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ABSTRACT: Enterprises operate across at least two public clouds and an on-premises footprint, yet most still rely on a 
fragmented set of telemetry tools that prevents engineers from seeing the system as a whole. Unifying observability into 
a single-pane-of-glass platform reduces incident time-to-recovery, improves cost control, and enables meaningful 
service-level governance. 
 
This article describes a vendor-neutral reference architecture for unifying observability across AWS, Azure, and on-
premises environments. It draws on patterns validated in production-scale deployments to explain how telemetry can be 
collected, normalized, stored, correlated, and presented in a way that gives operators a coherent view of cross-cloud 
systems. It quantifies the operational and financial benefits, describes the most common pitfalls, and offers a phased 
adoption roadmap suitable for large enterprise transformations. 
 
Five findings frame the discussion. First, telemetry silos are the dominant cause of elongated incident response times in 
multi-cloud environments. Second, OpenTelemetry has emerged as the de-facto open standard for cross-vendor telemetry 
portability and should be the foundation of any new platform. Third, the cost of observability frequently grows faster 
than the systems it monitors; cost-aware routing and tiered retention are essential governance controls. Fourth, 
correlation, not collection, is the most valuable property of a unified platform. Fifth, the platform succeeds or fails on the 
basis of organizational design as much as on the technical architecture. 
 

I. INTRODUCTION 

 
Digital services have outgrown the boundary of any one cloud provider. A typical enterprise application now spans virtual 
machines in one cloud, containerized workloads in another, a software-as-a-service identity provider, on-premises 
databases, and a network of edge appliances. Each of these environments produces its own telemetry, in its own format, 
ingested into its own monitoring tool with its own query language, retention policy, and access model. Engineers 
operating these systems must therefore reconstruct a coherent view of a distributed problem from a half-dozen 
incompatible consoles. 

 
Figure 1. The multi-cloud telemetry silo problem. Each estate has its own tools, and operators must pivot 

between them during incidents. 
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The cost of this fragmentation is felt most acutely during incidents. When a customer-visible service degrades, the 
operator on call must navigate between tools to determine whether the cause is in the load balancer in one cloud, the 
database in another, or the identity service running on-premises. Each pivot costs minutes. Each correlation depends on 
the operator's tacit knowledge of how the systems are wired together. In practice, the elapsed time to diagnose an incident 
in a fragmented environment is two to three times the elapsed time in a unified environment of comparable complexity. 
 
The economic argument for unification is equally compelling. Observability spend has become one of the fastest-growing 
line items in cloud operations budgets. Without a consolidated view of telemetry volumes, retention costs, and dashboard 
licensing, organizations cannot make rational trade-offs about what to keep, for how long, and at what fidelity. The 
introduction of governance over telemetry, made possible by a unified platform, routinely yields cost reductions of twenty 
to forty percent without any loss of operational capability. 
 

1.1 SCOPE OF THE ARTICLE 

This article focuses on the unification of observability telemetry - metrics, logs, and traces - across AWS, Azure, and on-
premises environments. It does not attempt to cover every possible cloud provider, although the patterns described 
generalize naturally to additional clouds, including Google Cloud and Oracle Cloud. The patterns are also broadly 
applicable to Kubernetes-centric environments regardless of where those clusters run. 
 

1.2 CONTRIBUTIONS 

This article makes the following contributions to the practitioner literature: 
▪ A vendor-neutral reference architecture for cross-cloud observability unification. 
▪ A decomposition of the unified telemetry pipeline into six functional stages, with the engineering decisions 
appropriate to each. 
▪ A comparative analysis of major telemetry stores, presentation layers, and ingestion options. 
▪ Quantitative results showing the impact of unification on mean time to recovery and on observability spend. 
▪ A maturity model and twelve-month adoption roadmap that organizations can adapt to their own context. 
▪ A discussion of common pitfalls and governance controls that should accompany any unification program. 
 

