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Executive Summary 

RADIUS authentication is everywhere—powering network access for millions of users daily across ISPs, 
enterprises, and educational institutions. FreeRADIUS, the world's most widely deployed RADIUS server, offers 
an attractive starting point: it's free, it's flexible, and it works. 

However, what starts as a simple DIY implementation can become a costly liability as requirements evolve. The 
flexibility of FreeRADIUS becomes a double-edged sword: while the software can handle virtually any 
authentication scenario, you also have to design and set up every configuration detail by hand.  

 Simple projects quickly become complex technical challenges when organizations add multiple locations, 
complicated business rules, or connections to different backend systems. 

This white paper helps you recognize when your DIY RADIUS system has become a business liability. 
We'll show you the warning signs that indicate you've outgrown DIY implementation and provide a clear 
framework for choosing the right path forward. 
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Key Findings  

A DIY FreeRADIUS deployment works excellently for 
systems under 100,000 users with simple 
requirements.  
 

Multi-site, high-availability systems require 
professional architecture and tooling.   
 

80% of RADIUS performance issues stem from 
architecture decisions, not the protocol itself.  
 

The "frequency advantage" matters: that is, 
organizations that deploy RADIUS systems every 5-7 
years will waste effort versus teams that do it weekly.  
 

Professional solutions like InkBridgeRADIUS provide 
10x better resource efficiency compared to commercial 
alternatives from large vendors. 
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1. The RADIUS Reality: Why Everyone Uses It 

RADIUS (Remote Authentication Dial-In User Service) is the invisible 
infrastructure that powers network authentication worldwide. Despite being 
more than three decades old, it remains the dominant protocol for a few 
simple reasons: it works everywhere, with everything, for everyone.  

Universal adoption across industries
In the Internet Service Provider (ISP) space, the scale is astonishing. National ISPs rely on RADIUS to 
authenticate over 20 million users daily, while regional providers manage hundreds of thousands of subscribers 
across diverse connection methods.  

The enterprise world has embraced RADIUS as the standard for corporate network security. Fortune 500 
companies use RADIUS infrastructure to secure Wi-Fi networks spanning worldwide campuses, while financial 
institutions rely on it to meet strict compliance requirements for network access control.  

Educational institutions represent some of the most complex RADIUS deployments globally. Universities 
routinely manage authentication for over 100,000 users including students, faculty, staff, and guests, often with 
wildly different access requirements and technical capabilities. K-12 districts must handle Bring Your Own 
Device (BYOD) and managed device authentication. 

Government and critical infrastructure providers operate RADIUS systems where failure simply isn't an 
option. Federal agencies with national security implications, municipal networks serving entire cities, and critical 
infrastructure providers all depend on RADIUS authentication to maintain operational security. In these 
environments, the proven reliability and security of RADIUS often outweighs any other consideration. 
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Why FreeRADIUS dominates 
FreeRADIUS has achieved market dominance not through marketing or corporate partnerships, but instead by 
being a practical solution to real problems that everyone has. 

Universal compatibility 
FreeRADIUS works seamlessly with any database technology, from traditional SQL databases to modern 
NoSQL systems, from Active Directory to custom LDAP implementations, and even with proprietary 
schemas that would stymie commercial alternatives. 

This database agnosticism extends to authentication methods, supporting everything from simple PAP 
authentication to complex EAP variants, ensuring that organizations never hit compatibility walls when 
integrating with existing infrastructure.  

Proven scalability  
FreeRADIUS installations provide confidence for organizations planning long-term growth. Single 
FreeRADIUS deployments routinely support over 50 million users, handling thousands of authentication 
decisions per second without performance degradation.  

These systems operate across continents with consistent performance characteristics, proving that 
FreeRADIUS scales not just in user count but in geographic distribution and operational complexity. 
Unlike commercial solutions that often require expensive hardware upgrades to handle growth, 
FreeRADIUS scales horizontally across commodity hardware, making expansion both predictable and 
cost-effective. 

 

 

Economic advantage  
The fiscal benefits of FreeRADIUS extend far beyond the absence of licensing fees, though that certainly 
matters when commercial alternatives can cost hundreds of thousands of dollars annually. FreeRADIUS 
runs efficiently on standard server hardware, avoiding the expensive and “high end” systems demanded 
by some commercial solutions.  

More importantly, its horizontal scaling model means organizations can grow their authentication 
infrastructure incrementally, adding capacity as needed rather than making large upfront investments in 
oversized systems that will sit idle for years. 
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To learn more about why our open-source RADIUS server came to dominate the market, 
read up on the lesson of the low end: how FreeRADIUS devoured the tech giants.

https://www.inkbridgenetworks.com/blog/blog-10/we-toppled-a-500-million-industry-with-free-software-156
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Operational longevity 
Perhaps most significantly, FreeRADIUS has earned trust through operational longevity. Systems that 
were deployed a decade ago continue to operate reliably today, handling authentication loads that would 
have seemed impossible when they were first installed.  

This track record of stability under real-world conditions, combined with continuous development and 
security updates has made FreeRADIUS the default choice for organizations worldwide.  

When your authentication infrastructure is part of your critical business infrastructure, you need a 
solution that you own, rather than one that owns you.   An open-source product will never disappear from 
the market. No vendor will every tell you that you can’t use it. You won’t ever be held hostage to the anti-
customer pattern of “It’s a paid upgrade to the new version that has the feature you want”. 

