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Abstract— Bandwidth distribution and network resource allocation are the main challenges of the IT department of any 

university, since it directly affects the quality of education. The users of a university campus network are mainly faculty, 

administrative staff, and students. It is important to fairly distribute and allocate the user’s share of bandwidth. Therefore the index 

of fairness is considered as the main university campus network performance criterion. In this paper a generic model of the fairness 

index is presented to analyze the reasons for its application and the benefit of its implementation. An educational institute located in 

Alexandria, Egypt, with a total number of thirty-two buildings, that contains four Colleges with around 350 faculty members, 1200 

technical and administrative staff and 5000 students, is taken as a case study. Data from the campus data center is collected and the 

index of fairness is measured and elaborated. The results indicate an unfair network resource allocation and therefore suggestions 

for improving the bandwidth distribution, which directly impacts the user’s satisfaction, are proposed.  

Keywords— Index of Fairness, Decision Support Systems, Educational Facility performance 

I. INTRODUCTION 

One of the major services a university offers to its users is the internet. The internet network facility of the Arab Academy 
for Science, Technology and Maritime Transport (AASTMT) is a university campus network which provides internet service 
for more than six campuses in different cities all over Egypt. The main university Computer Network Data Center (CNDC) that 
manages the internet in the different campuses is established in Abu-Kir campus, located in Alexandria. The Abu-Kir campus 
network is the main concern of this paper, since it has over 25 buildings hosted by five colleges. The campus network serves 
over 5000 students, about 350 faculty members, 1200 technical and administrative staff and many visitors or temporary 
employees. 

This network offers besides the internet other various services such as remote software access, student’s performance 
assessment and registration. The remote software access allows research students and faculty members to access the AASTMT 
virtual private network (VPN) and run various software as thin clients. Student’s performance assessment is accessed by both 
students and faculty. Students can view their exam results and faculty can enter results and view statistics on their students’ 
performance from inside and outside the campus. Registration allows students to register desired courses from also either inside 
or outside campus. Part of the AASTMT strategic plan is to upload all course materials including lectures’ videos and to allow 
students to access them from outside and inside the campus. These services facilitate the task performed by decision takers at 
the AASTMT and therefore it can be considered as a decision support system (DSS). As this network continues to grow in size 
and the DSS continues to grow in complexity, it was important to examine the network performance and attempt to improve it.  

Monitoring network performance is a fundamental task for network operators as it directly impacts the quality of service and 
hence user satisfaction [1]. Improving the service will also strongly affect the quality of education in a positive way. Therefore 
AASTMT has subscribed with the three reliable national internet service providers (ISP) in Egypt. Internet in this paper is defined 
in terms of bandwidth. AASTMT receives a total bandwidth of 280 Mbps, which was foreseen by the CNDC administrators to 
satisfy all customers’ demands inside the campus. However many complaints have been received from both faculty members 
and students concerning the speed of the internet and the stability of the connection.  

In a network, where resources are shared among different users, fair allocation is important [2]. Since there are satisfied and 
unsatisfied customers on the same network, the bandwidth appears to be unfairly distributed. This unfair bandwidth distribution 
affects the quality of service. In this paper we study the effectiveness of the fairness index proposed in [2] to measure the fairness 
of the bandwidth distribution. This paper first illustrates an overview of the network infrastructure within the Abu-Kir campus. 
Then the gathered data, the measured fairness index and analysis of the results are presented. 
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II. BANDWIDTH FAIRNESS INDICES

Decision support systems (DSS) are knowledge based information systems that help decision makers to easily take their 
decisions. They do not substitute individuals who take decisions, however they only facilitate taking the right decision through 
some data analysis [3]. One of the most significant issues a university should take a decision about is the internet [4, 5]. 

 Internet is nowadays one of the most important and powerful educational tools with numerous potentials. It is currently being 
used by everyone involved in the educational process in higher educational institutions. Direct participants to the education 
process are students and faculty members, indirect participants are other administrative members and technicians. Both direct 
and indirect participants are considered as internet users inside a college campus. Every one of them deserves to have a reliable 
fast internet connection to be able to perform their tasks efficiently and hence improve the quality of education. Improving the 
internet service performance is one of the main and significant decisions college IT managers take into consideration [5]. 