II. THE MULTI-CLOUD OBSERVABILITY LANDSCAPE 

 

2.1 TELEMETRY NATIVE TO EACH ESTATE 

Each environment in a multi-cloud estate ships with a default observability stack that is excellent within its boundary but 
rarely interoperable beyond it. Understanding what each stack provides natively, and where its limits lie, is the starting 
point for any unification effort. 
 
Table 1 summarizes the native telemetry sources most commonly encountered in each environment, together with the 
signal types they emit and the typical use cases they address. 
 

Environmen

t 
Native source Signal type Typical role 

AWS CloudWatch Metrics Metrics Infrastructure, service health 

AWS CloudWatch Logs Logs Application and service logs 

AWS X-Ray Traces Distributed tracing for AWS services 

AWS VPC Flow Logs Logs / flow Network flow telemetry 

Azure Azure Monitor Metrics Metrics Platform and resource health 

Azure Log Analytics Logs Unified log query in KQL 

Azure Application Insights Traces / RUM Application performance management 
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Environmen

t 
Native source Signal type Typical role 

Azure Network Watcher Logs Logs / flow Network monitoring telemetry 

On-Prem Prometheus Metrics TSDB for VMs, containers, network 

On-Prem Loki / ELK / Splunk Logs Log aggregation and search 

On-Prem Jaeger / Tempo / Zipkin Traces Self-hosted distributed tracing 

On-Prem SNMP / syslog Events / metrics Network device telemetry 

 

Table 1. Native telemetry sources across AWS, Azure, and on-premises environments. 

 
2.2 THE THREE PILLARS AND THEIR LIMITS 

Observability practice is conventionally organized around three pillars: metrics, logs, and traces. Each pillar answers a 
different question about system behavior and carries different cost, retention, and query characteristics. A unified 
platform must support all three with equal seriousness; treating any one as a second-class citizen creates the gaps in which 
incidents hide. 

 
Figure 2. The three pillars of observability. A unified platform supports each as a first-class telemetry type. 

 
The pillars are necessary but no longer sufficient. Modern observability practice has added profiling, real-user 
monitoring, and synthetic checks as adjacent signal types. More importantly, it has elevated the linkage between the 
pillars to a first-order concern. A metric anomaly that cannot be jumped to the related logs, or a trace span that cannot be 
correlated to its underlying host metrics, leaves the operator stranded in much the same way that a silo does. 
 
2.3 WHY NATIVE TOOLS ALONE FAIL AT CROSS-CLOUD SCALE 

The native tools listed above are excellent at what they were built for. Their limits become evident only when an incident 
crosses an estate boundary: 
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▪ Schema divergence: AWS, Azure, and on-prem tools each use their own dimension and label names. A virtual 
machine identifier is i-0abc1234 in AWS, /subscriptions/.../virtualMachines/vm01 in Azure, and host01.dc1.corp on-
premises. There is no automatic correlation across these conventions. 
▪ Query-language fragmentation: CloudWatch Logs Insights, KQL in Log Analytics, LogQL, and Splunk's SPL all 
have their own syntax, semantics, and idioms. An engineer who is fluent in one is typically not fluent in the others. 
▪ Time and clock skew: Different sources stamp telemetry in different time zones, with different precision, and 
sometimes with measurable clock drift. Cross-source joins fail silently when this is ignored. 
▪ Retention and access boundaries: Retention is configured per tool. Permissions are configured per tool. A query 
that requires both AWS and Azure data must be runnable by an engineer with permissions in both, which is rarely the 
default. 
▪ Cost-model opacity: Each tool prices telemetry differently. Without a unified view of ingestion volumes and 
retention, finance partners cannot reason about the trade-offs. 
 

