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Abstract 

Distributed servers need good load balancing since changing client requests and resources can 

cause response times to vary and performance to degrade. Round-Robin methods have been 

used for a long time, however they don't account for server workload changes, and static 

approaches may overload servers and waste resources. This work creates and uses a load-

balancing system that combines Round-Robin, Least Connections, and Weighted Response 

Time to solve these issues. The purpose is to reduce reaction time, allow workload changes, 

and improve server efficiency. The proposed method includes creating a hybrid load balancer 

that uses a fitness-based selection mechanism based on natural selection to keep an eye on 

backend servers and do regular health checks. This system checks servers on the fly based on 

current connections and average response times. This makes sure that requests are sent to the 

fastest server. We tested how clients and servers interact in a controlled setting with three 

servers and two clients. GUI-based monitoring was used to see the state at all times. The 

hybrid approach does better than traditional Round-Robin techniques by lowering error rates, 

increasing throughput, and shortening the average response time. The system can also grow as 

needed and handle errors, as broken servers are quickly taken out of the pool to keep service 

running smoothly. These results show that hybrid load balancing is a good way to improve 

distributed server systems. This makes it a strong and flexible choice for real-time 

applications that need reliable and consistent performance. 
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1. Introduction 

In today's distributed computing settings, how well incoming requests are handled across 

available resources is a big part of how efficiently servers work. Load balancing is turning 

into increasingly more essential as the need for excessive-overall performance apps like 

actual-time statistics processing, cloud services, and organisation-scale internet platforms 

grows. As a smart site visitor’s manager, a load balancer spreads client requests throughout 

more than one server in order that no one server receives too busy even as others take a seat 

idle. This now not only makes the machine run quicker, but it additionally makes it simpler to 

scale, handle errors, and use [1]. Load balancing that works properly lowers the risk of server 

crashes, gets rid of bottlenecks, and makes the satisfactory use of system resources like CPU, 

reminiscence, and storage. Therefore, a lot of humans think it's an important thanks to 

preserve dispensed structures solid and reliable even if they're converting. The standard 

round-Robin load balancing method has some problems, although it is famous as it is 

straightforward to apply. While requests are sent out so as without thinking of how the server 

is responding in actual time, the workload is frequently now not spread out frivolously. round-

Robin may by chance overwork one server at the same time as underusing some other if 

servers have one of a kind quantities of area or if purchaser requests have exceptional 

processing needs [2], [3]. In the same way, static allocation methods don't take into account 

how workloads change or how different types of systems function together, which means they 

waste resources. These bugs are especially bad for real-time systems that need to be able to 

handle a lot of data quickly and respond quickly. For instance, if one server is already 

occupied with hard work while another is almost idle, Round-Robin might keep delivering 

requests to the server that is nearest to the user. This would make the average response time 

longer and the system less trustworthy [4]. These static solutions aren't flexible enough, so we 

need smarter and more adaptable options that can function with different server and workload 

scenarios. Figure 1 shows how a standard load balancing system works. In this system, client 

requests are sent in order to a pool of servers using either static or round-robin allocation. 

This method doesn't do health checks, so sites that aren't responding or are too busy may still 

get traffic, which could make request handling less efficient or fail. Even though this type of 

static distribution is easy to set up, it is not flexible and doesn't take into account server health 

or capacity, which makes it harder to grow and less reliable overall. 
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Figure 1: Overview of traditional architecture for load balancing 

The main research problem this study tries to solve is how standard load balancing methods 

lead to inconsistent reaction times and wasteful use of resources. Response time is very 

important in distributed systems because it affects how the user interacts with the system as a 

whole. Delays can hurt performance or even cause mission-critical applications to stop 

working. Usually, old methods that don't change with the server's real-time conditions can't 

meet these needs [5]. This leads to slower response times, more errors, and uneven server 

loads. It also makes the system less scalable and raises running costs when resources aren't 

used efficiently. For companies that are in charge of big systems, this wasteful behaviour 

means that they waste computer resources, have lower throughput, and can't handle high 

traffic loads well. So, the research task is to come up with a load-balancing system that is not 

only fair but also flexible, able to cut down on response time while increasing server 

efficiency and resilience. 

The key contribution of paper is given as: 

➢ Proposed a hybrid algorithm combining Round-Robin with Least Connections, and 

Weighted Response Time for optimized load distribution. 

➢ Introduced adaptive monitoring with a fitness-based selection function to ensure fault 

tolerance and efficient server choice. 

➢ Validated performance gains through experiments showing reduced response time, 

improved throughput over traditional methods. 

2. Related Work 

Load balancing has been known for a long time to be an important part of distributed 

computing for making sure that everyone is treated fairly, cutting down on response time, and 

improving server speed. Because they are simple and easy to use, traditional methods like 

Round-Robin and static allocation were used a lot in early systems. These methods send 

requests to servers in a random order, without taking into account their current speed or 

capacity. These methods work well in environments that are uniform, but they don't work well 

when server resources and client request loads aren't uniform. This causes them to be 
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inefficiently used and reaction times to be inconsistent [6]. To solve these problems, 

academics have come up with adaptive models that combine distribution algorithms with real-

time server monitoring. These flexible strategies are made to shift quickly to changes in 

workload, which boosts throughput and lowers latency [7]. 

The Round-Robin method is widely used, but it has some major flaws. It assumes that all 

computers have the same amount of processing power and resources available. In reality, 

though, distributed systems are usually made up of different computers with different 

amounts of CPU, memory, and bandwidth. So, Round-Robin might accidentally put too much 

demand on slower servers while leaving strong servers idle, which would slow down the 

system [8]. Also, static methods can't find servers that aren't working or are in a bad state, so 

they can't be used in fault-tolerant settings where high availability is necessary [9]. This keeps 

other servers from getting too busy while one gets too busy. This method makes it easier to 

divide up the work, but it doesn't take reaction time into account, which is a very important 

factor in applications that can't handle latency [10]. 

