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Abstract 

Distributed Denial of Service (DDoS) attacks are among the most disruptive cybersecurity threats, 

targeting the availability of online services. Attackers leverage networks of compromised devices to flood 

target systems with malicious traffic, rendering them inaccessible to legitimate users. This review 

explores various DDoS mitigation strategies, emphasizing prevention, detection, and response 

techniques. We discuss anomaly detection methods, machine learning models, and rate limiting 

techniques to prevent volumetric attacks. Additionally, we analyse recent advancements and highlight 

future research directions aimed at improving the effectiveness of DDoS mitigation. 

which enhance the adaptability and scalability of modern defence mechanisms. Finally, we outline the 

challenges of mitigating evolving DDoS threats and propose future research directions to strengthen 

cybersecurity frameworks. Our findings underscore the importance of integrating multiple layers of 

defines to ensure the robustness of online services against increasingly complex DDoS attacks 
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1 Introduction  

The rapid expansion of the internet and the proliferation of connected devices have led to an increase in 

Distributed Denial of Service (DDoS) attacks, which disrupt the availability of online services. DDoS 

attacks involve overwhelming target systems by flooding them with malicious traffic generated from a 

network of compromised devices, known as botnets. The consequences of these attacks include service 

downtime, financial losses, and reputational damage to organizations [1]. DDoS attacks can be classified 

into three main categories: volume-based attacks, protocol-based attacks, and application-layer attacks 

[2]. Volume-based attacks, such as UDP floods and ICMP floods, saturate the target's bandwidth. 

Protocol-based attacks, such as SYN floods, exploit weaknesses in communication protocols to exhaust 

server resources. Application-layer attacks, including HTTP floods and Slowloris attacks, target 

application processes to disrupt service availability [3]. 
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Fig. 1. Distribution of DDOS attack types  

 

Volume-based attacks, such as UDP floods and ICMP floods, aim to exhaust the target's bandwidth, while 

protocol-based attacks, such as SYN floods and fragmentation attacks, exploit vulnerabilities in 

communication protocols [3]. Application-layer attacks, including HTTP floods and Slowloris attacks, 

target the application layer, making them harder to detect and mitigate [4].  

 

 
Fig. 2. Data Attack Flow 

 

As attackers continuously evolve their techniques, traditional mitigation approaches, such as firewalls and 

Intrusion Detection Systems (IDS), often prove inadequate [5]. Consequently, modern DDoS mitigation 

strategies incorporate anomaly detection, machine learning algorithms, and behavioral analysis to identify 

and block malicious traffic [6]. Additionally, technologies such as Content Delivery Networks (CDNs), 

rate limiting, and traffic filtering enhance the robustness of mitigation frameworks [7]. Real-world case 

studies demonstrate the effectiveness of modern DDoS mitigation techniques. Cloudflare’s global 

infrastructure absorbs large-scale attacks through adaptive rate-limiting and traffic scrubbing [8]. 

Akamai’s Prolexic service uses advanced traffic management and anomaly detection to dynamically 

mitigate threats [9]. Similarly, Amazon Web Services (AWS) Shield Advanced provides real-time DDoS 

protection using AI-powered anomaly detection and traffic analysis [10 Recent advancements in Artificial 

Intelligence (AI), Blockchain, and Software-Defined Networking (SDN) have further improved DDoS 

mitigation capabilities. AI-powered models enhance anomaly detection by identifying complex attack 

patterns in real time [11]. Blockchain technology secures traffic management and prevents single points 

of failure, while SDN dynamically manages traffic to isolate and mitigate DDoS threats [12]. The 

widespread adoption of 5G technology introduces new attack vectors as edge devices with limited security 

protocols become vulnerable to exploitation. Edge-based DDoS attacks can target decentralized networks, 

bypassing traditional security frameworks [10]. 
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Fig. 3. Growth of DDOs Attacks over Time 

 

