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Abstract  
Information and communication technology and development (ICTD) is a 
research area that has broadly captured the attention of the public and the 
academics in the last two decades. It deals with the interaction and the 
relations between the humans and the society in general on one side and the 
technology on the other side. The focus in this thesis is on the computing 
and communication technology, herein referred to as the “Internet – the IP 
based technology”, which is seen as one of the enablers for economic and 
social growth. 

The benefit of the Internet connectivity and usage in inducing and 
enhancing positive social changes in basic dimensions of human life is 
generally accepted as one of the most important drivers for development. 
The success and the inevitability of the Internet in the developed world 
underline its proliferation and diffusion essential in less developed countries. 
However, sometimes these processes are being impaired by unintended and 
intended consequences created by the social dynamics that drives the current 
information technological innovations and evolutions, stakeholders’ desire 
of fulfilling one’s utility egos, all coupled with market environments. 

This thesis takes an insight in both unintended and intended implications 
and their effects on enabling development in the environments where the 
Internet Protocol (IP) based infrastructures are limited like in Least 
Developing regions/countries.  The results of this insight study have led in; 
a) Establishing the basic Internet services that would trigger the 

exploitation of one’s potential for development.  
This has been achieved through the use of analytical scientific methods 
to classify Internet traffic characteristics and derive the relevance levels 
of their corresponding Internet services groups in fostering development. 

b) Developing a framework that lays down structure guidelines to facilitate 
Decision Makers especially in least developed countries to make 
scientifically informed subjective judgements for Internet services in the 
context of development. 

c) Designing and developing of the Internet Services in the Context of 
Developing (ISCD) model that enables the alignment of the apparent 
divergent/misalignment objectives of Internet stakeholders in the present 
Internet structure to have their respective maximised intended benefits. 

Empirical testing of the model led in setting strategic options for aligning 
stakeholders goals in view of the ISCD along two main domains (i) network 
management policies – that focuses on provisions of services, and (ii) 
Internet consumption/usage – that focus on services relevance, 
commensurability to specific requirements as pertains LDCs, and services 
delivery mechanism convergence to all-IP. 



 
 

  



 
 

Sammanfattning 
Informationsteknologi för utveckling (ICTD) är ett forskningsområde som 
har fått ökad uppmärksamhet hos både beslutsfattare och akademiker under 
de senaste två decennierna. Inom detta område studeras relationerna mellan 
människorna och samhället i stort på ena sidan, och tekniken på den andra 
sidan, och hur dessa relationer bidrar till att öka ekonomisk tillväxt och 
livskvalitet i utvecklingsländer. 

Fokus i denna avhandling ligger på internetteknologi, eller så kallad IP-
baserad teknik som en faktor för ökad ekonomisk och social tillväxt. Ett ökat 
utnyttjande av Internet är allmänt accepterat som en av de viktigaste 
faktorerna för utveckling i mindre utvecklade länder. Denna strävan mot 
högre utnyttjande av Internet påverkas dock negativt av både oavsiktliga och 
avsedda konsekvenser som skapas på grund av marknadsförhållanden och 
olika intressenters önskan att uppfylla sina egna mål. 

Denna avhandling ger därför en inblick i både de oavsiktliga och avsedda 
konsekvenserna och deras effekter på utveckling i miljöer där kapaciteten på 
IP-baserade infrastrukturer är begränsade vilket är fallet i de minst 
utvecklade regionerna/länderna. Resultaten av denna insikt studie har lett i; 
a. Fastställandet av grundläggande internettjänster som skulle underlätta 

utnyttjandepotentialen av Internet i utvecklingsländer. 
Detta har uppnåtts genom användning av analytiska metoder i syfte att 
klassificera Internettrafikegenskaper, och härleda grader av relevans på deras 
motsvarande Internettjänster och hur viktiga dessa är för att främja 
utveckling. 
b. Ett ramverk som fastställer riktlinjer för hur beslutsfattare i de minst 

utvecklade länderna kan göra bedömningar för hur de bör prioritera 
Internettjänster för att främja utveckling. 

c. En modell för att bedöma hur de olika intressenternas mål kan anpassas 
inom den nuvarande internetstrukturen för att maximera fördelarna för 
de internettjänster som bör prioriteras för att öka utveckling. 

Empirisk prövning av modellen har vidare genererat strategiska 
inriktningar inom två huvudspår; (i) Nätverkshanteringspolicies - som 
fokuserar på tillhandahållande av prioriterade tjänster, och (ii) 
Internetanvändning - som fokuserar på tjänsters relevans, täckandet av 
särskilda krav som gäller de minst utvecklade länderna, samt hur tjänster 
levereras. 
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Chapter One 

Introduction 

Information and communication technology and development (ICTD) is a 
research area that has broadly captured the attention of the public and the 
academics in the last two decades. It deals with the interaction and the 
relations between the humans and the society in general on one side and the 
technology on the other side. The focus is on the computing and 
communication technology, herein referred to as the “Internet – the IP based 
technology”, which is seen as one of the enablers for economic and social 
growth. The benefit of the Internet connectivity and usage in inducing and 
enhancing positive social changes in basic dimensions 1 of human life is 
generally accepted as one of the most important drivers for development [1, 
2]. The success and the inevitability of the Internet in the developed world 
underline its proliferation and diffusion essential in less developed countries. 

 However, sometimes these processes are being impaired by unintended 
and intended consequences created by the social dynamics that drives the 
current information technological innovations and evolutions [3], 
stakeholders’ desire of fulfilling one’s utility egos, all coupled with market 
environments. This research takes an insight in both unintended and 
intended implications and their effects on enabling development in the 
environments where the Internet Protocol (IP) based infrastructures are 
limited like in Least Developing regions/countries (LDCs). Examples of the 
former (unintended) are the protocols being used and the applications being 
preferred within the present Internet architecture, while insistences of the 
later (intended) are the stakeholder’s objectives of fulfilling one’s utility 
egos. 

                                                      

1 Basic dimensions = economic productivity, education, democracy, quality of life (individuals’ health 
and happiness within a society) 
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Before we discuss the details of the unintended and intended 
consequences of the Internet provision and usage in context of development 
in LDCs, we hereby define the usage of the term “development” in this 
study. We take a holistic view on the concept of development.  We consider 
development as an environment in which people can develop their full 
potential and lead productive, creative lives in accord with their needs, 
interests and norms. Such potential exploitation leads one’s improvement 
and empowerment in basic dimensions of life.  

On assumption that one has access to the Internet or a medium that can 
access the Internet, then what would be the basic services that would trigger 
the exploitation of ones potential for development?  A solution to this 
question is one of the benchmarks that this research endeavours to establish 
as the level of the basic Internet for fostering development. 

Under the consideration of unintended and intended consequences of the 
Internet provision and usage in LCDs, through the use of analytical scientific 
methods this research classifies Internet traffic characteristics into five 
classes and derives the relevance levels of their corresponding Internet 
services groups in fostering development. Eventhough there is a wealth of 
research works done on classification of Internet traffic characteristics [4-10] 
and references therein, we are not aware of another work that has ever 
deployed our methodology or any other method and focus to the study of 
how such a classified traffic class/classes and its/their corresponding 
delivered services affect the transformation of users’ livelihoods in context 
of improving their wellbeing.  

On derivation of the relevance levels of the services groups, this study 
identifies their corresponding network resources requirements based on the 
recommendations of the standardization bodies. This proves such services’ 
level of commensurability with the state of the IP based infrastructure in 
LDCs and also any possible multiplier effects that would be associated with 
enabling low income earners to uptake such services deemed to be fostering 
development. Our premise is that making Internet access affordable for 
accessing such services would possibly enable end users being better-off  in 
respect of their welfare and possibly attract more new up-takers of the 
Internet  LDCs, as it is noted that the level of access is still low [18]. 
Consequently new up-takers would increase the Internet subscribers’ base 
hence providers’ revenue would increase. Similarly the policy maker’s 
revenue (the tax paid by the Internet providers) would increase. Possibly the 
policy maker/ government would provide better social services. Hence 
improved social welfare to the communities would be achieved, which is a 
reflection of development. 
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1.1 Background of the Study 

1.1.1 Unintended and Intended Consequences 
In literature with respect to innovation and diffusion of technology, the term 
“consequences” refers to the changes that occur to an individual or to a 
social system as a result of adoption or rejection of a technological 
innovation. Consequences may take either or a combination of the following 
forms; desirable or undesirable, direct or indirect, and anticipated or 
unanticipated the desirable, direct, and anticipated consequences thought it is 
not always the case. 

In lieu of the liberalization/privatization of the telecom market in most of 
the LDCs, among others, states anticipated the availability and affordability 
of the Internet access that provides the end user (citizens) with a global 
access to Internet based services. So that such a global access would open 
new opportunities that accrue positive benefits. While the network provider 
anticipated positive growth and increased income from the Internet access 
provision business. 

Generally it should be noted that unlike in developed countries where the 
introduction of the Internet was mainly a result of the urge to ease 
communication between research groups, in developing countries it was   
purely introduced for commercial gains. In this context the end user was 
seen as a consumer. Although over a decade passed now an end user can be 
a consumer or a producer of content or/and online services.  

Ideally the preferences of an end user are basically driven by several 
attributes of getting connectivity from a particular network provider where 
there are possible alternatives. Some of the main attributes can be 
enumerated as cost, speed, and reliability. But the sole goal for paying the 
price for Internet access is to maximize one’s utility. In this context, the 
utility expresses the extent to which one can achieve the maximum benefit 
expected from ones’ preferred services that compensates for the expenditure 
made. However, it is important to note that common end users only afford to 
pay for share medium. The resource (i.e. the bandwidth) is shared among the 
several end users. As each link capacity is finite, the end users are essentially 
competing for the scarce resource.   

In most of the constrained networks, Internet traffic is predominantly 
characterized by a so-called best effort approach. In this approach the end 
user´s traffic is basically handled by the end-to-end mechanism. That is, the 
chains of network elements are left to handle the Internet traffic as 
efficiently as possible, but without any form of guarantee. Depending on the 
structure of the networks and their elements, instantaneous number of traffic 
flows, their characteristics, time of the day, etc., different end users may 
experience different network performance.  In case a network is congested, 
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then the unanticipated network performance leads to disutilities and 
dissatisfaction of end users.  

1.1.2 Social Dynamics and Internet Services  
This work introduces another term “social dynamics 2” of the Internet 

whose consequence is seen to be one of the major drive behind the current 
rapid information technological innovations, evolutions and a visible tie of 
skilled and younger generation Internet users to a particular network 
provider [3]. Such users are always at the frontier of the new technologies, 
so the network provider has to keep the pace of the technological changes in 
order to keep winning their loyalties. It has much impact on the network 
provider’s marketing strategies and consequently introduces applications on 
the network with remarkable distinction of quality of services (QoS). In 
context of development, not necessary that such new applications that are at 
the frontier of the technology are a must have to foster development.  
However it is important to note that these are the applications needed by end 
users who are able to pay the network provider and their corresponding 
content producers. Hence the provider generates high income from such end 
users which meets the provider’s goal of profit maximization.  

From a global perspective, it should be noted that the adaptation and 
acceptability of such Internet services continue to produce traffic in the 
networks that is growing both quantitative and qualitative [11, 12]. In our 
view, the understanding of the continued growth of the Internet traffic is a 
twofold phenomenon. On one side the use of the Internet services in a broad 
range of social-economic development programs is beneficial to the 
respective group of users (mainly the skilled ones) and providers. While the 
other can be viewed from the demand point for new more bandwidth 
demanding services as they become available through technological 
evolution or as simply perceived as desirable by group of users.  

We give a relevant example to stress our first phenomenon view “the use 
of Internet is beneficial to respective group of users” as why it is a major 
catalyst of continued Internet traffic growth.  A direct example of Internet 
users benefit from their transactions over the network is easily reflected from 
the so-called electronic commerce. E-commerce came into existence as 
result of Internet growth, and as of now it has become a form of business 

                                                      
2 Literally this implies convergence of services onto the IP based infrastructure, whereby 

their now observable shift from the use of the traditional mode of services delivery to the 
Internet delivery mode. On a close view “social dynamics” can easily be manifested in 
context of the multimedia and conversional applications and their usage on the internet.  
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practice with strong impact on nation’s economy and the society as a whole. 
For those evolved in its exploitation, its need in terms of its basic 
functionalities, namely communication with customers, processing 
environment, service management and transaction capabilities are 
indispensable in running a business of the present era. It is obvious that the 
expansion of e-commerce is associated with the increase in traffic volumes 
and the demand for increased bandwidth. Arguably, since the Internet has 
become a critical communication infrastructure, all sectors being public 
or/and private are expediting its applicability in their respective roles. Hence 
an increase in traffic volumes and demand for bandwidth increase is 
expected. Likewise, the criticality of the Internet as a communication 
infrastructure and associated uptake [13] is a manifest that there are accrued 
benefits to both the end users and providers. In totality the Internet benefits 
are reflected in (or should have a strong correlation between) the 
technological development and expansion of telecommunication networks 
and economic and social evolutions. 

Our second view “demand for new more bandwidth demanding services 
as a result of the users desirability” is clearly demonstrated by the demand 
for IP based multimedia applications which is one of the causes leading to 
the necessity of developing technological solutions to carry very large 
amounts of traffic to end users with various terminal equipment. The 
fulfilment of such demand is manifested by the drive behind the mobile 
network technology evolution from 2G => 3G => 4G which is an all IP-
based mobile network using different radio access technologies providing 
seamless roaming and providing connection always via the best available 
network [14].  Standardization of 4G systems expects them to offer a user a 
speed of over 1Gbit/s in stationary mode and an average of 100 Mbps while 
the user is moving at high speeds relative to the station [15], although the 
real-world performance does not meet such speed levels. But note; it is not 
only the urge of delivering leisure content (multimedia) that has 
revolutionise the mobile technology and caused the traffic growth.  Mobility 
and IP services introduces other “value-added services” e.g. the mobile 
decision support (MDS) which is an aggregate of services and applications 
that provide instant access to information in support of real-time business 
and personal activities. Some example services are navigation, emergency 
services, remote monitoring, business finder, e-mail, and voicemail, etc. All 
such services contribute to traffic growth in the network. In addition there 
are social networks, voice over IP, and gaming applications, etc. that have 
swamped various groups of end users with their services. All these services 
are in high demand by the individual users or organisations running based 
businesses, but in reality they are bandwidth demanding services. Hence are 
great contributors of the Internet traffic in the networks.  

In summary, we affirm that the highlighted factors have favoured the 
development of technologies and network architectures capable of satisfying 
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increasing traffic volume and more sophisticated services in part of the 
developed world. At the market level, architectures with in-built mechanism 
capable of guaranteeing the multiple QoS requirements to meet new service 
demands are now in place.  Namely the Integrated service (IntServ) and the 
Differentiated Service (DiffServ) mechanisms provide QoS guarantees 
concerning the transport of traffic of different types. Also the Multiprotocol 
Label Switching (MPLS technology contains QoS mechanisms that enable 
different QoS parameters levels to be guaranteed on separate label switched 
paths as well as functions of network load balancing and fast rerouting under 
failure. All these developments have paved the way to a new high 
performance multiservice Internet corresponding to the concept of QoS-
based packet network in developed countries.  

The market level hereby sited in developed countries is not the same case 
in the developing/poor nations even though there is Internet presence. In 
particular no such infrastructure is found in the last mile nodes that serve the 
end users. In-fact with the liberalization and privatisation of the 
telecommunication sector in LCDs, most of the investors/providers have 
opted for wireless approach in providing both the voice and Internet 
services. Even though, the state-of-art for wireless technology 3 to handle 
high volumes of data at a high speed is available for both static and mobile 
Internet users, the common wireless technology the investors have put in 
place in LCDs is of the 2 – 2.5G with a few clusters of 3G [16-19]. In 
addition, the 3G is commonly found in the urban areas where a few people 
who can afford to pay for its services live, bearing in mind that the majority 
of the people in LDCs live in the rural areas. 

As noted, from the global perspective the use of the Internet is beneficial 
and users’ demands are dynamic and are geared to new more bandwidth 
demanding services regardless of wherever they are - be in developed, 
developing and least developing (poorest) countries. Consequently the 
Internet traffic will continue to grow quantitatively and qualitatively. So 
what would be the fate for those societies whose present Internet 
infrastructures cannot accommodate the level of traffic volumes to satisfy 
users’ demands or users who cannot afford the cost of the required 
bandwidth? The direct answer is - the users who cannot afford will 
automatically fallout of the benefits of the some of the Internet services. This 
answer manifests the common solution “pay more money for more 

                                                      
3  In respect of ISCD, the wireless/mobile technological generations are viewed by their 

download speeds, (a) Basic GSM (2G) – 14.4Kbps, (b) GPRS (2G) - 48Kbps (c) EDGE 
(2G) - 236Kbps, (d) UMTS (3G / IMT-2000) - 384Kbps [64Kbps upstream], (e) HSPA (3G 
/ IMT-2000) - 14.4Mbps [5.8Mbps upload], (f) HSPA+ (3G / IMT-2000) - 84Mbps 
[22Mbps upload], (g) WiMAX 802.16e (3G / IMT-2000) - 128Mbps [56Mbps upload], (h) 
LTE (3G / IMT-2000) - 100Mbps [50Mbps upload], (i) WiMAX2 802.16m (4G / IMT-
Advanced) - 1Gbps, (j) LTE-Advanced (4G / IMT-Advanced) - 1Gbps 
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bandwidth to meet your services demand”, that Internet service providers 
(ISPs) in developing countries always give to an end user whenever 
complains of congested links. 

Generally in this research this anarchy is seen as a conflict of interest 
among the stakeholders (state/policy makers, investor/network providers and 
the citizens/end users).  After realizing the social-economic benefits of 
having a vibrant telecommunication sector to the societies, the policy makers 
in developing/least developing countries privatised/liberalised their 
telecommunication sectors because maintaining them under their 
management could not cope with the pace of the technological evolutions to 
meet the demands of their citizens/end users. The hope was that the new 
investor would modernise and expand the telecommunication services so 
that such services would be affordable and accessible to all the citizens. 
Hence citizens would gain the envisaged social-economic benefits that foster 
national development. Though there are regulatory bodies to ensure policy 
formulation and monitoring the states’ objectives, the same states/poor 
nations are very much interested in the revenue/taxes that the telecom 
investors pay. While the great drive on the investor’s side is profit making 
and the end user’s interest is to rip what s/he has sown – i.e. to achieve the 
optimal value from the connectivity paid for – in this context we term it as 
utility. In contrast, all the three players (state/policy makers, 
investor/network provider, and end user) have conflicting objectives [20-22]. 

In context of Internet usage for development, this research proposes a 
utility-based analytical approach through which we identify services that are 
deemed to be crucial for fostering national development4. Then we classify 
and prioritize the respective traffic that can deliver such services within the 
recommended bounds of QoS. Traffic classes are classified based on their 
respective bandwidth utility functions while associating them to the software 
applications that generate such traffic in the networks when a requested 
service is being delivered/received by the end user.  Consequently services 
are mapped to such traffic classes, hence applying MCDM method to 
determine which services of great importance in fostering development. 

Each traffic class has a network resource demand that is explicitly 
reflected by its utility function as indicated in section 2.3 below. Therefore 
the required capacity/bandwidth for delivery of the respective services must 
be within those bounds.  This approach will help the service provider to 
maximize the client’s satisfaction while guaranteeing a good return on 

                                                      
4 To apply the same philosophy of Global System for Mobile Communications (GSM) cell 

phones in the developing countries – i.e. if one cannot afford postpaid services then pay for 
prepaid or pay as you go. If you cannot afford voice talk, then send a short message service 
(SMS). If you can’t afford the to pay for any, hold the phone and use it for emergency 
situations – since sos-calls to public safety answering points (PSAP) are free of change.  
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investment as ones network would be efficiently utilized, hence meeting the 
national goals for developed. 

1.2 Motivation and Problem Definition  

1.2.1 Motivation 
From an industrial point of view, the computing, telecommunication and 
broadcasting sectors are converging to the IP technology (hereinafter called 
the Internet) as a unifying platform for provision of services. As a result of 
services convergence, there has emerged the so called triple play5 service 
[23-25] in marketing terms. The move to a unifying platform that enables 
triple play services is believed to benefit all the stakeholders (end users, 
network providers and policy-makers). From the end users’ point of view, it 
enables access to a richer content in just a single subscription. While to the 
network providers the cost of building and managing different networks with 
different technologies is reduced to one technology platform which 
ultimately reduces one’s expenses, hence increasing one’s profits. To a 
policy-maker the concern is more on the positive livelihood transformations 
of the society gains as a result of improved and affordable means of; (a) 
communication, (b) accessing and receiving public-sector information 6 
available online, up-to-date/timely richer content, and (c) ultimately 
achieving an information society where everyone is able to control and 
manage one’s destiny. The consequences of services convergence coupled 
with dynamics of the society needs, end users especially from developed 
regions now demand of accessing services from anywhere and anytime. In 
addition to the triple-play this has introduced an additional capability 
requirement to networks termed as quadruple-play in marketing terms. With 
the state of technology evolution and innovations the quadruple-play 
requirement is now becoming a reality as full all-IP technologies (e.g. 4G, 
WiMaX) deployment and penetration continue to take place especially in 
developed regions. While to developing regions and emerging economies 

                                                      
5  A triple-play network is one in which the delivery of voice, video and data services are all 

provided in a single access subscription. To an end user such a subscription entitles access 
to telephony, community antenna television (CATV) and high-speed Internet (broadband) 
services. A more recent included demand is the “mobility”. The concept of mobile is now 
getting entrenched to users and turning the term into quadruple-play.  The implication being 
that get the triple-play services anywhere and anytime you need it. 

6 A range of knowledge bases held by public bodies met for citizens’ exploitation. These 
would include but not limited to demographic, economic, metrological, art-works, historical 
documents and books, educational and cultural knowledge bases, etc. 
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what is becoming a reality is the embracing of the digital technology [26, 27] 
which is a good indicator of a step towards all-IP convergence 

Despite of the triple play services uptake in developed regions of the 
world, we argue that for an end user with limited financial resources the 
issue is not about the technology of unification or accessing a bundle of 
services in one subscription in spite of its convenience. It is more about the 
value/utility one can achieve from a service. Further to understand the 
concerns of an ordinary user, one need to look at the “drive and 
expectations” behind her/his involvement in “subscription for accessing” the 
Internet services under a normative point of usage. The end user makes a 
decision of paying for connectivity because of specific Internet services of 
interest and with expectations of getting the worth from a service being paid 
for. Such worthiness can be viewed from multiple considerations, like – 
acceptable /affordable cost, accessibility and use anywhere anytime the 
service is needed, quality of access link/medium, assurance of a smooth 
accomplishment of any transaction conducted online, etc.). From this point 
of view the user is not interested in the connectivity technicalities like 
amount of the network bandwidth that is available to him/her, services 
bundling, etc. but rather the availability of the service, time spent to receive 
the service and finally the quality of the received services. For example if the 
received service was a voice conversation – the immediate concern of the 
user/consumer would be the level of clarity or laggings experienced during 
the conversation. Likewise if the user was transacting a household activity 
like online - banking, shopping, downloading and submitting school 
assignment, the immediate concern would be the availability of the 
connection throughout the time of a transaction and how smoothly it was 
accomplished. 

Services bundling (alternatively - triple play) is one of the currently 
marketing strategy for broadband Internet connectivity by most of the 
network providers. This research endeavours to evaluate the relative 
importance of the there contained services to a common user whose financial 
capabilities are limited and operates in an environment of limited network 
infrastructures. Consequently, the research premises are built around the 
models of infrastructure resource requirements needed to deliver such 
bundled services coupled with end user financial capabilities and willingness 
to pay for accessing Internet services that meet their expectations. We 
advance our insight of such received services under the perception that the 
Internet is an enabler for development. In event that all-IP convergence is 
technologically catching up globally when coupled with network providers’ 
goals for maximizing on their profits through strategies like the promotion of 
“triple play” that enables leveraging the IP technology, then we propose to 
investigate the relative importance among such services in view of a 
common user that views the Internet as an enabler for development. 
Especially a common end user operating in weak infrastructures like those in 
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Least Developing Countries (LDCs) where the broadband is starting to take 
roots. Hence, this clearly defines one of our goals for this study as to why we 
endeavour to establish the relative importance among the bundled Internet 
Services in the Context of Development (ISCD). 