Later, weighted methods were added to make things more flexible. Weighted Round-Robin 

gives computers weights based on how much work they can do. This makes sure that requests 

are sent to servers that can handle them. In the same way, Weighted Least Connections takes 

into account server load by adding up the number of connections and their weights. Compared 

to simple Round-Robin, these methods make it easier to add more computers that are different 

from each other. But because they are given fixed weights, they are less useful in places 

where work loads change quickly [11]. To get around this problem, some experts have added 

dynamic weight adjustments that are based on watching how much CPU, memory, and 

response time are used in real time [12]. Such improvements make it more accurate to 

distribute work, but they make it harder to do calculations because weights have to be 

recalculated all the time. 

People are also interested in the idea of response-time-based load sharing. Client requests are 

sent to servers with the fastest response times in this approach, which directly improves the 

user experience. Response-time-based methods change based on the server and network 

conditions, making sure that servers with faster answers get more requests. That being said, 

this can cause an imbalance if faster servers regularly get more traffic and end up being 

overloaded [13]. To fix this, hybrid methods have been looked into that mix several 

techniques, like Round-Robin with Least Connections or response-time-based selection. 

These blends take the best parts of each method and make the worst parts of each method less 

noticeable. Hybrid algorithms, for instance, sort computers by health and availability first, 

then use Round-Robin or Least Connections. This makes sure that the process is both reliable 

and fair [14]. 

Recently, researchers have additionally regarded into how load balancing frameworks could 

have health test strategies. Fitness assessments make the device greater fault-tolerant and 

available through checking servers on an ordinary foundation. This stops requests from being 
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despatched to servers that are not working or are too busy. This proactive tracking improves 

the revel in of users by way of lowering downtime and making sure that speed remains the 

identical. Load balancing is likewise greater dependable in large, allotted environments while 

fitness monitoring and hybrid algorithms are used together [15]. One way to dynamically rank 

servers for fine request allocation is to use fitness-based functions that look at such things as 

energetic connections, reaction time, and resource availability [16]. Virtualized systems want 

algorithms that can adapt to changing workloads, work with a difference of assets, and hold 

charges low. In these conditions, hybrid fashions that mix widespread algorithms with metrics 

based totally on performance have worked nicely. Research show that compared to static 

strategies, hybrid load balancing no longer solely cuts down on response times but also boosts 

throughput and lowers blunders costs [17]. Additionally, progress in area and fog computing 

shows the need for load balance structures that are each light and bendy. These systems want 

if you want to take care of customers in one of kind places quickly whilst preserving latency 

to a minimum. This requires algorithms which can be both efficient and easy to code [18]. 

The growth of load balancing study shows the rising need for algorithms that can adapt, 

handle errors, and consider performance. Traditional Round-Robin and static strategies 

worked well for basic problems, but they weren't enough for settings that were changing and 

being different. Improvements like the Weighted and Least Connections methods made things 

more fair and scalable, but they weren't able to adapt to tasks that changed quickly. Response-

time methods reduced latency but could put too much stress on faster servers. With the help 

of health checks and dynamic fitness functions, hybrid models have become good ways to 

balance reaction time, fault tolerance, and resource use. Together, the results of earlier studies 

show that hybrid load balancing is an important way to improve server reaction times and 

make better use of resources in modern distributed computing systems. 

Table 1: Summary of Load Balancing Approaches in Distributed Systems 
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3. System Design 

The suggested system architecture, as shown in figure 2 uses a hybrid load balancing model. 

There are three major parts to the architecture: the load balancer, server processing, and client 

processing. In the server layer, there are three computers set up. Each has 1 GB of RAM and 

1 GB of storage. By subtracting used memory from fixed capacity, the servers automatically 

figure out what resources are available, while storage access is simulated. When a client sends 

a request, each server handles it by getting the data, doing the job, and sending back a 

response. This makes sure that resources are tracked correctly in real time. Two clients in the 

client layer start activities by reading what users type, sending requests to the load balancer, 

and getting responses from servers. A graphical user interface (GUI) that shows client-to-

server communication makes this contact possible. At the heart of the design is the load 

balancer, which can work in two ways: the standard Round-Robin mode or the proposed 

hybrid model. It starts up with live servers and runs in a separate thread to make sure the GUI 

is responsive. Every 10 seconds, a health check method checks the states of all the servers and 

adds healthy ones to the active pool while removing unresponsive ones to make sure that the 

system can handle errors.Round-Robin [17] sends requests in a positive order in the 

traditional mode. In the hybrid mode, the fantastic server is chosen by means of a health 

characteristic that appears at both energetic connections and common reaction time. This 

makes sure that calls go to servers that are not too busy and might answer fast. Metrics like 

total requests, reaction instances, and mistakes numbers are constantly updated by way of the 

gadget. This shall we it adapts to converting workloads. Errors are constant via removing 

damaged computer systems and retaining track of problems, and fitness tests make certain the 

whole lot is going for walks smoothly. This combined technique [18] ensures scalability, even 

load sharing, consistent reaction times, and better throughput than static strategies. This graph 

combines dynamic tracking, aid-conscious allocation, and adaptive decision-making to make 

a strong solution for disbursed structures that need fault-tolerant load balancing and excessive 

overall performance. 
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Figure 2. Proposed System Architecture 

4. Proposed Methodology 

The Hybrid load balancing approach that was offered is made up of three major parts: servers, 

customers, and the load balancer. It has three computers, and each one is already set up with a 

certain amount of storage space and memory [19, 20]. It's up to these computers to handle 

calls from clients, keep an eye on how resources are being used, and act quickly. In the client 

layer, there are two clients that take input, ask the load balancer for things, and get responses. 

