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ABSTRACT 

Software-Defined Networking (SDN) represents an innovative paradigm in network design that improves 

manageability, scalability, and adaptability. Within SDN, load balancing serves as a key component in 

optimizing network performance. SDN relying on a single centralized controller can lead to performance 

issues, especially under high traffic or excessive requests. To address this challenge, this study introduces 

an improved SDN load balancer that uses a Dynamic Weighted Round Robin algorithm with Distributed 

Controller (DWRR-DC), implemented using the Ryu controller. The proposed algorithm was implemented 

along with some existing load balancing methods, such as Random Selection (RS), Round Robin (RR), 

Least Time Weighted Round Robin (LTWRR), Weighted Round Robin (WRR), and Dynamic Weighted 

Random Selection (DWRS), emulated using the Mininet platform with a huge volume of simulated 

network traffic. Their performance was analyzed with respect to throughput and packet loss percentage, 

and the results were compared. The response time of the proposed and existing algorithms was also 

compared using the generated HTTP requests. Finally, the optimal number of controllers for the proposed 

algorithm was also obtained. 

Keywords-dynamic load balancing; Software Defined Networking (SDN); Ryu controller; Mininet 

I. INTRODUCTION  

Software-Defined Networking (SDN) introduces a 
transformative approach by decoupling the control plane from 
the data plane in networking devices. This separation allows for 
centralized and flexible network management through 
software-based controllers. Within this framework, an SDN 
load balancer plays a crucial role in optimizing the distribution 
of traffic among multiple servers or network paths. As Internet 
technologies continue to advance rapidly, servers are faced 
with increasingly heavy workloads. Thus, it is essential to 
distribute this load effectively across servers to ensure reliable 
and efficient service delivery to end users. If the load is not 
evenly distributed, it can significantly degrade the overall 
performance of the network. This centralized control results in 
better resource allocation, enhanced network performance, and 
simpler scalability compared to conventional hardware-based 
load balancers. However, existing Round-Robin (RR) SDN 
load balancing approaches struggle to accommodate dynamic 
traffic and face scalability limitations, making them less 
suitable for real-time applications.  

This paper proposes DWRR-DC, a dynamic load balancing 
strategy designed to enhance throughput and response time, 
effectively addressing the scalability limitations typically faced 
by SDN controllers. The functionality of the proposed SDN 
load balancer was tested using Mininet [1]. Some existing 
algorithms, such as Random Selection (RS), RR, Least Time 
Weighted Round-Robin (LTWRR), Weighted Round-Robin 
(WRR), and Dynamic Weighted Random Selection (DWRS), 
are also implemented and compared with the proposed 
algorithm.  

In [1], the importance of SDN load balancing was explored. 
In [2], the advantages of dynamic SDN load balancing 
compared to static load balancing were summarized. The 
LTWRR method [3] allocates incoming traffic to the servers by 
assigning weights based on the latency of their respective links. 
Another WRR variant [4] distributes workloads by statically 
assigning weights according to each server's capacity. A 
Dynamic Weighted Random Selection (DWRS) approach [5] 
leveraged a single SDN controller with multithreading to 
dynamically manage traffic allocation. In the case of dynamic 
load balancing by switch migration [6], the system identifies 
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overloaded servers and initiates balancing when response time 
exceeds a predefined threshold. DAF (Distributed Adaptive 
and Fast) [7] is a dynamic algorithm that continuously monitors 
server loads to allocate traffic according to the current status of 
each server. A multipath forwarding strategy [8] can further 
improve load-balancing efficiency. In addition, a hierarchical 
control plane structure, featuring a super controller and several 
master controllers [9], implements a load notification policy to 
manage load balancing across multiple controllers. The 
received requests can be assigned to virtual machines using 
fuzzy logic [10]. In [11], an RR load-balancing approach was 
implemented using a single Floodlight controller. In [12], 
Dijkstra's algorithm was integrated with RR, achieving 
enhanced performance in fat-tree topologies. In [13], a 
Mininet-based setup with the POX controller was presented, 
where load allocation was dynamically regulated based on 
server availability and health status. The method in [14] 
enabled SDN controllers to automatically redirect traffic, 
ensuring sustained performance without manual intervention. 
In [15], the least connections algorithm was proposed, 
assigning traffic to the server with the fewest active 
connections and demonstrating better efficiency compared to 
RR. In [16], it was emphasized that throughput, response time, 
and availability could be improved by prioritizing traffic flows. 
Table I presents the performance benefits and constraints of RR 
variants. 