III. REFERENCE ARCHITECTURE 

 

3.1 ARCHITECTURAL OVERVIEW 

The reference architecture proposed in this article is structured as a layered platform. Each layer has a single, well-defined 
responsibility, and each layer communicates with its neighbors through stable, vendor-neutral interfaces. This structure 
allows individual layers to be replaced or upgraded without disrupting the whole and prevents lock-in to any single 
vendor. 

 
 

Figure 3. Reference architecture for a unified multi-cloud observability platform. Each tier has a single 

responsibility. 
 
Reading the architecture from bottom to top, telemetry originates from sources in each estate; it is collected and 
normalized by an ingestion layer; it is persisted in a unified telemetry store partitioned by signal type; it is processed by 
a correlation and analytics layer; and it is presented to operators through a single-pane-of-glass experience layer that 
supports dashboards, alerts, federated search, and SLO governance. 
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3.2 INGESTION AND NORMALIZATION 

The ingestion layer is the single most consequential design choice in the architecture. It determines whether telemetry 
from different estates can ever be correlated. The recommended pattern is a fleet of OpenTelemetry collectors deployed 
in each estate, configured to receive native telemetry through estate-specific receivers and to emit it onward in the 
OpenTelemetry Protocol (OTLP). This single change converts the telemetry stream from a vendor-specific format into a 
portable open format that can be processed, enriched, routed, and stored by any compliant downstream component. 
 
Within the collector, telemetry passes through a configurable pipeline of processors. These processors are where 
normalization, enrichment, and cost-aware routing happen. Each processor is small, composable, and replaceable. The 
pipeline in Figure 4 shows the canonical sequence. 

 
Figure 4. The six-stage telemetry pipeline implemented in the collector fleet. 

 

3.2.1 Resource Attribute Mapping 

Resource attributes are the dimensions that identify the entity producing the telemetry. They are the single most important 
data the pipeline can produce, because all downstream correlation depends on them. The pipeline must map each estate's 
native identifiers into a unified entity model with consistent attribute keys, such as service.name, host.name, 
cloud.provider, cloud.region, and deployment.environment. OpenTelemetry's semantic conventions provide an 
authoritative starting point for this mapping. 
 

3.2.2 Enrichment 

Enrichment adds attributes the source did not provide but that downstream consumers need. Common enrichments 
include attaching business-unit and cost-center labels from an asset-management system, attaching ownership 
information from a service registry, and attaching change-management context from the deployment pipeline. 
Enrichment in the pipeline, rather than at query time, is significantly cheaper and more reliable. 
 

3.2.3 Sampling and Tiering 

Not all telemetry deserves the same fidelity. Head-based sampling on traces, frequency reduction on metrics that are read 
at coarse granularity, and routing of high-volume debug logs to a cheaper cold tier are all standard pipeline 
responsibilities. The economics of observability are dominated by the decisions made in this layer. 
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3.3 UNIFIED TELEMETRY STORE 

The store layer is a thoughtful composition of best-of-breed engines, not a single database that is forced to handle every 
signal type. Different signals have different performance profiles and benefit from purpose-built storage. 
 

Signal Recommended store class Retention pattern Indicative cost driver 

Metrics 
Time-series database (e.g. 
Prometheus-compatible) 

Hot 14 d, warm 90 d, cold 
13 mo 

Active series cardinality 

Logs 
Schema-on-read log lake on 
object storage 

Hot 7 d, warm 30 d, cold 
13 mo 

Ingest bytes + scan bytes 

Traces 
Span-indexed trace store with 
tail-sampling 

Hot 7 d, cold 30 d Spans retained per service 

Events Event stream + queryable archive Hot 30 d, cold 12 mo Event count 

Profiles 
Profile store with continuous 
sampling 

Hot 14 d, cold 90 d Profile size per service 

 

Table 2. Store classes for each signal type, with recommended retention and dominant cost drivers. 
 
A single tenant query engine federates over these stores. Engineers do not need to know which store backs which signal; 
they need only know the query interface and the shared entity model. The federation is the property that creates the single 
pane of glass. 
 

