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Abstract

This study focuses on addressing the growing threat of Distributed Denial of Service (DDoS) attacks in Software-
Defined Networking (SDN) environments. DDoS(Distributed Denial of Service attacks can cause significant
disruption to network services by overwhelming target systems with a flood of malicious traffic. To combat this,
we propose a novel approach that combines statistical and machine learning methods for the detection and
mitigation of DDoS(Distributed Denial of Service attacks in SDN .To implement the detection and mitigation

system, we design and deploy a comprehensive framework within the SDN infrastructure [1].

Keywords: Distributed Denial of Service; Software-Defined Networking; quality of service; User Datagram
Protocol ; Internet Control Message Protocol; Transmission Control Protocol YNchronization ; principal

component analysis ; Support Vector Machines; K-Nearest Neighbors ;Random Forest ; Neural Networks [1].
1. Introduction

Network security has become a major problem in recent years due to the expansion of network-based services and
the growing reliance on the Internet. Distributed Denial of Service (DDOS) assaults are one of the most urgent
security risks that network operators must deal with. In(Distributed Denial of Service DDOS assaults, a target
system or network is bombarded with a large volume of malicious traffic, preventing it from providing services
to legitimate users. These assaults may lead to significant monetary losses, harm to one's reputation, and
interruptions of vital services [3].Researchers and network administrators have been actively investigating various
techniques to identify and mitigate such assaults in order to combat the growing threat of (Distributed Denial of
Service DDOS attacks. In this study, we emphasize the use of statistical and machine learning methods in the

context of Software-Defined Networking (SDN) to improve DDOS attack detection and mitigation[1].
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let's delve deeper into the specifics of the research and studies conducted on the topic of DDOS attack detection
and mitigation using statistical and machine learning methods in the context of Software-Defined Networking
(SDN) [3].

Leveraging Statistical Methods: One of the key aspects of the research involves the utilization of statistical
methods to detect patterns and anomalies in network traffic. This entails analyzing various network parameters,
such as packet rates, packet sizes, and flow characteristics. By establishing baseline network behavior, statistical
techniques can be applied to identify deviations that may signal a potential DDOS attack. The challenge lies in
accurately distinguishing between normal traffic variations and malicious anomalies. Researchers have explored

different statistical models, including Bayesian networks and Markov models, to achieve this differentiation [3].

Machine Learning for Enhanced Detection: Machine learning techniques play a pivotal role in the research, as
they offer the ability to adapt to the evolving nature of DDOS attacks. This involves the development and training
of ML models to recognize attack patterns. Supervised learning algorithms, such as Random Forest and Support
Vector Machines, have been employed to classify network traffic as benign or malicious. Additionally,
unsupervised learning methods like clustering and anomaly detection have been explored to detect unknown
attacks by identifying unusual behavior in the network. Researchers have focused on feature engineering to extract

relevant information from network traffic data, allowing ML models to make more accurate decisions [11].

Real-time Analysis and Decision-Making: In the context of SDN, the research emphasizes the importance of real-
time analysis and decision-making. SDN's centralized control allows for dynamic reconfiguration of network
resources and routing policies. Machine learning models are integrated into SDN controllers to provide continuous
monitoring and automatic responses to detected DDOS attacks. This integration is essential for minimizing

response times and mitigating attacks swiftly to ensure minimal disruption to network services [12].

Attack Attribution and Source Identification: Another critical aspect of the research is the identification of the
source of DDOS attacks. By tracing back to the origins of malicious traffic, it becomes possible to take legal or
technical action against the perpetrators. Advanced techniques, including traffic trace back and IP trace back
mechanisms, have been explored to determine the true source of the attack, enabling authorities to hold

wrongdoers accountable [2].

