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Abstract – Load balancing system can improve the 
performance of a popular Web server. Most of the load 
balancing systems use homogeneous Web servers as their 
backend servers. In this situation, the dispatching 
algorithm can obtain load sharing among the Web 
servers quite easily. However, when the Web server 
system contains servers with different capacities, we must 
use factors such as the remaining capacity of these Web 
servers as the criteria for decision making. In our 
proposed system, we use the remaining capacity as the 
parameter of the dispatching algorithm and compare the 
performance with systems using round robin and least 
connection algorithms. The hit rate, utilization, and drop 
rate are compared. We also derived a formula to 
calculate how many servers are needed when the system 
is overloaded and what kind of capacity the server is 
required. 

Keywords: load balance, heterogeneous web server 
cluster, round robin, least connection, remaining capacity. 

1 Introduction 
 With the explosive growth of the World Wide Web, the 
traffic of popular Web sites is far beyond the capacity of 
a single server. Usually, the distributed or parallel 
architecture with a virtual single interface is implemented. 
These sites have a competitive motivation to offer better 
service to their clients at lower cost. The load balanced 
Web server architecture [1,2], can provide high 
performance services for large number of clients. 
Although load balanced servers consist of one or more 
servers, they act as a single unit. Load balanced servers 
offer the advantages of user transparency that allows the 
clients to work with multiple servers without any specific 
configuration.  

 However, most of the load balanced algorithms are 
focused on the homogeneous Web servers, that is, all of 
the Web servers are of the same specification. These Web 
servers have the same processing powers, memory 
installation, network speed, I/O speed, etc. In the 
homogeneous Web server system, the load balancer can 
redirect the client request to the most appropriate server 
based on many well-known criteria, such as round robin 

or least connection. In a server-state based algorithm, 
each Web server must report its loading information to 
the load balancer. The load balancer then selects the best 
server to serve the request. But in the heterogeneous Web 
server system, the load balancer should redirect the client 
request to the best Web server not only by considering 
the loading information but also by the capacity of the 
server. In other words, we can use the remaining capacity 
of the Web server to decide which server is the most 
appropriate. 

 We compare the remaining capacity load balancing 
algorithm to the round robin and least connection 
algorithms in the heterogeneous Web server system. We 
explore the hit rate and utilization as well as the drop rate 
for the servers with different capacity. Furthermore, we 
will also discuss the capacity and the number of servers to 
add into this load balancing system when it is over loaded 
[3,4]. 

 This paper is organized as follows. In Section 2, we 
will address some related researches about load balancing 
architecture and solution. The proposed model will be 
discussed in Section 3. We will present the simulations 
and performance analysis in Section 4. Finally, 
conclusions are given in Section 5. 

2 Related Work 
In this section, we will discuss some backgrounds and 
related researches about load balancing architectures and 
solutions. 

2.1 Cluster Approach 
 The cluster server system consists of many independent 
servers that work together. The workload is evenly 
dispatched to independent servers by using some proper 
dispatching algorithms. The advantage is that adding 
more servers into the cluster is easily. From the client 
point of view, the servers are acted as a single unit. But 
the cluster system is hard to setup and maintain. It must 
use some specific hardware and software to group servers 
into a single unit. 



 

2.2 Server Switch Approach 
 During the last few years, an active commercial market 
for server switching products has emerged [5]. Many of 
these products are Ethernet switches supplemented with 
built-in processing power to examine the incoming packet, 
manage service traffic intelligently, and assign client 
request to server based on request content, client session, 
and/or server status. Server switches and their request 
routing policies play a key role in managing content and 
server resources for scalable Internet services [6,7]. 
Commercial server switches are available form Notel 
(Alteon), Cisco (Arrowpoint), Extreme, F5 Networks, 
and other companies. 

2.3 DNS-based Approach  
In the distributed Web server architectures that use 
request routing mechanisms on the cluster side, there is 
no action needed in the client side. Architecture 
transparency is typically obtained through a single virtual 
interface to the outside world, at least at the URL level. 
The authoritative DNS server for the distributed Web 
server translates the symbolic site name (URL) to the IP 
address of one of the Web server in the system. This 
process allows the cluster DNS to implement policies to 
select the most appropriate server and distribute client 
requests. The DNS, however, has a limited control on the 
request reaching the Web cluster [8,9]. Furthermore, 
there will be many intermediate name servers between the 
client and the cluster DNS which may cache the logical 
name to IP address mapping. Moreover, the client will 
also cache some address resolution. Consequently, it is 
possible that the server load become unbalance. 

2.4 Dispatcher-based Approach  

To centralize request scheduling and fully control the 
client-request routing, a dispatcher-based approach is 
proposed. In this approach, a network component of the 
Web server system acts as a dispatcher. Request routing 
among servers is transparent. Unlike DNS-based 
architectures, which deal with addresses at the URL level, 
the dispatcher has a single, virtual IP address. Dispatcher-
based architectures typically use simple algorithms to 
select the Web server to handle incoming requests. 
Simple algorithms help to minimize request processing. 