Anomaly detection systems and AI-driven models analyze network traffic to identify patterns and 

deviations indicative of DDoS attacks. Machine learning techniques, such as supervised and unsupervised 

models, dynamically adapt to new and emerging attack vectors [15]. Advanced response mechanisms 

involve redirecting suspicious traffic to scrubbing centers, where malicious packets are filtered and 

legitimate traffic is allowed to reach the target. Blackhole routing, although effective in discarding 

malicious traffic, poses the risk of blocking legitimate traffic during large-scale attacks [16] AI-powered 

models continuously analyze traffic patterns to detect complex attack vectors in real time. These models 

minimize false positives and improve the accuracy of DDoS mitigation frameworks [17] Blockchain 

technology enhances security by providing decentralized validation of traffic sources, preventing single 

points of failure and reducing the risk of large-scale attacks [18].C loudflare uses a globally distributed 

network with adaptive rate limiting, anomaly detection, and traffic scrubbing to mitigate large-scale DDoS 

attacks in real time [20]. Initially, some perceived Distributed Denial-of-Service (DDoS) attacks as 

primarily impacting real-time communication platforms [13]. However, the reality is that DDoS attacks 

have always posed a threat to a wide array of internet services, irrespective of their underlying 

communication protocols [12]. The impact of these attacks has grown exponentially alongside the 

internet's expansion [17]. While the year 2000 attack on Yahoo, which flooded the site with approximately 

1 GB/sec of traffic and disrupted service for several hours, was considered substantial at the time [2], it is 

dwarfed by the scale of contemporary attacks [15].  

 

2 Classification of DDoS Attacks 

Volume-based attacks, also known as bandwidth consumption attacks, are the most common type of 

DDoS attack. These attacks aim to overwhelm the target system’s bandwidth by sending massive amounts 

of traffic, consuming the available network resources and preventing legitimate traffic from reaching the 

target [1]. 

2.1 UDP Flood Attacks 

User Datagram Protocol (UDP) flood attacks involve sending a large number of UDP packets to random 

ports on the target system. Since UDP is a connectionless protocol, the target server has to process these 

packets and send responses, consuming its resources [2]. Mitigation strategies include implementing rate 

limiting, deploying firewalls, and configuring UDP-specific security policies.ICMP (Internet Control 

Message Protocol) flood attacks, also known as ping floods, involve sending a high volume of ICMP 

Echo Request (ping) packets to the target. The target system has to respond with Echo Reply packets, 

consuming bandwidth and server resources [3]. Mitigation measures include blocking ICMP requests or 

limiting the rate of ICMP traffic using firewalls. 

2.3 DNS Amplification Attacks 

DNS amplification attacks involve exploiting open DNS resolvers to send a high volume of DNS response 

traffic to the target. Attackers send small DNS queries with spoofed IP addresses, causing the resolver to 
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send large responses to the target, amplifying the traffic volume significantly [4]. Mitigation involves 

disabling open resolvers, rate limiting, and implementing DNS Response Rate Limiting (RRL). 

2.4 NTP Amplification Attacks 

NTP (Network Time Protocol) amplification attacks exploit vulnerabilities in NTP servers to amplify 

traffic directed at the target. Attackers send small NTP requests with a spoofed IP address, resulting in 

the NTP server responding with large packets to the target system [5]. Mitigation includes securing NTP 

servers, implementing rate limiting, and disabling the monlist feature. Although SYN floods are classified 

under protocol-based attacks, they also exhibit characteristics of volume-based attacks when the volume 

of SYN packets overwhelms the target [6]. These attacks can consume both bandwidth and server 

resources, leading to service unavailability. Mitigating volume-based attacks involves implementing rate 

limiting, traffic filtering, and deploying Content Delivery Networks (CDNs) to absorb large volumes of 

traffic. Traffic scrubbing centers can also divert and analyze suspicious traffic before it reaches the target 

[7]. 

 

3. Protocol-Based DDoS Attacks 

Protocol-based attacks, also known as state-exhaustion attacks, target vulnerabilities in network protocols. 

These attacks consume server resources by exploiting the handshake and connection processes of 

protocols such as TCP, UDP, and ICMP [8]. SYN floods exploit the TCP handshake process by sending 

a large number of SYN packets to the target without completing the handshake. The target system waits 

for the final ACK packet, keeping the connection open and consuming server resources [9]. Mitigation 

includes using SYN cookies, rate limiting, and implementing firewalls that can detect and block SYN 

flood patterns. Ping of Death (PoD) attacks involve sending oversized ICMP packets to the target, which 

can crash or freeze the target system due to buffer overflows [11]. Modern systems are less vulnerable to 

this type of attack, but legacy systems may still be at risk. Mitigation involves implementing packet size 

limits and blocking malicious ICMP traffic. Fragmentation attacks, including Teardrop and IP 

fragmentation attacks, involve sending fragmented IP packets to the target. These packets exhaust the 

target’s resources while attempting to reassemble the fragmented packets [12]. Mitigation involves 

configuring firewalls to detect and discard fragmented packets. UDP fragmentation attacks involve 

sending fragmented UDP packets to the target, causing the target to use excessive resources for 

reassembly. These attacks can bypass traditional security measures and exhaust server resources [13]. 

