmill
https://www.codereliant.io/the-dark-side-of-sre/#:~:text=Operational%20Treadmill


present challenges.

1.5.1 Service Level Objectives and Error Budgets

Perhaps the most defining SRE practice is the use of Service Level Objectives (SLOs) and
error budgets to govern reliability. An SLO is a target level of service reliability (for example,
“99.95% of requests succeed within 300ms latency over a quarter”). The error budget, defined as
1 – SLO, quantifies how much unreliability is acceptable – for instance, a 99.95% SLO implies a
0.05% error budget that can be “spent” on failures (Error Budget Policy for Service Reliability -
Google SRE). Google’s insight was that this budget should be spent on innovation: as long as the
system stays within the SLO, developers can push updates freely, but if reliability dips below target
(budget exhausted), new releases are halted until the system recovers (Site Reliability Engineering
(SRE) Comes of Age in 2022 - DevOps.com). This practice creates a data-driven balance between
agility and stability.

Over the past 10 years, SLOs and error budgets have been widely evangelized. Many companies
have adopted SLOs for their critical services, often inspired by Google’s model. Tooling has
emerged to track SLOs and burn rates (e.g., open-source tools and commercial SLO platforms).
SLO dashboards and error budget alerts are now common in SRE team rooms. However, the
effective use of SLOs is an area where stagnation is evident. Studies and anecdotal reports show
that while most organizations like the idea of SLOs, they struggle with setting the right metrics
and thresholds that truly reflect user experience (Site reliability engineering: Challenges and best
practices in 2023) (Site reliability engineering: Challenges and best practices in 2023). In some
cases, SLOs are defined but ignored – for example, error budget policies exist on paper but product
pressures lead teams to push releases even when the budget is overdrawn. A survey by Blameless in
2022 noted that poorly defined or unrealistic SLOs can be as problematic as having none (Chapter
2 - Implementing SLOs - Google SRE). In summary, the SLO/error budget concept has evolved
from novel to necessary, yet many organizations are in a learning curve on how to fully leverage it.
The practice itself hasn’t fundamentally changed since its introduction, which raises the question:
is this a mature plateau or simply an area needing renewed focus? We will return to this in the
Challenges section.

1.5.2 Incident Management and Postmortems

Handling incidents effectively is at the heart of SRE. Google’s SRE teams established a structured
incident response process, including clear roles (incident commander, communications, etc.), play-
books, and blameless postmortems for learning from failure. Over the decade, these practices
have been adopted broadly. Today, even companies without formal SRE teams often strive for
blameless postmortem culture, acknowledging that complex failures have multiple contributing fac-
tors rather than single root causes (Blameless Postmortem for System Resilience - Google SRE).
One evolution in this area is the recognition of psychological safety as crucial – the concept of a
“just culture” (where people are not punished for errors but rather errors are seen as opportunities
to improve systems) has gained prominence. The 2023 SRE report found that organizations with
a just, blameless culture are five times more likely to be elite performers in reliability (The 2023
SRE Report provides the broadest independent insights into SRE Practices including findings on
the role of AI, key technology trends, and a misalignment between practitioners and management.
| CIO Dive) (The 2023 SRE Report provides the broadest independent insights into SRE Practices
including findings on the role of AI, key technology trends, and a misalignment between practi-
tioners and management. | CIO Dive). This is a positive sign that the cultural aspect of incident
management has progressed.

However, incident management is also where the human cost of SRE can stagnate or worsen
if not managed. Being on-call 24/7, getting paged at 3 AM, and handling high-stakes outages
can lead to burnout. Over the past years, SREs have voiced concerns about the “operational
treadmill” – constantly reacting to incidents with little time to make systemic improvements (The
Dark Side of SRE - by Team CodeReliant) (The Dark Side of SRE - by Team CodeReliant). The
practice of limiting each SRE’s on-call burden (for instance, Google tries to ensure SREs spend no
more than ˜50% of time on ops) is well-known, yet in reality many SREs still feel overburdened
by interrupts. There hasn’t been a silver bullet to solve this; it remains a persistent challenge and
a potential point of stagnation if organizations do not dedicate effort to reduce paging frequency
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(through better automation, capacity, etc.). Some new approaches, such as AI-assisted incident
triage, promise to ease the load (discussed in Future Directions), but these are in early stages.

1.5.3 Automation and Toil Reduction

A core tenet of SRE is automating away toil. Toil is defined as manual, repetitive operational
work that could be automated. In 2015, SREs often built ad-hoc scripts and tools to automate
deployments, scaling, and routine maintenance. Over the subsequent years, the industry saw a
proliferation of automation tooling: Infrastructure as Code (e.g., Terraform), container orches-
tration (Kubernetes), CI/CD pipelines for automated deployments, and auto-remediation scripts,
all of which aim to minimize human intervention in operations. These tools have undeniably
advanced the state of practice. For example, modern SREs can define automated alerts with self-
healing actions (restart a service, fail over to another region) that trigger without waking anyone
up.

Despite these improvements, complete elimination of toil remains elusive – and this can be
seen as another stagnation point. The Catchpoint SRE survey data from 2022 indicated that a
significant number of SREs (over 15% in the survey) reported spending 90-100% of their time
on toil tasks (SRE Report 2023: Findings From the Field — Toil), an “undesirable situation”
as the report notes. Even more concerning, some managers in the survey also reported much of
their work as manual and tactical (SRE Report 2023: Findings From the Field — Toil). This
suggests that as systems grow, new forms of toil appear (for instance, managing the complexity of
microservices can itself feel like toil). What was automated in one era (say, provisioning a server)
is replaced by new manual work in another (debugging a complicated Kubernetes issue). Thus,
while the tools evolved, the net toil in some cases did not drop as expected. SRE teams that fail to
continuously prioritize automation may find themselves running in place – improving one process
but inheriting two more to babysit. The SRE practice here needs constant vigilance; organizations
that succeed have institutionalized goals to regularly refactor and automate, preventing stagnation
in toil reduction efforts.

1.5.4 Change Management and Deployment Practices

SRE emphasizes that change (deployments, config updates, etc.) is a leading cause of incidents, so it
must be managed carefully. Over 10 years, deployment practices have undergone a transformation
industry-wide. Early on, SREs championed canary releases and gradual rollouts – these are
now commonplace with modern cloud platforms. Continuous integration/continuous deployment
(CI/CD) pipelines allow teams to ship updates quickly but in controlled stages. SRE also brought
focus to having strong rollback procedures and push-on-green automation (only push updates if
the system is healthy and within error budget).

By 2025, many organizations have automated deployment pipelines with built-in monitoring
gates (for example, automatically halting a rollout if error rates go up). This is a clear evolution
and success of SRE principles intermingling with DevOps. The concept of “embracing risk”
via error budgets actually empowered teams to deploy faster in many cases – knowing that as
long as they stay within SLO, they can move forward, which was a cultural shift from ultra-
cautious, change-averse ops of the past. We do not observe a stagnation here; rather, continuous
delivery practices keep improving. The stagnation, if any, is more on the organizational side – e.g.,
companies that have not adopted these modern practices are now lagging behind, but that is more
an adoption gap than a failure of the practice itself.

1.5.5 Reliability Testing (Chaos Engineering and Game Days)

An area of notable growth in SRE practices has been proactive reliability testing, often under
the banner of Chaos Engineering. Pioneered by Netflix’s Chaos Monkey in the early 2010s,
this practice involves intentionally introducing failures to see how systems cope, thereby surfacing
weaknesses before real incidents strike (Netflix Chaos Monkey: Ensuring Reliability through Con-
trolled Chaos | by Mayank Jain | Medium) (Netflix Chaos Monkey: Ensuring Reliability through
Controlled Chaos | by Mayank Jain | Medium). Over the past decade, chaos engineering moved
from a niche experiment to a mainstream (if still advanced) practice. Many SRE teams now run
regular “game days” – controlled disaster scenario drills – or use tooling (Gremlin, ChaosMesh,
etc.) to inject failures in staging or even production under careful conditions. Netflix’s Simian

6

https://www.catchpoint.com/blog/sre-report-2023-findings-from-the-field-toil#:~:text=With%20some%20people%20reporting%20that,repetitive%2C%20automatable%2C%20tactical%2C%20devoid%20of
https://www.catchpoint.com/blog/sre-report-2023-findings-from-the-field-toil#:~:text=With%20some%20people%20reporting%20that,repetitive%2C%20automatable%2C%20tactical%2C%20devoid%20of
https://medium.com/@mayank2000jain/netflix-chaos-monkey-ensuring-reliability-through-controlled-chaos-b630403864eb#:~:text=One%20of%20the%20widely%20used,part%20of%20that%20larger%20ecosystem
https://medium.com/@mayank2000jain/netflix-chaos-monkey-ensuring-reliability-through-controlled-chaos-b630403864eb#:~:text=One%20of%20the%20widely%20used,part%20of%20that%20larger%20ecosystem
https://medium.com/@mayank2000jain/netflix-chaos-monkey-ensuring-reliability-through-controlled-chaos-b630403864eb#:~:text=Chaos%20Monkey%20addresses%20this%20by,without%20impacting%20the%20user%20experience
https://medium.com/@mayank2000jain/netflix-chaos-monkey-ensuring-reliability-through-controlled-chaos-b630403864eb#:~:text=Chaos%20Monkey%20addresses%20this%20by,without%20impacting%20the%20user%20experience


Army (a suite of chaos tools) has inspired others; by attacking their own systems with controlled
chaos, organizations learn to build resilient, self-healing architectures (Netflix Chaos Monkey:
Ensuring Reliability through Controlled Chaos | by Mayank Jain | Medium) (Netflix Chaos Mon-
key: Ensuring Reliability through Controlled Chaos | by Mayank Jain | Medium).

The evolution here is positive: chaos engineering broadened from Netflix to other cloud providers,
banks, and even government digital services testing their system robustness. The practice has been
incorporated into some SRE curricula and books. If there is stagnation, it might be that only the
more mature SRE organizations truly do this regularly; many companies still consider it optional
or are hesitant to deliberately cause failures. In our observation, however, awareness is high that
this is a best practice, and tools continue to improve to make chaos testing safer and easier to au-
tomate. Thus, chaos engineering represents how SRE has pushed the envelope on what operations
teams do (shifting from reactive to proactive testing of failure scenarios).

1.5.6 Adjustments and Stagnation Points

Reflecting on SRE practices from 2015 to 2025, we see a pattern: the initial set of practices intro-
duced by early SRE (SLOs, automation, incident management techniques) have largely remained
the core. There have been additions (like chaos testing) and refinements (e.g., more data-driven
postmortems), but not many fundamentally new practices at a high level. This can be interpreted
in two ways: (1) The core SRE practices were sound and have stood the test of time (a positive
view), and (2) The SRE community may not have added significantly novel practices in the last
decade, potentially indicating a plateau (a cautionary view). For example, error budgets were a
revolutionary concept in 2015; by 2025, they are standard – yet beyond error budgets, one doesn’t
hear of a similarly impactful new practice redefining SRE in recent years. Even Google’s introduc-
tion of safety theory (STAMP) can be seen as extending the postmortem practice with more formal
analysis rather than a brand new practice (albeit a very important evolution for complex systems
(The Evolution of SRE at Google | USENIX) (The Evolution of SRE at Google | USENIX)).

One area where stagnation is evident is the career path and role definition of SREs as they
practice these methods (which we discuss in Section 7 on Training/Development). If SRE practices
don’t evolve, SRE engineers risk doing the same things year after year. Indeed, some SREs report
feeling like they are not growing when much of the work is firefighting and incremental automation
(The Dark Side of SRE - by Team CodeReliant) (The Dark Side of SRE - by Team CodeReliant). To
combat this stagnation, some organizations rotate SREs into development teams (and vice versa)
to cross-pollinate skills and keep work interesting. Others, like Google, continuously challenge their
SRE teams with new problems (e.g., managing reliability for AI services introduces new territory).
On the whole, the evolution of SRE practices can be summarized as a strong start, broad
dissemination, and then a leveling-off, with pockets of innovation mainly at the very high end of
scale or in academia/advanced industry groups. In the next sections, we turn to the tools and
metrics that support these practices, which have had their own trajectories of change.

1.6 SRE Tools and Technologies

Tools and technology are fundamental to implementing SRE practices. The last decade has seen a
massive shift in the tooling landscape for reliability engineering, paralleling trends like cloud
computing, containerization, and the rise of SaaS operations tools. In this section, we survey how
the toolchain for SRE has evolved, comparing early 2010s solutions to today’s state-of-the-art. We
also identify areas where tool improvements have leveled off or introduced new challenges (such as
tool sprawl and complexity).

1.6.1 Infrastructure and Automation Tools

In 2015, many operations teams (including SREs) were managing infrastructure with configuration
management tools like Puppet or Chef, and manually maintaining scripts for deployment. Over
the decade, we saw Infrastructure as Code (IaC) become standard – Terraform (introduced
˜2014) gained huge popularity for declaratively managing cloud resources. SREs adopted IaC
to version-control their infrastructure and make changes repeatable. Additionally, the advent of
containers and orchestration fundamentally changed SRE tooling. Docker’s rise (mid-2010s) and
Kubernetes (open-sourced by Google in 2014, widely adopted by 2017-2018) provided an abstrac-
tion for deploying and scaling applications that SREs quickly embraced. Kubernetes, in particular,
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came with built-in concepts of desired state, health checks, and auto-healing that resonate with
SRE principles. By 2025, a large portion of SRE-managed services run on Kubernetes or similar
orchestration platforms, reducing the need to manually manage individual servers.