We opt to approach this study of establishing the relative importance 
among the Internet services from the point of Internet traffic characteristics 
that deliver such services.  It is necessary to observe that there are numerous 
services delivered over the Internet.  Each service has a corresponding 
application that an end user uses to achieve one’s objectives. Hence each 
application generates a kind of traffic over the Internet in delivering the 
required service. The number of applications (consequently the services) 
continues to grow day after the other. Therefore it becomes a complex issue 
to make an objective comparison among such ever changing numbers (of 
applications/end user services) in the effort of establishing their relative 
importance in context of enabling development. In view that the present 
Internet traffic can be classified in a few classes [10] regardless of the 
numerous applications and their respective services, we therefore propose 
the comparison to be done among the traffic classes. Obviously the there 
generated application flows, each fall in one of the traffic classes [10, 24, 28] 
which makes it easier to characterise the delivered services by the traffic 
class characteristics generated by their respective applications. 

The basis for the mapping of numerous services to only a few traffic 
classes due to the similarities of the traffic characteristics they generate is 
easily explained from the application layer protocols that the respective 
applications use (ref. Table 2.2.1 for details). It is necessary to note that 
many applications use similar application protocols (more particular - the 
session layer protocols according to the open system interconnect model 
(OSI) [29]) as their respective streams of data flows are forwarded/pushed-
down to or received from the transport layer. Consequently such applications 
that generate traffic with similar behavioural characteristics while delivering 
their services use similar session protocols. Hence we group such services 
together and map them to a specific traffic class as their flow characteristics 
are similar. Therefore establishing the relative importance among traffic 
classes has a direct correspondence to the relevance of the services it 
delivers to the end user in context of enabling development. 

Different traffic classes require different levels/amounts of network 
resources to deliver their respective services with expected levels of QoS 
[30]. In respect of Internet connectivity, bandwidth is the main network 
resource on which providers base the pricing for the purpose of Internet 
services one needs to access [31]. In lieu of user’s limited financial 
capabilities and limited network infrastructure it is necessary to differentiate 
which traffic class or classes deliver services of higher relative importance in 
context of development. This study identifies such traffic classes.  Samples 
of services deemed to foster development are matched to such traffic classes 
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to affirm the characteristics/behaviour of traffic generated by their 
corresponding applications. Consequently, bandwidth levels that would 
comfortably permit such applications to deliver services thought to foster 
development are identified and users are advised accordingly within their 
limited financial capabilities and limited network infrastructure capacities. 
Based on identification of such traffic classes and their corresponding 
required network bandwidth levels, enable one to make a trade-off of 
enabling all users willing to access services delivered by such class/es vis-à-
vis the provider’s benefits. In this context users should affordably access 
services deemed to foster development while providers would observe an 
increase in the number of subscribers for such services. Hence such 
increased subscriber based correspondingly increases the provider’s 
income/profits.  

Further, the Internet traffic classification can be achieved by using a more 
fine-grained approach based on the utility functions of the application’s that 
generate them [10]. Basically, this approach pertains to the assessment of 
how well a single application is able to perform the task (or tasks) requested 
by users, or by other systems that behave as the application’s client (i.e. in 
case of machine to machine environment). In this respect, utility reflects the 
value offered by the services made available by the application to those 
users/clients. Thus it should be defined from their point of view [32]. To 
discuss this approach further, it is necessary to note how the term “utility” or 
“utility theory” is adopted and used in the literature of data networks and 
how it becomes one of the focal concepts used in this work.  

The utility theory  is concerned with the valuation of alternative choices 
and decisions made by people, their preferences and judgments of 
preferability, worth, value, goodness or any of a number of similar concepts 
[33]. It assumes that any decision is made on the basis of the utility 
maximization principle, i.e. the best choice is the one that provides the 
highest utility (satisfaction) to the decision maker. Consequently it is 
necessary to note that the foundation of the utility theory is based on an 
individual’s preference-indifference relation and a set  𝒙𝒙 , where 𝒙𝒙  is 
interpreted as decision alternatives or courses of action. Fishburn in [34] 
defines and give proofs for a number of preference axioms (assumptions) 
that hold over the elements of set 𝒙𝒙. In that, the preference axioms are a 
minimal set of relations that must hold in order to provide a consistent model 
of users’ preferences within a set 𝒙𝒙. These axioms form the basic premises 
that hold for most of the utility models exploited in many disciplines.  

Likewise, utility theory or utility concept (henceforth as we shall use 
from here onwards) is adopted in data network systems and analytically 
expressed as   𝑈𝑈 =  𝑓𝑓(𝒙𝒙) , where 𝑈𝑈  is dependant on the vector x with 
attributes that capture the system’s operational state and environment   𝒙𝒙 =
[𝑥𝑥1,𝑥𝑥2, . . . , 𝑥𝑥𝑛𝑛].  The function 𝑓𝑓(∙) therein referred to as “utility function” 
maps running system state variables to a single value/scalar 𝑈𝑈. In respect to 



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

12 

data network resource usage/consumption such associated variables could be 
any or a combination of the allocated bandwidth, throughput, reliability 
degree, e.t.c. The utility 𝑈𝑈 is a value in the co-domain of 𝑓𝑓  but normally it is 
normalized such that  𝑈𝑈 ∈ [0,1], where 0 denotes the least and 1 the most 
desirable system state. From a humanistic point of view, a mapping 
corresponding to higher utility value i.e.  𝑈𝑈 →  1  is always preferred. 
Consequently system variables whose vector  𝒙𝒙  returns a higher utility 
values on upward increase (e.g. allocated bandwidth, throughput, reliability 
degree, e.t.c.) or downward trend, that is  in the  limit𝒙𝒙 → 0 (e.g. network 
usage cost, energy consumptions, bit error rate, transfer delay, handover 
frequency, etc.) are always preferred. Hence, there are desirable properties 
of the utility function with respect to the humanistic preferences when 
matched with the technological capabilities of the user’s systems (e.g. 
terminal equipment, link capacities, etc.). In view of network resource herein 
referred to as  𝑥𝑥𝑖𝑖  the humanistic preference and technological capabilities 
available to the end user always lead in establishing the appropriate system’s 
operational bounds ( 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚  =  upper and/or  𝑥𝑥𝑚𝑚𝑖𝑖𝑛𝑛  = lower) from which the 
utility function maps system’s running state on the normalised interval of 
[0,1]. It is from this interval the systems stakeholder becomes satisfied (or 
not) with the systems performance, hence evaluating the worth/value 
achieved from the system. Therefore within this interval, the utility function 
should exhibit properties of continuously differentiable, non-decreasing and 
strictly concave [35]. 

Despite of clear definition of the utility concept and desired properties of 
a utility function, sometimes their adoption is perceived differently 
depending on the reference point of use, particularly when it comes to 
network system stakeholders in reference and preferences. Herein we clarify 
with relevant scenarios how these concepts are adopted and used in our 
work. In view of a network provider, the term utility would refer to accrued 
benefits (actual value) the provider gets from the network (i.e. providing 
Internet connectivity services in this context). Such benefits can be viewed 
or interpreted as the revenue/profits the network generates. Consequently the 
provider’s goals would aim at 𝑈𝑈 →  1 in view of the anticipated revenue. 
Likewise, this leads to a trade-off study between utility versus network 
utilization, efficiency, throughput, etc. as one strives to establish optimal 
points or operational system bounds that would maximize operator’s utility. 
While to an end user, the utility concept has much to do with psychological 
or physiological satisfaction that one gets from the use of the network (in 
this case the Internet services). Therefore the concept of utility to an end user 
has much to do with mappings of the network performance (which can be 
quantitatively measured with respect to network centric attributes) to human 
sensory perception of satisfaction. In data networks user satisfaction is 
determined from the levels of quality of services (QoS) or quality of 
experience (QoE) the user archives/experiences [36, 37]. These are scalar 
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values. Such values are quantitatively obtained from measuring network 
performance metrics (bandwidth, delay, delay variations/jitter, availability, 
reliability, loss ratio, etc.). In many situations this is when the 
microeconomics theoretical definitions of utility are adopted in modelling 
data networks services while treating the end user as focal point of interest. 
These theoretical definitions are brought in play with respect of the user 
preferences among the services, satisfaction obtained from the consumed 
services and willingness to pay for such services delivered over the network. 
Such consumed (or to be consumed) services are always equated to 
system/network resources requirements that can deliver them, which is a 
reflection of the maximal amount of money a user would like to part-off-
with in exchange of the Internet services. Consequently, the end user’s 
concern that we advance in this study is based on cited perspectives, in 
particular quality of service (QoS), access availability and cost which are the 
basis of how one’s satisfaction is measured and willingness to pay.  

As explained above, under the umbrella of the triple play we use a top – 
bottom (i.e. applications ⇒ traffic) approach (onto the OSI model partly 
depicted in the figure 2.2.1 and 2.2.2) to identify a few applications that have 
different utility functions on the same bandwidth range and categorize them 
into a few generic classes according to the similarity in their utility 
functions. Thereafter we use these generic traffic classes to establish the 
relevance of the services they deliver to end users in respect of contributing 
to a positive livelihood transformation of the societies. The process of 
establishing the services’ relevancies in transformation of the societies into 
levels of living calls for their ranking. Therefore the Analytical Hierarchy 
Processes (AHP) method [38]  is used to set a criterion of ranking the 
relative importance (or alternatively the relevancies) of Internet services as 
reflected from their traffic classes (whose capacity requirements can 
comfortably deliver the expected QoS in poor/weak Internet infrastructures 
like those in poor countries) that are crucial for fostering development. 
Therein we define and give examples of services deemed to foster 
development. 

We are aware of the criticisms of the AHP method. One of the common 
being the ambiguity of the questions which apply to the real-world problems 
that a decision maker (DM) must answer during the analysis stage to elicit 
the numbers in the judgement matrix. To overcome such ambiguity we give 
a clear explanation of such questions that enforce their meanings in a real-
world context. This is achieved by developing a frame of reference in which 
one makes the necessary subjective judgements for ISCD. Therefore, prior to 
the formation of the judgment matrix through AHP methods, a frame of 
reference is developed that spells out what Internet services are delivered by 
respective traffic classes and how such services are currently being up-taken 
by users in developing regions. Hence the frame of reference gives a firm 
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basis to make pairwise comparisons (PCs) in the process of developing the 
judgement matrix.  

The bottom-line is an identification approach of the crucial Internet 
services in fostering development using scientific methods. It determines 
their corresponding network resources requirements and proves any 
multiplier effects that would be associated with enabling low income earners 
to uptake such services. Our premise is that making Internet access 
affordable for accessing such services would possibly enable end users being 
better-off  in respect of their welfare and possibly attract more new up-takers 
of the Internet in developing countries, as it noted that the level of access is 
still low [39]. Consequently new up-takers would increase the Internet 
subscribers’ base hence providers’ revenue would increase. Similarly the 
policy maker’s revenue (generally which is the tax being paid by the 
providers) would increase. Possibly the policy maker/government would 
provide better social services. Hence improved social welfare to the 
communities would be achieved.  

 
 

1.2.2 Problem Definition 
This research addresses the alignment of the apparent divergent objectives of 
Internet stakeholders within the present Internet architecture in order to 
maximize their benefits. The term “divergent” is used in order to raise the 
awareness of the misalignment in the stakeholders’ objectives despite the 
astronomical growth of Internet penetration and usage in well-established 
infrastructures. 

Theoretically it is well known that firm’s profit maximization and 
customers’ utility maximization objectives are always at conflict [40-42]. In 
view of the present strategic marketing of the Internet connectivity geared to 
maximizing on investor’s investment returns, is likely to lead to a further 
digital divide among the societies of low income like those in LDCs. There’s 
no doubt about the convenience the end user achieves from service 
approach/marketing strategies of the triple play that is world-over being 
promoted by ISP. In addition it matches well with the present social dynamic 
needs of financially able users as a consequence of a few Internet artefacts. 
However the inherited misalignment in the Internet architecture coupled 
with the social dynamic needs of humanity which are perfectly favoured by 
such marketing approaches will lead to further depriving users of low-
income from accessing the Internet in situations where it is much needed to 
alleviate to some extent the chronic poverty and to unlock new opportunities 
for development. Even some studies have proved that such chronic poverty 
and unlocked mind to visualize beyond the horizon have a further social 
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impact that evenif such affected people get access to Internet connected 
device they spend most of their time in less developmental services [43]. 
Consequently there is a need of a counter approach to harmonise the 
stakeholders’ objectives considering diversities of income levels among the 
Internet end users/customers. Therefore it is the goal of this research to 
enlighten the stakeholders on priority Internet services deemed to foster 
development in poor nations and propose a harmonisation approach to align 
their respective objectives for their optimal benefits.  

1.2.3 An Insight of Misalignment in Stakeholders’ Objectives  
We introduce the following description that is fundamental to the clear 
understanding of the problem of misalignment between the stakeholders and 
how such misalignment is inherited from the present Internet architectural 
models.  

1.2.3.1  Network provider’s perspectives of the Internet services provision 

 Precisely in the present Internet architecture the goal of a network provider 
is to earn the maximum possible profit on every bit that traverses his/her 
network. To achieve such a goal the provider ensures optimal utilization of 
one’s network resources and minimization on the running/operational costs. 
In this context network efficiency becomes a point of great concern to them. 
Herein efficiency is defined as the ratio of network throughput to the total 
available capacity [44]. Therefore from a monitory view point, each unit 
capacity of the network utilized is equivalent to a specific revenue/income. 
The more capacity utilized the higher is the provider’s income. Hence is the 
worth of the provider’s services to one’s self and to the policy maker (the 
authority that offers the license that allows the network operator/investor’s 
activities in demarcated area and in return collects taxes/revenue from the 
network operator). In view of the technological evolution that all services 
used to be offered by different platforms are now converging onto the 
hourglass model (IP over everything and everything over IP technology), a 
network provider is now able to use only the IP based platform to deliver all 
the services that used to be delivered by different platforms. As a result, the 
network operator eliminates the expenses of maintaining and operating 
different technology platforms.  Ultimately deployment of all-IP based 
infrastructure and maintaining of high level of network efficiency leads the 
network provider in achieving one’s objective of profit maximization. 

1.2.3.2 The end users’ Internet usage/connectivity perspectives 

An end user signs a contract with the network provider that specifies ones’ 
preferred services and acceptable QoS. It is on this basis that determines the 
price of the link capacity/bandwidth the end user has to pay. The end user 
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goal for paying the price for the link’s capacity is to maximize ones’ utility 
or as commonly referred to as users’ utility maximization in literature [45]. 
In this context, the utility expresses the extent to which one can achieve the 
maximum benefit expected from ones’ preferences (the preferred services) 
that compensates for one’s connectivity costs. 

1.2.3.3 Internet architectural setup: taking advantage of the open 
architecture 

It is evident that the original goals of the Internet architecture were not for 
commercial gains. Eventhough it has involved over time into the reams of 
the commercial gains, it still carries some original characteristics (e.g. 
characteristics of openness, resource sharing, accommodating or federating 
with any technology, etc.). It is important to note that in the present data 
networks the link resource (bandwidth) is shared among the several end 
users. As each link capacity is finite, the end users are essentially competing 
for the scarce resource. However, the Internet models in use hide from the 
end users the conditions of competition between them. That is end users do 
not communicate to each other. The models enable the network to 
communicate with the end user on an individual basis as each individual 
traverses a path of one’s choice. When the end users demands exceed the 
link’s capacity then the questions of congestion and fair resource sharing 
arise. Accordingly, the network invokes its congestion control mechanism to 
notify the end users (i.e. the sources generating the traffic) about the state of 
the network and ensure fair distribution of the available resources. In this 
respect, the network sets the virtual prices7 (which, it charges the end user 
per supplied unit of bandwidth) and each end user reacts to the price by 
revealing the preferred amount of bandwidth. The network then adapts the 
virtual price and the process continues. It is desirable that these individual 
based (iterative) virtual prices and bandwidth/link capacity adaptations their 
convergence guarantee to the utility-maximizing and profit-maximizing 
prices, such that the bandwidth allocation reached reflects both the 
network’s and the end users’ objectives. Then one could view these 

                                                      
7 Virtual price: This is the price the link algorithm computes as a function of time that 

converges to the Lagrange multiplier corresponding to the link’s resource constraint. The 
price is transmitted to the sources in conjunction with the source algorithm, then sources are 
able to regulate the transmission rate. Though each user is maximizing ones utility minus 
the marginal cost of the flow that consists of the sum of Lagrange multiplier of each link 
traversed on the route, it is assumed that the equilibrium point achieved under this pricing 
scheme where each user is charged the sum of the Lagrange multipliers on ones path 
coincides with the socially optimum outcome.  The key implications in this scheme are (1) 
Users are price-takers, which is reasonable in the case of a large network such as the 
Internet. (2) Prices are set equal to the Lagrange multipliers in order to implement the 
socially optimal allocation. The implications hold if prices are set by a network controller 
that is interested in the overall system performance. Otherwise, a different situation holds 
when prices are set by profit-maximizing service providers. 
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objectives as “aligned”. That is, the network’s interest to set prices for the 
allocated capacities to the end-user which are achieved at the equilibrium 
point would also maximizes the end users’ aggregate utilities “net benefit” 
(commonly referred to as the social welfare). However this is not always the 
case. The achieved level ends in providing the optimal flows which are 
translated as optimal resource utilization. This directly favours the network 
provider. Not necessarily that at optimal flow all competing flows get the 
required capacity shares that optimizes the end user’s utility (i.e. not all 
flows attains the recommended capacity levels to deliver services with 
expected QoS by end users). Generally some flows are degraded because of 
their in-built elastic resource sharing mechanism. 

It is easy to note in this qualitative analysis of the problem of 
misalignment given, the network act as price-setter while end user is the 
price-taker as they adjust their desired bandwidth according to the prevailing 
network situation. This is very much common in LDCs where the 
infrastructures are still weak. 

Works based on optimal flow control framework mainly pioneered by 
Kelly [46] have been studied extensively [47-49] in view of aligning or 
converging the end user and network objectives and integration of the 
fairness concept in bandwidth allocation among competing users. The 
analytical settings of the alignment convergence to an equilibrium point is 
well studied in [50] and associated stability issues and network performance 
addressed in [51] and references there in. All these studies strive to find an 
“optimal” resource allocation so that the sum of all the end user utilities is 
maximized in pursuance of maximum of social welfare in a network 
especially for elastic flows/traffic, i.e. the TCP traffic.  Quite a few further 
works [52-54] also deal with flow-level stability issues of utility-based 
allocations in non-convex context. 

Despite of the great advances by using the optimal flow control theory 
and its application in setting the alignments, serious limitations still exit that 
will continue ring circling the Internet from the low-income earners mainly 
from poor nations. In invent of well-established infrastructures, network 
provisioning is the order of the day in avoiding congestion hiccups. In such 
scenarios, most of the providers have now shifted from the rate to volume 
costing of the Internet usage as a way of maintaining their egos for profit 
maximization. Eventhough there are some good arguments for volume 
costing [55], we note that it is a way to block an ordinarily customer from 
exploring the full features of the Internet and also brings another dimension 
of misalignment between the Internet/network providers and end users in the 
placement of the value each achieves from the provision and 
consumption/usage of the Internet. To the Internet/network provider the 
value is proportional to the number bits end users push through one’s 
network. That is the Internet/network provider’s value is created in the 
network. While the end users the number of bits one pushes through the 
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network is not necessary proportional to the value one gets, although the 
volume costing assumes a direct proportion and charges the user for having 
engaged the infrastructure accordingly.  We acknowledge that the network 
infrastructure (routers, wires, radios, etc.) are all vital, but they are just 
means to the value a user gets from the Internet. Therefore for end users the 
value from the Internet is made outside the network. For example, consider a 
case of e-learning. A fulltime employed end user based in LDC needs to 
upgrade one’s skills to match the international standards. The end user 
cannot leave one’s job to travel abroad and attend international professional 
school to pursue higher/advanced professional courses. Even s/he has no 
money for one’s up-keep and tuition requirements, leaving alone the barriers 
of getting visas to a developed country while one is in LDCs. Therefore end 
user uses the Internet access to register and pursue the professional course in 
a school based a developed country. On successful completion end user’s 
skills are improved and her/his value of human capital is rated at higher. 
Hence is the expected salary/income from one’s employer/market.  That is 
the increase of human capital value (improved competencies, knowledge, 
social, ability to perform labour, etc.) is made outside the network but 
glossily enabled by the network/Internet. 

1.3 Research Goal, Scope and Focus 

1.3.1 Goal 
Our earlier study [56] presents a framework under which the interplay 
among efficiency, fairness and congestion concepts could be analysed to 
establish a range (optimal region) that accommodates possible levels of 
aligning the network provider’s and the end user’s objectives  of Internet 
services provision and usage respectively in context of enabling 
development. This extended study does not intend to get into the insight of 
network stack/protocols (at transport and/or network layers) mechanisms. It 
takes a social perspective of aligning the stakeholders’ objectives for their 
respective benefits by focusing on prioritization of Internet services in 
context of enabling development and model a mechanism that would enable 
a diversity of end uses with varying capabilities (financial, skills, needs, 
culture, etc.) to access services that are deemed to foster development. 

Despite there are misalignments inherited from the architectural design of 
the Internet, notably they are continuously being fixed through technological 
evolution and the present intent of Internet commercialization. However, the 
end user’s selfishness usage of the network, provider’s profit maximization 
egos and the natural social dynamic needs of humanity will continue driving 
the Internet development/evolution. Such a drive is not healthy because it 
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marginalizes (or pushes off) the low income earners from accessing the 
Internet, thitherto increasing the digital-divide gap between the haves and 
have-nots especially like those from the LDCs. It is the goal of this study to 
intervene and retain the digital divide gap by developing models that 
harmonize the bottom-line drive for every stakeholder’s behaviour on the 
Internet, which this study assumes as one’s desire to fulfil one’s utility egos. 

Conclusively, this study formulates models for Internet provision and 
usage based on analytical synthesis that establishes the worthiness of the 
ISCD and how such services could be made affordable to a diversity of users 
with different financial capabilities for the purpose of fostering development. 

1.3.2 Scope and Focus  
The research interest is around the Internet services (provision and usage) 

in enabling development within an environment of weak IP based 
infrastructure and with a diversity of users of which the majority are 
financially weak.  Such a scenario is commonly found in LDCs. Therefore 
the study is confined to Internet services in LDCs. Hence the focus is on 
aligning the stakeholders’ objectives for Internet provision and usage 
through services classification, prioritization and setting a framework under 
which such services are exploited for enabling development in view of 
benefiting all. 

1.4 Contributions  
(a) Design of a classification scheme for Internet traffic classes in the 

context of development. 
(b) Design and development of a frame of reference, a framework that 

lays down structure guidelines for a decision maker to make the 
scientifically informed subjective judgements for ISCD. 

(c) Design and development of the ISCD model. A model that leads the 
alignment of Internet stakeholders’ goals for the benefit of achieving 
ISCD in LDCs 

(d) Developed strategic options for the best course of action in aligning 
the ICT/Internet stakeholders objectives 
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1.6 Thesis Organization 
The following chapter two defines the term “services” as it is used in this 
study and also presents a classification scheme for ISCD we have developed 
basing on the Internet traffic utility functions. A scalar value  𝑉𝑉  is introduced 
in the utility function of each traffic class to enable quatification of the value 
an end user achieves from the delivered service/s by a traffic class. 
Inaddition a methodology of mapping the Internet end user services into five 
traffic classes which are classified by their respective utility functions is 
presented. Through this methodology the traffic classes can individually 
or/and comparatively be analysed with respect to establishing the relevance 
their respective delivered services’ contribution in transforming users’ 
livelihood in the context of development. 

Chapter three addresses the challenge of distinguishing which traffic class 
(therein delivered services) is more important than the other in context of 
fostering development in LDCs.  A frame of reference purposefully geared 
to the role of Internet services in the context of fostering development in 
LDCs that we have developed is presented. Under its bounds, the AHP 
theory is used to structure the problem of prioritizing the Internet traffic in 
the context of development. 
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Chapter four presents the analytical model through which a priority vector 
for the Internet traffic classes is derived. The mathematical procedures and 
aggregation methods used in the study are present here. Chapter five 
presents the empirical finds of the study. Chapter six presents selected 
publications that have resulted from this research work, while chapter seven 
gives the conclusions and future directions to further the problem in study.  
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Chapter Two 

2 Theoretical Base for ISCD Classification  

2.1 Definition  
The term “services” in this work refer to consumable services by the end 
user while leveraging the IP based infrastructure (alternatively the Internet) 
as a medium on which such services are transacted. In a broader context of 
the present and future Internet technology trends “services” is an umbrella 
term describing how various sets of Internet applications are operated to 
perform different tasks and their output are (the services in reference) 
delivered to respective requestors (end users) [57]. Such applications include 
but not limited to pervasive/immersive/ambient, industrial/manufacturing, 
vehicular/logistics, financial/ePayment/ eBusiness, power network 
control/eEnergy, eHealth, and eGovernment, etc. The present trend of 
services offering/transaction over the Internet by such applications is 
emerging into three major domains, which are envisaged to suit the next 
generation networks (NGN). They can be  summarised as (a) Internet-scale 
service oriented computing (b) contextualised, proactive and personalized 
access to services (c) services orchestration [57]. 

