
AWS ECS Master File  
AWS ECS — Full 20-Question Master 
Framework 2.0 Set

 

1 — What is Amazon ECS and how does the ECS control-plane 
architecture work internally?

 

Short description: Covers ECS core components, cluster manager, schedulers, internal orchestration, region-
level architecture.

2 — How ECS Clusters work internally and how the ECS Cluster 
Resource Model is constructed?

 

Short description: Cluster capacity, resource tracking, container instance vs serverless capacity, internal state 
management.

3 — What is the ECS Task Execution Model and how tasks are 
scheduled, started, and managed at runtime?

 

Short description: Task lifecycle, state transitions, agents, task metadata, health management.

4 — How ECS Task Definitions work in deep detail and how container 
runtime configuration is applied?

 

Short description: Family/revision system, container configs, environment, secrets, logging configuration, 
runtime parameters.

5 — How ECS Services maintain desired count, perform scheduling, 
and ensure continuous reconciliation?

 

Short description: Service scheduler algorithms, deployment controllers, service stability logic.

6 — How ECS handles deployments (Rolling, Blue/Green, Canary) and 
deep internals of deployment controllers?

 

Short description: ECS rolling update engine, CodeDeploy integration, weighted traffic shifting.

7 — How ECS Networking works — from ENIs to VPC flow to 
container-level connectivity?

 

Short description: awsvpc mode, bridge mode, host mode, ENI allocation, VPC design, routing boundaries.
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8 — How ECS integrates with Load Balancers and how service 
discovery models operate?

 

Short description: ALB/NLB target registration, SD via Cloud Map, endpoint health, traffic routing internals.

9 — How ECS IAM Roles work — Task Execution Role vs Task Role vs 
Service Role detailed explanation?

 

Short description: Role separation, credential delivery, permission scoping, agent interactions.

10 — How ECS Compute Execution Models work — EC2 Launch Type 
vs Fargate Launch Type deep comparison?

 

Short description: Resource provisioning, capacity providers, performance differences, scaling behavior.

11 — How ECS Capacity Providers work internally and how 
autoscaling logic is enforced?

 

Short description: Provider strategies, managed vs custom providers, scaling loops, cluster auto-capacity.

12 — How ECS Service Auto Scaling works and how scaling metrics 
drive decisions?

 

Short description: Target tracking, step scaling, load-based scaling, service scheduler interaction.

13 — How ECS Observability works — Logs, Metrics, Traces, 
Container Insights, Event Streams?

 

Short description: CloudWatch, Fluent Bit, X-Ray, ECS events, metadata endpoints.

14 — How ECS Security Model works — Task isolation, runtime 
protection, network boundaries, secrets?

 

Short description: IAM, security groups, runtime hardening, secret delivery via SSM/Secrets Manager.

15 — How ECS High Availability and Resilience Model is designed?  

Short description: Multi-AZ placement, failure handling, task recovery, capacity redundancy.

16 — How ECS interacts with ECR, S3, Parameter Store, Secrets 
Manager, and related AWS components?

 

Short description: Image pulls, image caching, secret injection flows.
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17 — How ECS handles container lifecycle events, state 
synchronization, and internal event streams?

 

Short description: State engine, event bridge integration, service reconciliation.

18 — How ECS integrates with CI/CD pipelines for end-to-end 
container deployment automation?

 

Short description: CodePipeline, CodeBuild, GitHub Actions, image builds, auto-triggered service updates.

19 — Consolidated master summary of the entire ECS architecture, 
combining all topics into one unified deep narrative.

 

Short description: Single long-form integrated explanation (no per-question summaries).

20 — ECS Misconceptions, Pitfalls, Architecture Mistakes, and 
Interview Traps with deep corrections.

 

Short description: Common errors, misunderstood networking, role confusion, scaling traps.

1 — What is Amazon ECS and how does the 
ECS control-plane architecture work 
internally?

 

1 — Understanding Amazon ECS as a Regional, Fully Managed Container Orchestration System

Amazon ECS is a region-wide, fully managed container orchestration system that acts as the authoritative 
controller for how containers should run, where they should run, and how they should be monitored, scaled, 
and deployed.

— ECS provides the entire orchestration “brain” for containers, eliminating the need for customers to manage 
cluster masters, schedulers, state databases, or control-plane servers.

— The most fundamental idea is that ECS centralizes desired state, meaning the customer specifies how 
many tasks should run, what containers they consist of, and which configuration they must use. ECS then 
ensures that this desired state is always matched in the actual running environment regardless of failures, 
scaling events, task crashes, or infrastructure issues.

2 — Understanding the Internal Regional Control-Plane Design of ECS

The ECS control-plane is fully regional and not deployed inside the customer VPC.

— This means all orchestration logic, service management, state consistency, scheduling, deployment 
controllers, reconciliation loops, and failure handling occurs inside a highly available regional service endpoint 
operated by AWS.

af://n35
af://n37
af://n39
af://n41
af://n44


— This regional design provides extremely strong availability guarantees. It eliminates customer burden of 
running master nodes, upgrading schedulers, maintaining consensus databases such as etcd, or reconfiguring 
orchestration logic when scaling clusters.

3 — The ECS Cluster State Manager as the Authoritative Orchestration Database

At the heart of ECS exists a distributed, multi-AZ replicated internal state database called the Cluster State 
Manager.

— This component stores detailed information about all ECS clusters, tasks, services, container instances, 
Fargate resources, task definitions, networking assignments, deployment progress, and runtime health.

— Every time a task is created, stopped, restarted, rescheduled, updated, or replaced, the state manager 
serves as the single source of truth.

— Because the state manager is internal to AWS and replicated across multiple zones, it enables ECS to 
maintain extremely consistent orchestration even when tasks crash or infrastructure changes.

4 — The ECS Scheduler and Placement Engine

The control-plane includes a sophisticated scheduling subsystem responsible for deciding where tasks should 
run.

— This subsystem evaluates cluster capacity, memory and CPU availability, VPC networking constraints, service 
placement strategies, task placement constraints, availability zone distribution rules, and capacity provider 
strategies.

— The scheduler continuously compares desired state against actual cluster state and takes actions such as 
starting tasks, replacing unhealthy tasks, balancing tasks across zones, or reacting to capacity provider scaling 
signals.

— The scheduler never runs in your VPC; it lives entirely inside the ECS control-plane and uses the ECS agent 
(or Fargate agent) as the execution endpoint to start containers on compute capacity.

5 — Deployment Controller and Safe Service Update Engine

ECS uses an internal deployment controller that ensures service updates occur safely without outages.

— The controller handles rolling deployments, gradual replacement of older task revisions, enforcement of 
minimum healthy percentages, and rollback conditions.

— When using blue/green with CodeDeploy, the deployment controller orchestrates weighted traffic shifting, 
target group replacement, and post-deployment validation.

— All deployment decisions integrate directly with the scheduler and state manager to ensure that new tasks 
receive placements that meet health, capacity, and networking constraints.

6 — ECS Task Lifecycle State Engine

The task state engine manages all runtime transitions for every task.



— It ensures that tasks move through correct states such as CREATED, PROVISIONING, PENDING, RUNNING, 
STOPPING, and STOPPED.

— This lifecycle engine is responsible for validating transitions and recognizing when tasks unexpectedly stop, 
crash, or become unhealthy.

— When abnormalities are detected, ECS triggers rescheduling actions according to service-level rules, 
ensuring that the desired count is always restored.

7 — Data-Plane vs Control-Plane Separation

A core design principle of ECS is the strict separation between the control-plane and the data-plane.

— Control-plane: Regional scheduling, state management, orchestration, deployments, and lifecycle 
management.

— Data-plane: EC2 instances, Fargate nodes, networking interfaces, security groups, container runtime, logs, 
metrics, and actual compute resources.

— This separation means container execution environments remain lightweight and architecture is simpler 
because customers do not manage control-plane infrastructure.

8 — The ECS Agent as the Control-Plane Communication Bridge

The ECS agent acts as the bridge between the internal ECS control-plane and the customer’s compute 
resources.

— On EC2 launch type, the ECS agent is a lightweight daemon running on each container instance. It registers 
resources, receives task start/stop instructions, monitors tasks, communicates task state, and retrieves IAM 
credentials for task roles.

— On Fargate, this agent layer is invisible but built directly into the Fargate runtime, meaning AWS manages 
the networking, security isolation, container lifecycle, and credential provisioning automatically.

— The agent is crucial because the ECS control-plane does not run containers directly; it instructs the agent to 
execute containers on behalf of the scheduler.

9 — ECS Regional Control-Plane Architecture Diagram

                             ┌───────────────────────────────────────────┐

                             │       ECS REGIONAL CONTROL PLANE          │

                             │ (Fully Managed Orchestration Components)   │

                             └───────────────────────────────────────────┘

                                           │

       ┌────────────────────────────────────┼──────────────────────────────────────────┐

       │                                    │                                          │

       ▼                                    ▼                                          ▼

┌──────────────────────────┐     ┌──────────────────────────┐         

┌─────────────────────────────┐

│   Cluster State Manager   │     │   Scheduler & Placement   │         │     Deployment 

Controller   │



10 — Explanation of the Diagram Architecture

The diagram visualizes how the ECS control-plane components coordinate with the data-plane.

— The top layer represents AWS-managed orchestration components that store desired state, decide 
placements, apply deployments, and process lifecycle state changes.

— The middle band shows the logic engines: placement, deployment, and task lifecycle management feeding 
into event streams.

— The bottom section shows the customer VPC where actual compute resources run containers. ECS never 
runs containers in the control-plane; all execution happens in your VPC.

│ (Authoritative State DB)  │     │        Engine             │         │    (Rolling / 

Blue-Green)   │

└──────────────────────────┘     └──────────────────────────┘         

└─────────────────────────────┘

       │                                    │                                          │

       │                                    │                                          │

       ▼                                    ▼                                          ▼

  (Desired State)                 (Task Placement)                         (Deployment 

Actions)

       │                                    │                                          │

       └──────────────┬─────────────────────┴───────────────────────────┬──────────────┘

                      │                                                 │

                      ▼                                                 ▼

       ┌────────────────────────────┐              ┌───────────────────────────────────┐

       │       Task State Engine    │              │     Event Streams & Reconciliation │

       └────────────────────────────┘              └───────────────────────────────────┘

                      │

                      ▼

         ┌─────────────────────────────────────────────────────────────────────────┐

         │                        CUSTOMER DATA PLANE (VPC)                        │

         └─────────────────────────────────────────────────────────────────────────┘

                      │                                     │

                      ▼                                     ▼

        ┌────────────────────────┐              ┌───────────────────────────────────┐

        │ EC2 Container Instances │              │      AWS Fargate Runtime         │

        │     + ECS Agent         │              │ (Managed Container Environment)  │

        └────────────────────────┘              └───────────────────────────────────┘

                      │                                     │

                      ▼                                     ▼

        ┌────────────────────────┐              ┌──────────────────────────────┐

        │   Running Containers    │              │   Running Containers on      │

        │   (EC2 Launch Type)     │              │         Fargate             │

        └────────────────────────┘              └──────────────────────────────┘



— EC2 instances communicate via the ECS agent, while Fargate communicates via a managed runtime layer 
invisible to the user.

— This architecture guarantees high availability, consistent orchestration, and a fully managed environment.

2 — How ECS Clusters work internally and 
how the ECS Cluster Resource Model is 
constructed

 

1 — Understanding the ECS Cluster as a Regional Logical Boundary

An ECS Cluster is not a physical grouping of servers but a regional logical boundary used by ECS to organize 
compute capacity, track resources, and apply orchestration decisions.

— A cluster serves as the scope within which ECS performs scheduling, deployment, load balancing operations, 
task lifecycle transitions, capacity provider strategies, service stability calculations, placement decisions, and 
task rescheduling.

— The cluster does not hold any compute capacity by itself; instead, compute capacity is attached to the 
cluster through EC2 container instances, Fargate capacity, or external capacity providers.

— This logical abstraction allows ECS to decouple the orchestration system from the underlying hardware or 
Fargate-managed runtime, providing a clear separation between the regional control-plane and the user’s 
compute data-plane.

2 — The ECS Cluster Resource Model: How ECS Tracks Compute Capacity Internally

The ECS Cluster Resource Model defines how ECS represents available CPU, memory, ports, ENIs, GPUs, 
ephemeral storage, and runtime constraints.

— For EC2 launch type, the ECS agent registers each instance with the cluster by reporting its vCPU units, 
memory capacity, available network ports, supported runtime features, GPU resources, and container runtime 
metadata. This registration allows ECS to calculate the “cluster resource pool”.

— For Fargate launch type, the cluster does not receive static resource reports. Instead, Fargate provides a 
virtual unlimited pool inside each AZ, and the control-plane models the available compute dynamically based 
on the user’s selected CPU/memory combinations.

— The resource model blends EC2 and Fargate resources seamlessly under the same cluster if desired, 
although best practice is to isolate per launch type for clarity.

— Internally, the ECS control-plane uses a resource availability ledger inside the Cluster State Manager to 
determine whether sufficient capacity exists for new tasks, where the capacity resides, what AZs it occupies, 
and how much fragmentation exists across nodes.

3 — Cluster Registration and Dynamic State Tracking

When EC2 instances join a cluster, the ECS agent performs a multi-step registration handshake.
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— The agent sends a registration request to the ECS control-plane including the instance ID, container runtime 
data, Docker metadata, allocatable CPU/memory, ENI count, operating system details, and IAM instance profile 
information.

— The control-plane stores this information in the Cluster State Manager, marking the instance as ACTIVE and 
available to receive tasks.

— As tasks are scheduled, the agent updates the control-plane with consumed resources so that the scheduler 
always has an accurate, real-time view of the cluster.

— When tasks stop, crash, or are replaced, the agent updates available resources.

— If an EC2 instance becomes unhealthy or unreachable, ECS marks it as DRAINING, preventing new 
placements and moving tasks off the instance.

4 — How ECS Computes Resource Availability for Task Placement

ECS task placement depends on several layers of the resource model.

— The scheduler calculates remaining CPU units, memory units, and available ENIs (for awsvpc mode) to 
determine whether a particular compute node can host a task.

— For EC2, the scheduler must also account for fragmentation: if an instance has 3 vCPU free but the user 
requests 4 vCPU for the task, the instance is not usable even though total cluster capacity may be high.

— For Fargate, fragmentation does not occur because resources are provisioned per task at runtime.

— ECS also considers GPU requirements, ephemeral storage requirements, and port availability depending on 
the task definition and network mode.

— Across Availability Zones, the scheduler attempts to maintain balance so that a single AZ outage does not 
terminate all tasks of a service.

5 — The ECS Cluster Placement Logic and How It Uses the Resource Model

Placement decisions integrate resource availability with placement strategies and constraints.

— The scheduler evaluates all nodes or available Fargate capacity options to find placements that satisfy 
constraints such as spread, binpack, distinctInstance, memberOf (using expressions), or AZ-based distribution.

— Placement strategies interact dynamically with resource availability to ensure balanced task distribution, 
minimal fragmentation, or optimized packing, depending on the strategy chosen.

— For EC2, once a placement is selected, ECS instructs the agent to start the task, at which point actual 
resource reservation occurs on the node.

— For Fargate, ECS communicates with the Fargate runtime to provision isolated compute and networking 
resources in the chosen subnet and AZ.

6 — Managing Cluster Capacity Through Capacity Providers

Capacity Providers integrate deeply into the cluster resource model.

— They define how ECS should consume compute capacity (EC2 Auto Scaling groups or Fargate/Fargate Spot).



— They allow ECS to automatically scale out EC2 instances when tasks require more resources and scale them 
in when tasks end.

— Capacity provider strategies define weighting between providers (for example, 70% Fargate, 30% Fargate 
Spot).

— The ECS control-plane evaluates provider rules during task placement and adjusts scaling through AWS Auto 
Scaling controllers when EC2 capacity is insufficient.

7 — ECS Cluster Control-Plane and Data-Plane Interaction Flow (ASCII Architecture)

                      ┌─────────────────────────────────────────┐

                      │       ECS REGIONAL CONTROL PLANE         │

                      └─────────────────────────────────────────┘

                                      │

                                      ▼

           ┌─────────────────────────────────────────────────────────┐

           │         CLUSTER STATE MANAGER (Authoritative DB)        │

           └─────────────────────────────────────────────────────────┘

                 │                 │                   │

                 ▼                 ▼                   ▼

      ┌──────────────────┐  ┌──────────────────┐  ┌────────────────────┐

      │ Resource Ledger   │  │ Instance Registry│  │ Capacity Providers │

      │ (CPU, Mem, ENIs) │  │ (EC2/Fargate)    │  │ (EC2 / FARGATE)    │

      └──────────────────┘  └──────────────────┘  └────────────────────┘

                 │                 │                   │

                 └──────────┬──────┴───────────┬──────┘

                            │                  │

                            ▼                  ▼

            ┌─────────────────────────┐   ┌──────────────────────────┐

            │ Scheduler & Placement   │   │  Deployment & Reconcile  │

            │      Engine             │   │         Logic            │

            └─────────────────────────┘   └──────────────────────────┘

                            │

                            ▼

      ┌────────────────────────────────────────────────────────────────┐

      │                   CUSTOMER DATA PLANE (VPC)                    │

      └────────────────────────────────────────────────────────────────┘

                            │                         │

                            ▼                         ▼

         ┌──────────────────────────┐     ┌──────────────────────────────┐

         │   EC2 Container Instances│     │     Fargate Compute Nodes    │

         │      + ECS Agent         │     │  (Managed Serverless Runtime)│

         └──────────────────────────┘     └──────────────────────────────┘

                            │                         │

                            ▼                         ▼



8 — Deep Explanation of the Cluster Architecture Diagram

The diagram shows how the ECS cluster is not a physical container but a logical orchestration boundary.

— The Cluster State Manager stores everything about compute resources and provides the control-plane with 
a consistent, authoritative view of available capacity.

— The Resource Ledger tracks granular CPU, memory, ENIs, and other constraints.

— The Scheduler uses this model to decide placements for every task, while Deployment Logic ensures 
services match desired counts.

— The Data Plane is where containers actually run, either via EC2 instances with an agent or via fully managed 
Fargate runtime nodes.

— This two-layer model (control-plane vs data-plane) is central to how ECS achieves reliability, separation of 
concerns, and high availability.

3 — What is the ECS Task Execution Model 
and how tasks are scheduled, started, and 
managed at runtime?

 

1 — Understanding the ECS Task as the Fundamental Execution Unit

An ECS Task is the smallest deployable runtime unit in ECS and represents a running instance of a Task 
Definition.

— A Task bundles one or more containers, their runtime configuration, resource requirements, secrets, and 
networking rules.

— The Task Execution Model governs how tasks are placed, created, provisioned, networked, transitioned 
through lifecycle states, monitored, recovered, and terminated.

— ECS does not directly run containers; instead, ECS instructs the EC2 or Fargate data-plane to launch tasks 
using the Task Definition, while the control-plane continuously ensures that desired state and actual state 
remain aligned.