Alongside orchestration, SREs now commonly use service mesh technologies (like Istio or
Linkerd) for reliability features such as circuit breaking, retries, and traffic shifting, which previ-
ously had to be implemented ad-hoc. These technologies provide out-of-the-box reliability patterns,
thus equipping SREs with more powerful tools to maintain uptime.

One potential downside of this proliferation of infrastructure tooling is complexity. While
early SREs dealt with relatively straightforward (if not simple) stacks – e.g., a VM cluster running
an application – modern SREs manage multi-layered systems (Kubernetes clusters on cloud VMs
with service meshes on top, etc.). The tools are more capable but also more intricate, sometimes
requiring specialized expertise to troubleshoot (e.g., debugging Kubernetes issues). This has led
some to argue that in the quest to automate, we have introduced new forms of complexity that can
themselves be failure sources. Nonetheless, the overall trend is that infrastructure management has
been highly automated and standardized compared to 10 years ago. Stagnation here is not
a major issue; the field continues to innovate (for instance, with serverless computing abstracting
infrastructure even further, though SREs then focus on reliability at the platform level).

1.6.2 Monitoring and Observability Stack

Perhaps the area of most explosive growth in tooling has been monitoring and its modern extension,
observability. In 2015, a typical SRE toolkit might include Nagios or Zabbix for system monitoring,
Graphite or Ganglia for metrics, and perhaps the ELK stack (Elasticsearch-Logstash-Kibana) for
logging. These were powerful for their time but required significant manual configuration and
didn’t scale effortlessly for cloud-native environments. Over the decade, new open-source tools
emerged and quickly became SRE staples:

• Prometheus (open-sourced by SoundCloud in 2015) became the de facto standard for time-
series metrics in the cloud era. Prometheus’s pull-based model and powerful query language
(PromQL) made it well-suited for dynamic environments where services come and go. Many
SRE teams migrated from Nagios to Prometheus for alerting on metrics. A comparison by
Andrii Protsenko (2023) notes that Nagios, the veteran since 1999, is reliable but has an
outdated, manual setup, while Prometheus is the “modern challenger” excels in cloud-native
monitoring (Differences Between Nagios, Zabbix, and Prometheus That You Should Know -
AppRecode).

• Grafana rose as the visualization layer, allowing SREs to build rich dashboards integrat-
ing Prometheus, Graphite, and other data sources. It became common to have centralized
Grafana dashboards displaying service SLOs, capacity trends, etc., accessible to both SREs
and developers.

• Distributed Tracing tools emerged to handle the complexity of microservices. Early on,
Google’s Dapper (internal) inspired open-source tracing (Zipkin, Jaeger). By 2020s, Open-
Telemetry provided a vendor-neutral standard for collecting traces, metrics, and logs. Trac-
ing helps SREs pinpoint where in a chain of microservices a slowdown or error occurs – a
capability that simply didn’t exist in most stacks a decade ago.

• Log management shifted to cloud and SaaS solutions (Splunk, Datadog, etc.) or improved
open-source setups. SREs increasingly rely on centralized logging with quick search and
analysis features to complement metrics.

All these developments coalesce into what is now called Observability – the ability to ask
arbitrary questions of your system’s internal state. Unlike traditional monitoring which was about
known problems, observability tooling helps find unknown issues by exploring telemetry (metrics,
logs, traces). An oft-cited distinction is that monitoring is for known failure modes, whereas
“observability addresses the ‘unknown unknowns’ ” in complex systems (What is observability?
Not just logs, metrics, and traces). For example, a company might not pre-configure an alert for a
certain microservice interaction, but with good observability, an SRE can uncover an unexpected
latency by examining traces or analytics post-hoc. Dynatrace’s glossary explains that observability
enables teams to “continuously and automatically understand new types of problems as they arise,”
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beyond what you explicitly instrumented (What is observability? Not just logs, metrics, and
traces).

Has observability solved all monitoring problems? Not exactly. It has given SREs
far more data, but with that comes the challenge of managing noise and tool sprawl. It’s not
uncommon for an organization to use 5 or 6 different observability tools (metrics, logs, traces, user
experience, etc.). In fact, an industry report in 2022 found 54% of organizations use three or
more distinct telemetry systems for monitoring (The 2023 SRE Report provides the broadest
independent insights into SRE Practices including findings on the role of AI, key technology trends,
and a misalignment between practitioners and management. | CIO Dive), which can lead to data
silos and high costs. Interestingly, some SRE leaders note that this “tool sprawl” is not necessarily
seen as a major concern if it provides value (2023 SRE Report Claims Tool Sprawl Is Not a Concern
- ITPro Today) (2023 SRE Report Claims Tool Sprawl Is Not a Concern - ITPro Today), but it
does indicate a complexity in the ecosystem. There’s an emerging desire for more unified platforms
or at least better integration. The stagnation risk here is that teams may end up spending too
much effort maintaining the monitoring systems themselves rather than using them to improve
reliability – a case of the tools becoming a burden.

On a positive note, observability tooling continues to innovate: e.g., AIOps features are being
added – anomaly detection algorithms, natural language querying of metrics (as mentioned in
Section 10, generative AI might allow SREs to ask “why is service X slow?” in plain English and
get insights (Site reliability engineering: Challenges and best practices in 2023) (Site reliability
engineering: Challenges and best practices in 2023)). The open-source community also actively
evolves standards like OpenTelemetry, which by 2025 is aiming to cover metrics, logs, traces in one
SDK. Thus, the tooling itself is far from stagnant; the key is ensuring SRE practices keep up and
truly leverage these tools.

1.6.3 Incident Response and Collaboration Tools

In the realm of incident response, the past decade saw the rise of specialized SaaS tools like
PagerDuty, VictorOps (Splunk On-Call), and OpsGenie – which automate paging rotations,
incident tracking, and postmortem documentation. These became indispensable for SRE teams to
manage on-call schedules and ensure the right people get alerted. Over time, these tools added
collaboration features, integrating with Slack/MS Teams for chatops during incidents. By 2025,
an SRE on-call likely uses a smartphone app to receive pages, can acknowledge/route incidents
with a click, and joins a Slack war-room where bots have already posted preliminary diagnostics.
This is a notable improvement from 10 years ago where often a simple SMS or call would be the
page and everything else was manual.

Additionally, knowledge management tools for SRE have improved: runbook systems, wikis
with past incident lessons, and AI-based search that can pull up relevant past incidents automati-
cally when a new one occurs (some cutting-edge systems do pattern matching on incidents). These
help prevent knowledge siloing and reduce response times. However, no matter how good the tools,
effective incident response still relies on human judgment and experience – an area where training
and practice (drills) matter, as we discuss later.

1.6.4 Reliability Testing Tools

As mentioned, chaos engineering introduced new tools like Netflix’s Chaos Monkey, which was
open-sourced, and other platforms like Gremlin offering chaos as a service. These tools allowed
SREs to schedule failure injections (e.g., kill instances randomly during work hours) in a controlled
way. Other testing tools include load testing services and synthetic user monitoring which SREs
use to continually validate system performance and reliability. The open-source LitmusChaos
project and Kubernetes-native chaos operators appeared by the late 2010s, showing the integration
of chaos testing into cloud environments.

While helpful, the use of these tools is often limited by organizational culture (willingness
to embrace chaos) more than the tool capabilities. A stagnation observed is many companies
download these tools or run a one-time game day, but don’t integrate chaos testing into their
regular routine, sometimes due to fear of causing outages. Leading SRE orgs, on the other hand,
treat these as standard tools (e.g., proactively creating “game day” events every quarter). The
technology is there; adoption is the limiter.
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1.6.5 Platform Engineering and Self-Service Tools

A recent trend around 2023-2025 is the emergence of internal developer platforms intended to
provide dev teams with a self-service interface to deploy and manage their applications with best
practices built-in. This is often called Platform Engineering. Interestingly, this tooling move-
ment is directly relevant to SRE: the platform often encapsulates reliability concerns (standardized
CI/CD, templates with proper monitoring, etc.), effectively productizing what SRE teams used
to do case by case. For example, Backstage (an open source platform portal by Spotify) or other
similar “developer portals” give developers easy access to infrastructure while enforcing certain
reliability checks.

Some organizations have chosen to invest in these platforms as an evolution of their SRE
function – instead of having SREs manually assist each service team, they build a platform that
makes the right way (reliable way) the easy way. The case study from Electrolux (an IoT company)
is telling: they found it difficult to “promote SRE principles to developer teams” directly, so they
switched from SRE to platform engineering, embedding SRE knowledge into the tools. This
yielded benefits like reduced complexity and better developer experience (Why we skipped SRE
and switched to platform engineering). Essentially, the tool became the mediator of reliability.

This indicates a forward path where SREs may become platform engineers – tool builders who
provide reliability as a service to the rest of the organization. It’s not so much a stagnation as
a reframing of how tools are delivered. However, it does highlight that purely relying on human-
intensive SRE processes might not scale; tooling and platforms need to fill the gap, especially as
organizations grow (Electrolux scaled from 10 to 200 devs with only 5 ops engineers by doing this
(Why we skipped SRE and switched to platform engineering)).

1.6.6 Summary of Tool Evolution

To summarize the tooling evolution in a few key points:

• From static to dynamic: Tools moved from assuming static infrastructure to handling
highly dynamic environments (ephemeral containers, auto-scaling groups). E.g., Nagios ->
Prometheus, manual deploy -> CI/CD pipelines.

• Integration and ecosystem: Open ecosystems (Prometheus + Grafana + Alertmanager,
ELK/EFK stack, etc.) replaced monolithic enterprise monitoring suites in many places,
giving SREs flexibility to mix and match.

• SaaS and managed services: Many organizations chose SaaS solutions for monitor-
ing/alerting (Datadog, New Relic, etc.) to offload tool maintenance. This can accelerate
adoption but also create dependency on external platforms.

• AI and intelligence: Recent tools incorporate more intelligence (anomaly detection, run-
book automation triggered by monitoring). Still early but likely to be standard in the next
few years.

The main stagnation concern with tools is not a lack of good tools, but possibly an overabun-
dance and misuse. It’s common to hear SREs joke about spending more time maintaining their
Prometheus servers than their actual product servers. This meta-work can be a time sink. There’s
also the learning curve – as new tools arise, SREs must continuously learn (which can be fun for
some, tiring for others). The best SRE teams periodically evaluate their tool stack and simplify
where possible, to avoid diminishing returns from complexity.

Finally, one cannot ignore security and reliability of the tools themselves – e.g., misconfigured
monitoring that fails during an outage (thus blinding the SREs) is a known pitfall. Best prac-
tices have emerged for monitoring your monitoring and ensuring observability systems are
themselves redundant and reliable.

In conclusion, the past decade saw tremendous improvement in the technology available for
SRE. In many ways, tooling has outpaced process – many organizations haven’t fully utilized the
advanced capabilities at their disposal. To avoid stagnation, SRE teams need to continuously
align their processes with the evolving tools, and vice versa, ensuring they choose tools that solve
their current problems rather than chasing hype. Next, we will focus specifically on metrics and
monitoring in SRE, which overlaps with tools but deserves its own discussion given its importance.

10

https://2023.platformcon.com/talks/why-we-skipped-sre-and-switched-to-platform-engineering#:~:text=We%20realized%20the%20difficulties%20of,we%20achieved%20the%20following%20benefits
https://2023.platformcon.com/talks/why-we-skipped-sre-and-switched-to-platform-engineering#:~:text=We%20realized%20the%20difficulties%20of,we%20achieved%20the%20following%20benefits
https://2023.platformcon.com/talks/why-we-skipped-sre-and-switched-to-platform-engineering#:~:text=We%20work%20in%20an%20IoT,SRE%20principles%20into%20this%20IDP


1.7 SRE Metrics and Monitoring

Metrics and monitoring are the lifeblood of Site Reliability Engineering. SREs rely on carefully
chosen metrics to gauge system health and on robust monitoring practices to get alerts before users
notice problems. Over the past 10 years, there has been a significant shift from basic infrastructure
metrics to more refined service reliability metrics, and from simple alerting to sophisticated
observability strategies. This section examines the evolution of SRE metrics and monitoring
philosophies, including key frameworks like the Four Golden Signals, the USE and RED methods,
service-level indicators, and how monitoring has adapted to modern systems. We will also discuss
where monitoring practices have plateaued or proven difficult to implement.

1.7.1 From Infrastructure Metrics to Service Metrics

In the early days, monitoring was heavily focused on infrastructure-centric metrics: CPU utiliza-
tion, memory, disk I/O, network traffic on servers, etc. SREs at Google and elsewhere realized
that while these resource metrics are necessary, they are not sufficient to understand the user’s
experience. Thus, a big push in SRE was to identify service-centric metrics or SLIs (Service
Level Indicators) that directly reflect what users care about – such as request latency, error rate,
throughput, etc.

Google introduced the notion of the “Four Golden Signals” for monitoring any user-facing
system (Google SRE monitoring ditributed system - sre golden signals). These four signals are:
Latency, Traffic, Errors, and Saturation (Google SRE monitoring ditributed system - sre
golden signals). In practical terms: latency is the response time, traffic is demand (e.g. requests
per second), errors is the rate of failed requests, and saturation is how overloaded the system is (e.g.
CPU or memory usage as it approaches limits). The advice was that if you could only monitor 4
things, pick those, as they cover both the user perspective (latency, errors, traffic) and the system
perspective (saturation) (Google SRE monitoring ditributed system - sre golden signals) (Google
SRE monitoring ditributed system - sre golden signals). Over the decade, this concept has been
broadly adopted – many SRE teams design dashboards specifically around these golden signals for
each service.