 In this work the usage of the term and classification of end user’s 
“services” is much alike as proposed by Forte et al [58]. In their work the 
focus is on creating a registry of service labels to facilitate the identification 
of most common locations-based services. The service classification therein 
is basically to help consumers (in particular the mobile ones) to easily locate 
and access the required services. That is, consumers/end users leverage the 
Internet technology in getting to know the nearest locations of service points, 
e.g. a bus station, automatic teller machine, restaurant, gas-station, police 
station, a clinic/hospital, etc. Even though the context in which the term 
“services” is used in both works is similar, our work is more interested in 
classification that lead to the identification of: (a) the relevance of such 
services being accessed and transacted on the Internet in context of enabling 
development and (b) the affordability of connectivity costs associated with 
accessing/transacting such services by end user with limited financial 
capabilities. This work approach the classification of services based on 
traffic characteristics that deliver them to their respective requestors. The 
flows that form the traffic in data networks are normally differentiated based 



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

24 

of their respective bandwidth utility functions [24, 28, 59]. The bandwidth 
utility functions used in this work follow the buddle service approach [24]. 

Eventhough there is a wealth of research works done on classification of 
Internet traffic characteristics and references therein, no single work has 
been directed to the study of how such a classified class or classes and its or 
their corresponding delivered services affect the transformation of users’ 
livelihoods in context of enabling development. It’s the goal of this work to 
bridge such a gap. 

2.2 Methodology for Services Classification 
The method used in this work associates the classified traffic class to a 
numeric value (thereafter interpreted as a utility value or satisfaction level) 
the network stakeholder (user or provider) achieves from the delivered 
services or by one’s network efficiently delivering such services. 
Consequently we adopt the network utility approach in differentiating 
among the traffic classes based on their applications’ utility functions [24, 
28, 60, 61]. Then thereafter we set priorities among service groups based on 
the deemed importance in context of development [62] and then study users 
uptake of such services and consequential effects to both the users and 
network provider.  

To quantify the user’s utility, we introduce a  𝑉𝑉𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠 in the utility function 
of each traffic class. Where  𝑉𝑉𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠  denotes the importance of the users’ 
traffic class in context of development compared with other traffic classes.  
Equally too, the  𝑉𝑉𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠  denotes the user’s preference of the traffic class in 
relation to other traffic classes in the context of the Internet for development.  

Assuming the actual bandwidth allocated to a user’s application in traffic 
class  𝑇𝑇𝑖𝑖  is   𝑥𝑥𝑇𝑇𝑖𝑖  , where  𝑇𝑇𝑖𝑖 = 1, 2, … ,𝑛𝑛  the number of competing traffic 
classes on the link; then, we formulate the user’s utility as; 
 𝑢𝑢𝑇𝑇i�𝑥𝑥𝑇𝑇𝑖𝑖� =  𝑉𝑉𝑇𝑇i ∙ 𝑓𝑓�𝑥𝑥𝑇𝑇i� (1) 
Consequently, 𝑉𝑉𝑇𝑇i  is the utility vector for the Internet traffic classes in the 
context of developed which this study strives to derive. 
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2.3 Characterizing Internet traffic classes 
This section characterizes Internet traffic by their applications’ QoS levels 
and utility functions. In chapter one, a utility function is defined as a 
mapping of running system state variables to a single value/scalar 𝑈𝑈 which is 
commonly referred to as utility value or satisfaction level. A utility value or 
satisfaction level has much to do with quality of the services (QoS) in end 
user’s perspective. Different applications have distinct QoS requirements for 
delivering their respective services [63-65]. Consequently they pose 
different demands for network resources. Therefore utility functions that 
map the available network resources to the users’ applications requirements 
[28, 66] are one of the key system management approaches that can lead in 
differentiating among the Internet traffic types therein generated. Similarly 
from a network stakeholder’s perspective point of view, utility function 
curves of corresponding traffic types (classes) give a form of displaying the 
interrelation between the satisfaction level/utility values against the network 
resource requirements. For example the interrelation between the end user’s 
perspectives that considers the QoS and cost involved to meet the required 
network resources for a particular service of interest (hence application in 
use) can mathematically be represented by a two dimension graph utility 
function curve for the corresponding application’s traffic. In this context the 
y-axis refer to a scalar value (user utility value/satisfaction level) while the 
x-axis is the possible bandwidth range that can be allocated to the user’s 
application in delivering the service. Therefore a function (thereby referred 
to as utility function) in discussion for each traffic class is formulated based 
on the QoS metrics received in the user end. The QoS metrics are 
quantitative in nature and these include packet delays, jitter, loss rate, etc. 
Like in many studies [67-70] and reference therein, QoS levels are 
determined based on the concept of utility which is the major approach for 
measuring the network performance and user satisfaction degree. We also 
advance characterizing Internet traffic by their corresponding QoS levels and 
applications’ utility functions into five classes in respect of Internet services 
in the context of development as follows: 

2.3.1 Hard real-time traffic class (T1) 
Hard real-time traffic class (herein referred as T1) is commonly generated as 
result of human speech (conversational interaction) over the networks like 
the global system for mobile communications (GSM). However with the 
technology evolution (both in hardware and software) a number of the new 
applications over the Internet have come in play enabling two or more users 
to have a conversation simultaneously  while they are in different geographic 
locations over the IP based networks. Of the recent such applications have 
proved to generate significant amount of traffic [11, 71] in the networks. 
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Voice over IP (VoIP) is an example of such a service whose applications 
generate such a traffic class. 

This traffic class in discussion is characterized by enabling interactive 
service between/among peers of live human end-users. Hence the quality of 
services thereby required is basically determined by human perception. 
Consequently the data packets for T1 must have low transfer delays as well 
as well bounded delay variations /jitter with strict levels of bandwidth. 

QoS Levels: The standardization bodies ITU, IETF, 3GGP [70, 72] 
respectively recommends some typical QoS levels for services delivered by 
T1 as in indicated in the table 2.3.1.1 and 2.3.1.2 below. 

Table 2.3.1.1: QoS parameter values for hard real time services 

Traffic 
class 

Standardization Bandwidth 
(kbps) 

End-to-end 
delay (ms) 

End-to-end 
jitter (ms) 

Loss rate 
(%) 

Hard 
Real-
Time 

ITU 
G.711 (64) 
G.726 (32) 
G.728 (16) 
G.729 (8) 

≤ 100 50 1x10-3 

3GPP ≤ 256 ≤ 100    

Table 2.3.1.2: QoS parameter values used in real world networks 
Traffic 
class 

Sample services  Bandwidth 
(kbps) 

End-to-end 
delay (ms) 

End-to-end 
jitter (ms) 

Loss rate 
(%) 

Hard 
Real-
time 

Conversational 
voice 

4 - 64 ≤ 300 1 10-3 – 10-4 

Videophone 16-384 ≤ 150 
preferred 
≤ 400 limit 

 1 ∗ 10−2 

Voice messaging 4 - 32 < 1s for 
playback, 2s 
for recording 

< 1 < 3 

Quantification of User Utility  𝑢𝑢𝑇𝑇1(𝑥𝑥𝑇𝑇1): Under this class the maximum 
transfer delay is given by human perception on the conversion. Hence failure 
to provide low enough transfer delay will result in unacceptable lack of 
quality and the end user’s utility (gain/benefit/value of the service) drops to 
zero. For instance a VoIP user receives zero utility if the available 
bandwidth is less than the minimum required threshold BT1min. Increasing 
bandwidth beyond  𝐵𝐵𝑇𝑇1𝑚𝑚𝑖𝑖𝑛𝑛 does not increase any utility to the end user. That 
is to say that for this traffic class the minimal is the maximal required 
encoding rate. Future in this work we shall be using the commonly used 
encoding rate as shown in table 2.3.1.2 above, for VoIP traffic as the 𝐵𝐵𝑚𝑚𝑖𝑖𝑛𝑛 =
 𝐵𝐵𝑚𝑚𝑚𝑚𝑚𝑚 = 64𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘. 
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For hard real time traffic class (T1) the utility function for an end user 
whose application is allocated a bandwidth  𝑥𝑥𝑇𝑇1  can be determined by the 
stair function [24] as shown in (2) and plotted if figure 2.3.1 below. 

𝑢𝑢𝑇𝑇1� 𝑥𝑥𝑇𝑇1 � =  𝑉𝑉𝑇𝑇1 ∙
sgn� 𝑥𝑥𝑇𝑇1 − BT1min� + 1

2
 ;   𝑥𝑥𝑇𝑇1 ≥ 0,   𝐵𝐵𝑇𝑇1𝑚𝑚𝑖𝑖𝑛𝑛 =  𝐵𝐵𝑇𝑇1𝑚𝑚𝑚𝑚𝑚𝑚  (2) 

Bandwidth

Ut
ili

ty

Bmin0

V1

x

 
Figure 2.3.1: Utility function for Hard Real Time (e.g. VoIP) 

2.3.2 Real-time non-interactive traffic class (T2) 
The real-time non-interactive traffic (herein T2) is generated from 
applications used to deliver broadcast television services over the IP based 
infrastructure. The popular service delivered by this type of traffic is the 
Internet protocol television (IPTV).  It is a multicast streaming class but 
whose real-time stream apply when the user is watching at (listening to) real-
time video (audios), i.e. the real-time stream is always aiming at a live 
(human) destination. Consequently the acceptable quality of service or 
quality of experience of such a stream is very much based on human’s 
perception.  

The real time non-interactive traffic is characterised as delay-sensitive 
with limited end-to-end jitter to preserve the time relation (variation) 
between packets of the stream.  The traffic flow/stream of IPTV services is 
normally aligned at the receiving end user equipment because of the 
mechanism (multicasting) used to deliver it. Therefore the highest accepted 
delay variation over the transmission media is given by the capability of the 
time alignment function of the end user’s equipment. 
QoS Levels: Table 2.3.2.1 gives the industry and standardization bodies (TR-
126, ITU-1540, ITU-T G. 1080, and RFC 3350) recommended parameters 
for television service delivery using the broadband network, from which our 
consumer utility function is based.  
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Table 2.3.2.1: QoS levels for Television services delivered on broadband network 
Traffic class 
(T2) Sample services Bandwidth 

(kb/s) 
End-to-end 
delay (ms) 

End-to-end 
jitter (ms) 

Loss rate 
(%) 

Real-time 
Non-
Interactive 

HDTV video 10240 250 10 10-2 
SDTV video 1792 40  10-2 
VoD - SDTV 2150 250 1 10-6 

Quantification of User Utility  𝑢𝑢𝑇𝑇2(𝑥𝑥𝑇𝑇2): The utility function for traffic is 
almost similar to that of VoIP except that its applications are delay-adaptive. 
Taking IPTV as a representative service that generates such traffic in T2, 
there must be a minimum flow rate BT2min to meet the minimum encoding 
rate else user utility will be dropped to zero. Similarly it has a maximum 
flow rate BT2 max beyond which the user gains no utility despite the increase 
bandwidth.  Between BT2min and BT2 max the utility function is smoothened 
from a monotonically increasing stair case to an S-like shape function. 

In this work we adopt the S-like shaped function from [24] which 
represents a user utility curve for IPTV application under a triple play 
service. This is very ideal type of service that generates such a traffic class 
under study in this subsection. Figure 2.3.2 represents its curve fitting whose 
corresponding user utility function is indicated in (3) below. 

In (3) 𝑥𝑥𝑇𝑇2   denotes the actual bandwidth allocated to each IPTV 
application, 𝜀𝜀  denotes the tiny IPTV user utility when the allocated 
bandwidth is  𝐵𝐵𝑇𝑇2𝑚𝑚𝑖𝑖𝑛𝑛. It also determines to what extent IPTV user’s utility 
function is close to the hard real-time one, i.e. as 𝜀𝜀 is set smaller, the IPTV 
traffic is closer to the hard-real time traffic. 

 
Figure 2.3.2: Utility function for real time non-interactive traffic 

 

  𝑢𝑢𝑇𝑇2(𝑥𝑥𝑇𝑇2) =  𝑉𝑉𝑇𝑇2(1 (1 + (1 𝜀𝜀 − 1⁄ )𝑒𝑒−𝑟𝑟2𝑚𝑚𝑇𝑇2)⁄ );           0 ≤  𝑥𝑥𝑇𝑇2  ≤  𝐵𝐵𝑇𝑇2𝑚𝑚𝑚𝑚𝑚𝑚; (3) 

 𝑟𝑟2 = �2 ln �
1
𝜀𝜀
− 1�� 𝐵𝐵T2max ; �  (4) 
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2.3.3 Real-time interactive traffic class (T3) 
The real time interactive traffic is a generated by multimedia applications 
that offer online iterative services. Such services include but not limited to 
gaming, conferencing, video telephony, etc. In generally we classify all other 
streaming media traffic (using the UDP as the baseline transport protocol) 
into this class. 

The lead feature in this traffic class is the delay-sensitivity characteristic. 
Like in traffic class T2 real-time stream applies when the user is looking at 
(listening to) real-time video (audios).  The real-time data flow is always 
aiming at a live (human) destination.  However this traffic class differs from 
the T2 class in that it; (a) has much lower bandwidth requirements, and (b) 
its services delivery mechanism is based on pure streaming not multicast.  
QoS Levels: Table 2.3.3.1 gives the industry and standardization bodies [70, 
72] recommended parameters for common services delivered under this 
traffic class, from which our consumer utility function is based. 

Table 2.3.3.1: Typical QoS parameters values for streaming services 
Traffic 
class (T3) 

Standardization Bandwidth 
(kbps) 

End-to-end 
delay (ms) 

End-to-end 
jitter (ms) 

Loss rate 
(%) 

Real-time 
(streaming 
services) 

ITU ≤ 2000 100 – 500 50 10-3 
3GPP (UMTS) ≤ 256000 300  5*10-2...10-6 

Table 2.3.3.2: Typical QoS parameters for sample services in T3 class 
Traffic 
class 

Sample services  Bandwidth 
(kbit/s) 

End-to-end 
delay (ms) 

End-to-end 
jitter (ms) 

Loss rate 
(%) 

Real-time 
(streaming 
services) 

One-way video 
streaming 

16 – 384 < 10 1 1 

Two way video 
streaming 

16-384 ≤ 150 
preferred 
≤ 400 limit 

 1 ∗ 10−2 

One-way high 
quality audio 
streaming 

16-128 < 10s  < 1 < 1 

 

Quantification of User Utility  𝑢𝑢𝑇𝑇3(𝑥𝑥𝑇𝑇3): Since every application’s traffic 
characteristics in this class resemble the IPTV traffic characteristics, 
similarly are the utility functions. There exists an optimal point 𝐵𝐵𝑇𝑇3𝑚𝑚𝑚𝑚𝑚𝑚 
beyond which an increase in the flow’s bandwidth does not increase the 
utility of the service for the end user and a minimum required bandwidth 
level 𝐵𝐵𝑇𝑇3𝑚𝑚𝑖𝑖𝑛𝑛  below which the utility of the service becomes to zero.The 
traffic under study is basically a User Datagram Protocol (UDP) traffic 
generated from many sources with different applications delivering different 
services. The UDP intrinsic bandwidth for different applications varies. 
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Therefore there is a need to derive an appropriate user utility function that 
represents the entire class based on the aggregate transport protocol the 
UDP. This work adopts a utility function from [24] that was derived for 
representing the UDP user’s average utility function. To arrive to such a user 
utility function, Shi et al. [24] assumed a population of 𝑛𝑛 UDP users that 
occupy the internal traffic portion for UDP class in proportions of  𝑘𝑘𝑇𝑇3𝑖𝑖 ,
0 ≤ 𝑖𝑖 ≤ 𝑛𝑛 , such that ∑ 𝑘𝑘𝑇𝑇3𝑖𝑖 = 1𝑛𝑛

𝑖𝑖=1 . Therefore the user’s utility depends on 
the rate (bandwidth) allocated to one’s portion   𝑘𝑘𝑇𝑇3𝑖𝑖  to the entire UDP 
traffic’s portion. Consequently the user maximum utility is obtained at one’s 
intrinsic optimal bandwidth point 𝐵𝐵𝑇𝑇3𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖 , i.e. the sum of the users’ optimal 
bandwidth achieved is the optimal point of the entire UDP traffic portion 
given by  𝐵𝐵𝑇𝑇3𝑚𝑚𝑚𝑚𝑚𝑚 =  ∑ 𝑘𝑘𝑇𝑇3𝑖𝑖

𝑛𝑛
𝑖𝑖=1 𝐵𝐵𝑇𝑇3𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖. Figure 2.3.3.3 represents its curve 

fitting and its corresponding user utility function is as follows: 

Where 𝑥𝑥3 denotes the average bandwidth allocated to each UDP user’s 
application and  𝐵𝐵𝑇𝑇3𝑚𝑚𝑚𝑚𝑚𝑚 is the average maximal bandwidth required by each 
UDP user.  In user utility curve fitting  𝐵𝐵𝑇𝑇3𝑚𝑚𝑚𝑚𝑚𝑚is sent to a typical value of 
500kbps and 𝜀𝜀 is set smaller as 0.01 similar to that of IPTV utility function. 

 

Figure 2.3.3: Utility function for real time interactive traffic  
 

 
  𝑢𝑢𝑇𝑇3(𝑥𝑥𝑇𝑇3) =  𝑉𝑉𝑇𝑇3(1 (1 + (1 𝜀𝜀 − 1⁄ )𝑒𝑒−𝑟𝑟𝑇𝑇3𝑚𝑚𝑇𝑇3)⁄ );   0 

≤  𝑥𝑥𝑇𝑇3  ≤  𝐵𝐵𝑇𝑇3𝑚𝑚𝑚𝑚𝑚𝑚 ;       (5) 

 𝑟𝑟𝑇𝑇3 = �2 ln �
1
𝜀𝜀
− 1�� 𝐵𝐵T3max ; �    (1 ≤  𝑖𝑖 ≤  𝑛𝑛) (6) 

 𝐵𝐵𝑇𝑇3𝑚𝑚𝑚𝑚𝑚𝑚 =  �𝑘𝑘𝑇𝑇3𝑖𝑖

𝑛𝑛

𝑖𝑖=1

𝐵𝐵𝑇𝑇3𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖  (7) 

 𝑟𝑟𝑇𝑇3 =   1 ��𝑘𝑘𝑇𝑇3𝑖𝑖 𝑟𝑟𝑇𝑇3𝑖𝑖⁄ �
𝑛𝑛

𝑖𝑖=1

�     (8) 
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2.3.4 Elastic interactive traffic class (T4) 
The elastic interactive traffic class is a result of human to machine or/and 
machine to machine interaction over the IP based infrastructure when 
requesting or transmitting data.  Example of human to machine interaction is 
when a person is online browsing the web, retrieving information from a 
database, or uploading/filling data forms, etc. from/to a remote server.  
While for machine to machine is the situation where there’s automated data 
exchange between machines.  In such a case a machine initiates 
communication using network resources to communicate with a remote 
machine/application infrastructure for the purposes of monitoring and 
control, either of the “machine” itself, or the surrounding environment. 
Monitoring, sensor enabled, telemetry (automatic remote transmission of any 
measured data), SCADA (Supervisory, Control and Data Acquisition) 
systems, etc., are samples of machine to machine interaction that generate 
traffic in this type of class.  

The fundamental characteristics of this class services are (a) request 
response pattern – i.e. the destination expects the data within a certain time 
frame. In this case the round trip delay is one of the key characteristic, 
another is (b) low bit error rate – the payload content must be highly 
preserved. For human to machine sample examples of such services; are web 
surfing on the Internet, telnet, etc.  – e.g. during a web surfing a user 
becomes impatient for waiting long time before a page is displayed on one’s 
screen. Similarly is the telnet – for a user to feel connected while in a telnet 
session, the round trip time Round Trip Time (RTT) must sufficiently be 
maintained at a steady small interval. 
QoS Levels: Table 2.3.4.1 gives the industry and standardization bodies [70, 
72] recommended parameters for common services delivered under this 
traffic class, from which our consumer utility function is based. 

Table 2.3.4.1: Typical QoS parameters values for transactional services 
Traffic class Sample 

services 
Bandwidth 
(kbps) 

End-to-end 
delay (ms) 

End-to-end 
jitter (ms) 

Loss rate (%) 

Elastic 
interactive  - 
transactional 
services 

 ≤     
High priority 
e.g. ATM, 
e-banking  

≤   1 5*10-2... 10-6 

Telnet  < 200   

Quantification of User Utility  𝑢𝑢𝑇𝑇4(𝑥𝑥𝑇𝑇4): The baseline implementation for 
applications that generate elastic interactive traffic is transmission control 
protocol (TCP). TCP is the most used protocol for Internet services. Recent 
studies [73-76] indicate that TCP accounts for over 90% of the Internet 
traffic volume. The TCP flows are elastic, however for the interactive traffic 
(non-interactive discussed in the next section 2.1.5) there must be a 
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minimum tolerable bandwidth 𝐵𝐵𝑇𝑇4𝑚𝑚𝑖𝑖𝑛𝑛  for any based Internet application to 
deliver a service to the user. That is below such a minimum of   𝐵𝐵𝑇𝑇4𝑚𝑚𝑖𝑖𝑛𝑛 the 
utility of the services is zero. Similarly there exists a maximal point  𝐵𝐵𝑇𝑇4𝑚𝑚𝑚𝑚𝑚𝑚 
beyond which an increase of the bandwidth does not cause any increase in 
utility value of a service. 

Generally adopting the principles of diminishing returns from economics 
[77] that features an increasing, strictly concave and continuously 
differentiable curve with a decreasing marginal increment as bandwidth 
increases, then a utility function can be modelled. Several authors have used 
this concept of diminishing returns  in modelling utility functions for TCP 
based Internet services (even including the popular works of Kelly’s in [46, 
47] that formalises the concept  into a log utility function on which most of 
the TCP flavours base their algorithms for fair resources sharing).  But in our 
work we adopt the utility function in [24] whose curve fitting is represented 
in figure 2.3.4 and its corresponding user function in (9) because it was 
modelled with a notion of triple play. 

𝑢𝑢𝑇𝑇4�𝑥𝑥𝑇𝑇4�  =  𝑉𝑉𝑇𝑇4 ∙
ln(𝑥𝑥4   𝐵𝐵𝑇𝑇4𝑚𝑚𝑖𝑖𝑛𝑛⁄ )

ln(𝐵𝐵𝑇𝑇4𝑚𝑚𝑚𝑚𝑚𝑚 𝐵𝐵𝑇𝑇4𝑚𝑚𝑖𝑖𝑛𝑛⁄ ) ∙
sgn(𝑥𝑥4 −  𝐵𝐵𝑇𝑇4𝑚𝑚𝑖𝑖𝑛𝑛 ) + 1

2
,    (9) 

�0 ≤  𝐵𝐵𝑇𝑇4𝑚𝑚𝑚𝑚𝑚𝑚 ≤  𝑥𝑥𝑇𝑇4  ≤  𝐵𝐵𝑇𝑇4𝑚𝑚𝑚𝑚𝑚𝑚�  

 Where  𝑥𝑥𝑇𝑇4  denotes the actual bandwidth allocated to each interactive 
application flow. We consider minimal bandwidth  𝐵𝐵𝑇𝑇4𝑚𝑚𝑖𝑖𝑛𝑛 =  64kps and 
maximal  𝐵𝐵𝑇𝑇4𝑚𝑚𝑚𝑚𝑚𝑚 = 10Mbps. 

 
 

Figure 2.3.4: Utility function for elastic interactive traffic  

2.3.5 Elastic non-interactive traffic class (T5) 
In our work, we regard the elastic non-interactive traffic as the default class 
offering most of the Internet traditional services that have led to the growth 
of Internet into the present status. In literature of the IP based services, such 
services are referred to as best-effort services with elastic traffic. The 
fundamental characteristics of the services in this class are (a) time 
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insensitive – i.e. the destination does not expect the data within a certain 
time frame, (b) low bit error rate – the payload content is highly preserved. 
Sample examples of such services are e-mail, file downloads, search for 
information using search engines, etc. The baseline implementation for 
elastic non-interactive traffic class is transmission control protocol (TCP). 
QoS Levels: Table 2.3.5.1 gives the industry and standardization bodies [70, 
72] recommended parameters for common services delivered under this 
traffic class, from which our consumer utility function is based. 