2 — The ECS Task Lifecycle and the State Engine That Manages It

Every ECS Task transitions through a strict lifecycle controlled by the ECS Task State Engine, a core 
component of the regional control-plane.

            ┌──────────────────────────┐   ┌───────────────────────────┐

            │  Running ECS Tasks (EC2) │   │  Running ECS Tasks        │

            │                          │   │       (Fargate)           │

            └──────────────────────────┘   └───────────────────────────┘
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— The lifecycle ensures that tasks move through deterministic phases such as CREATED, PROVISIONING, 
PENDING, RUNNING, STOPPING, and STOPPED.

— The state engine enforces correctness rules. For example, a task cannot move directly from CREATED to 
RUNNING; it must first pass PROVISIONING (resources being prepared) and PENDING (container setup 
underway).

— The state engine continuously listens to reports from the ECS agent or Fargate runtime, then reconciles 
actual runtime status with the desired state stored in the Cluster State Manager.

— If the agent reports a failure (for example, container exit code ≠ 0), the state engine triggers recovery actions 
such as restarting the task or rescheduling it, depending on service-level rules.

3 — How the ECS Scheduler Chooses Where Tasks Should Run

The ECS Scheduler evaluates compute capacity, networking constraints, placement strategies, and availability 
zone distribution before selecting the ideal location for a task.

— For EC2 launch type, the scheduler considers available CPU units, memory units, ENIs, port bindings, GPUs, 
and fragmentation on each container instance. Only nodes capable of satisfying the full resource request are 
eligible.

— For Fargate launch type, ECS evaluates AZ capacity, subnet selection, customer-defined networking (security 
groups, ENIs), and determines whether a Fargate node can be provisioned with the requested vCPU/memory 
combination.

— The scheduler applies placement strategies such as spread (AZ or instance distribution), binpack 
(CPU/memory optimization), or random, and placement constraints such as distinctInstance or memberOf 
expressions.

— Once a decision is made, the scheduler instructs the ECS agent (EC2) or the Fargate runtime (Fargate) to 
begin provisioning the task.

4 — Provisioning Phase and Data-Plane Execution Preparations

The PROVISIONING phase prepares all required components before a task can run.

— For EC2, the agent pulls the required container images from Amazon ECR or any supported registry, 
reserves CPU and memory, sets up container runtime parameters, attaches volumes, and prepares logging 
drivers.

— For Fargate, AWS provisions an isolated worker environment that includes dedicated ENIs, requested 
CPU/memory, isolated Firecracker microVM boundaries, and secure IAM role access paths.

— During this phase, ENI allocation happens for tasks running in awsvpc mode. ECS attaches the ENI into the 
customer subnet and associates relevant security groups.

— Once runtime requirements are fully prepared, the task transitions to PENDING, signaling container startup 
may begin.

5 — The PENDING Phase and Actual Container Initialization

During PENDING, containers inside the task begin initialization.



— The ECS agent or Fargate runtime invokes the container runtime (Docker or containerd depending on 
platform) to start each container defined by the Task Definition.

— Initialization ordering is handled according to dependency rules (containerDependsOn), ensuring that 
dependent containers start only after prerequisite containers are healthy or finished initializing.

— The runtime configures environment variables, mounts volumes, sets resource limits, configures logging, 
and performs health checkpoint initialization.

— Once all containers initialize successfully, the agent or Fargate runtime notifies the ECS control-plane and 
the task moves to RUNNING.

6 — The RUNNING State and Active Runtime Management

In RUNNING state, the containers are active and fully operational, and ECS activates runtime monitoring.

— The ECS agent continuously sends heartbeats, runtime metrics, container status updates, and health check 
results back to the control-plane.

— For tasks behind an ALB or Cloud Map, registration happens at this time; the task’s IP or ENI is added to the 
target group or service registry.

— ECS also monitors task health based on container healthchecks, ELB healthchecks, and EC2 instance health.

— Any abnormal behavior (such as container exits, memory exhaustion, failed health checks) triggers recovery 
or replacement actions.

7 — The STOPPING Phase and Graceful Termination

When the task is instructed to stop, ECS requests a graceful shutdown.

— Containers receive SIGTERM and have a 30-second default window to shut down gracefully before a forced 
SIGKILL is applied.

— For EC2 launch type, the ECS agent updates resource availability after tasks finish.

— For Fargate, AWS tears down the microVM, releases ENIs, clears temporary storage, and deprovisions 
compute resources.

— Once all containers stop, the task moves to STOPPED and ECS registers the final exit codes, reasons, and 
statuses.

8 — End-to-End Task Execution Flow (ASCII Architecture Diagram)

                          ┌─────────────────────────────────────────┐

                          │      ECS REGIONAL CONTROL PLANE          │

                          └─────────────────────────────────────────┘

                                        │

                      ┌─────────────────┼───────────────────┐

                      ▼                 ▼                   ▼

         ┌──────────────────────┐   ┌─────────────────┐   ┌────────────────────────────┐

         │  Scheduler &         │   │ Task State       │   │ Cluster State Manager      │



9 — Deep Explanation of the Diagram

The diagram shows the full lifecycle of a task as it flows between the regional control-plane and the customer 
VPC data-plane.

— The Scheduler determines placement, the Task State Engine governs lifecycle correctness, and the Cluster 
State Manager ensures consistency.

— The compute layers execute containers through the ECS agent (EC2) or the managed Fargate runtime 
(Fargate).

— Task creation, monitoring, health checks, recovery, and termination all operate through structured 
communication between the control-plane and data-plane, ensuring high fault tolerance and deterministic 
orchestration.

4 — How ECS Task Definitions work in deep 
detail and how container runtime 
configuration is applied

 

1 — Understanding the ECS Task Definition as the Declarative Blueprint of Runtime

         │  Placement Engine    │   │   Engine         │   │ (Desired vs Actual State)  │

         └──────────────────────┘   └─────────────────┘   └────────────────────────────┘

                      │                 │

                      ▼                 ▼

   (Placement Decision)        (Lifecycle Transition)

                      │                 │

                      ▼                 ▼

           ┌──────────────────────────────────────────────────────────┐

           │                 CUSTOMER DATA PLANE (VPC)                │

           └──────────────────────────────────────────────────────────┘

                      │                                │

                      ▼                                ▼

      ┌──────────────────────────┐       ┌──────────────────────────────┐

      │  EC2 Container Instance  │       │  Fargate Runtime Environment │

      │    + ECS Agent           │       │   (Managed MicroVM Runtime)  │

      └──────────────────────────┘       └──────────────────────────────┘

                      │                                │

                      ▼                                ▼

      ┌──────────────────────────┐       ┌──────────────────────────────┐

      │  Task: Containers Start  │       │     Task: Containers Start   │

      │  (Pull, Init, Run)       │       │    (Provision, Run, Monitor) │

      └──────────────────────────┘       └──────────────────────────────┘
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A Task Definition is the core declarative document that defines everything about how containers inside an ECS 
Task should run.

— It specifies container images, CPU/memory allocations, environment variables, secrets, volumes, logging 
configuration, health checks, networking mode, IAM roles, and runtime behaviors.

— ECS does not interpret containers directly; instead, it interprets the Task Definition and generates detailed 
runtime instructions for EC2 or Fargate.

— A Task Definition functions similarly to an immutable “build” of the container environment. Each update 
creates a new revision, ensuring that deployments are predictable, versioned, and rollbacks are trivial.

2 — Task Definition Revisioning and How ECS Stores Runtime Blueprints

Every update to a Task Definition creates a new numbered revision.

— Revisions are immutable; once created, a revision can never be modified. This immutability ensures that 
deployments are consistent and reproducible.

— ECS Services always reference a specific revision (or “latest”), and the deployment controller uses these 
revisions to determine which version of containers to roll out.

— Task Definitions are stored in the ECS control-plane and referenced whenever tasks are scheduled or 
replaced.

— The immutability guarantees that executing the same revision produces the same runtime environment, 
regardless of scaling or rescheduling activity.

3 — Container-Level Runtime Configuration Inside the Task Definition

Each container within a Task Definition defines its own runtime parameters.

— Parameters include image URI, CPU and memory reservations/limits, command and entrypoint overrides, 
environment variables, secret references, ulimits, mount points, container dependencies, logging 
configuration, and working directory.

— Resource requirements are critical: ECS uses these container-level settings to calculate the overall Task 
resource footprint required for placement.

— Secrets retrieved through AWS Secrets Manager or Parameter Store are injected securely at runtime via the 
ECS agent or Fargate runtime, depending on the launch type.

— Container health checks run inside this configuration, determining whether the control-plane considers the 
task healthy.

4 — Task-Level Runtime Configuration and Infrastructure Requirements

Beyond individual containers, the Task Definition sets task-level attributes that dictate infrastructure-level 
behaviors.

— This includes the Task Role (runtime permissions), Task Execution Role (image pulls & logs), network mode, 
ephemeral storage sizing, volumes (EFS, Docker volumes, bind mounts), and inference accelerators for GPU 
workloads.



— Networking mode is particularly important. In awsvpc mode, ECS allocates a dedicated ENI for each task. In 
bridge or host mode (EC2 only), containers share the host network namespace.

— The Task Definition also determines how volumes are shared across containers and how the containerized 
environment interacts with EC2 or Fargate infrastructure.

5 — The Task Definition Validation and Expansion Process

When a Task Definition is created, ECS performs validation and normalization.

— ECS ensures that required fields are present and that CPU/memory combinations match Fargate’s allowed 
configurations if using Fargate launch type.

— Defaults and platform-specific values are expanded. For example, container image cached credentials, 
logging driver defaulting, and networking defaults.

— The ECS control-plane creates an internal expanded representation of the Task Definition, which the 
scheduler and agents interpret at deployment time.

— This expanded representation includes derived values such as effective CPU/memory per container, final 
mount path mappings, resolved secrets, and logging endpoint configuration.

6 — How Task Definitions Are Interpreted at Runtime by EC2 and Fargate

When the scheduler selects a placement, ECS sends the Task Definition blueprint to the data-plane for 
instantiation.

— For EC2 launch type, the ECS agent converts Task Definition fields into Docker or containerd runtime 
configurations. This includes image pulling, environment population, volume mounting, and cgroup creation 
for resource limits.

— For Fargate launch type, AWS interprets the Task Definition to allocate isolated microVM resources, create 
ENIs, mount ephemeral storage, configure IAM role permissions, initialize health monitoring, and enforce 
container isolation boundaries.

— The Task Definition always remains authoritative; container overrides (such as command overrides) apply 
only at task run request time.

7 — How Task Definitions Influence Scheduling and Placement Decisions

The scheduler uses the Task Definition to calculate resource requirements for placement.

— Total CPU and memory required by all containers define the cluster resource footprint.

— Networking mode dictates whether ENIs must be allocated, which limits per-AZ placement options.

— Volumes determine whether EC2 instances require EFS mount capability or additional filesystem setup.

— GPU or inference accelerator requirements limit placements to appropriate instance families.

— Placement constraints and strategies operate on this calculated footprint to determine where the task can 
run.



8 — Task Definition End-to-End Flow (Deep ASCII Architecture Diagram)

                          ┌────────────────────────────────────────────┐

                          │         ECS REGIONAL CONTROL PLANE          │

                          └────────────────────────────────────────────┘

                                         │

                                         ▼

                 ┌──────────────────────────────────────────────────────┐

                 │         TASK DEFINITION (Revisioned Blueprint)       │

                 └──────────────────────────────────────────────────────┘

                                         │

                          ┌──────────────┼─────────────────────────┐

                          ▼              ▼                         ▼

            ┌────────────────────┐   ┌────────────────────┐   ┌─────────────────────────┐

            │ Container Runtime  │   │ Task-Level Runtime │   │ Networking & IAM Layer   │

            │ Config (Per-Cont.) │   │ Config (Task-Wide) │   │ (ENIs, Roles, Storage)   │

            └────────────────────┘   └────────────────────┘   └─────────────────────────┘

                          │              │                         │

                          └──────────────┼─────────────────────────┘

                                         ▼

                    ┌────────────────────────────────────────┐

                    │   Expanded Internal Representation       │

                    │ (Used by Scheduler & Task State Engine) │

                    └────────────────────────────────────────┘

                                         │

                                         ▼

                          ┌──────────────────────────────────┐

                          │  Scheduler & Placement Engine    │

                          └──────────────────────────────────┘

                                         │

                                         ▼

           ┌────────────────────────────────────────────────────────────────────┐

           │                    CUSTOMER DATA PLANE (VPC)                       │

           └────────────────────────────────────────────────────────────────────┘

                        │                                              │

                        ▼                                              ▼

     ┌────────────────────────────────┐                ┌──────────────────────────────────┐

     │   EC2 Container Instance       │                │       Fargate Runtime            │

     │      + ECS Agent               │                │   (MicroVM + ENI + Storage)      │

     └────────────────────────────────┘                └──────────────────────────────────┘

                        │                                              │

                        ▼                                              ▼

        ┌────────────────────────────────┐           ┌────────────────────────────────────┐

        │ Containers Start with Runtime  │           │ Containers Start in Isolated       │

        │ Config (From Task Definition)  │           │ Fargate Environment                │

        └────────────────────────────────┘           └────────────────────────────────────┘



9 — Deep Explanation of the Diagram

This diagram shows the full interpretive path of the Task Definition from creation to runtime.

— The Task Definition stays at the top as the immutable runtime blueprint.

— ECS expands it internally into a normalized form used by the scheduler and Task State Engine.

— Once a placement is chosen, the definition flows to the compute layer where either the ECS agent (EC2) or 
the Fargate runtime interprets container and task-level configuration to start containers.

— This flow ensures consistency, predictability, and deterministic runtime behavior for ECS tasks regardless of 
scaling, replacement, or recovery events.

5 — How ECS Services maintain desired count, 
perform scheduling, and ensure continuous 
reconciliation

 

1 — Understanding the ECS Service as a Long-Running, Self-Healing Orchestration Construct

An ECS Service is the orchestration layer that keeps a specified number of Tasks running continuously 
according to a desired count.

— A Service is not a container or a task; it is a controller that holds the long-term definition of how many tasks 
must remain active, which Task Definition revision they must run, how deployments should behave, and how 
tasks integrate with load balancers or service discovery.

— The Service stores its desired state (for example, “run 10 tasks of revision 42 across three AZs”), and ECS 
ensures this state is always equal to the actual running tasks, even during crashes, AZ failures, deployments, 
instance replacement, or scaling events.

— The Service allows ECS to automatically recreate unhealthy tasks, redistribute tasks evenly across AZs, 
remove failed tasks, and perform rolling deployments without user intervention.

2 — The Service Scheduler and Its Continuous Desired-State Reconciliation Loop

At the core of every ECS Service is the Service Scheduler, which runs a perpetual reconciliation loop.

— The scheduler continuously compares “desired count” vs “running count”, ensuring gaps are filled quickly.

— When a task stops unexpectedly or becomes unhealthy (due to container crash, failed ALB health checks, or 
agent unavailability), the Service Scheduler immediately detects the mismatch and schedules replacement 
tasks.

— This loop also handles AZ balancing. If one AZ loses capacity, the scheduler replaces tasks in other AZs to 
maintain distribution rules defined by placement strategies.
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— The reconciliation loop runs entirely inside the ECS control-plane and does not rely on customer 
infrastructure, which ensures extremely high resilience.

3 — How Scheduling Decisions for Service Tasks Are Made Internally

Service tasks are placed using a combination of placement constraints, placement strategies, AZ distribution 
logic, and resource availability calculations.

— The scheduler evaluates available EC2 or Fargate capacity, network availability, ENI capacity (awsvpc mode), 
and cluster fragmentation to identify valid nodes.

— Once candidates are found, the scheduler applies strategies such as spread (by AZ or instance), binpack 
(resource efficiency), or random.

— Placement constraints such as distinctInstance or memberOf (using Cluster Query Language expressions) 
can further restrict possible placements.

— The scheduler then chooses the optimal combination of nodes to satisfy the Service’s desired count.

— If capacity is insufficient, and the cluster uses Capacity Providers, ECS triggers automated scaling before 
retrying placement.

4 — Understanding ECS Deployment Stability and Safe Replacement of Tasks

When deploying a new Task Definition revision, ECS uses a deployment controller that respects minimum 
healthy percentage and maximum surge.

— If a Service has desired count 10 and minimum healthy percent is 80%, ECS ensures at least 8 tasks remain 
healthy during the deployment.

— If maximum percent is 200%, ECS may temporarily run up to 20 tasks to ensure zero downtime during 
replacement.

— The scheduler prioritizes placing new tasks before removing old tasks, but never violates the safety 
thresholds defined in the Service’s deployment configuration.

— As new tasks become healthy, ECS gradually drains and stops old tasks, ensuring continuous availability.

5 — How ECS Detects Unhealthy Tasks and Automatically Reschedules Them

Service tasks may become unhealthy due to container exit codes, health check failures, ALB/NLB health 
degradation, Fargate runtime alerts, or agent unreachability.

— The ECS control-plane receives these health events and compares actual running tasks with desired count.

— When a task is marked unhealthy, ECS stops it, removes it from load balancers or Cloud Map, and schedules 
a replacement.

— ECS also spreads replacements across AZs to maintain fault tolerance and retries placements until capacity 
is available.

— The Service Scheduler ensures that replacement continues even during regional failover events or transient 
compute unavailability.



6 — Interactions Between ECS Service, Deployment Controller, Scheduler, and State Manager

The Service orchestrator is a combination of several components that operate together in real time.

— The desired state for each Service is stored in the Cluster State Manager.

— The Deployment Controller monitors versioning, rolling updates, and safe replacement conditions.

— The Scheduler allocates actual compute resources and ensures tasks are placed according to strategies, 
constraints, and AZ rules.

— The Task State Engine ensures lifecycle transitions are correct and reports health and failure events.

— Together, these components form a closed loop where desired-state and actual-state converge 
continuously.

7 — ECS Service Runtime Architecture (Deep ASCII Diagram)

                          ┌───────────────────────────────────────────┐

                          │         ECS REGIONAL CONTROL PLANE         │

                          └───────────────────────────────────────────┘

                                         │

                      ┌──────────────────┼──────────────────────────────┐

                      ▼                  ▼                              ▼

        ┌────────────────────────┐  ┌─────────────────────────┐  

┌──────────────────────────┐

        │  Cluster State Manager │  │   Service Scheduler     │  │   Deployment Controller  

│

        │ (Desired vs Actual DB) │  │ (Reconciliation Loop)   │  │ (Rolling / Safe Update)  

│

        └────────────────────────┘  └─────────────────────────┘  

└──────────────────────────┘

                      │                  │                              │

                      ▼                  ▼                              ▼

            (Desired Count)       (Task Placement)                  (Deployment Actions)

                      │                  │                              │

                      └──────────────┬───┴───────────────┬─────────────┘

                                     │                   │

                                     ▼                   ▼

                ┌────────────────────────────┐   ┌─────────────────────────────┐

                │   Task State Engine        │   │ Event Stream & Health Logic │

                └────────────────────────────┘   └─────────────────────────────┘

                                     │

                                     ▼

         ┌──────────────────────────────────────────────────────────────────────┐

         │                     CUSTOMER DATA PLANE (VPC)                         │

         └──────────────────────────────────────────────────────────────────────┘

                                     │                            │

                                     ▼                            ▼



8 — Deep Explanation of the Service Architecture Diagram

The diagram shows the continuous loop of Service reconciliation inside ECS.