In parallel, other metric frameworks gained popularity: the USE method (Utilization, Satura-
tion, Errors) by Brendan Gregg for diagnosing resource bottlenecks, and the RED method (Rate,
Errors, Duration) for microservices, which is essentially similar to Golden Signals minus saturation
(since “Rate” ˜ traffic, “Duration” ˜ latency) (DevOps and SRE Metrics: R.E.D., U.S.E., and
the ”Four Golden Signals”) (DevOps and SRE Metrics: R.E.D., U.S.E., and the ”Four Golden
Signals”). These acronyms became common knowledge for SREs and influenced how monitoring
systems are set up. For example, a typical monitoring setup by 2025 might include dashboards
showing RED metrics for every microservice and USE metrics for underlying infrastructure nodes.

The evolution here is an increased focus on quality metrics (latency distributions, error
percentages) rather than just availability (up/down). Traditional monitoring often centered on
“Is the service up? Is CPU < 90%?” but SRE pushes to monitor SLOs – e.g., “99th percentile
latency < 500ms over 5 minutes”. This is a more nuanced view of reliability. It requires better
instrumentation and collection of data. Tools like Prometheus made it easier to collect high-
cardinality metrics (like latency percentiles) efficiently, which supported this shift.

However, implementing these metrics and aligning everyone on them has challenges. SREs often
need to evangelize why, for instance, monitoring tail latency is important (because averages might
look fine while 1% of users are having a terrible experience). Over time, most teams accepted that
tracking such indicators is valuable. A sign of stagnation, though, is that many organizations still
don’t have well-defined SLIs/SLOs beyond what their tools give by default. It’s not uncommon
that years into an SRE program, some teams are still figuring out what their SLOs should be,
indicating that the process of metric selection and refinement is continuous and sometimes slow.

1.7.2 Alerting: From Static Thresholds to Intelligent Alerting

Alerting is a critical aspect of monitoring – deciding which conditions should page an SRE at 2
AM. Historically, alerting was done via static thresholds (e.g., CPU > 90% for 5 min, or >1000
errors/min triggers an alert). The past decade saw improvements in alerting strategies in SRE:

• Multi-signal alerts and severity levels: Instead of alerting on a single metric breach,
SREs configure alerts that consider multiple signals (e.g., if error rate is high and traffic has
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dropped, it’s more severe than just error rate high with normal traffic). Tools like Prometheus
Alertmanager allow for writing such rules, and SREs have developed playbooks for tuning
alerts to minimize false positives.

• SLO-based alerting: A best practice that emerged is alerting on SLO burn rate. For
example, if a service is consuming its error budget too fast (say, 5% of budget in an hour), that
could trigger an alert (SRE error budgets and maintenance windows | Google Cloud Blog).
This ties alerting directly to the reliability objectives. It has the advantage of focusing on
user impact: you page someone only if the SLO is in danger of being missed, rather than any
minor blip. By 2025, more teams are implementing this (Google has documented guidance
on alerting based on SLO burn rates, using concepts like ”budget burn alerts” for different
time windows).

• Dynamic or adaptive thresholds: Some organizations started using machine learning or
statistical techniques to set alert thresholds that adapt to normal patterns (for instance,
higher traffic on weekends might raise the acceptable error count). While still not ex-
tremely common due to complexity, the tooling (e.g., AWS CloudWatch and others) now
offers anomaly detection alarms.

Despite these advances, a persistent issue is alert fatigue – too many pages or noisy alerts.
The ideal SRE setup is to have a small number of high-precision alerts that indicate real problems.
Google SRE’s philosophy was “only alert on symptoms that are urgent and actionable” (Google
SRE monitoring ditributed system - sre golden signals) (Google SRE monitoring ditributed system
- sre golden signals), meaning do not wake someone up for anything that can wait until business
hours or that doesn’t affect users. This philosophy has been widely preached, yet many teams
still struggle with it. Stagnation is visible when legacy alerts never get removed or when teams
simply add alerts for each new issue without pruning old ones, leading to a sprawling alert system
that pages on many non-critical issues. SRE best practices include regular alert reviews (often
in postmortems) to refine or remove alerts that didn’t help, but doing this diligently requires
discipline.

The community has also put effort into runbook automation: pairing alerts with links or
automated actions so that the on-call engineer knows exactly what to do. The goal is to reduce
mean-time-to-recovery (MTTR) by having well-documented steps, or even automated remediation
for known issues. This has improved with internal tools and knowledge bases, but one could argue
it’s an area where more could be done. The promise of AI is that it might auto-generate runbooks
from past incident data (Site reliability engineering: Challenges and best practices in 2023) – if
that materializes, it could be a leap in how alert response is handled.

1.7.3 Observability: Beyond Monitoring

We touched on observability in the Tools section, but as a practice it represents an evolution
in mindset for SRE monitoring. Instead of just having a fixed set of dashboards and alerts,
observability encourages exploratory analysis. An SRE might investigate a customer complaint by
correlating logs, metrics, and traces on the fly. Modern systems produce huge volumes of telemetry,
and observability is about making sense of it.

One concrete improvement is the concept of distributed tracing becoming part of incident
investigations. Ten years ago, if a web request was slow, you might only have metrics per service.
Now you can often pull up a trace showing that exact request path – e.g., it spent 200ms in
Service A, then 500ms waiting on Service B due to a database call. This level of detail accelerates
root cause analysis. It has also facilitated blameless culture by focusing discussion on system
behavior rather than human error, since you can see exactly what code or call failed.

Another aspect is end-user monitoring: SREs increasingly care about client-side metrics
(e.g., web page load times from the user’s browser, or mobile app crash rates) – not just the server
metrics. This end-to-end view ensures that what you monitor truly reflects the user experience,
which is after all the ultimate goal. Tools for real user monitoring (RUM) and synthetic transactions
are now often within SRE’s scope.

Where is stagnation in monitoring? Possibly in the human capacity to utilize all data
effectively. We now collect more metrics than ever, but making smart decisions with that data
is still hard. Many SRE teams struggle with too many dashboards – sometimes referred to as
“dashboard sprawl”, where dozens of panels exist but only a few are ever looked at. Observability
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is supposed to help find unknown problems, but it can also be like finding a needle in a haystack
if not guided. This is prompting interest in automated analysis, which again points to AI/ML as
the next step (e.g., tools that highlight anomalies across all your metrics without you specifying
which ones to check).

A tangible sign of maturity (or stagnation overcome) in metrics is when organizations link
them to business outcomes. The latest DevOps and SRE thinking emphasizes connecting tech-
nical metrics to business metrics (like conversion rates, revenue impacts). The Dynatrace 2023
report notes that SRE should be driven by high-level business goals (Site reliability engineering:
Challenges and best practices in 2023), and that customer experience metrics are key (Site reli-
ability engineering: Challenges and best practices in 2023) (Site reliability engineering: Challenges
and best practices in 2023). Some advanced SRE teams define SLOs in terms of user journeys or
business KPIs (for example, “successful checkout rate” as an SLI for an e-commerce site). This
reflects an evolution from purely technical monitoring to a more product-centric reliability view.
However, this is still an emerging practice; many SRE implementations haven’t reached that stage
and focus on lower-level metrics.

1.7.4 Data-Driven Reliability and Analytics

As SRE has matured, there’s been more analysis of metrics data to drive decisions. For instance,
error budget burndown charts help decide if development velocity needs to be curbed. Capacity
trend lines are used to justify hardware investments or cloud spend – reliability metrics have
found their way into executive dashboards to track the health of digital services. SREs often
produce monthly or quarterly reports on reliability (e.g., uptime, number of incidents, SLO
compliance). Over a decade, these reports have become more standard in companies adopting
SRE, integrating into broader IT governance.

One could argue that the sheer availability of data has improved accountability. It’s harder for
teams to hide reliability issues when SRE practices surface clear metrics. The concept of Error
Budget Policy means there’s a clear line when reliability is “too low” and triggers management
actions (Error Budget Policy for Service Reliability - Google SRE). However, enforcing these poli-
cies sometimes stagnates: if product pressures dominate, teams might routinely overspend error
budgets without repercussion, weakening the whole purpose of SLOs. This again is not a failure
of metrics themselves, but of organizational will to act on them.

1.7.5 Looking Forward in Metrics

The SRE metrics landscape does not appear stagnant when it comes to innovation – if anything,
it’s overwhelming. The stagnation, where it occurs, is in adoption and effective usage. For example,
you might have a state-of-the-art observability stack, but if your on-call playbook still says “restart
the service if CPU >90%” and nothing more, you haven’t leveraged the insights available. There
is a need for better education and bridging between what data is collected and how human
operators make decisions. Some see the solution in more automation (let the system respond to
metrics autonomously as much as possible), others in better training to interpret complex data.

In closing this section, SRE’s contribution to metrics and monitoring is one of its crown jewels.
Concepts like the Golden Signals (Google SRE monitoring ditributed system - sre golden signals)
and SLO-based monitoring have changed how operations teams think about reliability. The journey
from basic monitoring to full observability is ongoing, and as systems become even more complex
(with AI services, edge computing, etc.), SREs will continue to refine what to measure and how.
So long as organizations invest in the right monitoring culture (not just tools), the stagnation can
be avoided. The next section will explore the human side: leadership and culture in SRE, which is
often the deciding factor in whether all these practices and tools actually lead to better outcomes.

1.8 SRE Leadership and Culture

The success of Site Reliability Engineering in an organization hinges not only on technical prac-
tices and tools, but also on the leadership support and culture surrounding reliability. SRE
introduces cultural norms that can be quite different from traditional IT operations, such as blame-
lessness, shared ownership with developers, and a focus on engineering solutions over heroics. In
this section, we analyze how leadership and culture in companies have evolved to accommodate
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SRE, and where cultural obstacles have led to stagnation in SRE progress. We will discuss man-
agement structures for SRE teams, the importance of executive buy-in, fostering a blameless and
proactive culture, and the challenges of defining SRE roles consistently across organizations.

1.8.1 Organizational Structures and Leadership Support

When SRE was new, companies experimented with how to structure SRE teams. Google’s model
was to have separate SRE teams that partner with product development teams, with a hierarchy
that includes SRE managers and directors who champion reliability at upper levels of the company.
Over the past decade, more organizations have established similar structures: a Head of SRE or
Director/VP of Reliability role is increasingly common in large tech firms. This role serves as an
executive advocate for reliability, ensuring it is a priority alongside product features. The presence
of such a role is often a litmus test of how seriously a company takes SRE. In global adoption, we
see that many banks, retailers, etc., now have at least a senior manager if not a director leading
SRE or reliability engineering, reporting up to CTO or CIO.

Executive buy-in is repeatedly cited as critical. As one SRE expert noted, “If it’s not a cultural
change coming from the top-down, most likely it will fail” (Site reliability engineering: Challenges
and best practices in 2023). Without leadership support, SRE teams can hit a ceiling where
they cannot implement needed changes due to competing priorities (Site reliability engineering:
Challenges and best practices in 2023) (Site reliability engineering: Challenges and best practices
in 2023). For example, SREs might identify that a service needs a 3-month reliability refactor,
but if product management doesn’t value that and leadership doesn’t mandate the time, it won’t
happen. In organizations where SRE succeeded, leaders set reliability goals (like “No more than
N minutes of downtime per quarter”) that carried weight equal to business goals.

One cultural stagnation is when SRE is seen as “just another operations team” rather than
an engineering discipline. Leadership might then allocate SREs purely as on-call firefighters and
not empower them to push back on risky software launches or to invest in long-term fixes. Netflix
approached this by structurally embedding reliability into engineering culture: their SRE team
(CORE) acts more as internal consultants and tool builders, while developers themselves carry
pager duty for their services, promoting shared ownership (Rundown of Netflix’s SRE practice
– Boost software reliability | SREpath) (Rundown of Netflix’s SRE practice – Boost software
reliability | SREpath). This model requires leadership to enforce the rule “you build it, you run
it”, which Netflix’s management explicitly supports as part of their freedom & responsibility culture
(Rundown of Netflix’s SRE practice – Boost software reliability | SREpath). It may not be feasible
everywhere, but it exemplifies aligning structure with culture.

1.8.2 Blameless Culture and Human Factors

SRE culture strongly advocates for blameless postmortems and a learning mindset from fail-
ure. Leadership plays a role in this by how they react to incidents. If upper management penalizes
teams or individuals for outages, it breeds a culture of fear, which is antithetical to SRE principles.
Over the decade, especially as DevOps thinking spread, more leaders understand the need for
psychological safety. The term “just culture” is used to describe an environment where people
are encouraged to report mistakes or problems without fear, focusing on process and system im-
provement (The 2023 SRE Report provides the broadest independent insights into SRE Practices
including findings on the role of AI, key technology trends, and a misalignment between practi-
tioners and management. | CIO Dive). Organizations that achieved this have seen benefits in
collaboration and problem-solving (Site reliability engineering: Challenges and best practices in
2023).

