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Expected outcomes
� Define reliability through user journeys and measurable service-level indicators.

� Use error budgets to govern change, risk, investment, and escalation.

� Engineer capacity, overload, graceful degradation, and recovery from realistic demand.

� Reduce toil through reliable automation rather than shifting manual work into scripts.
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How to use this guide
Read the guide as a progressive system rather than a disconnected encyclopedia. Foundational material establishes the mental
model; practitioner sections convert it into repeatable implementation and operations; advanced sections expose architecture,
scale, security, and failure behavior; frontier sections describe technologies whose evidence or maturity is still evolving.

Suggested reading path
New practitioners should follow the chapters in order and complete the laboratories. Experienced engineers may begin with the
architecture, failure, validation, or frontier sections, then use the related-document map to deepen a specific topic.

Learning and assurance model
Level Reader outcome

L1 - Foundational Terminology, first principles, component roles, packet or state flow, and simple working examples.

L2 - Practitioner Implementation, configuration, automation, testing, troubleshooting, and operational evidence.

L3 - Advanced Architecture, scale, concurrency, resilience, threat models, performance, and complex migrations.

L4 - Frontier Emerging systems, research directions, technical uncertainty, readiness gates, and adoption signals.

Contents
3How to use this guide

3Contents
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Chapter 01 - Reliability, risk, and service ownership

CHAPTER 01

Reliability, risk, and service ownership
Define what reliability means for users, operators, and the business.

Chapter operating position
Define what reliability means for users, operators, and the business.

1.1 Service and journey boundaries
Service and journey boundaries must be implemented as an observable state and evidence mechanism, not a product label or
policy slogan. Identify users, entry points, dependencies, critical functions, data, and owners. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for service and journey boundaries.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating service and journey boundaries as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for service and journey
boundaries.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

1.2 Risk and failure consequences
Risk and failure consequences must be implemented as an observable state and evidence mechanism, not a product label or
policy slogan. Assess availability, correctness, latency, freshness, durability, security, and safety. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for risk and failure consequences.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Implementation sketch
slo:
  service: checkout
  indicator: successful_valid_checkouts / valid_checkout_attempts
  objective: 0.999
  window_days: 28
  error_budget_policy:
    healthy: normal-change
    fast_burn: freeze-risky-rollouts
    exhausted: reliability-work-only
  capacity:
    required_headroom: 0.35
  recovery:
    quarterly_full-service-exercise: true

Failure patterns
� Treating risk and failure consequences as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.



MYTHOS-FG-DAT-0005 MYTHOS TECHNICAL LIBRARY / LIVING FIELD GUIDE CANDIDATE FOCUSED FIELD GUIDE

Mythos Systems MYTHOS-DAT - Data, State, Storage, Reliability & Evidence 0007

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.

Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for risk and failure
consequences.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

1.3 Reliability responsibilities
Reliability responsibilities must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Assign product, development, SRE, platform, dependency, vendor, and executive roles. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for reliability responsibilities.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating reliability responsibilities as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for reliability responsibilities.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

1.4 Reliability architecture
Reliability architecture must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Design redundancy, isolation, failover, recovery, observability, and safe degradation. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for reliability architecture.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating reliability architecture as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.



MYTHOS-FG-DAT-0005 MYTHOS TECHNICAL LIBRARY / LIVING FIELD GUIDE CANDIDATE FOCUSED FIELD GUIDE

Mythos Systems MYTHOS-DAT - Data, State, Storage, Reliability & Evidence 0009

Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for reliability architecture.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.



MYTHOS-FG-DAT-0005 MYTHOS TECHNICAL LIBRARY / LIVING FIELD GUIDE CANDIDATE FOCUSED FIELD GUIDE

Mythos Systems MYTHOS-DAT - Data, State, Storage, Reliability & Evidence 0010

Chapter 01 laboratory and review
Practical laboratory
Create a service reliability map from user action through all dependencies and failure domains.

Laboratory evidence package
� Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.

� Versioned configuration or code with explanatory comments and reproducible setup instructions.

� Nominal-path validation plus at least two injected failure or boundary conditions.

� Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

� A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension
Explore reliability assurance cases linked continuously to telemetry and tests.

Review gate
Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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Chapter 02 - SLIs and measurement engineering

CHAPTER 02

SLIs and measurement engineering
Measure the aspects of service behavior that matter to users.

Chapter operating position
Measure the aspects of service behavior that matter to users.