Table 2.3.5.1: Typical QoS parameters values for elastic non-interactive services 
Traffic class Standardiza

tion 
Bandwidth 
(kbps) 

End-to-end 
delay (ms) 

End-to-end 
jitter (ms) 

Loss 
rate (%) 

Elastic non-
interactive 
services 

ITU ≤     
3GPP 
(UMTS) 

≤     

Quantification of User Utility  𝑢𝑢𝑇𝑇5(𝑥𝑥𝑇𝑇5): The TCP flows are elastic, i.e. 
they can adapt their transmission rates based on network feedback. By 
appropriately exploiting the elasticity of the services, we can maintain high 
network efficiency and fairness among users, and also prevent network 
congestion. The elasticity of the services can be appropriately modelled by a 
utility function which represents the degree of a satisfaction for the user 
when ones application acquires a certain amount of the network resources. 
This has been the major feature in modelling the utility function for the TCP 
based services. Figure 2.3.5 represents its curve fitting and its corresponding 
user utility function is as follows: 

Where  𝑥𝑥𝑇𝑇5 , 𝐵𝐵𝑇𝑇5𝑚𝑚𝑚𝑚𝑚𝑚 :  Mbps – bandwidth requirements for the services 
under this class can stretch from anything greater than zero and grows 
upward to a maximal point 𝐵𝐵𝑇𝑇5𝑚𝑚𝑚𝑚𝑚𝑚 ≈ 10Mbps, beyond maximal point no 
more utility is gained by the end user. 

 
Figure 2.3.5: Utility function for Elastic Non-interactive – BE Services  

𝑢𝑢𝑇𝑇5�𝑥𝑥𝑇𝑇5�  =  𝑉𝑉𝑇𝑇5 ∙
ln�𝑥𝑥𝑇𝑇5  + 1�

ln�𝐵𝐵𝑇𝑇5𝑚𝑚𝑚𝑚𝑚𝑚 + 1�
   , 0 ≤   𝑥𝑥𝑇𝑇5  ≤  𝐵𝐵𝑇𝑇5𝑚𝑚𝑚𝑚𝑚𝑚; (10) 



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

34 

2.4 Taxonomy of Services Convergence on all-IP 
Technology  

In section 2.3, five traffic classes are presented and clearly distinguished by 
their respective; (a) traffic characteristics/behaviour in respect of network 
resource requirements, (b) network resources metrics (i.e. QoS recommend 
levels by standardization bodies), and (c) utility function. The traffic classes 
are hereby presented in taxonomic figure 2.4 (a) and (b).  

2.4.1 Mapping of utility functions and services to traffic classes 
Figure 2.4.1 matches the five utility functions to their respective traffic 

behaviour in association with applications. The discussion therein is geared 
to network provider’s tasks for resources management. While figure 2.4 (b) 
gives more fine-grained information that matches the five traffic behavioural 
classes to seven groups of Internet services and focuses on allocation of 
network resources based to services relevance in context of development.  
Both figures purposefully show the service convergence paradigm onto all-
IP technology.  

The essence of matching/mapping traffic classes, end user services as 
shown in figure 2.4.1 to bandwidth utility functions is to devise means of 
managing the complexity of a wide range of core network functions to meet 
the diversity of user needs. That is, at network level the utility functions are 
evoked to ensure fair distribution of network resources to the users’ 
applications flows and maintain the required customer/end user operating 
quality through proper management of the core network functions 
(equipment configuration, traffic engineering, services level agreements, 
billing, and customer support). Therefore human requirements for services to 
be delivered by a particular traffic class are fulfilled by meeting the specified 
quality metrics in its corresponding utility function, i.e. a particular traffic 
class is associated with particular type of services. For example T1 in figure 
2.4.1 is the bit rate traffic class that is associated with conversional 
applications, whose services would ultimately be classified as emergency 
reporting, business negotiations or leisure/family talks. That is, at the 
contract time (formation of service level agreement - SLA) the customer 
/end user and the service provider agree on operating service levels (QoS) 
and the corresponding cost value in monetary terms. At operational time, it 
is the utility function that maps contractual obligations specified in the SLA 
with the available network resources [37]. Therefore instead of looking at 
every individual’s services requirements as stated in ones’ corresponding 
service level agreement (SLA), the provider sets policies that match user’s 
flows to traffic class. 

The idea is to share the available network resources among traffic classes 
based on the importance of their respective services they deliver to the end 
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user.  The importance of the services is viewed in context of development. It 
is assumed that a service is delivered based on the end user’s request to the 
system. That is the end user generates a request to the system by running a 
particular application on his/her terminal equipment to deliver the required 
service. Consequently we define a user’s request in this work as a flow of 
information from a source node to a destination node. 
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Figure 2.4.1: Traffic classes – classified by utility functions  

  In this context, a request is characterised by (a) certain amount of 
bandwidth required to deliver the service, (b) time (a start time and end time, 
i.e. the duration of the request’s existence on the link/network to deliver the 



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

36 

required service), (c) a priority level, (d) a utility value that is dependant on 
the amount of bandwidth received by the request to deliver the service, and 
(e) the worth of the service in context development that is being delivered by 
the request, (f) the cost incurred by the end user for pressing such a request.  
Aggregately, these characteristics are the basis for formalising a request in 
context of development as indicated in chapter five. 
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Figure 2.4.2: Traffic classes – classified by services grouping  

[Adopted from [57] but with modifications] 
A normalised utility value in the range of [0, 1] is derived from the utility 

function as a measure of user’s satisfaction with network performance in 
delivering the requested service. Further this work defines a session as a 
duration/time interval for request existence in the network.  Hence each 
service is delivered within a given session in which certain amount of 
network resources (in particular the link bandwidth) are consumed.  Streams 
of sessions (equivalently to say users’ requests for various services) that 
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exhibit similar characteristics while delivering their respective services form 
a traffic class. In figure 2.4.2 services whose sessions exhibit similar 
characteristics within the same bandwidth range over the network are 
classified/ grouped together through S1_1 to S5_2. Consequently forming 
seven service classes/groups. The concept of session in this work 
commensurate to the OSI model session layer tasks [29]. Hence, similarity 
in traffic characteristics for sessions in the same service group is due the use 
of same session layer protocols. 

As cited in the introduction section above, one of the tasks in this work is 
to determine the relative importance among the ISCD. Such that the 
allocation of network resources to competing flows is based on the 
importance of services they deliver. In order to establish the relative 
importance among the Internet services we proposed to use the theory of 
pairwise comparisons under the AHP Multi Criteria decision making. 
However it is necessary to note that in the present Internet, new services 
continues to appear day after day. Therefore to get a meaningful and a stable 
comparison using the AHP method, we group these services into their 
respective traffic classes. Then the AHP method pairwise comparisons 
method is applied to a few numbers of traffic classes whose classification is 
mainly based on the characteristics of their respective traffic flows. In 
addition, traffic classes are more associated to a few stable Internet transport 
layer protocols unlike services that are associated to applications and session 
layer protocols that are ever increasing and changing day after the other.  

A frame of reference whose details are given in section 3.1 below is used 
as criteria for computing the respective traffic classes’ weights during the 
use of AHP methods. The weight of a traffic class commensurate to the 
worthiness of the services there delivered to the end user. Detailed model is 
given in section 4 below. 

Table 2.4.1.1-4 below gives a more detailed procedure from an end user’s 
perspective for mapping Internet services onto respective traffic classes. 
Neither services nor application protocols indicated in tables 2.4.1.1– 2.4.1.4 
are exhaustive. They are samples for respective traffic classes. However 
information there indicated gives a basis of prioritizing services in context of 
development in respect of their traffic characteristics. 
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Table 2.4.1.1: Internet services mapping onto traffic class T1 
Traffic classes Sample of application protocols/session 

layer in IP based networks 
Sample end user services 

Figure 
2.4 .1 

Figure 
2.4.2 

T1 S1_1 The common Emergency protocols 
SIP - Session Initiation Protocol; for  
establishing a connection between the 
Voice Service Provider (VSP) and the 
Public Safety Answering Point (PSAP) 
via the SOS-Network Terminal Point 
(SOS-NTP) see fig.3.3.2.1 below 

 
 
Emergency calls 
 
 
 

MLP - Mobile Location Protocols; It is 
an IP-based session layer protocol for 
getting the position of mobile stations 
(mobile phones, wireless personal 
digital assistants, etc.  that made the 
call) independent of underlying network 
technology. It serves as the interface 
between a Location Server and a 
Location Services (LCS) Client. 
Commonly offer a multiple formats of 
services but the main ones for 
emergency services are  Basic MLP and 
Advanced MLP 

Mobile positioning/ 
location services, 
Basic  MLP – for 
emergency services and 
emergency location 
information delivery 
Advanced MLP – offers all 
under Basic MLP class but 
further classified into 
immediate for delay 
sensitive single location 
response and reporting for 
location service (LCS) 
clients requesting position 
information 

S1_2 VoIP Protocols 
SIP  - Session Initiation Protocol; for 
establishing, modifying and terminating 
multimedia sessions or calls 

Narrowband voice calls 
with point-to-point 
connection per call. i.e. 
conversational/voice calls 

SDP- Session Description Protocol; 
provides a standard representation for 
conveying media (multimedia 
teleconferencing, VoIP calls, streaming 
video, etc.) details, transport addresses, 
and other session description metadata 
to participants at initiation time.  
RTP - Real Time Transport Protocol; it 
carries the media streams (audio or 
video). Usually used in conjunction with 
the Real-time Transport Control 
Protocol (RTCP) which monitors 
transmission statistics and quality of 
service information, i.e. provides 
feedback on the transmission and 
reception quality of data carried by RTP 
 

Mobile Decision Support 
(MDS) services 
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Table 2.4.1.2: Internet services mapping onto traffic class T2 
Traffic classes Sample of application protocols/session 

layer in IP based networks 
Sample end user services 

Figure 
2.4 .1 

Figure 
2.4.2 

T2 S2 IPTV Protocols 
CODECS–Compression/ 
Decompression; common protocols 
H.264, MPEG4/H.264, MPEG2, etc.  
HTTP- hyper text transfer protocol (for 
request, response); common 
applications - Firefox, Internet explorer 
RTP – real time protocol (for response, 
play, pause, record). 
Internet group management protocol 
(IGMP) - Internet group management 
protocol (for connecting to multicast 
stream - TV channel); changing 
channels from one to another. This 
protocol is used for live broadcasting. 

Multicasting TV services 
IPTV: A digital TV service 
(live or pre-recorded) 
delivering only those 
channels that the consumer/ 
user wants at any given 
time using Internet 
Protocols over a 
closed/secure tightly 
managed network.   

 

Table 2.4.1.3: Internet services mapping onto traffic class T3 
Traffic classes Sample of application protocols/session 

layer in IP based networks 
Sample end user services 

Figure 
2.4.1 

Figure 
2.4.2 

T3 S3 SIP – same as in T1 above 
CODEC H.323 session includes a range 
of individual protocols. Hence uses TCP 
and UDP. 
H.232: low-end residential 
videoconferencing use 

 
Videoconferencing 
Web cams (low cost, real-
time communication) 
Video surveillance 

H.235 for high-end studio based 
business videoconferencing/ 
telepresence use 
 
 

Professional video 
production (connecting 
video workstations, servers 
in production studio, 
transferring live video feeds 
from remote venues back to 
production studio, etc.) 

HTTP streaming (associated protocols, 
e.g.  RTSP) 
RTSP: real time streaming protocol (for 
response, play, pause, record). Basically 
used for on-demand programs. 

 Streaming services 
(Internet TV, Internet 
Video, audio) 
 

Progressive, download and play. 
Basically used for IPVoD because of its 
scalability 

Interactive TV , IPVoD, 
Gaming 
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Table 2.4.1.4: Internet services mapping onto traffic class T4 and T5 
Traffic classes Sample of application protocols/session 

layer in IP based networks 
Sample end user services 

Figure 
2.4.1 

Figure 
2.4..2 

T4 S4 http, Telnet Transactional services 
High priority e.g. ATM, e-
commerce, Interactive 
games, Command 
line/control etc.  

T5 
 

S5-1 Protocols that run in background: P2P - 
for file sharing (ares, bitTorrent, 
edonkey, gnutella) 
ftp – for file transfers to/from server 

High throughput file 
transfer Internet services. 
These services commonly 
run in background.  
 

S5-2 Best effort protocols 
http – for web services 
smp, pop, imap – for  e-mail services 
ftp – for file transfers to/from server 
 

Best effort Internet services 
 web surfing, e-mail, 
document download, etc., 
social interactions 

2.5 Summary 
In this chapter the context in which the term “service” is used in this work is 
defined. Further a classification scheme for ISCD is developed. Through the 
scheme each service (from the set of such ever increasing services) is 
mapped onto a specific traffic class that delivers it to the end user. Traffic 
classes are categorised according to their respective utility functions which 
ultimately lead to forming five traffic classes. To quantify the user’s utility 
from such a service received, we introduce a scalar  𝑉𝑉   in the utility function 
of each traffic class/group. The  𝑉𝑉  denotes the importance of the users’ 
traffic class in context of development compared with other traffic classes.  
Equally too, the  𝑉𝑉  may denote the user’s preference to particular services in 
a given traffic class in relation to other traffic classes and therein services. 

Conclusively, this chapter puts up a methodology of mapping the ever 
increasing number of Internet end user services into only five groups. The 
groups can individually or/and comparatively be analysed with respect to 
establishing the relevance of such group (therein services) contribute to the 
transformation of users’ livelihood in context of enabling development.   
The challenge of distinguishing which traffic group (therein delivered 
services) is more important than the other in context of fostering 
development in LDCs is addressed in the next chapter 3. 
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Chapter Three 

3 Prioritization of ISCD from Internet Traffic 
Classes Perspective 

The prioritization of the Internet traffic classes builds a framework of 
determining the relative importance among the services that can be delivered 
over the IP based infrastructure hereby referred as the “Internet”. In view of 
the evolution within the telecommunication sector coupled with 
technological advances in the information technology (IT) industry all 
geared to all-IP convergence manifests the changing rate of the Internet 
delivered services’ demands on network resources. One of the consequences 
that have a cohesive impact to the societies (in particular with lower income) 
is the continued demand of high bandwidth by the new applications that 
appear day after day as the result of the evolving technologies. Such Internet 
applications’ services have gained high acceptability and uptake by high 
numbers of end users, hence the increase of Internet traffic volume in 
networks. To regions of weak infrastructures, such increased traffic leads to 
congestion in the networks and poor services delivery. Generally end users 
from such regions whenever they register complaints of slow/congested 
links to their network providers, they are always advised to pay more money 
for acquiring more bandwidth that meet their services demands. Such 
solution approach bars away users with limited financial capabilities. In the 
event of well developed infrastructures that can accommodate such high 
capacities of  traffic, the ego of profit maximization drives the network 
providers from rate costing of bandwidth to volume costing, which also bar 
the low income earners from optimal exploitation of such services. 

From a global perspective, it should be noted that the adaptation and 
acceptability of the offerings of all-IP technology continue to produce traffic 
in the networks that is growing both quantitative and qualitative [11, 12]. In 
our view, the understanding of the continued growth of the Internet traffic is 
a twofold phenomenon. On one side the use of the Internet services in a 
broad range of social-economic development programs is beneficial to the 
respective group of users and providers. While the other can be viewed from 
the demand point for new more bandwidth demanding services as they 
become available through technological evolution or as simply perceived as 
desirable by group of users. For example considering the technological 
evolution within the Universal Mobile Telecommunications Systems 
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(UMTS) generations (1G to 4G), it clearly manifests how the acceptability 
and offerings within the respective generations are greatly influencing some 
societies’ way of living and working [78]. In particular the convenience of 
accessing to services anywhere and anytime due to the mobility capability 
offered within the latest generations is now a great desirability to many end 
users. In view of the usage trend projections for the near future [11] it is 
evident that the Internet traffic will continue to grow quantitatively and 
qualitatively. However in this work we observe that some of these services 
are a result of social dynamics (desirability) but not necessary a must have 
services in context of development. 

In section 2.4 we discussed the mapping of Internet services onto traffic 
classes. On the basis that Internet applications generate traffic with different 
characteristics and network resources requirements in the network during the 
process of delivering the requested services to the end users. Consequently 
services whose traffic exhibit similar characteristics and network resources 
requirements are grouped together. The respective services’ groups are 
indicated in figure 2.4.2. In this section we derive the prioritization of the 
traffic classes based on the present dynamics within the IT industry as we 
strive to distinguish the relative importance of the there contained services in 
context of development. Consequently, the priority level gained by the 
traffic class is a direct reflection of the importance of the services such a 
traffic class delivers to end users in context of development. Our detailed 
motives and methods for prioritization of the Internet traffic classes as we 
associate them to their corresponding services and the concept development 
are discussed in the following paragraphs.  

3.1 Methodology for Prioritization 
The task at hand is to rank/prioritize the traffic classes in figure 2.4.1 above 
based on their respective priori thought of importance/relevance of the 
services they deliver to end users in context of development. This implies 
that a traffic class whose applications deliver services deemed to be of high 
importance in context of development is correspondingly given a high 
weight/priority in the network management policies. Therefore there’s a 
transitive relation between services importance/relevance in context of 
development to traffic priorities in network management.  Likewise 
prioritizing Internet services based on their respective importance/relevance 
in context of development (indicated in figure 2.4.2) is transitively ranking 
the corresponding traffic classes. In this respect we gave a mapping of traffic 
classes to their corresponding services in table 2.4.1.1 – 2.4.1.4.  This proves 
the existence of transitive relation between services’ importance and traffic 
classes. Therefore in this work we prioritize traffic classes because of their 
manageability in numbers and make a mapping to their corresponding 



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

43 

services. Based on the user perspective (i.e. being rational) that s/he 
understands the services in need with their accrued benefits and disbenefits 
(associated costs) better than the traffic classes’ requirements on the network 
resources, then a user can easily make a preference between the types of 
services. That is, the user whose preferences are in the realm of Internet 
services for development gets maximum benefits 8  at minimum costs. 
Otherwise, end users are well informed of the implications9 pertained to 
preferences outside the context of Internet services for development. 

Prioritization is commonly associated with preference aggregation and 
conflict management. It comes in play as a means of negotiating a common 
position into some kind of decision outcome.  Alternatively, it is a decision 
making process in which a decision maker (DM) strives to achieve the most 
desired objectives with no or least expected penalties [79]. In the event of 
multi-objectives or multi-attributes there are scientific prioritization methods 
in use to arrive at an informed decision. Thereby referred to as a multi-
criteria decision making (MCDM) prioritization methods [80]. In this 
context we are geared at prioritizing the Internet traffic classes in a process 
of establishing the relevancies of their corresponding services in 
fostering/enabling development for least developed countries. 

3.1.1  Justification of the method 
In view of the intangibility in measuring the relative importance/ relevance 
of the Internet traffic classes, multiple dimensions of the services they 
deliver to end users intertwined with the concept of development, we adopt a 
MCDM method called AHP to use in our study. The AHP method is used in 
this work because of its ability of converting subjective assessments of 
relative importance to a set of overall scores or weights. Consequently the 
assessment for Internet services (alternatively Internet traffic classes) 
relevance in context of development is totally subjective as there is no a 
physical scale neither established metrics for such measurement. Therefore 
AHP is the most appropriate method for this study as it is a theory of relative 
measurement on absolute scale of both tangible and intangible criteria based 
on the judgement of knowledgeable and expert people. Through its method 
of pairwise comparisons and the fundamental scale of absolute numbers 
[38], we quantify the intangible “Importance/relevance” to establish 

                                                      
8 Benefit: In such case this would imply that affordable subscription monthly fee enables an 

end user to send and receive unlimited e-mails without attachments everywhere and 
anytime (i.e. under assumption that e-mail services is proved to be one services of high 
priority in enabling development). 

9 Implications: these would include but not limited to variation in cost levels depending on 
bandwidth demand between users of high & non-high prioritized services for development, 
limited location access points because of infrastructure limitations, etc. 
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information about the relative importance of Internet services and then set 
what would be the respective performance levels of traffic classes that 
satisfactory meet the Internet stakeholders objectives. 

Arguably if the perspective of prioritization of the Internet traffic classes’ 
performances with respect to state of the infrastructure in least developing 
countries is the focal point, then preferences would be focused to the 
network centric attributes like the delay, throughput, jitter, loss rate, payload 
size/length, and the transmission power, etc. Such an approach would lead to 
the use of analytic network process (ANP) [81] which is an extension of 
AHP method because of its abilities of handling the dependences among the 
attributes; in this case it would be the just stated network centric ones. 
However the major focus is on establishing the importance/relevance of 
services in context of development as they are delivered by various traffic 
classes over weak IP infrastructures in least developed countries. Then the 
facts established are used to align the misalignments between the Internet 
stakeholders’ objectives in LDCs for their optimal benefits. 

3.1.2 Sequential problem solving structure 
Problem solving with AHP method is well known as a three principle 
approach in structuring a problem at hand. These principles are namely 
decomposition, comparative judgment and synthesis of priorities. 

3.1.2.1 The decomposition principle 

This principle structures the hierarchy of capturing the basic elements of the 
problem. Consequently this sets the decision making hierarchy and the 
interrelations among the hierarchies and their respective elements of the 
problem, i.e. how such elements in a given hierarchy relate to elements in 
the hierarchy immediately above it.  

3.1.2.2 The comparative judgment principle 

In the event of establishing the relative importance/relevance among several 
elements, this principle suggests that judgement should be done between a 
pair of elements at a time. Consequently the technique of judging the 
relevance/importance between the pair of elements is referred to as pairwise 
comparison (PC). The PCs technique becomes very vital when a DM is 
faced with intangible measurements.  

In AHP the DM uses the PCs technique to compare a pair of elements at a 
time on given level of the hierarchy. The technique enables the DM to elicit 
a numerical value that depicts the intensity of dominance (importance, 
preference or likelihood) of one element over the other.  Setting the intensity 
of a numerical value is based on the fundamental scale of absolute numbers 
(ref. table 3.1.2.1 below).  
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Table 3.1.2.1: Fundamental scale of absolute numbers   [38, 82] 
Intensity of 
Importance 

Definition Explanation 
1 Equal importance Two activities contribute equally to the 

objective 
2 Weak  
3 Moderate importance Experience and judgment slightly favour 

one activity over the another 
4 Moderate plus  
5 Strong importance Experience and judgment slightly favour 

one activity over the another 
6 Strong plus  
7 Very strong or demonstrated 

importance 
An activity is favoured very strongly over 
another; its dominance demonstrated in 
practice 

8 Very, very strong  
9 Extreme importance The evidence favouring one activity over 

another is of the highest possible order of 
affirmation 

Reciprocals 
of the 
above 

If activity  𝑖𝑖 has one of the 
above nonzero numbers 
assigned to it when 
compared with activity  𝑗𝑗 , 
then  𝑗𝑗 has the reciprocal 
value when compared with  𝑖𝑖  

A reasonable assumption 

Rationals Ratios arising from the scale If consistency were to be forced by 
obtaining  𝑛𝑛  numerical values to span the 
matrix 

Performing a pairwise comparison throughout all the elements, eventually 
builds up a judgement/decision matrix on which a prioritization procedure is 
applied to derive a corresponding priority vector. The judgement/decision 
matrix is formulated by humans. Hence there is no doubt that the elicited 
values in the judgement/decision matrix are prune of inconsistency. In 
addition there are other several causes of inconsistency within the values of 
the judgment matrix. Some of which might be psychological (i.e. incomplete 
information, uncertainly and/or lack of concentration during the judgement 
process, e.t.c.), clerical errors and even redundancy inherited in the model 
structure during formulation the decomposition principle process. 
Consequently, the AHP method applies the principle of synthesis to validate 
the computed priorities. The detailed application of the PC technique and the 
derived judgment matrix for our work are discussed in chapter 4. 
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3.1.2.3 The principle of synthesising the priorities  

This principle is used to generate the global or composite priority of the 
elements at the lowest level of the hierarchy. The AHP theory advocates for 
use of eigenvector technique in the process of computing the priorities of the 
involved alternatives. The principal eigenvector of the judgement/decision 
matrix serves as the priority vector 𝒘𝒘 which depicts the relative importance 
of the attributes at each layer of the hierarchy. The computation of the 
eigenvector involves high order algebraic equations depending on the 
decision matrix’s order 𝑛𝑛. In order to validate the judgments, the consistency 
ratio (𝐶𝐶𝐶𝐶)  of the pairwise comparison matrix has to be calculated. 
According to the theory [38, 82] for a matrix whose order 𝑛𝑛 > 4 its  𝐶𝐶𝐶𝐶  
should be less than 0.1, otherwise the inconsistency would bias the result by 
a sizable error comparable to or exceeding the actual measurement itself 
hence rendering the exercise valueless or must be repeated. The details of 
how this principle is applied in our work are presented in chapter 4. 