TABLE I.  PROS AND CONS OF EXISTING RR LOAD 
BALANCING APPROACHES 

Ref. Strengths Limitations 

[4] 

Provides improved throughput 

and reduced transmission time 

compared to basic RR. 

Performance degrades due to 

dynamic traffic, as weights are 

assigned based on only server 

capacity. 

[11] 
Enhances throughput and is 

simple to implement  

Performs poorly under 

heterogeneous or dynamic traffic 

conditions.  

[12] 

The integration of the RR 

approach with Dijkstra's 

algorithm facilitates effective 

traffic distribution and path 

optimality for more balanced 

routing. 

Frequent shortest path 

calculations increase controller 

overhead and may lag under 

rapidly changing traffic 

conditions. 

[13] 
Offers acceptable response times 

and is easy to implement. 

Does not adjust to server load 

differences, limiting 

effectiveness in heterogeneous 

environments. 

[14] Effective for uniform workloads  
Lack of performance guarantees 

in varied topologies.  

[15] 

Maintains performance under 

high request volumes without 

major degradation. 

Least connections requires 

continuous monitoring of active 

sessions, adding operational 

complexity. 

[16] 

Prioritizes the traffic flows and 

then applies RR, boosting the 

performance for higher priority 

traffic. 

May fail to adapt if traffic 

dynamics shift. Low-priority 

flows can be penalized even 

when the high-priority load is 

minimal. 

[17] 

Achieves higher throughput and 

improved response times 

compared to RR/WRR in 

Mininet tests 

Used pox controller, which is 

less capable of managing traffic. 

 

This review indicates that both the standard RR approach 
and its extensions typically depend on a single controller, 
allocating client requests to servers in a fixed cyclic order 
without considering the actual workload on each server. This 
can lead to inefficient resource utilization and overload 
requests on some servers while others remain underutilized. In 
contrast, the proposed DWRR-DC algorithm improves on this 
by introducing dynamic weight calculations that adapt to the 
real-time load on each server. Furthermore, this algorithm is 
designed to work with three controllers, significantly 
improving the scalability and overall performance of the 
network. 

II. THE DWRR-DC ALGORITHM 

The key novelty of the proposed algorithm is the 
improvement of the RR load balancing technique by employing 
three controllers and distributing incoming requests based on 
dynamically updated server weights. The proposed Dynamic 
Weighted Round Robin with Distributed Controller (DWRR-
DC) mechanism aims to achieve effective traffic balancing 
across both servers and controllers by dynamically modifying 
their weights according to the observed load. Unlike the 
traditional static weighted RR, where weights remain 
unchanged, the DWRR-DC approach continually updates 
weights in response to variations in request handling. The 
proposed algorithm operates in three stages: 

1. Threshold determination of requests, 

2. Dynamic weight assignment, 

3. Multi-controller management. 

A.  Threshold Determination of Requests 

In the initial stage, the maximum request capacity of a 
single controller is determined to prevent performance 
degradation. This is accomplished by measuring response times 
with the ping command under varying request loads. The 
response time versus request curve is analyzed to identify the 
point where latency increases sharply. Two rounds of 
experiments are conducted to observe how the response time 
changes as the number of requests increases. The experimental 
findings indicate that system performance starts to decrease 
noticeably around 59 requests; therefore, the proposed method 
sets the threshold value at 50 requests. 

 

 

Fig. 1.  Threshold response-time determination. 
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B. Dynamic Weight Assignment 

In this phase, the server weights are updated dynamically 
according to the load managed by each server, as described in 
the following process. This approach assigns lower weights to 
heavily burdened servers and higher weights to lightly loaded 
ones, thereby maintaining balanced traffic distribution. The 
parameters considered are: �  denotes the server weights, � 
denotes the server loads, � is the number of servers, �� is the 
total weight of � servers, and �� is the total load of � servers. 

1) Step 1: Initialization 

Assume �  servers, each assigned an initial weight �� . 
When client requests arrive, the corresponding server records 
its current load �� . 

2) Step 2: Compute Total Weight and Total Load  

The total weight is the sum of the weights of the servers, 
calculated as: 

�� = ∑ ����	
     (1) 

The Total Load ( �� ) is the sum of all server loads, 
calculated as: 

�� = ∑ ����	
      (2) 

These values represent the overall capacity and work done 
by all servers. 