 
The flexibility factor 

Unlike commercial alternatives that impose their architecture on your organization, FreeRADIUS adapts to 
existing business processes: 

This flexibility is both FreeRADIUS's greatest strength and the source of its complexity challenge. With infinite 
configuration possibilities comes the burden of making the right choices.  

FreeRADIUS the software is remarkably consistent. It has maintained compatibility across versions for decades. 
FreeRADIUS implementations vary wildly in performance, and scalability depending on the expertise applied to 
the local configuration and system architecture. 

The exact same codebase powers both a small office network that "just works" and a national ISP infrastructure 
serving millions of users. The software is the same—the difference is in the architecture, tooling, and expertise 
applied to the deployment. 

TRADITIONAL APPROACH: FREERADIUS APPROACH:

Change your systems to match the product Configure the product to match your systems

Copyright © 2024 InkBridge Networks.  All Rights Reserved. 6
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2. When DIY Is Good Enough 

The DIY approach is logical: FreeRADIUS is free, well-documented, and 
capable of handling complex requirements. Why wouldn't you implement it 
yourself? 

The classic DIY story looks like this: 

Day 1: Download Ubuntu, install FreeRADIUS package. 

Day 2: Point it at Active Directory or another existing database. 

Day 3: Configure basic authentication rules. 

Day 4: Test with a few users. 

Day 5: Go live, go for coffee, don't touch it for years. 

This scenario works beautifully for the right organization. If your needs are 
straightforward, it’s the right approach for most people. In fact, many 
successful DIY implementations run for years without intervention, quietly 
authenticating users and supporting critical business operations. 

Copyright © 2024 InkBridge Networks.  All Rights Reserved. 7

DIY FreeRADIUS implementations excel 
under these conditions: 

• Scale is manageable. The user base is under 100,000, 
there’s a single site or simple two system setup, growth 
patterns are predictable, and authentication 
requirements are standard. 

• Expertise is available. In-house teams have the skills 
and time to administer Linux, design and optimize 
databases, and create network architecture. 

• Requirements are stable. The authentication policies 
are simple, there’s no need for database customizations, 
and there’s a tolerance for the occasional maintenance 
window. 

• Risk tolerance is appropriate. Occasional downtime is 
acceptable and doesn’t cause full-blown panic. 
Authentication failures don’t lead to critical business 
outages. There are alternative authentication methods 
available, and recovery procedures are well understood. 
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3. Signs You've 
Outgrown DIY 
Implementation 

However, your organization can get trapped in 
the DIY approach by underestimating the 
complexity that develops over time. 

While 90% of RADIUS functionality is 
straightforward, the remaining 10% contains 
exponential complexity: 

• Multi-site failover and load balancing 

• Performance optimization under load 

• Integration with custom business 
systems 

• Monitoring and alerting that provides 
actionable intelligence 

• Security hardening and compliance 
alignment 

DIY implementations also often suffer from 
knowledge gaps that aren't apparent until they 
become critical. You don’t want to call the 
experts after you’ve disassembled a critical 
business dependency and can’t put it back 
together again. You should call the experts in 
advance, so that your needs can be reflected in 
a professionally designed solution. 

For example, take database connection pooling. 
A DIY approach works fine under normal load 
using the default settings. But under stress, the 
database can get overwhelmed and cause 
cascading chains of failures. A professional 
approach would design the entire ecosystem to 
expect this failure and be able to continue other 
operations.  

A simple solution is designed based on hoping 
for the best scenario. After it’s installed, it works 
as expected, for the expected scenarios. But 
what about unexpected scenarios? The simple 
solution will fail, and perhaps so will your 
business. 

A solution designed by experts is more complex, 
but that complexity is there for a reason. The 
extra complexity is added as the result of 
decades of experience with thousands of 
systems worldwide. The experts have seen, and 
fixed, pretty much every possible failure 
scenario. The solutions designed from that 
expertise will be able to handle just about any 
failure, keeping your business alive. And 
keeping your customers happy. 

A system may start out simple, but it 
accumulates complexity and creates a 
maintenance burden: 

• Security updates and patches 

• Performance tuning as load increases 

• Compliance and auditing requirements 

• Disaster recovery planning and testing 

• Gradually added complexity to “fix 
things” 

• Institutional knowledge is lost when 
people move on 

All of these issues are easy to handle with a 
system that is correctly designed and 
documented by experts. Experts who’ve been 
doing this for 25+ years, and who aren’t going 
anywhere. 
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When "good enough" becomes not enough 

The transition from "working system" to "liability" often happens gradually. These are the three 
problems to look for.  

1. Performance degradation 
Response times increase under load. Authentication failures occur during peak usage. Database 
performance issues start occurring. Authentication or accounting timeouts and retries are on the 
rise. 

2. Operational challenges  
Troubleshooting takes hours instead of minutes. Critical incidents cause enormous outages, as 
it’s difficult for the team to debug complex and unexpected issues in the middle of the night. 
Changes require extensive testing and planning and still go wrong. Monitoring provides data but 
not insight, and recovery from failures is manual and stressful. 

3. Business impact  
Managers and executives will start to pick up on user complaints about network access. Help 
desk tickets increase, and business processes are disrupted by authentication issues. There are 
also opportunity costs from IT team distraction. 