Since demand for bandwidth is explosively growing, a fair bandwidth allocation is needed [6]. Bandwidth is defined as “the 
amount of data transmitted over a communications link during a fixed time interval” in [7]. Network bandwidth is usually 
expressed in bits per second (bps); currently modern networks typically have speeds measured in millions of bits per second 
(megabits per second, or Mbps) or billions of bits per second (gigabits per second, or Gbps). Bandwidth is one of the factors that 
affect network performance. Other network performance measures may be packet loss, latency and jitter. Improving any of these 
measures will positively affect the user satisfaction as mentioned in [8]. However, this paper focuses only on bandwidth as the 
key performance indicator.  

Bandwidth is moreover defined as “the transmission capacity of a computer network or other telecommunication system” 
according to the Oxford dictionary [9]. Although bandwidth and throughput seem to be similar, but they are not to be 
interchanged. Bandwidth in this sense is the maximum amount of data transferred over a link, while throughput is the average 
data transferred. In other words, bandwidth is considered as the theoretical units of work per time and throughput is the actual 
units of work per time.  

This paper discusses bandwidth distribution as a resource allocation problem. Bandwidth resource allocation is allocating the 
available bandwidth resource to different users in a utilized manner to improve the internet performance and to increase the user 
satisfaction [10]. Managing networks is a point of interest in many networks researches. Network management involves the 
allocation of fixed resources in this case bandwidth, to many different services and applications [11]. Several researchers have 
already discussed the importance of bandwidth allocation and network management [6, 11–14]. 

Some recent studies [6, 11, 12, 15, 16] have only focused on the optimization of the bandwidth allocation in campus networks. 
Part of them [6, 15] have used traffic shaping models for the optimization operation. These models required differentiating 
between two types of network traffic, peer-to-peer and non-peer-to-peer. Peer to peer, as explained in [6, 15], are file sharing 
applications that are mostly used in entertainment, such as Gnutella and WinMx. They are bandwidth-hungry applications and 
consume most of the bandwidth in a network. All other traffic types than the entertainment file sharing peer-to-peer are 
considered as non-peer-to-peer traffic. Traffic shaping problem was modeled as Markov decision process and algorithms were 
developed to determine the optimal bandwidth allocation.  

On the other hand the fair distribution of bandwidth has also been extensively studied. This research is tending to focus on 
fair allocation and distribution of bandwidth rather than developing traffic shaping models. A fair and efficient bandwidth 
distribution has been a central issue in computer networks [17]. In Oxford dictionary [9], fairness is defined as “ equitableness, 
fair dealing, honesty..”. There are some other fairness definitions in literature such as “the system is no better-off than its worse-
off individual”[18]. Generally in wireless or internet networks fairness means that equal individuals should be treated equally. 
A system is fair when everyone sharing this system gets what they really deserve. Fairness is usually ascribed to resource sharing 
or allocation problems. In order to measure whether a system is fair or not, or how much it is fair, an important performance 
criterion was needed. This is the so called fairness index or index of fairness, that was first developed in the eighties and proposed 
in [2].  In this paper, a popular fairness index has been introduced, tested and compared with other fairness indices mentioned in 
former literature. Indices that were previously proposed in literature were basically variance, coefficient of variation and 
minimum to maximum ratio. However, these indices did not satisfy all of the required properties the author wanted to have in 
his proposed index. Four properties were desired in [2]: 

 Independent of population size: the index should be scalable with number of users.

 Independent of scale and metric: the index should not change with measure or metrics used. This property implies
that variance can be also used as a fairness index.

 Boundedness: the index should be finite and bounded between (0) and (1). A (0) indicates a complete unfair system
and (1) indicates a completely fair system.

 Continuity: the index function should be continuous on allocations. This means that, any slight change in the
allocation should be reflected in the index.
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As can be seen variance, coefficient of variation and min-max ratio do not fit all the required fairness index properties. 
Variance for instance in not bounded, min – max ratio is not continuous. 

 In coherence with the model properties the index is defined in [2] as: 

f(x) =  
[∑ xi

n
i=1 ]

2

n ∑ xi
2n

i=1

  

Where n is the number of competing users sharing a resource, 𝑥𝑖 is the allocation received by each 𝑖𝑡ℎ user.  

F(x) is bounded between 0 and 1. The illustrated index is one of the earliest proposed and widely studied fairness measures. 
This index is a quantitative measure and provides measurement of fairness with a real number representation. 