All of this is possible with the help of a graphical user interface (GUI), which makes it easy to 

work together. The load manager uses both the old Round-Robin algorithm and the new 

mixed algorithm to decide what to do and how to send requests. The right backup computers 

are picked with the help of health checks and a score system based on fitness. This ensures 

that the distributed system can handle errors, work at a steady level, and make the best use of 

its resources. 

4.1. Server Processing: Resource Monitoring And Request Handling 

4.1.1 Server Processing (Number of Servers = 3) 

a. Server Configuration 

Within the proposed hybrid load balancing design, server processing may be very important 

for handling resources well and responding fast to purchaser requests. The system is made 

from three computer systems, and to maintain things constant, each one is installation with 
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constant computing assets. Specifically, each server is given 1 GB of RAM and 1 GB of 

storage. This units the same old for the way the servers must be set up in order that the burden 

balancer can well ship requests to all to be had servers. This set-up makes positive that 

resources are continually to be had, which is important for handling customer workloads in an 

allotted environment. 

b. Get Available Resources 

Computers examine how their resources are being utilized all the time, in addition to setting 

up. This helps them work at their best. The procedure determines the amount of memory in 

use by subtracting the amount of free memory from the total runtime memory. The system 

finds out how much memory is free by taking the total amount of RAM and subtracting the 

amount that is being utilized. In the same way, the fixed capacity is used to track the available 

storage, which is based on real-world usage cases.. 

 
Figure 3. Available Resources Calculation at Server 

When a client user sends a request to a server, that server uses it to be had computing 

electricity to finish the activity and sends lower back the consequences. This cycle of setting 

up, watching, and handling requests keeps the system running smoothly, gets rid of 

bottlenecks, and makes sure that each server works within its limits. It also helps to spread the 

load evenly across the architecture. Figure 3 shows how to calculate computer resources, like 

how much memory and storage space is available so that they are used efficiently. This 

process of monitoring helps keep server speed at its best by balancing workloads, preventing 

over-allocation, and preventing overloading. 

c. Handle Client 

Client requests are the final and most significant phase of server processing in the suggested 

system. As soon as the load balancer sends a request, the server starts receiving client 

requests. This could involve reading input data or computing. After receiving the request, the 

server processes it using memory and storage, the status of server illustrate in figure 4. This 

ensures fast completion without exceeding capacity. The server employs RAM for 

calculations and storage for data management to ensure accuracy and consistency. System and 

end users can communicate simply using this response processing. The result is lower latency, 

consistent performance, and reliable service for all customer connections. 
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Figure 4. Server Status 

4.2. Client processing: request submission and response reception 

4.2.1 CLIENT PROCESSING (Number of Client = 2) 

a. Send Request 

Two clients talk to the servers through the load balancer as part of the client processing. Each 

client starts by reading the information from the user, which is what the request is based on, 

the GUI request and response shown in figure 5. The request is then sent to the load manager, 

which figures out which server is best. Lastly, the client gets the answer from the assigned 

server. This makes sure that communication goes smoothly and responses are handled 

quickly. 

 

Figure 5. Client Request Response GUI 
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4.3. Load Balancer  

4.3.1 ROUND ROBIN 

a. GUI Setup 

The GUI setup is very important for keeping users involved and keeping an eye on the 

system. The load balancer is set up to run in a different thread so that everything runs 

smoothly. This way, the graphical user interface doesn't get stuck while requests are being 

handled. This lets you watch the system in real time, including client requests, server replies, 

and error logs, without having to stop what you're doing on the interface. Running the load 

balancer on its own makes sure that the GUI stays responsive and always shows users or 

administrators the correct system state. 

b. Load Balancer Initialization: 

Load balancer utilization begins with initialization [21], [22]. This turns on the load balancer 

and prepares the environment for client calls. It first activates the load balancer to accept links 

and send requests to the proper areas. After that, the system gets a list of all current servers 

and adds only healthy, responsive ones. This eliminates non-responsive servers from the set, 

preventing failures. A dynamic list of servers is maintained during initialization. This ensures 

that the load balancer can handle faults and efficiently distribute requests using Round-Robin 

or the proposed hybrid selection approach. 

c. Health Check Mechanism: 

Figure 6 shows how the health check mechanism monitors backend servers every 10 seconds. 

Reachable and responsive servers are instantly added to the active Servers set to ensure 

request allocation. Unresponsive servers are removed from the active pool to prevent request 

failures. Since the hybrid load balancer distributes load to healthy servers, this dynamic 

process ensures fault tolerance, system dependability, and ongoing service delivery. 

 
Figure 6. Health Checking of Servers 

 

d. Client Request Handling: 

To ensure concurrency and responsiveness, the load balancer takes a new client connection 

and immediately creates a thread to process it. The client's request is read and intelligently 

passed to a backend server utilising Round-Robin or Hybrid Round-Robin–Least Connection. 

The selected server efficiently processes the request and sends a response to the client, 

ensuring seamless communication and minimal latency [23]. Figure 7 shows the hybrid 
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architecture's load balancer request processing mechanism. As the primary control point, the 

load balancer immediately accepts client connections. The load balancer creates a thread for 

each client request to prevent bottlenecks and assure concurrency. Multiple clients can be 

served without compromising system performance or blocking other requests with this 

architecture. 