 
The false economy 

Many organizations persist with struggling DIY implementations due to the sunk cost fallacy: 

"We've invested so much time in this system. We can't start over now." 

This thinking ignores the ongoing costs of IT staff time spent on maintenance and firefighting, 
opportunity costs from delayed projects, the business impact from poor performance, and the risk of 
catastrophic failure. 

The fact is that professional implementation often costs less than continuing to struggle with 
an inadequate DIY system. 

While your team may only implement a major RADIUS change every five to seven years, a 
professional team implements five or more RADIUS systems every week. 

This expertise gap compounds at higher stages, making professional implementation not just 
beneficial but essential for success.  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ASSESSMENT: Signs You've Outgrown DIY Implementation  
Answer these questions to determine if your organization needs more from your FreeRADIUS 
implementation.  

 
Scale and Complexity 

 
Business Impact 

Do you authenticate more than 100,000 users? Organizations with six-figure user 
bases require optimization techniques that DIY implementations rarely achieve.  Y N

Do you operate RADIUS servers at 3 or more sites? Multi-site coordination introduces 
architectural complexity that exponentially increases with each location.  Y N

Is your authentication system integrated with more than 3 different business 
systems? Complex integrations require sophisticated configuration management and testing 
procedures. 

Y N

Do you handle more than 1,000 authentication requests per second during peak 
periods? High-volume authentication requires performance optimization beyond standard 
configurations 

Y N

Would authentication downtime cost your organization more than $1,000 per hour? 
Don’t underestimate the invisible cost of hundreds of people doing nothing because of a 
network outage. When downtime costs exceed implementation costs, professional reliability 
becomes essential. 🚩

Y N

Do you have 99.9% or higher uptime requirements for network authentication?  
Five-nines availability requires professional architecture and monitoring. 🚩

Y N

Are authentication failures causing regular user complaints or help desk 
tickets? User impact indicates performance or reliability issues that require professional 
resolution.

Y N

Has your authentication system failed during a business-critical period in the past 
year? Past failures predict future problems without architectural improvements. 🚩 Y N

Copyright © 2024 InkBridge Networks.  All Rights Reserved. 10
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Technical Capability 

Expertise and Resources 

Does troubleshooting authentication issues typically take your team more than 30 
minutes? Professional implementations provide immediate diagnostic capabilities.  Y N

Do configuration changes to your RADIUS system require more than one person to 
implement safely? Complex change procedures indicate system complexity beyond DIY 
management capabilities. 

Y N

Have you postponed RADIUS upgrades for more than 2 years due to complexity 
concerns? Upgrade avoidance indicates technical debt that professional teams can resolve.  Y N

Does your team spend more than 10 hours per month on RADIUS maintenance 
and troubleshooting? Significant ongoing time investment often exceeds professional 
implementation costs. 

Y N

Has your primary RADIUS administrator left the organization in the past 2 
years? Knowledge concentration creates risk that professional documentation and 
procedures can mitigate. 🚩

Y N

Will your organization's RADIUS expertise retire or change roles within the next 5 
years? Pending expertise loss requires knowledge transfer that professional implementation 
provides. 

Y N

Does your team deploy RADIUS systems less frequently than once every 3 
years? Infrequent deployment creates expertise gaps that professional teams don’t have due 
to continuous deployment. 

Y N

Would implementing a major RADIUS architecture change require hiring 
consultants or contractors? External expertise needs indicate internal capability 
limitations. 

Y N
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Compliance and Security 

 
 
Scoring Your Assessment 

Count your "Yes" answers: 

0-2 Yes answers: DIY implementation is likely still appropriate for your organization. Focus on maintaining 
current expertise and planning for future growth.  

3-5 Yes answers: You're approaching the DIY limitation threshold. Consider professional consultation for specific 
problem areas while maintaining overall DIY approach. 

6-8 Yes answers: You've reached the professional implementation inflection point. The risks and costs of 
continuing DIY likely exceed professional implementation costs. 

9+ Yes answers: Professional implementation is essential. Continuing with DIY approaches creates significant 
business risk and likely costs more than professional alternatives. 

 

Red Flag Indicators 🚩

If you answered "Yes" to any of these specific questions, consider immediate professional consultation 
regardless of overall score: 

• Authentication downtime costs exceed $1,000/hour 
• 99.9%+ uptime requirements 
• Recent authentication failures during critical business periods 
• Regulatory compliance requirements 
• Primary RADIUS expertise leaving organization 

 
These indicators suggest that the risk of DIY implementation failure outweighs any potential cost savings.  

Are you subject to regulatory compliance requirements (SOX, HIPAA, PCI-DSS, 
CALEA, etc.) that include authentication systems? Compliance audits require 
professional documentation and security procedures. 🚩

Y N

Do you need detailed audit trails and reporting for authentication 
activities? Professional monitoring and reporting capabilities exceed DIY 
implementation scope. 

Y N

Are you concerned about security vulnerabilities in your current RADIUS 
configuration? Security hardening requires expertise that professional implementations 
provide systematically. 

Y N

Do you need to implement certificate-based authentication or advanced EAP 
methods? Complex authentication methods require expertise beyond typical DIY 
capabilities. 

Y N
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4. The Professional Alternative: What Changes  

Professional RADIUS implementation represents a fundamental shift from DIY approaches. More than simply 
"FreeRADIUS with support"—it's a complete transformation of your architecture, operations, and capabilities. 

