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Abstract— Distributed Denial of Service (DDoS) attacks represent an increasingly sophisticated threat to internet 

infrastructure, particularly impacting Tier-2 Internet Service Providers (ISPs) that form the critical middle layer 

of global connectivity. These attacks have evolved dramatically in scale, complexity, and frequency, targeting 

network, transport, and application layers with potentially devastating consequences for service availability and 

reliability. This paper presents a comprehensive multilayered defense framework specifically designed for Tier-2 

ISPs, incorporating real-time detection, automated mitigation, and strategic architecture planning. We examine 

the unique challenges faced by these providers, including technical limitations, economic constraints, and 

operational complexities, while proposing practical solutions based on current best practices and emerging 

technologies. Through empirical analysis and case studies, we demonstrate how integrated defense strategies can 

significantly enhance network resilience. The paper concludes with future research avenues focusing on artificial 

intelligence, quantum-resistant cryptography, and blockchain applications for DDoS mitigation, providing a 

roadmap for next-generation security infrastructure in mid-tier telecommunications environments. 
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1. Introduction 

The exponential growth of connected devices and digital services has dramatically expanded the attack surface 

for Distributed Denial of Service (DDoS) attacks, which remain one of the most persistent threats to internet 

stability. By 2025, the global cost of DDoS attacks is projected to exceed $10 billion annually, with attacks 

growing in both volume and sophistication . While much research has focused on enterprise-level protection or 

Tier-1 provider infrastructure, Tier-2 Internet Service Providers face disproportionate challenges due to their 

intermediate position in the internet hierarchy, limited resources, and diverse customer base [1]. 

Tier-2 ISPs operate as regional providers that purchase bandwidth from Tier-1 carriers and serve end users, 

businesses, and smaller ISPs . This positioning makes them critical intermediaries in the internet ecosystem, yet 

particularly vulnerable to DDoS attacks that can saturate their typically more limited bandwidth capacities. 

According to recent assessments, DDoS attacks are described as "an evolving method of extortion used by threat 

actors to compromise Canadian organizations of all sizes" , with similar patterns observed globally. The economic 

impact of these attacks can be devastating, with some organizations reporting losses exceeding $1 million per 

incident [4]. 

The multifaceted nature of modern DDoS attacks requires equally sophisticated defense strategies. Contemporary 

attacks no longer simply target network bandwidth; they increasingly exploit vulnerabilities at the protocol and 

application layers, making detection and mitigation more challenging. As noted in the Cyber Centre publication, 

"Regardless of the type of DDoS attack, the main goal is always to overwhelm and incapacitate targeted servers, 

services, or networks by flooding them with malicious traffic from compromised devices or networks" . 

This paper makes several key contributions to the field of network security: 

1. We propose a novel multilayered defense framework specifically tailored to the infrastructure and constraints of 

Tier-2 ISPs 

2. We identify and analyze unique challenges faced by Tier-2 providers in implementing effective DDoS mitigation 
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3. We present best practices based on empirical data and real-world implementation case studies 

4. We outline future research directions for next-generation DDoS protection in mid-tier network environments 

The remainder of this paper is organized as follows: Section 2 provides background context and related work. 

Section 3 details our methodological approach to multilayered defense. Section 4 examines specific challenges 

for Tier-2 ISPs. Section 5 outlines best practices, while Section 6 presents real-world resiliency examples. Section 

7 explores future research avenues, and Section 8 concludes our findings. 

 

2. Background and Related Work 

2.1. Evolution of DDoS Attacks 

DDoS attacks have evolved significantly from simple volumetric attacks to sophisticated multi-vector campaigns 

that target multiple layers of the network stack simultaneously. The Canadian Centre for Cyber Security 

categorizes DDoS attacks into three primary types: volumetric attacks which aim to consume bandwidth, protocol 

attacks which exploit network protocol vulnerabilities, and application layer attacks which target specific 

applications or services . Each category requires distinct mitigation approaches, complicating defense strategies 

for resource-constrained providers. 

The scale of attacks has grown exponentially in recent years. Cloudflare reports mitigating attacks exceeding 2 

Tbps, leveraging their 405 Tbps network capacity [4]. For Tier-2 ISPs with typically more limited infrastructure, 

even smaller attacks can be devastating. The motivations behind attacks have also diversified, including 

hacktivism, extortion, ideological reasons, cyber warfare, business competition, and revenge . This diversity of 

motives makes attribution difficult and complicates defense planning. 