2.1 Availability and correctness
Availability and correctness must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Define good events, valid outcomes, exclusions, partial success, and data sources. The design should name authoritative
inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits, telemetry,
recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for availability and correctness.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating availability and correctness as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for availability and correctness.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

2.2 Latency and freshness
Latency and freshness must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Measure user-perceived distributions, deadlines, data age, queues, and asynchronous completion. The design should
name authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource
limits, telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for latency and freshness.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Implementation sketch
slo:
  service: checkout
  indicator: successful_valid_checkouts / valid_checkout_attempts
  objective: 0.999
  window_days: 28
  error_budget_policy:
    healthy: normal-change
    fast_burn: freeze-risky-rollouts
    exhausted: reliability-work-only
  capacity:
    required_headroom: 0.35
  recovery:
    quarterly_full-service-exercise: true

Failure patterns
� Treating latency and freshness as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.
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� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.

Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for latency and freshness.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

2.3 Durability and integrity
Durability and integrity must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Measure accepted writes, retained data, replication, backup, restore, and corruption. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for durability and integrity.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating durability and integrity as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for durability and integrity.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

2.4 Measurement validity
Measurement validity must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Address missing telemetry, sampling, bias, aggregation, clock, retries, and synthetic checks. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for measurement validity.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating measurement validity as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for measurement validity.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.
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Chapter 02 laboratory and review
Practical laboratory
Build four SLIs for one service and test how instrumentation loss changes each result.

Laboratory evidence package
� Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.

� Versioned configuration or code with explanatory comments and reproducible setup instructions.

� Nominal-path validation plus at least two injected failure or boundary conditions.

� Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

� A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension
Explore causal SLIs that distinguish service responsibility from dependency and client effects.

Review gate
Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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Chapter 03 - SLOs and error budgets

CHAPTER 03

SLOs and error budgets
Turn reliability targets into operating policy and balanced risk decisions.

Chapter operating position
Turn reliability targets into operating policy and balanced risk decisions.

3.1 SLO window and target
SLO window and target must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Choose rolling or calendar windows, objective, allowed failure, and user or request weighting. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for slo window and target.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating slo window and target as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for slo window and target.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

3.2 Error-budget calculation
Error-budget calculation must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Compute consumed, remaining, burn rate, forecast, and uncertainty. The design should name authoritative inputs,
identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits, telemetry, recovery,
and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for error-budget calculation.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Implementation sketch
slo:
  service: checkout
  indicator: successful_valid_checkouts / valid_checkout_attempts
  objective: 0.999
  window_days: 28
  error_budget_policy:
    healthy: normal-change
    fast_burn: freeze-risky-rollouts
    exhausted: reliability-work-only
  capacity:
    required_headroom: 0.35
  recovery:
    quarterly_full-service-exercise: true

Failure patterns
� Treating error-budget calculation as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.
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� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.

Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for error-budget calculation.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

3.3 Budget policy
Budget policy must be implemented as an observable state and evidence mechanism, not a product label or policy slogan.
Define actions for healthy, warning, exhausted, and exceptional states across change and investment. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for budget policy.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating budget policy as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for budget policy.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

3.4 Multi-window and composite SLOs
Multi-window and composite SLOs must be implemented as an observable state and evidence mechanism, not a product label
or policy slogan. Combine fast and slow burn, critical journeys, tiers, dependencies, and regional views. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for multi-window and composite slos.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating multi-window and composite slos as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for multi-window and
composite slos.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.
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Chapter 03 laboratory and review
Practical laboratory
Implement an error-budget calculator and evaluate release decisions under several burn patterns.

Laboratory evidence package
� Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.

� Versioned configuration or code with explanatory comments and reproducible setup instructions.

� Nominal-path validation plus at least two injected failure or boundary conditions.

� Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

� A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension
Explore adaptive SLOs governed by business criticality without moving targets to hide failure.

Review gate
Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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Chapter 04 - Alerting, diagnosis, and on-call

CHAPTER 04

Alerting, diagnosis, and on-call
Page humans only when timely action can protect an objective.

Chapter operating position
Page humans only when timely action can protect an objective.