 

Figure 7. Load Balancer Request Handling 

e. Round-Robin Selection: 

Distributing client requests across servers relies on round-robin selection. The 

getActiveBackendServer() method cycles across the backend servers. This distributes requests 

evenly among active servers, preventing one from overloading while others idle. This method 

is efficient for sequential request allocation in homogeneous contexts with similar server 

capacity due to its simplicity. Figure 8 shows how the load balancer sends multiple client 

requests to servers at the same time. This makes sure that everyone gets a fair share of the 

work, that it is processed quickly, that response times are kept to a minimum, and that the 

server pool has an even amount of work to do. 

 

Figure 8. Multiple Request from Client to Server 
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The system does, however, have features for failure tolerance. If there are no live servers 

available at a certain time, the client is told right away, so there are no delays or failed 

requests. Also, error-handling features are built in to make sure stability. During request 

processing, if a backend server doesn't reply, it is automatically removed from the 

activeServers set. This keeps future requests from being sent to a node that isn't responding. 

The GUI keeps track of errors that happen when clients or servers talk to each other or handle 

requests. This lets managers see at a glance how the system is running and how healthy the 

servers are. This mix of cyclic selection, proactive problem detection, and transparent logging 

makes the load balancing process more reliable while still allocating requests fairly. 

 

Figure 9. Multiple Request Handling by Load Balancer Using Round Robin Technique 

Figure 9 shows how the load balancer handles multiple client requests using the Round-Robin 

method, sending them to servers in a cycle of linear order. This makes sure that everyone is 

doing their fair share of the work, stops bottlenecks, and keeps system speed stable. 

5. Proposed Algorithm Used 

5.1 Hybrid Load Balancing Algorithm 

By choosing the best server based on current connections and response time, the hybrid load 

balancing algorithm makes things run more smoothly. It starts by setting up server metrics, 

taking orders from clients, and giving each server a fitness score. Round-Robin is used to 
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break ties and choose the server with the best score. Requests are taken care of, metrics are 

updated, and errors are treated politely. This work process, shown in Figure 10 flowchart, 

makes sure that the system can be scaled up, is reliable, and works at its best. 

 

Figure 10: Working Flow of Hybrid Load Balancer Algorithm 
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Steps of the Hybrid Load Balancing Algorithm 

Step 1: Initialize Server Metrics 

• Maintain a list of active backend servers. 

• For each server, track: 

o Active Connections: The number of active client connections. 

o ResponseTime (RT): The average time it takes to handle requests. 

Step 2: Accept Client Connection 

• The load balancer listens for incoming client connections. 

• When a client connects: 

o Accept the connection. 

o Log the client's address. 

Step 3: Read Client Request 

• Read the request sent by the client. 

• Log the request details. 

Step 4: Calculate Fitness Score for Each Server 

• For each active server, calculate a fitness score using the formula: 

 

o Connections: The number of people who are currently connected to the server. 

o responseTime: The average response time of the server. 

o The +1 ensures that the denominator is never zero. 

Step 5: Select the Best Server 

• Compare the fitness scores of all active servers. 

• Select the server with the highest fitness score. 

• If multiple servers have the same score, use Round-Robin to select the next server in 

the sequence. 

Step 6: Forward Request to the Selected Server 

• Open a connection to the selected backend server. 

• Forward the client's request to the server. 

• Increment the server's active connection count. 
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Step 7: Measure Response Time 

• Wait for the server to process the request and send a response. 

• Stop the timer when the response is received. 

• Calculate the response time as: 

𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑇𝑖𝑚𝑒 = 𝑒𝑛𝑑𝑇𝑖𝑚𝑒 − 𝑠𝑡𝑎𝑟𝑡𝑇𝑖𝑚𝑒 

Step 8: Update Server Metrics 

• Update the server's metrics: 

o Add the response time to the server's total response time. 

o Increment the server's total request count. 

o Update the server's average response time: 

𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑇𝑖𝑚𝑒 =
𝑡𝑜𝑡𝑎𝑙𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑇𝑖𝑚𝑒

𝑡𝑜𝑡𝑎𝑙𝑅𝑒𝑞𝑢𝑒𝑠𝑡
 

Step 9: Relay Response to Client 

• Send the backend server's response back to the client. 

• Log the response details. 

Step 10: Decrement Active Connections 

• After processing the request, decrement the server's active connection count. 

Step 11: Handle Errors 

• If the backend server is down or unresponsive: 

o Remove the server from the active server list. 

o Log the error. 

o Notify the client that the server is unavailable. 

Step 12: Repeat for Next Request 

• Go back to Step 2 to handle the next client request. 

In the hybrid load balancing approach, this is how we figure out each backup server's health 

score: 
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Components of the Formula 

• connections: The number of active connections currently being handled by the server. 

• responseTime: The average response time of the server (in milliseconds or another 

time unit). 

• +1: Added to avoid division by zero and to ensure the formula works even when 

connections or responseTime is zero. 

The fitness score is designed to: 

1. Give services with fewer open links more attention: 

o The term  ensures that servers with fewer connections have a 

higher score. 

o For example: 

▪ If a server has 0 connections, this term becomes 1.0. 

▪ If a server has 5 connections, this term becomes 1.0/6 ≈ 0.167. 

2. Give computers with faster response times more weight: 

o The term  ensures that servers with lower response times have a 

higher score. 

o For example: 

▪ If a server has a response time of 10 ms, this term becomes 1.0/11 ≈ 

0.0909111.0 ≈ 0.0909. 

▪ If a server has a response time of 100 ms, this term becomes 1.0/101 ≈ 

0.00991011.0 ≈ 0.0099. 