2.2. Tier-2 ISP Infrastructure Characteristics 

Tier-2 ISPs operate with distinctive infrastructure characteristics that differentiate their security needs from both 

Tier-1 providers and enterprise networks. Typically, these providers maintain : 

1. Regional network footprints with limited geographical redundancy 

2. Moderate bandwidth capacity compared to Tier-1 global carriers 

3. Heterogeneous customer bases including residential users, businesses, and smaller ISPs 

4. Limited security budgets and specialized personnel 

5. Dependence on upstream providers for transit and sometimes security services 

These characteristics create a unique security profile that demands tailored solutions rather than simply scaled-

down versions of Tier-1 protections or scaled-up enterprise approaches. 

2.3. Existing DDoS Mitigation Solutions 

Current DDoS mitigation approaches include on-premise solutions, cloud-based scrubbing services, and hybrid 

models. Cloud-based services like Cloudflare offer extensive network capacity (405 Tbps) and specialize in 

absorbing massive attacks [4]. On-premise solutions such as FastNetMon provide real-time detection and 

mitigation capabilities through BGP-based responses. Many enterprises are also adopting SD-WAN with ISP 

aggregation to enhance resilience, creating both new challenges and opportunities for Tier-2 providers. 

Multilayered defense architectures have emerged as a preferred strategy for comprehensive protection. These 

typically incorporate four key layers: network-level detection, automated mitigation via BGP, integration with 

upstream scrubbing centers, and visibility/post-incident analysis. This approach aligns with the Cyber Centre's 

recommendation to implement "scalable and resilient multilayered DDoS protection solutions" . 
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Table 1: Comparison of DDoS Protection Approaches 

Approach Advantages Limitations 
Suitable for Tier-2 

ISPs 

On-Premise 

Solutions 

Low latency, complete 

control, no data leakage 

Limited capacity, high 

capital expenditure 

Limited to 

small/medium attacks 

Cloud-Based 

Scrubbing 

Virtually unlimited 

capacity, always updated 

Higher latency, potential 

data privacy concerns 

Essential for large 

attacks 

Hybrid Solutions 
Balance of latency and 

capacity, flexibility 

Complex to implement 

and manage 

Ideal for 

comprehensive 

protection 

ISP 

Collaboration 

Shared intelligence, 

distributed mitigation 

Requires trust and 

coordination 

Emerging promising 

approach 

 

3. Proposed Multilayered Defense Framework 

Our proposed multilayered defense framework for Tier-2 ISPs incorporates four distinct but interconnected 

protection layers, each designed to address specific attack types and provide comprehensive coverage against 

modern DDoS threats. This approach aligns with best practices identified in recent research while adapting them 

to the specific constraints and requirements of Tier-2 providers. 

3.1 Layer 1: Network-Level Detection 

The foundation of effective DDoS protection is early and accurate detection of malicious traffic patterns. We 

recommend implementing flow-based monitoring using protocols such as NetFlow, sFlow, and IPFIX to provide 

near real-time visibility into network traffic. This approach allows Tier-2 ISPs to establish baseline traffic 

patterns for different times of day, days of the week, and seasonal variations, enabling more accurate anomaly 

detection. 

Threshold-based detection mechanisms should be implemented per IP, per subnet, and per customer group, 

combined with traffic classification to pinpoint suspicious flows while minimizing false positives. Advanced 

detection should incorporate machine learning algorithms capable of identifying subtle patterns indicative of 

emerging threats, particularly for application-layer attacks that may resemble legitimate traffic. 

 

Fig. 1. DDoS Detection and Mitigation Workflow for Tier-2 ISPs 
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3.2. Layer 2: Automated Mitigation via BGP 

Once an attack is detected, time to mitigation becomes critical. We propose automated BGP-based mitigation 

strategies that can respond within milliseconds, significantly faster than human-mediated responses. Two primary 

techniques are recommended: 

BGP Blackholing involves temporarily withdrawing the route to the attacked IP, effectively dropping traffic 

upstream before it reaches the target infrastructure. This approach is particularly effective for volumetric attacks 

that threaten to saturate bandwidth capacity. 