4.1 Symptom and cause alerts
Symptom and cause alerts must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Prefer user-impact symptoms for paging and causes for diagnostic context. The design should name authoritative
inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits, telemetry,
recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for symptom and cause alerts.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating symptom and cause alerts as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for symptom and cause alerts.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

4.2 Burn-rate alerting
Burn-rate alerting must be implemented as an observable state and evidence mechanism, not a product label or policy slogan.
Detect rapid and sustained SLO consumption across multiple windows. The design should name authoritative inputs, identities,
versions, invariants, state transitions, consistency expectations, failure domains, resource limits, telemetry, recovery, and
acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for burn-rate alerting.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Implementation sketch
slo:
  service: checkout
  indicator: successful_valid_checkouts / valid_checkout_attempts
  objective: 0.999
  window_days: 28
  error_budget_policy:
    healthy: normal-change
    fast_burn: freeze-risky-rollouts
    exhausted: reliability-work-only
  capacity:
    required_headroom: 0.35
  recovery:
    quarterly_full-service-exercise: true

Failure patterns
� Treating burn-rate alerting as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.



MYTHOS-FG-DAT-0005 MYTHOS TECHNICAL LIBRARY / LIVING FIELD GUIDE CANDIDATE FOCUSED FIELD GUIDE

Mythos Systems MYTHOS-DAT - Data, State, Storage, Reliability & Evidence 0025

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.

Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for burn-rate alerting.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

4.3 Alert quality
Alert quality must be implemented as an observable state and evidence mechanism, not a product label or policy slogan.
Measure precision, recall, actionability, delay, duplication, fatigue, and missed incidents. The design should name authoritative
inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits, telemetry,
recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for alert quality.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating alert quality as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for alert quality.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

4.4 On-call systems
On-call systems must be implemented as an observable state and evidence mechanism, not a product label or policy slogan.
Design ownership, schedules, escalation, runbooks, access, handoff, health, and support. The design should name authoritative
inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits, telemetry,
recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for on-call systems.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating on-call systems as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for on-call systems.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.
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Chapter 04 laboratory and review
Practical laboratory
Create a burn-rate alert policy and replay historical incidents to measure paging quality.

Laboratory evidence package
� Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.

� Versioned configuration or code with explanatory comments and reproducible setup instructions.

� Nominal-path validation plus at least two injected failure or boundary conditions.

� Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

� A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension
Explore agent-assisted diagnosis that cannot silence or resolve alerts without evidence and authority.

Review gate
Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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Chapter 05 - Capacity, performance, and overload

CHAPTER 05

Capacity, performance, and overload
Provide sufficient resources while remaining stable beyond planned demand.

Chapter operating position
Provide sufficient resources while remaining stable beyond planned demand.

5.1 Workload and demand model
Workload and demand model must be implemented as an observable state and evidence mechanism, not a product label or
policy slogan. Forecast traffic, data, concurrency, seasonality, growth, launches, failure, and recovery. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for workload and demand model.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating workload and demand model as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for workload and demand
model.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

5.2 Resource model
Resource model must be implemented as an observable state and evidence mechanism, not a product label or policy slogan.
Relate throughput to CPU, memory, storage, network, connections, queues, quotas, and dependencies. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for resource model.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Implementation sketch
slo:
  service: checkout
  indicator: successful_valid_checkouts / valid_checkout_attempts
  objective: 0.999
  window_days: 28
  error_budget_policy:
    healthy: normal-change
    fast_burn: freeze-risky-rollouts
    exhausted: reliability-work-only
  capacity:
    required_headroom: 0.35
  recovery:
    quarterly_full-service-exercise: true

Failure patterns
� Treating resource model as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.
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� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.

Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for resource model.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

5.3 Headroom and redundancy
Headroom and redundancy must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Reserve capacity for failures, deploys, failover, recovery, uncertainty, and maintenance. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for headroom and redundancy.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating headroom and redundancy as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for headroom and redundancy.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

5.4 Overload and graceful degradation
Overload and graceful degradation must be implemented as an observable state and evidence mechanism, not a product label
or policy slogan. Use admission, backpressure, load shedding, priority, reduced fidelity, and safe rejection. The design should
name authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource
limits, telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for overload and graceful degradation.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating overload and graceful degradation as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for overload and graceful
degradation.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.
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Chapter 05 laboratory and review
Practical laboratory
Load-test a service through saturation and prove overload controls protect critical traffic.

Laboratory evidence package
� Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.

� Versioned configuration or code with explanatory comments and reproducible setup instructions.

� Nominal-path validation plus at least two injected failure or boundary conditions.

� Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

� A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension
Explore predictive capacity orchestration across cloud, edge, GPU, and sovereign pools.

Review gate
Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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Chapter 06 - Change reliability and release engineering

CHAPTER 06

Change reliability and release engineering
Reduce risk through small, observable, reversible change.