3) Step 3: Calculate the Ratio for Each Server  

For each server, a ratio (�
) is calculated, which compares 
the actual load a server is handling against the load it should 
handle based on its weight. The �
 for each server is given by: 

�
 = ��∗��
��∗��     (3) 

4) Step 4: Find the Average Ratio  

This value represents the average balance point among all 
servers, calculated as: 

���� = ∑  ���� ��
�     (4) 

5) Step 5: Adjust the Weights Dynamically 

If �
 > ����, the load is lighter and the weight needs to be 

increased. Otherwise, the load is heavier and the weight needs 
to be decreased. If �
 = ����, then there is no need to change 

the weight. Dynamic weights are updated using: 

�� = �� − �1 − � 
�!"#

$    (5) 

C. Multi-Controller Management 

In this phase, the distribution of the load across multiple 
controllers is systematically handled, as detailed in Algorithm 
2. In the proposed topology, three controllers (%&, %
, and %') 
are utilized. Initially, %&  manages incoming requests until it 
reaches the specified threshold, after which, subsequent traffic 
is directed to %
 . Once %
  attains its threshold, requests are 
forwarded to %' . This process continues in an RR fashion 
among the controllers, thereby preventing any single controller 
from becoming a performance bottleneck. 

For example, suppose a simulation of 100,000 requests with 
5 clients and 3 servers. Initially, servers may have weights 
�
 = 3 , �' = 4 , �* = 5 . Requests are distributed 
proportionally: 3: 4: 5 . When the clients send requests to a 
controller, and when the number of received requests is less 
than or equal to 50, the received requests are forwarded to the 
servers based on the assigned server weights. If the number of 
requests reaches the threshold, the received traffic is migrated 
to the next controller. After a batch of requests, i.e., 1000, the 
loads �
 , �'  and �*  are measured. �� , �� , �
 , and ����  are 

calculated. Finally, the weights for the servers are updated 
using (5). The working process of the proposed algorithm is 
outlined in the flowchart shown in Figure 2. 

Algorithm 1: Dynamic Weight of Servers 

Inputs: Server weights (�), Server Loads 

(�), Number of servers (�) 
Dynamic Weight(W, L, n) 

//Calculate total weight (��) and total 
load (��) 
1:  �� := 0 
2:  �� := 0 
3:  for i=1 to n do 

4:    ��: =  �� +  �[�] 
5:    �� ∶=  �� +  �[�] 
6:  end for 

// calculate ratio (�1) and Average Ratio 
// (����) 
7:  �2 ∶=  0 
8:  for � = 1 to � do 
9:    �2[�] ∶=  (�[�]  ∗  �� ) / (�� ∗  �[�]) 
10:   �2: = �2 + �2[�]  
11: end for 

12: ����: = �2 / � 
//  update the weight of each server 

13: for � = 1 to n do  
14:   if �1[�] ≠ ����  then 
15:   ��: = ��  − (1 − �1/���� ) 
16:   end if 

17: end for 

18: end 

 
Algorithm 2: Multi-Controller management 

// Initialize a list of controllers with 

// their IP addresses and Port numbers 

//Set a Threshold Load Value 

1:  Migrate Switch() 

//  Migrates the switch to the next  

//  available controller in an RR manner 

2:  while (true) do: 

3:  for each controller IP 

4:    if total_load >= threshold: 

5:       Migrate_switch() 

6:    end if 

7:  end for 

8:  end 
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Fig. 2.  Flowchart of DWRR-DC. 

III. EXPERIMENTAL DESIGN 

The proposed algorithm was validated using the Mininet 
emulation tool [18] in a topology with 5 clients and 3 servers. 
The load balancer architecture consists of three controllers 
tasked with managing the distribution of network traffic. These 
controllers receive requests from clients and, using the 
proposed algorithm, direct them to the appropriate servers. In 
this setup, a Ryu controller [19] is utilized, interfacing with an 
OpenFlow switch that connects to multiple servers via its ports. 
Both the servers and clients are assigned static IP addresses, 
while the controllers are allocated virtual IPs. Client requests 
are sent to this virtual IP, allowing the controller to determine 
the optimal server to handle each request according to the 
proposed load balancing strategy. The switch then modifies the 
destination virtual IP address in the packet to match the chosen 
server's IP address before forwarding the packet. Figure 2 
represents the DWRR-DC setup for the simulation. The clients 
send the requests to controllers in an RR fashion according to 
Algorithm 2, and the requests from the controllers are sent to a 
particular server according to Algorithm 1. 