Mitigation involves inspecting UDP traffic and using intrusion prevention systems (IPS) to filter malicious 

packets. To mitigate protocol-based attacks, organizations deploy stateful firewalls, configure intrusion 

detection systems (IDS), and use traffic filtering mechanisms. SYN cookies and rate limiting help protect 

against SYN floods, while anomaly detection systems identify unusual traffic patterns [14]. 

3.1 Application-Layer DDoS Attacks 

Application-layer attacks, also known as Layer 7 attacks, target the application layer of the OSI model. 

These attacks mimic legitimate user behavior, making them difficult to detect and mitigate using 

traditional security mechanisms [15]. 

3.2 HTTP Flood Attacks 

HTTP flood attacks involve sending a large number of HTTP GET or POST requests to the target server, 

exhausting server resources and preventing legitimate users from accessing the service [16]. Mitigation 

techniques include rate limiting, Web Application Firewalls (WAF), and implementing CAPTCHA 

challenges. 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT25012917 Volume 16, Issue 1, January-March 2025 5 

 

3.3 Slowloris Attacks 

Slowloris attacks involve sending partial HTTP requests to the target server and keeping the connections 

open for extended periods. This exhausts the server’s connection pool, preventing legitimate users from 

accessing the service [17]. Mitigation measures include connection timeouts, rate limiting, and using 

reverse proxies to handle incoming traffic. 

3.4 DNS Query Flood Attacks 

DNS query floods involve sending a high volume of DNS requests to the target’s DNS server, exhausting 

resources and preventing legitimate queries from being processed [18]. Mitigation includes implementing 

DNS Response Rate Limiting (RRL) and using DNS firewalls to filter malicious queries. 

3.5 XML-RPC and API Abuse 

XML-RPC and API abuse attacks involve exploiting vulnerable APIs by sending a large number of 

requests, consuming server resources and causing downtime [19]. Mitigation strategies include rate 

limiting, API authentication, and enabling security policies for API endpoints. 

3.6 Botnet-Based Application Attacks 

Botnets, consisting of thousands of compromised devices, launch large-scale application-layer attacks by 

sending seemingly legitimate traffic to the target [20]. Advanced anomaly detection and behavioral 

analysis systems help identify and mitigate such attacks. 

3.7 Mitigation Techniques for Application-Layer Attacks 

Mitigating application-layer attacks requires deploying Web Application Firewalls (WAF), implementing 

rate limiting, and using behavioral analysis systems to detect suspicious traffic patterns. AI-based anomaly 

detection models enhance the identification of complex attack vectors. 

 

4. Hybrid and Multi-Vector DDoS Attacks 

4.1 Evolution of Multi-Vector DDoS Attacks 

Modern DDoS attacks often combine multiple attack vectors to bypass security measures. Multi-vector 

attacks can simultaneously target bandwidth, protocols, and applications, making them more difficult to 

mitigate[4]. 

4.2 Characteristics of Multi-Vector Attacks 

Multi-vector attacks dynamically shift between different attack types, making detection and mitigation 

challenging. Attackers use botnets to launch hybrid attacks that target multiple layers of the OSI model 

simultaneously[20]. 

4.3 Mitigation Techniques for Multi-Vector Attacks 

To mitigate multi-vector attacks, organizations implement adaptive defense mechanisms that include AI-

based anomaly detection, traffic analysis, and dynamic traffic routing. Traffic scrubbing centers and 

hybrid cloud security solutions provide comprehensive protection against multi-vector DDoS threats [12]. 

4.4 Case Study: Mirai Botnet and Multi-Vector Attacks 

The Mirai botnet, responsible for one of the largest DDoS attacks in history, leveraged a combination of 

volumetric and application-layer attacks. The botnet exploited IoT devices to generate high-volume traffic 

while simultaneously launching HTTP and DNS floods to exhaust application resources [6]. Mitigation 

efforts included disabling Telnet ports on IoT devices and implementing anomaly detection to identify 

malicious traffic patterns. 