Think of FreeRADIUS as a Formula One engine. 

With the DIY approach, you take an F1 engine, drop it into a Toyota Prius, and then wonder why the 
performance is disappointing. 

With the professional approach, you take an F1 engine and have an expert team build an entire race car around 
it. They can then optimize every component for performance. 

The engine (FreeRADIUS protocol implementation) is identical. Everything else is engineered for enterprise 
performance, reliability, and operability. 

Professional Architecture Components
Complete system architecture:  

Professional implementations address the entire authentication ecosystem. 

Copyright © 2024 InkBridge Networks.  All Rights Reserved. 13

RADIUS Server Business Integration Layer 

Monitoring & Analytics

RADIUS Server Cluster

Database Optimization 

Network Architecture 

DIY FOCUS PROFESSIONAL FOCUS 
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Here are the four major differences that make up a high-performing 
professional FreeRADIUS deployment:  

1. The productization transformation 

Professional implementation transforms open-source software into an enterprise product through 
systematic engineering of everything surrounding the core protocol engine.   

Installation evolves from manual package management to automated deployment systems that 
ensure consistent, repeatable installations across multiple sites.   

Configuration management replaces hand-edited text files with templated, validated configurations that 
prevent human error and enable rapid deployment of changes across complex environments. 

Monitoring advances from log file analysis to real-time operational intelligence with automated 
diagnostics, predictive alerting, and business impact analysis.  

When problems occur, professional implementations provide immediate root cause identification rather 
than requiring hours of manual investigation. 

Maintenance transforms from manual, high-risk procedures to tested, automated processes that 
minimize downtime and eliminate configuration drift. Updates become routine operations rather than 
major projects requiring extensive planning and risk mitigation. 

           A summary of productization improvements  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COMPONENT 

Installation 

Configuration 

Monitoring 

Troubleshooting 

Updates 

Documentation 

DIY IMPLEMENTATION 

Manual package  
management

Hand-edited text files

Log file analysis

Manual investigation

Manual, high-risk process

Generic online docs

PROFESSIONAL IMPLEMENTATION 

Automated  
deployment scripts

Templated,  
validated configurations

Real-time dashboards  
and alerts

Automated diagnostics  
with remediation 

Tested, automated  
upgrade procedures

Site-specific  
architecture documentation
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2. The expertise multiplier effect 

The expertise applied to implementation and ongoing 
operations by our professional team is unmatched. 
We deploy multiple RADIUS systems each week, 
while most organizations only revisit their systems 
every 5 to 7 years. This frequency advantage creates 
an exponential knowledge gap that compounds 
across every aspect of the implementation. 

Our team has encountered and solved virtually every 
authentication challenge that organizations face. 
Database optimization patterns, network architecture 
templates, performance tuning procedures, and 
integration strategies become standard tools rather 
than research projects. This accumulated expertise 
means that complex requirements that might take 
DIY teams weeks to implement become routine 
configuration tasks. 

3. Operational excellence through 
architecture 

Professional implementations excel in areas that DIY 
approaches often overlook entirely.  

Multi-site coordination becomes automated rather 
than manual, with intelligent failover, conflict 
resolution, and bandwidth optimization built into the 
architecture.  

Performance optimization happens proactively 
through monitoring and capacity planning rather than 
reactively when problems occur. 

Integration capabilities expand dramatically through 
professional implementation. While DIY approaches 
might handle one or two authentication sources 
adequately, professional implementations routinely 
integrate dozens of different systems—from Active 
Directory and LDAP to custom APIs and legacy 
databases—all managed through centralized policy 
frameworks that remain maintainable as complexity 
grows.

Business continuity planning transitions from “hoping 
nothing goes wrong” to comprehensive disaster 
recovery procedures, automated backup systems, 
and tested failover capabilities that ensure 
authentication services remain available even during 
infrastructure failures. 

 

4. Resource efficiency and performance 

Professional implementations consistently achieve 
better performance with fewer resources than either 
DIY implementations or commercial alternatives. 
This efficiency comes from architectural decisions 
that optimize every component for specific workloads 
rather than accepting default configurations. 

Database connections, memory allocation, threading 
models, and network protocols all receive 
optimization based on actual usage patterns and 
performance requirements. The result is predictable, 
consistent performance that scales linearly with 
demand rather than degrading as load increases. 

This efficiency advantage becomes particularly 
apparent when compared to commercial solutions. 
Where vendors might recommend expensive, 
oversized hardware to compensate for inefficient 
software, professional FreeRADIUS implementations 
achieve the same performance goals with 
commodity hardware distributed across multiple 
systems, providing better fault tolerance at lower 
cost. 

In summary, the transformation from DIY to 
professional implementation goes beyond adding 
features and improving performance—it 
fundamentally changes how authentication 
infrastructure integrates with and supports 
business operations.  

Professional implementations become invisible 
infrastructure that enables business growth rather 
than constraints that limit organizational capabilities.  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5. Technical Deep Dive: Performance and 
Architecture  

 
The technical differences between DIY and professional implementations become stark when examined at the 
architectural level. These differences determine whether your RADIUS infrastructure scales gracefully or 
becomes a bottleneck. 

Database performance: From linear degradation to consistent response 

The most critical performance difference lies in database interaction patterns. DIY implementations typically use 
straightforward approaches that work well initially but degrade predictably as scale increases. 

