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Introduction

In the fast-evolving world of web infrastructure, the ability to route traffic efficiently and in real time is more critical
than ever. Whether you're running a global e commerce platform, a real time analytics pipeline, or a distributed
microservices architecture, the underlying routing layer must be robust, flexible, and highly performant. Enter
Apache RTR- a lightweight, high throughput routing engine that extends the capabilities of the Apache ecosystem
to meet modern latency and scalability demands. This article explores the history, architecture, features, and
practical deployment of Apache RTR, offering developers, system administrators, and architects a comprehensive
guide to mastering this powerful tool.

What Is Apache RTR?

Apache RTR(Real Time Router) is an open source routing module developed under the Apache Software
Foundation. It was designed to provide deterministic, low latency routing decisions for HTTP, WebSocket, and TCP
traffic within the Apache HTTP Server and its ecosystem of modules. Unlike traditional reverse proxies or load
balancers, Apache RTR focuses on fine grained control over request routing based on real time metrics, dynamic
configuration, and programmable policies.

Key attributes of Apache RTR include:

e Event driven architecture that leverages epoll/kqueue for high concurrency.

e Zero copy data forwarding to reduce CPU usage.

< Dynamic policy engine that can evaluate routing rules on the fly.

Extensible plugin interface for custom metrics, authentication, and traffic shaping.

¢ Seamless integration with existing Apache modules such as mod_proxy, mod_ssl, and mod_auth.

Historical Context and Evolution

The need for real time routing solutions emerged from the limitations of early reverse proxies, which were often
bottlenecked by synchronous 1/0O and static configuration. As web traffic grew, so did the demand for dynamic
routing that could react to changing load, network conditions, and application state. Apache RTR was conceived in
2018 by a team of developers from the Apache Traffic Server and Apache HTTP Server projects. The goal was to
create a module that could be dropped into a standard Apache build without requiring a complete rewrite of the
server’s core.

Since its initial release, Apache RTR has undergone several major iterations:

1. Version 1.0 — Basic routing based on host headers and URI paths.

2. Version 1.5 — Introduction of dynamic configuration via JSON over HTTP.

3. Version 2.0 — Event driven core, zero copy forwarding, and support for TLS termination.
4. Version 3.0 — Policy engine, metrics exporter, and integration with Prometheus.

Core Concepts and Terminology



To effectively use Apache RTR, it's essential to understand the terminology that underpins its operation:

¢ Routing Rule — A conditional statement that determines which backend server a request should be forwarded
to.

Policy — A higher level construct that can combine multiple routing rules, metrics, and actions.
Backend Pool — A collection of upstream servers that can receive traffic.

« Metric — Real time data points (e.g., latency, error rate) collected from backends.

e Plugin — A dynamically loaded component that extends Apache RTR’s capabilities.

Architecture Overview

Apache RTR'’s architecture is intentionally modular, enabling developers to plug in only the components they need.
The following diagram (described in text) illustrates the major layers:

1. Front End Listener

Handles incoming client connections, performs TLS handshake if required, and passes requests to the routing
engine.

2. Routing Engine

Evaluates routing rules and policies in real time. Uses an event loop to process requests asynchronously, ensuring
low latency.

3. Backend Manager

Maintains the health and status of backend servers, performs health checks, and updates metrics.

4. Plugin Layer

Allows third party extensions for authentication, traffic shaping, or custom metric collection.

5. Metrics Exporter

Exposes internal metrics via an HTTP endpoint for monitoring systems like Prometheus or Grafana.

Key Features of Apache RTR

Below are the standout features that make Apache RTR a compelling choice for modern web deployments:

¢ Real Time Decision Making — Routing decisions are made per request, using up to date metrics.

e Zero Copy Forwarding — Reduces CPU overhead by avoiding data copies between buffers.

« Dynamic Configuration API — Update routing rules, backends, and policies without restarting Apache.

* Advanced Load Balancing Algorithms — Includes round robin, least conn, consistent hashing, and weighted
strategies.

* Fine Grained Access Control — Enforce authentication and authorization policies at the routing layer.

e Health Monitoring — Automatic health checks with configurable intervals and thresholds.

* Metrics Exporter — Built in support for Prometheus, OpenTelemetry, and custom exporters.

¢ Extensibility — Plugin interface supports custom metrics, authentication backends, and traffic shaping.

Installation Guide

Installing Apache RTR is straightforward, especially if you're already running a recent version of Apache HTTP
Server. The following steps outline the process from source to a running configuration.

Prerequisites



e Apache HTTP Server 2.4.46 or newer.
« Development tools (gcc, make, autoconf).
¢ OpenSSL development libraries for TLS support.

Step 1: Download the Source

Clone the Apache RTR repository from GitHub or download the latest release tarball.

\ngit clone https://github.com/apache/rtr.git\ncd rtr\n\n\nStep 2: Build the Module

Compile the module using the standard Apache build system.

\n./build.sh\n\n\nThis script will produce mod_rtr.so, the shared object that Apache will load.

Step 3: Install the Module

Move the compiled module to Apache’s modules directory and enable it in the configuration.
\nsudo cp mod_rtr.so /usr/lib/apache2/modules/\nsudo a2enmod rtr\n\n\nStep 4: Configure Apache RTR
Add the following directives to your Apache configuration file (e.g., httpd.conf or a dedicated rtr.conf).

\nLoadModule rtr_module modules/mod_rtr.so\n\nRtrConfig /etc/apache2/rtr/rtr.confin\n\nThe rtr.conf file contains
routing rules, backend definitions, and policy settings. A minimal example is provided in the next section.

Sample Configuration

Here’s a basic rtr.conf that demonstrates how to define backends and routing rules.

\n# Backend definitions\nBackendPool “frontend" {\n Backend "appl" {\n Host "10.0.0.1"\n Port
8080\n Weight 3\n }n Backend "app2" {\n Host "10.0.0.2"\n Port 8080\n Weight 1\n }An}n\n#
Routing rule\nRoutingRule "api_route" {\n Condition "path_starts_with" "/api/\n TargetPool "frontend"\n
LoadBalancing "least_conn"\nj\n\n\nWith this configuration, any request whose path starts with /api/ will be
forwarded to the frontend pool, using the least connection algorithm.

Advanced Usage Scenarios

Apache RTR shines when you need to go beyond static routing. Below are several advanced use cases.

Dynamic Policy Updates
Use the REST API exposed by Apache RTR to add or modify routing rules on the fly. This is especially useful in a

microservices environment where services may come online or go offline frequently.

\nPOST /rtr/api/rules\n{\n "name™: "new_rule"\n "condition": {"header_equals": {'User-Agent": "curl"}},\n
"target_pool": "curl_pool"\n "load_balancing": "round_robin"\n}\n\n\nTraffic Shaping

Integrate the mod_rtr_shape plugin to limit bandwidth per client IP or per route. This helps protect backend
services from abuse and ensures fair resource allocation.

Custom Authentication

Implement a JWT verification plugin that inspects the Authorization header before routing. This allows you to
enforce access control at the routing layer, reducing load on backend services.

Real Time Metrics Dashboard
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