3.4 CORRELATION AND ANALYTICS LAYER 

Correlation is the layer where telemetry becomes useful. It links signals across stores using shared entity identifiers and 
propagates context across the entity graph. A latency anomaly on one service is automatically associated with relevant 
log lines, the trace spans that crossed it, the deployment that just shipped to it, and the infrastructure resources that host 
it. 

 
Figure 5. An entity graph spanning AWS, Azure, and on-premises services. Correlation propagates context 

along graph edges. 
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Analytics on top of the correlation layer enables anomaly detection, capacity forecasting, and root-cause hypothesis 
generation. The recent generation of AIOps tools is best understood as an analytics service that consumes from this layer 
rather than as a separate platform. Its accuracy is wholly dependent on the quality of the underlying telemetry and the 
integrity of the entity graph. 
 
3.5 SINGLE PANE OF GLASS 

The presentation layer is, paradoxically, the least important architectural component and the most visible to consumers. 
Once the underlying tiers are in place, dashboards, alerts, and federated search become straightforward to build. The most 
consequential design decisions at this layer are the persona-tailored views, the alert routing topology, and the integration 
with incident management workflows. 
 

IV. IMPLEMENTATION CONSIDERATIONS 

 

4.1 CHOOSING THE STANDARD 

Every unification program must decide on a wire-level standard for telemetry. The industry has converged on 
OpenTelemetry for new development, and for good reason: it is the only standard with active investment from all the 
major cloud and observability vendors, broad language SDK support, and a stable specification. Adopting 
OpenTelemetry early in a unification program eliminates a category of integration work that would otherwise recur 
indefinitely. 
 
If the platform is starting from scratch, choose OpenTelemetry. If it is integrating legacy emitters, plan a 

migration path to OpenTelemetry over the first two phases of the rollout. 
 

4.2 BUILD VS. BUY 

Few enterprises have the engineering capacity to build every layer of the architecture from open-source components. 
Most successful implementations use a mix: open-source components for ingestion and storage of high-volume telemetry 
where the operational complexity is acceptable, and commercial offerings for the presentation, correlation, and AIOps 
layers where time-to-value is more important than operational control. 
 
Table 3 summarizes the trade-offs commonly considered. The right answer is organization-specific and depends on 
existing skills, scale, and procurement posture. 
 

Layer Build (open source) Buy (commercial) Hybrid pattern 

Ingestion OpenTelemetry Collector Vendor agent 
OTel for portability + vendor 
agent for legacy 

Metrics store 
Prometheus, Cortex, 
Mimir, Thanos 

Vendor TSDB 
Self-host for high cardinality + 
SaaS for low-volume 

Log store 
OpenSearch, Loki, 
ClickHouse 

SaaS log platform 
Tiered: hot in SaaS, cold in object 
storage 

Trace store Tempo, Jaeger, Zipkin Vendor APM 
Self-host for high volume + SaaS 
for app teams 

Dashboards Grafana Vendor pane 
Grafana as the unifying pane, 
federating both 

AIOps 
Custom on top of 
analytics 

Vendor AIOps 
Vendor AIOps consuming unified 
store 

 

Table 3. Build, buy, and hybrid options at each architectural layer. 
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4.3 COST GOVERNANCE 

Observability cost grows roughly in proportion to telemetry volume, and telemetry volume grows roughly in proportion 
to system complexity. Without governance, an engineering organization typically observes observability spend doubling 
every two to three years. Three controls have outsized impact: 
▪ Tiered retention. Hot, warm, and cold tiers with materially different costs allow expensive low-latency storage to 
be reserved for the recent past, while older telemetry remains queryable from cheaper cold storage. 
▪ Cardinality budgets. Active series in the metrics store are the dominant cost driver for time-series databases. Per-
team cardinality budgets, enforced in the collector layer, prevent runaway growth from a single misconfigured exporter. 
▪ Sampling policy. Tail-based sampling for traces retains the diagnostically valuable spans while discarding the 
routine majority. A well-tuned tail sampler can reduce trace storage cost by a factor of ten with no measurable loss of 
operational value. 