BGP FlowSpec allows for more granular traffic filtering, blocking only the attack traffic while preserving 

legitimate flows. This technique is valuable for addressing protocol attacks and certain application-layer attacks 

where complete blackholing would be unnecessarily disruptive. 

Implementation should include automated mitigation triggers with carefully defined thresholds and fallbacks, 

complemented by comprehensive logging of all route changes for auditing and incident analysis. 

3.3. Layer 3: Scrubbing Center Integration 

For attacks that exceed on-premise mitigation capacity or require sophisticated packet inspection, integration 

with upstream scrubbing centers is essential. We recommend implementing automated BGP-triggered redirection 

to cloud-based scrubbing services when attack volumes exceed predetermined thresholds or when specific attack 

patterns are detected [4]. 

Tier-2 ISPs should establish relationships with multiple scrubbing providers to avoid vendor lock-in and ensure 

capacity during large-scale attacks. The selection criteria should include: 

1. Network capacity and geographical presence. 

2. Time to mitigation and automation capabilities. 

3. Cost structure for attack events. 

4. Data privacy and compliance adherence. 

5. Reporting and forensic capabilities. 

Redirection mechanisms should be tested regularly through simulated exercises to ensure seamless operation 

during actual attacks [4]. 

3.4 Layer 4: Visibility and Post-Incident Analysis 

The final layer of our framework focuses on comprehensive visibility and post-incident analysis, enabling 

continuous improvement of defense capabilities. We recommend implementing dedicated dashboards and time-

series analytics tools to provide clear visual timelines of traffic patterns, trigger points, and mitigation actions. 

Key performance indicators should include: 

1. Time to detection (TTD) for various attack types 

2. Time to mitigation (TTM) across different response mechanisms 

3. False positive rates for detection algorithms 

4. Customer impact during attack events 

5. Cost per mitigated attack for financial planning 

Post-incident reviews should be conducted for significant attacks, documenting lessons learned and identifying 

improvements to detection rules, mitigation strategies, and customer communication processes. 
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4. Challenges for Tier-2 ISPs 

Implementing effective DDoS protection presents unique challenges for Tier-2 ISPs, which often operate with 

more constrained resources than their Tier-1 counterparts while facing similar threats. Understanding these 

challenges is essential for developing appropriate and cost-effective defense strategies. 

4.1. Technical Challenges 

The technical challenges in DDoS mitigation for Tier-2 ISPs begin with the massive volume of traffic that modern 

attacks can generate. As noted in research, "DDoS attacks can involve millions of devices (often part of a botnet) 

flooding a target with an overwhelming volume of traffic, far exceeding the capacity of most networks and 

servers" . Tier-2 providers typically have more limited bandwidth capacity than Tier-1 carriers, making them more 

vulnerable to saturation attacks. 

The distributed nature of attacks compounds this challenge. "DDoS attacks originate from many different sources, 

often from a geographically dispersed botnet. This distribution makes it hard to block traffic based on IP addresses 

or geographic location" . For Tier-2 ISPs with limited geographical presence, identifying and filtering malicious 

traffic from legitimate business traffic becomes increasingly difficult. 

Attack variety presents another significant technical hurdle. Contemporary attacks target multiple layers 

simultaneously, requiring different mitigation techniques for each vector. "Sophisticated attackers often use 

multiple attack vectors simultaneously, making it difficult to defend against all possible forms of attack" . This 

multidimensional attack approach strains the security resources of Tier-2 providers who must maintain expertise 

across network, protocol, and application layer defenses. 

4.2. Economic Constraints 

Financial limitations significantly impact the DDoS mitigation capabilities of Tier-2 ISPs. Implementing 

comprehensive protection requires substantial investment in specialized infrastructure, monitoring systems, and 

skilled personnel. As noted in the research, "Implementing comprehensive DDoS detection and mitigation can be 

expensive, requiring investment in infrastructure, specialized services, and continuous monitoring" . 

The business model of Tier-2 providers often operates with thinner margins than larger carriers, making 

significant security investments challenging to justify without clear ROI calculations. Additionally, 

the opportunity cost of not investing becomes apparent only after attacks occur, creating a preventive investment 

paradox. Research indicates that "51% of organizations said they felt negative economic impact of over $1M, up 

from 43% a year ago" [4], highlighting the substantial financial risk of inadequate protection. 