3.1.3 Addressing the ambiguity of framing questions 
Prior to AHP methodological application in this study, we present a frame of 
reference in section 3.2 below. This frame of reference is geared to Internet 
for development. It addresses one of the criticisms of using AHP (even up to 
date) [83] that concerns the ambiguity of the questions which apply to the 
real-world problems that a decision maker must answer in the process of 
eliciting numbers for formulating a judgement/decision matrix. It clearly 
explains each Internet traffic class and its corresponding services. Samples 
of services for each Internet traffic class are cited and their deemed 
relevancies in context of development are discussed. In addition, each 
Internet traffic class’s resource requirement for delivering services with 
expected QoS as given in section 2.3 based on the standardization 
organizations recommendations are compared to the state of the IP based 
infrastructure capacities available in the study areas. In particular the focus is 
on mapping such services’ capacity requirements to available broadband 
range of 0.256Mbs to 10Mbs that is commonly found in study areas and 
establish the possibility of affording such required capacities by the common 
users with limited incomes, i.e. willingness to pay and the consequent 
possible levels of uptake. It is our belief that such a detailed explanation of 
Internet traffic class’s services relevance in context of development and its 
commensurability with the infrastructure in place gives a decision maker a 
better insight of setting the criteria for eliciting numbers to form a judgement 
/decision matrix. We present the frame of reference in section 3.2 below. 
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3.2 A Frame of Reference  
The frame of reference developed in this section gives views of our basis for 
framing the questions for eliciting the numbers in the pairwise comparison 
scheme of the AHP. We stress and maintain that the meaning of the question 
a decision maker frames in one’s process of eliciting number for a judgment 
matrix ultimately depends upon the cognitive environment in which one 
exists. One’s beliefs as to the meaning of the terms such as “more important” 
or “strongly more important” is a function of the cognitive frame of 
reference in which one currently resides.  In the present technological 
evolutions, these definitions/terms will vary from day to day and from 
individual to individual because this frame of reference varies over time and 
individuals. However, at this point of time, this frame of reference serve a 
valuable purpose of enabling us to view a wide variety of information on 
technical and social-economic issues that are behind the drive of 
technological convergence10, and analyse it based on our past experience so 
that we come up with the necessary subjective judgements. 

Figure 3.2.1 is a structured process giving pertinent issues in view of the 
Internet enabling development in LDCs herein referred to as “frame of 
reference”. It enables the DM to build a well-informed opinion in setting 
criteria for eliciting numerical values to form a judgment matrix. On 
considering each traffic class (Ti) for i=1... 5 for evaluation, the DM is 
bound to follow the given 3 categories of service’s relevance, convergence 
on all-IP and specific infrastructure requirements which are indicated in the 
highest level of the frame of reference structure. In each category there are 
subcategories through which the DM has to consider in context of 
development so that s/he can eventually come to a value that suits the 
subcategory in the highest level. Detailed basis for setting up the relevance 
and convergence on all-IP of a traffic services are presented in sections 
3.2.1-3.2.5, while for specific infrastructure requirements were presented in 
chapter two. The resultant numerical value assigned to a traffic class, its 
intensity in context of development is based on the AHP absolute scale.  

We argue that such values elicited using the frame of reference reflects a 
real world reality for the subject in discussion from the LDCs perspectives 
rather than the DMs’ subjective views. Hence it is repeatable at any future 
time t in reference. 

 

                                                      
10 Technological convergence: In this context it refers to the amalgamation of the two forms 

of convergences, a) service convergence/triple play – allows a firm to use a single network 
to provide several communication services that traditionally required separate networks b) 
network convergence – where a common standard allows several types of networks to 
connect with each other such that a communication service can travel over any combination 
of networks. 
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Figure 3.2.1:  A process for setting the criteria for eliciting numbers 

 



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

49 

3.3 Basis for Eliciting Numerical Values 

3.3.1 Conversational services over IP based networks 
These are services whose traffic utility function has a form of a step function 
look when plotted (see figure 2.3.1). We classify such type of traffic as Hard 
Real Time T1 and discussed its characteristics in section 2.3.1. Originally 
such traffic was a result of human speech (conversational interaction) 
services over the networks like the GSM and WCDMA. But with the present 
innovations and technological evolutions this class of traffic is no longer 
generated by applications for conversational services alone. As indicated in 
table 2.3.1.2 & 2.4.1.1  above, a number of new applications using similar 
session protocols are now used in providing numerous services to the end 
users over the Internet. Their traffic volume have gained a significant 
presence as manifested in [11].  

3.3.1.1 Indicators of network convergence to all-IP 

Globally, the fixed telephony system over switched networks has been the 
traditional way of accessing the conversational services. However, its 
existence in developed countries is on the verge of extinction. For example 
in the USA the changeover from switched to IP based network has been set 
to June 2018 [84]. While in the Least Developed Countries (LDCs) and 
Developing Countries (DC) the wireless communication and its level of 
penetration clearly manifest the automatic phase-out of fixed/wired 
telephony system over switched networks. 

 The available empirical data show that  even though the fixed/wired 
telephony system over switched networks have been in existence for the few 
past decades, its penetration is still very low as per estimates of year 2010 
stands at 1.1 and 12.1 per 100 inhabitants in LDCs and DC respectively [39]. 
It is also noted that the past decade wireless communications and wireless 
systems have become one of the most transformative technologies in these 
nations.  The use of handheld devices such as cell/smart phones, PDAs, 
tablets, etc. and laptops hereby referred as mobile stations (MS) are now 
being possessed by a good number of people both from urban and rural 
areas. ITU estimates 52 and 76 percent coverage of mobile cellular signal to 
rural population in the LDCs alone from Africa and Asia-Pacific 
respectively. The mobile cellular subscription stands at 29.1 and 67.6  per 
100 inhabitants in LDCs and DC respectively [39]. 

The present indictors show that Internet usage /connectivity is still low 
standing at 3.0 and 21.1 connected users per 100 inhabitants in LDC and DC 
respectively with a compound annual growth rate (CAGR) of 0.30 percent 
since 2005. Cisco [11] forecasts that for the period 2011-2016, the Middle 
East and Africa will have the highest CAGR of mobile data traffic standing 
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at 104 percent compared to other regions of the world. It will be increasing 
at 36-folds over the forecast period. The CISCO forecast is manifested by 
ITU in [39] which shows that presently  their is a high level of uptake of 
mobile broadband compared to the fixed broadband as an alternative for 
high speed Internet provision in those LDCs that have offered 3G services 
commercially. This is a good indicator in judging the wireless (fixed, 
mobile) technologies and their future services delivery platforms. The trend 
of the future wireless technologies (4G, LTE, WiMax) are geared at 
providing high speed broadband in delivering their services over the IP 
infrastructure.  We therefore conclude that since all these technologies are IP 
based, then all-IP convergence shall be a reality. 

3.3.1.2 Relevance of the delivered service – in context of development 

3.3.1.2.1 a. Provision of emergency services 
To call for emergency services in developing nations has always been over 
the Public Switched Telephone Network (PSTN). Its penetration is still very 
low up to date (ref. section 3.3.1.1). Barely any call for emergency service 
would originate from the rural areas where more than 70 percent of the 
population live [85]. In essence communities from rural areas have always 
been deprived from accessing emergency services [86]. Since the 
introduction of cellular networks a decade ago, there is a possibility for more 
calls in request for emergency services originating from rural areas as the 
present possession of mobile cell phone stands at an average of 29.1 and 
67.6 per 100 inhabitants in LDCs and DC respectively. Though some SOS 
numbers (distress signal) have been put in place to reach Public Safety 
Answering Points (PSAP) in some regions, there is still a cost imposed on 
the caller to reach the private or not-for-profit/ non-governmental 
organisation (NGO) rescue missions. Technically to reach the private and/or 
not-for-profit rescue missions the caller (that needs help, is in trouble or a 
sympathizer) has to make a real voice call that costs money. The preference 
to private and/or not-for-profit rescue missions is because of their shorter 
response time and they are more equipped with emergency/mission facilities 
compared to public safety centres/points. However with the pre-paid format 
of the private cellular networks’ usage, sometimes the troubled caller or the 
sympathizer caller does not have enough calling units on the cell phone to 
make real call. Consequently a disutility to all parties (the caller, call taker 
and the state). 

In the paradigm shift of all-IP convergence, if the network provider 
interfaces with PSAP and private/not-for-profit rescue missions (see figure 
3.3.1) then emergency services would be more reachable. This claim is 
based on the notion that fall in prices is a crucial factor in increasing the 
uptake of ICT based services [39]. Also that the legalization of VoIP in some 
countries have drove both its own growth and adoption of broadband and 
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triple play [87]. The on-going discussion by the IETF-ECRIT workgroup is 
also agitating that emergency callers using nothing but a standard SIP user 
agent should not subscribe to network providers to reach a PSAP [88]. 

 
Figure 3.3.1: IP based communication solution for connecting to PSAP 

[Adopted from [89]] 

The IP based communication for connecting to PSAP is depicted from 
RFC 5012.  The SOS-Network Termination Point (SOS-NTP) is the IP 
enabled interface of the PSAP that receives the voice over the IP emergency 
calls. The protocol used to relay the emergency call is SIP. SIP does not 
require high capacity of network resources which makes it commensurable 
with the state of the IP based infrastructure in the LDCs.  

We deem the accessibility and availability of emergency services (basic 
and/or enhanced [90]) would be of great importance and gives a high impact 
to the societies in least developing nations. Access and provision to such 
services would not only rescue peoples’ lives, promote security within 
societies but also builds confidence between the service takers/consumers 
and the service providers. In this context the service takers would feel as part 
(ownership) of the system providing the services. Whether the service 
provider is a public or private/commercial body, either-way such confidence 
built establishes a strong partnership between the users and the service 
providers. We acknowledge there are limited and far dispersed well 
established PSAP and private centres offering rescue services in LDCs. 
However there are local government structures (local councils), rural police 
posts, and dispersed health centres, where one could obtain the immediate 
intervention for emergency services. But the lack reaching such service 
points (easily by pressing a free or affordable call) deprives the rural 
communities from receiving first hard support in emergency situation. 

Mobile Location Protocol (MLP) whose implementation is depicted in 
figure 3.3.2 is another IP based protocol whose role during emergency time 
is very important in respect to LDS and DCs as they don’t have well 
developed transport systems (the road network). MLP gives the emergency 
service operator the actual location where the service/rescue mission is need. 
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Promptly such information enables quick decision making on what type of 
transport means (a 4x4 vehicle, chopper, ordinary ambulance, or a 
combination of the either) should be used. A real world case in [91] reports; 
“ ... Ben Simpson, a private pilot of Tropic Air, and the first person to 
respond to the SOS call, took it upon himself to salvage the soldiers in the 
ill-fated helicopter ...” is a good example where a private chopper owner 
took up a personal decision to rescue people in danger after receiving an SoS 
signal in mount Kenya on 14th August 2013.Technically the emergency 
service operator initiates the request for querying for the position of the 
emergency calling terminal through the MLP. Basically, MLP is an IP-based 
application layer protocol for querying the position of mobile stations 
independent of the underlying network technology [92, 93]. The other 
protocols that work with MLP in the lower layers are HTTP, WSP, SOAP, 
etc. All these protocols do not demand high network resources for their 
implementation which commensurate with the less developed Internet 
infrastructure in least developing countries. 

 
Figure 3.3.2: Locating Mobile Terminal Making Emergency Calls 

[Adopted from[92] but with modifications] 

On the basis of (i) massive accessibility at no or minimal cost, (ii) direct 
address of the pertinent issue of rescuing humans’ lives, (iii) low 
requirements of network resource for its implementation, and (iv) low 
literacy level required for a person to place a code on one’s terminal 
equipment to activate and send an SoS signal to PSAP, we urge that 
emergency services are of high importance in context of development.  

3.3.1.2.2 b. Voice communications services 
The importance of voice communication over the PSTN or/and Data 
networks to humans’ wellbeing is self explanatory. The rate of the uptake for 
cellular phones by the low income people in LDCs after the introduction of 
cellular networks almost a decade ago is a good indicator for importance of 
voice communication [39] to even poor people. With the evolution of 
network technology from 1G to the present 4G basically driven by the users’ 
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demands is also evidence of how the accrued technological added value 
services are continuously increasing importance to cell phone users in 
association with voice communication.  Voice added-value like voice-
messaging services, Interactive Voice and Video Response (IVVR), video 
messaging, video ring-back, etc., are all of great value to a call-maker if the 
call-taker is not available at that time of need for conversional exchange. 
From the services provider perspective such added services also generate 
more revenue. For example in the case of voicemail, even if the call-maker 
fails to get the call-taker at that particular time the caller can leave a 
voicemail or send an instant voice message. This is also a form of income 
despite of its affordably low cost. 

In the event of network convergence to all-IP, applications to handle 
voice over the IP based networks thereafter called Voice over IP (VoIP) 
have all come in play. VoIP utilizes an Internet connection as a conduit for 
voice calling. Globally there is a high level of adoption for VoIP services 
and the consumer VoIP traffic estimates are as indicated in the table 3.3.1.1.  

Table 3.3.1.1: Global consumer VoIP traffic forecast 2010 - 2015  
By Network   
(PB per Month) 

2010 2011 2012 2013 2014 2015 CAGR 
(2010-2015) 

Fixed 135 143 146 147 148 148 2% 
Mobile 3 5 7 9 12 20 46% 

[Source: Cisco VNI, 2011[71]] 

VoIP traffic is the concern of this section’s discussion as it pertains its 
importance to the low income societies, in particular those from DCs and 
LDCs. Cisco visual networking index [71] shows that the traffic from phone-
based VoIP services (a) directly obtained from a service provider, (b) offered 
by a third party but transported by a service provider, and (c) from 
softphone-based Internet VoIP applications such as Skype is currently 
estimated to be at 2 Petebyte per month in volume, with a CAGR of 29% for 
the period of 2010 - 2015. These estimates are for Middle East and Africa 
region - basically classified as DCS and LDCs respectively. 

The fundamental drivers for the uptake of VoIP can be viewed from a 
service providers and user benefits. From the fact that VoIP is provided on 
converged networks (all-IP) – the provider uses the same network for 
providing multiple services (e.g. the triple play market model of services). 
Hence translated into lower prices for the consumers, in turn increases the 
addressable market and widens coverage of consumers/users. In respect to 
least developing world, where the basic infrastructure is wireless, it then 
becomes easier for the provider to upgrade from an older generation to a 
new one. 
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From the consumer perspective, not only that VoIP lowers prices but it 
has greatly offloaded the cost for international voice communication in the 
event of the computer to computer user communication. The international 
traffic routed via computer-to-computer VoIP service has skyrocketed as the 
user does not pay a penny to the telecom provider for carrying one’s voice.  
On the other hand it becomes a relief for lower income earner to pay for a 
single connection and use it for multiple services. Though it might be seen 
that computer-to-computer VoIP services deprives the telecom provider 
from getting more revenue, on the other side it brings a health competition 
for lowering the cost for voice services and introduces a challenge of 
keeping the provider at pace with the technological evolution. Ultimately 
leading providers to diversify their services scope and earn more. 

From the network-centric perspective, technically VoIP traffic is 
characterised as being delay-sensitive, having small packet size requiring 
minor queuing delays, low rate/bandwidth demand, hence hardly does such 
traffic class causes network congestion. 

Consequently, based on (i)  the traditional role of voice communication in 
all aspects of a human life, (ii) the drop of the cost for voice communication 
as a result of network convergence to all-IP based infrastructure, (iii) 
penetration and coverage scope of cellular/wireless networks in LDCs and 
DCs, and (iv) finally low demand for VoIP traffic on the network resources; 
we offer a high relevance value in context of development to the traffic class 
in which VoIP services are categorised, i.e. during a pairwise comparison 
using the AHP fundament scale. 

Conclusion: Two broad service groups namely emergence services and 
voice conversational services as indicated in table 2.4.1.1, i.e. the use of 
their respective applications generate T1 Internet traffic class.  These services 
importance to humanity is non-debatable. We affirm our argument because 
enabling mechanisms of extending emergency services to rescue one’s life in 
the shortest possible time, and/or communication between individuals at a 
distance apart are among the most valuable achievements of technology 
advancement. Since these services contribute to preventing or reducing death 
rates in people and bridging lack of communication gaps which are among 
the measures of national development. Then enabling the delivery of these 
services is a direct intervention of fostering development. In addition the 
empirical data given in table 2.3.1.1 prove that the required network 
resources to deliver such services commensurate with the level of 
infrastructure in LDCs. Therefore, Internet traffic class (T1) that deliver 
these services deserves the highest possible point value (weight/priority) 
during the AHP pairwise comparison scheme to other types of traffic classes 
that deliver other types of services to the end user.  
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3.3.2 Multimedia - multicasting delivery mechanism of services 
This group of services is delivered by true real-time non-interactive traffic 
classified as T2 and its characteristics are discussed in section 2.3.2 and 
corresponding traffic behaviour indicated in fig. 2.3.2 above. The traffic for 
these services is characterised as delay-sensitive with limited end-to-end 
jitter to preserve the time variation between packets of the stream.   Such 
applications are mainly used to deliver television services over the 
broadband networks. The basic and popular catching up service is the IPTV.  
IPTV is a true multicast streaming (RTP over UDP) service whose real-time 
stream is always aiming at a live (human) destination watching at (listening 
to) a real-time video, i.e. the television.  

3.3.2.1 Indicators of network convergence to all-IP 

The present state of art in digital television (DTV) infrastructures is the 
major drive behind the convergence in provision of broadcasting services 
onto all-IP.  Even in LDCs broadcasting providers are in the process of 
migrating from the traditional Analog TV to digital systems. The most 
important advantage is that digital channels take up less bandwidth. This 
enables the broadcasters to provide more digital channels in the same space, 
provide high-definition television service, or provide other non-television 
services such as multimedia or interactivity. DTV also permits special 
services such as multiplexing (transmitting more than one program on the 
same channel), electronic program guides and additional languages, which in 
totality scales up the broadcasters’ revenue compared to analog TV.  

The capabilities of digital infrastructure coupled with the openness of the 
IP technology opened doors to telecommunication providers to enter the 
market of providing a more wide range and flexible television services that 
traditionally were provided over the digital terrestrial television (DTT), 
digital cable and digital satellite.  Hence the migration of the 
telecommunication industry to offer all theirs services over the IP based 
platform is a clear indictor of the trend of offering converged services 
comprising broadband Internet access and IP based TV and entertainment. 
Technologically, the Internet is a platform for things that traditional TV 
cannot support. It makes TV more personal, more participative, and more 
pertinent. The trends to watch TV can be summed up as mobile, local and 
social. Noting the Internet uptake and multimedia trend [11, 94] the 
consumer electronic industry worldwide is leverage the situation by setting 
the stage for the next generation of devices that can deliver online 
experience via television sets.  The major producers of consumer electronics 
(Sony, Sumsang, LG, etc.) are now releasing products on market with 
intrinsic Internet capabilities. 

According to [95] IPTV penetration of the telecommunication worldwide 
broadband subscribers reached 15 percent equivalent to 67 million 
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subscribers in the first quarter of 2012, which is 8 percent of the world’s 
pay-TV subscribers.  

As indicated in the figure 3.3.3, North American is in the lead with 
almost 40 percent of their broadband subscriber base on IPTV while over 80 
percent of households subscribing to some form of pay-TV service. This 
shows that North America’s market is saturated, and subscriber growth is at 
a standstill. Western Europe’s pay-TV market is also nearing saturation 
despite having a penetration rate 20 percentage points below that of North 
America. The Eastern Europe penetration is lead to that of the Asia-Pacific 
region.  

 
Figure 3.3.3: IPTV and Pay-TV Penetration Rates, First quarter 2012 

[Source: TeleGeography [95]] 
In contrast to the mature markets, the Asia-Pacific region has a pay-TV 

household penetration rate of only 46 percent, and only IPTV services 
penetration stands at just 12 percent of their broadband subscribers. Thus 
this leaves 987 million households in the region presenting a huge 
opportunity for IPTV market growth. Although the Latin America, Africa 
and the Middle East lag behind in the penetration of the IPTV, they present 
another future huge market growth if proper policy regulations and 
infrastructures are put in place. 

We have endeavoured to give a brief state and trend of the television 
services provision and access over the IP technology. We note, like other 
industry’s services converging onto all-IP platform so is the broadcasting 
sector services. The continued increase of accessing content on new hybrid 
broadcast-broadband platforms manifests our assertion that the continued 
penetration of broadband globally with its enhanced capabilities to carry 
television traffic will eventually replace the traditional TV platforms.  

3.3.2.2 Relevance of the delivered service – in context of development 
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Despite of indictors and consequence trends of television services over the 
IP infrastructure as discussed above, hereby we set premises for determining 
its relative importance in fostering development in low income people 
mainly from LDCs. We derive our argument based on the premises of 
availability the infrastructures (for both the services provider and end user 
requirements) and affordability of Internet access and content costs. We 
support our argument with empirical data of the current level of ICT access 
(for broadband penetration and possession of terminal equipments for 
receiving the IPTV) achieved in LDCs through the use of demand-side 
indicators, such as the adoption of technologies at the household level [39]. 
Level of availability of the infrastructure: The DSL has been the most 
popular broadband technology worldwide though recent indictors show slow 
growth compared to the other forms in particular the wireless. It is a copper 
based technology and the demand for high bit rate is one of the major factor 
that has drove it to go through various levels of evolution which are 
generally referred to as xDSL. This technology is readily available in 
developing and LDCs because of being copper-based which is the core of 
the plain old telephone service (POTS) the basic wireline provided by 
telecommunication companies, despite its penetration stands at a low ratio of  
1.1 per 100 inhabitants in LDCs [39]. 

Even though the point-to-point optical fiber systems original deployment 
was for business customers, the present market demands have changed the 
trend to residential users. Consequently the passive optical network (PON) 
technologies are now perceived as a suitable approach in services provision 
in that the infrastructure (fiber) and bandwidth is shared between several 
users. Hence this has accelerated the deployment of optical fiber technology 
for delivering IPTV to end users, which is commonly referred to as fibre to 
home (FTTH) broadband now found in many countries [96, 97]. However 
the FTTH broadband is not yet a common technology used in LDCs of now. 
During our research, we noted that optical fibre is basically used for 
backbone networks in some of the LDCs.   

The need of the communication/access anytime and everywhere has 
affirmed the growth of wireless connectivity globally. Consequently wireless 
broadband systems have become the preferred option for deploying 
broadband services especially where the traditional wired networks are not 
available. The wireless broadband systems can provide a variety of bit rates, 
along with high coverage at various frequency bandwidths. As explained in 
the beginning of section 3 above, this in the most favoured option for 
network providers in LDCs. Basically they are in two forms; (a) the wireless 
LAN (WLAN) that is an extension of the fixed IP networks and (b) the 
wireless that originates from mobile telecommunication. Figure 3.3.4 below 
summaries the wireless/mobile family. 

The recent increase in mobile data usage has led to the development of 
long term evolution (LTE) network, also called E-UTRAN (Evolved UMTS 
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Terrestrial Radio Access Network), coming from the previous GSM and 
universal mobile telecommunications system (UMTS) mobile network 
technologies. The Third-Generation Partnership Project (3GPP) is working 
on this specification in order to improve customer bit rate with the support of 
IP-based traffic and end-to-end QoS. 

This work foresees LTE as the best wireless broadband technology to 
support IPTV services. However, as noted in the beginning of section 3 
above, this level of technology is not yet available for deployment in most of 
our study areas. Of now, the IPTV services are not expected to be delivered 
over wireless connections. 

 
Figure 3.3.4: Wireless broadband deployment trend  

[Source: Broadband forum [96]  with modifications] 

Affordability of the Internet access costs required for IPTV capacities: 
Table 2.3.2.1 above gives the minimum bandwidth for delivery of IPTV 
services with minimum QoS.  The costs for such capacities of bandwidth are 
still beyond the affordable expenditure on the Internet access in most of the 
households in LDCs. This claim is based on the data for average cost of 
dedicated bandwidth collected from Uganda major network providers in 
December 2012 as indicated in the table 3.3.2.1 below. 