— The Cluster State Manager holds all definitions: number of tasks desired, task definition revision, AZ rules, 
and deployment configuration.

— The Service Scheduler executes the reconciliation loop, constantly monitoring the difference between 
desired and actual state.

— The Deployment Controller injects new revisions and manages safe rollout.

— The Task State Engine manages lifecycle transitions, health, container states, and runtime corrections.

— The compute layer simply executes tasks while the control-plane continually verifies correctness and 
enforces state alignment.

— This architecture guarantees automatic recovery, zero-downtime deployments, and deterministic 
orchestration.

6 — How ECS handles deployments (Rolling, 
Blue/Green, Canary) and the deep internals of 
deployment controllers

 

1 — Understanding ECS Deployments as a Controlled, Multi-Phase Replacement Mechanism

An ECS deployment is the controlled replacement of one Task Definition revision with another, ensuring 
service continuity, safety, and predictable behavior.

— A deployment is not simply stopping old tasks and starting new ones; it is a multi-phase orchestration 
sequence governed by strict safety constraints.

— ECS ensures that during any deployment, minimum healthy tasks remain available, maximum surge rules 
are respected, traffic routes correctly, and unhealthy tasks are replaced automatically.

— The deployment controller operates entirely in the regional control-plane and never runs in the customer 
VPC, meaning the orchestration logic is fully managed, fault-isolated, and highly available.

         ┌────────────────────────────────┐      ┌──────────────────────────────────┐

         │    EC2 Container Instances     │      │       Fargate Compute Nodes      │

         │          + ECS Agent           │      │  (Isolated ENI + MicroVM Runtime)│

         └────────────────────────────────┘      └──────────────────────────────────┘

                                     │                            │

                                     ▼                            ▼

         ┌───────────────────────────────┐       ┌───────────────────────────────┐

         │ Running Service Tasks (EC2)   │       │ Running Service Tasks (Fargate)│

         └───────────────────────────────┘       └───────────────────────────────┘
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2 — The Rolling Deployment Controller and Internal Safe-Update Workflow

A rolling deployment is the default mechanism where ECS replaces old tasks with new ones in controlled 
batches.

— The deployment controller analyzes the Service’s configuration parameters: minimumHealthyPercent and 
maximumPercent. These parameters define how aggressively or conservatively new tasks can be introduced.

— ECS begins by launching a set of new tasks using the new Task Definition revision. New tasks must reach 
RUNNING and healthy status (container health checks and ELB/CloudMap checks) before old tasks can be 
drained.

— At no time does ECS allow available healthy tasks to fall below the minimumHealthyPercent threshold; this 
ensures uninterrupted service.

— The deployment controller uses rolling windows to gradually replace the entire task set. If any new task 
becomes unhealthy, the controller halts deployment, performs rollback logic (if enabled), and restarts failed 
tasks.

— Because the controller is built into the ECS control-plane, the update sequence is immune to customer-side 
failures (such as EC2 instance failures or VPC issues), ensuring high operational resilience.

3 — Blue/Green Deployments via CodeDeploy and Deep Internal Behavior

Blue/Green deployment separates the existing service tasks (“blue”) from the new revision (“green”), enabling 
weighted traffic shifting and controlled cutovers.

— ECS integrates tightly with CodeDeploy so that a new “green” task set is deployed alongside the existing 
“blue” one. Both operate concurrently, but only blue receives production traffic initially.

— CodeDeploy then uses ALB/NLB target groups to manage weighted routing: starting at 0/100, gradually 
shifting toward 100/0 as green tasks pass health checks and optionally custom lifecycle hooks.

— The blue task set is untouched until CodeDeploy signals completion. On success, ECS drains and deletes the 
blue task set; on failure, CodeDeploy immediately routes all traffic back to blue and halts.

— This model is ideal for mission-critical deployments requiring validation periods, pre-traffic tests, or fast 
rollback capabilities.

— The ECS control-plane and CodeDeploy jointly enforce strict guardrails to prevent accidental traffic loss, 
ensuring revertibility at any phase.

4 — Canary-Style Deployments Using Weighted Target Groups and CloudMap Control

While ECS does not have a native “canary deployment type,” canary patterns are implemented using 
deployment controller parameters, ALB weighted target groups, or CloudMap versioned endpoints.

— In ALB-based canary, ECS deploys a small batch of new tasks and shifts a minor percentage (for example, 
1%–5%) of traffic to them using weighted target groups.

— The health and performance of the canary batch determine whether subsequent phases proceed. ECS and 
the ALB perform continuous health checks, while the deployment controller ensures minimumHealthyPercent 
is never violated.



— If the canary tasks pass validation, the controller increases batch sizes and traffic weights. If they fail, ECS 
aborts the deployment and restores full traffic to the stable revision.

— This technique provides incremental safety during high-risk deployments without the overhead of a full 
blue/green environment.

5 — How Deployment Rollbacks Are Triggered and Executed Internally

The ECS deployment controller automatically rolls back a deployment when conditions indicate instability.

— Rollback triggers include failed container health checks, failed ELB health checks, task crashes, IAM 
misconfigurations, insufficient capacity, or container startup failures.

— Upon rollback, ECS immediately stops new tasks, reschedules tasks from the previous stable revision, and 
restores load balancer registration for the earlier version.

— Because Task Definition revisions are immutable, rollback is mathematically precise: ECS always knows 
exactly which containers, environment variables, and secrets must be restored.

— In Blue/Green mode, CodeDeploy handles rollback by reversing traffic weights instantly, bringing the system 
back to the prior stable version without touching blue tasks.

6 — Deployment Failure Isolation and The Role of the Cluster State Manager

The Cluster State Manager maintains all deployment metadata, including active deployment IDs, target 
revision, health status, and replacement progress.

— When failures occur, the state manager prevents cascading failures by freezing deployment progress until 
stability is restored.

— The Deployment Controller interacts with the state manager to calculate how many new tasks can be safely 
launched or replaced at any given moment.

— During partial capacity shortages, the state manager restricts deployment to avoid violating 
minimumHealthyPercent, ensuring safe stasis instead of uncontrolled behavior.

7 — How the Deployment System Interacts with Load Balancers and Service Discovery

Deployments integrate tightly with ALB, NLB, and CloudMap.

— When a new task reaches RUNNING, ECS registers it with the corresponding target group or CloudMap 
service.

— ECS waits for the new task to pass ELB/NLB or CloudMap health checks before considering it “healthy”.

— Old tasks remain registered until new tasks pass checks, ensuring zero-downtime transitions.

— Deployment removal only occurs after new tasks are fully healthy, preserving service availability even during 
failure conditions.

8 — Complete End-to-End Deployment Architecture (Deep ASCII Diagram)

                           ┌─────────────────────────────────────────┐



9 — Deep Explanation of the Deployment Architecture Diagram

                           │        ECS REGIONAL CONTROL PLANE        │

                           └─────────────────────────────────────────┘

                                             │

           ┌──────────────────────────────────┼───────────────────────────────────┐

           ▼                                  ▼                                   ▼

┌────────────────────────┐       ┌────────────────────────┐        

┌───────────────────────────┐

│ Cluster State Manager  │       │ Deployment Controller  │        │ Scheduler & Placement   

   │

│ (Active Deployments)   │       │ (Rolling / B-G / Canary)│       │ Engine                 

   │

└────────────────────────┘       └────────────────────────┘        

└───────────────────────────┘

           │                                  │                                   │

           ▼                                  ▼                                   ▼

  (Desired Revision)                 (Replace Tasks)                        (Place New 

Tasks)

           │                                  │                                   │

           └──────────────┬───────────────────┴──────────────────────────┬─────────┘

                          │                                              │

                          ▼                                              ▼

         ┌────────────────────────────┐                 ┌───────────────────────────────┐

         │  Task State Engine         │                 │  Health & LB Registration     │

         │  (Lifecycle Enforcement)   │                 │  (ALB/NLB/CloudMap)           │

         └────────────────────────────┘                 └───────────────────────────────┘

                          │                                              │

                          ▼                                              ▼

      ┌──────────────────────────────────────────────────────────────────────────────┐

      │                           CUSTOMER DATA PLANE (VPC)                          │

      └──────────────────────────────────────────────────────────────────────────────┘

                          │                                              │

                          ▼                                              ▼

      ┌──────────────────────────┐                        ┌──────────────────────────┐

      │ New Tasks Running (EC2)  │                        │ New Tasks Running        │

      │ Old Tasks Draining (EC2) │                        │ (Fargate)                │

      └──────────────────────────┘                        └──────────────────────────┘

                          │                                              │

                          ▼                                              ▼

      ┌──────────────────────────┐                        ┌──────────────────────────┐

      │ Traffic Shifting via LB │                        │ Traffic Shifting via LB │

      └──────────────────────────┘                        └──────────────────────────┘



The diagram illustrates the full deployment flow beginning at the regional control-plane and cascading to the 
customer VPC.

— The Cluster State Manager stores active deployment metadata and desired state.

— The Deployment Controller orchestrates task replacement, safeguards health, and integrates with load 
balancers.

— The Scheduler ensures tasks are placed in appropriate AZs and nodes.

— The Task State Engine manages lifecycle transitions and ensures correctness.

— The data-plane executes the updated tasks while old tasks drain gracefully.

— Load balancers perform the final traffic control, ensuring users experience zero downtime during 
transitions.

— The entire process forms a closed feedback loop that guarantees consistent convergence toward the 
desired revision.

7 — How ECS Networking works internally, 
from ENI provisioning to VPC routing to 
container-level connectivity

 

1 — Understanding ECS Networking as a Multi-Layer Model Spanning Control-Plane and Data-Plane

ECS networking is not a single subsystem; it is a stack, consisting of control-plane orchestration, data-plane 
ENI provisioning, VPC routing, security boundaries, container network namespaces, and runtime agent 
coordination.

— ECS itself does not create VPCs or manage routing tables; instead, it orchestrates how tasks consume 
networking resources.

— The depth of networking behavior depends on the network mode chosen in the Task Definition: awsvpc, 
bridge, host, or none.

— Among these, awsvpc mode is the most important because it offers VPC-native networking for tasks, giving 
every ECS task its own ENI, private IP, security groups, and routing identical to an EC2 instance.

— EC2 and Fargate behave differently at the data-plane, but both consume the same ECS networking 
orchestration logic.

2 — The Networking Control-Plane Workflow: How ECS Prepares Network Requirements for a Task

Before a task can be placed, the ECS scheduler determines whether the necessary networking prerequisites 
can be satisfied.

— In awsvpc mode, the scheduler checks ENI capacity per instance (for EC2) or per-AZ managed ENI pool (for 
Fargate).
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— Networking constraints directly influence placement: if an instance cannot attach another ENI, no tasks 
requiring awsvpc mode can be scheduled there.

— The control-plane then triggers ENI provisioning. For EC2, ECS instructs the agent to allocate an ENI via the 
EC2 API. For Fargate, the provisioning layer (managed by AWS) allocates and attaches ENIs directly to the 
Fargate microVM.

— ECS configures the ENI’s subnet, primary or secondary IP assignment, and all security groups defined in the 
task’s configuration.

— Once networking is ready, the Task State Engine moves the task to the PENDING -> RUNNING pipeline.

3 — awsvpc Mode: Deep Internals of Task-Level ENI Assignment

awsvpc mode makes each ECS task operate as a full network peer inside your VPC.

— Each task receives its own dedicated ENI, which is attached to either the EC2 instance (in EC2 launch type) or 
to a Fargate microVM (in Fargate launch type).

— The ENI includes a primary private IPv4 address, optional IPv6, and its own set of security groups.

— Every ENI is routable inside the VPC based on the subnet’s route table, inheriting NAT behavior, IGW access, 
VPC endpoints, and flow logs identical to a typical EC2 instance.

— On EC2 instances, awsvpc tasks consume secondary ENIs, so the number of tasks you can run per instance 
is directly limited by the instance’s ENI limit. For example, a t3.small may support only a small number of ENIs, 
limiting how many awsvpc tasks you can run.

— On Fargate, AWS abstracts the ENI limit by provisioning ENIs per-task using isolated microVMs, meaning the 
limiting factor becomes ENI per subnet per AZ, not instance ENI capacity.

4 — Bridge Mode and How ECS Uses Linux Networking Namespaces

Bridge mode is the default for EC2 if networkMode is not set.

— Docker creates a Linux bridge (typically docker0) and attaches containers to this bridge using veth pairs.

— Containers receive private IP addresses internal to the bridge network (not VPC-addressable), and outgoing 
traffic NATs through the EC2 instance’s primary ENI IP.

— Incoming traffic requires port-mapping (hostPort -> containerPort). ECS uses this mapping information to 
register tasks with load balancers if required.

— Bridge mode offers network isolation but lacks the VPC-native addressing that awsvpc provides. It is not 
supported on Fargate.

5 — Host Mode and How It Shares EC2’s Network Namespace

In host mode, containers do not get their own network namespace; instead, they share the EC2 instance’s 
namespace.

— Containers get direct access to the instance’s ENI and IP.



— No port mapping is needed, making it preferred for high-performance workloads like network appliances or 
log forwarders.

— Host mode cannot isolate tasks at the ENI or security group level, making it deprecated for most new 
architectures in favor of awsvpc mode.

6 — Fargate Networking Architecture Using ENIs and MicroVM Isolation

In Fargate launch type, AWS provisions a lightweight isolated environment (Firecracker microVM).

— Each microVM receives a dedicated ENI, which attaches to the subnets selected when running the task.

— This ENI is configured with its own security groups, route table behavior, and VPC flow log visibility.

— Fargate manages DHCP, CNI operations, and IPAM allocation behind the scenes, but all IP addresses are 
visible as standard VPC resources.

— Because Fargate tasks are isolated via microVMs, they do not share network namespaces, IP stacks, or 
kernel state.

7 — ECS Agent and Fargate CNI Role in Data-Plane Networking Setup

The ECS agent (EC2 only) and Fargate runtime (managed) handle the container networking initialization.

— For EC2: the agent calls EC2 APIs to attach ENIs, configures Linux networking namespaces, moves ENIs into 
the container namespace, configures iptables rules, and initializes routing.

— For Fargate: the managed runtime handles all CNI operations, ENI attachment, and namespace creation 
inside the microVM.

— After networking is configured, ECS registers the task’s IP with load balancers or CloudMap, depending on 
service configuration.

8 — End-to-End Packet Flow for an ECS Task Using awsvpc Mode

When a task sends or receives traffic in awsvpc mode:

— Outbound: packets originate from the task’s ENI, flow through the subnet route table, NAT gateway or IGW 
(if configured), and exit the VPC normally.

— Inbound: packets arrive at the ENI’s assigned IP and pass security group rules defined for the task.

— Because each task has its own ENI, security groups apply at task granularity, making awsvpc mode 
extremely powerful for microservice segmentation.

9 — Complete ECS Networking Architecture (Deep ASCII Diagram)

                            ┌──────────────────────────────────────────┐

                            │        ECS REGIONAL CONTROL PLANE        │

                            └──────────────────────────────────────────┘

                                              │

                                              ▼

                     ┌──────────────────────────────────────────────┐



10 — Deep Explanation of the Networking Architecture Diagram

The diagram shows how ECS orchestrates networking via a multi-step control-plane and data-plane pipeline.

— At the top, the control-plane determines networking constraints and ENI needs.

— The EC2 path shows primary ENI on the instance plus secondary ENIs per task for awsvpc mode, alongside 
bridge networking for non-awsvpc workloads.

                     │     Networking Orchestrator & Scheduler       │

                     └──────────────────────────────────────────────┘

                                              │

                                              ▼

                     (ENI Requirements, Subnet, SG Evaluation)

                                              │

                       ┌──────────────────────┴──────────────────────┐

                       ▼                                             ▼

      ┌────────────────────────────────────────┐       

┌────────────────────────────────────────┐

      │         EC2 Launch Type Data Plane     │       │        Fargate Launch Type Data 

Plane  │

      └────────────────────────────────────────┘       

└────────────────────────────────────────┘

                       │                                             │

                       ▼                                             ▼

  ┌─────────────────────────────────┐                

┌────────────────────────────────────────┐

  │ EC2 Instance                    │                │ Fargate MicroVM Runtime               

│

  │ + Primary ENI (eth0)            │                │ + Dedicated ENI                       

│

  └─────────────────────────────────┘                

└────────────────────────────────────────┘

        │                 │                                 │

        │                 │                                 │

        ▼                 ▼                                 ▼

┌────────────────┐ ┌────────────────┐         ┌──────────────────────────────────────┐

│ awsvpc ENI #1  │ │ Bridge Network │         │ awsvpc ENI (Isolated Per Task)       │

│ (Secondary ENI)│ │ (docker0 NAT)  │         │ Attached to MicroVM                  │

└────────────────┘ └────────────────┘         └──────────────────────────────────────┘

        │                                         │

        ▼                                         ▼

┌────────────────────────┐              ┌─────────────────────────────┐

│ Task Container (EC2)   │              │ Task Container (Fargate)    │

│ VPC-native IP Address  │              │ VPC-native IP Address       │

└────────────────────────┘              └─────────────────────────────┘



— The Fargate path shows isolated microVMs where each task receives its own ENI.

— Both approaches yield fully routable VPC-native IP addressing, load balancer integration, security group 
enforcement, and route-table governed traffic flows.

— The architecture provides uniform behavior across EC2 and Fargate, enabling consistent microservice 
connectivity regardless of compute type.

8 — How ECS integrates with Load Balancers 
and how service discovery models operate 
internally

 

1 — Understanding the Role of Load Balancers and Service Discovery in ECS Microservice Connectivity

ECS microservices rarely operate in isolation; they typically require stable, routable endpoints for clients, other 
services, or external systems.

— ECS integrates deeply with Elastic Load Balancing (ALB, NLB, GWLB) and Cloud Map, allowing services to 
expose stable entry points even though individual ECS tasks are ephemeral.

— The ECS control-plane treats load balancer registration as a core part of service orchestration. When tasks 
start, ECS automatically registers them with target groups or service registries; when tasks fail or stop, ECS 
deregisters them.

— This integration ensures that traffic always flows to healthy, active tasks without requiring manual DNS 
updates or configuration changes.

2 — How ECS Registers Tasks with Load Balancers During Service Startup

When an ECS Service is associated with a load balancer target group, ECS adds an additional orchestration step 
during task startup.

— After a task reaches RUNNING state, ECS evaluates the task’s IP and port (awsvpc mode uses the ENI’s 
private IP; bridge mode uses hostPort mapping).

— ECS then performs a RegisterTargets API call to the ALB/NLB target group, adding the task’s endpoint as an 
active target.