4.3. Operational Complexities 

Operational challenges include the rapid onset of attacks, which "can ramp up quickly, giving little time for 

detection and response" . This requires 24/7 monitoring capabilities that strain the human resources of many Tier-

2 ISPs. Additionally, performance impacts of mitigation measures can introduce latency or degrade legitimate 

traffic, affecting customer experience and potentially violating service level agreements . 

The complexity of modern networks further complicates DDoS defense. "Organizations with complex, distributed 

networks have a larger attack surface, making it difficult to protect all entry points and assets" . Additionally, 

dependencies on third-party services "can introduce vulnerabilities that are outside direct control" , creating 

security gaps that are difficult to manage. 

 

 

 

 

 

 



J. Electrical Systems 19-2 (2023): 243-252 

248 

Table 2: Tier-2 ISP DDoS Defense Challenges and Implications 

Challenge 

Category 
Specific Challenges  Implications for Tier-2 ISPs 

Technical 

Volume of traffic, Distributed sources, 

Variety of attack types, Sophistication of 

attacks 

Requires multidimensional protection, 

Limited bandwidth more easily 

saturated 

Economic 
High implementation costs, Limited 

security budgets, Difficult ROI calculation 

Underinvestment in protection, 

Vulnerability to significant financial 

impact 

Operational 

Rapid attack onset, Need for 24/7 

monitoring, Performance impact concerns, 

Network complexity 

Strain on human resources, Potential 

service degradation during mitigation 

Strategic 

Evolving threat landscape, Balancing 

security with performance, Customer 

education needs 

Constant need for adaptation, Difficult 

trade-off decisions 

 

5. Best Practices and Implementation Strategies 

Based on our analysis of current threats, infrastructure requirements, and Tier-2 ISP constraints, we propose the 

following best practices for implementing effective DDoS protection within resource-appropriate parameters. 

5.1 Technical Mitigation Strategies 

Implement multilayered DDoS protection that addresses vulnerabilities across network, transport, and application 

layers. This approach recognizes that "DDoS attacks are not what they used to be 5-10 years ago" [4] and require 

comprehensive solutions rather than point protections. Solutions should include "built-in redundancies, traffic 

monitoring capabilities, business logic flaw detection, and vulnerability management capabilities" [4]. 

Apply intelligent rate limiting that goes beyond simple threshold-based approaches. Modern rate limiting should 

leverage "AI/ML-driven behavioral analysis to determine optimal limits" [4], preventing attacks while minimizing 

false positives. Measures like "geo-restrictions and access limits based on reputation scores help prevent DDoS 

attacks by using real-time insights" [4]. 

Reduce attack surface exposure through strategic network design. Effective approaches include network 

segmentation to "separate and distribute assets within your network to make them harder to target" [4], 

geographical restrictions to limit traffic from unexpected regions, and load balancer protection to "shield web 

servers and computational resources from direct exposure" [4]. 

5.2 Architectural Recommendations 

Prepare for traffic surges by ensuring infrastructure can withstand sudden spikes, but recognize that "simply 

adding more bandwidth isn't always the best solution" [4]. Instead, leverage CDN services that utilize "globally 

dispersed networks and redundant resources to handle sudden traffic increases effectively" [4]. 

Implement SD-WAN with ISP aggregation to enhance resilience through diversified connectivity. This approach 

combines "SD-WAN technology with strategic ISP aggregation to create a resilient foundation that can withstand 

most common failure scenarios while delivering superior performance for critical applications". Key benefits 

include carrier diversity, last-mile redundancy, bandwidth aggregation, and cost optimization. 
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Establish priority-based protection through systematic resource classification. Create DDoS priority buckets with 

categories such as "Critical: Put all the assets that can compromise business transactions or your reputation," 

"High: This bucket should include web assets that can hamper day-to-day business operations," and "Normal: 

Everything else should be included here". This prioritization ensures limited resources are allocated to the most 

critical assets first. 

5.3. Operational Excellence 

Develop comprehensive threat models specifically for DDoS attacks. This process should include inventorying 

web assets, identifying potential attackers, determining attack vectors, analyzing attack surfaces, and evaluating 

risk levels. This structured approach ensures all potential vulnerabilities are considered in defense planning. 