Table 3.3.2.1: Average cost for a dedicated Internet access link in Uganda 
End-user link access capacities  1Mbps 2Mbps 3Mbps 5Mbps 
Cost per month (USA$)  680 1319 2557 3162 

[Data: Collected in December 2012] 
 

Present level of adoption of technologies at the household level: The 
availability of television sets, personal computers (PCs) and Internet access 
which are the major blocks of the IPTV are still very low at the household 
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level in LDCs. According to ITU [39] reports that only 3.1 per cent of LDC 
households have PCs, while the Internet access stands at only 2 in 100 
households in LDCs. Even considering access to televisions, a technology 
that has been around for more than fifty years, there is a significant gap 
between LDCs and the rest of the world. It is estimated to be at 25 per cent 
of households in LDCs. However, the 25% television adoption is a good 
indication that having a television set at household level serves as a proxy 
indicator of access to electricity and the potentiality of subscribing to the 
Internet and even to broadband services once such services become more 
widely available and affordable. 

Conclusion: Even though services of this class are gaining high 
acceptability in developed countries, their network resource demands costs 
are still high for an ordinary end user in LDCs. In addition to being costly 
for an ordinary user with respect to required bandwidth level, accessing 
meaningful and developmental IPTV content requires extra subscription 
which is a continuous phenomenon. Therefore we note that the levels of 
income for the most end user in the study areas would not afford the costs 
involved for this type of services. Hence in context of development this 
research gives the lowest priority level of importance of this type of traffic 
class and its corresponding services. 

3.3.3 Multimedia non-multicasting services’ delivery 
mechanism 

Services classified under this group are delivered by real-time interactive 
traffic. It was classified as T3 and its characteristics are discussed in section 
2.3.3. The delivery mechanism of services in T3 differentiates them from 
services delivered by traffic class T2 discussed above despite the fact that 
most of their underlying session protocols are similar. At transport layer T2 
strictly use UDP while T3 uses a mixture of protocols as indicated in figure 
2.4.1 depending on the application that generated the service request. 

The most multimedia catching services in the present Internet belong to 
this traffic class. A few of these include gaming, interconferencing, video 
telephony11, IPVoD, Internet TV, Internet video, Domain Name Systems 
(DNS) services, etc. Therefore we classify all other streaming media traffic 
(video and non-video) into this traffic class. 

The lead features in this traffic class are the delay-sensitivity 
characteristics, interactivity and lower levels of bandwidth requirements [70, 
72] compared to T2 (ref. to table 2.2.2 and 2.3.3). In addition the delivery 
mechanism of this traffic is a unicast unlike T2 which is multicast. Below we 

                                                      
11 Even though presented here in the video services, it is classified as a conversational 

service. Hence discussed under traffic class T1  
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give a highlight on the common catching up multimedia services and their 
corresponding major characteristics that differentiates each from the other 
even-though they are delivered by (or classified in) the same traffic class. 
The characteristics highlighted are from the services perspective as 
perceived by the end user. Tables 2.3.3.1-2 in section 2.3.3 and table 2.4.1.3 
in section 2.4 above presented the characteristics from the technology 
perspectives focusing mainly on network capacity requirements, sample 
applications and their respective session protocols, utility function, e.t.c. 
Thereafter we introduce and discuss their respective relevance in context of 
development. 
Internet Video:  In recent years any video viewed over the public Internet 
would be referred to as the Internet Video, while IPTV would be viewed 
over the private networks. But with rapid changing of the technology, more 
services have been introduced over the Internet that do not align with either 
of the two. The common user catching services among these are Internet TV 
and IPVoD as shortly discussed below. The main characteristics that still 
differentiate the Internet Video service from the rest are; 

- It runs in the public Internet domain and delivered by http streaming 
or/and progressive download and play from a million of discrete 
video files uploaded over the web by the public 

- Viewers access these video files through web surfing in the same way 
as any other content in the public domain 

- End users (viewers) can use any form of browser on fixed or mobile 
appliance to view the content  

- The content/video is pre-recorded, i.e. its not real-time, hence the end 
use can rewind or make a fast forward as ones wish 

Internet TV: This is a professionally produced real time http stream often in 
public domain but carrying advertisements.  The stream can be live or pre-
recorded. The major characteristics that differentiate it from the other 
services in this traffic class are; 

- Viewers watch channels of streamed content rather than selection 
from a collection of video files that can be played on-demand 

- When viewers “tune in” they are simply connected to the real-time 
stream at whatever point it happens to be. Consequently the service 
has no rewind or fast forward regardless of the stream being from a 
live or pre-recorded source 

- Viewers need to switch to another channel in order to watch a 
different content other than the one playing 

IPVoD:  This is a professionally produced video-on demand content that can 
be played over a PC or Set-Top-Box (STB) connected to a television and the 
Internet. Though commonly found in the public networks, access to its 
content (videos) requires user subscription unless are branded by provider 
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and carries advertisements. The major characteristics that differentiate it 
from the other services in this traffic class are; 
- As a professionally produced content, it is normally transmitted using a 

strong digital rights management (DRM) protection to protect it from 
unauthorized use.  DRM is not applied to most Internet video content. 

-  The key protocol is basically progressive download and play unlike 
others which http streaming is also applicable. 

-  End user equipment can be a TV and STB connected to the Internet or a 
PC, unlike other types of services where mobile appliances apply. 

The above summarised three IP based services give a grip of the video 
and TV evolution on the Internet, characteristics that associate them to this 
traffic class (T3) and also what differentiates them into independent services. 
The main objective of singling out only these services is to make point clear 
why we classified them under T3 not T2. Also to show that the delivery 
method used for these services is unicasting while IPTV in T2 uses 
multicasting, as the two have different network resource demands. However, 
it should be observed that they are many other services associated with this 
traffic class that we have not given a detailed discussed (e.g. gaming, video-
conferencing, e.t.c) all of them play a role in delivering solutions to end 
users in context of development. The overall importance of services in this 
traffic class in fostering development is discussed below. 

3.3.3.1 Indicators of network convergence to all-IP 

Most of services in this traffic class have come into existence as a result of 
the Internet development. However there are a few services whose 
traditional delivery methods to end users have converted to IP based 
technologies (e.g. the radio, inter-conferencing, distribution/rental of videos 
from libraries, security/surveillance systems, etc.). 

The bottom-line is that the digital technology has taken over the media 
industry and the IP based technology is very efficient and more economical 
in delivering media content to the consumers. Consequently, producers of 
media content are opting for IP based technologies as the best method for 
recovering their investments. 

3.3.3.2 Relevance of the delivered service – in context of development 

We discuss the relevance of these services from two aspects; 
- Non-interactive streamed services (i.e. a one way to the viewer/ listener) 
- Interactive services which are real time critical (i.e. the two ways 

interactive involving the source and destination). 
We begin by looking at what these services are and then possible user 

audiences and their possible impact to fostering/enabling development in 
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low income communities. Finally we associate their network resource 
requirements vis-à-vis the state of infrastructure in LDCs to come up with a 
priority level that fits T3 relative other traffic classes. 

3.3.3.2.1 a.  Streaming (one-way transmission) 
The web video streams are used globally for marking, entertainment, 
training, communications and security purposes to mention a few. Its 
powerful visual capability to engage new business audiences, to educate and 
train, and to provide multimedia social networking environment is riveting. 
In context of development, web based streams have appealing advantages to 
end users when it comes to its mechanisms of delivering services in regions 
where the level infrastructure and the incomes of communities are still low. 
The greatest advantage of streaming delivery mechanism to low income 
earners is that its implementation does not require capital investment 
particularly from the end user to receive a service of interest.  Most of the 
present end user devices (even found in deep rural areas) have in-built 
options (e.g. GPRS, EDGE, GPS, WLan, 3G, FM radio, etc.), which can 
enable them to receive online programs. Generally the technological state-
of-art has enabled streaming of services as an ideal way to leverage the 
global reach of the Internet to narrowcast or/and podcast to a specialized 
audience engaged in varieties of activities.  Narrowcasting or/and podcasting 
are now potential means of how to reach such specific audiences more 
easily, affordably, and thoroughly. 

From a generalized end user services perspective, Internet streaming 
types (i.e. non-multicasting mechanism under T3) can be differentiated as 
indicated in the table 3.3.3.1 below. 

In context of development, consider a case where a government extension 
worker develops audio visual (video) educational programs tailored to 
specific user groups with low income. Then the Internet is the best way to 
narrowcast/podcast such educational services to such specialized audiences. 
In particular, podcast 12  would suit small illiterate audiences in poor 
economies. Podcasting would deliver continuous series or updates of 
educational video clips or audio according to one’s economic activity to 
his/her device, which can be viewed/played or listened to at one’s 
convenience. Examples of such audiences would include but not limited to 
brick making societies, fisher-men, charcoal burners, tomato growers, rural 
entertainers, etc. While narrowcasting could target enhancing developmental 
community programs like public health, environmental/climate change 
awareness, small scale agricultural programs, public rights and democracy, 
community/area security alters, etc. 

                                                      
12 In this case, podcasts refers to the episodic series of audio radio, video streamed online to 

end user terminal device. 
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Table 3.3.3.1: Types of Internet Streaming 
Type of 
streaming  

Description - in respect of services 
delivery mechanism 

Significance to the end user  

   
True 
streaming 

The video/audio stream arrives in 
real time and is displayed to the 
viewer immediately. 

Low delay, supports live sessions, 
supports true interactivity with the 
source 

   
Download 
and Play 
(D&P) 

A file containing compressed video/ 
audio content is downloaded onto 
the end user’s terminal device before 
playback begins 

Expedient way of delivering 
content to the end-users device 

   
Progressive 
download 

A hybrid of true streaming and 
D&P. This approach breaks a file to 
be transmitted into small files, each 
of which is downloaded to the user’s 
terminal device during playback 

Playback starts quickly, enables 
fast-forward and rewind 

   
Podcasting Episodic programs delivered via the 

Internet using rich site summary 
(RSS). Podcast episodes can be 
audio files, video files, text 
documents, or any combination of 
the three.  In this case, we refer to 
the episodic series of audio, video 
streamed online to end user’s device 

Reaches mobile audience. 
Enables content to be played on 
devices not connected to network. 
Excellent audio quality; can be 
delivered automatically upon 
subscription 

3.3.3.2.2 b. Real-time critical interactive services (two-way 
communication) 

In this sub-section we generalise the relevance of services delivered to the 
end user through a multipoint or point-to-point interactive communication 
methods in context of development. Depending on the type of service being 
delivered, the methods used for achieving a one-on-one, one-to-many, or 
many-to-many arrangement varies considerably. Basically the interactive 
communication methods in discussion vary in respect of infrastructure 
systems setup in use (webcam, videoconferencing, teleperesence, etc.), 
network resource requirements, and even the overall target audience of the 
end users and the subsequent impact of the delivered service. 

For clarity purpose we differentiate the services in this subsection (b) 
from those in the preceding section (a) even-though both belong to the same 
traffic class T4. We discuss the services under this subsection in a 
generalised approach of the interactive technology in use, which is 
commonly referred to as videoconferencing. While the preceding subsection 
focused on streaming services delivery (commonly associated with 
video/audio) which is a one-way transmission. 

Consequently videoconferencing is about interaction, a two way 
exchange of information. For effective interaction, the network performance 
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should enable participants in a videoconference to communicate in real-time, 
or as close to real-time as possible – much as we do every day using the 
telephone. Hence significant processing has to be done within the 
videoconferencing endpoints, to reduce the latency of processes that 
compress the raw audio and video into a data stream which can be sent 
across the network. At network level, the data stream characteristics look 
alike whether they are generated by a videoconferencing application or 
video/audio application. Hence qualifies both to be classified into one traffic 
class T3. However our concern here is the relevance of the delivered services 
in context of development which we discuss further on, the traffic 
classification has been covered thoroughly in chapter 2.  

The success of true real-time critical interactive (two way interactivity) 
communication whose applications best suit areas (like education, medicine, 
business, media relations, etc.) that have direct impact on fostering 
development is tightly linked to deployment of well-developed infrastructure 
and high availability of bandwidth. The present level of infrastructure 
development and cost of bandwidth are still among the major bottlenecks in 
most of LDCs that deprive the delivery of such services to end users through 
collaborative partnership. Consequently the use of high-
performance/telepresence which is a true real-time critical interactive state-
of-art system that would enhance institutions (like hospitals, institutions of 
higher learning) in developing countries to co-operate with corresponding 
partners in the developed countries in delivering real-time medical 
consultations, offer joint medical operations or lectures under the distance 
learning model and many others services, is not affordable and sustainable at 
this moment. However, what has become spontaneously observable is the 
low-end residential use of real-time interactive applications supported 
through web cams in-built on PCs or mobile devices. Even-though they can 
provide real-time communication, security surveillance, small scale business 
teleconferencing, weather watching, social networking, etc. their impact in 
fostering development is still far below compared to telepersence use. 
Conclusion:  As noted above, video/audio streaming (one-way transmission) 
offers an instant experience to consumers used to immediate gratification 
and is ideal for reaching individuals or small targeted audiences. With the 
proliferation of mobile devices in rural areas, if the cost of mobile broadband 
and/or data plans were affordable to the majority, then the state-of-art of 
technology in communication to personalised and small audiences would be 
exploited by the social/extension workers to disseminate skills enhancement 
programs to end users. 

We noted that services delivered by the interactive communication can 
greatly have a positive wider impact on empowering the communities in 
different aspects of life. However the present state of infrastructures and the 
cost of bandwidth to effectively deliver services using some of the 
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interactive methods thought to pose a great impact to the communities (e.g. 
videoconferencing, telepersence) are not affordable and sustainable.  

The possession and proliferation of broadband and/or data plan enabled 
mobile devices with options that can support low-level interactive 
communication services is good [98], and the cost of bandwidth is gradually 
dropping. Therefore this is the best approach we would recommend for the 
content developer (in particular the social/extension government and civil 
societies workers) and network provider to forge a mechanism of working 
together for maximum exploitation of such technologies that can efficiently 
operate at low-level of network capacities to deliver interactive services in 
context of development. 

On the basis of the; (i) importance of the services in fostering 
development, (ii) types of services and possible alternative ways of 
accessing them (iii) level of infrastructure in place (for both providers and 
end users perspectives), and (iv) the gradual signs of connectivity 
affordability, we therefore recommend setting the relevance for this traffic 
class T3 in context of development relatively higher than that of traffic class 
T2  during the AHP pairwise comparison scheme. 

3.3.4 Transactional data services  
Services classified under this group are delivered by elastic interactive traffic 
classified as T4 and its characteristics are discussed in section 2.3.4 above. 
Such a traffic is a result of human to machine or/and machine to machine 
interaction over the IP based infrastructure when requesting for or 
transmitting data. The transactional data traffic requires an adequate 
bandwidth guarantee for the interactive operations it supports. Basically is 
generated by a combination of two types of applications, the transactional 
data client/server application and interactive messaging application. The 
response-time requirement is the key identifier of what differentiates a 
transactional data client/server application from a generic client/server 
application as indicated in table 2.3.4.1 and 2.3.5.1 above respectively. For 
transactional data client/server applications the transaction is a foreground 
operation (i.e. the user waits for the operation to complete before 
proceeding) unlike the generic client/server, e.g. the e-mail – where the user 
first types all the e-mail in the client application before transmitted. 
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3.3.4.1 Indicators of network convergence to all-IP 

Traditionally transactional data services for most end users and SMEs relied 
on packet switched networks with their connection oriented virtual circuits 
(temporary or permanent ones). Despite of their short comings, such circuits 
were very efficient in transmitting data over extensive areas (cities, states 
and countries) from many different users. Running over technologies like 
ATM, Frame Relay, MPLS, etc. such virtual circuits would dedicate 
required network resources from the time of connection establishment until 
its termination hence maintaining high levels of QoS of the end users.  

Presently IP is the predominant paradigm that provides the use of a 
variety of underlying technologies. In view of reducing operational expenses 
and also eliminating unnecessary additional capital expenditure on multiple 
parallel network platforms, every network operator is now attempting to 
solve the convergence problem of providing the greatest number of services 
over IP on the least amount of infrastructure. Consequently traditional 
telecom carriers are trying to integrate residential broadband services, 
advanced enterprise data connectivity services and video into existing voice 
networks; cable operators are trying to add VoIP and existing voice 
networks; cable operators are trying to add VoIP and commercial services to 
video and cable modem services. Hence this affirms the convergence of all 
transactions data services onto all-IP. 

3.3.4.2 Relevance of the delivered service – in context of development 

T4 is a result of an interaction between human to machine (H2M) and/or 
machine to machine (M2M) timely transfer of data. Hence we discuss its 
services’ relevance from these two perspectives. 
H2M transactional interaction: Human to machine transactional services are 
characterized by their in-built interactive features – this happens when a 
person is actively online, but in reality s/he is interacting with a remote 
machine (server). In such a situation, the rate at which the server processes a 
user’s request and the level of congestion along the link both determine the 
transaction progress to its completion. In context of development such 
services include but are not limited to: enabling consumers to purchase 
goods and services electronically over the network, processing of 
transactions, payment verification, trading (i.e. matching buyers and sellers 
who negotiate trades for goods or services), home banking and shopping 
services, etc. Consequently for individuals/households with connectivity in 
rural/remote areas with capacities that can support transactional data traffic 
stand enormous benefit from these services. An end user is in position to 
perform one’s transactions and accesses the required services on-time in 
her/his home at no expenses of meeting travel costs to the centres where 
such services are hosted. In context of business transactions (goods/services 
are purchased/sold and) money is earned and banked timely. In context of 
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commercial enterprises (Small and Medium) commonly operating in LDCs, 
transactional services are enabler for them to conduct electronic commerce. 
Electronic commerce benefits to a firm and the nation at large are enormous 
[99]. Therefore providing platforms that support transaction services give 
them a global reach to the prospective consumers.  Consequently enabling 
transactional services increase the chances of firms earning more income, 
people getting jobs, and the nation getting more revenue in form of the tax to 
be paid. 

M2M transactional interaction: This is the situation where there’s 
automated data exchange between machines.  In such a case a machine 
initiates communication using network resources to a remote machine for the 
purposes of monitoring and control, either of the “machine” itself, or the 
surrounding environment. Monitoring, sensor enabled, telemetry - transmits 
information from remote devices to a central station, SCADA (Supervisory, 
Control and Data Acquisition) systems – remotely controls network 
components (such as utility networks ) and provides operational information 
in real time, etc., are samples of machine to machine services, which are all 
of great significance to life-hood to users. 

Utility networks (e.g. electrical/power networks, water supply networks) 
are among the most important national infrastructure for fostering rapid 
socio-economic development of a country.  Efficient management of such 
utility networks is paramount in realising its objectives of fair distribution of 
the resources (e.g. power, water) to the consumers, optimize and fair loading 
of the network infrastructure, and achieving investment returns.  In order to 
achieve such objectives, data about the utility network’s components’ status 
and operation must be timely corrected and analysed in real-time. Such a 
real-time knowledge about the status of the utility network is very beneficial 
in adjusting the scheduling and operation of component devices to the 
changing demands and conditions while leaving the performance of various 
system functions to be continually and automatically optimized. In such a 
case M2M transactional data services become indispensable. For example 
SCADA is an integrated technology commonly used in monitoring and 
control of utility networks. Its basic system comprises of a Master Terminal 
Unit (MTU) and a number of Remote Terminal Units (RTUs). The MTU is a 
collection of computing resources that enables the operator to monitor the 
state of the entire utility network system while the RTU is field data 
collector of the SCADA system. The RTU acquires all the data from the 
sensors of different field devices connected to it, processes it and transmits 
the relevant data to the MTU. At the same time, it distributes the control 
signals received from the MTU to the field devices. The data transaction 
between the MTU and RTU is M2M real time process that requires an 
adequate bandwidth. 

In context of development, a well-designed and functioning SCADA 
system saves time, increases revenue for the utility company and improves 
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the QoS. Such achievements are a result of the benefits of timely 
transactional data services between the MTU and RTU of a system. Consider 
supply of water as utility network in context, the M2M benefits of a 
transactional data services would include but not limited to;  

- Provision of real time complete information on pumping operations 
- Automatic adjustment of pump operation to ensure reliable water 

supply 
- Reduced sites visits by the service personnel for inspection, data 

collection or adjustments 
- Alarms are automatically sent to the central control location in case of 

emergencies 
- Maintenance of optimal pressure in the water supply network, which 

consequently minimizes service interruptions and eliminates water 
hammers 

- Timely generation of utility network devices’ and entire network 
performance reports 

Conclusion: Although there are minimum required bandwidths for meeting 
minimum required QoS to deliver a service under this group, most networks 
in developing countries can meet the minimum requirements. Hence such 
services are of great significance to life-hoods in developing countries too. 

3.3.5 Traditional data traffic services 
This group of services is delivered by elastic non-interactive traffic classified 
as T5 in section 2.3.5 above where its characteristics are discussed. In this 
work, we regard this group of services as the default Internet services that 
every user must access. These are the traditional/basic Internet services that 
have led to the growth of Internet into the present status. In the literature of 
IP based services, they are referred to as best-effort services because of the 
elastic nature of their traffic behaviour when experiences a level of 
congestion in the network during their delivery. As such best-effort service 
delivery mechanism is time insensitive but highly preserves the payload. 
Transmission control protocol (TCP) is the baseline implementation for best-
effort services. Its flows are elastic. Studies have proved that by 
appropriately exploiting the elasticity of the TCP flows prevents network 
congestion, increases network efficiency and fair resource sharing among 
end users services. [49, 100-103] and reference therein. The utility function 
for TCP flows and with its optimal control law [104], enables the 
establishment of network performance levels that lead to end user 
satisfaction when a user’s application acquires a certain amount of the 
network resources. Generally it has been the major approach in modelling 
the utility function for the TCP based services.  



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

69 

We affirm that T5 characteristics are very much commensurable with IP 
based infrastructure in Least Developing Countries. T5 is well known for its 
minimal technical demands on the network infrastructure, i.e. its 
implementation does not involve technical issues like packet/flow 
scheduling, queue management, or need of enforcement mechanisms in 
routers [105]. Consequently, the economical demands of establishing such 
infrastructure are also minimal. However the services thereby delivered are 
the must have Internet services in the real world. Presently if all prospective 
end users in LDCs where affording and satisfactory accessing T5 delivered 
services, then issues of lack of Internet access or connectivity would not be 
still in existence up to now. Instead the focus would have been on other 
issues like sustainable development and innovation. Sample services 
supported by T5 range from simple file transfer (ftp), e-mail transfer, web 
surfing, peer-to-peer file sharing, etc. 

3.3.5.1 Indicators of network convergence to all-IP 

Services delivered by T5 are the foundation of the original Internet services 
offered over IP based Internet infrastructure. They are the historical Internet 
services [106]. Hence they are in essence IP based services and any 
discussion with respect to their converging onto IP would be meaningless 

3.3.5.2 Relevance of the delivered service in context of development 

We have discussed the relevance of services (citing specific samples) 
delivered by traffic classes T1 through T4 in the preceding sections. This 
section gives a greater picture of traditional data traffic services (technically 
referred to as the best-effort Internet services) and their contribution in 
respect of enabling sustainable development. The term “sustainable 
development” is used here in reference to how the best-effort Internet 
services have sustained the entire philosophy of the Internet technological 
growth into its present Internet state-of-art and its usage seen to be an 
enabler in various aspects of the humans’ life hood. Therefore to understand 
the impact of best-effort services in context of development, we propose to 
take a holistic view by looking at: (i) how such services were being 
delivered before the Internet era, (ii) give a brief review of how the best-
effort Internet has revolutionised the delivery of such services, and (iii) the 
consequential impact and benefits (positive or negative) to the 
society/community and the nation at large. However, this holistic approach 
adopted in this study restrains itself to the societal impacts of the best-effort 
Internet services in respect of the sustainability framework [107, 108]. The 
emphasis is put on the basic dimensions of social development and economic 
development. Further the study looks at how Internet services delivered by 
best-effort traffic impact the cultural diversity of various users in view 
globalization of communication and economy that all result in a closer 
mutual interaction for their benefits. 
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3.3.5.2.1 Best-effort Internet services - enabling sustainable social 
development 

According to Brundtland Commission [109], and Souter, et al.[108], 
sustainable social development is emphasized in the direction of poverty 
reduction, improvement in the quality of education, health and housing, 
community welfare, enhancement in the quality of social interaction, 
engagement and empowerment. These are broad aspects in the humans’ 
livelihoods to be analysed in this subsection on how the Internet has enabled 
positive transformative impacts on each of them. We shall cite on a few 
where the best-effort Internet services in discussion have enabled positive 
transformative impacts, in particular, the enhancement of quality of social 
interaction, engagement and empowerment of the societies in LDCs. 