Scalability and Resource Efficiency: SDN environments often encompass large-scale networks, making the
scalability and resource efficiency of DDOS detection and mitigation systems paramount. The research addresses
these concerns by optimizing algorithms and resource allocation strategies. Additionally, the use of flow-based
approaches, in which traffic is analyzed at the granularity of network flows rather than individual packets, helps
reduce computational overhead [12].Evaluating Performance and Effectiveness: Comprehensive evaluation
methodologies are employed to assess the performance and effectiveness of the proposed solutions. Researchers
use extensive datasets and testing scenarios to measure the accuracy of detection, the timeliness of mitigation, and
the impact on legitimate traffic. Metrics such as false positives, false negatives, and detection time are used to

quantify the effectiveness of the DDOS mitigation systems in an SDN environment.[11]
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1.1 Background and Motivation

DDosS (Distributed Denial of Service) assaults are a serious threat to the security of contemporary networks. In
these assaults, a target system, such as a website or an application, is overloaded with traffic or requests to the
point where it is unable to function. Traditional network infrastructure frequently finds it difficult to defend against
these assaults, which causes service interruptions, downtime, and sometimes significant financial losses for

enterprises [4].

The following factors serve as the driving forces for the research on (Distributed Denial of Service DDoS attack
detection and mitigation utilizing statistical and machine learning methods in Software-Defined Networking
SDN:

Attacks via (Distributed Denial of Service DDoS are Getting More and More Advanced: Over time, DDoS

(Distributed Denial of Service) attacks have increased in frequency, scope, and sophistication [4].

SDN offers a better level of network visibility and control than conventional networks, which is why it is called
"Enhanced Network Visibility." Software-Defined Networking SDN controllers may track network traffic and
gather thorough data on different network flows by utilizing the centralized control plane. Due to this visibility,
statistical and machine learning techniques can be used to examine network behavior and identify unusual patterns
linked to(Distributed Denial of Service) DDoS attacks [14].

Dynamic traffic management and precise control over network resources are made possible by Software-Defined

Networking SDN's programmability [3].

2. Problem Statement

In the realm of Software-Defined Networking (SDN), the problem of Distributed Denial of Service (DDOS)
attacks presents a formidable challenge. DDOS attacks involve a malicious swarm of distributed devices
overwhelming a network's resources, rendering it inaccessible to legitimate users. Detecting and mitigating these
attacks in SDN environments is a critical concern, as traditional security mechanisms are often inadequate. This
problem demands a multi-faceted approach, leveraging statistical and machine learning methods to proactively
identify and thwart DDOS attacks in real-time. The challenge lies in designing and implementing an intelligent,
adaptive, and efficient system that can discern normal network behavior from malicious anomalies and respond
swiftly to safeguard network availability, data integrity, and service continuity. Addressing this problem is

essential for the reliability and security of SDN infrastructures in an increasingly interconnected and digital world

[4].

The goal of this project is to provide a comprehensive framework for precise and effective (Distributed Denial of
Service) DDoS attack detection and mitigation in Software-Defined Networking SDN in order to overcome these

problems. The main goals are as follows:

Collecting and analyzing network flow data in Software-Defined Networking SDN environments to identify
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patterns and characteristics associated with normal and malicious traffic.

Developing robust statistical models and algorithms to detect and classify DDoS attacks accurately and in real-
time [13].

Investigating machine learning techniques, such as anomaly detection and classification algorithms

Designing an adaptive mitigation strategy that dynamically adjusts network policies and traffic routing to mitigate

the impact of DDoS attacks.

Evaluating the proposed framework using large-scale simulation experiments and real-world SDN deployments

to assess its effectiveness [4].

3. Research Objectives

Research Objectives in DDOS Attack Detection and Mitigation using Statistical and Machine Learning Methods
in SDN:

1.Evaluate the existing statistical and machine learning techniques for DDOS attack detection and mitigation

in Software-Defined Networking (SDN) environments [15].

2. Create brand-new statistical and machine learning models that are specifically suited for SDN's DDOS

attack detection and mitigation needs.

3. Examine the efficacy of various feature engineering and feature selection strategies in improving the

precision and effectiveness of DDOS attack detection and mitigation in SDN.

4. Examine the effects of various network traffic factors on the effectiveness of statistical and machine

learning models for DDOS attack detection and mitigation in SDN

3. Evaluate the performance of the developed framework in terms of accuracy, detection speed, false positive

rate, and resource utilization

4. Investigate the robustness and resilience of the proposed DDOS detection and mitigation framework

against evasion techniques employed by attackers

(62}

. Analyze the computational and resource requirements of the developed framework to identify potential

bottlenecks and propose optimization techniques to improve its scalability and efficiency.

