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Understanding the Four Ws o
Observability: From Abstract

By Andrew Barnes, Senior Director Technical Marketing

As modern infrastructure evolves, networks have become dynamic, distributed, and data-intensive. Hybrid architectures,
Al workloads, and real-time analytics pipelines demand performance measured in microseconds — and yet, visibility is
often fragmented across toolsets and telemetry sources.

Traditional monitoring built on metrics, logs, and traces (the MELT stack) provides partial awareness but limited context.
Logs tell you what systems recorded, metrics show quantitative change, and traces follow code paths. But none of these
sources reveal what truly happened at the packet level, where every transaction, synchronization, and anomaly actually
occurs.

To truly understand what's going on in the network, observability must move from the abstract to the actionable. This
evolution is defined by four questions: What happened? Where did it happen? When did it happen? And why? Each W
represents a distinct technical dimension of insight. Together, they form a closed-loop observability model — powered by

packet-level visibility, real-time enrichment, and Al-driven reasoning.

The “Where": Locating Incidents with Packet-Level Precision

In distributed systems, an issue’s origin is rarely where its symptoms appear. A millisecond of jitter at a top-of-rack switch
might manifest as lag in a customer transaction three hops away. “Where” defines spatial and topological context —
pinpointing where in the network path a deviation occurred.

Packet-based observability answers “Where?” in three ways:

1. Line-Rate Packet Processing: Traffic is observed directly from SPANs, TAPs, or virtual mirror points at 100G/400G
speeds without sampling. Hardware-accelerated analytics ensure no packet loss, preserving temporal accuracy.

2. Topological Correlation: Each captured packet is mapped to its ingress and egress interfaces, VLANs, VXLAN tunnels,
or overlay networks. Using metadata such as MAC, IP, VLAN, and encapsulation headers, observability platforms can
correlate a packet’'s complete L2-L7 journey across physical, virtual, and cloud networks.

3. Session-Aware Tracing: Packets are aggregated into flows and sessions. Each session is indexed by its origin, path,
and destination, enabling engineers to visualize hop-by-hop flow transitions. This allows immediate identification of
where delay, loss, or reordering began — whether at a congested link, over a misconfigured overlay, or at an asymmetric
routing node.

Knowing where an error or incident happened eliminates guesswork in triage. Instead of relying on inferred metrics,
like average interface utilization, engineers can trace an individual packet’s path across network domains - a level of
granularity impossible through logs or sampled telemetry.
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The “When": Sequencing Events in Time

This dimension establishes temporal correlation — sequencing events to uncover cause and effect. Understanding when
congestion, retransmission, or anomalies began allows teams to tie technical symptoms to operational events like
configuration pushes, autoscaling actions, or bursty workloads.

Packet-level observability provides two critical timing mechanisms:

1. High-Resolution Timestamping: Each packetis time-stamped atingress with nanosecond accuracy using synchronized
hardware clocks (PTP or NTP). This ensures timing uniformity across distributed capture points, enabling deterministic
analysis of latency and jitter.

2. Temporal Aggregation & Microburst Analysis: Continuous measurement at millisecond granularity reveals transient
phenomena that averaged metrics miss — short-lived microbursts, buffer overruns, or congestion windows. For
example, on a 400Gbps link, a 10ms microburst can push 500MB of transient load into buffers, invisible in 1-second
samples.

By correlating timing data, observability systems can determine sequence of causation. For instance:

® At 12:00:01.450Z: GPU cluster synchronization begins (application event)
® At 12:00:01.455Z: East-west network utilization spikes to 93% (network event)

® At 12:00:01.458Z: Latency increases by 22% and retransmissions start (transport event)

This ordered chain allows teams to distinguish root causes from symptoms and link network timing anomalies to higher-
layer processes like orchestration events or autoscaling bursts.

Temporal fidelity enables proactive capacity tuning and predictive analytics — essential for environments with strict SLAs
or latency-sensitive applications such as Al/ML model synchronization or financial trading systems.

The “What": Understanding the Event Through Enrichment

Knowing what happened requires moving from packet-level raw data to context-rich, intelligence. This is where real-time
enrichment plays a transformative role.

Each observed packet or flow is correlated against multiple metadata dimensions that provide even greater context:

® Application and Protocol Context (L5-L7): Classifies packets into application groups (e.g., HTTP/2, gRPC, DNS, TLS)
and associates transactions (e.g., API calls, database queries) with network performance data.

® Session and Transaction Correlation: Defines flow boundaries and session hierarchies, linking packets to specific
client-server exchanges.