4.5 Role of IoT Devices in Multi-Vector DDoS Attacks 

IoT devices play a significant role in modern multi-vector attacks due to their limited security protocols.  
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Attackers compromise large numbers of IoT devices and incorporate them into botnets, enabling them to 

launch complex attacks that target multiple vectors simultaneously. Securing IoT devices through strong 

authentication, firmware updates, and network segmentation is essential for preventing their exploitation 

[8]. 

 

5 Emerging Threats and Next-Generation Mitigation 

As cybersecurity technologies evolve, so do the tactics and sophistication of DDoS attacks. Attackers are 

leveraging emerging technologies such as artificial intelligence (AI), machine learning (ML), and 

automated attack frameworks to create highly adaptive and persistent threats. These next-generation 

threats are more complex, harder to detect, and capable of dynamically switching between attack vectors 

to evade traditional security measures [1]. One of the most concerning trends is the use of AI-powered 

DDoS attacks that leverage machine learning models to dynamically alter attack vectors based on the 

target’s defense mechanisms. Attackers use AI algorithms to identify weaknesses in a system’s defense 

posture and adapt their attack strategies in real-time. For instance, AI-driven attacks can dynamically shift 

between volumetric, protocol-based, and application-layer vectors, making them difficult for conventional 

mitigation systems to detect and respond to [2]. The deployment of 5G networks and edge computing 

infrastructure introduces new vulnerabilities that attackers can exploit to launch high-speed, low-latency 

DDoS attacks. 5G networks operate on a distributed architecture that enables edge devices to process data 

closer to end-users. However, this distributed architecture increases the risk of edge-based DDoS attacks, 

where attackers compromise edge devices and use them to generate high-bandwidth traffic aimed at core 

network components [4]. 

1. Real-Time Traffic Analysis: AI-powered models analyze real-time traffic data to detect deviations 

from normal traffic behavior, enabling early detection of emerging DDoS threats. 

2. Behavioral Analysis and Pattern Recognition: AI algorithms identify abnormal patterns and classify 

potential threats based on historical attack data, improving the accuracy of anomaly detection 

3. Decentralized DDoS Defense Networks: Blockchain-based DDoS defense systems utilize distributed 

consensus mechanisms to validate and authenticate legitimate traffic, preventing malicious traffic from 

overwhelming target systems. 

4. Smart Contract Security Enforcement: Smart contracts can be leveraged to automate response 

mechanisms in real-time, triggering mitigation actions based on predefined traffic thresholds. 

Automated attack frameworks, such as LOIC (Low Orbit Ion Cannon) and HOIC (High Orbit Ion 

Cannon), provide attackers with easy-to-use tools that can launch multi-vector DDoS attacks. These 

frameworks enable attackers to automate the attack process, making it possible for even low-skilled 

hackers to launch sophisticated DDoS attacks [7]. Modern DDoS attack frameworks now integrate AI-

powered attack modules that allow attackers to dynamically switch between attack types to bypass 

mitigation measures. 

5.1 Polymorphic DDoS Attacks 

Polymorphic DDoS attacks dynamically change attack patterns and payload characteristics during an 

ongoing attack. Attackers use polymorphic techniques to modify packet headers, payload sizes, and 

packet intervals, making it challenging for traditional anomaly detection systems to identify malicious 

traffic [8]. These attacks require next-generation mitigation techniques that utilize AI-based behavioral 

analysis and deep packet inspection (DPI) to identify abnormal patterns in real time. DDoS attacks 

leveraging encrypted traffic, such as HTTPS floods and TLS exploits, pose a significant challenge for 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT25012917 Volume 16, Issue 1, January-March 2025 7 

 

traditional detection systems. Attackers use HTTPS GET/POST requests to consume server resources, 

bypassing firewalls and IDS/IPS systems that rely on inspecting plaintext traffic. Additionally, TLS 

handshake exploits consume computational resources during the encryption and decryption process, 

making it difficult for security systems to mitigate encrypted traffic attacks [9]. API-based services have 

become a new attack vector for DDoS threats. API abuse involves sending large volumes of API requests 

to web applications, consuming backend resources and causing service disruptions. Attackers often target 

REST and SOAP APIs, using techniques such as JSON and XML payload flooding to exhaust processing 

resources [10]. Mitigation strategies involve implementing API rate limiting, enforcing API 

authentication, and using behavioral anomaly detection to identify API abuse patterns. Zero Trust 

security frameworks emphasize the principle of "never trust, always verify." Implementing Zero Trust 

principles in DDoS mitigation enhances protection against sophisticated attacks by enforcing strict access 

controls and continuous verification of user identities and device security posture. 