However, not all companies successfully implement blameless culture. In some cases, the blame
game persists, either overtly or subtly. SREs might face skepticism from other engineers (“Why
did you let the site go down?”) or from management looking for a scapegoat. This can cause
stagnation because people then hide failures or avoid taking risks that might actually improve
reliability (for fear of being blamed if something goes wrong). It takes continuous reinforcement
from leadership that failures are opportunities to improve, not witch-hunts. Google’s practice of
widely sharing postmortems internally, explicitly avoiding personal blame, set a gold standard
(Blameless Postmortem for System Resilience - Google SRE). Not every company does that; some
keep incident analysis siloed, which limits organizational learning.
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Another cultural aspect is how SREs interact with developers. Ideally, it’s a partnership (Dev
and SRE working as two sides of the same coin). But if culture is off, it can become adversarial
– SREs seen as gatekeepers or “the uptime police” and developers trying to bypass them. This
was noted in some discussions that SREs could develop “main character syndrome” and overstep
by redoing other teams’ work without collaboration (The Evolution of SRE at Google | Hacker
News). Avoiding this requires clarity in roles and good leadership to set the tone that SREs
are enablers, not blockers. The best SRE cultures encourage empathy: SREs should understand
product pressures and developers should respect reliability concerns. Cross-training (SREs doing
rotations in dev teams and vice versa) has been one tactic to build mutual respect.

1.8.3 The Inconsistent Role of SRE and Career Progression

Unlike more established fields, SRE’s rapid spread led to inconsistent role definitions across
companies. One company’s SRE might be writing code 80% of time, another’s might be doing
manual ops 80% of time. An SRE at Google with years of experience might join another company
and find their expertise doesn’t map neatly because that company’s idea of SRE is different (The
Dark Side of SRE - by Team CodeReliant). This inconsistency is a cultural and leadership chal-
lenge: hiring managers may not fully know what skill set to look for, and SREs themselves may
struggle to explain their value in environments that are new to the concept.

Team CodeReliant’s analysis pointed out that because SRE as a discipline is relatively new
and typically teams are small, the career ladder can feel like a dead end (The Dark Side of SRE
- by Team CodeReliant) (The Dark Side of SRE - by Team CodeReliant). In many companies,
there might be only junior and senior SRE, then perhaps one SRE manager – not a lot of upward
positions. Ambitious SREs wanting to advance may feel they have to jump to either a pure
management track or leave for another company. This has led to a mid-career stagnation for some
SRE practitioners (The Dark Side of SRE - by Team CodeReliant). Some large organizations
(Google, Microsoft, etc.) have developed more extensive SRE ladders (e.g., “Staff Site Reliability
Engineer” akin to a Staff Software Engineer, etc.), which helps provide growth paths. But others
are still catching up.

Leadership can address this by recognizing SRE as a valuable specialization and creating roles
like Principal SRE or Architect, Reliability so that senior technical SREs have a place to go
beyond management. Without that, there’s a risk that talented SREs leave or SRE becomes seen
as a stepping stone rather than a sustainable career. The cultural narrative around SRE is indeed
shifting: early on it was sometimes seen as a transitional role (e.g., a software engineer does SRE
for a while then goes back to product development). Now, more people see it as a long-term career
if given growth opportunities. The formation of SRE professional groups and even certification (as
we’ll discuss in Training) shows the role solidifying.

1.8.4 Balancing Reliability and Innovation – Cultural Attitude

A classic tension in tech companies is between pushing new features (innovation) and keeping
things stable (reliability). SRE culture tries to mediate this with the error budget concept, making
reliability a quantifiable part of the conversation. Culturally, it encourages teams to see reliability
as everyone’s responsibility – not something that a separate ops department deals with at the
end. Achieving this mindset shift has been a major task for SRE leadership. Some companies insti-
tutionalized reliability reviews, where any major launch has to be vetted by SRE for risks. Others
adopted gamification, like Google’s famous “wheel of misfortune” game day to train engineers on
handling outages, making it part of the culture in a fun way.

Where culture and leadership sometimes falter is when business pressures override reliability
consistently. If an organization only measures developers on feature velocity and not on reliability,
no amount of SRE preaching will fully stick. Modern SRE thought suggests tying reliability
to business metrics, as mentioned earlier (e.g., customer satisfaction or NPS, revenue impact of
downtime, etc.), to give everyone an incentive to care. Leadership must champion this integrated
view. A noteworthy example: after some highly visible outages, companies like Amazon have had
top executives explicitly emphasize that operational excellence is as important as new features for
maintaining customer trust. Those statements ripple through the culture and empower SREs to
say “no” when necessary to protect the system.
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1.8.5 Burnout and Work-Life Balance

Culture also encompasses work practices and well-being. SRE’s on-call demands can strain work-
life balance if not managed. We touched on burnout in previous sections – here we consider how
leadership responds to that risk. Enlightened SRE leadership monitors on-call load and rotates
people out if they’ve had a rough period. Some companies have policies like “if you get paged
overnight, you can come in late or take the next day off” to compensate. There is also a trend
to ensure SREs take regular vacations and have backup coverage (to truly disconnect, something
that was not always honored in traditional ops).

Still, the “hero culture” can creep in – where an individual who saves the day repeatedly is
praised, possibly encouraging unhealthy behavior (over-reliance on certain people or rewarding
people for burnout-inducing effort). SRE culture tries to shift praise to those who automate the
need for heroics away. The mantra “the best outage is the one that never happens” suggests
rewarding prevention, not just reaction. Some organizations now include reliability improvements
and lack of incidents as positive performance indicators, not just how many fires someone fought.
But quantifying that is tricky, and some SREs fear that their work is only noticed when things go
wrong (so if they do a great job preventing issues, it’s invisible). Leadership needs to explicitly
acknowledge and reward the invisible work of maintenance, refactoring, and prevention to keep
morale up.

1.8.6 Diversity and Inclusion in SRE Culture

An additional cultural dimension is diversity of the SRE workforce. Initially, SRE teams often grew
out of sysadmin or developer circles that were not particularly diverse. As SRE has professionalized,
there’s been effort to attract a broader talent pool, including those from IT operations, networking,
even non-traditional backgrounds. The community via conferences (SREcon etc.) has sessions on
inclusivity, and some companies have tailored SRE training programs to new grads to widen the
funnel. A diverse SRE team can improve culture by bringing different perspectives on problem-
solving and by creating a more inclusive on-call rotation (ensuring e.g., that the same person isn’t
always the “go-to” because others are equally skilled and trusted).

While not a central theme of SRE itself, it’s worth noting because a monoculture can also lead
to stagnation – the same ideas circulated without challenge. A mix of backgrounds (developers,
ops folks, data scientists, etc.) in reliability teams often sparks innovation in how problems are
approached.

1.8.7 Summing Up Culture & Leadership

In summary, over the past 10 years:

• Positive cultural shifts: Reliability is more of a first-class priority; blameless postmortems
and just culture concepts are widely taught; collaboration between dev and ops is better in
many places; SRE leaders are present in management ranks of companies.

• Persistent cultural challenges: Executive support varies, and without it SRE stalls; some
organizations treat SRE as rebranded ops, failing to empower engineers; role inconsistencies
cause frustration and career issues; burnout and operational overload remain issues where
leadership doesn’t set sustainable limits.

The theme of stagnation appears when leadership does not continually nurture the SRE culture.
Culture isn’t one-and-done – hiring new people, changes in business direction, or a couple of severe
incidents can all test the culture. Companies that have sustained SRE success tend to have a
champion at the top and a clear message that reliability is non-negotiable. Those that haven’t
often see their SRE efforts fizzle out or plateau at a mediocre level of effectiveness.

Next, we turn to SRE Training and Development, which is closely tied to culture – how do we
prepare engineers to excel in SRE roles and grow their skills? That has seen notable developments
in the last few years, as SRE knowledge becomes more formalized and widespread.

1.9 SRE Training and Development

In the earlier years of SRE, there was no formal training path — most SREs were either software
engineers learning ops on the job, or sysadmins learning to code. As the discipline matured, orga-
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nizations and the broader community recognized the need for structured training and professional
development for SREs. This section covers how SREs are educated and developed today versus
a decade ago. We discuss the emergence of SRE courses and certifications, internal training pro-
grams at companies, community knowledge sharing (conferences, books), and the ongoing effort
to solve the talent gap in reliability engineering. We also consider stagnation in this area: are we
doing enough to cultivate the next generation of SRE talent, or is the pipeline still lagging behind
demand?

1.9.1 Emergence of Formal SRE Education

Around 2015, if you wanted to learn SRE, you largely had to read Google’s book or find a mentor.
By 2025, the landscape is quite different. Academic and professional training courses on
SRE are now offered by various institutions:

• The DevOps Institute introduced an SRE Foundation certification and later an SRE Prac-
titioner certification (Site Reliability Engineering (SRE) Foundation - DevOps Institute) (Site
Reliability Engineering (SRE) Practitioner - DevOps Institute). These are training pro-
grams that teach SRE principles and best practices, aiming to give individuals an industry-
recognized credential. While not as ubiquitous as, say, cloud certifications, they indicate a
formalization of knowledge.

• Coursera and online learning platforms host SRE specializations, sometimes taught by
experts, covering topics like SLOs, monitoring, incident response, etc. (Site Reliability En-
gineering: Measuring and Managing ... - Coursera).

• Some universities have begun incorporating SRE or reliability engineering into computer
science curricula, often as part of DevOps courses. Although a full SRE degree doesn’t exist,
we see master’s programs in software engineering touching on SRE topics.

• Company-led training: Google, for instance, has internal classes and a structured on-
boarding for new SREs. In fact, Google has published some of its training material outlines
(Jennifer Petoff et al. wrote about creating an SRE learning program (Google SRE - SRE
course for site reliability engineers)). This covers not just tools but mindset and cultural
components. Other companies (like LinkedIn, Microsoft, IBM) have similar internal boot-
camps for SREs. IBM even offers a Professional SRE certification aligned with their cloud
(IBM Cloud Professional Site Reliability Engineer SRE - Training).

The result is that someone new to the field today has far more resources to get up to speed than
the pioneers had. This is helping to fill the talent pipeline. However, there is still a shortage of
experienced SREs relative to demand. As we saw, SRE was one of the high-demand roles globally
(Site Reliability Engineering (SRE) Comes of Age in 2022 - DevOps.com). Many companies end
up retraining existing staff (e.g., turning a dev into an SRE or a sysadmin into an SRE) which
works but can be slow.

1.9.2 Internal Career Development and Skill Growth

For practicing SREs, development often comes from tackling new challenges (like taking on a more
complex service, or leading incident response for bigger incidents). Many organizations foster
growth by rotating SREs through different teams – this exposes them to new tech stacks and
problem domains, broadening their expertise. Some also pair junior SREs with senior “on-call
buddies” so that knowledge is passed on during real incidents.

Mentorship within SRE teams is critical. Because the field is broad (covering networking,
databases, coding, etc.), a junior SRE might feel overwhelmed. Companies like Google have formal
mentoring and also encourage writing – junior SREs might co-author postmortems or design docs
with seniors, which is a learning exercise.

One interesting development is that soft skills training has become part of SRE development.
Communication under pressure, incident command leadership, and cross-team negotiation (like
persuading dev teams to prioritize certain fixes) are all crucial for SREs. Some organizations run
simulations and role-playing to improve these skills. There are even workshops on how to conduct
a blameless postmortem meeting effectively, which combines technical and interpersonal skills.
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1.9.3 Community and Knowledge Sharing

The SRE community has grown vibrant, which itself is a form of collective development. Con-
ferences (SREcon, AgileConf, etc.), meetups in various cities, and online forums (like the r/SRE
subreddit, SRE channels on Slack/Discord) allow SREs to share war stories and solutions. Over
10 years, a rich set of literature has emerged: beyond Google’s original book, we have The Site Re-
liability Workbook, Seeking SRE (an anthology of essays from different companies), and numerous
blogs.

Companies like Netflix, Uber, Dropbox, and others often blog about their SRE practices, effec-
tively contributing to the education of the community by example. For instance, Netflix engineers
have written about how they do alerting, how chaos engineering is integrated, etc., which others
can learn from. The community approach helps prevent stagnation by cross-pollinating ideas –
one company might learn of a novel approach from another and try it.

One could argue there’s been a commoditization of SRE knowledge: what was once inter-
nal tribal knowledge at a few companies is now widely accessible. This is a healthy development.
However, the flip side is that some organizations may attempt to copy-paste practices without
fully understanding them (like adopting error budgets without setting up the culture around it).
Training needs to be contextual – and that’s where internal development is still needed in each
org.

1.9.4 Talent Shortage and Hiring Challenges

Despite the increased availability of SRE learning, many companies find hiring experienced SREs
difficult. It’s often cited that there’s a shortage of people with both strong software and systems
skills. As a result, companies sometimes hire promising candidates and then invest in training
them up to SRE proficiency. This has led to structured graduate programs or rotations. For
example, some firms hire new grads into a “Production Engineering” rotation for a year, covering
different roles from dev to SRE, then place them where they fit best.

The catch is that training someone to be effective in SRE can take time, and some companies
under-invest in that, expecting a hire to be immediately productive. That mismatch can cause
frustration and turnover. Leading organizations treat SRE development as a continuous process –
even veterans need to keep learning due to new tools and evolving systems.

1.9.5 Professional Growth and Recognition

As mentioned in the Leadership section, providing a career path is part of development. We’ve
seen titles like Staff SRE or Distinguished Engineer (Reliability) appear, which is a positive sign.
Another avenue for professional recognition is speaking at conferences or publishing. Many SREs
boost their careers by contributing to open source or presenting case studies; companies often
support this as it also raises their profile. For instance, an SRE from Facebook or Airbnb might
give a talk at SREcon on a novel tool they built – this not only helps them grow (public speaking,
community recognition) but also helps recruit by showing their company’s SRE maturity.