Stock versus Custom. Which is faster? A typical DIY implementation uses the stock database schema 
and queries. This is fine for small systems, but the “one size fits all” default isn’t optimized for your local 
needs. If you have anything more than the most basic needs, custom schemas and queries can deliver 
massive performance improvements on the same hardware. 

Professional implementations look at your needs as a whole, and choose the right database (SQL, 
Redis, etc.) to meet your needs. That database is then configured with custom schemas and queries to 
get the most performance out of the system. Combined with connection pooling, prepared statements, 
and read replicas for geographic distribution, this architectural change delivers consistent millisecond 
response times regardless of whether you're authenticating 1,000 users or 10 million.  

Scaling architecture: Horizontal distribution vs. vertical bottlenecks 

Commercial solutions typically solve performance problems by recommending larger, more expensive 
hardware. The Cisco ISE recommendation for a “mid-size system”—64 cores and 192GB RAM per server—
represents this approach: throw expensive hardware at the problem and hope it scales. We can honestly say 
that we’ve never needed to deploy a system this large, even when building systems for tens of millions of users. 
Scaling out is our approach. It’s cheaper and less risky than scaling up. 

Professional FreeRADIUS implementations take the opposite approach from the “big iron” commercial products. 
We distribute workload across multiple commodity systems —four 16-core servers with 32GB RAM each 
provide better performance, fault tolerance, and cost efficiency than a single massive system. More importantly, 
this architecture scales incrementally. You add capacity by adding nodes rather than by replacing entire 
systems. 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Geographic distribution benefits: This horizontal approach enables geographic distribution that's simply 
impossible with monolithic systems. A professional implementation might place authentication nodes in multiple 
data centers, each with local database replicas, ensuring that users in California aren't waiting for authentication 
decisions from servers in New York. The result is consistent millisecond response times regardless of user 
location, compared to the highly variable performance of centralized systems. 

Geographic Distribution Challenges  
Challenge: National ISP with 4 regions, 20 million users

Multi-source integration: From complex projects to configuration templates 

One of the most striking differences appears in complex integration scenarios. A large university, for example, 
might need to authenticate students through Active Directory, faculty through LDAP with special privileges, 
guests through a self-service portal, IoT devices through certificates, and research partners through SAML 
federation. 

DIY implementations treat each integration as a separate development project, often taking weeks to implement 
and test each authentication path. The resulting configuration becomes increasingly fragile as complexity grows, 
and adding new authentication sources requires significant development effort. 

Professional implementations use template-based approaches founded on proven designs that make complex 
integrations routine. The same university deployment might be configured in days rather than months, with 
automated testing ensuring that all authentication paths work correctly. Adding new authentication sources 
becomes a configuration task rather than a development project. 

Real-world performance impact: During peak periods like registration week, when thousands of students 
simultaneously attempt to access university networks, DIY implementations often fail under load. Professional 
implementations handle these spikes seamlessly, automatically distributing load across available resources and 
maintaining consistent performance even when individual components fail.  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Monitoring and diagnostics: From reactive investigation to predictive intelligence 

The diagnostic capabilities of professional implementations represent perhaps the most dramatic performance 
difference. When authentication problems occur, DIY implementations require manual investigation that can 
take hours. 

Professional implementations provide immediate automated diagnosis. Instead of spending hours analyzing log 
files to determine that "users can't authenticate", the system immediately reports "authentication is failing due to 
a problem with the database—the SQL server is suddenly taking seconds to reply" and automatically works 
around the issue, while alerting administrators to investigate the root cause. 

Predictive capabilities: Advanced professional implementations go beyond reactive monitoring to predictive 
analysis. By analyzing authentication patterns, database performance trends, and system resource utilization, 
these systems can predict and prevent problems before they affect users. Capacity planning becomes 
automated rather than reactive, ensuring that authentication infrastructure scales ahead of demand rather than 
failing during critical periods. 
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Diagnostic Automation Example  
Problem: "Users can't authenticate”

DIY Response: 
1. Check if RADIUS process is running ✓ 

2. Look at log files (thousands of lines) 

3. Check database connectivity manually 

4. Investigate network issues 

5. Time to resolution: 2-4 hours 

 

Professional Response: 
1. Automated diagnostic: "Database is slow" 

2. Root cause: "Abnormal query pattern from Site B" 

3. Remediation: "Fail over to different database, 
investigating Site B" 

4. Time to resolution: 2-5 minutes 
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Security performance: Defense in depth without performance penalty 

Professional implementations achieve comprehensive security without sacrificing performance through 
architectural choices that integrate security at every layer. All inter-component communication uses encryption, 
access controls protect configuration and monitoring interfaces, and comprehensive audit trails track all 
authentication decisions—all without measurable performance impact. 

This contrasts sharply with DIY implementations that often treat security as an afterthought, adding security 
measures reactively rather than building them into the architecture. The result is often a choice between security 
and performance, rather than achieving both simultaneously. 

The compound effect: These architectural differences 
compound to create performance characteristics that 
fundamentally differ from DIY implementations. Professional 
implementations maintain consistent millisecond response times 
under any load condition, scale linearly with demand, provide 
predictable performance during component failures, and integrate 
seamlessly with business systems without introducing 
bottlenecks. 