Unlike in developed countries, prior mid 1990s socialization was one of 
the expensive ventures to achieve in LDCs before the emergence of the 
Internet 13 and other associated ICT tools like the mobile phones. 
Socialization had higher transaction costs associated with making contact 
with people not within a reasonable travelling distance. It involved long 
distance telephone fees, time consuming in letter writing and costly travel. 
Information sharing with other people for social gathering around specific 
issues involved either engaging with the media sector and/or influencing 
content owners to make multiple copies in which you would bear the costs 
of copying or re-producing and distribution. In some cases content that could 
prove useful for rallying around a particular issue could also be subjected to 
copyright controls making an additional cost factor. In LDCs which are 
basically characterised with civil wars and other political conflicts, social 
gatherings would be (and are still) regulated by the governments or 
controlled by private sector interests to such an extent that promoting social 
gathering would be treated as a security matter or infringing on the work of 
authorised agent. Consequently such political restrictions denies - freedom 
of association, movement and expression; leaving and entering sovereign 
countries; monitoring of none performing public entities; censorship; 
fighting corrupt practices in public offices; and access public/corporate 
content, etc. 

It is important to observe that worldwide the emergence of the Internet 
services has significantly lowered transaction costs associated with the 
activity of social organisation and the sharing of information. In particular 
the present state-of-art of Internet applications for socialization (e.g. 
facebook, twitter, LinkedIn, myspace, e-mail systems, web blogs, e.t.c.) and 
web surfing are all in the domain of best-effort Internet which is the low 
entry for connectivity demands. With the technology evolution most of the 

                                                      
13In this context we refer to the Internet focusing only to simple file transfer (ftp), email and the web 
which are the true best-effort internet services and are the traditional information dissemination 
mechanisms over the IP based infrastructure.  
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applications whose services are delivered by the best effort traffic can run on 
devices that support mobile broadband whose end use subscription now is 
estimated to be around 1.5 billion (November 2012) and predicted to reach 
6.5 billion in 2018 globally [98]. Consequently their associated services 
which can originate from (and be delivered to) a fixed or mobile end-user 
terminal equipment, coupled with SMS that run on the GSM networks have 
made what used to be unbearable transactional costs of social organization 
extremely bearable in the LDCs too. 

Then, what are the transformative impacts as a consequence of massive 
end users being able to afford and access the best-effort Internet services? To 
analyse such transformative impacts, one needs to understand what services 
are delivered to the end-user by the best-effort traffic in respect of the 
sample theme in discussion “enhancement of quality of social interaction, 
engagement and empowerment of the societies”. These are summarised as 
access to information, interaction and new knowledge creation among the 
interested users. Therefore from these key services, we outline the relevance 
of best-effort ISCD as; 

- Enabling access to information: Compared to prior the Internet era of 
accessing and dissemination of information as discussed above, now 
there is a comprehensive change in the ways which individuals and 
organisations can access information, conduct research and exploit 
the work of others to meet their respective requirements. It has 
enabled individuals to publish and even access scholarly works that is 
now found in the open access databases. Consequently the society is 
now well informed of trends of invents in their locations. Also the 
Internet has enabled information dissemination mechanisms which 
can be used to call upon neighbours within a locality to gather 
immediately and deliberate on an issue that need an urgent communal 
solution. 

- Citizen interaction: These services have made possible to bypass 
repressive governments’ or legal controls against sharing of 
information on the falsehood of being security threats or an incitation 
of public into riots and demonstrations. This has enabled the societies 
to freely share information and join together to demand for their 
rights. This is easily manifested by the recent events of political 
uprisings that have swept the Arab world (2010-2012). Eventhough in 
developing and LDCs countries some governments still have the 
upper hand in the control of the Internet, it does not totally stop the 
citizens to by pass some of the controls and interact when a cause 
arises for them to unit and demand for their rights. For example the 
Egyptian government turned the Internet off by shutting down all the 
underlying transmission capability to deny the citizen information 
exchange and access but it did not stop them from succeeding in 
demanding for change of the regime [110]. 



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

72 

- New knowledge creation: The services in this category have not only 
enabled users to access but also to produce new knowledge on the 
web. Especially with the web 2.0 developments on the Internet 
everybody online can now publish. Publishing content and 
publicizing one’s, community, or a local groups views, has become 
more democratic. With availability of mobile devices/smart phones 
users upload on the web all sorts of information on sport, others 
upload live videos of events/tragedies as the incident is happening. 
Unlike the pre-Internet era where publishing was confined to media 
houses that sometimes could be controlled by governments on what 
to publish. Even accessing such content would require paying money. 
Eventhough such information was/is professionally produced (by 
editors), its access was/is much limited to a few who are able to pay 
for the involved costs.  With the democratization of online publishing 
supported with web 2.0 features, users can now access, contribute, 
and even critic - to vast information bases like the Wikipedia, 
different professional blogs, and many others. 

- Citizens voluntary reporting/participation commonly referred to as 
“crowdsourcing” has become one of the approaches supported by 
web 2.0 features/tools for commercial and community based non-
governmental organisations to solicit views from communities or call 
upon willing members to join in solving a specific problem. This 
approach of voluntary reporting has been used in many places in 
developing countries and LDCs inclusive to arrest unpleasant 
situations, e.g. the Ushahidi in Kenya – reporting/ collecting eye 
witness information for the troubled Kenyan presidential election of 
2007, Ushahidi in Haiti – emergency responses,  HarassMap in Egypt 
- reporting sexual harassment incidents, etc. [111].  

In context of development the sample highlighted subcomponent of the 
social developments whose services are basically delivered by best effort 
Internet traffic enables end users to; (a) access vast bases of information 
which they can use to generate new ideas to accomplish their personal 
projects and even to determine one’s destiny, (b) get platforms where one 
can easily interact with other users (form local to global levels), air one’s 
views promptly for a social or commercial cause, and contribute to the body 
of knowledge, (c) easily assemble and work together in solving a common 
problem or carrying on a joint venture for mutual benefits, etc. Qualitatively 
these are real signs of best effort Internet contribution to development. 

3.3.5.2.2 Best-effort Internet services - enabling economic development  
Although quantifying the economic impact/contribution of the Internet 
(directly or indirectly) to national development is still a challenge, the 
Internet is well acknowledged as the core infrastructure in the present 
economies [112-115]. In developed economies, most of the economic 
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transactions (production, sales, distribution, consumption, etc) take place on 
the Internet. Hence, the Internet being a platform for all such economic 
transactions manifests it as a core infrastructure of the economy. 
Consequently economic terms/phrases like “Internet economy” and “digital 
economy” are now common in use. 

In respect to LDCs where the Internet infrastructure is still weak, 
activities that can be supported by low level network capacities and thereby 
accrued services which are delivered by best effort traffic to end users have 
demonstrated capabilities of contributing to national growth [116]. Among 
the many services that are basically supported by the state of infrastructure 
and traffic in discussion is the mobile payments service. It’s an economic 
activity supported by low Internet capacities that have great contribution to 
national development initiatives. Mobile transaction commonly referred to 
as mobile money services has revolutionized the purchase and sell of 
commodities in developing regions. 

Mobile transactions: From a common user perspective the service request 
originates from an end user handheld device (cell phone is the common 
device used in LDCs). Most of the cell phones in LDCs connect outside the 
vicinity of the end user through the GSM network. However most of the cell 
phones are equipped with the application protocols (GPRS/WAP, USSD) 
that enable the message sent by the user to be received by the network 
providers’ computer/gateway running on the IP based infrastructure. 
Thereafter the users request is received and forward to service point and then 
a reply is turned back to the source. In so doing the traffic generated is being 
handled by the Internet that runs on the weak Internet infrastructure. 
Consequently, the flow of information through the network is thereby 
handled by secure protocols such as https, secured TCP/IP secured FTP, 
secured SSH protocols that are properties of best effort traffic. 

In addition there are mobile web channels now offered that enable end-to-
end business transactions between end customers. End customers can initiate 
their mobile business transactions, associate payment transaction directly 
from their devices, ensuring complete end to end business transactions, on 
pre-paid, post-paid, gift, voucher, credit and debit card based payment 
models. 

The mobile payment hereby given is one example that portrays a level of 
empowerment which is enabled by the best-effort Internet services in 
fostering economic development in developing countries. 
Conclusion: The best effort Internet is the foundation of the present state of 
Internet world-wide. It sustained and triggered innovations and 
developments currently seen in the present state of Internet services. The 
services delivered by the best effort Internet traffic are the must have 
services. In addition best effort Internet infrastructure demands, technical 
human skills demands and the level of financial requirements for 
establishing/maintaining the infrastructure commensurate with LDCs status.  
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In addition the best-effort Internet has become pertinent to humanity in 
enabling and sustaining social services and economic services within the 
developing countries. Consequently, based on the real world events enabled 
by the best effort Internet services, we recommend a high rank while 
prioritizing the importance of the services delivered by this best-effort traffic 
compared to other traffic classes. 

3.4 Summary 
AHP method is used to structure the problem of prioritizing the Internet 
traffic in context of development because of its ability of converting 
subjective assessments of relative importance to a set of overall 
scores/weights. A frame of reference purposefully geared to the role of 
Internet services in context of development is developed. It addresses the 
ambiguity of framing questions which apply to the real-world problems that 
a DM must answer in the process of formulating the judgment matrix.  

Under the framework of AHP method, a criterion for setting traffic 
classes’ priorities in context of developed is also developed.  At the top 
hierarchy of the structure, the criterion synthesizes a traffic class with 
respect to (a) services relevance in context of development, (b) the state of 
service delivery mechanism convergence to all-IP based infrastructure, and 
(c) the commensurability of specific requirements for the traffic class in 
consideration to the state of infrastructure in LDCs. Detailed frame of 
reference structure and therein criteria of respective levels in the structure 
are presented in figure 3.2 above. A qualitative analysis based on a sample 
of real-world scenarios of Internet services (delivered by each traffic class) 
in fostering development in LDCs has been presented. Within the framework 
of the frame of reference, this analysis guides the DM to build a well-
informed opinion and elicit a value based on AHP scale for each traffic 
class. The analytical/quantitative analysis that derives the priority vector for 
the traffic classes is presented in next chapter 4. 
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Chapter Four 

4 ISCD Model Construction 

A model based on the AHP theory is developed in the process of computing 
a priority vector for the ISCD from the perspective of Internet traffic classes. 
It leads us in establishing the relative importance of each Internet traffic 
class services’ relevance in enabling development in LDCs. The AHP theory 
and methods are applied in structuring the problem of aligning the objectives 
of the Internet stakeholders’ vis-à-vis ISCD into a manageable computation 
scale. 

Why is the computation of the Internet traffic classes’ priority vector needed 
(or alternatively why the priority vector for ISCD be derived from the 
Internet traffic Classes’ priority vector)? 

As a ready discussed, the increase rate of Internet applications on the 
Internet day after day henceforth their corresponding services is 
computational infeasible in applying any decision making tool in the process 
of determining which Internet service/s is/are more important in fostering 
development in LDCs. Consequently the feasible approach of establishing 
the Internet services’ relevance in context of the development is through the 
computation of the traffic class priority vector since each service is delivered 
by a traffic class and Internet traffic classes are in a manageable 
computational scale. 

Obviously, the investigator is unable to ask directly from the end user to 
express his/her services preference for each traffic class because the end 
user’s view of the Internet services is self-centred and external to the system 
traffic classes’ technicalities. Self-centred in sense that the end user’s 
concern is the fulfilling of one’s utilities/satisfaction from the requested 
service/s on the Internet/network. It is not one’s concern about how to share 
the scare network resources for betterment of the society’s wellbeing. While 
being external to the system traffic classes’ technicalities in the context that 
the end user’s view ends at the service delivery level according to the all-IP 
convergence hierarchy as indicated in figure 2.4.2. Therefore end user’s 
concern (commonly referred to as satisfaction and quantified using standard 
methods for measuring network performance in association with QoE/QoS 
derived from the delivered services) is only at a functional level. But the 
level of QoE/QoS achieved has much do with (or depends on) the network 
performance. While the network performance depends on how the network 
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parameters are configured (automatically or administratively) to handle 
different situations of users’ traffic as it arrive.  

Arguably the network configuration bearing is towards meeting the 
provider’s objectives. Therefore from the network provider perspective, an 
inner view of the system is of great concern as how different situations of the 
traffic must be handled with the goal of meeting (a) one’s expected level of 
the benefits/revenue, (b) preferences with their respective expected QoS of 
the end user so as to win their loyalties. However noting that a network 
provider is a rational decision maker (individual maximizing profits and/or 
minimizing losses[117]), there is always a preferential treatment among end 
users based on who is deemed to be contributing most towards meeting the 
provider’s objectives. Consequently the setup and configuration of the 
network is geared at preferential treatment of the traffic based on the sources 
rather than the services it delivers to the end user.  In context of Internet 
services for fostering development, such providers’ approach contravenes 
the policy maker’s (the third stakeholder) objectives of liberalizing the sector 
in view of enabling the society to gain possible Internet access and leverage 
its capabilities fairly for betterment of ones wellbeing.  

Evidently this is a misalignment within Internet stakeholders in LDCs 
where the Internet is viewed as a catalyst for enabling development. 
Therefore, in context of development a decision based on scientific methods 
have to be taken on policies that give high priority to traffic classes that 
deliver services in-line of fostering development but without reducing the 
expected level of the provider’s benefits.  

However in some cases, setting such policies to achieve such priority 
levels of network performance lead to unfair and conflicting situations. As a 
result prioritization approaches that are at the centre of conflict management 
and fair grounds setting come in play as a means of negotiating a common 
position into some kind of decision outcome to achieve the most desired 
objectives with no or least expected penalties. This study’s concern is more 
on the external perspectives of the Internet traffic classes’ services relevance 
to development, i.e. how their respective services benefits would meet all the 
stakeholders’ objectives in LDCs. Hence the prioritization method in use 
focuses on achieving a priority vector of Internet traffic classes but with a 
view of differentiating among their external consequences (i.e. the Internet 
services) to stakeholders in context of development and set grounds of 
aligning their misaligned objectives. 

Thus, this study leverages the technical aspects of AHP method in 
evaluating the relative weights of Internet traffic classes. On a normalized 
scale, the priority value of a traffic class is a true reflection of the 
importance/utility of that class’s delivered services to end user in enabling 
development. Conclusively the priority vector leads us scientifically to point 
out which Internet services are of high impact in frosting development for 
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end users of low incomes. Consequently the priority vector can be used as a 
basis for setting up strategies of aligning the stakeholders’ objectives. 

4.1 Building the AHP Based Model  
The model constructed encompasses the knowledge presented in chapter 2 
and 3 above.  Figure 4.1.1 is the algorithm in use while figure 4.1.2 is the 
diagrammatic representation of the captured knowledge into the AHP based 
principles to enable the computation of the Internet traffic priority vector. 
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Figure 4.1.1: Algorithm for computation of priorities of traffic classes  

The hierarchy shown in figure 4.1.2 depicts the process of structuring the 
problem of establish the relative importance among the Internet traffic class 
(therein Internet services) in the context of development using the AHP 
method of modelling. The top of the hierarchy defines the ultimate goal. 
Below the goal are the aspects/clusters, criteria and the alternatives form the 
lowest level of the hierarchy.  
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Figure 4.1.2: A model for evaluating the ISCD 
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In this study the goal definition and possible alternatives of the traffic 
classes (𝑇𝑇𝑖𝑖 ,∀𝑖𝑖 = 1, . . . , 5) and their respective services to end users were 
described in chapter 2 and 3 which marks the beginning of modelling the 
problem as required by AHP method. Based on the frame of reference 
presented in figure 3.2.1 and described in section 3.3, an AHP model is 
formulated with three evaluation aspects/clusters as presented in figure 4.1.2.  

4.2 Aspects/Clusters and Criteria for the Model  
The aspects/clusters developed are generic but based on core factors which 
are well established in the scholarly literature and ICT4D practitioners’ 
experiences discussed in chapter 3. The criterion for evaluating each 
aspect/cluster is therein described.  

4.2.1 Services relevance in context of development  
This aspect (AS1) weighs the traffic class importance based on the relevance 
of services it delivers to end users (communities) in LDCs. We define four 
evaluation criteria that could be used to measure the extent to which the 
traffic class services in context of the development are preferred. Namely 
are;  

4.2.1.1 AS1C1 - Individual or group empowerment 

Relevance is viewed in context of increasing the capacity of individuals or 
groups to make choice and to transform those choices into desired actions 
and outcomes that contributes to the wellbeing of an individual, 
communities and the society. Empowerment achieved from the Internet 
services in this respect is also central in inducing or fostering power in 
people to perform normative actions that are accepted in a given cultural 
setting of the communities. Sample examples of empowerment - an 
individual or a group of people asking for his/her/their rights, protesting 
against corrupt regimes, control and give directives to one's farm/field 
workers remotely, etc. In this respect, empowerment is to promote peace and 
harmony but not to antagonise the cultural norms of the communities. 

4.2.1.2 AS1C2 - Level of in-need 

This criterion weighs the delivered services based on the level/number of 
population in-need of such a service/s as delivered by a particular traffic 
class.  It assumed that the higher the number of such low income people 
yearns for a service, then the higher the relevance of such a service is to their 
lives or in their communities. For example in LDCs, you my find many 
people striving to setup/register "mobile money services" on their terminal 
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equipment, while only a handful of people are interested in Internet banking. 
Both services are important in the context of development. However this 
criterion would relatively weigh the traffic class that delivers the mobile 
money services higher than the one for Internet banking because having a 
higher number population in-need. 

In this respect we distinguish the grammatical meanings of "need" and 
"want" and restrict the evaluation/ weighing of any traffic class deliveries on 
the number of people in-need. Although there’s a level of dependencies 
between this criterion and the affordability of a service criterion, the 
evaluation here is strictly on the level of need of service/s to the society of 
low incomes. 

4.2.1.3 AS1C3 - A must have service/s 

From the literature and the existing ICT/Internet myths, there are services 
deemed as must have by everybody. These are Internet services deemed to 
have sustained its growth from more than two decades. It is on the basis of 
such services that some nations, International organisations, civil societies 
are declaring or agitating for the right to Internet access. Their relevance in 
fostering development in LDCs is non debatable, hence the traffic class/es 
that deliver them are deemed to score highly. 

4.2.1.4 AS1C4 - Impact to communities/group of users 

This criterion weighs (what is or what would be) the positive impact to the 
end users/communities in accessing the Internet traffic classes’ associated 
services. Services that can cause people’s mind-setting, behaviour change, 
manner-setting, high awareness, in a positive direction of improving their 
wellbeing. In this context the wellbeing is considered in multidimensional 
aspects (spiritual, emotional, healthy, financial, etc.). 

For real-world experiences and examples: End users/communities have 
specific needs and interests because of their shared common cultural, 
linguistic, economic ties, etc.; they exchange information in pursuit of their 
shared goals or business processes even well beyond their immediate 
geographical and administrative vicinity. Examples may include bridging 
distant gaps between relationships, performing business operations 
(marketing, negotiations, buying, selling), receiving spiritual nourishment, 
disseminating public health tips and awareness and market trends. 
Consequently Internet traffic class/es’ delivered services that fulfil such end 
user/community needs and interests have high significance for maintaining 
their cultural norms and promoting various values. 

For example on-line streaming of public health education programs which 
are later broadcasted on community radios, have high impact to 
individuals/communities in keeping healthy lives. Similarly, the addiction to 
using VoIP with video services in bridging the distant gaps between 
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relationships has an impact of keeping family ties strong. While to distant 
business transactions/negotiations over VoIP with video enables both remote 
partners to have empirical evidence of their business negotiations by 
recording their session; hence the impact is increased trust between business 
partners, reduction of time and cost expenses for business transaction. 
While evaluating the criterion dominance/preference against the other, the 
mind frame for the evaluator should be focused on given traffic class 
services’ contribution to basic dimension of development (economic 
productivity, education, democracy and quality of life in respect of 
individuals’ health and happiness within the society) 

4.2.2 Services Delivery Mechanism Convergence to IP 
Infrastructure  

The existence of the IP-Infrastructure in a locality/state is a clear indication 
of the availability of the Internet services. Conversely we can not talk of the 
importance of the Internet services in context of development while there is 
no core underlying IP infrastructure. It is well known that countries in LDCs 
lack sufficient/state-of-the-art infrastructure to deliver the-state-of-art 
services which may accelerate or enhance development initiatives. In case 
where some level of services exists, such services are delivered over the old 
technology with limited capacity to accommodate big numbers of users and 
even the service links/circuits are dedicated to individuals at a time. Hence 
hiking the cost of services and consequently eliminating the majority of the 
interested parties/people in-need of such services. In the event of realizing 
the importance of a service which is normally coupled with demand from 
end users, providers are in process of migrating from their legacy systems to 
IP based systems which are envisaged to have low operational cost, 
continuous support from equipment vendors, fully compatible with the 
present market demands services to the next generation networks and 
services.  

This aspect (AS2) weighs the technological trends of convergence to all-
IP in delivering services of the (or similar to the ones of) traffic class in 
context of development. The acceptance by services providers or/and end 
users in LDCs to migrate to all-IP platforms/infrastructure to deliver/receive 
such services has a bearing in demonstrating the importance of such traffic 
class services in context of development. Consequently we identify three 
evaluation criteria as; 

4.2.2.1 AS2C1 - Migration to all-IP infrastructure 

It refers to trends in technology migration to all-IP infrastructure in view of 
providing a scalable infrastructure that can meet the end users’ social 
dynamic demands. 
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Eventhough world over the migration from legacy networks to IP 
networks is mainly known to be driven by operational costs reduction, in this 
respect it is viewed from services demands mounted by the end users in the 
context of fostering development. In a few past years, the driver for service 
providers in LDCs to migrate from old technologies has been a combination 
of multiple forces, e.g. market competition among service providers, 
International bodies declarations to phase out some technologies to the 
extent of giving them deadlines (e.g. the ITU – setting June 17, 2015 as 
terrestrial television analogue switch off), social dynamics within the end 
users for new services that can be accessed over the Internet protocols, etc. 

Underneath there are five groups/sets of services classified by their 
respective traffic classes/alternatives. Each group has multiple end user 
services. Services in their respective groups are delivered to end users on 
different technology platforms. These are the technologies being migrated to 
IP platform.  

This criterion weighs the relative importance/relevance among group of 
services’ technologies (therein mapped onto Internet traffic classes) in 
respect of their contributions in enabling development in LDCs. 

For a real-world example: The Television (TV) technology has been 
known for a long time as one of the effective method to disseminate 
information that gives high impact of the society. A parallel alternative is the 
printing press technology with its products (daily news papers, bulletins, 
government state statutes, etc.). 

In this respect TV as service has traditionally been using the terrestrial 
television analogue technology to deliver the information/service, while the 
printing press sets up networks of distributing the paper based information 
promptly to their retail outlets. Conversely, the state of art technology in the 
IP infrastructure, the TV has moved to IPTV and the Printing Press to e-
printing (online based "the web"). Notably these services are delivered by 
different types of Internet traffic classes hence they are in different services 
groups but offering the same service of "information dissemination". 
Consequently in the process of technology immigration to IP infrastructure  
the DM is to make judgement on which traffic class (i.e. for IPTV or e-
printing) that deliver the service should be given a higher priority in respect 
of enabling development to low income earners in LDCs. 

4.2.2.2 AS2C2 - Technology availability 

Refers to whether the state of technology required for the delivery and 
receipt of traffic class services exists in LDCs. That is availability is 
weighed in view of the stakeholders (both the network provider and end 
users) possession of the infrastructure with the state of technology that can 
deliver or receive the traffic classes’ services. 
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In LDCs the network providers (the telecoms) are more associated with 
old state of technology for transmitting both voice and data. In view of 
services convergence to all-IP, can such existing technology coexist with the 
IP (or can the IP run over it, e.g. IP over ATM) for smooth delivery of 
services at affordable prices to the end users? 

From the end user perspectives the possession of terminal equipment with 
specifications to receive a traffic class services is also of concern in this 
study as we weigh services relevance/importance to development. 