From a stagnation viewpoint, one concern is mid-level SRE churn – after a few years, some
SREs feel they hit a plateau and either move to management or leave for another employer for
a fresh set of challenges. If organizations don’t identify and elevate those who want to remain
technical, they lose talent. So now, many SRE managers have started to have explicit career
discussions: do you want to go into architecture? management? specialize in a domain (like
security reliability or data reliability)? Options are being clarified.

1.9.6 Adaptation of SRE Training to New Domains

One interesting evolution is applying SRE principles to new domains: ML/AI systems (MLOps)
and Data reliability, for instance. These areas have unique challenges (like model drift, data
pipeline failures) and there’s a movement to have SRE-like roles ensure reliability there. Training is
expanding to cover these (Google’s “Reliable ML” guidelines, etc.). SREs who upskill in these areas
become valuable specialists. This is a continuous development path – it’s a way to avoid stagnation
by broadening scope. Similarly, SRE for blockchain or SRE in highly regulated environments are
new frontiers requiring learning.

One might ask: have we seen SRE stagnate in skill development? Possibly in organizations
that treat SRE as a static role where you do the same thing repeatedly (just run the playbooks,
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keep the lights on). But the broader trend is pushing SREs to develop software craftsmanship and
systems thinking deeper. Those who lean into coding can get as good as any developer in writing
automation or building reliability tools. Those who lean into systems can become experts in scaling
and infrastructure. The multidisciplinary nature is actually a strong antidote to boredom – there’s
always something new to learn (which can be exciting or exhausting depending on the individual).

1.9.7 Certification and Standards Debate

As SRE matures, there’s a bit of debate: should there be a standardized certification or exam
(like Cisco’s networking certs, etc.)? Some worry that could oversimplify what is fundamentally
a practice requiring experience and judgment. The DevOps Institute certifications exist but the
community’s reception is mixed; some value it for introducing concepts systematically, others feel
real-world problem solving can’t be tested easily in a cert exam. For now, hands-on experience and
demonstrated skill (through projects or references) carry more weight in hiring than certificates.
But in the future, if SRE becomes as established as, say, project management, we might see more
formal accreditation.

1.9.8 Mentoring and Community Initiatives

It’s worth noting the supportive initiatives out there: mentoring circles, SRE mentorship programs
(some run by SREcon where newcomers get paired with veterans), and a general culture of sharing.
This communal approach helps newcomers get guidance that a single company’s internal resources
might not provide, especially for those in smaller companies where there may be only one or two
SREs. The reliability engineering community often emphasizes that failure stories are as educa-
tional as success stories, and unlike some fields, people are quite open about outages and lessons
learned (within limits of NDAs). This openness in knowledge sharing is a cultural development
that aids learning globally.

1.9.9 Summary of Training and Development

Over 10 years, SRE has gone from an ad-hoc “learn on the job” role to one with multiple learning
pathways:

• Increased documentation and books: There’s now a written body of knowledge aspiring
SREs can study (a bit like having textbooks for the field).

• Formal training programs: Bootcamps, certifications, and courses now exist, though
practical experience remains key.

• Internal upskilling: Companies are training internal talent to become SREs, recognizing
that hiring externally alone can’t fill all needs.

• Continuous learning: Given fast tech changes, SREs must constantly update their skills
(e.g., learning Kubernetes, new languages, cloud services). Good organizations allocate time
(like 20% projects or self-directed learning days) for SREs to experiment and learn.

If there is stagnation, it might be that some companies haven’t invested in training and rely on
“finding unicorns” who already know everything. This is likely unsustainable. The ones that treat
SRE development seriously are building stronger, more loyal teams. A decade from now, we may
even see specialized university tracks for site reliability or operations engineering, further feeding
the pipeline.

With training covered, we now move to the challenges and solutions in SRE (some of which
we’ve touched upon throughout, but we’ll consolidate them) – essentially looking at what problems
persist (stagnation points) and how the community is addressing them.

1.10 SRE Challenges and Solutions

Throughout this retrospective, we have noted various challenges that SRE teams and organizations
face. In this section, we compile the major challenges that have been observed over the past ten
years of SRE practice, and discuss what solutions or mitigations have been tried, which have
succeeded, and which remain works in progress. The theme of stagnation in certain aspects of SRE
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often ties directly to these challenges: when a challenge is not fully overcome, progress stalls. The
key challenges include:

• Operational Overload and Burnout (the “24/7 on-call” stress and toil).

• Scaling SRE Adoption beyond tech giants (in enterprises or smaller companies).

• Role Clarity and Avoiding Misapplication of SRE (not treating SRE as just rebranded
Ops).

• Metrics and SLO Implementation Gaps (difficulty in setting meaningful SLOs and
acting on them).

• Tool Sprawl and Complexity (managing too many tools and overly complex systems).

• Cross-team Collaboration and Communication issues (Dev vs Ops mentality linger-
ing).

• Recruitment and Retention of Talent (SRE talent shortage, career progression con-
cerns).

For each challenge, we will outline observed impacts and then highlight solutions that have
emerged or been proposed to address them.

1.10.1 Challenge 1: Operational Overload and Burnout

Impact: Many SREs report high stress levels due to constant context switching, frequent pages,
and the pressure of being the last line of defense for outages. Chronic on-call fatigue can lead
to burnout (The Dark Side of SRE - by Team CodeReliant) (The Dark Side of SRE - by Team
CodeReliant), health issues, or leaving the role entirely. Firefighting all day also means SREs have
little time for engineering improvements, creating a vicious cycle (systems never get better because
SREs are too busy fixing incidents).

Notable Example: A survey on toil showed some SREs spending nearly all their time on
manual ops (SRE Report 2023: Findings From the Field — Toil). The “Dark Side of SRE” article
explicitly calls out this operational treadmill and its toll on career development (The Dark Side of
SRE - by Team CodeReliant) (The Dark Side of SRE - by Team CodeReliant).

Solutions:

• Limit On-Call Burden: Many organizations implement policies like each SRE gets at least
one full week off call in N weeks, or ensure multiple rotations so no single person is on call
too frequently. Google SRE historically aimed for an upper limit (like each SRE handles at
most 2 incidents per shift on average; beyond that they treat it as a sign of systemic issue to
fix).

• Improve Toil Automation: Reducing repetitive tasks by aggressive automation is a core
solution. Some have created Toil budgets (similar to error budgets): e.g., if an SRE team
finds >50% of time is toil, they prioritize automating some of it before taking on new services.
Also, using automation in incident response (auto-remediation scripts) helps cut down the
number of times a human must get involved.

• Psychological Support: Recognizing the mental health aspect, some companies have debriefs
after major incidents (not just technical postmortems, but discussing stress and acknowl-
edging the team’s effort). Ensuring SREs can recuperate (via comp time, rotations out of
on-call) is increasingly seen as necessary. Management training now often includes spotting
burnout signs.

• Platform Engineering Approach: As discussed, one structural solution is to embed SRE
into platforms such that developers shoulder more operational load via self-service, thereby
reducing direct SRE interrupts (Why we skipped SRE and switched to platform engineering)
(Outshift | From SRE to platform engineering: Paving the way for innovation and scala-
bility at Outshift). If dev teams use reliable platforms, SREs can focus on improving that
platform rather than manually solving each incident. This was effectively used by compa-
nies like Electrolux to alleviate SRE strain (Why we skipped SRE and switched to platform
engineering).
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• Emergency Capacity & Runbooks: Ensuring systems have some buffer capacity can reduce
overnight pages (for instance, auto-scaling headroom so that a traffic spike doesn’t immedi-
ately trigger capacity alerts). Also, having up-to-date runbooks means that if a page does
occur, it’s quick to resolve, shortening stressful periods. Generative AI might soon help
maintain runbooks (by synthesizing solutions from past incidents) (Site reliability engineer-
ing: Challenges and best practices in 2023), which could relieve cognitive load.

Status: Burnout remains a challenge in many orgs, but at least it’s openly recognized now.
SRE leaders often track metrics like “pages per on-call shift” to gauge if load is reasonable. As SRE
teams mature, they tend to push more automation and sometimes renegotiate what truly needs
paging at odd hours (for example, maybe some minor issues can wait for business hours). The
culture shift towards work-life balance in tech (with more focus on sustainable workload post-2020)
might also drive improvements here.

1.10.2 Challenge 2: Scaling SRE Adoption in Organizations

Impact: Many companies attempt to implement SRE but struggle to scale it beyond a small initial
team. They may form an SRE team, but it gets overwhelmed or isolated. In enterprises, getting
dozens of product teams to work with SRE can be tough. Sometimes SRE remains a pilot project
without full integration into how the company operates, thus limiting its impact (stagnation in
expansion).

Notable Example: It’s common in forums to hear “We tried SRE but dev teams wouldn’t
cooperate” or vice versa. The PlatformCon talk “Why we skipped SRE and switched to platform
engineering” basically describes an IoT company that found evangelizing SRE to many dev teams
hard, hence changed approach (Why we skipped SRE and switched to platform engineering).

Solutions:

• Gradual Onboarding of Services: Google did this with a production readiness review (PRR)
process – a new service must meet certain criteria before SRE agrees to take it on. Others
emulate this by slowly adding services under SRE care, ensuring they are manageable. This
prevents SRE teams from being swamped by too many responsibilities at once.

• Internal Advocacy and SRE Champions: Some organizations designate “SRE champions” in
each dev team – not full SREs, but liaisons who help implement reliability best practices.
This helps propagate SRE thinking without needing an SRE person embedded in every team.

• Executive Mandate with Flexibility: The Dynatrace SRE panel indicated the need for top-
down push (Site reliability engineering: Challenges and best practices in 2023) (Site reliability
engineering: Challenges and best practices in 2023). Companies like IBM have reportedly
rolled out SRE practices company-wide by having executives require SLOs for key services,
etc. However, giving teams some autonomy in how to meet those reliability goals helps – one
team might dedicate a dev to handle ops (acting as SRE), another might fully hand over to
a central SRE team; different models can coexist.

• Adapting SRE to Context: Not every organization can follow Google’s exact model. Solutions
include DevOps-SRE hybrids (where the same people do both dev and reliability) or Site
Reliability Champions in smaller companies. The key is to implement the principles in
a way that fits the company size and domain. For example, a startup might not create a
separate SRE team but still adopt SLOs and blameless postmortems within their dev team
– effectively doing SRE without the title.

• Measuring and Celebrating Reliability Wins: To scale SRE adoption, demonstrate results. If
early SRE efforts show fewer outages or faster incident resolution, share those metrics. This
can win over skeptics in other departments. Some organizations use internal case studies:
e.g., showing how Team X’s partnership with SRE reduced their pages by 30% and improved
user uptime, to encourage Team Y to also collaborate with SRE.

Status: SRE is now far more common in large tech firms and increasingly in mid-size compa-
nies. Traditional enterprises (banks, telcos) are adopting it, but often under names like “Production
Engineering” or “Reliability Engineering” to align with their culture. The challenge is certainly
not fully solved – many firms still find it tricky, especially where legacy systems dominate. But a
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variety of tailored models (from full SRE teams to embedded reliability engineers) are in use. The
evolution of Platform Engineering can be seen as a solution to scale reliability by providing central
tools rather than central people for every issue.

1.10.3 Challenge 3: Misapplication and Role Confusion

Impact: Some organizations label teams as “SRE” but have them doing work that doesn’t align
with SRE best practices (for instance, doing only reactive support with no time for engineering).
This can disillusion staff and give SRE a bad name internally. Also, transferring SREs between
companies can be hard if every place expects something different from the role (The Dark Side of
SRE - by Team CodeReliant).

Notable Example: A common cautionary tale is the “Rename your Ops team to SRE and
nothing else changes” scenario – those teams often fail to deliver improvement, as they’re SRE in
name only.

Solutions:

• Clear Definitions and Job Levels: Companies should define what SRE means for them. If
it’s largely operational, be honest about it; if it’s full engineering, ensure job postings and
evaluations reflect coding and design work. Some created separate tracks: e.g., “SRE-Ops”
vs “SRE-Software” tracks to distinguish focuses, but under a common leadership to avoid
silos.

• Onboarding and Cultural Training: When starting an SRE function, train the rest of engi-
neering on what SRE will do and won’t do. For example, developers should know SREs will
help automate and advise, but not simply be a dumping ground for runbook tasks. Setting
those expectations prevents misutilization of SREs.

• Documentation of SRE practices: Following something like an SRE charter or handbook
internally can align everyone. Many companies write internal guides (some even externally
share them) about how their SRE engages, when to involve them (like in design reviews for
new features), etc.

• Adapt Role to Strengths: Some SREs come from coding backgrounds, others from systems.
A solution is to allow specialization – let those who are great coders focus on building tools,
and those who excel in incident handling focus on operations, but still within one team that
cross-pollinates. Over time, encourage skill broadening, but initially use people’s strengths
so they feel valued and effective.

• Community Standards: Industry-wide, as more literature and discussion happens, a de facto
standard of what SRE entails is emerging (as we’ve been discussing). Companies tapping
into that (via consultation or hiring experienced SRE leaders) can calibrate their practices
to proven ones, avoiding completely reinventing and possibly misaligning.