The business impact is measurable: authentication becomes 
invisible infrastructure that enables business operations rather 
than a constraint that limits organizational capabilities. During 
critical periods—whether that's students registering for classes, 
customers signing up for service, or employees accessing 
systems during a crisis—professional implementations continue 
operating seamlessly while DIY systems often fail when they're 
needed most. 

These architectural advantages deliver race car performance using the same underlying FreeRADIUS engine 
that powers simpler implementations.  

Copyright © 2024 InkBridge Networks.  All Rights Reserved. 19



We Authenticate The Internet

6. Commercial Competition  

When organizations evaluate RADIUS solutions, they often 
assume that commercial products from major vendors like 
Cisco and Nokia must deliver superior performance and 
capabilities. The reality is counterintuitive: professional 
FreeRADIUS implementations consistently outperform these 
commercial alternatives while delivering better resource 
efficiency and lower total cost of ownership.

Major players and their approaches: 

Cisco Identity Services Engine (ISE) 

• Market Position: Enterprise-focused, 
comprehensive identity management 

• Architecture: Monolithic, centralized 
management 

• Target Market: Large enterprises with existing 
Cisco infrastructure  

Nokia NetAct AAA 

• Market Position: Telecom-focused, carrier-grade 
• Architecture: Java-based 
• Target Market: Major telecommunications 

providers with existing Nokia infrastructure 
 
Microsoft Network Policy Server (NPS) 

• Market Position: Windows-integrated, enterprise 
• Architecture: Windows Server role, Active 

Directory integrated 
• Target Market: Microsoft-centric enterprises and 

small organizations
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Resource efficiency and Cisco’s 
hardware appetite 

The most dramatic difference appears in 
hardware requirements and resource utilization. 
Cisco's Identity Services Engine represents one 
enterprise standard for commercial RADIUS 
solutions, yet their recommendations reveal 
fundamental architectural inefficiencies that 
FreeRADIUS avoids entirely due to a focus on 
efficiency and optimization. 

For a mid-size deployment, Cisco recommends 
a primary server with 64 cores and 192GB RAM, 
a secondary server with identical specifications, 
and a monitoring server requiring 32 cores and 
96GB RAM. The total hardware requirement 
reaches 160 cores and 480GB RAM, even 
before adding the substantial annual licensing 
costs that can exceed the hardware investment. 

Professional FreeRADIUS implementations can 
achieve the same user capacity using distributed 
architecture across four commodity servers, 
each with 16 cores and 32GB RAM. The total 
resource requirement of 64 cores and 128GB 
RAM represents 2.5 times better efficiency than 
Cisco's approach, while eliminating licensing 
costs entirely and providing superior fault 
tolerance through distribution. 

This efficiency advantage stems from 
architectural philosophy: commercial solutions 
often compensate for software inefficiencies with 
expensive hardware, while professional 
FreeRADIUS implementations optimize software 
in order to maximize hardware utilization.  
 

The Java performance problem 

Nokia's NetAct AAA solution illustrates another 
common commercial limitation: fundamental 
architectural choices that create unavoidable 
performance problems. Nokia built their RADIUS 
implementation in Java, which can have 
garbage collection pauses that stop all 
authentication for 10-30 seconds during normal 
operation! 

During garbage collection cycles, Nokia's 
system becomes completely unresponsive—no 
authentication requests are processed, no new 
connections are accepted, and users cannot 
access network resources. In a business 
environment where authentication delays of 
even a few seconds are noticeable, 30-second 
outages are catastrophic. 

FreeRADIUS has no garbage collection and 
therefore uses hash predictable memory 
management. It consistently delivers consistent 
millisecond response times 24/7 without 
performance pauses. While Nokia's system 
might perform well between garbage collection 
cycles, that doesn’t matter if it simply stops 
authenticating users multiple times a day.  

Flexibility vs. vendor lock-in 

Commercial solutions impose their architectural 
decisions on your organization, often requiring 
significant changes to existing business 
processes and data structures. This constraint 
becomes particularly problematic for 
organizations with custom requirements or 
established systems that don't align with vendor 
assumptions. 

Consider a regional ISP with an existing billing 
database that's been optimized for their specific 
business processes over many years. 
Implementing Cisco ISE requires exporting data 
from the existing system, transforming it to 
match Cisco's predefined schema, importing it 
into Cisco's database structure, and modifying 
business processes to work with Cisco's 
workflows. This process can take months and 
introduces significant risk of data loss or 
business disruption. 

Our implementations take the opposite 
approach: they adapt to existing business 
systems rather than forcing business systems to 
adapt to them. The same ISP deployment might 
require analyzing the existing schema and 
writing configuration queries to work with the 
established database structure—a process that 
typically completes much more quickly, and 
therefore with minimal business risk.  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Mix-and-match integration  

Professional FreeRADIUS implementations 
excel at complex integration scenarios that 
commercial solutions handle poorly or not at all. 
A large university might need to authenticate 
students through Active Directory, faculty 
through a different LDAP system, guests through 
a self-service web portal, IoT devices through 
certificates, and research partners through 
SAML federation—all simultaneously. 

Commercial solutions typically handle one or 
two authentication sources well but struggle with 
complex, multi-source scenarios. Our 
FreeRADIUS systems treat multi-source 
authentication as a standard architectural 
pattern and use template-based approaches that 
make complex integrations routine rather than 
special projects.  
 