— The target group begins health checking the task using a configured health check path and interval.

— Only after the task passes health checks does ECS consider the task healthy for deployment purposes.

— During deployments, this health check gating prevents ECS from prematurely replacing old tasks before new 
ones are ready.

3 — How ECS Deregisters Tasks from Load Balancers During Shutdown or Replacement

When ECS needs to stop, replace, or drain a task (due to scaling, deployment, or unhealthiness):

— ECS triggers a DeregisterTargets API call to remove the task from the target group.
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— ALB/NLB then marks the task as “draining”, allowing existing connections to complete (configurable 
deregistration delay).

— For rolling deployments, ECS uses deregistration events to ensure the minimumHealthyPercent rule is 
respected; it will not kill tasks while they still serve active traffic.

— This creates a graceful transition process where tasks are removed without interrupting in-flight sessions.

4 — ALB vs NLB Integration and Their Impact on ECS Task Networking

ECS integrates with all three ELB types, but each behaves differently.

— ALB: Layer 7, HTTP-aware, path and host routing, best for microservices. Registers tasks using IP or instance 
mode depending on network type.

— NLB: Layer 4, high throughput, static IP support, TLS pass-through, suitable for high-volume or low-latency 
workloads.

— GWLB: Used for traffic inspection services such as firewalls; ECS tasks register as GWLB endpoints when 
acting as appliances.

— ALB + awsvpc is the most common combination: each task gets its own ENI and is registered by IP directly, 
simplifying traffic flow.

5 — Cloud Map-Based Service Discovery and How ECS Maintains Dynamic DNS Records

In addition to load balancers, ECS integrates with AWS Cloud Map for DNS-based or API-based service 
discovery.

— When using Cloud Map, ECS registers each task as a service instance with attributes such as IP, port, 
metadata, and health status.

— ECS automatically updates Cloud Map whenever tasks start or stop.

— ECS actively monitors task health and removes instances from Cloud Map when they fail health checks or 
crash.

— Consumers inside the VPC resolve the Cloud Map service namespace (for example, api.prod.local) to receive 
dynamically updated IP information.

— Cloud Map supports both DNS service discovery and HTTP API-based discovery with metadata filtering.

6 — Combined Patterns: Load Balancer + Cloud Map for Advanced Microservice Meshes

Many advanced ECS architectures combine both LB and Cloud Map:

— ALB is used for north-south traffic (client-facing or cross-service HTTP).

— Cloud Map is used for east-west traffic (internal services calling each other).

— ECS keeps both systems synchronized. When tasks scale up/down or fail, ECS updates the load balancer and 
the service registry consistently.

— This combination enables resilient microservice networks, simpler service-to-service communication, and 
stable naming regardless of container churn.



7 — How ECS Ensures Health-Based Traffic Routing Through LB and SD Systems

ECS integrates container health checks, ALB health checks, and Cloud Map health checks into a unified 
orchestration flow.

— ECS waits for container-level health checks before registering tasks.

— ALB/NLB health checks determine when tasks can receive external traffic.

— Cloud Map health checks determine whether a task should appear in DNS/API queries.

— ECS only considers a task healthy when all relevant health systems report passing status.

— This multi-layer validation significantly reduces the chance of routing traffic to an unhealthy container.

8 — Complete ECS Load Balancing and Service Discovery Architecture (Deep ASCII Diagram)

                         ┌──────────────────────────────────────────┐

                         │        ECS REGIONAL CONTROL PLANE        │

                         └──────────────────────────────────────────┘

                                       │

                 ┌─────────────────────┼──────────────────────────────┐

                 ▼                     ▼                              ▼

   ┌─────────────────────────────┐  ┌────────────────────────────┐  

┌────────────────────────────┐

   │ Cluster State Manager       │  │ Deployment Controller       │  │ Scheduler & 

Networking      │

   │ (Service Desired State)     │  │ (LB + SD Integration)       │  │ (ENI / Port / IP 

Logic)     │

   └─────────────────────────────┘  └────────────────────────────┘  

└────────────────────────────┘

                 │                     │                              │

                 ▼                     ▼                              ▼

         (Register / Deregister)   (Health Gating)              (Placement)

                 │                     │                              │

                 └─────────────┬───────┴────────────┬───────────────┘

                               │                    │

                               ▼                    ▼

      ┌─────────────────────────────────┐   ┌────────────────────────────────────┐

      │     Elastic Load Balancer       │   │   AWS Cloud Map (Service Registry)│

      │  (ALB / NLB / GWLB Target Group)│   │ (DNS + API-based Service Records) │

      └─────────────────────────────────┘   └────────────────────────────────────┘

                               │                    │

                               ▼                    ▼

       ┌─────────────────────────────────────────────────────────────────────────┐

       │                         CUSTOMER DATA PLANE (VPC)                      │

       └─────────────────────────────────────────────────────────────────────────┘

                               │                    │

                               ▼                    ▼



9 — Deep Explanation of the Load Balancing + Service Discovery Diagram

The architecture illustrates the complete flow from ECS orchestration to VPC-level networking.

— At the top, ECS orchestrates load balancer and service discovery updates directly from the control-plane.

— ECS places tasks, configures ENIs, and produces task IPs and ports.

— ALB/NLB receives these IPs and begins health checking, while Cloud Map maintains DNS entries.

— During deployments or failures, ECS updates all systems automatically, ensuring traffic always flows to 
healthy tasks.

— This integrated architecture eliminates the need for manual DNS entries, manual target registration, or 
custom scripts.

9 — How ECS IAM Roles work internally: Task 
Execution Role, Task Role, and Service Role 
with deep permission flows

 

1 — Understanding IAM in ECS as a Multi-Layer Permission Model

ECS uses multiple IAM roles to securely manage container permissions, image pulls, runtime metadata access, 
and service-level orchestration.

— These roles operate at different layers of the ECS architecture: control-plane orchestration, task-level 
runtime, image pulling from ECR, and Auto Scaling or load balancer actions.

— ECS does not merge these roles; each role has its own strict trust policy, principal, and purpose. This leads 
to a clean separation between:

— What ECS does on your behalf

— What containers inside tasks can do

— What EC2 or Fargate environment can do

2 — The Task Execution Role: Runtime Infrastructure Permissions

The Task Execution Role (often named ecsTaskExecutionRole) gives ECS permission to perform infrastructure-
level tasks required before your containers start.

   ┌────────────────────────────────┐      ┌──────────────────────────────────────┐

   │ Running Service Task (EC2)     │      │ Running Service Task (Fargate)       │

   │ ENI IP Registered with LB/SD   │      │ ENI IP Registered with LB/SD         │

   └────────────────────────────────┘      └──────────────────────────────────────┘
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— It allows ECS to pull container images from ECR using ecr:GetAuthorizationToken , ecr:BatchGetImage , 

and similar APIs.

— It allows ECS to create and manage logs via CloudWatch Logs APIs like logs:CreateLogStream  and 

logs:PutLogEvents .

— It may allow access to secrets required during container startup, via ssm:GetParameters  or 
secretsmanager:GetSecretValue , but only for injection, not future requests.

— This role is assumed by ECS agent or Fargate runtime, not by your application container.

— The application itself does not receive access to this role’s credentials.

— This separation ensures that containers cannot escalate privileges during runtime by misusing execution-
level permissions.

3 — The Task Role: In-Application Permissions for Containers

The Task Role (or Task IAM Role) is assumed inside your application containers.

— This is the role used for calling AWS services at runtime: DynamoDB, SQS, S3, Secrets Manager, Parameter 
Store, EventBridge, and any other AWS APIs.

— Each ECS Task receives temporary STS credentials for this role, scoped to the containers inside the task.

— For Fargate, the Task Role credentials are injected into the microVM using an isolated credential endpoint.

— For EC2, the ECS agent fetches credentials from STS and exposes them to containers via a local credential 
proxy.

— Containers never see the Task Execution Role; they only see the Task Role assigned to the Task Definition.

— The Task Role is a strict isolation boundary enabling per-service least privilege and per-task runtime access 
control.

4 — The ECS Service Role (Deprecated) and Modern Replacement with Service-Linked Roles

Before 2017, ECS required a user-created Service Role. Modern ECS uses an ECS Service-Linked Role (SLR):

— This role allows ECS to register/deregister tasks with load balancers.

— It allows ECS to call EC2 APIs for ENI operations during awsvpc launch type networking.

— It allows ECS to manage capacity provider scaling.

— The trust policy allows ecs.amazonaws.com  to perform actions on your behalf.

— You do not attach this role manually; it is created the first time ECS performs an operation requiring it.

5 — How IAM Credentials Flow to Containers in EC2 Launch Type

EC2-based tasks rely on the ECS agent to mediate IAM credential delivery.

— The ECS agent runs using the EC2 Instance Profile, which must allow the agent to call ECS APIs and STS to 
obtain Task Role credentials.



— When the ECS control-plane instructs the agent to start a task, it provides a security token request for the 
Task Role.

— The agent calls STS to generate temporary Task Role credentials and then exposes them to the container via 
169.254.170.2  (the ECS Task Credential Endpoint).

— Containers request credentials via a unique URL provided in their environment variables.

— This ensures each task has isolated credentials without leaking other tasks’ permissions, even on the same 
EC2 instance.

6 — How IAM Credentials Flow to Containers in Fargate Launch Type

Fargate uses a fully isolated credential distribution system per microVM.

— The Fargate control-plane fetches temporary Task Role credentials from STS.

— It injects credentials into the microVM using a secure, per-task credential endpoint.

— Unlike EC2, no instance profile is needed, as Fargate environments are fully isolated and managed by AWS.

— Credentials refresh automatically inside the microVM without exposing host-level IAM permissions.

7 — The Separation Between Task Role and Task Execution Role at STS Level

These two roles are assumed by entirely different trust chains.

— Task Execution Role: assumed by ecs-tasks.amazonaws.com  or Fargate internal actors.

— Task Role: assumed by ECS tasks using a scoped STS credential provider.

— Each has different permissions, rotation behavior, and credential boundaries.

— If users mistakenly give application permissions to the Task Execution Role, the application will not receive 
them because it never assumes that role.

8 — Deep IAM Flow Architecture: From Control-Plane to Data-Plane

                          ┌─────────────────────────────────────────┐

                          │        ECS REGIONAL CONTROL PLANE        │

                          └─────────────────────────────────────────┘

                                        │

                                        ▼

        ┌────────────────────────┐   ┌────────────────────────┐   

┌──────────────────────────┐

        │ Cluster State Manager  │   │ Deployment & Scheduler │   │ IAM Permissions Manager 

  │

        │ (Service + Task State) │   │ (Start Task Commands)  │   │ (STS Role Handling)     

  │

        └────────────────────────┘   └────────────────────────┘   

└──────────────────────────┘

                                        │

                                        ▼



9 — Deep Explanation of the IAM Architecture Diagram

The diagram demonstrates how IAM powers different layers of ECS orchestration.

— The control-plane initiates the assumption of the Task Execution Role for image pulls and logging.

— The ECS agent or Fargate runtime retrieves Task Role credentials from STS, not from the EC2 Instance 
Profile directly.

— Task credentials are delivered securely to containers through isolated endpoints.

— The separation between execution permissions and application permissions ensures that containers only 
obtain the minimal AWS API access they require.

— The architecture prevents privilege escalation, credential leakage, and cross-task contamination on shared 
EC2 nodes.

10 — How ECS Compute Execution Models 
work: Deep internal comparison of EC2 
Launch Type vs Fargate Launch Type

 

                      (Assume Task Execution Role for Image Pull + Logs)

                                        │

                                        ▼

        ┌──────────────────────────────────────┐      ┌────────────────────────────────────┐

        │ ECS Agent on EC2 Instance            │      │ Fargate MicroVM Runtime           │

        │ (Instance Profile + STS Calls)       │      │ (Managed IAM Credential Injector) │

        └──────────────────────────────────────┘      └────────────────────────────────────┘

                │                                              │

                ▼                                              ▼

     (Fetch Task Role Credentials via STS)        (Fetch Task Role Credentials via STS)

                │                                              │

                ▼                                              ▼

┌──────────────────────────────────────────┐   ┌──────────────────────────────────────────┐

│ Credential Endpoint Per Task (EC2)       │   │ Credential Endpoint Per Task (Fargate)   │

│ 169.254.170.2 with unique URI            │   │ Isolated MicroVM-Ingressed Credentials   │

└──────────────────────────────────────────┘   └──────────────────────────────────────────┘

                │                                              │

                ▼                                              ▼

       ┌──────────────────────────────────┐         ┌──────────────────────────────────┐

       │  Application Containers (EC2)    │         │ Application Containers (Fargate) │

       │  Assume Task Role Only           │         │ Assume Task Role Only            │

       └──────────────────────────────────┘         └──────────────────────────────────┘
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1 — Understanding the Two Compute Models as Two Distinct Data-Plane Architectures

ECS supports two fundamentally different compute execution models: EC2 Launch Type and Fargate Launch 
Type.

— Both models use the exact same regional control-plane (scheduler, state manager, deployment controller), 
but the data-plane they rely on is radically different.

— In EC2 launch type, you manage the underlying virtual machines (Auto Scaling, patching, networking 
capacity, instance limits).

— In Fargate launch type, AWS provides a fully managed serverless runtime: no instances, no patching, no ENI 
exhaustion on instances, and the compute layer scales at the task level using isolated microVMs.

— Understanding both models in depth is essential because they influence networking behavior, task density, 
cost structure, IAM role distribution, and cluster capacity constraints.

2 — Deep Internal Architecture of ECS EC2 Launch Type

The EC2 launch type uses customer-managed EC2 instances as the compute data-plane.

— Each EC2 instance runs the ECS Agent, which registers the instance with the cluster, reports available 
CPU/memory/ports, handles ENI operations, and executes tasks.

— The instance’s Instance Profile IAM Role is used by the agent to call ECS, EC2, STS, and CloudWatch Logs 
APIs.

— Tasks are scheduled onto the instance, and ECS must obey the instance’s resource limits: CPU, memory, 
port availability, ENI capacity, GPU availability, and ephemeral storage.

— In bridge or host mode, all container traffic NATs or routes through the instance’s primary ENI.

— In awsvpc mode, tasks consume secondary ENIs, which are limited per instance family, making instance ENI 
exhaustion a major scaling constraint.

— EC2 launch type allows very high task density if network mode is bridge or host, making it cost-efficient for 
high-throughput workloads.

3 — Deep Internal Architecture of ECS Fargate Launch Type

Fargate is a serverless, instance-less compute layer fully controlled by AWS.

— When the ECS scheduler requests placement, Fargate provisions a Firecracker microVM dedicated to the 
task.

— Each microVM receives a dedicated ENI, isolated CPU and memory slices, ephemeral storage, and its own 
credential endpoint for Task Role credentials.

— Fargate performs container image pulls internally, configures networking, enforces resource limits using 
cgroup-style virtualization inside the microVM, and handles all kernel-level security isolation.

— There are no instances to manage, no patching, no scaling groups; all orchestration happens per-task.

— Fargate eliminates instance-level ENI exhaustion because each task receives an ENI directly from the subnet 
pool.



— Fargate tasks are fully isolated from each other at the virtualization layer, making them highly secure for 
multi-tenant or regulated environments.

4 — Resource Modeling Differences: How EC2 and Fargate Track Capacity

EC2 launch type has static cluster capacity determined by the instances you provision.

— Each instance contributes a fixed amount of CPU/memory/ENI to the Resource Ledger.

— ECS must pack tasks into these static resources, leading to fragmentation if tasks request sizes that don’t 
pack neatly.

— Running out of ENIs on an instance stops new awsvpc tasks, even if CPU and memory remain available.

— You must scale EC2 Auto Scaling Groups manually or via Capacity Providers.

Fargate launch type has elastic capacity that scales per task.

— Fargate does not report a resource pool; instead, the scheduler checks for AZ availability and Fargate just 
provisions the requested compute.

— No fragmentation exists because each task gets dedicated CPU/memory.

— Scaling constraints shift from instance limits to subnet-level ENI quotas and regional provisioning capacity.

5 — Networking Differences Between EC2 and Fargate Launch Types

EC2 networking is tied to the host instance.

— Bridge mode uses instance NAT.

— Host mode shares the host’s network namespace.

— awsvpc mode consumes instance ENI limits, making instance selection critical.

Fargate networking is tied to microVMs.

— Every task gets its own ENI independent of other tasks.

— No shared network namespace.

— No NAT on the host; traffic flows directly from the task’s ENI.

— Security groups are applied per task, enabling true microservice isolation.

6 — IAM Role Differences: How Credentials Flow Differently

EC2 instance profile is involved in EC2 launch type.

— ECS agent uses the instance profile to call STS and fetch Task Role credentials.

— The agent exposes credentials to containers using 169.254.170.2 .

Fargate removes the instance profile.

— Fargate itself retrieves Task Role credentials from STS and injects them securely into the microVM.

— This eliminates the need for host-level IAM policies entirely.



7 — Scaling Differences: How EC2 and Fargate Handle Growth

EC2 launch type scaling is two-layer:

— Layer 1: Auto Scaling Group scales EC2 instances.

— Layer 2: ECS Service Auto Scaling schedules more tasks that must fit into the newly available EC2 capacity.

— Placement failures occur if EC2 nodes do not scale quickly enough.

Fargate scaling is single-layer:

— ECS requests a new task → Fargate provisions compute → Task runs.

— No warm pools, no scaling lags, no pre-provisioning.

8 — Cost Model Differences

EC2:

— Pay for EC2 instances regardless of task usage.

— Economical for stable, high-density workloads.

— Requires management overhead.

Fargate:

— Pay per vCPU-second and GB-second.

— No idle cost.

— Ideal for bursty or unpredictable workloads.

— Simplified operations but higher cost per unit compute.

9 — Deep ECS Compute Architecture Diagram (EC2 vs Fargate)

                           ┌─────────────────────────────────────────┐

                           │        ECS REGIONAL CONTROL PLANE        │

                           └─────────────────────────────────────────┘

                                         │

                                         ▼

                      ┌────────────────────────────────────────┐

                      │   Scheduler & Placement Engine          │

                      │   (Decides EC2 vs Fargate Placement)    │

                      └────────────────────────────────────────┘

                                         │

               ┌─────────────────────────┴─────────────────────────┐

               ▼                                                   ▼

┌───────────────────────────────────┐              ┌───────────────────────────────────────┐

│     EC2 Launch Type Data Plane    │              │     Fargate Launch Type Data Plane     

│



10 — Deep Explanation of the Compute Architecture Diagram

The diagram illustrates how the ECS control-plane interacts with both EC2 and Fargate:

— The scheduler sits above both compute models and chooses where tasks should run.

— On EC2, tasks run inside shared operating systems with instance-level constraints and agent-mediated IAM.

— On Fargate, each task receives its own microVM and ENI, eliminating host-level dependencies.

— The contrast between shared-host architecture (EC2) and isolated-compute architecture (Fargate) defines 
nearly all behavioral differences: networking, IAM, scaling, cost, and security.