 
Figure 6. Typical observability cost composition. Log ingestion and retention together account for more than 

half of total spend. 
 
Figure 7 shows the typical diurnal pattern of telemetry volumes across estates. Visibility into this pattern is itself an 
output of the unified platform: without it, the cost-optimization opportunities described above are invisible. 

 
Figure 7. 24-hour telemetry ingestion rate by source estate. Patterns differ by workload type and region. 

 

4.4 SECURITY AND GOVERNANCE 

Telemetry includes sensitive information: identifiers, user activity, sometimes payloads of inflight requests. The 
unification of telemetry concentrates this information in a single platform, which is both a benefit (centralized control) 

http://www.ijirset.com/


 
|www.ijirset.com |A Monthly, Peer Reviewed & Referred Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|  

                                                Volume 13, Issue 10, October 2024 

                                                |DOI: 10.15680/IJIRSET.2024.1310120| 

IJIRSET©2024                                      |     An ISO 9001:2008 Certified Journal   |                                         17897 

and a risk (single point of compromise). The platform must therefore be wrapped in a rigorous set of governance and 
security controls. 

 
 

Figure 8. Governance and security wrappers around the unified platform. Each layer is a non-optional control. 
 
The minimum control set includes the following: 
▪ Strict role-based access control, with permissions scoped to estate, environment, and signal type, integrated with the 
enterprise identity provider. 
▪ Data classification at the field level, with automatic redaction of personally identifiable information and other 
regulated data classes. 
▪ Region pinning for telemetry that is subject to data-residency requirements, enforced at the ingestion layer and 
audited at the storage layer. 
▪ Encryption in transit and at rest, with key management integrated with the enterprise's existing key management 
service. 
▪ Comprehensive audit logging of all query activity, retained for at least one year and reviewable by both security and 
platform teams. 
▪ Tenancy isolation between business units, including separate query quotas and noisy-neighbor protection. 
 

V. OPERATIONAL AND FINANCIAL RESULTS 

 

5.1 METHODOLOGY 

The results in this section are drawn from rollouts of the reference architecture in two large enterprise environments. 
Both environments operated across AWS, Azure, and an extensive on-premises footprint, with telemetry volumes in 
excess of one terabyte per day. The baseline measurements were collected during the three months preceding the rollout. 
The post-unification measurements were collected during the three months after the rollout completed and stabilized. 
Comparisons are like-for-like in terms of workload mix and team composition. 
 

5.2 INCIDENT LIFECYCLE IMPROVEMENT 

Figure 9 decomposes mean time to recovery into its constituent phases, before and after unification. The greatest 
reductions occurred in the triage and diagnosis phases, where operators benefit most directly from the single pane of 
glass. 
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Figure 9. Median time per incident phase, before and after unification. Triage and diagnosis benefit most. 

 
Aggregate MTTR fell from a median of 94 minutes to 33 minutes, a reduction of approximately 65 percent. The reduction 
is not the product of a single dramatic improvement; it is the product of small, consistent improvements at every phase 
of incident response. The compound effect on the operator's experience is substantial: an incident that previously 
consumed most of a working day is now resolved before lunch. 
 

5.3 ALERT QUALITY 

Alert noise is a direct consequence of correlation gaps. When the same underlying problem is observed by multiple tools, 
each tool fires its own page. The unified platform's correlation layer collapses these into a single incident, attached to the 
highest-level service that the user is likely to care about. 

 
Figure 10. Alert volume per week through twelve weeks of rollout. Correlation eliminates duplication. 