When commercial solutions make 
sense 

Commercial solutions aren't universally inferior
—they make sense in specific organizational 
contexts. Companies with existing extensive 
vendor relationships, particularly those already 
standardized on Cisco infrastructure, might find 
integration advantages that outweigh efficiency 

concerns. Organizations with limited technical 
expertise across all areas might prefer the 
comprehensive vendor support that commercial 
solutions provide, even at higher cost.  

The compliance consideration  

Some compliance frameworks or organizational 
policies require commercial support contracts, 
making unsupported open-source solutions 
politically challenging regardless of technical 
merit. The solution there is easy: like the 
commercial products, we offer full 24/7 support 
for FreeRADIUS. 

However, organizations choosing commercial 
solutions should do so with full understanding of 
the performance, flexibility, and cost trade-offs 
involved. The assumption that a commercial 
product automatically means better performance 
or capabilities isn’t borne out by the facts. Or 
even by the marketing materials on the 
companies’ web sites! 

The competitive advantage of a FreeRADIUS 
solution based on expert architecture isn’t 
achieved by undercutting commercial solutions 
on price. Rather, we deliver superior 
performance, flexibility, and efficiency through 
better architectural decisions and 
implementation expertise.  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7. Implementation Roadmap:  
From Decision to Deployment 

 
 
Once you've decided that professional RADIUS implementation is right for your organization, 
understanding the implementation process helps set realistic expectations and ensures 
project success. Robust implementations follow a systematic approach that minimizes risk 
while delivering results efficiently. 

Phase 1: Requirements Analysis and Architecture Design 
The foundation of successful professional implementation lies in thorough requirements 
gathering and architectural planning. This phase determines whether your project succeeds 
seamlessly or struggles with unexpected complications later. 

Current system assessment: Expert teams begin by comprehensively analyzing your 
existing authentication infrastructure, even if it's minimal. This assessment identifies 
integration points, performance bottlenecks, security gaps, and operational challenges 
that need addressing. For organizations migrating from DIY implementations, this 
analysis often reveals hidden complexity that would have caused problems during 
migration if not addressed proactively. 

Business requirements definition: Beyond basic authentication needs, a well-
designed implementation considers your broader business objectives. Are you 
planning geographic expansion? Do you need to integrate with new business systems? 
Are there compliance requirements that will affect architecture decisions? 
Understanding these drivers helps design systems that support future needs rather 
than just solving immediate problems. 

Architecture design and validation: An expert team develops detailed architecture 
documentation that specifies every component of your authentication ecosystem. This 
includes database design, network topology, monitoring frameworks, security controls, 
and operational procedures. The architecture undergoes technical review to ensure it 
meets performance requirements, scalability objectives, and operational constraints. All 
the while providing low risk of outages or problems. 

Capacity planning and performance modeling: Using your actual usage patterns 
and growth projections, a well-designed solution tests performance under various load 
conditions. This analysis ensures that the proposed architecture can handle current 
requirements and projected growth over the system's operational lifetime.  

Phase 2: Development and Testing 
A low-risk implementation emphasizes testing and validation throughout the development 
process rather than treating testing as a final step. This approach catches issues early when 
they're easier and less expensive to resolve. 

Environment preparation: We establish dedicated development and testing 
environments that mirror production systems. This includes not just RADIUS servers 
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but also database replicas, monitoring systems, and network configurations that match 
production topology. Having accurate testing environments prevents the "it worked in 
the lab" problems that plague many implementations. 

Configuration development and validation: Rather than hand-crafting configuration 
files, we use templated approaches that ensure consistency and enable rapid 
deployment of changes. Each configuration element undergoes automated validation 
to prevent syntax errors, security misconfigurations, and performance problems before 
deployment. 

Integration testing: Stable and low-risk solutions must include comprehensive testing 
of all authentication paths and integration points. This testing validates not just that 
authentication works, but that it works correctly under load, during component failures, 
and with all the edge cases that real-world usage presents. Automated test suites 
ensure that future changes don't break existing functionality. 

Performance validation: Load testing confirms that the implemented system meets 
performance requirements under realistic conditions. This includes testing 
authentication response times, database performance under load, failover behaviour 
during component failures, and recovery procedures after outages.  

Phase 3: Migration and Deployment  
The migration phase determines whether months of planning and development translate into 
successful production operation. A safe and robust implementation uses proven strategies that 
minimize risk and enable immediate rollback if a problem occurs. 

Parallel operation strategy: Low risk migrations typically begin with parallel operation, 
where the new system operates alongside the existing infrastructure. This approach 
validates that the new system produces identical authentication decisions to the 
existing system while enabling immediate rollback to known-good configuration if 
problems arise. 

Gradual traffic migration: Rather than switching all traffic simultaneously, a safer 
approach is to migrate pieces gradually to the new system. This might begin with a 
small percentage of users or specific user types, allowing validation of system 
behaviour under real load conditions before committing fully to the new infrastructure. 

Real-time monitoring and validation: During migration, it is critical to monitor both 
systems continuously, comparing authentication decisions, response times, and error 
rates to ensure the new system performs correctly. Automated alerting identifies 
discrepancies immediately, enabling rapid response to any issues. 