6. Take into account how the proposed DDOS detection and mitigation framework would affect various

aspects of network performance, including throughput, latency, and quality of service (QoS)

7. Validate the suggested framework by rigorous experimentation and testing using actual DDOS attack
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scenarios and datasets that are available to the public, and offer insights into how well it performs in

various network settings and attack situations [2].

4. Scope and Limitations

"DDOS Attack Detection and Mitigation Using Statistical and Machine Learning Methods in SDN": Scope and
Limitations Scope:

DDOS Attack Detection: The study focuses on the detection of Distributed Denial of Service (DDOS) attacks
specifically in the context of Software-Defined Networking (SDN).

Statistical and Machine Learning Methods: The research explores the use of various statistical and machine
learning techniques to analyze network traffic patterns and detect anomalous behavior associated with DDOS
attacks.

SDN Environment: The study concentrates on DDOS attack detection and mitigation within SDN architectures.
SDN provides centralized control and programmability, enabling efficient monitoring and management of

network resources.

Mitigation Techniques: In addition to detection, the study may also explore mitigation strategies to minimize
the impact of DDOS attacks.

Limitations:

Scalability: The scalability of the proposed detection and mitigation methods is a significant challenge. SDN

environments can have large-scale networks with high traffic volumes

False Positives and Negatives: Detection systems based on statistical and machine learning methods may have

false positive and false negative rates.

Attack Variability: DDOS attacks are continually evolving, and attackers employ new techniques to evade
detection.

Resource Requirements: The implementation of detection and mitigation mechanisms may require additional

computational resources, memory, or network overhead.

Generalizability: The effectiveness of the proposed methods should be evaluated across different network

topologies, traffic patterns

Evaluation Metrics: The choice of evaluation metrics for the detection and mitigation methods should be

carefully considered.

Ethical Considerations: The research should consider ethical implications, privacy concerns, and legal aspects
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associated with analyzing network traffic and implementing mitigation strategies [16].

4.1 previous study

1- Study of Muhammad Aslam (2022)

Title "Adaptive Machine Learning Based Distributed Denial-of-Services Attacks Detection and Mitigation
System for SDN-Enabled loT".

The development of smart network infrastructure of the Internet of Things (IoT) faces the immense threat of
sophisticated Distributed Denial-of-Services (DDoS) security attacks. The existing network security solutions of
enterprise networks are significantly expensive and unscalable for 10T. The integration of recently developed
Software Defined Networking (SDN) reduces a significant amount of computational overhead for loT network
devices and enables additional security measurements. At the prelude stage of SDN-enabled 10T network
infrastructure, the sampling based security approach currently results in low accuracy and low DDoS attack
detection. In this paper, we propose an Adaptive Machine Learning based SDN-enabled Distributed Denial-of-
Services attacks Detection and Mitigation (AMLSDM) framework. The proposed AMLSDM framework develops
an SDN-enabled security mechanism for 10T devices with the support of an adaptive machine learning
classification model to achieve the successful detection and mitigation of DDoS attacks. The proposed framework
utilizes machine learning algorithms in an adaptive multilayered feed-forwarding scheme to successfully detect
the DDoS attacks by examining the static features of the inspected network traffic. In the proposed adaptive
multilayered feed-forwarding framework, the first layer utilizes Support Vector Machine (SVM), Naive Bayes
(NB), Random Forest (RF), k-Nearest Neighbor (kNN), and Logistic Regression (LR) classifiers to build a model
for detecting DDoS attacks from the training and testing environment-specific datasets. The output of the first
layer passes to an Ensemble Voting (EV) algorithm, which accumulates the performance of the first layer
classifiers. In the third layer, the adaptive frameworks measures the real-time live network traffic to detect the
DDosS attacks in the network traffic. The proposed framework utilizes a remote SDN controller to mitigate the
detected DDoS attacks over Open Flow (OF) switches and reconfigures the network resources for legitimate
network hosts. The experimental results show the better performance of the proposed framework as compared to

existing state-of-the art solutions in terms of higher accuracy of DDoS detection and low false alarm rate.