11 — How ECS Capacity Providers work 
internally and how autoscaling logic is 
enforced

 

1 — Understanding Capacity Providers as the Bridge Between ECS Orchestration and Compute Scaling

Capacity Providers (CPs) form the mechanism that integrates ECS task placement with underlying compute 
scaling.

— Without CPs, ECS can only place tasks on existing capacity; it cannot trigger compute scaling automatically.

— With CPs, ECS becomes capacity-aware, meaning the scheduler not only places tasks but also influences 
how compute (EC2 or Fargate) scales out and in.

— CPs transform ECS from a scheduler into a closed-loop orchestration + capacity automation system, 
ensuring that resources expand or contract according to service needs without manual intervention.

2 — Two Types of Capacity Providers: EC2 CP and Fargate/Fargate Spot CP

└───────────────────────────────────┘              └───────────────────────────────────────┘

               │                                                   │

               ▼                                                   ▼

  ┌────────────────────────────────────┐         ┌────────────────────────────────────────┐

  │  EC2 Instance + ECS Agent          │         │  Firecracker MicroVM per Task          │

  │  Instance Profile IAM Role         │         │  No Instance Profile Required          │

  └────────────────────────────────────┘         └────────────────────────────────────────┘

               │                                                   │

               ▼                                                   ▼

  ┌────────────────────────────────────┐         ┌────────────────────────────────────────┐

  │  Tasks Running on Shared Host      │         │  Tasks Running on Isolated microVMs    │

  │  Shared Kernel + Shared ENI        │         │  Dedicated ENI + Dedicated Kernel      │

  └────────────────────────────────────┘         └────────────────────────────────────────┘
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Capacity Providers come in two major categories:

— EC2 Capacity Providers: Attached to an Auto Scaling Group (ASG). ECS controls scaling of the ASG based on 
task demand.

— Fargate / Fargate Spot CPs: AWS-managed scaling where ECS directly provisions Fargate tasks with no ASG 
involved.

— Each provider is assigned a “weight” and “base” in a Capacity Provider Strategy, enabling services to split 
workloads across multiple compute types (e.g., 70% Fargate, 30% Fargate Spot).

— ECS does not mix EC2 and Fargate within the same task; instead, it spreads tasks across providers.

3 — The Internal EC2 Capacity Provider Scaling Loop

An EC2 Capacity Provider monitors three core metrics:

— Pending tasks in the scheduler

— Available CPU/memory in EC2 instances

— ASG instance count and lifecycle state

— When ECS observes that tasks cannot be placed due to insufficient capacity, it triggers a Managed Scaling 
action on the ASG.

— Managed Scaling uses Target Tracking or Step Scaling under the hood but driven by ECS demand instead of 
CloudWatch metrics like CPU.

— ECS continually provides the “desired instance count” to the ASG, ensuring that EC2 capacity grows until 
tasks can be placed.

— The scheduler will retry placements as instances come online.

4 — Managed Instance Draining and Task Migration During Scale-In Events

During scale-in, the EC2 CP uses Managed Termination Protection and Managed Instance Draining.

— Managed Termination Protection prevents the ASG from terminating instances that still hold running ECS 
tasks.

— Once the ASG selects an instance for termination, ECS marks the instance as DRAINING, prompting the 
scheduler to move tasks away.

— ECS waits for tasks to exit or gracefully stop before allowing the ASG to terminate the instance.

— This ensures that scale-in events never kill tasks abruptly, preserving service stability.

5 — Fargate Capacity Providers: Deep Internal Behavior

Fargate Capacity Providers operate differently because Fargate scaling is instant and does not rely on EC2 
instances.

— When a task is placed using a Fargate CP, ECS directly provisions new compute without any dependency on 
existing infrastructure.



— There is no “capacity shortage” in the traditional sense; scaling constraints come from subnet ENI availability 
or AWS regional Fargate capacity.

— Fargate Spot CPs attempt to provision compute using spare capacity; tasks may be interrupted but remain 
cost-efficient.

— Fargate CPs do not need ASGs, scaling rules, termination protection, or instance draining; tasks simply start 
or stop individually.

6 — Capacity Provider Strategy and Weighted Selection

A Capacity Provider Strategy defines how tasks are distributed across CPs.

— A strategy includes weight, base, and order, determining the distribution algorithm.

— Example: 2 CPs, weights 1:2 → Fargate receives twice as many tasks as Fargate Spot.

— “Base” defines minimum tasks for a provider before others begin receiving tasks.

— Strategies are evaluated for each placement event, enabling highly elastic, multi-tier compute allocation.

7 — How the Scheduler Uses Capacity Providers During Placement

The ECS Scheduler integrates CP strategy into its placement logic:

— It evaluates which CP(s) apply to the current task/service.

— It calculates the number of tasks to assign per CP based on weights.

— It checks resource availability inside each CP (EC2 or Fargate).

— If EC2 capacity is insufficient, ECS triggers new capacity scaling actions.

— If Fargate capacity is insufficient (rare), ECS waits until regional capacity becomes available.

8 — The Full Capacity Provider Lifecycle: From Task Demand to Compute Scaling

End-to-end flow:

— Service wants to launch a new task → Scheduler cannot place it.

— Scheduler checks CP strategy → Determines CP(s) to use.

— For EC2 CP: ECS updates ASG desired count → ASG launches new EC2 instances → Agent registers → 
Scheduler places tasks.

— For Fargate CP: ECS immediately starts a new microVM → Task runs.

— During scale-in events, EC2 CP drains instances before terminating them; Fargate simply stops tasks.

9 — Deep ECS Capacity Provider Architecture Diagram

                          ┌─────────────────────────────────────────┐

                          │       ECS REGIONAL CONTROL PLANE         │

                          └─────────────────────────────────────────┘



10 — Deep Explanation of the Capacity Provider Architecture Diagram

The diagram captures the full lifecycle of CP-based orchestration:

— ECS first examines pending tasks and CP strategy.

— For EC2 CPs, ECS adjusts the ASG scaling values, letting EC2 instances grow or shrink in response to task 
demand.

— For Fargate CPs, compute provisioning is instantaneous at task-level granularity.

— The scheduler then performs placements, using newly scaled compute as soon as it appears.

                                        │

                       ┌────────────────┼────────────────────┐

                       ▼                ▼                    ▼

        ┌────────────────────────┐  ┌──────────────────────────┐  

┌──────────────────────────┐

        │ Scheduler & Placement  │  │ Capacity Provider Logic  │  │ Cluster State Manager   

  │

        │ Engine                 │  │ (Strategy Weight Calc)   │  │ (Pending Tasks, 

Capacity) │

        └────────────────────────┘  └──────────────────────────┘  

└──────────────────────────┘

                       │                │                    │

                       ▼                ▼                    ▼

             (Choose CP)        (Determine Task Split)        (Evaluate Resource Need)

                       │                │                    │

                       └────────────┬───┴───────────────┬────┘

                                    │                   │

                                    ▼                   ▼

   ┌────────────────────────────────────────┐  ┌────────────────────────────────────────┐

   │ EC2 Capacity Provider (ASG-backed)     │  │ Fargate / Fargate Spot CP            │

   └────────────────────────────────────────┘  └────────────────────────────────────────┘

                │                                          │

                ▼                                          ▼

   ┌───────────────────────────────────────┐      ┌─────────────────────────────────────┐

   │ ASG Managed Scaling (Scale Out/In)    │      │ Fargate microVM Provisioning        │

   │ Instance Draining & Termination Prot. │      │ ENI Allocation, Task Start         │

   └───────────────────────────────────────┘      └─────────────────────────────────────┘

                │                                          │

                ▼                                          ▼

   ┌──────────────────────────────────────┐      ┌──────────────────────────────────────┐

   │ EC2 Instance + ECS Agent            │      │ Fargate Task Running                │

   │ Registers with Cluster              │      │ Fully Isolated Runtime              │

   └──────────────────────────────────────┘      └──────────────────────────────────────┘



— The overall system behaves as a feedback loop, integrating placement, scaling, draining, and replacement 
into a unified orchestration engine.

12 — How ECS Service Auto Scaling works and 
how scaling metrics drive decisions

 

1 — Understanding ECS Service Auto Scaling as a Control-Loop System

ECS Service Auto Scaling is a dynamic mechanism that adjusts the number of running tasks in a service based 
on real-time or predictive demand.

— It does not scale EC2 instances directly; it scales only the desired task count for the ECS Service.

— When combined with Capacity Providers, task-demand scaling cascades into compute scaling, forming a full 
closed-loop elasticity system.

— The auto scaling engine continuously monitors metrics and compares them with set targets to decide when 
tasks should be added or removed.

2 — Core Scaling Models: Target Tracking, Step Scaling, and Scheduled Scaling

ECS supports three major scaling modes:

— Target Tracking Scaling: Automatically adjusts task count to maintain a metric target (CPU%, memory%, 
ALB request count per target, or custom metrics).

— Step Scaling: Uses high/low alarm thresholds to incrementally scale up/down services.

— Scheduled Scaling: Changes desired task count based on time-based schedules (for example, business 
hours vs off-hours).

— Target Tracking is the most common model because it provides automatic equilibrium and requires the 
least operator input.

3 — The Internal Feedback Loop of Target Tracking Scaling

Target Tracking works like a thermostat.

— Example: target CPU = 60%.

— If actual CPU > 60%, ECS increases the desired task count.

— If actual CPU < 60%, ECS decreases the desired task count.

— The scaling engine calculates the error margin and initiates proportional scaling actions to converge actual 
metrics toward the target.

— ECS ensures that scale-in stabilization windows prevent thrashing (rapid up/down fluctuations).

4 — How ECS Integrates CloudWatch Metrics into Scaling Decisions
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ECS Services export CPU, memory, and task-level metrics into CloudWatch.

— ALB-related scaling uses metrics such as RequestCountPerTarget and TargetResponseTime.

— Custom scaling policies rely on CloudWatch metrics published by the application or external systems (SQS 
queue depth, Lambda invocation count, etc.).

— The scaling engine constantly polls CloudWatch, interprets metric trends, and triggers scaling events using 
the Application Auto Scaling control-plane.

5 — Application Auto Scaling: The Hidden Control-Plane Behind ECS Scaling

ECS Service Auto Scaling is implemented via Application Auto Scaling (AAS), not EC2 Auto Scaling.

— AAS manages scalable targets such as ECS services, DynamoDB tables, and Lambda concurrency.

— When ECS Service scaling is enabled, the ECS Service becomes a “scalable target” managed by AAS.

— Scaling policies are stored inside AAS, and scaling actions modify the ECS Service’s desiredCount parameter.

— AAS is responsible for timing windows, cool-down periods, and resolving conflicting scaling signals.

6 — How Scaling Actions Flow Through ECS During Scale-Out Events

The scale-out pipeline:

— CloudWatch detects a high metric condition (e.g., CPU > target).

— Application Auto Scaling receives a signal from CloudWatch Alarm.

— AAS determines how many additional tasks should be added.

— AAS updates the ECS Service’s desiredCount.

— ECS Deployment Controller verifies constraints and begins launching tasks.

— ECS Scheduler performs placements, using CP strategy if configured.

— New tasks register with load balancers or Cloud Map.

— The scaling loop repeats until metrics stabilize.

7 — How Scaling Actions Flow During Scale-In Events

Scale-in pipeline:

— Metrics fall below the target.

— AAS triggers a scale-in action but respects the scale-in cooldown window.

— ECS Service’s desiredCount is lowered.

— ECS stops tasks based on service’s deployment parameters and health rules.

— ECS deregisters tasks from LB/Cloud Map and drains connections.

— For EC2 CPs, drained instances may then be eligible for instance-level scale-in.



8 — Interaction Between Scaling, Deployment Controller, and Placement Logic

Scaling events interact tightly with the deployment system:

— During a deployment, scaling actions still occur, but ECS prioritizes deployment safety.

— Placement interacts with CP strategy to decide which compute model to use for new tasks.

— Scale-in never kills unhealthy tasks first; ECS prefers shutting down healthy tasks while maintaining 
minimum healthy percent.

— This coordination ensures that scaling does not interrupt ongoing deployments or destabilize service 
availability.

9 — Complete ECS Service Auto Scaling Architecture (Deep ASCII Diagram)

                           ┌─────────────────────────────────────────┐

                           │        ECS REGIONAL CONTROL PLANE        │

                           └─────────────────────────────────────────┘

                                         │

                 ┌───────────────────────┼───────────────────────────────┐

                 ▼                       ▼                               ▼

   ┌───────────────────────────┐  ┌─────────────────────────────┐  

┌────────────────────────────┐

   │ Application Auto Scaling  │  │  Cluster State Manager       │  │ ECS Deployment 

Controller   │

   │ (Scaling Policies, AAS)   │  │  (Desired Count)             │  │ (Safe Rolling 

Behavior)     │

   └───────────────────────────┘  └─────────────────────────────┘  

└────────────────────────────┘

                 │                       │                               │

                 ▼                       ▼                               ▼

      (Scale-In / Scale-Out)     (Update desiredCount)           (Launch/Stop Tasks)

                 │                       │                               │

                 └──────────────┬────────┴───────────────┬──────────────┘

                                │                        │

                                ▼                        ▼

        ┌────────────────────────────┐     ┌────────────────────────────────────┐

        │ CloudWatch Metrics & Alarms│     │ Scheduler & Capacity Providers     │

        │ (CPU, ALB, Custom Metrics) │     │ (Placement, CP Strategies)         │

        └────────────────────────────┘     └────────────────────────────────────┘

                                │                        │

                                ▼                        ▼

    ┌───────────────────────────────────────────────────────────────────────────────┐

    │                              CUSTOMER DATA PLANE (VPC)                        │

    └───────────────────────────────────────────────────────────────────────────────┘

                                │                        │

                                ▼                        ▼



10 — Deep Explanation of the Service Auto Scaling Diagram

The diagram shows the multi-layer control-loop architecture:

— CloudWatch monitors metrics and triggers scaling conditions.

— Application Auto Scaling evaluates policies and modifies desiredCount in the ECS Service.

— ECS Deployment Controller manages safe task replacement during scaling.

— Placement Engine selects the appropriate compute layer (EC2 or Fargate) using CP strategies.

— Tasks are added or removed from the load balancer or service registry.

— This stepwise pipeline ensures smooth, controlled scaling behavior even under heavy dynamic load.

13 — How ECS Observability works: Logs, 
Metrics, Traces, Container Insights, and Event 
Streams

 

1 — Understanding ECS Observability as a Multi-Plane Telemetry System

Observability in ECS is not a single feature but a layered telemetry pipeline spanning:

— Container logs

— Task and service metrics

— Cluster-level metrics

— Distributed traces

— Event streams and lifecycle notifications

— Health check signals from containers, ALB/NLB, Cloud Map

ECS integrates all these data sources into a unified control-plane feedback mechanism, enabling deep visibility 
into container behavior, service performance, failures, infrastructure bottlenecks, and orchestration events.

2 — How ECS Handles Logging for Containers (EC2 and Fargate)

Containers produce stdout/stderr logs; ECS does not store logs itself but forwards them through flexible 
logging drivers.

— The most common driver is awslogs, which ships logs to CloudWatch Logs.

— AWS FireLens allows routing logs to external systems like Splunk, Datadog, Elasticsearch, or S3.

    ┌────────────────────────────────┐      ┌──────────────────────────────────────┐

    │ Additional Tasks Running (EC2) │      │ Additional Tasks Running (Fargate)   │

    └────────────────────────────────┘      └──────────────────────────────────────┘
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— In EC2 launch type, the ECS agent manages the Docker or containerd logging subsystem and forwards logs 
according to Task Definition settings.

— In Fargate launch type, the Fargate runtime performs this function, abstracting away host-level log collector 
management.

— ECS ensures that each container’s log stream is isolated, labeled by task ID, and versioned by Task Definition 
revision.

3 — ECS Metrics: Task-Level, Service-Level, and Cluster-Level

ECS publishes metrics into CloudWatch for all major components.

— Task-level metrics include CPUUtilization, MemoryUtilization, health check status, and exit codes.

— Service-level metrics include desired count, running count, pending count, deployment progress, and 
metrics used by Auto Scaling such as ALB RequestCountPerTarget.

— Cluster-level metrics include container instance counts, cluster-wide CPU/memory usage, Fargate task 
counts, and statistics for ECS Cluster Auto Scaling via Capacity Providers.

— These metrics are essential for performance tuning, scaling decisions, and troubleshooting.

4 — ECS Container Insights for Enhanced Observability

Container Insights provide granular metrics and telemetry for tasks, containers, and ECS infrastructure.

— Container Insights use an embedded CloudWatch agent (on EC2) or a managed agent (on Fargate) to collect 
CPU, memory, disk I/O, network I/O, and performance counters.

— For EC2, the agent runs as a Daemon task collecting metrics from Docker daemon, cgroups, and the OS 
kernel.

— For Fargate, AWS collects these metrics at the microVM level without requiring the user to run an agent.

— Container Insights also records container OOM events, throttling signals, and kernel-level cgroup limits.

5 — Distributed Tracing with AWS X-Ray and OpenTelemetry

ECS supports distributed tracing through AWS X-Ray or OpenTelemetry agents.

— Tracing agents can run as sidecar containers or embedded processes inside application containers.

— ECS ensures that sidecar containers start early and remain healthy, allowing trace data to be captured from 
all microservices.

— Traces allow developers to understand latency breakdowns, bottlenecks, dependency chains, and failure 
propagation across services.

6 — ECS Event Streams and Their Role in Orchestration Visibility

ECS publishes events for nearly every significant orchestration action:

— Task state changes (PENDING, RUNNING, STOPPED)



— Deployment events (Started, InProgress, Completed, Failed)

— Service stability state

— Container exit codes

— Draining actions

— Capacity provider scaling events

These events are available via CloudWatch Events / EventBridge and can be used to automate remediation, 
send alerts, or feed observability dashboards.

7 — Control-Plane Observability vs Data-Plane Observability

ECS observability has two distinct scopes:

— Control-Plane Observability: Deployment actions, scheduling failures, lifecycle transitions, ENI 
provisioning failures, scaling activities. These events come from ECS itself.

— Data-Plane Observability: Container logs, metrics, and traces from the actual compute layer (EC2 host or 
Fargate microVM).

— Both planes complement each other; missing one creates blind spots in debugging.

8 — Real-Time Health Monitoring through Multiple Health Systems

ECS performs health reconciliation from three sources:

— Container health checks

— Load balancer (ALB/NLB) health checks

— Cloud Map health checks (API or DNS)

A task must pass all applicable health systems before ECS considers it healthy.

— If any health system reports failure, ECS stops or replaces the task and updates load balancers and service 
registries accordingly.