Chapter operating position
Reduce risk through small, observable, reversible change.

6.1 Release qualification
Release qualification must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Require tests, compatibility, capacity, security, observability, migration, and rollback. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for release qualification.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating release qualification as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for release qualification.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

6.2 Canary and progressive delivery
Canary and progressive delivery must be implemented as an observable state and evidence mechanism, not a product label or
policy slogan. Expose limited traffic, compare cohorts, monitor SLOs, and automate safe abort. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for canary and progressive delivery.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Implementation sketch
slo:
  service: checkout
  indicator: successful_valid_checkouts / valid_checkout_attempts
  objective: 0.999
  window_days: 28
  error_budget_policy:
    healthy: normal-change
    fast_burn: freeze-risky-rollouts
    exhausted: reliability-work-only
  capacity:
    required_headroom: 0.35
  recovery:
    quarterly_full-service-exercise: true

Failure patterns
� Treating canary and progressive delivery as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.
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� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.

Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for canary and progressive
delivery.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

6.3 Configuration and dependency change
Configuration and dependency change must be implemented as an observable state and evidence mechanism, not a product
label or policy slogan. Version flags, schemas, certificates, policies, APIs, and external services. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for configuration and dependency change.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating configuration and dependency change as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for configuration and
dependency change.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

6.4 Error-budget integration
Error-budget integration must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Adjust release velocity and reliability work according to measured risk. The design should name authoritative inputs,
identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits, telemetry, recovery,
and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for error-budget integration.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating error-budget integration as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for error-budget integration.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.
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Chapter 06 laboratory and review
Practical laboratory
Design a release gate that combines canary analysis with error-budget state and rollback evidence.

Laboratory evidence package
� Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.

� Versioned configuration or code with explanatory comments and reproducible setup instructions.

� Nominal-path validation plus at least two injected failure or boundary conditions.

� Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

� A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension
Explore formally constrained autonomous release systems with human-owned production authority.

Review gate
Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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Chapter 07 - Incidents, learning, toil, and automation

CHAPTER 07

Incidents, learning, toil, and automation
Turn operational failure into durable engineering improvement.

Chapter operating position
Turn operational failure into durable engineering improvement.

7.1 Incident command and response
Incident command and response must be implemented as an observable state and evidence mechanism, not a product label or
policy slogan. Declare, scope, stabilize, communicate, investigate, recover, and transition ownership. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for incident command and response.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating incident command and response as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for incident command and
response.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

7.2 Post-incident analysis
Post-incident analysis must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Build timeline, contributing factors, control gaps, impact, evidence, and prioritized actions. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for post-incident analysis.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Implementation sketch
slo:
  service: checkout
  indicator: successful_valid_checkouts / valid_checkout_attempts
  objective: 0.999
  window_days: 28
  error_budget_policy:
    healthy: normal-change
    fast_burn: freeze-risky-rollouts
    exhausted: reliability-work-only
  capacity:
    required_headroom: 0.35
  recovery:
    quarterly_full-service-exercise: true

Failure patterns
� Treating post-incident analysis as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.
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� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.

Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for post-incident analysis.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

7.3 Toil identification
Toil identification must be implemented as an observable state and evidence mechanism, not a product label or policy slogan.
Measure repetitive, manual, automatable, tactical, low-value, and scaling work. The design should name authoritative inputs,
identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits, telemetry, recovery,
and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for toil identification.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating toil identification as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for toil identification.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

7.4 Automation quality
Automation quality must be implemented as an observable state and evidence mechanism, not a product label or policy slogan.
Design idempotent, observable, bounded, reviewed, reversible, and maintained automation. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for automation quality.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating automation quality as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for automation quality.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.
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Chapter 07 laboratory and review
Practical laboratory
Analyze a recurring operational task and replace it with guarded automation and an evidence-backed runbook.

Laboratory evidence package
� Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.

� Versioned configuration or code with explanatory comments and reproducible setup instructions.

� Nominal-path validation plus at least two injected failure or boundary conditions.

� Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

� A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension
Explore incident-learning systems that generate validated tests, controls, and architecture changes.

Review gate
Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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Chapter 08 - Resilience, disaster recovery, and governance

CHAPTER 08

Resilience, disaster recovery, and
governanceValidate service survival beyond component redundancy.

Chapter operating position
Validate service survival beyond component redundancy.