 A well-known dispatching algorithm is round robin. 
With the round robin algorithm, new connections are 
issued to each server in turn; that is, the first connection 
is redirected to the first Web server, the next connection 
is redirected to the second Web server, and so on. When 
all the Web servers in this system have their share, the 
redirection process starts over again. Another well-known 
dispatching algorithm is least connection. With the least 
connections algorithm, the number of connections 
currently opens on each Web server is measured in real 

time. The server with the fewest current connections is 
considered to be the best choice for the next client 
connection request. 

3 Proposed System Architecture  
and Algorithm 

3.1 System Architecture  
 Consider a load balancing system with N Web 
servers and one load balancer as shown in Fig. 1. When a 
client wants to access a Web page, it will issue a DNS 
query to find the IP address of the Web server. The DNS 
server will reply with the IP address of the load balancer 
instead of the one of the Web servers that provides the 
service. The client then issues an HTTP request to the 
load balancer. When the load balancer receives the 
request, a redirection page will be sent back to the client. 
The redirection page contains the IP address or the 
domain name of one of the Web servers which is the best 
one to serve this request. The client then issues the HTTP 
request again to the real Web server. The Web server will 
then serve the client requests and transfer documents 
directly to the client [10]. 
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Figure 1. Load balancing system architecture 

 Each Web server has a status report module similar 
to the one presented in [8]. This module calculates the 
current utilization and connections of the Web server and 
periodically reports this information to the load collection 
module. The load collection module in the load balancer 
collects the status information of all the Web servers and 
passes them to the load balancing module. The load 
balancing module uses these status information to 
calculate the remaining capacities of all the servers. The 
server with maximum remaining capacity is chosen as the 
best server. When the client request arrived, a dynamic 
Web page will be replied to the client which redirect the 
client to the most appropriate Web server [11]. The 
architecture of the proposed system is shown in Fig. 2. 



 

 
Figure 2. Architecture of the proposed system 

3.2 Load Balancing Algorithm  

In our proposed model, there are N heterogeneous servers 
{S1,S2,S3…SN} in the system. The status report module in 
each server periodically reports its current load 
information to the load collection module. The load 
balancing algorithm calculates the remaining capacities of 
the N servers as {R1,R2,R3…RN}. And then selects the best 
server i, where max(R1,R2,R3…RN)=Ri. If a request task T 
comes to the load balancer, the address of Web server Si 
with the maximum remaining capacity Ri will be sent 
back to the client. We assume that the maximum capacity 
needed by the request T is Tk. If the maximum remaining 
capacity Ri is less than the request Tk, it means that all the 
Web servers do not have enough remaining capacity to 
serve the request task Tk. The load balancer drops this 
request task Tk and return a server busy page to the client. 
When the Web servers finish their previously assigned 
requests, they will then have capacity to serve future 
requests. 

 Assume that the CPU clock of the servers are 
{C1,C2,C3…CN}. The status report module of server i 
reports the current load information parameters as 
{ci,mi,ni,ti}, where ci is CPU idle percentage, mi is 
available memory, ni is current connection number, and ti 
is network transmission. In the UNIX-based Web server, 
we can get these four parameters by using the commands 
shown in Fig. 3. We define the four membership 
functions as in Fig. 4. Then the remaining capacity of 
server Si is obtained by Eq. (1).  

( ) ( ) ( ) ( )iiiiii tfnfmfcCfR 4321 ***** δγβα +++=     (1) 

where α ,β ,γ ,δ  are weights and α+β+γ+δ=1. 
Practically, we find that the available memory and current 
connection have the most significant impact to server 
loading. In the simulation presented in Section 4, we use

α=0.1, β=0.4, γ=0.4, δ=0.1 as weights.  

 
Figure 3. Server load parameters extraction 
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Available Memory membership function : f2
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(b) Available Memory  

 
Connection Number membership function : f3
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(c) Connection 

Network Transmission membership function : f4
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(d) Network Transmission 

Figure 4. Membership functions of the four parameters 



 

The pseudo codes for the proposed algorithm are as 
follows: 

 Report phase (done periodically): 
1. calculate the four parameters {ci,mi,ni,ti}; 

 2. report (ci,mi,ni,ti) to the load balancer; 

 Decision phase (at each client request) 
1. Ri=α*f1(Ci)+β*f2(mi)+γ*f3(ni)+δ*f4(ti), for each  

Web server; 
2. Ri=max(R1,R2,R3…Rn); 
3. if (Capacity(Ri)) > Require(Tk) 
4.    send(Tk,Si); 
5. else 
6.    drop(Tk); 

 
4 Simulations and Performance  

Analysis 
To evaluate the performance of the proposed approach, 
we performed simulation using round robin (RR) and 
least connection (LC) load balancing algorithm as well as 
our proposed remaining capacity (RC) algorithm. The 
performance evaluation includes connection hit rate, 
server utilization, drop rate, and system scalability. 