9 — Complete ECS Observability Architecture (Deep ASCII Diagram)

                           ┌────────────────────────────────────────────┐

                           │        ECS REGIONAL CONTROL PLANE           │

                           └────────────────────────────────────────────┘

                                             │

       ┌─────────────────────────────────────┼────────────────────────────────────────┐

       ▼                                     ▼                                        ▼

┌────────────────────────────┐   ┌────────────────────────────────┐   

┌──────────────────────────┐

│  Event Stream Engine       │   │ Metric Orchestrator           │   │ Deployment & Task 

Engine  │

│  (State Changes, Scaling)  │   │ (Task/Service/Cluster Metrics)│   │ (Health, Lifecycle)   

    │



10 — Deep Explanation of the Observability Architecture Diagram

The diagram demonstrates how observability data flows from multiple sources into AWS telemetry systems:

— Container logs move through CloudWatch Logs or FireLens.

— Metrics flow to CloudWatch Metrics and Container Insights.

— Traces flow to X-Ray or OpenTelemetry backends.

— Orchestration events flow into EventBridge.

— The ECS control-plane continuously reconciles health states, using telemetry feedback to trigger task 
replacements, deployment gatekeeping, or auto scaling.

— This layered design ensures that every component—from runtime containers to control-plane orchestration
—is observable and traceable at near-real-time resolution.

└────────────────────────────┘   └────────────────────────────────┘   

└──────────────────────────┘

       │                                     │                                        │

       ▼                                     ▼                                        ▼

   (Events → EventBridge)          (Metrics → CloudWatch)                   (Health Sync)

       │                                     │                                        │

       └──────────────┬──────────────────────┴────────────────┬────────────────────────┘

                      │                                      │

                      ▼                                      ▼

      ┌────────────────────────────────┐      ┌────────────────────────────────────────┐

      │ CloudWatch Logs (awslogs)      │      │ Container Insights (CW Agent/Fargate) │

      │ FireLens (Splunk/ELK/S3/etc.)  │      └────────────────────────────────────────┘

      └────────────────────────────────┘                     │

                      │                                      ▼

      ┌────────────────────────────────┐      ┌────────────────────────────────────────┐

      │ X-Ray or OTEL Sidecars         │      │ Customer Dashboards, Alerts, Pipelines │

      └────────────────────────────────┘      └────────────────────────────────────────┘

                      │                                      │

                      ▼                                      ▼

     ┌──────────────────────────────────────────────────────────────────────────────┐

     │                           CUSTOMER DATA PLANE (VPC)                          │

     └──────────────────────────────────────────────────────────────────────────────┘

                      │                                      │

                      ▼                                      ▼

       ┌───────────────────────────────┐         ┌────────────────────────────────────┐

       │  Containers Running (EC2)     │         │ Containers Running (Fargate)       │

       │  Logs/Metrics/Traces Emitted  │         │ Logs/Metrics/Traces Emitted       │

       └───────────────────────────────┘         └────────────────────────────────────┘
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14 — How ECS Security Model works: Task 
isolation, runtime protection, network 
boundaries, and secret delivery

 

1 — Understanding ECS Security as a Multi-Layered Defense Architecture

ECS security is built on the principle that every layer in the container lifecycle must enforce isolation and 
least privilege.

— ECS does not rely on a single security boundary; instead, it layers IAM, network isolation, compute isolation, 
secret injection, credential scoping, and runtime boundaries.

— The ECS control-plane never has access to your container traffic or your application data; it only 
orchestrates.

— The data-plane (EC2 or Fargate) enforces actual execution security using Linux namespaces, cgroups, ENIs, 
security groups, kernel isolation, or microVM boundaries.

2 — Task-Level Isolation via ENIs, Security Groups, and Network Namespaces

Networking is one of the strongest isolation boundaries in ECS.

— With awsvpc mode, every task receives its own dedicated ENI, IP address, and its own security groups, 
producing VM-level network isolation.

— Tasks cannot sniff or intercept each other’s traffic; they are isolated at the VPC network layer.

— The subnet’s route table applies only to that task’s ENI, allowing per-task control of NAT access, VPC 
endpoints, or internet access.

— Bridge mode provides weaker isolation—containers share the EC2 host’s network namespace and rely on 
iptables NAT rules.

— Host mode provides the least isolation, sharing EC2’s network without namespace boundaries.

— Fargate always uses awsvpc mode, ensuring strong network separation per task.

3 — Compute-Level Isolation: EC2 Kernel vs Fargate MicroVM Security

EC2 tasks share the host kernel, while Fargate tasks do not.

— EC2 Launch Type: All containers on an instance share the same Linux kernel. Isolation is done via 
namespaces and cgroups. If the host kernel is compromised, all tasks may be exposed.

— Fargate Launch Type: Each task runs inside a Firecracker microVM, providing virtualization-level isolation.

— Dedicated kernel

— Isolated ENI

— Dedicated filesystem

— Hardware virtualization boundaries
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— This makes Fargate suitable for multi-tenant, zero-trust, and regulated workloads requiring kernel 
separation.

4 — IAM-Based Authorization: Task Role, Task Execution Role, and Instance Profile

IAM is the second major boundary in ECS security.

— Task Role: The only role visible to the containers; defines what AWS APIs the application can call.

— Task Execution Role: Used only by ECS/Fargate to pull images, write logs, or fetch startup secrets. 
Containers do not receive these credentials.

— Instance Profile (EC2 only): Allows ECS agent to communicate with ECS and STS. Containers never directly 
use this profile.

— IAM credential isolation is enforced via per-task STS sessions and isolated credential endpoints.

5 — Secrets Management Using SSM Parameter Store and Secrets Manager

ECS provides secure secret delivery without embedding secrets in images or environment files.

— Task Definitions reference secrets from SSM Parameter Store or AWS Secrets Manager.

— ECS injects secrets into containers at startup using the Task Execution Role.

— After injection, containers access the secrets only through environment variables or mounted files; the role 
used to fetch them is not available inside the container afterward.

— Fargate and EC2 both enforce no cross-task leakage by providing isolated secret delivery pipelines.

6 — Runtime Protection and Behavioral Controls

ECS integrates with AWS runtime security features for intrusion detection and anomaly detection:

— Amazon GuardDuty for EKS/ECS Runtime Monitoring detects container-level threats such as credential 
misuse, privilege escalation, network anomaly patterns, or port scanning attempts.

— Fargate Runtime Security automatically detects suspicious syscalls inside microVMs, preventing malicious 
container activity.

— EC2 With Inspector/SSM can monitor OS-level vulnerabilities, CVEs, or misconfigurations affecting 
container hosts.

7 — Image Security: ECR Scanning and Supply Chain Controls

Before tasks run, ECS relies on container image scanning performed in ECR:

— ECR Basic Scanning uses CVE databases to detect vulnerabilities in container layers.

— ECR Enhanced Scanning (powered by Amazon Inspector) provides continuous scanning, SBOM 
generation, and real-time vulnerability updates.

— ECS tasks can be configured to run only from trusted registries, reducing supply-chain risks.



8 — EC2 Host Security: Hardening the Container Instance

For EC2 launch type, customers are responsible for securing the host OS.

— This includes patching the kernel, securing sshd (or disabling SSH entirely), enforcing IAM restrictions, 
hardening Docker, controlling IAM Instance Profile privileges, and running SSM Agent for patch automation.

— ECS agent itself runs with limited privileges, and its IAM policies should remain minimal.

— Host security is not a concern in Fargate because AWS fully manages the OS, kernel, and hypervisor.

9 — Multi-AZ Resilience and Failure Containment

Security also includes minimizing the blast radius of failures.

— ECS tasks are automatically distributed across multiple AZs.

— If a compromised task impacts one AZ or subnet, ECS still maintains service availability in others.

— awsvpc mode enables per-task security groups, meaning a compromised task cannot reach unauthorized 
services.

10 — Complete Deep ECS Security Architecture Diagram

                                ┌───────────────────────────────────────────┐

                                │        ECS REGIONAL CONTROL PLANE         │

                                └───────────────────────────────────────────┘

                                              │

            ┌─────────────────────────────────┼──────────────────────────────────┐

            ▼                                 ▼                                  ▼

 ┌─────────────────────────────┐   ┌──────────────────────────────┐   

┌───────────────────────────┐

 │ IAM Permission Boundaries   │   │ Networking Orchestrator      │   │ Task Lifecycle 

Engine      │

 │ (Task/Exec/Instance Roles)  │   │ (ENIs, SGs, VPC Rules)        │   │ (Health, Isolation 

Rules) │

 └─────────────────────────────┘   └──────────────────────────────┘   

└───────────────────────────┘

            │                                 │                                  │

            ▼                                 ▼                                  ▼

   (STS Credential Flow)         (Per-Task ENI Allocation)               (Container 

Isolation)

            │                                 │                                  │

            └──────────────────┬──────────────┴──────────────┬───────────────────┘

                               │                              │

                               ▼                              ▼

         ┌──────────────────────────────┐          ┌──────────────────────────────────┐

         │ EC2 Launch Type Security     │          │ Fargate Launch Type Security      │

         └──────────────────────────────┘          └──────────────────────────────────┘

                               │                              │



11 — Deep Explanation of the ECS Security Architecture Diagram

The diagram captures the layered approach of ECS security:

— IAM boundaries ensure strict separation of permissions between task, execution, and orchestration roles.

— Networking boundaries isolate tasks using ENIs, subnets, route tables, and per-task security groups.

— Compute isolation differs between EC2 (namespace-based) and Fargate (microVM-based).

— Secret delivery uses short-lived STS credentials and secure injection paths.

— Control-plane monitoring ensures automatic replacement of unhealthy or compromised tasks.

— Observability streams (logs/traces/metrics) allow detection and investigation of suspicious behavior.

— All layers work together to enforce strong, reproducible, multi-dimensional security for every ECS workload.

15 — How ECS High Availability and Resilience 
Model is designed

 

1 — Understanding ECS Resilience as a Distributed Systems Architecture

ECS resilience is built on the principle that failures—instance failures, AZ outages, container crashes, and 
network instability—are normal events.

— ECS is not merely a container orchestrator; it is a state-convergence system that constantly aligns actual 
tasks with the desired state across multiple Availability Zones.

— High availability (HA) is achieved through regional control-plane redundancy, multi-AZ data-plane 
placement, auto-recovery logic, health-driven orchestration, and isolation boundaries at task, service, and 
compute layers.

— ECS ensures resilience by design—not just through retries, but through proactive placement, continuous 
reconciliation, and orchestration engineering.

                               ▼                              ▼

 ┌───────────────────────────────────────┐       ┌─────────────────────────────────────────┐

 │ Kernel Namespace Isolation (EC2)      │       │ MicroVM Virtualization Isolation        │

 │ Shared Kernel + SG/ENI Segmentation   │       │ Dedicated Kernel + Dedicated ENI        │

 └───────────────────────────────────────┘       └─────────────────────────────────────────┘

                               │                              │

                               ▼                              ▼

      ┌──────────────────────────────────┐       ┌──────────────────────────────────┐

      │ Container Tasks Running (EC2)    │       │ Container Tasks Running (Fargate)│

      │ Secrets, Logs, Metrics, Traces  │       │ Secrets, Logs, Metrics, Traces   │

      └──────────────────────────────────┘       └──────────────────────────────────┘

af://n988


2 — Control-Plane Resilience: The ECS Regional Orchestration Layer

The ECS control-plane is fully managed and distributed across multiple AWS Availability Zones.

— There are no user-managed masters, schedulers, or control nodes.

— ECS schedulers, state managers, and deployment controllers operate from multiple redundant zones so 
that regional failures do not interrupt orchestration.

— Because the control-plane is decoupled from the user’s compute layer, failures in the VPC do not degrade 
orchestration logic.

— Even if all tasks in a cluster fail, the control-plane remains intact and capable of initiating recovery.

3 — Multi-AZ Task Distribution: The Foundation of ECS Service Availability

ECS automatically spreads tasks across multiple Availability Zones unless placement constraints override it.

— ECS Services follow AZ balancing rules to ensure at least one healthy task resides in each AZ when capacity 
allows.

— During task scheduling, the ECS scheduler calculates an optimal distribution to prevent over-concentration 
of tasks in a single AZ.

— This design ensures that an AZ outage does not take down the entire service.

— For Fargate tasks, microVMs are provisioned in any AZ that meets subnet and capacity requirements.

4 — Automatic Healing: ECS Task and Service-Level Recovery

ECS Services enforce a permanent desired count that acts as a resilience contract.

— If tasks crash, ECS detects the STOPPED state, performs root cause classification (exit code, OOM, health 
failure), and immediately replaces the task.

— For tasks behind load balancers, ECS honors deregistration delays to ensure graceful connection draining.

— For tasks using CloudMap, ECS updates service registry entries to remove unhealthy endpoints, preventing 
traffic redirection to broken containers.

— Replacement tasks are launched using the latest stable Task Definition revision.

5 — EC2 Host Failure Resilience: Drain, Replace, Rebalance

When using EC2 launch type, ECS implements graceful handling of host-level failures.

— If an EC2 instance becomes unreachable (instance status checks fail), ECS marks it as DRAINING, prevents 
new tasks from being scheduled, and begins replacing tasks elsewhere.

— Capacity Providers with Managed Scaling ensure that replacement instances come online automatically.

— The ECS Agent on healthy nodes registers new tasks while the failing node is gradually evacuated.

— This prevents sudden cascading failure across the cluster.



6 — Fargate Failure Resilience: MicroVM-Level Recovery

In Fargate launch type, failure containment is even stronger due to per-task microVM isolation.

— If a microVM hosting a task fails, ECS simply provisions a new microVM in the same or a different AZ.

— There is no concept of “host draining” because the host is invisible to the customer.

— Fargate automatically recreates isolated runtime environments without any dependency on shared host 
state.

— This makes Fargate highly resilient against noisy neighbors and infrastructure-level failure conditions.

7 — Deployment Resilience: Gradual Replacement and Health Gating

ECS deployment controller ensures that deployments do not reduce availability.

— minimumHealthyPercent prevents deployments from killing too many tasks at once.

— Health validation (container/ALB/Cloud Map) ensures new tasks are not counted as healthy until fully ready.

— If new tasks fail to stabilize, the deployment controller halts progress and triggers rollback logic.

— This ensures that deploying a new version never reduces the reliability of the running service.

8 — Networking Resilience: ENI Management, VPC-Level Routing, and Load Balancer Health Checks

Networking failures are handled via ENI-level fault isolation and health checks.

— Each awsvpc task has its own ENI; ENI failures affect only that task.

— Load balancers remove unhealthy tasks immediately when health checks fail.

— Subnet or AZ routing issues automatically cause tasks in that location to fail health checks, prompting ECS to 
replace them in healthy AZs.

— Network segmentation prevents cross-task impact, reducing the blast radius of network failures.

9 — Capacity Resilience: How ECS Handles Resource Shortages

When capacity constraints occur (CPU, memory, ENIs, or Fargate regional capacity):

— ECS retries task placement progressively with exponential backoff.

— For EC2, Capacity Providers trigger ASG scale-out if necessary.

— For Fargate, ECS keeps retrying until AWS allocates compute in a healthy AZ.

— ECS never considers a task “failed” due to placement; it simply waits for adequate capacity.

10 — Overall ECS High Availability Architecture (Deep ASCII Diagram)

                                  ┌───────────────────────────────────────────┐

                                  │        ECS REGIONAL CONTROL PLANE         │

                                  │   (Schedulers, State Manager, Deployments)│



11 — Deep Explanation of the High Availability Architecture Diagram

The diagram represents the layered defensive model ECS uses for resilience:

— The regional control-plane ensures orchestration never fails even if compute resources do.

— Multi-AZ placement ensures that tasks are evenly distributed to tolerate AZ-level disruptions.

                                  └───────────────────────────────────────────┘

                                                   │

            

┌──────────────────────────────────────┼────────────────────────────────────────┐

            ▼                                      ▼                                         

▼

   ┌─────────────────────────┐      ┌────────────────────────┐       

┌──────────────────────────┐

   │ Multi-AZ Orchestration  │      │ Health & Recovery Loop │       │ Capacity Provider 

Engine  │

   │ (Placement Across AZs)  │      │ (Task/Service Healing) │       │ (Scale Out/In Logic) 

     │

   └─────────────────────────┘      └────────────────────────┘       

└──────────────────────────┘

            │                                      │                                         

│

            ▼                                      ▼                                         

▼

         (Task Spread)                   (Detect Failures)                          

(Provision Compute)

            │                                      │                                         

│

            

└────────────────┬─────────────────────┴─────────────────────────┬───────────────┘

                             │                                             │

                             ▼                                             ▼

      ┌──────────────────────────────────────────────────────────────────────────────────┐

      │                         CUSTOMER DATA PLANE (VPC, Multi-AZ)                      │

      └──────────────────────────────────────────────────────────────────────────────────┘

                             │                                             │

                             ▼                                             ▼

   ┌────────────────────────────────┐                        

┌────────────────────────────────┐

   │ EC2 Instances (Drained/Healed) │                        │ Fargate MicroVMs (Recreated)  

│

   │ Tasks Rescheduled on Healthy   │                        │ Tasks Restarted in Healthy AZ 

│

   └────────────────────────────────┘                        

└────────────────────────────────┘



— Recovery loops detect failures in tasks, ENIs, instances, or microVMs and immediately recreate resources.

— Capacity Providers ensure that new compute is provisioned automatically when needed.

— EC2 and Fargate paths implement different resilience strategies but remain unified at the orchestration 
layer.

— Combined, these mechanisms create a self-healing system with minimal manual intervention.

16 — How ECS interacts with ECR, S3, 
Parameter Store, Secrets Manager, and other 
AWS components

 

1 — Understanding ECS Integrations as a Federated Orchestration Model

ECS is not an isolated compute system; it depends heavily on AWS ecosystem services to handle image 
distribution, configuration storage, secret management, persistent data, and runtime metadata.

— ECS does not host images, secrets, or configuration internally. Instead, it orchestrates secure interactions 
between tasks and external AWS components.

— These integrations operate during three major stages: task startup, task runtime, and task shutdown.

— Each integration uses IAM boundaries to ensure least privilege and prevent cross-task leakage.

2 — Integration with Amazon ECR: Image Distribution and Authentication

ECS integrates deeply with Amazon Elastic Container Registry (ECR) to pull container images.

— The Task Execution Role is used to authenticate with ECR through ecr:GetAuthorizationToken .

— ECS uses Docker or containerd (depending on the platform) to pull the image from ECR during the 
PROVISIONING phase of the task lifecycle.

— Fargate pulls images inside the microVM; EC2 tasks pull images using the ECS Agent.

— Image pull failures (network issues, missing images, permission errors) are reported as STOPPED tasks with 
descriptive error codes.

— ECR and ECS integrate with ECR scanning to prevent known vulnerabilities from propagating into running 
tasks.

3 — Integration with S3: Storage Access for Applications and Sidecars

ECS tasks frequently interact with Amazon S3 to fetch configuration files, write logs, handle artifact storage, or 
exchange data with other systems.

— This integration occurs inside the containers using the Task Role.

— ECS does not directly orchestrate S3 interactions; it simply ensures that containers have isolated credentials 
allowing safe access.
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— For EC2 launch type, the container accesses S3 through the EC2 instance network; for Fargate, access flows 
from the task’s ENI.

— If using VPC endpoints for S3, traffic remains inside the AWS network without traversing the internet.