 Besides, fairness can be qualitatively measured. The most two representative measures are max-min fairness and 
proportional fairness. Max-min fairness is achieved in a system,” if it cannot increase any individual’s resource without 
decreasing another individual’s resource allocation which is already less than the previous ones” [19].  

The second measure, the proportional fairness, “allocates bandwidth in proportion to their data rates” as mentioned in [20].  
Equality in wired networks may not be achieved using max-min fairness. On the other hand, proportional fairness needs 
availability of the whole allocation information, which makes it difficult to be used in distributed wireless networks. Achieving 
fair resource allocation in shared systems are well-studied topics in wireless networks. A fair allocation affects the internet 
performance and leads to satisfied users. Recently there has been also growing interest in studying the effect of fairness on 
internet performance [21]. 

III. THE CAMPUS NETWORK INFRASTRUCTURE 

The AASTMT branches allover Egypt are all connected together using a Wide Area Network (WAN). High speed internet 
is available in all AASTMT branches. A total of 280 Mbps of bandwidth is received and distributed all over the branches. Inside 
each branch there are usually two types of connections available, wired networks known as Local Area Network (LAN) and 
wireless connections known as (Wi-Fi), to provide internet services for the various purposes mentioned earlier. 

As stated before, the CNDC of the Abu-Kir campus is the main computer center that manages and controls the AASTMT 
network in all branches. Fig. 1 shows an overview of the network infrastructure in Abu-Kir campus.  

INTERNET

BRANCHES

Router

Core Switch

Access Switch

Distribution Switch

Access Point

Mobile Devices

Computer

Building 1

Router

Firewall

Servers Farm
DataCenter

Access Switch

Access Point

Mobile Devices

Building 28Building  

10/100/1000 Mbps
10/100/1000 Mbps

1/10 Gbps

1 Gbps if copper wire
10 Gbps if fiberoptics

1/10 Gbps

280 Mbps

 

Fig. 1. AASTMT network campus infrastructure 
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 The CNDC in Fig. 1 is connected to its servers’ farm, which are the AASMT servers that provide the aforementioned services 
such as the VPN. The Firewall displayed in the figure is responsible for the security. It controls the type of incoming and outgoing 
data traffic according to preset rules made by the CNDC administrators. The incoming internet from the ISP, represented in a 
cloud, must first pass through the CNDC firewall system. This firewall is also connected to the other branches as well as to the 
campus core switch to serve internet to either other branches or to the Abu-Kir campus. Like many other campus networks, this 
network is similarly constructed using three tiers of switches. The first-tier switch is the core switch. It joins the distribution 
switches together and provides fast transport within the campus buildings. The next tier is the distribution switch. Distribution 
switches are to be found in every building to deliver internet connectivity through access switches. The links between the 
distribution switches and the core switch provide two different speeds either 1 Gbps or 10 Gbps, according to the type of wires 
used. Distribution switches connect many access switches together. The last tier is the access switch. Each building contains 
many access switches that are all connected to one distribution switch. Again the link between the access switch and the 
distribution switch is either 1 or 10 Gbps according to the type of wires used. 1 Gbps is available in case of the use of copper 
wire, while 10 Gbps is provided when fiber-optics are used. Access switches provide user access to the network through either 
wired connections using Ethernet cables or wireless connections through access points. Ethernet cables can provide speeds such 
as 10, 100 and 1000 Mbps depending on the on the network interface card installed in the computers. The hierarchy of the 
distribution and access switches presented in building 1 is repeated in each building of the campus. 

IV. INDEX OF FAIRNESS ELABORATION 

A. Data Collection and Observations 

First of all, data were gathered from the campus network that as aforesaid provides both Wireless and Ethernet capabilities. 
Data were collected using the Solarwinds®’ software which is installed on the CNDC servers. Among the different features that 
Solarwinds® offers, is that is helps CNDC administrators to monitor and collect data traffics [22]. A screenshot during data 
collection is shown in Fig. 2. 

 

Fig. 2. Total Bytes Transferred by Interface 

Fig. 2 presents the access point location, total bytes received, total bytes transmitted and their sum during the first five days 
of august. Access point location in this sense refers to the building or the location from which the data were collected. Total 
bytes received represent the total downloads, total bytes transmitted represent the total uploads and then their sum was also 
collected. As can be seen the total downloads are much greater than uploads. There are 25 access points under study in this work; 
points and their locations are listed in Table I. 