Rollback procedures and decision points: Robust implementations include clearly 
defined rollback procedures and decision criteria. If authentication failure rates exceed 
defined thresholds, if response times degrade beyond acceptable limits, or if any 
critical functionality fails, the migration can immediately revert to the previous system 
while problems are investigated and resolved.  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Phase 4: Operations Transition and Knowledge Transfer  
Successful implementation includes comprehensive transition to production operations, 
ensuring your team can maintain and operate the new system effectively. 

Documentation and procedures: It is critical that implementations provide 
comprehensive documentation tailored to your specific deployment. This includes 
architecture documentation, operational procedures, troubleshooting guides, and 
emergency response procedures. Unlike generic documentation, these materials 
address your specific configuration, integration points, and business requirements. 

Staff training and knowledge transfer: We conduct hands-on training for your 
operational staff, covering daily maintenance procedures, monitoring interpretation, 
change management processes, and troubleshooting techniques. This training focuses 
on practical skills needed for day-to-day operations rather than theoretical knowledge.

Monitoring and alerting configuration: A system can’t be robust without 
sophisticated monitoring systems configured specifically for your environment. These 
systems provide early warning of developing problems, automated diagnosis of 
common issues, and integration with your existing operational procedures and 
escalation paths. 

Performance baseline and optimization: With the system operating under real 
production load, it is important to establish performance baselines and identify 
optimization opportunities. This ongoing tuning ensures the system operates efficiently 
and provides benchmark data. That data can be used both to detect unusual events, 
and also for future capacity planning.  

Risk mitigation throughout Implementation: Incorporating risk mitigation strategies 
at every phase helps ensure project success and minimize business disruption. 

Testing strategy: Comprehensive testing includes functional validation, performance 
verification, security assessment, and failover testing. Automated test suites enable 
rapid validation of changes and provide confidence that modifications don't introduce 
unexpected problems. 

Communication and change management: A good design doesn’t matter if it’s 
changed to a bad one over time. Ongoing maintenance must include structured 
communication with stakeholders, regular progress updates, and clear escalation 
procedures for issues that arise. Change management processes ensure that business 
stakeholders understand the impact and timing of migration activities. 

Contingency planning: Contingency plans for various failure scenarios ensure that 
outages are expected and easily dealt with. Whether they are minor configuration 
issues to major system failures, the initial design should include processes and places 
for dealing with them. These plans include specific procedures, responsible parties, 
and decision criteria for each potential problem. 
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The maintenance roadmap needs to emphasize systematic progress, comprehensive testing, 
and risk mitigation at every step. This approach typically delivers production systems faster 
than DIY implementations while providing significantly higher confidence in system reliability 
and performance. 

Organizations following this roadmap often express surprise at how smoothly the process 
proceeds compared to their expectations or previous DIY experiences. The difference lies in 
professional teams' experience with the common challenges and proven strategies for 
addressing them efficiently. 

Conclusion 
 
The choice between DIY FreeRADIUS implementation and robust, low-risk 
deployment isn't about the quality of the underlying technology—
FreeRADIUS powers authentication for millions of users daily across every 
industry, from small enterprises to national ISPs. The decision comes down 
to matching your implementation approach to your organization's actual 
needs, technical capabilities, and risk tolerance. 

Remember the fundamental principle: The best RADIUS system is the one you can ignore 
because it just works. Whether that's achieved through DIY implementation or professional 
deployment depends entirely on your specific circumstances, technical capabilities, and 
business requirements. 

Organizations that choose expert assistance for their RADIUS implementation aren't paying 
for basic RADIUS functionality—they're investing in architecture expertise, operational 
excellence, and the confidence that their authentication infrastructure will scale seamlessly as 
their business grows.  

The difference between a working RADIUS system and invisible authentication infrastructure 
often determines whether network access enables business growth or constrains it. 
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Ready to Evaluate Your RADIUS 
Infrastructure? 
 
If this white paper has highlighted areas where your 
current RADIUS implementation might be limiting 
your organization's potential, InkBridge Networks 
can help you explore your options without 
obligation. 

 
Get a professional assessment 

Our team of authentication architects can evaluate your current 
implementation and provide specific recommendations for your situation. 
Whether you're running a struggling DIY system, planning a new 
deployment, or considering alternatives to expensive commercial 
solutions, we'll give you an honest assessment of what approach makes 
sense for your organization.  

We offer consultations for: 

• Current system performance and scalability analysis 

• Multi-site architecture planning and optimization 

• Complex integration requirements and feasibility assessment 

• Migration planning from DIY or commercial systems 

• Compliance and security framework alignment 

• Capacity planning and growth projection analysis  

 
Why organizations choose InkBridge networks 

We're the team behind FreeRADIUS itself. With over 25 years of 
experience architecting authentication systems, we've helped 
organizations from regional ISPs to Fortune 500 enterprises design 
RADIUS infrastructure that becomes invisible, reliable business 
infrastructure. 

Our approach combines the proven performance and flexibility of 
FreeRADIUS with the tooling, monitoring, and expertise needed for 
enterprise-grade deployments. We architect authentication ecosystems 
that scale from thousands to millions of users while maintaining the 
reliability your business demands.  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Contact Us Today 

Request a consultation: 
Contact InkBridge Networks 

Email us directly: 
sales@inkbridgenetworks.com

Call us:  
+1 (613) 454-5037 

https://www.inkbridgenetworks.com/contactus
mailto:sales@inkbridgenetworks.com
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