3. Combine both factors: 

o The fitness score is the sum of the two terms, giving equal weight to both the 

number of connections and the response time. 

o A higher fitness score indicates a better server for handling new requests. 

Table 2: Example Calculation 

Server Active 

Connectio

ns 

Respons

e Time 

(ms) 

Fitness Score 

Calculation 

Fitness Score 

A 2 20 (1.0/2+1)+(1.0/20+1

) 

0.333+0.0476=0.38060 

B 5 10 (1.0/5+1)+(1.0/10+1.

0) 

0.1667+0.0909=0.25760 
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• Server A has a higher fitness score (0.3806) compared to Server B (0.2576), so the 

load balancer will prefer Server A. 

4. Why Add 1 to Connections and Response Time? 

• Avoid Division by Zero: 

o If a server has 0 connections or 0 response time, adding 1 ensures the 

denominator is never zero. 

• Smooth the Curve: 

o Adding 1 prevents the fitness score from becoming too large or too small when 

connections or response times are very low. 

5.2 Proposed Hybrid Round-Robin with Least Connections 

This study works best with the hybrid RR–Least Connections algorithm because it 

dynamically routes requests based on live connections and response-time metrics, which 

lowers latency and boosts throughput. Health checks make sure the algorithm can handle 

errors, per-request threads allow for concurrency, and EWMA updates keep estimates stable. 

Adjustable weights (α, ²) balance fairness and speed, resulting in scalable, resource-efficient 

load distribution, which is the main point of our study. 

Algorithm: Hybrid Round-Robin with Least Connections 

Inputs: 

Servers S = {1..m}; health period tau = 10s 

State (per server i): 

▪ C_i = active connections 

▪ R_i = avg response time 

▪ TS_i = total response time 

▪ n_i = total requests served 

▪ e_i = error count 

Global: 

▪ A = active (healthy) server set 

▪ p = round-robin pointer 

 

1) Initialize 

Set GUI; start load balancer thread; 𝑨 ← ∅𝐴, 𝐶𝑖 ← 0,  𝑅𝑖 ← 𝑢𝑛𝑑𝑒𝑓𝑖𝑛𝑒𝑑,  𝑛𝑖 ← 0,  𝑇𝑆𝑖 ← 0,  𝑒𝑖

← 0 ∀𝑖. 

Start periodic health check every 𝝉 𝑠. 

2) Health Check (every tau seconds) 

𝑃𝑟𝑜𝑏𝑒 𝑒𝑎𝑐ℎ 𝑠𝑒𝑟𝑣𝑒𝑟 𝑖. 

𝐼𝑓 𝑟𝑒𝑎𝑐ℎ𝑎𝑏𝑙𝑒:  

𝑎𝑑𝑑 𝑖 𝑡𝑜 𝐴;  

𝑒𝑙𝑠𝑒:  
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𝑟𝑒𝑚𝑜𝑣𝑒 𝑖 𝑓𝑟𝑜𝑚 𝐴 𝑎𝑛𝑑 𝑙𝑜𝑔. 

3) Accept Client 

Listen on port 5000; on connect: log client address; spawn handler thread. 

4) Read Request 

Parse request; log metadata (size, timestamp). 

5) Select Best Server (Hybrid) 

For each 𝑖 in 𝐴 compute fitness: 

𝐹𝑖 =  𝑎𝑙𝑝ℎ𝑎 ∗
1

𝐶𝑖 +  1
+  𝑏𝑒𝑡𝑎 ∗

1

𝑅𝑖 +  1
 

Pick s in argmax_iF_i. 

If tie: choose by round-robin among tied servers (pointer p). 

6) Forward and Measure 

𝐶𝑠 < 𝐶𝑠 +  1; send request at t_send. 

When reply arrives at t_done: 𝑇 =  𝑡_𝑑𝑜𝑛𝑒 𝑡_𝑠𝑒𝑛𝑑. 

7) Update Metrics & Return 

𝑇𝑆𝑠 < 𝑇𝑆𝑠 +  𝑇; 𝑛𝑠 < 𝑛𝑠 +  1; 𝑅𝑠 <
𝑇𝑆𝑠

𝑛𝑠
 

(𝐸𝑊𝑀𝐴: 𝑅𝑠 < (1 − 𝑔𝑎𝑚𝑚𝑎) ∗ 𝑅𝑠 +  𝑔𝑎𝑚𝑚𝑎 ∗ 𝑇). 

𝐶_𝑠 < 𝐶_𝑠 1. 

Relay response to client; log. 

8) Error Handling 

On timeout/failure: 𝑒𝑠 < 𝑒𝑠 +  1; remove s from A; notify client; log. 

9) Repeat 

Handle next client request. 

Per-request complexity: 𝑂(|𝐴|)to score servers; 𝑂(1) to update. 
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Hybrid Round-Robin With Least Connections- Mathematical model Analysis 

Goal: 

Show that choosing server 𝑠 =  𝑎𝑟𝑔𝑚𝑎𝑥_𝑖 𝐹_𝑖 with 

𝐹𝑖 =  𝑎𝑙𝑝ℎ𝑎 ∗
1

𝐶𝑖 +  1
+  𝑏𝑒𝑡𝑎 ∗

1

𝑅𝑖 +  1
(𝑎𝑙𝑝ℎ𝑎, 𝑏𝑒𝑡𝑎 >  0) 

Greedily minimizes an upper bound on the next job’s completion time, thus reducing 

delay. 