TABLE I   ACCESS POINT LOCATIONS 

Point Access Point Location Point Access Point Location 

1 Call Center 14 Hotel F 

2 Clinic 15 IDC 

3 Computer Science 16 Industry 

4 Data Center 17 Library 

5 Engineering  18 Maritime 

6 Finance & HR 19 Multimedia 

7 Gate 20 Architecture Eng. 

8 Head office 21 Register 

9 Hotel A 22 Salama 

10 Hotel B 23 Simulator 

11 Hotel C 24 Sup/Gym/Res 

12 Hotel D 25 Technical 

13 Hotel E   

 

 In order to measure a consistent fairness index that represent the traffic pattern and the bandwidth distribution in the different 
buildings of Abu-Kir campus, data based on the last five months were gathered. It was observed that the total bytes transmitted 
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consume most of the bandwidth and the total bytes received was always smaller than those transmitted and it barely affects the 
bandwidth. Hence, the total bytes received are left out from the analysis in  Fig. 3. 

 

Fig. 3 Total Bytes Transmitted in Abu-Kir Campus from June 2015 - October 2015 

The above shown graph illustrates the total bytes transmitted in each building over the last five months. The points 
representing the different buildings are plotted on the x-axis, the y-axis represents the last five months from June 2015 to October 
2015, and the total bytes transmitted in the corresponding buildings are plotted on the z-level of the graph. It can be shown from  
Fig. 3 that the download pattern in the same building stayed almost at the same level over the different periods from June 2015 
to October 2015. For instance the Multimedia building’s downloads (point19) ranged from 20 GB to 40 GB over the five months 
period. However great variations were seen between the different buildings. Some buildings, like Hotel A (point 9) from example, 
transmitted in between 2 and 3 TB, while other buildings, like the Engineering building, transmitted only bytes between 150 and 
400 GB per month buildings.  

B. Analysis of the data 

Since there is no dramatic variations between the amount of data downloaded at the same locations across several months, 
the amount of data downloaded for a single month for all buildings is plotted as a bar chart in Fig. 4 without losing generality. 
Fig. 4 represents the data collected  for October 2015. The Abu-Kir campus’ buildings are shown on the x-axis, while the total 
bytes transmitted in GB appear on the y-axis. Before calculating the index of fairness, it can be concluded from the illustrated 
bar chart, that there is an unfair distribution present. Hotel A presents the maximum amount of bytes transmitted in October, with 
a total downloads of 3.3 TB. The more total bytes are needed for data transmission, the more bandwidth is consumed. Hence, as 
can be seen from the chart, the hotels consume more bandwidth than other buildings. They are heavy internet users. This is due 
to the type of applications they use. Hotels represent the campus dorms, which are always full of students. Students in the dorms 
usually use peer-to-peer applications for their entertainment. Peer-to-peer applications are bandwidth hungry, as mentioned 
before. On the other hand, buildings like the engineering building that includes different users such as faculty members and 
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students, who necessary need internet in their academic research and educational processes, get relatively a small amount of 
bandwidth. Since some buildings get more bandwidth than others, the bandwidth is considered to be unfairly distributed.  

 

 If all bars have been on the same level, then the fairness index would have been equal one, which indicates a complete fair 
system. These major deviations negatively affect the fairness index. For example when an individual downloads a large amount 
of data, other individuals sharing the same system with smaller tasks never get equal chances. 

C. Fairness indices and Result’s analysis 

Last but not least, the fairness index and other fairness indices previously mentioned in literature were calculated using the 
number of bytes transmitted per month in each building. Table II displays the results of the calculations. 

TABLE II  FAIRNESS INDICES 

Fairness indices such as mean, variance, coefficient of variation and min-max ratio do not reflect the fairness of the system 

[2]. The fairness of the system can be concluded from the last column calculations. As can be seen, the fairness index ranges 

from 19% to 29% for each month and 21.5% across all months. This explains why there were unsatisfied customers. The 

system is unfairly distributed. Since some buildings get more bandwidth than others, the system can be considered as unfair. 