8.1 Resilience testing
Resilience testing must be implemented as an observable state and evidence mechanism, not a product label or policy slogan.
Inject dependency, zone, region, network, identity, data, quota, and control-plane failures. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for resilience testing.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating resilience testing as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for resilience testing.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

8.2 Disaster recovery
Disaster recovery must be implemented as an observable state and evidence mechanism, not a product label or policy slogan.
Recover identity, platforms, state, applications, observability, and user service against RPO and RTO. The design should name
authoritative inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits,
telemetry, recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for disaster recovery.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Implementation sketch
slo:
  service: checkout
  indicator: successful_valid_checkouts / valid_checkout_attempts
  objective: 0.999
  window_days: 28
  error_budget_policy:
    healthy: normal-change
    fast_burn: freeze-risky-rollouts
    exhausted: reliability-work-only
  capacity:
    required_headroom: 0.35
  recovery:
    quarterly_full-service-exercise: true

Failure patterns
� Treating disaster recovery as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.
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� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.

Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for disaster recovery.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

8.3 Reliability reviews
Reliability reviews must be implemented as an observable state and evidence mechanism, not a product label or policy slogan.
Assess architecture, SLOs, capacity, change, incidents, toil, dependencies, and roadmap. The design should name authoritative
inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits, telemetry,
recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for reliability reviews.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating reliability reviews as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for reliability reviews.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.

8.4 Reliability economics
Reliability economics must be implemented as an observable state and evidence mechanism, not a product label or policy
slogan. Balance risk, user value, engineering cost, capacity, support, and opportunity. The design should name authoritative
inputs, identities, versions, invariants, state transitions, consistency expectations, failure domains, resource limits, telemetry,
recovery, and acceptance criteria.

This guide traces the subject through the user journey, SLI, SLO, error budget, demand, capacity, change, incident, recovery, and
learning chain. A delivered message, successful query, completed backup, green dashboard, valid signature, or synchronized
replica is not sufficient proof. Intended state must be reconciled with external effects, negative tests, degraded behavior, raw
evidence, recovery, and the user or mission outcome.

Production implementation starts from a small known-good baseline. Add one queue, replica, index, collector processor,
storage tier, synchronization peer, proof mechanism, or control at a time; preserve before-state evidence; test duplicates, stale
state, partial failure, overload, and rollback; and retain a deterministic repair path.

Troubleshooting identifies the first divergence from the expected state machine. Inspect identity, time, sequence, version,
cache, checkpoint, partition, retention, authorization, transformation, and external dependency boundaries. Closure requires a
causal explanation, reproducibility, validated restoration or convergence, and visible residual limitations.

Engineering practices
� Define ownership, authority, state, dependencies, limits, and acceptance evidence for reliability economics.

� Use stable identities, typed schemas, idempotency, explicit consistency, and versioned lifecycle records.

� Validate intended configuration, stored state, applied state, external effects, and user outcome separately.

� Test nominal, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback conditions.

� Preserve source, event, trace, checkpoint, artifact, receipt, approval, and repair evidence.

� Scale with quotas, retention, backpressure, isolation, progressive rollout, and verified restore or convergence.

Failure patterns
� Treating reliability economics as a feature without defining its state and failure semantics.

� Equating acknowledgement, replication, snapshot, or successful export with correct business completion.

� Using eventual consistency without exposing stale, pending, conflicting, or repair states.

� Allowing retries, replay, synchronization, or restoration to duplicate external effects.

� Collecting evidence without stable identity, schema, time quality, provenance, or retention rules.

� Declaring resilience without representative recovery and end-to-end validation.
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Validation and evidence

Method Expected evidence

Examine Architecture, authority, schemas, identities, state, retention, consistency, and dependencies for reliability economics.

Observe Events, queues, streams, versions, replicas, indexes, telemetry, receipts, storage, effects, and user-visible state.

Test Expected, prohibited, duplicate, stale, reordered, overloaded, partitioned, failed, recovery, and rollback cases.

Measure Correctness, convergence, latency, throughput, durability, freshness, cost, resource use, and operator effort.

Reconcile Intended and recorded state against actual data, infrastructure, external effect, evidence, and user outcome.
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Chapter 08 laboratory and review
Practical laboratory
Run a game day that consumes error budget and produces architecture, capacity, and process improvements.

Laboratory evidence package
� Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.

� Versioned configuration or code with explanatory comments and reproducible setup instructions.

� Nominal-path validation plus at least two injected failure or boundary conditions.

� Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

� A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension
Develop a reliability control plane that continuously reconciles SLOs, capacity, changes, incidents, and recovery evidence.