 
Over the twelve-week rollout, paged alerts fell by approximately 84 percent. False-positive alerts, the subset of pages 
that produced no action, fell more sharply still. On-call engineers reported markedly improved sleep quality and a 
measurable decrease in the rate at which they paged in colleagues for assistance. 
 

5.4 COST OUTCOMES 

The financial impact of unification is summarized in Table 4. The savings come from three sources: consolidation of 
overlapping tool licenses, retention-tier optimization, and cardinality reduction enabled by visibility into the metrics store. 
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Cost category 
Pre-unification 

(annual) 
Post-unification 

(annual) 
Change 

Log ingestion + retention $3.40 M $1.95 M -43% 

Metrics platform $1.20 M $0.80 M -33% 

Trace platform $0.65 M $0.42 M -35% 

Dashboards / licensing $0.45 M $0.18 M -60% 

Egress / transfer $0.30 M $0.21 M -30% 

Platform engineering $0.95 M $1.10 M +16% 

Total $6.95 M $4.66 M -33% 

 

Table 4. Annual observability cost before and after unification, for a representative large enterprise. 
 
The increase in platform engineering cost is intentional: it represents the dedicated team that operates the unified platform. 
Even with this additional investment, the net annual saving is approximately 33 percent. The savings recurring year over 
year, and the platform team's investment compounding into further improvements, make the business case unambiguous. 
 

5.5 MATURITY IMPROVEMENT 

Figure 11 places the baseline and post-unification capability profiles on a six-dimension maturity radar. The most 
dramatic gains are in correlation, federation, and cost governance, the dimensions on which the architecture is most 
directly focused. 
 

 
Figure 11. Observability capability maturity, on a five-point scale across six dimensions. 

 

VI. RECURRING IMPLEMENTATION PATTERNS 

 
Two enterprises will not arrive at identical platforms, but the trajectories that successful programs follow are remarkably 
similar. The patterns described in this section recur across implementations and form a useful checklist for teams 
beginning their own unification journey. 
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6.1 THE COLLECTOR FLEET AS THE FOUNDATION 

Every successful implementation begins by deploying an OpenTelemetry collector fleet in each estate. The collector is 
small, well-documented, and capable of replacing agent-based collection for almost every native source. Once the 
collectors are in place, the implementation team has a single point of control for everything that follows: schema mapping, 
enrichment, sampling, routing, and cost control. 
▪ Pattern: Deploy a collector as a DaemonSet on every Kubernetes node and as a sidecar adjacent to every cloud-
native function or service that emits telemetry. 
▪ Pattern: Run a regional gateway collector tier above the agent tier, to centralize routing decisions and reduce egress. 
▪ Pattern: Treat collector configuration as code, managed in the same source control and review process as application 
configuration. 
 

6.2 FEDERATION BEFORE REPLACEMENT 

It is rarely possible, and almost never wise, to replace native observability tools in a single step. The federation pattern 
allows the unified platform to coexist with the native tools, presenting a unified view while leaving the legacy tools 
available for teams that depend on them. Over time, as confidence in the unified platform grows, the native tools can be 
retired one estate or one team at a time. 
 

6.3 SLO GOVERNANCE AS THE ANCHOR 

Without service-level objectives, the unified platform has no organizing principle and becomes a dashboard farm. With 
SLOs, every signal that flows through the platform has a place: it either contributes to an SLI calculation, supports an 
error budget decision, or it does not, and can therefore be retained at a lower fidelity. 
SLOs are the discipline that converts an observability platform from a passive monitoring system into an active 

governance system. The investment in defining and maintaining them pays returns disproportionate to the effort. 
 

6.4 THE PERSONA-FIRST PANE OF GLASS 

A single pane of glass does not mean a single dashboard. It means a single coherent experience layer that presents the 
right view to each persona: a service-owner view for application teams, an estate-health view for the platform team, a 
financial view for the FinOps team, and a security view for the security team. Each view draws on the same underlying 
store, with the same entity model and the same query language, but is curated for the persona who consumes it. 
 