 
4.1 Connection Hit Rate and Server 

Utilization 
In our testing environment, we use three Web servers, 
denoted as S1,S2,S3. The capacities of these three Web 
server are S1>S2>S3.We generate the client requests from 
100 requests per second to 1000 requests per second. 
Figure 5 shows the results for the RR algorithm. 
Figure 5(a) shows the hit rate for the three heterogeneous 
Web servers. According to our environment, the S3 has 
lowest capacity. When the arrival rate of client requests is 
about 300 requests per second, the S3 server does not 
have enough remaining capacity. If the arrival rate 
increases, the S3 server can only serve the same amount 
of client requests and begin to drop the requests. If we 
continuously increase the arrival rate to about 600 
requests per second, the second server S2 will use up all 
its capacity. If the arrival rate goes up to about 900 
requests per second, the first server S1 also runs out of its 
capacity. The utilizations of the three servers are shown 
in Fig. 5(b). At 300 requests per second, the utilization of 
S3 rises to about 95%. If the arrival rate increases, the 
server S3 will begin to drop requests.  

 Figure 6 shows the results of the simulation of the 
LC algorithm. In the LC algorithm, the load balancer will 
select the server with the least connection. Since we use 
heterogeneous servers; the server with least connection 
may not be able to serve extra request because it does not 

have enough remaining capacity. In this situation, if a 
server with least connection but with 95% loading, the 
load balancer will not redirect client request to this server. 
Instead, it redirects the request to the next least loaded 
server. The hit rate of LC algorithm is similar to the RR 
algorithm. But in this case, the S2 will reach 95% loading 
at 500 requests per second and S1 at 700 requests per 
second. It seems that the RR algorithm is better than the 
LC algorithm. But when we consider the drop rate, we 
can find that the RR algorithm drops more requests than 
LC algorithm. 
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(a) Hit rate 
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 (b) Utilization 

Figure 5. RR hit rate and utilization 

 

 With our proposed RC algorithm, all the three 
servers will reach 95% loading in 700 requests per second. 
This means that the three heterogeneous servers will with 
95% loading at the specific arrival rate. In other word, the 
system can serve as much requests as possible with 
minimum drop rate. When the arrival rate is less then 300, 
the least capable server S3 will serve less connection and 
its utilization will be lower. In this situation, the average 
response time will be shorter than the RR and LC 
algorithm. 
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 (b) Utilization 

Figure 6. LC hit rate and utilization 
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Figure 7. RC hit rate and utilization 

4.2 Drop Rate Comparison 
When the server reaches its service capacity but the load 
balancer still redirects the client request to that server, the 
request will be dropped. An optimal load balancing 

system must have as little drop rate as possible. Now we 
compare the drop rate of these three load balancing 
algorithms. As shown in Fig. 8, the RR algorithm begins 
to drop client request at 300 requests per second, but in 
the LC and RC algorithm, they begin to drop requests at 
600 and 700 requests per second, respectively. Because 
the LC algorithm considers only the connection number, 
it redirects the request to the Web server according to the 
current connection. But with RC algorithm, the remaining 
capacity will be considered, so the request will be 
redirected to the server with largest remaining capacity. 
Thus the drop rate is less than that of LC algorithm. 
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Figure 8. Drop rate of the three algorithms 

4.3 Scalability of the Load Balancing 
System 

In section 4.1, we can find that the three Web servers can 
not handle the arrival rate at 1000 requests per second. 
How many servers do we need if we want to handle 1000 
requests per second, and the drop rate will be less than 
say, 5%? The scalability test results are shown in Figures 
9 to 11. Figure 9 shows the result of using RR algorithm. 
When the total number of servers is three, the drop rate is 
40%. The upper line shows that when we add the least 
capable server, say S3, the drop rate decrease slowly. 
When we add S1 or S2, the overall drop rate will be 5% at 
a total seven servers. It means that no matter S1 or S2 we 
add, they will have the same drop rate when the total 
number of servers are larger then seven. 
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Figure 9. Scalability with RR algorithm 
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Figure 10. Scalability with LC algorithm 
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Figure 11. Scalability with RC algorithm 

 If the LC algorithm is used, we need to add four S3, 
or two S2 or S1 to lower down the drop rate to less than 
5%. With the proposed RC algorithm, we need only add 
one S1 server to handle the requests. Figures 10 and 11 
show the results. 

5 Conclusion 
In this paper, the remaining capacity of each server of the 
heterogeneous Web server cluster is used as the decision 
making criteria for the load balancer. It is not appropriate 
to evenly distribute the load to the servers with different 
capacity as in the least connection or round robin 
algorithm. The least capable server must serve fewer 
requests because it does not have enough processing 
power. Otherwise, the response time will increase rapidly 
and the drop rate will increase too. In addition, we try to 
scale the load balancing system so that the drop rates will 
be less than 5%. From the simulation results, we can 
further decide the number of required servers under a 
certain criteria and the tolerable drop rate. 
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