Figure 3 shows the execution of the topology in Mininet. 
Three controllers with seven switches were configured. Hosts 
ℎ1 , ℎ2 , ℎ3 , ℎ4 , ℎ5  were considered clients and ℎ6 , ℎ7 , ℎ8 
were the servers. Various traffic generation tools that are 
compatible with Mininet, such as curl, ping, iperf, Multi-
Generator (MGEN), and Distributed Internet Traffic Generator 
(DITG), have been analyzed for their performance in previous 
studies [20]. To evaluate the proposed DWRR-DC algorithm, 

iperf was used to generate the necessary network traffic. Traffic 
from all five clients was simultaneously directed to the servers 
using iperf-UDP. The corresponding output of the iperf-UDP is 
redirected to a log file, as shown in Figure 4. Using iperf-UDP, 
the intervals, transfer rate, bandwidth, count of received 
packets, count of packet-loss, and packet-loss percentage are 
recorded. 

 

 

Fig. 3.  DWRR-DC. 

 

Fig. 4.  Execution of the topology. 

 

Fig. 5.  Output of iperf-UDP. 
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IV. EXPERIMENTAL RESULTS 

The effectiveness of the proposed DWRR-DC algorithm 
was compared against five existing algorithms: RR, RS, WRR, 
LTWRR, and DWRS. The RR technique is a traditional and 
simple load-balancing approach that distributes incoming 
requests sequentially and evenly across all available servers. 
The Random Selection (RS) method assigns each request to a 
server chosen randomly from the available servers. The 
conventional RR mechanism has been refined into the WRR 
algorithm, where requests are allocated based on predefined 
weights assigned to each server. In the LTWRR algorithm, 
higher weights are given to servers with the lowest link delay, 
allowing them to handle a greater number of requests. In the 
DWRS strategy, the controller constantly monitors the load on 
each server and converts this data into a weight value as: 

2=>?=>�=�@ℎA = 10 − (BCDE DA F=>?=>/10) (6) 

This computed weight determines the probability of a 
server being selected to process a new request. The controller 
maintains a record of all server weights. When a new request 
arrives, it calculates the total of all weights and generates a 
random number (� ) less than this total. A variable (G ) is 
initialized to zero and is incremented sequentially by each 
server's weight. Once G exceeds �, the corresponding server is 
chosen, and the request is assigned to it. 

All algorithms, including the proposed one, were 
implemented within the same experimental environment to 
ensure a fair and consistent comparative analysis. The 
evaluation considers three huge traffic levels of 10,000, 50,000, 
and 100,000 client requests to assess load-balancing 
performance. Key performance metrics include packet loss 
percentage and throughput. 

 Throughput measures how quickly packets are sent through 
the network, calculated as 

�ℎ>CH@ℎIHA = (JI ∗ KF)/ �CADB F�LHBDA�C� A�L=  

     (7) 

where JI is the count of delivered packets and KF  is the 
packet size. 

 Packet loss is determined using: 

KDMN=A�CFF% = (JI − �I)/JI ∗ 100  (8) 

where JI is the count of packets delivered and �I count of 
packets sent. 

In the RR algorithm, the received requests are distributed 
among the servers irrespective of the server condition. In the 
RS algorithm, the load is distributed by randomly selecting the 
servers. Hence, with an increase in load, a huge packet loss is 
obtained in these algorithms. In LTWRR, static weights are 
assigned with respect to the delay identified in the link. As 
static weights are assigned, packet loss is greater in the case of 
a dynamic increase in traffic load. In WRR, the weights are 
assigned statically only once with respect to server capacity. 
Therefore, a dynamic increase in traffic can cause packet loss. 
In DWRS, the weights are dynamically assigned based on the 
current amount of requests on the servers, and the request is 
distributed based on the dynamic weights. Hence, packet loss is 
less compared to static algorithms. In the proposed DWRR-
DC, three controllers are used. Figure 5 shows that the 
proposed algorithm offers a 25.7% increase in throughput, and 
Figure 6 shows that the DWRR-DC has a 12.4% decrease in 
average packet loss than the DWRS algorithm. Table II 
presents the comprehensive statistical evaluation of the 
performance metrics for the analyzed algorithms. 