Status: The risk of misapplication is decreasing as knowledge spreads, but it still exists. For
example, in 2025 one might find a job posting for “SRE” that is essentially a traditional NOC
(Network Operations Center) monitoring role – the title got trendy, so it’s used loosely. However,
within the serious SRE community, there’s now an understanding of core responsibilities. Role
confusion will probably persist to some degree until possibly more formalization or certification
happens, but experience and community pressure tends to correct the worst mismatches (people
will speak up, like “That’s not really SRE work”).

1.10.4 Challenge 4: Implementing Effective SLOs and Metrics

Impact: While we highlighted the importance of SLOs and metrics, many teams have difficulty
picking the right metrics, setting the right targets, or they set them and then ignore them. This
leads to either too many false alarms or a false sense of security. Mis-set SLOs can also cause
conflict (e.g., if reliability targets are unrealistic, SREs and devs end up constantly at odds).

Notable Example: Atlassian noted that poorly defined SLOs can create as many problems as
vague SLAs (Chapter 2 - Implementing SLOs - Google SRE). Some companies initially set nearly
unreachable SLOs (like “five 9s” due to business demands) and SRE had no error budget to allow
changes – stifling innovation until they recalibrated expectations.

Solutions:
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• SLO Workshops: Many companies run internal workshops where SREs facilitate product
and business folks together to decide SLOs based on user journeys. Involving product owners
ensures SLOs tie to user expectations (e.g., a feature might tolerate some downtime if not
critical, whereas checkout must be very reliable).

• Iterative Approach: Start with best-guess SLOs and refine after collecting data. Google
recommends this – don’t aim for perfection initially, use historical data to adjust SLOs so
they are challenging but achievable (The Evolution of SRE at Google | USENIX).

• Tooling for SLOs: New tools (like Nobl9, Sloth, or DIY with Prometheus) make tracking
SLOs easier. They can compute error budget consumption and even generate alerts. Having
a dashboard that clearly shows SLO compliance can focus teams’ attention.

• Tie to Decision Making: Ensure there is a policy: what happens if SLO is missed? What
if error budget is exhausted? Having a pre-agreed action (maybe a cooling-off period on
releases, or an exec review) makes SLOs consequential, thus teams care about them. Google’s
error budget policy is a prime example of this integration (Site Reliability Engineering (SRE)
Comes of Age in 2022 - DevOps.com).

• Keep it Simple: One reason SLO efforts stall is over-engineering – dozens of SLIs for one
service. A solution is to pick a small set of key SLOs (often 1 or 2 per service) that cover the
essentials. You can always add more later, but an overload of metrics confuses priorities.

• Benchmarking and External Comparisons: Sometimes teams don’t know what a good SLO
target is. Comparing with industry (if data available) or similar services internally can help.
For example, if similar microservice B has 99.9% uptime, that might guide service A’s target.

Status: Many companies are still maturing in this. SLO adoption is far from universal outside
cloud-native circles. However, the concept is firmly planted and even spreading to enterprise IT
(for internal services). The challenge is more about operationalizing SLOs – making them part
of regular reviews, dashboards seen by leadership, etc. Solutions like error budget policies and
better tooling are gradually addressing this. We foresee that in coming years, it will be unusual
not to have SLOs for critical services, much like it became unusual not to have automated testing
in software development.

1.10.5 Challenge 5: Tool Sprawl and System Complexity

Impact: The abundance of monitoring and management tools can overwhelm teams. Juggling
multiple systems (for metrics, logging, user monitoring, etc.) can lead to fragmentation – data
in silos, hard to get a unified picture. Also, the complexity of modern distributed systems (e.g.,
microservices mesh) is itself a challenge for reliability. Failures can have complex cascades that are
hard to predict.

Notable Example: The Catchpoint 2023 report found 54% of orgs use 3+ tools for telemetry
(The 2023 SRE Report provides the broadest independent insights into SRE Practices including
findings on the role of AI, key technology trends, and a misalignment between practitioners and
management. | CIO Dive), but interestingly an ITPro Today summary suggested many SREs don’t
view tool sprawl as a top concern (maybe because they’ve accepted it or found ways to manage
it) (2023 SRE Report Claims Tool Sprawl Is Not a Concern - ITPro Today). Still, multiple tools
mean more integration work.

Solutions:

• Consolidation and Integration: Many are moving towards single-pane-of-glass solutions
or at least integrating tools via APIs. For example, some companies feed logs and metrics
into one data lake so you can query them together. Vendors are also expanding suites (e.g.,
Datadog now covers metrics, logs, traces in one).

• Open Standards: Adopting OpenTelemetry for all telemetry means you can change backend
tools without changing instrumentation. This gives flexibility to consolidate in the future or
switch if needed. It reduces fragmentation at the source level.
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• Automation of Routine Ops: For complexity, some apply AIOps: using machine learning
to detect anomalies across many signals that a human might miss. This is still emerging,
but tools that highlight “something weird here” can guide SREs where to look in a complex
system.

• Architectural Simplicity where Possible: There’s a movement in some companies to simplify
architecture (e.g., limit how deep call chains go, try to avoid ultra-complicated dependency
graphs). This is more of a design principle: sometimes going overboard with microservices
leads to needless complexity; finding the right modularity can improve reliability.

• Chaos Engineering as a Complexity Coping Tool: By regularly injecting failures, teams can
uncover hidden dependencies and complexity pitfalls. This helps them either add safeguards
or consciously simplify that part. Essentially, chaos tests force one to understand the system
better and address complexity that is problematic.

• Investment in Platform & SRE Tooling: Some SRE teams create internal developer tools
that abstract away underlying complexity for developers (e.g., a unified deploy interface even
if under the hood it’s complex). This way, SRE deals with the complexity but shields others
and provides simpler operations externally.

Status: Tool sprawl might get worse before it gets better – new tools keep emerging (e.g., for
Kubernetes, for AI monitoring, etc.). However, the industry trend is to talk about “observability
platforms” rather than point solutions, so in coming years many orgs may consolidate on one
platform or a well-integrated few. Complexity of systems is an inherent challenge; there’s no silver
bullet. Approaches like chaos engineering and safety methodologies (STAMP as in Google’s case
(The Evolution of SRE at Google | USENIX)) are current best efforts. We might see stagnation
here until new paradigms (like more AI assistance or dramatically different system architectures,
maybe serverless adoption to reduce management of infra) shift the game.

1.10.6 Challenge 6: Cross-Team Collaboration and Ownership

Impact: SRE’s effectiveness often requires close collaboration with development, product, sup-
port, and other groups. Conflicts or silo mentality can severely hamper reliability efforts. For
example, if dev teams see SRE as “those guys who impose limits on us” and SRE see devs as
“careless coders who cause pages”, that cultural rift will undermine SRE objectives.

Notable Example: The earlier referenced HN comment about SREs potentially “running the
entire company if unchecked” (The Evolution of SRE at Google | Hacker News) illustrates a fear
of SRE overreach, while another comment asserts developers should be on-call for their code (The
Evolution of SRE at Google | Hacker News). These differing philosophies need reconciliation in
each org.

Solutions:

• Shared On-Call or Rotation: At some companies (e.g., Facebook historically), developers
also go on-call for their services. This fosters empathy – they directly feel the pain of issues
and thus work with SREs to fix root causes, or sometimes instead of separate SREs, devs
take full ownership. In hybrid models, devs might handle first rotation and escalate to SRE
if needed. This breaks the “over-the-wall” dynamic.

• Embedded SREs: Some organizations embed an SRE within a dev team for a sprint or two
to get to know each other’s work and build rapport. They act as a liaison, then rotate out.
This has been done at Uber and others as a way to integrate SRE thinking into teams.

• Blameless Postmortems Involving Everyone: Ensuring that after an incident, representatives
from dev, SRE, QA, etc., all sit together to discuss helps avoid finger-pointing and builds
collective responsibility. When everyone sees the systematic nature of failures, it unites them
in prevention efforts.

• Rewards and Recognition: Align incentives by making reliability a part of performance evalu-
ation for not just SRE, but dev teams too. If a service suffers multiple outages, it affects both
the dev manager and the SRE manager in accountability. Conversely, if reliability improves
or a challenging migration was done flawlessly, commend both teams. Some companies have
joint awards for dev and SRE collaboration successes.
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• Communication Tools: Having shared chat channels (e.g., a Slack channel where both devs
and SREs discuss daily operations) keeps communication flowing. It’s a simple thing, but it
reduces friction when issues arise, since people are already in contact and perhaps even build
informal camaraderie.

Status: Many organizations have realized that just forming an SRE team doesn’t automatically
yield collaboration; it must be nurtured. Cross-team collaboration is improving especially where
DevOps culture was already strong. But in more siloed orgs (e.g., some enterprises with separate
departments), it remains a challenge to integrate SRE roles with long-established structures. Some
solve it by renaming Ops to SRE but training them to be more collaborative with dev (with varying
success as noted). Ultimately, bridging this gap is more about people and management than tech,
and solutions borrow from general DevOps transformations – which is ongoing in industry.

1.10.7 Challenge 7: Recruitment and Retention of SRE Talent

Impact: We’ve touched that there’s high demand for SRE skills. Losing experienced SREs (to
burnout or poaching by other companies) can set back an organization’s reliability efforts signifi-
cantly. Also, if a company can’t find enough people to staff SRE roles, existing ones get overloaded
(tying back to challenge 1). In some cases, organizations tried SRE, failed to hire/retain good
people, and then gave up or stalled the initiative.

Notable Example: The career progression dead-end issue (The Dark Side of SRE - by Team
CodeReliant) suggests some SREs might leave not only their company but the role entirely to
seek better advancement (e.g., moving to Software Engineer title because it has more growth
opportunities or higher perceived status in some environments).

Solutions:

• Building from Within: Instead of only hiring externally (which is hard), train internal en-
gineers. Many successful SRE teams started by picking a few interested devs or ops folks
and giving them the mandate and training to form SRE. This grows loyalty as well – those
people feel invested in the company’s journey.

• Competitive Compensation and Recognition: Realizing SRE is as critical as development,
companies have started to pay SREs on par with software engineers and give similar career
levels. This wasn’t always the case initially (some saw it as a lesser role), but now places like
Google, etc., treat SRE as equal prestige. Making that clear in the company helps retain
talent – SREs shouldn’t feel they need to switch to dev track to get promotions or pay raises.

• Career Ladders: As discussed, define senior roles for SRE – e.g., Staff SRE, Principal SRE
– so people can see a future. Encourage specialization (e.g., one can become a databases
reliability expert, another a networking guru) so they become valued experts rather than
hitting a generalist ceiling.

• Culture of Innovation: Talented SREs often enjoy creating solutions. Give them room for
innovation – whether it’s 20% projects or sponsoring them to open source some internal tool.
If they feel they are growing technically and even contributing to the community, they are
more likely to stay. Google’s SRE has historically allowed engineers to do cool things like
build new monitoring systems, etc., which attracts top talent who like such freedom.

• Targeting New Pools: To fill roles, companies are looking beyond the usual suspects (like
ex-Google or ex-Amazon SREs, who are scarce). Some look at people with related skills:
network engineers, system admins, even developers with interest in operations, and then
train them. Non-traditional candidates (like from academic research or other engineering
disciplines) are also being considered with appropriate training. This broadens the funnel.

• Keep SREs Engaged: Avoid letting SRE work degenerate into monotonous drudgery (which
ties back to tackling toil). If someone spends a year just baby-sitting flaky systems without
time to fix them, they will leave. So, measure internal employee satisfaction and adjust –
e.g., rotate people into project work after a tough on-call period so they have creative time,
etc.
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Status: Recruitment remains a headache for many. But with the formalization of SRE ed-
ucation, perhaps in a few years the talent pool will be larger. Retention has improved in places
that address the career path issue. Interestingly, some companies convert some SREs to Software
Engineers and vice versa to satisfy individual career goals but still keep them in the company
working on reliability from another angle – flexible HR practices like that help retain skills even if
titles change.

In tackling these challenges, we see a pattern: successful solutions often involve cultural
change, better communication, and investment in people and automation. In places
where these challenges are not addressed, SRE efforts might stagnate or even regress (for exam-
ple, disbanding an SRE team that isn’t working well). On the flip side, many organizations have
navigated these hurdles and built robust SRE practices.

Finally, in our analysis of a decade of SRE, it’s encouraging that none of these challenges are
insurmountable. The community and companies have identified them and are actively working on
solutions, sharing what works. The next section will look at two case studies – Google and Netflix
– to illustrate many of these themes in real-world contexts, showing both evolution and challenges
in action.

1.11 Case Studies and Examples

To ground our retrospective in concrete practice, we examine two prominent case studies: Google
and Netflix. These companies were chosen because of their significant contributions to SRE and
reliability engineering over the past decade. Google essentially originated modern SRE and has
continually evolved the practice internally. Netflix, while not always using the term “SRE” publicly,
has built a reputation for highly reliable, large-scale systems through practices overlapping with
SRE (like chaos engineering and a DevOps-centric culture). By looking at these examples, we can
see how SRE principles have been implemented in different organizational cultures, the outcomes
achieved, and areas where even these leaders have faced stagnation or pivots in strategy.

1.11.1 9.1 Google: Pioneering and Evolving SRE

Background: Google’s SRE organization was formally created in the early 2000s under Ben
Treynor Sloss (often referred to as the “father of SRE”). By 2015, Google had hundreds of SREs
across the globe supporting many of its services (Search, Gmail, YouTube, etc.). Google publicly
shared a comprehensive view of their SRE philosophy in the 2016 book Site Reliability Engineering.
This has made Google’s SRE the de facto benchmark for the industry.