Recognize early warning signs of DDoS attacks through continuous monitoring. Key indicators include 

"unusually high traffic volume, slow or unresponsive website, network connectivity issues, unusual traffic 

patterns, unexpected server errors, unusual spikes in resource usage, high volume of spam emails, and irregular 

log entries". Automated alerting for these indicators enables faster response. 

Implement Internet Performance Monitoring (IPM) tools specifically designed for DDoS detection. "Using 

purpose-built, best-of-breed Internet Performance Monitoring (IPM) tools is crucial; otherwise, it's like trying to 

fit a square peg into a round hole". These tools should complement broader monitoring approaches including 

Digital Experience Monitoring, Network Performance Monitoring, and Application Performance Monitoring. 

 

6. Real-World ISP Resiliency Case Studies 

6.1 Case Study: Cloudflare Implementation 

Cloudflare's approach to DDoS protection offers valuable insights for Tier-2 ISPs seeking to enhance their 

resiliency. Cloudflare leverages a massive network capacity of 405 Tbps, which is "23x larger than the biggest 

DDoS attack ever recorded" [4]. Their protection model operates by mitigating attacks "from the nearest location 

in more than 330 cities around the world, without sending traffic to faraway scrubbing centers" [4], significantly 

reducing latency during mitigation. 

For Tier-2 ISPs, Cloudflare's implementation demonstrates the importance of geographical distribution in 

effective DDoS mitigation. Rather than relying on centralized scrubbing centers, distributed mitigation points 

enable more efficient traffic handling and reduced latency. This approach aligns with the growing understanding 

that "slow is the new down" [4], emphasizing that performance preservation during mitigation is as important as 

attack blocking. 

6.2 Equinix Internet Access Model 

Equinix Internet Access provides another instructive model for Tier-2 ISPs seeking to enhance resilience. Their 

approach delivers "agile, scalable, and high-performing internet access solution that is available worldwide and 

that offers the resiliency every organization demands" [2]. Key elements include providing "at least two Tier 1 

upstream ISPs in each market" [2] through a single provider relationship, simplifying redundancy implementation. 

For Tier-2 ISPs, the Equinix model highlights the value of upstream diversification even when working through 

a primary partner. Their approach to "dual-port access to take advantage of a fully redundant architecture with 

redundant routers and IP transit providers" [2] demonstrates how built-in redundancy can enhance overall 

resilience without requiring complex multi-vendor relationships. 

6.3 SD-WAN Implementation Framework 

SD-WAN with ISP aggregation represents a promising approach for Tier-2 ISPs to enhance customer resiliency 

while creating new service offerings. This technology enables "application-aware routing: Identifying applications 

and directing their traffic over the most appropriate path" and "dynamic path selection: Continuously monitoring 

connection quality and shifting traffic in real-time". 

Implementation best practices include: 
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1. Conducting a thorough needs assessment before selecting technologies or providers 

2. Diversifying connection types and providers to ensure true resilience 

3. Designing for security first with integrated rather than bolted-on protection 

4. Planning for gradual migration to minimize risk during implementation 

For Tier-2 ISPs, SD-WAN technology not only enhances internal resilience but also represents a potential value-

added service for business customers seeking to improve their own DDoS preparedness. 

Table 3: Real-World DDoS Protection Implementation Models 

Model Key Features Benefits for Tier-2 ISPs 
Implementation 

Considerations 

Cloudflare 

Distributed 

Protection 

405 Tbps capacity, 330+ 

global points of presence, 

Local mitigation without 

distant scrubbing 

Access to massive 

capacity, Reduced 

latency during 

mitigation, Geographic 

distribution 

Integration with 

existing infrastructure, 

Cost management 

Equinix 

Redundant 

Access 

Multiple Tier 1 upstream 

ISPs, Single provider 

management, Dual-port 

redundant access 

Simplified redundancy, 

High-availability SLAs, 

Reduced management 

complexity 

Provider selection, 

Contract negotiation 

SD-WAN with 

ISP 

Aggregation 

Application-aware 

routing, Dynamic path 

selection, Multiple 

connection aggregation 

Enhanced customer 

resiliency, New service 

revenue, Improved 

application performance 

Technical expertise 

development, 

Customer education 

 

7. Future Research Avenues 

Despite advances in DDoS protection, significant research challenges remain, particularly for resource-

constrained Tier-2 ISPs. We identify several promising avenues for future investigation that could substantially 

enhance defense capabilities while potentially reducing costs. 