6.5 CONTINUOUS COST REVIEW 

Successful programs establish a recurring cost-review ritual, owned by a partnership between platform engineering and 
FinOps, in which the largest cost drivers are reviewed monthly and adjustments are proposed. The platform itself 
produces the reports needed for this review, so the cost of the review is low and the impact is high. 
 

VII. CHALLENGES AND ANTI-PATTERNS 

 
The literature on unified observability tends to be optimistic. The lived experience of practitioners includes a long list of 
challenges that are worth naming explicitly, because forewarning is the most effective defense against them. 
 

7.1 DATA GRAVITY AND EGRESS COST 

Telemetry is large. Moving it between regions or between clouds is expensive. The architecture must therefore make 
deliberate decisions about where telemetry is processed and where it is stored. The least expensive design keeps high-
volume telemetry close to its source and queries it federated, rather than centralizing it into a single region for the 
convenience of operators. Federation is the answer to data gravity. 
 

7.2 CARDINALITY EXPLOSIONS 

A well-intended dimension added to a metric can multiply the active series count by thousands. The metrics store will 
silently absorb this until it does not, at which point ingestion fails or costs spike. The pipeline must enforce a cardinality 
budget per service, per environment, with alerting on the approach to the budget rather than the breach of it. 
 

7.3 THE PARETO OF LOG VOLUME 

A small number of log sources typically produces a large fraction of total log volume. Identifying these sources and either 
reducing their verbosity or routing them to cheap cold storage is the highest-leverage cost optimization available. The 
unified platform makes these sources visible; without it, they are buried in per-tool reports that no one reviews. 
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7.4 THE CULTURAL TAX OF MIGRATION 

Engineers are reluctant to leave tools they know. A unification program that tries to force adoption fails. A program that 
demonstrates value, supports both old and new tools during a transition period, and earns adoption succeeds. The cultural 
component of the migration is at least as important as the technical one. 
 

7.5 ANTI-PATTERNS TO AVOID 

▪ The big-bang migration. Replacing all tools simultaneously concentrates risk and almost always exceeds its scope. 
Migrate incrementally, one estate or one signal type at a time. 
▪ The unified blob store. A single database that stores metrics, logs, and traces together sounds elegant but performs 
poorly for any one of them. Compose purpose-built stores behind a federated query interface instead. 
▪ The dashboard farm. Building one dashboard per team without organizing principles leads to a sprawling collection 
that no one trusts. Anchor dashboards to SLOs and to the entity graph. 
▪ Mandatory standards without enablement. Decreeing OpenTelemetry adoption without providing libraries, 
examples, and migration tooling produces resentment, not adoption. 
▪ Ignoring read costs. Many platforms price query activity in addition to ingestion. A program that optimizes ingestion 
alone can be surprised by query bills generated by automated tooling. 
8. Adoption Roadmap 

The roadmap in Figure 12 represents a typical twelve-month adoption sequence for a large enterprise. Smaller 
organizations can compress it; very large ones may extend it. The sequence of phases, however, is broadly invariant. 

 
Figure 12. Indicative 12-month adoption roadmap. Each phase produces a milestone deliverable that unlocks the 

next. 
 

8.1 PHASE 1: FOUNDATION (Q1) 

The first quarter is spent establishing the foundations. This includes a complete inventory of telemetry sources and their 
volumes, a decision on the standard (OpenTelemetry), the deployment of an initial collector fleet, and the establishment 
of the platform engineering team that will own the result. The output of this phase is a working pipeline that emits OTLP 
from a representative subset of services. 
 