1) Setup 

- Active servers: A(t) 

- 𝐶_𝑖 = active connections on server i 

- 𝑅_𝑖 = mean response-time estimate on server i 

- Fitness: 𝐹_𝑖 as above 

- Selection: pick s in argmax_iF_i (tie-break via Round-Robin) 

 

2) Key inequality (Titu’s Lemma / Engel form of Cauchy–Schwarz) 

𝐹𝑜𝑟 𝑥 =  𝐶𝑖 +  1 >  0, 𝑦 =  𝑅𝑖 +  1 >  0: 

𝑎𝑙𝑝ℎ𝑎

𝑥
+

𝑏𝑒𝑡𝑎

𝑦
≥

(𝑎𝑙𝑝ℎ𝑎 +  𝑏𝑒𝑡𝑎)2

𝑎𝑙𝑝ℎ𝑎 ∗ 𝑥 +  𝑏𝑒𝑡𝑎 ∗ 𝑦
 

Define 𝐽_𝑖 =  𝑎𝑙𝑝ℎ𝑎 ∗ (𝐶_𝑖 +  1)  +  𝑏𝑒𝑡𝑎 ∗ (𝑅_𝑖 +  1). 

Then: 

𝐹𝑖 ≥
(𝑎𝑙𝑝ℎ𝑎 +  𝑏𝑒𝑡𝑎)2

𝐽𝑖
 

=>  𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑖𝑛𝑔 𝐹𝑖 ≤>  𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑖𝑛𝑔 𝐽𝑖 (since numerator constant across servers). 

3) Delay upper bound interpretation 

Let T_i be completion time of the arriving job if sent to server i. 

A standard “frozen arrivals” bound gives: 

𝑇_𝑖 ≤  𝑘1 ∗ (𝐶_𝑖 +  1)  +  𝑘2 ∗ (𝑅_𝑖 +  1) 

Set 𝑎𝑙𝑝ℎ𝑎 =  𝑘1, 𝑏𝑒𝑡𝑎 =  𝑘2.  

Then: 

𝑇𝑖 ≤  𝐽𝑖 

Therefore, choosing s that minimizes 𝐽_𝑖 (equivalently maximizes F_i) minimizes an 

explicit per-arrival upper bound on delay. 

THEOREM (Greedy delay reduction): 

The hybrid dispatch rule s in argmax_iF_i minimizes the bound J_i for the arrival, thus 

greedily reducing an upper bound on the job’s delay. QED. 

4) Dominance and fairness 

If server i dominates j (𝐶𝑖 <=  𝐶𝑗𝑎𝑛𝑑 𝑅𝑖 <=  𝑅𝑗, at least one strict), then: 

𝐹𝑖 ≥  𝐹𝑗𝑎𝑛𝑑 𝐽𝑖 ≤  𝐽𝑗 

=>the rule prefers the strictly better server, ensuring intuitive fairness/efficiency. 

5) Stability intuition (negative drift) 
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Potential: 𝑃ℎ𝑖(𝐶, 𝑅) =  𝑎𝑙𝑝ℎ𝑎 ∗ 𝑠𝑢𝑚𝑖 log(𝐶𝑖 +  1) +  𝑏𝑒𝑡𝑎 ∗ 𝑠𝑢𝑚𝑖 log(𝑅𝑖 +  1) 

Partial derivatives: 
𝑑𝐹𝑖

𝑑𝐶𝑖
=  −

𝑎𝑙𝑝ℎ𝑎

(𝐶𝑖+ 1)2 <  0,
𝑑𝐹𝑖

𝑑𝑅𝑖
=  −

𝑏𝑒𝑡𝑎

(𝑅𝑖+ 1)2 <  0 

Dispatching to argmaxF_i penalizes overloaded/slow servers, creating negative drift in Phi 

when the stability condition holds: total arrival rate 𝑙𝑎𝑚𝑏𝑑𝑎 <  𝑠𝑢𝑚𝑖𝑚𝑢𝑖 . 

=>load equalization, bounded delays in steady state. 

6) Worked numeric example (alpha = beta = 1) 

𝑆𝑒𝑟𝑣𝑒𝑟 𝐴: 𝐶_𝐴 =  2, 𝑅_𝐴 =  20 𝑚𝑠 

𝐹𝐴 =
1

3
+

1

21
=  0.3333 +  0.0476 =  0.3809 

𝐽𝐴 =  (2 + 1) +  (20 + 1) =  24 

𝑆𝑒𝑟𝑣𝑒𝑟 𝐵: 𝐶_𝐵 =  5, 𝑅_𝐵 =  10 𝑚𝑠 

𝐹𝐵 =
1

6
+

1

11
=  0.1667 +  0.0909 =  0.2576 

𝐽𝐵 =  (5 + 1) +  (10 + 1) =  17 

Here,𝐹_𝐴 >  𝐹_𝐵, so pick A (it minimizes J_i bound only if alpha, beta reflect latency 

cost). 

If latency is more critical, increase beta. 

Solve F_A = F_B for beta/alpha: 

𝑎𝑙𝑝ℎ𝑎

3
+

𝑏𝑒𝑡𝑎

21
=

𝑎𝑙𝑝ℎ𝑎

6
+

𝑏𝑒𝑡𝑎

11
 

=> (𝑎𝑙𝑝ℎ𝑎) ∗ (
1

3
−

1

6
) =  (𝑏𝑒𝑡𝑎) ∗ (

1

11
−

1

21
) 

=> (𝑎𝑙𝑝ℎ𝑎) ∗ (
1

6
) =  (𝑏𝑒𝑡𝑎) ∗ (

10

231
) 

=>
𝑏𝑒𝑡𝑎

𝑎𝑙𝑝ℎ𝑎
=

(
1

6
)

(
10

231
)

=
231

60
≈  3.85 

If 
𝑏𝑒𝑡𝑎

𝑎𝑙𝑝ℎ𝑎
>  3.85, the rule prefers B (much faster) despite higher connections. 