7.1. AI and Machine Learning Applications 

Artificial intelligence and machine learning present compelling opportunities for improving DDoS detection and 

mitigation. Current research indicates that 63% of businesses are prioritizing AI investment, reflecting broad 

recognition of its potential. For DDoS protection specifically, AI techniques could enhance attack prediction 

through advanced pattern recognition, enable more accurate real-time classification of attack traffic, and automate 

mitigation responses with minimal human intervention [3] 

Future research should focus on developing AI solutions appropriate for Tier-2 ISP resources, avoiding 

approaches that require massive computational resources unavailable to mid-tier providers. Particular attention 

should be paid to false positive reduction, as overly aggressive mitigation can itself become a denial of service 

for legitimate traffic. As noted in recent findings, "AI can't fail quietly—and yet, in many organizations, it still 

does", highlighting the need for robust validation mechanisms. 
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7.2. ISP Collaboration Frameworks 

Collaborative defense approaches represent another promising research direction. Currently, most DDoS 

protection operates within organizational silos, with limited information sharing between providers. Developing 

secure, privacy-preserving frameworks for threat intelligence exchange could significantly enhance early warning 

capabilities and distribute mitigation burdens across multiple networks. 

Research should explore technical mechanisms for anonymous attack data sharing, legal frameworks for cross-

border collaboration, and economic models for compensating providers who contribute mitigation resources to 

protect others. Such approaches could be particularly valuable for Tier-2 ISPs, allowing them to pool resources 

and expertise for more effective defense. 

7.3. Quantum-Resistant Cryptography 

The emerging field of quantum computing presents both threats and opportunities for DDoS protection. While 

quantum computers could potentially break current encryption protocols, quantum-resistant cryptography may 

offer new approaches to verifying legitimate traffic and preventing spoofed requests that facilitate DDoS attacks. 

Research should investigate quantum key distribution for secure network communications, post-quantum 

cryptographic algorithms for authentication, and quantum-inspired algorithms for more efficient traffic analysis. 

For Tier-2 ISPs, early attention to quantum readiness may prevent costly retrofitting as quantum technologies 

mature. 

7.4. Blockchain-Based Verification 

Blockchain technology offers potential applications for DDoS mitigation through decentralized verification of 

legitimate traffic. By creating immutable records of approved clients or requiring computational proof for 

connection requests, blockchain approaches could potentially reduce the impact of botnet-driven attacks. 

Research should explore scalability solutions for high-volume network traffic, energy-efficient consensus 

mechanisms suitable for resource-constrained environments, and hybrid approaches that combine blockchain 

verification with traditional mitigation techniques. For Tier-2 ISPs, blockchain-based approaches might offer cost-

effective alternatives to traditional centralized mitigation services. 

 

8. Conclusion 

Tier-2 Internet Service Providers face disproportionate challenges in defending against increasingly sophisticated 

and powerful DDoS attacks. Their intermediate position in the internet ecosystem, combined with limited 

resources compared to Tier-1 providers, creates a security environment requiring careful strategy and efficient 

resource allocation. Through our analysis, we have demonstrated that a multilayered defense approach tailored to 

Tier-2 ISP constraints can provide effective protection against diverse DDoS threats. 

The core principles of this approach include: comprehensive visibility through flow-based monitoring, automated 

mitigation using BGP mechanisms, strategic integration with cloud-based scrubbing services, and continuous 

improvement through post-incident analysis. Implementation must be guided by realistic assessment of technical 

capabilities, economic constraints, and operational capacities, with priority-based protection ensuring critical 

assets receive appropriate defense resources. 

Looking forward, emerging technologies including artificial intelligence, quantum-resistant cryptography, and 

blockchain verification offer promising avenues for enhancing DDoS protection while potentially reducing costs. 

Tier-2 ISPs should monitor these developments closely and participate where possible in research and 

standardization efforts to ensure solutions address their specific requirements. 

As the internet continues to evolve with increasing dependence on digital services, the resilience provided by Tier-

2 ISPs becomes increasingly critical to global economic and social stability. By implementing the multilayered 

defense strategies outlined in this paper, these providers can significantly enhance their ability to withstand DDoS 

attacks while maintaining the service quality and reliability their customers depend upon. 
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