® Performance Metrics: Append jitter, latency, retransmission, window size, throughput, and drop-rate metadata.
® Entity Identification: Adds device ID, tenant ID, user identity, or workload tag to correlate traffic to organizational structures.

® Security Attributes: Tag traffic as encrypted (e.g., TLS 1.3, MACsec) and record anomalies like unexpected payload
lengths or unusual port/protocol usage.

This enrichment converts packets from unstructured telemetry into multidimensional records, enabling correlation across
teams and tools. Enrichment also feeds downstream data pipelines and ML models — providing feature-rich datasets that
can be mined for anomalies, predictive trends, or behavioral baselines.

Example:

Raw data says — “Packet loss detected on Port 24.”

Enriched context explains — “Application X experienced 18ms delay due to 9% retransmission on east-west RoCEv2
traffic between nodes 4 and 9 during GPU sync window.”

That's the difference between knowing a symptom and understanding the system.
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The “Why": Deriving Causality with Al, ML, and Model Context

This is where things get really interesting. While the first three Ws describe what's visible, the “Why” requires correlation,
reasoning, and prediction — capabilities achieved through Al and machine learning operating on enriched packet data.

1. Behavioral Baselines and Anomaly Detection

Machine learning models build behavioural profiles from historical enriched packet datasets. Features such as latency
distributions, flow entropy, burst duration, and application-specific patterns form a baseline of “normal.” Deviations -
sudden microburst frequency, entropy reduction in encrypted flows, or TCP window imbalance - trigger anomaly detection
with contextual severity scores.

2. Cross-Domain Correlation

Al models trained through Model Context Protocols (MCPs) correlate network telemetry with external signals: application
logs, orchestration APIs, and cloud metrics. This multi-domain fusion allows identification of hidden dependencies - e.g., a
transient CPU throttle on a Kubernetes node that caused a network queue buildup downstream.

3. Predictive Insight via Data Pipelines

Streaming pipelines process enriched data in near real-time, using frameworks like Kafka or Spark to feed ML inference
engines. Predictive models can project short-term utilization spikes, potential packet drops, or SLA violations — giving
operators the opportunity to intervene before impact.

4. Human-Readable Explanation

The ultimate value of Al in observability lies in its ability to explain — not just alert. Through contextual reasoning, models
can return structured insights such as:

e “Latency rise correlated with east-west synchronization traffic during model retraining at 15:45:10Z."
® “High retransmission ratio indicates asymmetric ECMP hashing on path Leaf-3 > Spine-2.”
® “Anomaly in entropy score suggests possible data exfiltration attempt.”

The “Why” stage transforms observability from passive measurement to active intelligence — enabling NetOps and SecOps
to move from reaction to prevention.

The Unified Framework: The Four Ws Working Together

The Four W’s form a continuous, self-reinforcing cycle of insight:
Where pinpoints the origin through full-fidelity capture and topological mapping.
When establishes precise timing for causality correlation.

What delivers semantic and contextual understanding via enrichment.
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Why interprets, correlates, and predicts outcomes through Al reasoning.

When unified within a single observability data fabric — spanning packet brokers, capture nodes, enrichment engines, and
Al pipelines — the result is a Pervasive Observability Platform.

It provides deterministic visibility, contextual analysis, and adaptive intelligence — empowering teams to:

® Detect microbursts and congestion before impact

® Diagnose root causes with empirical accuracy

® Predict performance degradation before user experience is affected
® Correlate network and application behaviour across hybrid domains

This integration dissolves silos between NetOps, SecOps, and CloudOps, establishing a shared operational truth rooted in
packet data and enriched by Al insight.
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Conclusion: From Observation to Understanding

The future of observability lies not in collecting more data, but in understanding it faster and deeper. The Four Ws —
Where, When, What, and Why — form the foundation of this understanding.

By grounding observability in packets as the single source of truth, enriching them with context, and empowering
analysis with Al, organizations can evolve from visibility to true comprehension.

In this new era, the network no longer whispers symptoms - it explains itself.

And when every packet tells its story, the “Why” is never out of reach.

. ’
cPacket’s Unified Observability Platform empowers organizations to deliver reliable, secure, and high-

performing digital experiences. By uniting packet-level visibility with Al-driven insights, cPacket enables faster
C PaCket decisions, reduces risk, and improves operational resilience across hybrid and multi-cloud environments.
Trusted by leaders in finance, healthcare, government, and technology. Visit to learn more.
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