Review gate
Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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Integrated learning roadmap
The guide is intended to be revisited. First establish fluency, then build a small implementation, operate it under failure,
automate repeatable work, and finally evaluate emerging techniques against a stable baseline. Progress is demonstrated
through evidence rather than reading completion alone.

Stage Demonstrated capability

Foundation Explain the system from first principles and trace its critical path without relying on product terminology.

Build Implement the smallest representative system with explicit contracts, identities, telemetry, and tests.

Operate Diagnose injected failures, recover safely, and preserve evidence of the causal chain.

Automate Convert a proven manual workflow into bounded, idempotent, observable automation.

Architect Design for scale, resilience, security, interoperability, and lifecycle change.

Explore Evaluate frontier techniques using stated hypotheses, limitations, and adoption gates.
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Source authority register
Source policy
Official standards, specifications, and project documentation remain with their issuing organizations. Mythos Systems provides original
engineering interpretation, synthesis, implementation guidance, and relationship mapping. Source verification dates do not guarantee
that an authority has not changed since review.

01. Google - Site Reliability Engineering
Role: SRE principles, SLOs, monitoring, toil, automation, release, and operations.
Verified: 2026-07-26
Official source: https://sre.google/sre-book/table-of-contents/

02. Google - The Site Reliability Workbook
Role: Practical SLO, alerting, incident, capacity, and reliability implementation.
Verified: 2026-07-26
Official source: https://sre.google/workbook/table-of-contents/

03. OpenSLO - OpenSLO Specification
Role: Machine-readable service-level objectives and supporting metadata.
Verified: 2026-07-26
Official source: https://openslo.com/

04. OpenTelemetry - OpenTelemetry
Role: Vendor-neutral traces, metrics, logs, baggage, APIs, SDKs, and collectors.
Verified: 2026-07-26
Official source: https://opentelemetry.io/

05. NIST - SP 800-34 Rev. 1 - Contingency Planning Guide
Role: Business impact, recovery strategies, plans, testing, and maintenance.
Verified: 2026-07-26
Official source: https://csrc.nist.gov/pubs/sp/800/34/r1/final

Authority application and refresh triggers
Authority class Required library action

Protocols and specifications Recheck interoperability, security considerations, defaults, and migration guidance when a referenced specification
changes.

Security and assurance
frameworks

Update control mappings, evidence expectations, risk language, and assessment procedures after material framework
revision.

Languages, runtimes, and
projects

Re-run examples, tests, deprecation checks, and operational recommendations against supported releases.

Benchmarks and evaluations Re-execute claims when workloads, methods, models, compilers, drivers, hardware, or scoring rules change.

Operational evidence Incorporate validated incidents, failure tests, reader corrections, and measured implementation outcomes into the next
revision.
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Limitations, freshness, and revision control
Boundary Statement

Publication limitation This guide synthesizes broad engineering practice. It does not replace product documentation, legal advice, safety
certification, or environment-specific design review.

Evidence limitation Not every pattern is benchmarked in every environment. Examples illustrate engineering methods and must be validated
against actual versions, workloads, hardware, policy, and failure conditions.

Freshness limitation Vendor behavior, software libraries, AI models, security threats, and emerging standards can change quickly. Volatile claims
require source revalidation before operational adoption.

Adoption limitation Frontier content is not an implicit adoption recommendation. Adoption requires defined value, qualification gates,
controlled proof, rollback, ownership, and residual-risk acceptance.

Status boundary Candidate Focused Field Guide describes the publication, not certification of a product, implementation, engineer, or
organization.

Revision record
Version Revision statement

1.0.0-candidate Initial candidate living-guide edition. Published 2026-07-26; scheduled review 2026-10-26.

Search and relationship metadata
Dimension Engineering position

Primary domain MYTHOS-DAT - Data, State, Storage, Reliability & Evidence

Secondary domain MYTHOS-CLD; MYTHOS-SWE; MYTHOS-SEC

Publication class Field Guide / Canonical Living Overview Guide

Skill levels L1 Foundational; L2 Practitioner; L3 Advanced; L4 Frontier

Tags SRE, SLO, SLI, error budget, capacity planning, reliability, burn rate, incident response, toil, resilience engineering

Canonical route /library/field-guides/mythos-fg-dat-0005/

Living publication
Corrections, expanded laboratories, improved diagrams, authority changes, and new engineering evidence should revise this
permanent publication rather than create disconnected replacements.
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