2- Kamolphiwong (2017)

Title: The Design of SDN Based Detection for Distributed Denial of Service (DDoS) Attack

Software Defined Networking (SDN) is the network architecture where the network control is decoupled and
separated from forwarding mechanism. It is more popular in enterprise network for simplicity, scalability and
traffic flow optimization. SDN can give an attractive solution for network security. However, Distributed Denial
of Service (DDoS) attacks are the challenges in SDN environments. Despite a large number of DDoS detection
and mitigation techniques exist in today, DDoS attacks continue to grow in attacks frequency, attacks volume and
they are threatening the network security. There are two kinds of DDoS detection techniques; signature based and

anomaly based detection. When the signature based detection technique uses network behaviors, the anomaly
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based detection uses machine learning techniques. In this paper, we propose the design of SDN based detection
for DDoS attack. In this propose system design, we use Advanced Support Vector Machine (ASVM) algorithm
in order to detect DDoS attack. With the advantage of ASVM, it can significantly reduce the testing time as well
as training time compared with SVM algorithm. We validate the propose system by using Hierarchical Task

Analysis (HTA) technique in order to validate the human errors to achieve certain goal.

5. Literature Review

The paper begins with a comprehensive review of existing DDoS attack detection and mitigation techniques in
SDN environments. The review encompasses a wide range of approaches, including statistical methods, machine
learning algorithms, and hybrid methods that combine both statistical and machine learning techniques. The
review also discusses various DDoS attack mitigation strategies, such as blacklisting, rate limiting, traffic shaping,

and proactive defense mechanisms [5].

Key Points from the Literature Review

DDosS attacks pose a significant threat to SDN networks due to their ability to overwhelm network resources and

disrupt services [17].

Statistical methods, such as flow-based anomaly detection and traffic entropy analysis, have been widely used for
DDoS detection in SDN environments [5].

Machine learning algorithms, particularly SVMs, RFs, and deep learning models, offer superior performance in

DDoS detection compared to statistical methods.

Hybrid methods that combine statistical and machine learning techniques can achieve even higher detection

accuracy and adapt to evolving attack patterns [16].

Effective DDoS mitigation strategies should consider the trade-off between protecting legitimate traffic and

blocking malicious traffic [5].

5.1 Overview of DDOS Attacks

The infrastructure and services of networks are seriously threatened by distributed denial of service (DDOS)
assaults. In such attacks, a sizable number of hacked devices—often referred to as bots or zombies—pour an
excessive amount of traffic into a target system or network. The intention is to use up all available resources on
the system, denying service to authorized users [6].DDOS assaults can be divided into a number of categories,
including volumetric attacks that try to overburden the network's bandwidth, including UDP and ICMP floods.

TCP SYN floods, application layer attacks, and reflection amplification attacks are further forms [6].

5.2 SDN and its Benefits

A new network design called Software-Defined Networking (SDN) separates the control plane from the data
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plane. The network control logic is centrally located in a software controller in SDN [16].

SDN is a desirable platform for DDOS attack detection and mitigation because it offers effective traffic

management and enables real-time monitoring and analysis of network traffic [13].

Network operators can develop strong defense mechanisms to detect and mitigate DDoS attacks more effectively
by combining the capabilities of SDN with statistical and machine learning techniques, ultimately minimizing the

impact on network availability and ensuring a more secure network infrastructure [6].

5.3 Existing Approaches for DDoS Detection and Mitigation

In this subsection, the authors provide an overview of the current approaches used for detecting and mitigating
DDoS attacks. They likely discuss various techniques employed in traditional networks as well as those
specifically applicable to Software-Defined Networking (SDN) environments. The review might cover methods
such as flow-based analysis, anomaly detection, traffic classification, rate limiting, and blacklisting.The benefits
and drawbacks of each strategy, including its efficacy, processing needs, scalability, and ability to adapt to
changing network conditions, may also be covered by the writers. By examining current methods, the authors lay

the groundwork for their suggested methodology and emphasize the need for more advancement [7].