4 — Integration with AWS Systems Manager Parameter Store

Parameter Store is used to store plaintext configuration values or secure strings.

— ECS Tasks reference these values inside the Task Definition.

— During task startup, ECS retrieves the parameters using the Task Execution Role.

— Values are injected into containers as environment variables or files.

— Containers do not need direct SSM access unless you explicitly design them to fetch parameters at runtime 
via the Task Role.

— This protects secrets from accidental exposure and supports zero-deployment configuration changes.

5 — Integration with AWS Secrets Manager for High-Security Secrets

Secrets Manager provides rotation, encryption, and lifecycle management for credentials.

— ECS integrates with Secrets Manager in two ways:

— Startup-time injection: ECS fetches secrets using the Task Execution Role and injects them into containers.

— Runtime retrieval: Containers fetch secrets directly using the Task Role.

— Startup-time injection is more secure because no additional IAM permissions are given to the running 
container.

— Secrets Manager supports automatic rotation for databases, and ECS tasks simply read the latest values at 
startup.

6 — Integration with CloudWatch for Logs and Metrics

CloudWatch is the primary telemetry backend for ECS.

— ECS logs flow through CloudWatch Logs or FireLens.

— Metrics are published to CloudWatch Metrics and Container Insights.

— ECS uses CloudWatch alarms to drive auto scaling events.

— Deployment failures, health checks, and task state changes also appear in EventBridge, which can route 
through CloudWatch for alerting.

7 — Integration with Cloud Map for Service Discovery

Cloud Map allows tasks to register DNS names for service-to-service communication.

— ECS automatically registers a task’s IP upon launch.

— ECS deregisters the task when it stops or becomes unhealthy.



— This provides dynamic DNS-based discovery for microservices, allowing internal systems to resolve service 
namespaces like api.internal.company.local .

8 — Integration with ELB (ALB/NLB) for Traffic Routing

ELB works with ECS to provide load-balanced connectivity.

— ECS registers tasks with target groups upon startup.

— ALB/NLB health checks determine task availability.

— ECS ensures that deployments and scale-in/out events respect load balancer health rules.

9 — Integration with SQS, SNS, EventBridge, DynamoDB, and RDS via Task Role

Most advanced ECS microservices interact with data or messaging systems.

— Absolutely all such interactions use the Task Role.

— ECS itself does not call these services; the containers call them.

— Examples:

— SQS for queue consumers

— SNS for notifications

— DynamoDB for data persistence

— RDS for relational workloads

— EventBridge for event-driven communication

— The Task Role isolates each microservice’s permissions according to principle of least privilege.

10 — Complete Deep Integration Architecture Diagram

                                  ┌─────────────────────────────────────────┐

                                  │        ECS REGIONAL CONTROL PLANE       │

                                  └─────────────────────────────────────────┘

                                                 │

        

┌────────────────────────────────────────┼───────────────────────────────────────────┐

        ▼                                        ▼                                           

▼

┌──────────────────────────┐       ┌──────────────────────────┐       

┌────────────────────────────┐

│  Image Pull Integrator   │       │ Secret & Config Fetcher  │       │  Deployment & 

Scheduler     │

│  (ECR Auth + Registry)   │       │ (SSM + Secrets Manager)  │       │  (Placement, LB, SD, 

etc.)  │

└──────────────────────────┘       └──────────────────────────┘       

└────────────────────────────┘



11 — Deep Explanation of the Integration Architecture Diagram

The diagram illustrates how ECS orchestrates external service interactions:

— Image pull happens before containers start, using the Task Execution Role.

— Secrets and configuration retrieval occur during the startup phase.

— Containers invoke AWS services during runtime using the Task Role, ensuring strict separation.

        │                                        │                                           

│

        ▼                                        ▼                                           
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   (Image Pull via ECR)            (Inject Secrets / Params)                        (Launch 

Tasks)

        │                                        │                                           
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     ┌────────────────────────────────────┐               

┌──────────────────────────────────────┐
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     │

     └────────────────────────────────────┘               

└──────────────────────────────────────┘

                       │                                                   │
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┌──────────────────────────────────┐

        │ Application Containers (EC2)    │                  │ Application Containers 

(Fargate) │
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        └─────────────────────────────────┘                  

└──────────────────────────────────┘
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└───────────────────────────────────────────────┘



— Load balancers, Cloud Map, and EventBridge integrate with ECS orchestrations to maintain service 
discoverability, routing, and event-driven architecture.

— The integration model is tightly secured via IAM scoping and network scoping (subnets, security groups, VPC 
endpoints).

17 — How ECS handles container lifecycle 
events, state synchronization, and internal 
event streams

 

1 — Understanding ECS as a State Machine with Continuous Event-Driven Synchronization

ECS operates as a distributed state machine, continuously reconciling desired state (tasks/services) with 
actual state (running containers).

— Every transition (PENDING → PROVISIONING → RUNNING → STOPPED) emits events.

— These events travel through multiple internal pipelines: the ECS control-plane state manager, the task state 
engine, the deployment controller, and EventBridge.

— ECS continuously validates that actual task state aligns with desired service state and corrects deviations 
automatically through reconciliation loops.

2 — ECS Task Lifecycle: Deep Internal Breakdown

The task lifecycle consists of multiple phases:

— PENDING: Scheduler selects placement; ENIs, ports, compute resources are validated.

— PROVISIONING: ECS pulls container images, prepares secrets, configures networking.

— ACTIVATING: Containers start in the runtime.

— RUNNING: Task becomes eligible for load balancer/Cloud Map health checks.

— STOPPING: ECS begins termination logic (drain LB, revoke health, free ENI).

— STOPPED: Task is fully removed; ECS may replace it if the service requires a new healthy task.

— These phases are orchestrated with detailed event emissions capturing success/failure reasons.

3 — Container Lifecycle Inside the Task

Inside the task, containers follow their own lifecycle:

— CREATED: Container defined but not started.

— RUNNING: Container executes application code.

— HEALTHCHECKING: Container health checks run as defined in Task Definition.

— STOPPING: ECS stops the container due to shutdown, failure, scaling event, or deployment change.
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— EXITED: Container stops, producing an exit code.

ECS monitors each container individually and correlates these container states to the task-level state machine.

4 — The ECS Agent (EC2) and Fargate Runtime: State Synchronization Roles

On EC2:

— The ECS Agent watches Docker/containerd events and reports live state changes to the ECS control-plane.

— It confirms task startup, container completion, and runtime anomalies.

— It pulls credentials, fetches metadata, and manages ENIs.

On Fargate:

— The Fargate runtime performs similar duties but is fully managed; state synchronization is internal to AWS 
and invisible to customers.

— Fargate ensures strong consistency between task state and container runtime state.

5 — The ECS Task State Engine and ECS Control-Plane Reconciliation

The Task State Engine inside the ECS control-plane makes decisions such as:

— Which tasks to start next

— How to handle failures

— When to trigger deployments or rollback

— When to recreate tasks

— How to align desiredCount with runningCount

It is responsible for merging state from multiple sources: ECS Agent, Load Balancers, Cloud Map, health checks, 
and scaling events.

6 — Event Propagation to EventBridge (formerly CloudWatch Events)

All significant ECS events are emitted to EventBridge. Examples:

— Task State Change Events

— Container State Change Events

— Deployment State Change Events

— Service Stability Events

— Capacity Provider Scaling Events

— Instance Draining Events

EventBridge rules can trigger Lambda functions, notifications, or automation pipelines in response to these 
events.



7 — Health Reconciliation Across Multiple Health Systems

ECS merges health signals from:

— Container health checks

— ALB/NLB health checks

— Cloud Map health checks

— ECS Agent or Fargate runtime

Any failed health system triggers replacement or transition to STOPPED state.

— ECS waits for all health systems to report healthy before counting a task as stable.

— During deployments, health gating ensures bad new revisions do not replace existing stable tasks.

8 — How ECS Handles Failure Events and Automatic Remediation

ECS remediates failures automatically:

— If a container exits with a non-zero exit code → ECS replaces the task.

— If the task fails ALB health checks → ECS stops and replaces it.

— If a host fails → ECS drains tasks and reschedules them.

— If a microVM fails on Fargate → AWS recreates the microVM and reruns the task.

The system operates as a multi-source failure detection pipeline.

9 — Full ECS Lifecycle and Event Stream Architecture Diagram
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EventBridge)      │

└─────────────────────────────┘   └─────────────────────────────┘   

└─────────────────────────────┘

     │                                  │                                            │

     ▼                                  ▼                                            ▼

(Task Status Sync)            (Deployment Health)                            (Emit Events)

     │                                  │                                            │

     └──────────────────────┬───────────┴────────────────────────────┬───────────────┘

                            │                                        │



10 — Deep Explanation of ECS Lifecycle and Event Architecture Diagram

The diagram depicts the complete event-driven pipeline:

— Containers emit runtime events (health, exit codes, logs).

— EC2 Agent or Fargate runtime sends these signals to the control-plane.

— Task State Engine merges signals and updates global task state.

— Deployment Controller responds by shifting traffic, replacing tasks, or rolling back versions.

— Event Stream Engine publishes events to EventBridge for external observability and automation.

— All components contribute to a highly consistent, self-healing orchestrator.

18 — How ECS integrates with CI/CD pipelines 
for end-to-end container deployment 
automation

 

1 — Understanding ECS + CI/CD as a Multi-Stage Delivery Pipeline

ECS integrates with AWS CI/CD services (CodeCommit, CodeBuild, CodePipeline, CodeDeploy) as well as 
external systems (GitHub Actions, GitLab CI, Jenkins).

— ECS itself does not build images or orchestrate deployment pipelines.

— Instead, ECS exposes deterministic orchestration hooks—Task Definitions, Deployments, and Service 
updates—that CI/CD systems use to deliver new container versions.

— A proper ECS pipeline automates:

— Container build

— Image storage

— Task Definition revision creation

                            ▼                                        ▼

      ┌──────────────────────────────────┐          ┌──────────────────────────────────────┐

      │ EC2 ECS Agent                    │          │ Fargate Runtime                     │

      │ (Docker/containerd state sync)   │          │ (microVM state sync)                │

      └──────────────────────────────────┘          └──────────────────────────────────────┘

                            │                                        │

                            ▼                                        ▼

   ┌─────────────────────────────────┐           ┌────────────────────────────────────────┐

   │ Containers & Tasks (EC2)        │           │ Containers & Tasks (Fargate)           │

   │ Emit logs, metrics, health      │           │ Emit logs, metrics, health            │

   └─────────────────────────────────┘           └────────────────────────────────────────┘

af://n1230


— Service deployment

— Traffic shifting / rollout

— Verification and rollback

2 — Integrating ECS with CodePipeline for Full CI/CD Automation

AWS CodePipeline orchestrates multi-step automation workflows. Typical ECS CI/CD steps:

— Source stage: Git push to GitHub/GitLab/CodeCommit triggers the pipeline.

— Build stage (CodeBuild):

— Builds Docker image

— Runs unit/integration tests

— Pushes the image to ECR

— Deploy stage:

— Updates ECS Task Definition with new image tag

— Triggers ECS Service deployment (rolling or blue/green)

— CodePipeline monitors the ECS deployment and can trigger approvals or rollback based on health.

3 — Integrating ECS with CodeBuild for Container Build + Testing

CodeBuild provides isolated build environments for compiling code, running tests, and building container 
images.

— CodeBuild can build multi-architecture container images (x86_64, ARM64).

— It authenticates to ECR automatically using the build project's IAM role.

— It pushes images to ECR, creating immutable image digests (SHA256).

— Build artifacts (SBOMs, test results) can be uploaded to S3 for later auditing.

4 — Integrating ECS with CodeDeploy for Blue/Green Deployments

CodeDeploy enables advanced deployment strategies for ECS:

— Creates a green task set alongside the blue production task set.

— Uses weighted ALB routing to shift traffic gradually.

— Enables hooks (BeforeAllowTraffic, AfterAllowTraffic) for running integration tests.

— Provides automated rollback if health checks fail.

— ECS + CodeDeploy offers the most resilient and controlled deployment model in the AWS ecosystem.

5 — Integrating ECS with External CI/CD Systems (GitHub Actions, GitLab, Jenkins)



ECS integrates with external systems through automation steps:

— External runners build images and push to ECR.

— A new Task Definition revision is created via AWS CLI or CDK:

aws ecs register-task-definition ...

— ECS Service is updated via:

aws ecs update-service --service <s> --force-new-deployment

— GitHub Actions offers first-class AWS workflows to automate ECR pushes and ECS deploys.

— Jenkins pipelines often use AWS SDK or CLI steps for Task Definition registration and deployment triggers.

6 — Automated Task Definition Revisioning in CI/CD Pipelines

Task Definitions act as versioned manifests.

— Pipelines generate a new revision every time a container image changes.

— Revisions are immutable and stored indefinitely.

— ECS Services refer to the latest revision only when instructed.

— CI/CD pipelines typically parse the current Task Definition JSON, replace the image tag with the new digest, 
and register the updated revision.

7 — Deployment Models in CI/CD: Rolling vs Blue/Green vs Canary

CI/CD systems orchestrate ECS deployments using three models:

— Rolling deployments: Default ECS deployment controller method.

— Blue/Green (via CodeDeploy): Full environment separation, traffic shifting, rollback support.

— Canary (via weighted target groups): Gradual introduction of new tasks.

CI/CD decides which deployment model to use based on business criticality and risk tolerance.

8 — Verification and Post-Deployment Testing Using Hooks and Event Streams

Post-deployment steps include:

— Running integration tests using ECS Task Sets or Lambda functions.

— Verifying service health via ALB/NLB metrics.

— Checking task stability via ECS events from EventBridge.

— Automatically triggering rollback if health or functional tests fail.

— Notifying operators through SNS, Slack, or PagerDuty on deployment status.

9 — Complete ECS CI/CD Integration Architecture (Deep ASCII Diagram)



10 — Deep Explanation of the CI/CD Architecture Diagram

The diagram shows the complete flow of CI/CD automation:

— CI system builds container images and stores them in ECR.

— A new Task Definition revision describing the updated image is registered.
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— CI/CD orchestrator updates ECS Services to use the new revision.

— ECS performs safe rollout using rolling or blue/green strategies.

— Load balancers and Cloud Map control traffic routing based on health.

— EventBridge events provide continuous monitoring and rollback signals.

— The final effect is zero-downtime deployment with fully automated orchestration.

19 — Consolidated Master Summary of the 
Entire ECS Architecture (Unified Deep 
Narrative)

 

1 — ECS as a Regional, Highly Distributed Orchestration System

Amazon Elastic Container Service (ECS) is engineered as a regional, multi-AZ, distributed orchestration platform 
that continuously aligns desired state (services, task count, revisions, placement rules) with actual state 
(running containers across EC2 or Fargate).

— ECS is not a container engine; it is a state convergence engine.

— Its control-plane is fully managed, spread across multiple AZs, and decoupled from user compute resources.

— The control-plane runs schedulers, deployment controllers, placement engines, and state managers that 
collaborate to ensure reliability, scalability, and correctness.

— Because it never resides in customer VPCs, no customer maintenance or scaling of control nodes is 
required, and orchestration remains resilient even during large compute failures.

2 — ECS Clusters, Capacity, and Resource Modeling Across Compute Types

An ECS Cluster represents logical resource capacity, encompassing either EC2 instances (with ECS Agent) or 
Fargate’s serverless compute pools.

— In EC2 launch type, clusters are backed by user-managed Auto Scaling Groups, tracked for CPU, memory, 
port reservations, and ENI capacity.

— In Fargate launch type, the cluster has no explicit resource pool; AWS dynamically provides microVM-based 
isolation for each task.

— Capacity Providers unify compute elasticity with task placement, making ECS capacity-aware.

— With Managed Scaling and Managed Termination Protection, ECS fully automates EC2 scale-out and safe 
scale-in, while Fargate CPs offer instant per-task provisioning.

3 — Task Execution Model: Lifecycle, Networking, Credentials, and Secrets

Every ECS task goes through a deep lifecycle: PENDING → PROVISIONING → ACTIVATING → RUNNING → 
STOPPING → STOPPED.
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— ECS handles image pulls, secret injection, network configuration, ENI assignment, and container startup 
during provisioning.

— EC2 tasks rely on the ECS Agent for sync and credential distribution; Fargate tasks use isolated microVM 
runtimes.

— awsvpc mode provides each task with a dedicated ENI and per-task security groups, integrating tasks 
natively into VPC networking.

— Credential isolation is enforced using Task Role (runtime AWS permissions) and Task Execution Role (ECR, 
logs, startup secrets).

— Secrets Manager and SSM Parameter Store integrate seamlessly with ECS, enabling secure provisioning and 
rotation-aware configuration.

4 — ECS Services, Deployments, and Continuous Reconciliation for Reliability

ECS Services maintain desired count, enforce placements, and manage long-running orchestration.

— The Service Scheduler continuously checks running tasks against desired count and replaces failed tasks 
automatically.

— ECS Deployments control version rollout through minimumHealthyPercent and maximumPercent 
thresholds, guaranteeing zero downtime.

— Blue/Green deployments with CodeDeploy enable weighted routing, traffic shift-based canaries, post-
deployment checks, and instant rollbacks.

— Task health is governed simultaneously by container health checks, load balancer checks, and Cloud Map 
checks.

5 — Networking Architecture: EC2 vs Fargate Data-Plane Realities

ECS networking operates as a multi-layer construct bridging control-plane orchestration and VPC-level data-
plane isolation.

— awsvpc mode gives each task a real VPC presence—direct ENI attachment, its own IP, and isolated security 
groups.

— EC2 instances have ENI limits that restrict task density, while Fargate allocates ENIs per microVM eliminating 
instance-level constraints.

— Bridge and host networking (EC2 only) reuse the host’s namespace and NAT routing but offer lower 
isolation.

— All routing, security rules, traffic flow, and VPC endpoint behavior follow the same rules as for an EC2 
instance.

6 — Load Balancing and Service Discovery for Microservice Connectivity

ECS integrates deeply with ALB, NLB, and Cloud Map to provide dynamic, resilient connectivity across 
microservices.

— ECS registers tasks with target groups once they reach RUNNING state.



— ALB/NLB health checks determine routing eligibility; ECS deregisters draining tasks gracefully during scaling 
or deployments.

— Cloud Map provides namespace-based DNS and API service discovery for east-west communication.

— Combining LB and Cloud Map enables robust hybrid connectivity patterns.

7 — IAM Permission Models: Strict Isolation for Task Execution

ECS enforces least privilege across multiple IAM roles:

— Task Role: Runtime AWS permissions for containers.

— Task Execution Role: Permissions for ECS to pull images, write logs, and fetch secrets.

— Instance Profile (EC2 only): Allows ECS agent to communicate with ECS and STS.

— Fargate entirely removes the need for customers to manage underlying compute IAM.

— IAM roles ensure microservice segmentation through per-task credential isolation.

8 — Observability Pipeline: Logs, Metrics, Traces, and Event Streams

ECS provides multi-channel observability through logs, metrics, events, and distributed tracing.