 

 

Fig. 6.  Throughput comparison. 

 

Fig. 7.  Packet loss percentage comparison. 

TABLE II.  STATISTICAL EVALUATION OF PERFORMANCE METRICS BETWEEN PROPOSED AND EXISTING ALGORITHMS 

Algorithms 
Throughput 

(Req/sec) 
Packet loss % 

HTTP response 

time (s) 
Overall Performance 

RR 700–900 45–60% 7–9 Weak scalability and high losses 

RS 700–850 45–58% 8–9 Unpredictable, not stable 

LTWRR 800–950 45–55% 7–9 Slight improvement over RR/RS 

WRR 900–1100 40–50% 5–7 Balanced but not optimal 

DWRS 1500–2400 35–45% 2–4 Better  throughput and low delay 

DWRR-DC 2000–3000 15–40% 1–3 Good scalability, lowest loss, fast response 
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To validate the functionality of the developed load 
balancing algorithm, HTTP requests were generated and sent to 
the servers, and the corresponding response times were 
measured and analyzed. This evaluation was performed for 
both the proposed and existing load balancing algorithms to 
enable a comprehensive performance comparison. Figure 8 
shows that the proposed algorithm achieves a shorter response 
time than the other algorithms considered. Additionally, the 
number of controllers deployed within the network topology 
significantly influences overall system performance. An 
insufficient number of controllers may lead to congestion and 
delayed response times, while an excessive number may 
introduce unnecessary complexity and resource overhead. 
Hence, identifying the optimal controller count is essential to 
achieve a well-balanced environment. Therefore, to assess the 
impact of controller count on network efficiency for the 
proposed DWRR-DC algorithm, the round-trip times for 
varying numbers of controllers were analyzed. This helped 
identify the most suitable number of controllers to ensure low 
latency and efficient handling of traffic in the network. Figure 
8 shows that the optimal count of controllers for the DWRR-
DC algorithm is 1-4. Performance decreases when using more 
than four controllers. 

 

 

Fig. 8.  Validation of proposed DWRR-DC. 

 

Fig. 9.  Optimal number of controllers for DWRR-DC. 

V. CONCLUSION 

Conventional RR and its improved variants face challenges 
in adapting to dynamic traffic, as they depend on fixed server 
weights and a single centralized controller. To address these 
issues, the DWRR-DC algorithm is introduced as an advanced 
extension of the RR scheme. This approach integrates three 

controllers and assigns requests to servers based on 
dynamically updated weights that reflect real-time server load. 
The algorithm is designed to efficiently balance traffic between 
controllers. For fair comparison, the proposed strategy and 
conventional ones were tested under identical client and server 
conditions. The experimental findings reveal that DWRR-DC 
improves throughput by 25.7% and reduces packet loss by 
12.4% compared to the DWRS method. Additional 
experiments with HTTP workloads show that DWRR-DC 
provides faster response times than other algorithms. 
Moreover, round-trip time analysis suggests that deploying 
between one to four controllers yields optimal efficiency, while 
performance declines with more than five controllers. Results 
clearly indicate that the proposed DWRR-DC achieves 
significant improvements compared to prior algorithms, 
excelling in several performance dimensions. 

VI. DWRR-DC: LIMITATIONS AND POTENTIAL 

FUTURE ENHANCEMENTS 

In the DWRR-DC algorithm, the threshold value of the 
response time is derived manually from the plotted graph, 
rather than being obtained through an automated process. This 
can be identified by AI algorithms in future research. The 
method presumes that all servers are homogeneous, an 
assumption that may not reflect real-world conditions. The 
algorithm can be extended to effectively handle heterogeneous 
server configurations. The server weight assignment considers 
only the current load on the servers, while other factors, such as 
link delay, server capacity, and bandwidth, could also be 
incorporated for more accurate allocation. Machine Learning 
(ML) algorithms can be integrated into the load-balancing 
framework to intelligently and dynamically adjust the weight 
values assigned to different servers or paths based on real-time 
network traffic conditions. By continuously analyzing 
parameters such as traffic volume, latency, packet loss, and 
server utilization, ML models can learn patterns and make 
informed decisions to optimize traffic distribution. This 
adaptive approach can not only enhance performance and 
resource efficiency but can also improve the responsiveness of 
the load balancer to sudden changes or anomalies in the 
network. 
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