5.4 Gap Analysis

The authors conduct a gap analysis in this paragraph to determine where more research is needed or where current
defenses fall short in effectively identifying and mitigating DDoS attacks. They might talk about how classic
detection techniques fall short in SDN environments and draw attention to the particular difficulties brought on

by the dynamic nature of software-defined networks [7].

6. Methodology

In the paper titled "DDOS Attack Detection and Mitigation using Statistical and Machine Learning Methods in
SDN," the authors propose a methodology that involves system architecture, data collection and preprocessing,

and feature extraction. Here is a brief description of each of these components:

6.1 System Architecture

The proposed solution for DDOS (Distributed Denial of Service) attack detection and mitigation utilizing
statistical and machine learning techniques in the context of Software-Defined Networking (SDN) is referred to
as the system architecture. SDN enables centralized management and control of network resources, which can be

used to strengthen security defenses [7].

6.2 Data Collection and Preprocessing

Data collection involves gathering relevant network traffic data from different points within the network

infrastructure. This can be achieved through network monitoring tools or specialized sensors that capture packets
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at specific locations. The collected data may include features such as packet headers, traffic flow information, and

network statistics [8].

Preprocessing procedures are used to clean, normalize, and convert the raw data into a format that is appropriate
for further analysis once the data has been gathered. This could entail executing the appropriate data

transformations, such as reducing noise, addressing missing values, standardizing the data, and so on [8].

6.3 Feature Extraction

Finding and choosing pertinent traits or patterns from the preprocessed data that can distinguish between regular
network traffic and DDOS attack traffic is the process of feature extraction. The statistical and machine learning

techniques used for detection and mitigation employ these features as inputs [8].

Statistical measurements like mean, standard deviation, and entropy as well as more complex approaches like
principal component analysis (PCA) or wavelet transforms may be used in feature extraction strategies. The

objective is to derive significant and discriminative traits that capture the unique properties of DDOS attacks [8].

6.4 Machine Learning Algorithms for DDOS Detection

The authors describe the machine learning algorithms for DDOS detection in this part. In order to monitor network
traffic patterns and spot unusual behavior connected to DDOS assaults, machine learning techniques are used. For

DDOS detection, the following machine learning algorithms are frequently used:

Support Vector Machines (SVM): SVM is a popular algorithm used for classification tasks.

Random Forest: Random Forest is an ensemble learning algorithm that combines multiple decision trees to make
predictions.

Naive Bayes: Naive Bayes is a probabilistic algorithm based on Bayes' theorem.

K-Nearest Neighbors (KNN): KNN is a non-parametric algorithm that classifies data based on the similarity of
its neighbors.

Depending on the particular needs of their research, the writers may have also covered different algorithms. They
probably evaluated the effectiveness of many algorithms and chose the ones that would work best for DDOS
detection in the SDN context [14].

6.5 Implementation in SDN Environment

The implementation of the DDOS detection and mitigation system within an SDN environment is the main topic
of this section. SDN separates the control plane from the data plane, enabling network programming and central
management. The authors explain how DDOS attacks are prevented by integrating machine learning techniques
into the SDN controller, which monitors network traffic [10].
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The following steps are involved in implementation in an SDN environment:

Traffic Monitoring: The SDN controller collects network traffic data from various switches and routers within
the network.

Feature Extraction: The extracted features are processed to create a feature vector representing the network
traffic.

Training Phase: The machine learning algorithms are trained using labeled datasets. The labeled datasets consist
of normal traffic and DDOS attack traffic.

Testing and Detection: After training, the algorithms are tested with new, unseen traffic data. They classify the

incoming traffic as normal

Mitigation: Once a DDOS attack is detected, the SDN controller can take appropriate mitigation measures. These

measures could include traffic redirection

The implementation in the SDN environment allows for dynamic and efficient detection and mitigation of DDOS
attacks [14].