— CloudWatch Logs or FireLens capture container stdout/stderr.

— CloudWatch Metrics and Container Insights provide task, service, and cluster telemetry.

— X-Ray or OpenTelemetry agents provide distributed tracing capabilities.

— EventBridge receives state-change events for automation, alerting, and CI/CD pipelines.

— This combination allows high-visibility monitoring and fast issue remediation.

9 — Security Architecture: Defense-in-Depth Across Networking, Compute, IAM, and Secrets

ECS security is layered:

— Network-level isolation through ENIs and SGs in awsvpc mode.

— Compute-level isolation through namespaces on EC2 or microVM virtualization on Fargate.

— IAM-level isolation through dedicated Task Roles and Execution Roles, enforced by STS.

— Secrets delivered securely using SSM/Secrets Manager.

— Runtime protection via GuardDuty, Inspector, and Container Insights.

— Image scanning and supply-chain hardening via ECR Enhanced Scanning.

10 — High Availability and Failure Recovery: Multi-AZ, Automated Healing, and Capacity Redundancy

ECS implements HA through proactive design choices:

— Multi-AZ task spreading ensures resilience to zone outages.



— Control-plane remains available regardless of compute failures.

— ECS replaces unhealthy tasks, re-balances across AZs, and triggers capacity scaling when needed.

— EC2 instance failures result in draining and task rescheduling.

— Fargate failures result in microVM-level re-provisioning with no user action required.

— Combined mechanisms create a platform that self-heals at task, service, and compute layers.

11 — Deep ECS System Architecture Summary Diagram
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     ┌──────────────────────────────────────────────┐   

┌──────────────────────────────────────────────┐

     │ EC2 Compute Plane                            │   │ Fargate Compute Plane             

           │

     │ Instances + ECS Agent, Shared Kernel         │   │ Isolated MicroVMs, Dedicated ENIs 

           │

     └──────────────────────────────────────────────┘   

└──────────────────────────────────────────────┘

                                │                             │

                                ▼                             ▼

     ┌──────────────────────────────────────────────┐   

┌──────────────────────────────────────────────┐

     │ EC2 Tasks: ENIs/Bridge/Host Networking       │   │ Fargate Tasks: awsvpc Networking 

Only        │

     │ IAM via STS Proxy Endpoint                   │   │ IAM via Isolated Credential 

Endpoint         │

     └──────────────────────────────────────────────┘   

└──────────────────────────────────────────────┘

                                │                             │



12 — Unified Narrative Conclusion: ECS as a Complete Container Orchestration Platform

ECS is a deeply interconnected orchestration engine that spans networking, compute, IAM, deployment 
automation, health management, security, observability, and CI/CD integrations.

— It offers both VM-based and serverless compute options.

— It maintains strict isolation boundaries through IAM and networking.

— It automates resiliency via continuous reconciliation and multi-AZ architecture.

— It integrates with dozens of AWS services to deliver a complete microservices ecosystem.

— Through Capacity Providers, Deployment Controllers, Service Scheduling, and integration with ELB, Cloud 
Map, ECR, and Secrets Manager, ECS achieves deterministic orchestration with high operational reliability and 
minimal overhead.

This completes the unified master summary.

20 — ECS Misconceptions, Pitfalls, 
Architecture Mistakes, and Interview Traps 
(With Deep Corrections)

 

1 — Misconception: “ECS is just Docker on AWS.”

This is incorrect because ECS is not a container runtime; it is a regional control-plane orchestrator.

— Docker/containerd run containers, but ECS directs orchestration, scheduling, deployment coordination, 
autoscaling, and state management.

— ECS maintains desired vs actual state and replaces failed tasks automatically.

— Interview trap: Candidates often confuse ECS Agent with ECS Control-Plane. ECS Agent is only a data-plane 
component on EC2; control-plane never runs inside the customer VPC.

2 — Misconception: “Fargate runs containers directly like Lambda.”

Fargate is not a function runner; it provisions a Firecracker microVM for each task.

— Each task gets isolated kernel, isolated ENI, isolated file system, and dedicated cgroups limits.

                                ▼                             ▼

     ┌──────────────────────────────────────────────┐   

┌──────────────────────────────────────────────┐

     │ LB (ALB/NLB) + CloudMap Service Discovery    │   │ Logs, Metrics, Events, Traces to 

Monitoring   │

     └──────────────────────────────────────────────┘   

└──────────────────────────────────────────────┘
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— Treating it like a “container-only runtime” leads to misunderstanding of security and performance 
boundaries.

— Interview trap: Fargate tasks are not co-located on shared kernels; each one runs on its own microVM with 
virtualization isolation.

3 — Misconception: “awsvpc mode is optional for microservices.”

For modern ECS designs, awsvpc mode is mandatory for:

— Per-task security groups

— ELB dynamic registration

— Cloud Map service discovery

— Strong network isolation

— Fargate (only supported mode)

— Pitfall: Teams using bridge mode limit service-to-service security and scaling flexibility, especially under 
Fargate migration.

4 — Pitfall: Running too many tasks per EC2 instance due to ENI exhaustion

EC2 instances have hard ENI limits.

— t-series and m-series instances often support very few ENIs.

— awsvpc tasks consume ENIs per task.

— Result: CPU/memory may be free but tasks fail placement due to ENI exhaustion.

— Correction: Use larger EC2 instance families (c5, m5, r5) or use bridge networking for EC2-based high-
density workloads.

5 — Misconception: “ECS Services automatically perform canary deployments.”

ECS performs rolling updates only. Canary requires:

— Weighted target groups (ALB) or

— CodeDeploy Blue/Green deployments

— ECS itself does not orchestrate canaries natively.

— Interview trap: The built-in deployment controller cannot do progressive traffic shifting.

6 — Pitfall: Using Task Execution Role for application permissions

Developers often add application permissions to the wrong role.

— Task Execution Role is used only for image pulls and logging.

— Containers do not receive its credentials.



— Correction: Application permissions must be added to the Task Role, not Execution Role.

7 — Misconception: “EC2 tasks and Fargate tasks behave the same.”

While orchestration is identical, data-plane behavior is different:

— EC2 tasks share a kernel; Fargate tasks run in microVMs.

— EC2 tasks share instance ENI capacity; Fargate tasks receive per-task ENIs.

— EC2 requires patching, scaling, draining; Fargate does not.

— Pitfall: Designing a high-density workload for Fargate using bridge-mode assumptions will fail (Fargate 
supports only awsvpc).

8 — Pitfall: Incorrect scaling assumptions

Teams often misunderstand the two-level scaling model.

— ECS Service Auto Scaling adds tasks.

— EC2 Auto Scaling (via CP) adds instances.

— Mistake: Scaling tasks without scaling instances causes placement failures.

— Correction: Always configure Capacity Providers with Managed Scaling.

9 — Misconception: “ECS always puts tasks in all AZs.”

ECS tries to distribute tasks across AZs, but placement constraints or subnet availability can break AZ 
spreading.

— If subnet ENIs are exhausted in one AZ, ECS may place more tasks in other AZs.

— Interview trap: AZ balancing is best-effort, not guaranteed in all scenarios.

10 — Pitfall: Using improper health checks leading to cascading failures

Weak health check design leads to mass task replacement.

— Example: ALB health check too strict or too frequent.

— Result: All tasks may be marked unhealthy simultaneously.

— Correction: Use graceful health checks, deregistration delays, and separate container-level and LB-level 
checks.

11 — Misconception: “Blue/Green deployments are always safer than rolling.”

Blue/Green is safer only if you need full environment separation and test hooks.

— Rolling deployments are simpler and require fewer ALB target groups.

— B/G adds more moving parts (additional target groups, task sets, CodeDeploy).



— Interview trap: Blue/Green is not inherently “better”; it is situational.

12 — Pitfall: Storing secrets in environment variables in plaintext

This leads to exposure in:

— Logs

— Task metadata endpoints

— Config dumps

— Correction: Use SSM Parameter Store or Secrets Manager with secure injection at startup.

13 — Misconception: “ECS Agent has authority over the cluster.”

Agents do not control the cluster.

— They only report state and perform actions given by the control-plane.

— Control-plane is authoritative.

— Interview trap: ECS Agents cannot influence scheduling decisions.

14 — Pitfall: Ignoring VPC endpoint limitations for Fargate

Fargate tasks must reach:

— ECR

— Secrets Manager

— SSM

— CloudWatch Logs

If NAT gateways or VPC endpoints are misconfigured, tasks fail startup.

— Correction: Always configure required endpoints or NAT access for private subnets.

15 — Misconception: “ECS has no cost differences between EC2 and Fargate.”

Wrong:

— EC2 = lower cost at high density, more operational overhead.

— Fargate = no idle cost, higher per-CPU cost, much simpler operations.

— Interview trap: “Fargate is cheaper” is almost always incorrect for sustained workloads.

16 — Pitfall: Running multi-container tasks without proper sidecar dependencies

Containers inside a task share lifecycle. If the sidecar crashes, the entire task stops.

— Correction: Use dependsOn  to enforce startup order.



— Split critical sidecars (logging, service mesh) into separate tasks/services when necessary.

17 — Misconception: “ECS cannot support service mesh.”

ECS supports App Mesh via Envoy sidecars or Cloud Map–based discovery.

— Not native to ECS but natively integrated with AWS App Mesh.

18 — Pitfall: Overusing host mode or bridge mode in modern architectures

These modes reduce isolation and complicate ALB routing.

— Correction: Use awsvpc mode for all microservices except special cases (e.g., network appliances).

19 — Misconception: “All ECS failures come from ECS.”

Most failures originate from:

— Misconfigured health checks

— Missing IAM permissions

— Incorrect VPC endpoints

— Incorrect ALB listeners

— ENI exhaustion

— Broken application code

ECS often surfaces these as scheduling or deployment failures, but ECS is not the root cause.

20 — Interview Trap Summary: What Interviewers Expect Candidates to Know

— How ECS separates Task Role vs Task Execution Role

— Differences between EC2 and Fargate isolation

— How awsvpc mode works at ENI level

— How ECS Service Scheduler maintains desired count

— How deployments enforce minimum healthy percent

— How capacity providers unify ECS with EC2 scaling

— How ECS uses EventBridge for lifecycle visibility

— Why Fargate tasks use microVMs, not containers on instances

— How Cloud Map and ALB integrate with ECS

— How to debug ENI exhaustion, placement errors, or scaling failures

— These form the core knowledge differentiating expert-level ECS engineers from entry-level users.
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UNIFIED ECS ARCHITECTURE — COMPLETE 
MEGA DIAGRAM

 

                                      

┌──────────────────────────────────────────────────────────┐

                                      │                ECS REGIONAL CONTROL PLANE           

      │

                                      │  (Schedulers • State Manager • Deployments • CP 

Engine)   │

                                      

└──────────────────────────────────────────────────────────┘

                                                           │

     

┌─────────────────────────────────────────────────────┼─────────────────────────────────────

─────────────────┐

     ▼                                                     ▼                                 

                     ▼

┌───────────────────────────────┐            ┌────────────────────────────────┐             

      ┌──────────────────────────────┐

│ Service Orchestrator          │            │ Deployment Controller          │             

      │ Event / Health Engine        │

│ (Desired Count, HA, AZ Spread)│            │ (Rolling, B/G, Canary, Safety) │             

      │ (LB, CloudMap, Agent, EB)    │

└───────────────────────────────┘            └────────────────────────────────┘             

      └──────────────────────────────┘

     │                                                     │                                 

                     │

     

└───────────────────────────┬──────────────────────────┴───────────────────────────┬────────

──────────────────┘

                                 │                                                      │

                                 ▼                                                      ▼

        ┌───────────────────────────────────────────┐                   

┌──────────────────────────────────────────┐

        │          Image / Secrets Layer            │                   │          Scaling & 

Capacity Layer        │

        │  (ECR Pulls • SSM/Secrets Injection)      │                   │ (Auto Scaling • CP 

Strategies • Draining)│

        └───────────────────────────────────────────┘                   

└──────────────────────────────────────────┘

                                 │                                                      │

                                 └───────────────┬──────────────────────────────────────┘

                                                 │

                                                 ▼

                 

┌────────────────────────────────────────────────────────────────────────────┐

                 │                               DATA PLANE (VPC)                           

  │
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DETAILED EXPLANATION OF THE MEGA 
DIAGRAM (DEEP 70× NARRATIVE)

 

Below is a deeply detailed explanation of each layer in the diagram so that every concept from Questions 1–20 
is unified and easy to visualize.

                 

└────────────────────────────────────────────────────────────────────────────┘

                                                 │

                     ┌───────────────────────────┼───────────────────────────┐

                     ▼                           ▼                           ▼

      ┌──────────────────────────────────┐   ┌──────────────────────────────────┐   

┌──────────────────────────────────┐

      │      EC2 Compute Plane           │   │     Fargate Compute Plane        │   │  

Observability Plane            │

      │ Instances + ECS Agent            │   │ Per-Task Firecracker MicroVMs    │   │ CW 

Logs • Metrics • X-Ray • EB  │

      │ Shared Kernel + ENI Limits       │   │ Dedicated ENI + Kernel Isolation │   │ 

(Logs/Metrics/Traces/Events)    │

      └──────────────────────────────────┘   └──────────────────────────────────┘   

└──────────────────────────────────┘

                     │                           │                           │

                     ▼                           ▼                           ▼

   ┌──────────────────────────────────────┐  ┌──────────────────────────────────────┐

   │ EC2 Tasks / Containers               │  │ Fargate Tasks / Containers           │

   │ (awsvpc / bridge / host)             │  │ (awsvpc only — isolated ENI)        │

   │ IAM: Task Role via local proxy       │  │ IAM: Task Role via isolated endpoint │

   └──────────────────────────────────────┘  └──────────────────────────────────────┘

                     │                           │

                     └───────────────┬───────────┘

                                     │

                                     ▼

          ┌──────────────────────────────────────────────────────────────────────────────┐

          │    LOAD BALANCING & SERVICE DISCOVERY LAYER                                  │

          │  ALB/NLB Target Groups • Health Checks • Cloud Map (DNS/API Registry)        │

          └──────────────────────────────────────────────────────────────────────────────┘

                                     │

                                     ▼

                      ┌──────────────────────────────────────────────────────────┐

                      │ External Clients • Internal Microservices • API Gateways │

                      └──────────────────────────────────────────────────────────┘
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1 — ECS REGIONAL CONTROL PLANE (Absolute Top of the 
Architecture)

 

This is the brain of ECS — a multi-AZ, fully managed set of services running outside user VPCs.

It contains:

— Schedulers (task placement logic, AZ spreading, compute evaluation)

— State Manager (desired vs actual state database for all tasks/services)

— Deployment Controller (rolling, B/G, canary logic)

— Capacity Provider Engine (scaling EC2 ASGs, managing Fargate provisioning)

— Event Engine (publishes events to EventBridge)

— Networking Orchestrator (ENI allocation instructions for awsvpc mode)

Nothing here is user-managed.

This layer never fails due to customer VPC or EC2 failures.

2 — SERVICE ORCHESTRATION LAYER  
This layer enforces:

— desiredCount

— deployment config (min/ max healthy %)

— placement constraints

— placement strategies (spread/binpack/random)

— multi-AZ distribution

— automatic healing (task replacement)

This layer ensures a service is always healthy even if underlying compute fails.

3 — DEPLOYMENT CONTROLLER (Rolling, Blue/Green, 
Canary)

 

Rolling:

— Replaces tasks in controlled batches using minHealthyPercent.

Blue/Green (via CodeDeploy):

— Creates two task sets (blue=current, green=new).

— Shifts traffic gradually.

Canary:

— Uses weighted ALB routing or phased rollout.

af://n1551
af://n1563
af://n1573


This system guarantees zero downtime deployments.

4 — EVENT & HEALTH ENGINE  
This component receives signals from:

— ECS Agent (container exit, state changes)

— ALB/NLB (target health checks)

— Cloud Map (service health)

— Container health checks

The engine:

— Updates ECS state

— Publishes events to EventBridge

— Triggers task replacement

5 — IMAGE & SECRETS LAYER (ECR + SSM + Secrets Manager) 
At task startup:

— Task Execution Role pulls images from ECR

— ECS injects secrets from SSM/Secrets Manager

— No secrets are baked into images

— No credentials are exposed to containers unless explicitly permitted

This layer is responsible for secure provisioning before containers start.

6 — SCALING & CAPACITY LAYER (ECS + CPs + Auto Scaling)  
Here ECS integrates with:

— Application Auto Scaling (task count scaling)

— EC2 Auto Scaling Groups (instance scaling)

— Capacity Providers (merge task scaling + instance scaling)

For EC2:

— If tasks can't be placed, ECS triggers ASG scale-out

— If scale-in occurs, instances enter DRAINING first

For Fargate:

— Every task gets a dedicated microVM instantly

— No instance scaling required
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7 — DATA PLANE (VPC) — THE REAL RUNTIME WORLD  
This is where containers actually run.

It includes:

— EC2 Hosts

— Fargate microVMs

— ENIs, subnets, route tables

— Security groups

— VPC endpoints

— NAT gateways

— Load balancers

— Cloud Map records

Networking, compute, and connectivity all happen in this layer.

8 — EC2 COMPUTE PLANE  
Tasks run in shared Linux kernels within ECS-registered EC2 instances.

Properties:

— bridge, host, or awsvpc networking

— ENI limits restrict awsvpc task density

— Requires patching, scaling, draining

— ECS Agent handles credentials, secrets, metadata

EC2 offers high density and cost efficiency when managed correctly.

9 — FARGATE COMPUTE PLANE  
Tasks run inside isolated Firecracker microVMs.

Properties:

— Only supports awsvpc mode

— Dedicated kernel per task

— Dedicated ENI

— Dedicated ephemeral filesystem

— Strongest isolation model

— No host management required
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Fargate provides serverless, hardened container execution.

10 — TASK EXECUTION: EC2 vs FARGATE CONTAINERS  
Both run containers but differ in runtime isolation.

EC2:

— Shared kernel

— Local ECS agent credential proxy

— Bridge/host/awsvpc networking

Fargate:

— MicroVM-per-task

— Isolated STS credential endpoint

— awsvpc-only networking

— No shared host resources

11 — LOAD BALANCING & SERVICE DISCOVERY LAYER  
ECS integrates with:

— ALB (HTTP/HTTPS routing, path-based routing)

— NLB (TCP/TLS high performance)

— Cloud Map (DNS + API discovery)

Here ECS manages:

— RegisterTargets / DeregisterTargets

— Health checks

— Weighted routing for canaries/BG

— DNS updates for discovery

This is the traffic entry layer for all microservices.

12 — OBSERVABILITY PLANE (Logs, Metrics, Traces, Events)  
Telemetry flows into:

— CloudWatch Logs (awslogs or FireLens)

— CloudWatch Metrics & Container Insights

— X-Ray or OpenTelemetry collectors

— EventBridge for lifecycle automation
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This layer enables:

— Debugging

— Auto-scaling decisions

— Deployment stability analysis

— Task-level health monitoring

— Trace-based root cause analysis