7) KPIs and constraints 

- Mean response: 𝐸[𝑇] =  (
1

𝑁
) ∗  𝑠𝑢𝑚𝑟𝑇𝑟 

- Throughput: 𝑋 =
𝑁

𝑡𝑒𝑛𝑑− 𝑡𝑠𝑡𝑎𝑟𝑡
 

- Error rate: 𝑒𝑝𝑠𝑖𝑙𝑜𝑛 =
𝑠𝑢𝑚𝑖𝑒𝑖

𝑁
 

- Stability per server (
𝑀

𝑀

1
) : 𝑟ℎ𝑜𝑖 =

𝑙𝑎𝑚𝑏𝑑𝑎𝑖

𝑚𝑢𝑖
<  1, 𝐸[𝑇𝑖] =

1

𝑚𝑢𝑖− 𝑙𝑎𝑚𝑏𝑑𝑎𝑖
 

- 𝐸[𝑇]𝑎𝑝𝑝𝑟𝑜𝑥 𝑠𝑢𝑚𝑖 (
𝑙𝑎𝑚𝑏𝑑𝑎𝑖

𝑙𝑎𝑚𝑏𝑑𝑎
) ∗ 𝐸[𝑇𝑖] 

 

Figure 11 shows how the client GUI and servers talk to each other. Requests are sent one after 

the other, and replies are sent back in the same order. Each request has a unique identifier 
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attached to it, and responses make the port number of the server that sent the message very 

clear. This makes sure that things can be tracked and shows how the hybrid system efficiently 

sends client requests to multiple live servers so that the load is spread out evenly. 

 

Figure 11. Multiple Requests from Client to Server 

In Figure 12, demonstrate how the hybrid load balancer handles client requests across sites. It 

shows server health checks that confirm they are online and also keeps track of their average 

response times. It is possible to figure out metrics like throughput and error rate, which show 

that the balancing works well and there are no mistakes. This shows that the hybrid algorithm 

can improve speed even when the load changes. 

 

Figure 12. Multiple Requests Handling by Proposed Hybrid Load Balancer 
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The Round-Robin method sends requests out in order without taking server load into account, 

which could lead to inefficiency. The Hybrid Model, on the other hand, cleverly combines 

Round-Robin with Least Connections. It makes sure that everyone gets a fair share by looking 

at both the order of the connections and the present server workload, as shown in Table 3. 

Table 3. Differentiation analysis of Round Robin with Proposed Hybrid Model 

Feature Round-Robin Hybrid Model (Round-Robin + Least 

Connections) 

Load 

Distribution 

Static, equal distribution Dynamic, based on server load and 

performance 

Performance May send requests to 

overloaded servers 

Optimizes performance by selecting the 

best server 

Fault Tolerance No health checks Includes health checks and removes 

unhealthy servers 

Scalability Works best for homogeneous 

servers 

Scales well for heterogeneous servers 

Resource 

Utilization 

May underutilize or overload 

servers 

Balances load effectively 

Client 

Experience 

Inconsistent performance Consistent and reliable performance 

Flexibility Rigid and static Adapts to real-time changes 

 

6. Result and Discussion 

6.1 Performance Parameters 

To make sure our hybrid load-balancing study was correct, we measured success using three 

metrics that were in line with the goals of the title. Throughput(𝑋𝑠𝑦𝑠 =
𝑁

𝛥𝑡
;  𝑋𝑖 =

𝑁𝑖

𝛥𝑡
)measured 

how much capacity and resources were being used on each computer. The average response 

time per server (Ṯ_i) and its live EWMA estimate R_i[k] showed changes in latency over 

time as the load changed, showing that the servers were responding more quickly. The error 

rate (𝜀𝑠𝑦𝑠 =
𝐸

𝑁
;  𝜀𝑖 =

𝑒𝑖

𝑛𝑖
)was used to measure reliability and make sure that fault tolerance was 

met. All of these tests showed that the whole system was more fast and used its resources 

more efficiently. 

i) Throughput 

- System throughput: 𝑋𝑠𝑦𝑠 =
𝑁

𝑑𝑡
 

- Per-server throughput: 𝑋𝑖 =
𝑁𝑖

𝑑𝑡
 

Where𝑑𝑡 = t_end - t_start, 𝑁 = total completed requests, 𝑁_𝑖= completed on server i. 

ii) Average Response Time per Server 

- Per-server mean latency: 𝑇𝑎𝑣𝑔𝑖
=  (

1

𝑛𝑖
) ∗  𝑠𝑢𝑚{𝑘=1..𝑛𝑖} (𝑡𝑑𝑜𝑛𝑒{𝑖,𝑘}

− 𝑡𝑠𝑒𝑛𝑑{𝑖,𝑘}
) 
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- Online EWMA estimate: 𝑅𝑖[𝑘] =  (1 −  𝑔𝑎𝑚𝑚𝑎) ∗  𝑅𝑖[𝑘−1] +  𝑔𝑎𝑚𝑚𝑎 ∗  𝑇𝑖[𝑘], 0 <

 𝑔𝑎𝑚𝑚𝑎 <=  1 

- System means latency: 𝑇𝑎𝑣𝑔 =  (
1

𝑁
) ∗  𝑠𝑢𝑚{𝑟=1..𝑁}𝑇𝑟

=  𝑠𝑢𝑚𝑖 (
𝑁𝑖

𝑁
) ∗  𝑇𝑎𝑣𝑔𝑖

 

iii) Error Rate 

- System error rate: 𝑒𝑝𝑠𝑖𝑙𝑜𝑛𝑠𝑦𝑠 =
𝐸

𝑁
 

- Per-server error rate: 𝑒𝑝𝑠𝑖𝑙𝑜𝑛𝑖 =
𝑒𝑖

𝑛𝑖
 

Where,𝐸 = total failed/timeout requests, 𝑒_𝑖 = failures on server i. 