Practices and Achievements: Google SRE introduced key concepts like error budgets,
50% time for engineering projects (toil vs engineering balance), and blameless post-
mortems into the mainstream. Internally, Google SRE teams are integrated with product teams
via an engagement model: Dev teams must meet certain reliability standards (PRR) and then SRE
takes on operational responsibility, with shared ownership of outcomes. If reliability dips (error
budget exceeded), SRE can halt launches until issues are fixed (Site Reliability Engineering (SRE)
Comes of Age in 2022 - DevOps.com). This model not only improved reliability but also drove
engineering excellence in products – teams had incentive to build robust systems to “earn” SRE
support.

Over the last decade, as Google’s scale exploded, the SRE org successfully kept pace. For
instance, Google SREs maintained high reliability even as services like Gmail went from millions
to billions of users. A oft-cited metric: Google’s user-visible downtime is extremely low relative
to the complexity and size of their infrastructure (they rarely publish exact numbers, but their
SLOs for products are often four or five 9s). Practices like worldwide load balancing, canarying,
and rapid incident response have allowed Google to handle major events (like data center outages
or even whole region failures) with minimal user impact. The SRE approach of “automation
first” meant that by 2020s, Google SRE had built internal tools that automated huge swaths of
traditional ops – from auto-detecting and mitigating DDoS attacks to managing capacity across
thousands of microservices.

Evolution and Changes: Interestingly, Google did not consider SRE a solved problem even
after a decade – they’ve been evolving it. Recently, Google SRE has adopted systems-theoretic
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approaches to address increasing complexity. A 2024 article by Google’s Tim Falzone and Ben
Treynor describes how they started using STPA/CAST (System-Theoretic Process Analysis) to
improve resilience (The Evolution of SRE at Google | USENIX) (The Evolution of SRE at Google |
USENIX). This marks a shift towards formal safety engineering practices, essentially taking lessons
from aerospace and applying them to software reliability. The motivation is that traditional SRE
methods (like just SLOs and reactive postmortems) might not be enough for future challenges
such as AI-driven systems where failures can be very complex (The Evolution of SRE at Google
| USENIX) (The Evolution of SRE at Google | USENIX). So Google is leading the next wave of
SRE innovation, rather than resting on laurels. They explicitly acknowledge limitations in their
previous approaches and are pushing a “paradigm shift” to keep improving (The Evolution of SRE
at Google | USENIX) (The Evolution of SRE at Google | USENIX).

Another development at Google is specialization within SRE. Initially, SRE was primarily about
web services, but Google expanded it to cover cloud infrastructure reliability, security reli-
ability (see their “BeyondProd” approach for secure systems), and even ML systems
reliability. They also introduced Product Reliability Engineering (PRE) roles to bring some
SRE practices closer to smaller product teams that may not have dedicated SRE support. This
indicates an organizational adaptation to spread reliability know-how more broadly.

Challenges and Stagnation: Despite Google’s success, they have candidly shared some
challenges:

• Burnout and Sustainability: Google SRE, in its early years, had a very high bar for technical
skill and work ethic – not everyone lasted. Over time, they had to make SRE roles more
sustainable (e.g., ensuring SREs rotate out of heavy on-call or get development time to avoid
only firefighting). The fact that Google is looking at “why heroism is bad” as per their SRE
resources (Google SRE - SRE course for site reliability engineers) (Google SRE - SRE course
for site reliability engineers) shows they worked to counter the hero culture.

• Knowledge Management: With hundreds of SREs, ensuring knowledge transfer and consis-
tency is a challenge. Google addressed this via extensive documentation (internal playbooks,
training site (Google SRE - SRE course for site reliability engineers), etc.), but keeping docs
up-to-date in a fast-moving environment is continuous work.

• Tool complexity: Google has many internal tools that are powerful but complex. Training
new SREs to use (and debug) systems like Borg (Google’s cluster manager) or their moni-
toring stack takes time. They mitigated this by rigorous training and gradually increasing
responsibilities for new hires.

• Cultural Export: One subtle challenge Google faced is that what works in Google’s culture
didn’t automatically work elsewhere. For example, Google’s error budget concept only works
if product management is on board with halting launches. Some external adopters struggled
with that because their product orgs didn’t have the same mindset. Google addressed this
indirectly by publishing guidance and case studies, but it’s a reminder that Google’s context
(strong top-down support for SRE) was critical to SRE success.

Global Influence: Google’s case study is not just internal – by sharing SRE with the world,
they influenced countless other companies. They set up customer reliability engineering
(CRE) teams to help Google Cloud customers apply SRE techniques, thus exporting their knowl-
edge. Many ex-Google SREs also spread practices to other companies (sometimes not perfectly,
leading to the need for adaptation docs as one find indicated (The Dark Side of SRE - by Team
CodeReliant) about prepping ex-Googlers for elsewhere). Nevertheless, it’s fair to say Google’s last
decade in SRE has been a story of continuous improvement and advocacy, making SRE a global
movement rather than a proprietary methodology.

1.11.2 9.2 Netflix: Reliability in a DevOps Culture

Background: Netflix might not have a formal SRE organization akin to Google’s, but it has
been a poster child for reliability engineering through its pioneering of cloud-based infrastructure
and chaos engineering. In the mid-2010s, as Netflix moved entirely to AWS cloud and grew its
streaming platform, it placed huge emphasis on reliability because downtime meant immediate
loss of customer satisfaction. Netflix’s culture of “Freedom... and Responsibility,” emphasizes that
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engineers have great freedom in how they build services but must also take responsibility for running
them reliably (Rundown of Netflix’s SRE practice – Boost software reliability | SREpath). Netflix’s
SRE function is not a separate on-call team taking over services, but rather an engineering
practice embedded in their culture. The team responsible for reliability is called CORE (Cloud
Operations and Reliability Engineering), which is part of Operations Engineering (Rundown of
Netflix’s SRE practice – Boost software reliability | SREpath). CORE engineers act as consultants
and tool builders to support the “you build it, you run it” model (Rundown of Netflix’s SRE
practice – Boost software reliability | SREpath) – developers are on-call for the services they
develop, and SRE/CORE provides expertise, platforms, and incident leadership when needed. In
effect, Netflix practices extreme DevOps, pushing ownership to developers with SRE principles
infused throughout the engineering organization.

Reliability Practices: Netflix is famous for its proactive failure testing through Chaos En-
gineering. They created the “Simian Army” suite of tools (Chaos Monkey, Chaos Kong, etc.),
which randomly induce failures in their systems to ensure services can auto-heal and recover with-
out human intervention (Netflix Chaos Monkey: Ensuring Reliability through Controlled Chaos
| by Mayank Jain | Medium) (Netflix Chaos Monkey: Ensuring Reliability through Controlled
Chaos | by Mayank Jain | Medium). This practice, initiated in 2011, has paid dividends: Netflix
can survive instance crashes, zone outages, or even full AWS region failures with minimal user im-
pact. Regular chaos exercises cultivate a mindset that failure is expected and must be designed for.
Netflix also focuses heavily on automation and paved-path tooling. They developed robust
internal platforms to handle service discovery, load balancing, deployment, and fault tolerance,
so that developers can adopt proven patterns easily (Rundown of Netflix’s SRE practice – Boost
software reliability | SREpath) (Rundown of Netflix’s SRE practice – Boost software reliability
| SREpath). These “paved paths” are recommended frameworks that make the reliable way the
path of least resistance. Developers are free to deviate (in line with freedom & responsibility), but
if they do, they must be confident in their approach as it will still be tested by Chaos Monkey
(Rundown of Netflix’s SRE practice – Boost software reliability | SREpath).

Netflix’s monitoring and metrics strategy is aligned with business outcomes. A primary metric
they track is Starts Per Second (SPS) – essentially the rate at which users successfully start
playing content (Rundown of Netflix’s SRE practice – Boost software reliability | SREpath). SPS
is a real-time indicator of system health (a drop might indicate customers cannot stream). By fo-
cusing on such user-centric metrics, Netflix ensures reliability efforts prioritize customer experience
(similar to SLO thinking, though Netflix may not formally use the same SLO/Error Budget ter-
minology externally). During incidents, Netflix’s incident response emphasizes getting “the right
people in the room” fast and using well-defined procedures (Rundown of Netflix’s SRE practice –
Boost software reliability | SREpath). They run blameless post-incident reviews, and lessons feed
back into their engineering practices.

Outcomes: Over the past decade, Netflix has achieved a highly resilient architecture. Notably,
during AWS outages that have affected many companies, Netflix has often emerged relatively un-
scathed by rapidly rerouting traffic to other regions or using its caching/CDN infrastructure to
continue serving content. The combination of continuous chaos testing, a globally distributed sys-
tem, and empowered engineering teams has made severe customer-visible outages rare for Netflix.
Moreover, Netflix has been able to sustain rapid development of new features (e.g., interactive con-
tent, new streaming technology) without sacrificing reliability – a balance that many organizations
find hard. This can be attributed to their culture that ingrains reliability as a fundamental aspect
of engineering quality, not an afterthought.

Challenges and Evolutions: One might ask if there are aspects of stagnation in Netflix’s
reliability approach. Netflix’s approach has been remarkably consistent and successful, but it is
tailored to their unique culture. In some ways, Netflix decided from the start to sidestep the classic
“SRE team vs Dev team” tension by merging them – thus avoiding some challenges others face.
However, this means the challenge for Netflix is ensuring every developer embraces operational
excellence. Netflix invests in training engineers in operational skills and relies on hiring strong
engineers who thrive in this environment. As they grew, they did create specialized teams like
CORE to focus on cross-cutting reliability concerns (for example, managing the overall AWS
environment, network reliability, etc.), recognizing that some central expertise helps – but these
teams operate more by influence and tooling than mandate.

Another area of evolution: Netflix has extended chaos engineering to cover more scenarios (e.g.,
chaos testing at the client-side or simulating failures in dependent services like third-party APIs).
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They also continuously refine their paved path platforms – for instance, adopting technologies like
Kubernetes in a Netflix flavor (if it serves reliability and productivity) or enhancing their CI/CD
pipelines to further reduce error rates in deployments. Netflix is also active in the SRE/DevOps
community, sharing knowledge via the Netflix Tech Blog and conference talks, thereby contributing
to global best practices.

Key Takeaways: Netflix’s case shows that SRE principles (automation, measurement, failure
testing, blameless learning) can be implemented without a formal SRE “department.” Instead
of SREs being a separate team that takes over ops, Netflix’s developers internalize a lot of the
SRE mindset. The CORE team ensures the infrastructure and tools are reliable and easy to
use, acting as force-multipliers. The result is a highly reliable service at Netflix’s massive scale.
For organizations considering different models, Netflix demonstrates an alternate path: invest in
culture and tooling such that reliability is truly a shared responsibility. The trade-off is it requires
very mature engineering practices and discipline across the board. Netflix hasn’t shown notable
stagnation in reliability—in fact, they continuously raise the bar (for example, chaos engineering
went from basic instance failure to more sophisticated failure modes over the years). If anything,
the Netflix case underlines that continuous experimentation and a strong culture can sustain
reliability improvements long-term.

Comparison: Comparing Google and Netflix, we see two successful paradigms: Google with
a large dedicated SRE organization working in partnership with dev teams, and Netflix with an
embedded model relying on dev ownership and strong tools. Both achieved world-class reliability,
but via different organizational means. Interestingly, both prioritized automation, rigorous practice
(whether in the form of error budgets or chaos tests), and learning from failure. Neither treated
reliability as just a one-time initiative; it’s an ongoing commitment. These case studies highlight
that SRE is not one-size-fits-all – it can be adapted to an organization’s DNA, but the core
principles remain universal.

1.12 Future Directions and Recommendations

As we look ahead, the next decade of Site Reliability Engineering is poised to tackle new frontiers
and address areas where the practice needs rejuvenation. Below are several future directions
and recommendations based on current trends and the analysis in this paper:

1.12.1 1. Platform Engineering and SRE Convergence

One clear trend is the rise of Platform Engineering as a complement or evolution to SRE. Many
organizations (as seen with Cisco Outshift and others) are building internal developer platforms
that bake in reliability, effectively turning operational best practices into self-service tools (Why we
skipped SRE and switched to platform engineering) (Outshift | From SRE to platform engineering:
Paving the way for innovation and scalability at Outshift). The future likely involves a tighter
convergence of SRE and platform teams – SREs should take an active role in platform design
to ensure it encapsulates reliability features (easy monitoring setup, fault-tolerant architecture by
default, etc.). This approach can tackle scalability of SRE: instead of one SRE team supporting N
dev teams, the platform carries a lot of the load. Recommendation: Invest in internal platforms
that empower developers, and embed SRE knowledge into those platforms. SRE teams should
consider themselves product managers of reliability tooling, offering “reliability as a service” to
the rest of the engineering org.

1.12.2 2. AI and Machine Learning for Reliability (AIOps)

The application of AI to operations – often dubbed AIOps – is a promising avenue to break
through some stagnant areas. Generative AI and advanced analytics can help in multiple ways:

• Intelligent Alerting & Triage: AI can analyze historical incident data and learn to correlate
symptoms with likely causes, potentially reducing noisy alerts and providing on-call engineers
with suggestions. Recent breakthroughs in language models could enable an SRE to query
telemetry data in plain language and get insights (Site reliability engineering: Challenges
and best practices in 2023). This lowers the barrier to exploring complex systems (especially
useful as systems outpace human cognitive limits).
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• Automated Remediation: In the future, we may see AI-driven runbooks that execute au-
tomatically. For known failure modes, AI systems could detect and resolve issues before
humans even notice. Some tools are already moving toward incident automation, but more
predictive actions are expected. For example, an AI might notice memory leak patterns and
proactively restart a service during a safe window, preventing an incident.