Unsatisfied users, who necessary need the internet for different academic and educational purposes, do not get the chance to 

have stable and fast internet all the time due to some other users in other buildings like the dorms, who consume most of the 

bandwidth 

D. Improving user satisfaction 

In order to achieve a fair system according to the proposed index of fairness in equation (1), the bandwidth should be equally 
distributed. However uniformly distributing bandwidth may not necessary satisfy all users. If we distribute the bandwidth as 
equal shares on all users, some may not utilize their whole share while others may need more than their share. Therefore, this is 
also an unfair system but is not modeled using the proposed formula. In order to fairly distribute the bandwidth, it does not have 
to be equal shares, but has to be satisfying shares. To be able to determine the satisfying shares, the average demand of each user 
has to be identified. For that reason, a questionnaire will be distributed among the direct participants of the educational process 
(students and faculty members). This questionnaire will help in identifying the different purposes for which the internet is used 
by both teachers and students. The purposes or in other words the applications used by the different users will help in estimating 
the required bandwidth [23]. If we find out how much of bandwidth is necessary for each individual it will be easier for the 
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June 2015 250.64 266142.4 1061.851 2.3 1900 0.001211 0.197352 
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July 2015 423.072 793922.8 1876.567 2.2 3200 0.000688 0.190181 
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October 2015 543.568 746690.2 1373.683 3.3 3300 0.001 0.291879 

Fig. 4. Total Bytes Transmitted in GB in October 2015 
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AASTMT decision makers to reallocate the distribution and to best utilize the received bandwidth. Furthermore this 
questionnaire will measure the user’s level of satisfaction towards the college internet. This survey will moreover highlight the 
problems faced by the respondents while using the internet. The results of the survey will indicate the overall system 
performance. Using a 5% margin of error and a 95% confidence level, the required number of faculty respondents taking this 
questionnaire will be 180 persons. If we consider the same confidence level and margin of error, however for the students’ sample 
size calculation, the chosen sample size will be 350 students. The required sample size was calculated using [24]. The results of 
the questionnaire and the improved fairness index is discussed and elaborated in future work. 

In addition, bandwidth unfair distribution and allocation may not be the only reason behind user’s dissatisfaction. Therefore 
the hardware allocation problem should be considered. Reallocating hardware devices such as routers may introduce a solution 
to the problem. Improving Wi-Fi signal may increase the user’s satisfaction towards the internet and hence decrease the amount 
of received complaints. Improving Wi-Fi signal involves identifying the best location for placing Wi-Fi routers. Wi-Fi internet 
is on contrary to the Ethernet, being shared by many users. Finding the optimum location for the routers or the access points, 
will offer better coverage for the users. Users will be therefore able to finish their internet related educational tasks faster and 
more efficiently. The user’s satisfaction level and hence the quality of education is positively affected.   

V. CONCLUSION AND FUTURE WORK 

Although the AASTMT campus receives a huge quota of bandwidth from its internet service providers, there were still 
unsatisfied users. Unfair bandwidth allocation and distribution was predicted to be one of the reasons of user’s dissatisfaction. 
Therefore it was necessary to examine the fairness of the system, through collecting data and measuring a proposed fairness 
index, which clearly indicate that the system was indeed unfair.  

Applying the fairness index formula on the gathered data resulted in an only 21% fair bandwidth distribution. When an 
individual consumes most of the bandwidth in the system, other individuals sharing the same system do not get equal chances 
to have the same amount of bandwidth. This leads to user dissatisfaction and to a decreased level of the quality of service and 
education. When direct participants of the educational process such as faculty members and students, who necessary need a 
reliable and fast internet for academic purposes, do not get the required service, the learning outcomes of the educational 
process will be negatively affected. 

AASTMT decision makers should reconsider the bandwidth distribution or the network allocation problem. Setting up 
some limitation policies on the various buildings to provide all users with the same chance of getting real needs bandwidth 
share may be one of the solutions.  

Furthermore the results of the questionnaire will help in identifying the demand required by each user. Therefore, a new 
formula can be developed in the future, to reflect the fairness of the system according to the real needs of bandwidth share and 
not equal or uniform bandwidth share.  

Meanwhile, the hardware reallocation may also present a solution to the problem. If we consider reallocating the routers 
that provide wireless in a manner that everyone gets a better internet or Wi-Fi coverage, the user satisfaction will increase and 
the learning outcomes of the educational process will be improved 
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