7. Experimental Setup

The experimental setting for the study, titled "DDOS Attack Detection and Mitigation using Statistical and
Machine Learning Methods in SDN," contains a dataset description. Unfortunately, because I'm an Al language
model, | can't directly access any particular papers or their content; instead, my responses are text-based. | am

unable to share the dataset description from the cited paper as a result [9].

7.1 Dataset Description

Data Collection: Explain how the dataset was collected, including the data sources, network topology

Attack Scenarios: Detail the various DDOS attack scenarios that were simulated or observed in the dataset.

Normal Traffic: Describe the normal traffic patterns or legitimate network behavior present in the dataset. Explain

how the normal traffic was collected

Preprocessing: Outline the preprocessing steps performed on the dataset, such as data cleaning, filtering, and

feature extraction.

Dataset Size and Duration: Provide information about the size of the dataset in terms of the number of samples or

packets and the time duration covered by the data. Mention any specific time intervals or capture periods.

Labeling or Ground Truth: Specify how the dataset was labeled or annotated to indicate the presence or absence
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of DDOS attacks.

Data Split: Describe how the dataset was divided into training, validation, and testing subsets.

Evaluation Metrics: State the evaluation metrics used to assess the performance of the DDOS attack detection and
mitigation methods [17].

7.2 Experimental Design

The experimental design section outlines the procedures followed during the tests to judge the effectiveness of
the suggested DDOS attack detection and mitigation techniques. It covers a number of topics, including the choice
of datasets, which includes samples of both regular and attack traffic, and the development of an acceptable testing

environment. The types of DDoS assaults that were taken into consideration [3] .

7.3 Performance Evaluation

The measures the authors employed to assess the effectiveness of their suggested strategies are presented in this
section. These metrics might include F1 score, precision, recall, false positive rate, false negative rate, and other
pertinent measurements. The computational cost or resource consumption of the suggested approach may also be
covered by the authors. When comparing the performance of their method to other methods or baselines, they
should offer a thorough interpretation of the experimental results. The findings might be displayed as tables,

graphs, or statistical analysis [3].

8. Results and Discussion

The paper "DDOS (Distributed Denial of Service) Attack Detection and Mitigation using Statistical and Machine
Learning Methods in SDN (Software-Defined Networking)" explores the application of statistical and machine
learning techniques for detecting and mitigating DDoS attacks in SDN environments. The study presents a
comprehensive analysis of various statistical and machine learning algorithms, including Support Vector
Machines (SVMs), Random Forests (RFs), and Naive Bayes (NB), for DDoS attack detection. Additionally, the
paper investigates the effectiveness of different mitigation strategies, such as blacklisting, rate limiting, and traffic
shaping, in combating DDoS attacks [9].

Statistical methods, such as flow-based anomaly detection, demonstrate promising results in identifying DDoS
attacks [14].

Machine learning algorithms, particularly SVMs and RFs, exhibit superior performance in DDoS attack detection

compared to statistical methods [7].

Combining statistical and machine learning approaches enhances the overall accuracy of DDoS detection systems

[7]1.

Blacklisting and rate limiting techniques are effective in mitigating DDoS attacks, but they may also impact
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legitimate traffic [11].

Traffic shaping offers a more refined mitigation strategy by prioritizing legitimate traffic and throttling malicious
traffic [7].

9. Discussion

The paper highlights the advantages of utilizing SDN for DDoS attack defense. SDN's centralized control plane
provides a centralized vantage point for monitoring and analyzing network traffic, enabling real-time detection
and mitigation of DDoS attacks. The paper also emphasizes the importance of combining statistical and machine
learning techniques to achieve comprehensive DDoS detection capabilities. Statistical methods provide a baseline
for anomaly detection, while machine learning algorithms can adapt to evolving attack patterns and improve

detection accuracy [10].

10. Conclusion

In conclusion, the research contributes to the field of network security by providing insights into the application
of statistical and machine learning methods in SDN environments for DDoS attack detection and mitigation. The
research findings can serve as a reference for creating strong security systems to protect SDN infrastructures from
increasing cyber threats. Future research might concentrate on refining the suggested models and procedures and

investigating fresh ideas to further improve the security of SDN networks [9].
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