• Capacity and Anomaly Prediction: Machine learning can forecast demand and performance
trends more accurately than static thresholds, helping prevent incidents by anticipating them.
AI-based anomaly detection can catch subtle issues (like a slow degradation) that rule-based
monitoring might miss.

Recommendation: SRE teams should begin integrating AI/ML tools into their workflows –
starting with things like anomaly detection or automated clustering of alerts. They should also
partner with data science teams to apply ML on operational data. It’s important to treat AI
as an assistant to SREs, not a replacement; human oversight and expertise remain crucial. But
leveraging AI can reduce toil (as mundane analysis is handled by machines) and surface insights
from the ever-growing flood of data.

1.12.3 3. Formal Resilience Engineering and Safety Practices

Borrowing from mature fields like aerospace, there is a push to apply resilience engineering and
human-factors science to SRE. Google’s adoption of STPA/CAST is one example (The Evolution
of SRE at Google | USENIX) (The Evolution of SRE at Google | USENIX). Future SRE might
routinely use such formal hazard analysis to design controls for complex systems. We foresee more
cross-disciplinary collaboration: reliability engineers working with research experts in complex
systems, perhaps hiring safety engineers into SRE teams. Techniques like chaos engineering have
already introduced a scientific experiment ethos; the next step is more systematically analyzing
failures (both actual and near misses).

Also, expect greater emphasis on the socio-technical aspects: understanding how organizational
structures, alert design, and cognitive load on engineers contribute to reliability. The SRE of the
future will not just fix code but also shape team structures and processes for optimal resilience
(e.g., designing alert escalation policies that account for human fatigue, or improving UIs of ops
tools to reduce error). This holistic view is an evolution from seeing reliability purely as a technical
property.

Recommendation: Organizations should encourage SRE teams to engage with the broader
resilience engineering community (conferences like REdeploy, academic research, etc.). Adopt
frameworks for incident analysis that go beyond the technical root cause – include organizational
factors and systemic contributing factors. Over time, build a library of resilience patterns –
documented approaches that worked well to prevent or handle failures – akin to design patterns
but for reliability (for example, circuit breakers, load shedding strategies (Netflix Chaos Monkey:
Ensuring Reliability through Controlled Chaos | by Mayank Jain |Medium) (Netflix Chaos Monkey:
Ensuring Reliability through Controlled Chaos | by Mayank Jain |Medium), fail-safe defaults, etc.,
captured and shared). Treat reliability incidents not just as things to fix, but as data to study for
deeper improvements.

1.12.4 4. Global and Cross-Industry Expansion of SRE

In the next decade, SRE principles will continue to spread beyond the tech giants and unicorns. We
anticipate broader adoption in industries like finance, healthcare, telecommunications, and
manufacturing, where reliability of digital services is mission-critical. For instance, banks are
establishing SRE teams to improve uptime of online banking, and telecoms use SRE for network
services. As this happens, SRE practices might need adaptation to regulatory environments (e.g.,
more emphasis on auditability of changes, or melding SRE with ITIL processes in enterprise).

A global perspective also means adapting SRE to different cultural contexts of work. Companies
in regions with different work norms may implement on-call and blameless culture differently.
The essence of SRE – data-driven reliability and automation – should remain, but flexibility in
implementation will be key to global success. Moreover, as services become ever more global (think
of services that must be reliable across continents and time zones), SRE teams themselves will be
more globally distributed. Coordinating SRE efforts 24/7 around the world will be an operational
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challenge – it may entail follow-the-sun models or handing off incident command between regions
seamlessly.

Recommendation: As you implement SRE in new domains, tailor the practices to fit. For a
regulated industry, incorporate compliance into SRE (e.g., automated evidence collection for SLO
compliance to satisfy auditors). For a company with less experience in agile operations, start with
pilot projects and gradually demonstrate SRE’s value to overcome skepticism. Governments and
critical infrastructure providers should also consider SRE for their digital services – reliability isn’t
just a tech company problem. Cross-industry forums to exchange SRE experiences (like financial
industry SRE groups) can accelerate learning. Governments might even set reliability standards
(akin to SLAs) for certain services (for example, emergency services’ digital systems), and use SRE
approaches to meet them.

1.12.5 5. Renewed Focus on Human Elements and Team Health

If there was any stagnation in the human aspects of SRE (like burnout), the future must address
it head-on. The sustainability of SRE roles will be crucial in attracting talent. This includes
exploring rotations to offload stress (e.g., an engineer might do 18 months in an intensive on-call
SRE role, then rotate to a development role for a refresh, and later return, as some companies like
Google have informally done). Additionally, investing in tooling not just for system automation but
for human-friendly incident management (for example, better collaboration tools, automated
documentation of incident timelines, etc.) can make the work less taxing.

Diversity and inclusion efforts should be ramped up in SRE. Having diverse perspectives can
improve how incidents are handled (different viewpoints help solve novel problems) and ensure
the longevity of the field by tapping the full talent pool. Encouraging more women and under-
represented groups into SRE via outreach, mentorship, and supportive policies will strengthen
the practice. A future direction is also mentoring the next generation: as SRE becomes more
standard, experienced SREs should mentor junior engineers, whether within their company or in
broader community (similar to how decades of practice in civil engineering or medicine produce
seasoned mentors). This will professionalize the field further.

Recommendation: Organizations should track SRE team health metrics (on-call frequency,
overtime hours, burnout surveys) just as closely as they track service uptime. Proactively experi-
ment with solutions – e.g., “error budget for humans”: if an SRE team’s pager goes off more
than X times in a week, that triggers management action to add resources or fix issues, acknowl-
edging human limits. Recognize and reward efforts that reduce toil or improve team well-being
(for instance, an SRE automating a task that saves 5 hours of manual work weekly is as valuable
as a new feature launch). By valuing the humans behind reliability, companies will ensure SRE
remains an attractive and sustainable career.

1.12.6 6. Reliability as a First-Class Feature and Business Differentiator

In the coming years, we predict reliability will increasingly be seen as a competitive differentiator
in business. Just as companies brag about features or performance, they will brag about reliability
(some already do in their SLAs and marketing). Customers are becoming more aware of uptime
and may even choose services based on reliability reputation. This means SRE will move from
the back-office to a more visible role. We might see Reliability Reports become akin to annual
reports for some services, or reliability guarantees become part of contracts in new ways (beyond
traditional SLAs, maybe dynamic SLO promises in cloud offerings, etc.).

Recommendation: SRE teams should engage with product management and business lead-
ership to quantify the value of reliability. By articulating how reliability improvements lead to
revenue protection or better user retention (for example, “1% increase in availability = +X mil-
lion USD annual revenue” or “faster incident resolution = higher customer satisfaction scores”),
SRE can secure buy-in and investment. This aligns reliability goals with business goals, ensuring
SRE efforts are funded and supported. In practical terms, include SRE input in product roadmap
discussions – e.g., if launching a new region or feature, have SRE assess and plan for the reliability
impact as part of the go-to-market checklist.
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1.12.7 7. Continuous Learning and Adaptation

Finally, a broad recommendation is that SRE as a field must remain a learning discipline. The
technology landscape will keep changing – new architectures (serverless, edge computing, IoT),
new failures (security breaches increasingly intersect with reliability, etc.), and global challenges
(like power or climate events affecting data centers). SRE teams should foster a culture of con-
tinuous learning: run game days, attend conferences, do retrospectives not only on failures but
on successes (to capture what went right). As noted in our retrospective, stagnation often comes
when teams settle for “good enough” and stop improving. Avoid complacency by setting periodic
goals to improve some aspect of reliability (even if already meeting targets).

The SRE community should also continue to share and evolve best practices. We recommend
organizations large and small to contribute to open-source tools, publish case studies, and partic-
ipate in SRE communities. The collective knowledge approach has served the practice well in its
first decade and will be even more vital as problems grow more complex.

In summary of future directions: The next decade of SRE will likely see more automa-
tion (even self-healing systems driven by AI), more integration of SRE into the software lifecycle
(reliability considerations from design to deploy to incident response), and an expansion of SRE
principles to virtually all sectors of the digital economy. To avoid stagnation, organizations should
embrace innovation in tools and practices, invest in people and culture, and remember that relia-
bility is a journey, not a destination – there is always something to improve or adapt as systems
and users evolve.

1.13 Conclusion

Ten years ago, Site Reliability Engineering was a novel concept practiced by a handful of forward-
looking companies. Today, it is a well-established discipline that has proven its value in running
reliable, large-scale systems. In this comprehensive analysis, we examined how SRE practices have
evolved over the past decade, the impact they have made, and where they have stagnated
or faced challenges.

We saw that core SRE principles – automation, monitoring, blameless postmortems,
SLOs, and continuous improvement – have stood the test of time (The Evolution of
SRE at Google | USENIX) (Google SRE monitoring ditributed system - sre golden
signals). These principles helped organizations achieve impressive reliability outcomes: from
Google’s planet-scale services that rarely fail (The Evolution of SRE at Google | USENIX) to
Netflix’s seamless streaming experience delivered via chaos-tested systems. The evolution of tools
and techniques (like the shift to advanced observability, the use of error budgets, and the advent
of chaos engineering) has empowered SRE teams to manage systems of unprecedented complexity.
The global adoption of SRE, through forums like SREcon and shared literature, underscores that
SRE is not a fad but a fundamental shift in how we operate services (SREcon | USENIX) (The 2023
SRE Report provides the broadest independent insights into SRE Practices including findings on
the role of AI, key technology trends, and a misalignment between practitioners and management.
| CIO Dive).

Yet, the journey has not been without setbacks. We identified areas of stagnation: in some
organizations SRE became a buzzword applied superficially, leading to disillusionment; in others,
cultural or structural barriers kept SRE from realizing its full potential (for example, SRE teams
stuck in reactive mode due to lack of buy-in or overload). Common threads in these challenges
include human factors (burnout, career growth), organizational alignment (silos, unclear roles),
and the ever-pressing need to keep up with rapid system growth. It became evident that solving
these issues often requires as much leadership and cultural change as technical innovation
(Site reliability engineering: Challenges and best practices in 2023) (The Dark Side
of SRE - by Team CodeReliant).

Our case studies of Google and Netflix provided concrete illustrations: Google demonstrated the
power of a dedicated SRE org continually pushing the envelope (even redefining SRE for the AI era
with systems theory (The Evolution of SRE at Google | USENIX)), while Netflix showed another
model where reliability is achieved by deeply ingraining SRE mindset into developers, supported by
great tools (Rundown of Netflix’s SRE practice – Boost software reliability | SREpath) (Rundown
of Netflix’s SRE practice – Boost software reliability | SREpath). Both succeeded because they
treated reliability engineering as a first-class concern and avoided complacency – a lesson for all.
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The theme that “SRE has stagnated in some aspects” is a nuanced one. In absolute terms, the
industry’s capability to run reliable services is higher than ever. What stagnated in places was often
the implementation or support for SRE, not the concepts themselves. The good news is that the
SRE community has been quick to recognize issues (for instance, the dialogue on SRE burnout and
toil in recent years (The Dark Side of SRE - by Team CodeReliant) (SRE Report 2023: Findings
From the Field — Toil)) and propose remedies (like better toil management and the platform
engineering shift (Outshift | From SRE to platform engineering: Paving the way for innovation
and scalability at Outshift) (Why we skipped SRE and switched to platform engineering)). This
reflexive improvement is a strength of the field.

As we look to the future, SRE stands at an exciting juncture. The next decade will likely trans-
form SRE with AI-assisted operations, more cross-pollination with fields like safety engineering,
and even closer integration with business objectives. Reliability is becoming everyone’s concern
– from developers writing code, to CEOs accountable to customers and regulators – and SRE
is the bridge that connects these stakeholders with data and practices to ensure systems “work
reliably, at scale.” The role of the Site Reliability Engineer may evolve (perhaps into new titles
or blended roles), but the mission remains: to make systems more reliable, efficiently and
innovatively.

For organizations embarking on or continuing their SRE journey, a few concluding recommen-
dations echo from this retrospective:

• Keep SRE practices alive and adapting: Don’t treat the SRE book as scripture never
to be changed; instead, regularly revisit and update processes (what Google calls “twenty
years of lessons learned” continues) (Google SRE - SRE course for site reliability engineers).

• Measure and celebrate reliability improvements: what gets measured gets improved
– use SLOs and postmortems not just as tools to prevent failure, but as instruments to learn
how to excel.

• Support the people behind reliability: an SRE team that is well-supported, trained,
and empowered will outperform one that is burnt out or undervalued. Culture can make or
break SRE success.

• Share knowledge and collaborate: the collective advancement of SRE comes from open-
ness. As shown by the wealth of references and community content we cited, everyone benefits
when we share what we learn, be it a success or a failure.

In closing, the past decade of SRE has dramatically improved the resilience of many of the
systems we rely on every day. Outages that once would have been catastrophic are now handled
gracefully in many cases, and when things do go wrong, we have better mechanisms to respond
and learn. SRE has matured from a bold experiment to a proven practice – but it must continue to
innovate to meet the challenges of tomorrow’s technology. By applying the insights of the last ten
years and remaining vigilant against stagnation, SRE will continue to be the backbone of reliable
services in the next ten, twenty, and fifty years to come.
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