8.2 PHASE 2: UNIFY INGESTION (Q2) 

The second quarter expands collector coverage to the full estate, normalizes schemas across sources, and provisions the 
unified telemetry store with appropriate retention tiers. The output of this phase is a single store that contains 
representative telemetry from every estate, queryable through a single federated interface. 
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8.3 PHASE 3: SINGLE PANE OF GLASS (Q3) 

The third quarter builds the experience layer. Correlation rules are configured. Persona-specific dashboards are created. 
Alert routing is migrated from native tools to the unified platform. SLOs are defined for the highest-tier services. The 
output of this phase is the first end-to-end incident response handled entirely through the new platform. 
 

8.4 PHASE 4: OPTIMIZE (Q4) 

The fourth quarter focuses on optimization. Cost-aware routing is tuned. Cardinality budgets are enforced. AIOps 
capabilities are introduced where they earn their cost. Retired native tools are decommissioned. The output of this phase 
is a steady-state operation in which the platform team can shift its focus from build to continuous improvement. 
 

IX. FUTURE DIRECTIONS 

 

9.1 EBPF-BASED TELEMETRY 

Extended Berkeley Packet Filter (eBPF) technology has matured to the point where it is a serious alternative to agent-
based telemetry collection on Linux hosts. eBPF probes can extract network, performance, and security telemetry directly 
from the kernel without changes to applications or sidecar deployments. The next generation of the reference architecture 
is likely to incorporate eBPF as a standard collection mechanism, complementing rather than replacing the 
OpenTelemetry collector fleet. 
 

9.2 AIOPS MATURING INTO CLOSED-LOOP REMEDIATION 

The current generation of AIOps platforms is largely diagnostic: it identifies anomalies and suggests likely causes. The 
next generation will close the loop, executing remediation actions automatically under controlled conditions. This 
evolution will demand much stronger guarantees from the underlying observability platform, particularly around the 
freshness, completeness, and correctness of telemetry data. 
 

9.3 TELEMETRY FOR GENERATIVE AI WORKLOADS 

The proliferation of generative AI workloads has introduced new telemetry needs that the three-pillar model does not 
naturally accommodate. Token usage, model latency, embedding cache performance, and prompt-quality signals are first-
class telemetry types for these workloads. Unified observability platforms will need to extend their data models to 
accommodate them as the workloads scale. 
 

9.4 SUSTAINABILITY OBSERVABILITY 

Increasing attention to the carbon footprint of cloud workloads is creating demand for sustainability telemetry alongside 
operational telemetry. Power, water, and carbon intensity per workload are joining latency, throughput, and error rate as 
first-class operational signals. The platform architecture is well positioned to incorporate these new signal types, since 
they share the same shape as existing metrics. 
 

X. CONCLUSION 

 
Multi-cloud is not a destination; it is the operating reality of the modern enterprise. The fragmented observability tooling 
that grew up alongside the early adoption of each cloud is no longer adequate to the systems it is asked to monitor. 
Operators waste time pivoting between consoles, organizations lose money on duplicative tools and undisciplined 
retention, and incidents are resolved more slowly than the customer experience can tolerate. 
 
A unified observability platform, built on the layered reference architecture described in this article, addresses these 
problems together. By standardizing on OpenTelemetry, composing purpose-built stores behind a federated query 
interface, and investing in a correlation and analytics layer, an organization can deliver a genuine single pane of glass 
without sacrificing the depth that each estate's native telemetry provides. 
 
The benefits are measurable. In the two enterprise rollouts described, mean time to recovery improved by approximately 
sixty-five percent, paged alert volume fell by eighty-four percent, and annual observability spend dropped by a third. 
These outcomes are not exceptional; they are representative of what a disciplined implementation of the reference 
architecture should be expected to deliver. 
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Unified observability is no longer a competitive differentiator; it is table stakes for operating a serious multi-cloud 

estate. The question is not whether to invest, but when and in what sequence. 
 
The architecture is portable, the standards are open, and the patterns are well established. What remains is the 
organizational will to commit to a multi-quarter program and the discipline to execute it phase by phase. Teams that make 
this commitment have consistently found the return on investment to be among the highest of any platform initiative they 
undertake. 
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