 

6.2. Comparative Analysis 

Figure 13 shows how the average response time for standard Round-Robin and the proposed 

Hybrid load balancer compares when 20 to 40 requests are made at the same time. There is a 

43.25% drop in time between Round-Robin and Hybrid when 20 requests are made. Round-

Robin takes 3894 milliseconds for 40 requests, while Hybrid takes 2004 milliseconds, which 

is a 48.54% drop. It is worth mentioning that Hybrid is almost 2 times faster than Round-

Robin as the load increases (RR/Hybrid ratio = 1.76× at 20 and 1.94× at 40). The Hybrid gets 

better as the load goes up because its latency drops from 2312 ms to 2004 ms, which is 

13.32% better. This shows that fitness-based routing (Least Connections + Response-Time 

weighting), per-request threading, and continuous metric updates are stopping hotspots more 

and more as contention rises. Round-Robin slows down a little (4074 ms → 3894 ms, 4.42%), 

probably because of warm-up effects, but it stays slower because it doesn't take into account 

how different servers are or how busy they are at any given time, sending new work to nodes 

that are already busy a lot of the time. 

 

Figure 13: Representation of comparison of average response time 
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The health check feature makes the hybrid method even better by getting rid of servers that 

are too slow or don't respond, stabilizing latency tails, and keeping an active set that is free of 

errors. Overall, the evidence supports the claim that the Hybrid algorithm scales better, with 

better resource utilization and shorter average response times as the number of users 

improves. To be full, future studies should include variability bars, heavier and mixed 

workloads, and give tail metrics (p95/p99) and throughput to back up the end-to-end gains. 

 

Figure 14: Throughput Comparison of Load Balancing Algorithms 

The figure 14 shows a contrast of the throughput of the proposed Hybrid scheduler with the 

conventional round-Robin (RR) load balancer at 2 distinctive amounts of load (20 and 40 

requests on the identical time).With 20 requests, RR gets 0.25 requests/unit time, while 

Hybrid only gets 0.20, giving RR a 0.05 (≈ 25% relative) edge. When the load doubles to 40 

requests, RR gives 0.23 compared to Hybrid's 0.17, giving RR a 35.3% lead (0.23/0.17≈1.35). 

As the number of concurrent users increases, both algorithms' output slightly drops (RR –8%, 

0.25–0.23; Hybrid –15%, 0.20–0.17). This is because there is more contention and control-

path work to do when the loads are higher. Putting these numbers together with earlier latency 

data shows that the Hybrid design cuts down on average response time but has a slightly 

lower raw throughput in this setup. Three likely reasons are (i) decision overhead, which 

includes per-request fitness computation, EWMA updates, and active-set maintenance; (ii) 

synchronisation and I/O costs, such as thread spawning, socket operations, and shared-state 

updates, which can limit the number of completions per time unit; and (iii) health-check 

activity, which includes periodic probes (every 10 s) that add small but non-zero work. It's 

important to note that this is a normal and acceptable trade-off: the Hybrid policy puts in 
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some control work to stop hotspots, even out load by active connections, and favour faster 

servers by response time. This makes users feel like the system is faster and more responsive, 

even when aggregate completions don't change much. Several technical improvements can be 

made in production settings to get throughput back without giving up the benefits of the 

Hybrid policy: to store fitness and only recalculate when a measure changes; Instead of 

scanning each request individually, use a max-heap/priority queue that is keyed by fitness; use 

I/O that doesn't block and a fixed thread pool; do health checks in the background; use lock-

free/atomic counts for Ci To cut down on churn, tune EWMA γ plus weights (𝛼, 𝛽) (±,²). 

Overall, Figure 14 shows that RR still has a slight edge in terms of raw throughput in this 

small testbed. The Hybrid algorithm, on the other hand, puts latency and stability first, which 

is in line with the research goal of improving server response time and resource utilisation for 

a wide range of changing workloads. 

7. Conclusion 

A hybrid load-balancing model was designed and put into action in this study. It combines 

Round-Robin, Least Connections, and response-time awareness through a simple fitness 

score. With regular health checks and changes to metrics for each request, the system can 

handle different types of load and get rid of servers that aren't working well. The hybrid 

policy cut down on average response time compared to Round-Robin on a three-server, two-

client testbed—2312 ms vs. 4074 ms for 20 requests and 2004 ms vs. 3894 ms for 40 

requests—while keeping service reliable by automatically removing failed nodes. These 

results back up the main goal, which was to cut down on reaction time and make better use of 

resources when workloads change. As the load doubled, the hybrid scheduler had slightly 

lower throughput (0.20ⱒ0.17 vs. 0.25→0.23). This was because the balancer had to do more 

work to make decisions, keep things in sync, and do health checks. However, the latency 

benefits are big and useful for systems that users interact with. The study adds three things: a 

useful hybrid algorithm with weights that can be changed; an implementation that combines 

health monitoring and metric learning (EWMA); and an empirical review that shows that this 

method is more responsive and stable than traditional Round-Robin. There are some 

problems, like a small testbed, set server capacities, and no tail-latency reporting. 

Improvements in engineering, such as caching fitness computation, asynchronous I/O with a 

set thread pool, lock-free counters, and priority queue selection, can get throughput back 

without giving up gains in latency. We will look into adaptive weighting, autoscaling, and 

tail-latency goals on larger clusters in future work. 
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