 

6 Conclusion and Future Work   

Distributed Denial of Service (DDoS) attacks remain one of the most pervasive and damaging 

cybersecurity threats, targeting the availability of online services and disrupting business operations. This 

paper provided a comprehensive review of DDoS mitigation strategies by exploring prevention, 

detection, and response mechanisms across multiple attack types, including volume-based, protocol-

based, and application-layer attacks. It highlighted the evolution of DDoS attacks from simple volumetric 

floods to sophisticated multi-vector and AI-driven adaptive attacks. proactive measures implemented by 

Internet Service Providers (ISPs) and individual organizations Attacks such as UDP floods, ICMP floods, 

and DNS amplification saturate bandwidth, consuming network resources and degrading service quality. 

Mitigation techniques, including rate limiting, traffic filtering, and cloud-based traffic scrubbing, have 

proven effective in defending against these attacks. attackers employ camouflage techniques. This may 

involve leveraging machine learning, artificial intelligence, and behavioural analysis. Automated and 

adaptive defenses are essential to respond to attacks in real-time and dynamically adjust to evolving attack 

strategies. Attacks targeting weaknesses in network protocols, such as SYN floods, TCP connection 

exhaustion, and fragmentation attacks, can exhaust server resources. Mitigation strategies include SYN 

cookies, stateful firewalls, and intrusion prevention systems. HTTP floods, Slowloris, and API abuse 

attacks target application-level services, making them harder to detect. Modern mitigation techniques 

include Web Application Firewalls (WAFs), rate limiting, and behavior-based anomaly detection. Multi-

vector DDoS attacks dynamically switch between multiple vectors, making them difficult to detect and 

mitigate. Advanced defense mechanisms such as AI-driven anomaly detection, Software-Defined 

Networking (SDN), and Intent-Based Networking (IBN) provide dynamic and real-time responses to 

evolving threats. he integration of AI, Blockchain, and SDN has significantly improved the effectiveness 

of DDoS mitigation strategies. AI-powered models enhance real-time anomaly detection and reduce false 

positives, while blockchain-based traffic validation ensures secure and decentralized verification of 

legitimate traffic. SDN dynamically manages traffic flows, providing adaptive responses to rapidly 

changing threat landscapes. 

 

7. Future Work 

While AI and machine learning have significantly improved DDoS detection and mitigation, future 

research should focus on enhancing AI models to detect AI-generated adaptive DDoS attacks. 
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Adversarial machine learning techniques should be explored to develop models that can predict and 

counter AI-powered threats. AI models capable of learning from real-time traffic data and adapting their 

mitigation responses dynamically will be critical for defending against next-generation DDoS attacks. 

With the proliferation of devices and their increasing integration into critical infrastructures, botnets 

continue to be a significant threat. Future research should emphasize securing ecosystems by developing 

lightweight security protocols, enhancing device authentication, and implementing automated patch 

management systems to prevent exploitation by botnets such as Mirai and its variants. Blockchain 

technology offers promising solutions for decentralized traffic validation and secure DDoS mitigation. 

Future work should explore blockchain scalability challenges and develop efficient consensus 

algorithms that can validate high-volume network traffic without introducing latency. Additionally, 

research into smart contract-based DDoS mitigation frameworks can provide automated response 

mechanisms to dynamically counter evolving DDoS threats. As 5G and edge computing technologies 

become widespread, securing edge infrastructure from DDoS threats will be crucial. Future research 

should focus on developing lightweight, edge-based anomaly detection systems and implementing 

traffic filtering mechanisms closer to end-users. Research into network slicing and micro-segmentation 

can help mitigate the impact of DDoS attacks on 5G networks and edge devices. IBN is emerging as a 

transformative approach to automate security policy enforcement and respond to evolving threats in real 

time. Future work should focus on developing intent-based security models that leverage AI and 

machine learning to dynamically adjust network policies based on detected anomalies. Proactive threat 

mitigation using IBN can minimize the time required to respond to multi-vector and adaptive DDoS 

attacks. 
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