For real-world experiences and examples: Experiences – consider 
information dissemination systems: In the context of development, such 
technological systems are expected and supposed to be available, 
inexpensive to use, efficient and effective in disseminating information from 
or to the targeted audiences/communities. In event of tragedies like 
earthquakes, epidemics, floods, landslides, etc. or business promotions and 
marketing, governance and democracy; such technologies are expected to 
disseminate/deliver information to the targeted audiences in the shortest 
possible time. 
Example – Technology availability from an end users perspective: In view of 
information receipt and dissemination example in discussion, table 4.2.2.1 
below gives a sample of technologies expected to be supported by the end 
users’ TE at their respective premises/destinations. 

Table 4.2.2.1: Expected technologies to be supported by end-user TE in LDCs 
Sample types of the 
end user TE 

Technology capability/ 
availability  

Traffic 
class14 

Services  
(receive and disseminate 
information over IP) 

M
ob

ile
 Hand held 

devices, e.g. 
cell phones 
& tablets. 

Wide area mobility 
features enabled (e.g. 
GSM, GPRS, EDGE, 
HSDA, 3G, 4G)  
(ref. fig 3.3.2) 

T1 Conversational (VoIP) 

T5 

Web 
Social networks, e.g.  twitter, 
facebook, etc. 

Fi
xe

d 

Radio 

A Community and/or 
FM radio station 
broadcasts a received 
online stream to 
nearby communities  

T3 

Radio news, advertisements,  
announcements, educational 
programs, tips and alters, etc. 

TV 
SmartTV 
(with fixed or wireless 
Internet connection ) 

T2 

Television services over IP 
(IPTV - news, advertisements, 
announcements, educational 
programs, tips and alters, etc.) 

PC Fixed or wireless 
Internet connection T5 

Web 
Social networks, e.g.  twitter, 
facebook, etc. 

 

                                                      
14 Traffic Classes (T1 – T5) refer to figure 2.4.1  and corresponding tables 2.4.1 (a)-(d) in chapter 2.  
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The Network Provider technology availability perspective: In this 
example the network provider is expected to have infrastructure that can 
provide connectivity to end user terminal equipment (TE). As indicated in 
table 4.1 above, there are at least 3 end user type requirements, i.e.  
(a) Mobile and Fixed PC end user type – their level of capacity/ bandwidth 

and connectivity infrastructure requirements are similar 
(b) Radio broadcaster (community and/FM stations) – receive a media 

stream and broadcast it to communities 
(c) The SmartTV end user - capacity requirement a bit higher than the rest 

of the end users. 
Consequently the provider is expected to provide such infrastructure to the 
three types of users. In view of LDCs, the DM is to weigh the importance of 
these services in context of fostering development based on the possibility of 
technology availability (i.e. provider providing required connectivity and 
capacity/bandwidth over IP infrastructure and end users possessing the 
required TE confirming to the needed technology). The DM makes one’s 
judgements based on her/his knowledge and expertise on what technology is 
available in LDCs now which can be used as a springboard for delivering 
services to enhance development. 

4.2.2.3 AS2C3 - Coverage range 

Refers to the how well an area (nation/region) is covered in receiving a 
transmission signal that can deliver services based on the IP infrastructure. 

The coverage capability is always expressed quantitatively as a statistic 
value. Such a statistic value depicts the coverage percentage of a 
nation/region that can receive the transmission signal or/and a household 
services penetration. In respect to LDCS, wireless access technologies are 
the most prominent networks. Their coverage indictors are normally 
provided by the network providers in a form of percentage of population 
able to access the services or percentage of the geographic area where they 
have presence. For wired networks the coverage statistics are normally given 
in form numbers of points of presence in terms of either absolute customer 
connections. Other measurable parameters that could be represented 
statistically and are relevant with this study are network traffic, available 
bandwidth, and bandwidth cost. 

Consequently a traffic class (conversely traffic class delivered services) 
whose state of technology for delivering its services has a high coverage 
static, is assumed to be of high importance to the end users in this study. The 
basis of the argument is that network providers are more driven by users’ 
demands in deploying their infrastructure. Hence the usefulness or 
importance of a service to low income earners is reflected by the demand.   
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4.2.3 Services Commensurability to Traffic Classes’ 
Requirements 

In consideration of the state of infrastructure in LDCs this aspect (AS3) 
evaluates the traffic class importance in view of its network centric and end 
user centric requirements. In this study network centric refers to attributes 
thought to be determinatal in the delivery of services over IP infrastructure. 
The user centric focuses only the affordability of possessing a terminal 
equipment and continuous subscription for the Internet connectivity. 
Consequently we indentify three evaluation criteria as; 

4.2.3.1 AS3C1 - Services’ network demands 

This refers to the network centric requirements for a traffic class in 
delivering reliable services to end user. The Obvious common observable 
network resource demands in LDCs are bandwidth and power (transmission 
power). However, depending on the connectivity technology in place and the 
terrain of the area, further network centric attributes (packet loss, jitter, 
throughput, delays, and payload size) may contribute to delivery of services 
with retarded QoS.  Hence in weak infrastructure it is necessary for a DM to 
put in consideration such additional network centric attributes when 
weighing the traffic classes (therein services’) network resource demands. 

In real world experiences, the additional network centric attributes are the 
common causers of connection loss during handoffs or when a user is 
moving through different terrains of the area/region. Consequently they lead 
to unreliable services especially in the last mile networks in LDCs. Hence 
resulting into contentious issues between the network provider and the end 
user at the time of demanding for the anticipated QoS level as stated in the 
SLA vis-à-vis the actual experienced at one’s terminal node. 

In this context, the reliability of services delivery has a bearing on their 
respective network resource demands. Noting that 256Kbits/s - 5Mbits/s is 
the common available broadband range in the last mile networks in LDCs, 
therefore any service thought to foster development its network resource 
demands should be commensurable to the state of available capacity and 
infrastructure in place. 

4.2.3.2 AS3C2 - Terminal equipment affordability 

This criterion refers to the affordability of end user terminal equipment to 
access services delivered by a traffic class. These may be mobile and 
stationary terminal equipment. Different traffic classes deliver services that 
demand the possession of terminal equipment with different levels of 
capabilities (processing speed/power, memory storage, display resolutions, 
power consumption levels, etc.). Hence services in-need influence the type 
of terminal equipment that an end user should possess. The horizontal 
weighing of this element vis-à-vis others on the same hierarchy or the 
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vertical weighing of all the underneath alternatives (traffic classes) have to 
put these considerations. 

Likewise services to be received must commensurate to the terminal 
equipment of the end user and the available infrastructure in place provided 
by the network provider. Consequently, some traffic classes deliver services 
that require terminal equipment that might be out of the affordability range 
of a common user in LDCs. Alternatively the available infrastructure in 
place (LDCs) might not support type of services that a traffic class can 
deliver. 

Consequently assigning a weight to this element/criterion requires the 
DM to first answer if the level of income for end users in LDCs can afford 
the cost price of terminal equipment with specifications as recommended by 
the traffic class services of interest.  

4.2.3.3 AS3C3 - Affordability of recurring costs of access 

This criterion refer to affordability of recurring costs for Internet 
connectivity (whether fixed rate or volume costing) and online content/ 
services access where applicable.  The recurring cost is the major challenge 
to many end users in LDCs. Noting that different traffic classes (therein 
services) need different levels of bandwidth hence different levels of 
continues payment, it necessary to identify those services (hence their 
corresponding traffic classes) whose their required bandwidth and access are 
within affordable range for the majority of end users. 

4.3 The Atomic Elements (Alternatives) of the Model 
Figure 4.3.1 is our AHP implementation model. The alternatives are the 
atomic elements at the lowest level of the AHP model. In this study/model 
they represent the Internet traffic classes. The alternatives are at the lowest 
level. As there are no further sub-criteria, they are the elements to be 
assessed/ judged. The preference among the set of alternatives is determined 
by employing pairwise comparison of the hierarchy elements at all levels 
following the rule that; at a given hierarchy level elements are compared 
with respect to elements in a higher level by using the fundamental 
importance scale in table 3.1.2.1 above. 

The synthesis is performed by multiplying the criteria-specific priority 
vector of the alternative with corresponding criterion weight and summing 
up the results to obtain the final composite of the alternatives’ priorities with 
respect to the goal. The highest value of the priority vector indicates the 
best-ranked alternative. 
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 Figure 4.3.1: AHP based model for ISCD  
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4.4 Mathematical Foundations of the Model  

4.4.1 Measuring the Intensity of Preference 
The intensity of preference between two elements is measured by use of the 
PCs technique. The PCs technique is based on the axiom of binary relation 
[118, 119]. Also it assumes the cardinal intensity of preference between two 
elements can be expressed using a ratio scale [119]. Hence is the basis of 
using the fundamental scale of absolute numbers discussed in section 3.1.2.2 
and presented in table 3.1.1, chapter 3. 

The Mathematical treatment of the PCs technique: Only two elements at a 
given level of the hierarchy are compared at a time. In our model, let 𝑻𝑻 be a 
set of all possible alternatives of Internet traffic classes, defined in chapter 
two and presented in AHP hierarchy in figure 4.1.3.  .  

Now consider a requirement of prioritization (setting preferences) of a 
traffic class  𝑇𝑇𝑖𝑖 for a criterion/element AS1C1 (figure 4.1.3). Then the DM 
assesses the relative importance of any two elements 𝑇𝑇𝑖𝑖,  𝑇𝑇𝑗𝑗  ∈ 𝑻𝑻  by 
providing a ratio judgement 𝑱𝑱 = 𝑡𝑡𝑖𝑖𝑗𝑗 specifying by how much 𝑇𝑇𝑖𝑖 is preferred 
to 𝑇𝑇𝑗𝑗 . If the element 𝑇𝑇𝑖𝑖  is preferred to 𝑇𝑇𝑗𝑗  then 𝑡𝑡𝑖𝑖𝑗𝑗  > 1, if they are equally 
preferred then 𝑡𝑡𝑖𝑖𝑗𝑗 = 1, else  𝑇𝑇𝑗𝑗  is preferred to 𝑇𝑇𝑖𝑖 and 𝑡𝑡𝑖𝑖𝑗𝑗 < 1.  For 𝑛𝑛 ≥  2 
elements compared, then a set 𝕋𝕋 =  [𝑡𝑡𝑖𝑖𝑗𝑗] of all such judgments that result 
from making pairwise comparisons with respect to a single property or a 
goal is formed. The upper bound of judgments is  𝑛𝑛2 , however 𝑛𝑛(𝑛𝑛 − 1) 
judgments are sufficient when self-comparison is not considered. The 
number of judgements can further be reduced to𝑛𝑛(𝑛𝑛 − 1)/2  when the 
reciprocal property is strictly applicable (i.e. 𝑡𝑡𝑖𝑖𝑗𝑗  =  1 𝑡𝑡𝑗𝑗𝑖𝑖� ). It also increases 
significantly as n increase, and becomes very large for > 9 . 

The set 𝕋𝕋 is always represented by means of a square matrix and is called 
the PC matrix (PCM). Saaty [120] proposed this technique as a way of 
establishing and organising all the judgements with respect to some property 
to be processed and synthesized along with other matrices of comparisons 
involved in the decision. The relationship between the elements of PCM can 
be depicted by means of a directional graph  𝑮𝑮 =  (𝑻𝑻, 𝑱𝑱) , where the 𝑛𝑛 
elements of  𝑻𝑻 represents the graph nodes and  𝑱𝑱  represents the set of all 
ratio judgments {𝑡𝑡𝑖𝑖𝑗𝑗} as weighted edges. When a complete set of judgments 
𝑡𝑡𝑖𝑖𝑗𝑗 is provided, the directional graph 𝐺𝐺 becomes fully connected [119]. 

Figure 4.4.1 shows the elicitation process used in forming the PCM  "𝕋𝕋". 
The entries of 𝕋𝕋 are the responses to questions the DM answers based on the 
criteria within the developed framework of frame of reference. Detailed 
explanation of the concept for criteria development from the corresponding 
Internet traffic classes’ services are given in the frame of reference. Hence 
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for a feasible computation, Internet traffic classes are used as the atomic 
elements instead of Internet services to evaluate the criteria. Here the 
Internet traffic class 𝑇𝑇𝑖𝑖=1  would be compared at a time with each of the 
traffic classes 𝑇𝑇𝑗𝑗 = 1,2,   ...  𝑛𝑛 in the top row of the PCM and absolute values 𝑡𝑡𝑖𝑖𝑗𝑗 
be placed in the respective matrix cells. Thereafter the DM judgements are 
acquired and used to calculate the unknown preference vector. 
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Figure 4.4.1: Preference elicitation from pairwise comparison process 

 

The DM may be an individual expert or a group of professional experts in 
the study subject or an agent in domain of multi-agent AI system. When the 
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DM is presented with a set of alternatives  𝑻𝑻 =  { 𝑇𝑇1,𝑇𝑇2,𝑇𝑇3, . . .𝑇𝑇𝑛𝑛 }  to be 
ranked, then it is assumed that each pair of alternatives is to be compared 
and provide an ordinal preference judgement whether an alternative is 
preferred to another one (𝑇𝑇1 ≻ 𝑇𝑇2), or both are equally preferred (𝑇𝑇1  ∼ 𝑇𝑇2). 
Then for ordinal preference the property of transitivity is expected to 
hold  ∀  𝑇𝑇𝑖𝑖,  𝑇𝑇𝑗𝑗  ∈ 𝑻𝑻. That is if  𝑇𝑇1 ≻ 𝑇𝑇2 and 𝑇𝑇2 ≻ 𝑇𝑇3 then 𝑇𝑇1 must be preferred 
to 𝑇𝑇3 . In addition it is also assumed that the DM is able to express the 
strength of his/her preferences by providing additional cardinal information. 
Basically the cardinal preference is where the magnitude of the values 
matter. That is if  𝑇𝑇1 is preferred to 𝑇𝑇2 three times and 𝑇𝑇2  to 𝑇𝑇3  two times 
then 𝑇𝑇1  must be preferred to 𝑇𝑇3  six times. This implies that the cardinal 
preference gives a much stronger requirement of consistency. Consequently 
the PCM is assumed to be a consistent matrix fulfilling both the cardinal and 
ordinal requirement properties. However because of humanistic errors there 
might be some level of inconsistency in the preference judgement matrix 
(PCM), hence rendering it neither to fulfil the ordinal nor the cardinal 
preference requirement. A remedy to the humanistic error is to perform a 
consistency test on the PCM. To reach a conclusive point of achieving the 
unknown preference vector, a consistency test on the PCM has to be 
measured to ascertain the inconsistency level in the judgements made by the 
DM. In this work we adopt the Saaty’s methods in [38] for computing the 
consistency of a PCM. In the event that the PCM is inconsistent, detailed 
mathematical techniques to use are given in [120] section 5.  

4.4.2 Computation of the relative weights for each criterion  
There are a few approaches commonly used for computing the relative 
weights (the priority vector) of elements/alternatives from the judgment 
matrix/ PCM formed during decision making process with the AHP method. 
In [121] Saaty proposed the eigenvector (EV) and additive normalization 
(AN) methods. While Crawford and Williams proposed the logarithmic least 
square (LLS) method [122], and Mikhailov described the fuzzy preference 
programming (FPP) method [123]. Srdjevic in [124, 125] showed that 
combining the different prioritization methods in AHP synthesis, based on 
their consistency performance at the local nodes of a hierarchy, can produce 
a better final result than if only one prioritization method is used in AHP. 
Further argues that none of the prioritization methods have any a priory 
advantage in relation to other methods if global criteria (such as Euclidean 
distance and the minimum violation of ordering) are used to compare 
methods of consistency.  

Consequently in this work we adopt the eigenvector approach in the 
process of computing the relative weights/priority vector for each criterion at 
the respective hierarchy and then finally the global preference vector. 



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

91 

4.4.2.1 Computing the maximum eigenvalue of the PCM 

Saaty in [121] proved the principal eigenvector of a given PCM to be used as 
the priority vector w. We adopt the eigenvector methodological approach in 
this work. For every criterion indicated in figure 4.3.1, a PCM is formed and 
consequently its principal eigenvector is computed which ultimately 
becomes its priority vector.  

Briefly we highlight the theoretical background in use for deriving the 
eigenvector /priority vector from a PCM. Let  𝑤𝑤 = [𝑤𝑤𝑖𝑖, … . ,𝑤𝑤𝑛𝑛]  be the 
unknown priority we wish to establish through computing the principal 
eigenvector of a PCM. Consider a given criterion e.g. AS1C1 in figure 4.3.1 
Then performing all the pairwise comparisons  𝑃𝑃𝑠𝑠�𝑇𝑇𝑖𝑖,𝑇𝑇𝑗𝑗�  ; ∀  𝑇𝑇𝑖𝑖,𝑇𝑇𝑗𝑗  ∈ 𝑻𝑻,  
form a judgment matrix PCM   "𝕋𝕋"   denoted as: 

   

 

 𝐴𝐴𝐴𝐴𝑥𝑥𝐶𝐶𝑦𝑦     𝑇𝑇1 𝑇𝑇2  ⋯ 𝑇𝑇𝑛𝑛   

 𝕋𝕋 =  

𝑇𝑇1
𝑇𝑇2
⋮
𝑇𝑇𝑛𝑛

�

𝑡𝑡11 𝑡𝑡12 ⋯ 𝑡𝑡1𝑛𝑛
𝑡𝑡21 𝑡𝑡22 ⋯ 𝑡𝑡2𝑛𝑛
⋮
𝑡𝑡𝑛𝑛1

⋮
𝑡𝑡𝑛𝑛2

⋮
⋯ 𝑡𝑡𝑛𝑛𝑛𝑛

� (11) 

   
where  𝑡𝑡𝑖𝑖𝑗𝑗 ≡  𝑃𝑃𝑠𝑠�𝑇𝑇𝑖𝑖 ,𝑇𝑇𝑗𝑗� ;   𝑡𝑡𝑖𝑖𝑗𝑗 =  1 𝑡𝑡𝑗𝑗𝑖𝑖� , 𝑓𝑓𝑓𝑓𝑟𝑟 𝑖𝑖 ≠ 𝑗𝑗 𝑎𝑎𝑛𝑛𝑎𝑎  𝑡𝑡𝑗𝑗𝑖𝑖  > 0; 𝑡𝑡𝑖𝑖𝑗𝑗 = 1;  ∀ 𝑖𝑖 = 𝑗𝑗 
& 𝑖𝑖, 𝑗𝑗 = 1,2, … ,𝑛𝑛; 𝑛𝑛 is the number of elements in comparison; x, y, = 1,2, .. m; m is 
the number of criteria in an aspect . 

Doing a post multiplication of matrix 𝕋𝕋 by a vector of weights w results 
in  𝕋𝕋𝑤𝑤 = 𝑛𝑛𝑤𝑤, which is a linear homogeneous system of equations for the 
unknown  𝑤𝑤 and 𝑛𝑛 is the dimension of matrix 𝕋𝕋. 

i.e. 

   

 �

𝑡𝑡11 𝑡𝑡12 ⋯ 𝑡𝑡1𝑛𝑛
𝑡𝑡21 𝑡𝑡22 ⋯ 𝑡𝑡2𝑛𝑛
⋮
𝑡𝑡𝑛𝑛1

⋮
𝑡𝑡𝑛𝑛2

⋮
⋯ 𝑡𝑡𝑛𝑛𝑛𝑛

� ×  �

𝑤𝑤1
𝑤𝑤2
⋮
𝑤𝑤𝑛𝑛

�   =  𝑛𝑛 �

𝑤𝑤1
𝑤𝑤2
⋮
𝑤𝑤𝑛𝑛

�   = 𝑛𝑛𝑤𝑤   (12) 

   
Equivalently (12) can be presented as; (𝕋𝕋 − 𝑛𝑛𝑛𝑛)𝑤𝑤 = 0   (13) 

Since the matrix 𝕋𝕋  is known then (𝕋𝕋− 𝑛𝑛𝑛𝑛)𝑤𝑤 = 0  can be solved to 
establish the unknown vector w. From the theory of eigenvectors  𝑤𝑤 ≠ 0  
thus 𝑤𝑤 is an eigenvector of  𝕋𝕋 iff;  

The equation (14) is the characteristic equation of  𝕋𝕋 and the roots of the 
characteristic equation are eigenvalues of 𝕋𝕋. Since 𝕋𝕋 has unit rank all the 
eigenvalues 𝜆𝜆𝑖𝑖 , 𝑖𝑖 = 1,2, … ,𝑛𝑛 of 𝕋𝕋 are zero except one. Furthermore, the sum 
of diagonal elements (trace of 𝕋𝕋);  

i.e. �𝜆𝜆𝑖𝑖 = tr(𝕋𝕋) = 𝑛𝑛 (15) 

 𝑎𝑎𝑒𝑒𝑡𝑡 (𝕋𝕋 − 𝑛𝑛𝑛𝑛) = 0 (14) 
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Thus the only one 𝜆𝜆𝑖𝑖 = 𝑛𝑛 of  𝕋𝕋  is called the principle eigenvalue and is 
denoted as 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚.  Equivalently (15) can be presented as; 

 𝕋𝕋𝑤𝑤 =  𝑛𝑛𝑤𝑤 = 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚𝑤𝑤 (16) 

The solution  𝑤𝑤  of this problem is any column of 𝕋𝕋, because all of them 
differ by a multiplicative constant. If this solution is normalized, the result is 
a unique solution no matter which column is used. Thus a ration scale [0-1] 
is derived which gives the relative importance of the elements under 
comparison. 

However, the AHP approach acknowledges that the transitivity property 
among the entries of the judgement matrix  𝕋𝕋 ( 𝑖𝑖. 𝑒𝑒.  𝑡𝑡𝑖𝑖𝑖𝑖  =  𝑡𝑡𝑖𝑖𝑗𝑗𝑡𝑡𝑗𝑗𝑖𝑖) does not 
hold as assumed in the above derivation of 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 =  𝑛𝑛, because the formation 
of  𝕋𝕋  involves human judgements. Hence there must be errors in   𝕋𝕋 
commonly referred to as inconsistencies.  In such case the eigenvector  𝑤𝑤  
satisfies the equation 𝕋𝕋𝑤𝑤 =  𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚𝑤𝑤 and  𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 ≥  𝑛𝑛. The difference, if any, 
between 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚  and  𝑛𝑛  is the indication of the inconsistency of the 
judgements.  If  𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 ≅  𝑛𝑛 then the judgements are consistent and solves the 
equation (16).  

4.4.2.2  Consistency test 

The consistency test is designed to counter check the consistency of 
judgements made by the DM through the decision making process of 
forming the PCM. If inconsistencies exist in the pairwise comparison 
matrix  𝕋𝕋, (18) is used to compute the consistency index (CI).  

 𝐶𝐶𝑛𝑛 =  (𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑛𝑛) (𝑛𝑛 − 1)⁄    (17) 

To gain trust in the judgement process, the CI has to be assessed against 
judgements supported by the theory and achieved after running thousands of 
experimental simulations.  This is achieved by computing the consistency 
ration (CR) which is the ratio of CI to the random index (RI). The RI of a 
random matrix of order n is obtained from large samples of random matrices 
given by the theory of AHP as indicated in the table 4.4.2.1. Finally the CR 
is computed as shown in (19).  

 𝐶𝐶𝐶𝐶 = 𝐶𝐶𝑛𝑛 𝐶𝐶𝑛𝑛⁄  (18) 

If  𝐶𝐶𝐶𝐶 > 0.1  indicates that the ratio-estimates/ judgments {𝑡𝑡𝑖𝑖𝑗𝑗} in the PCM 
tends to randomness - hence untrustworthy, consequently re-run the exercise 
or apply the mathematical techniques for handling inconsistent matrix [120]. 
Else judgments{𝑡𝑡𝑖𝑖𝑗𝑗} are closer to being logically consistent, hence accepted. 

Table 4.4.2.1: Random indexes (RI)[38] 
n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 1.52 1.54 1.56 1.58 1.59 



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

93 

4.5 Aggregation Method  
We discuss and present the aggregation method used in this study. In the real 
world, the AHP is often used in group settings to deliberate on the 
alternatives preferences/priorities of stakeholders. The group members either 
engage in discussion to achieve a consensus or members individually submit 
one’s preference which thereafter are aggregated. In this research we 
adopted the individual submission of one’s preference. Consequently the 
methods under discussion which we used are based on the later approach of 
aggregating individual preferences. 

From a large body of literature [82, 126-131] and references therein, the 
two common used methods of aggregating individual preferences are the 
aggregation of individual judgements (AIJ) and the aggregation of individual 
priorities (AIP). AIJ consists of aggregation of the individual 
Judgement/comparison matrices (PMCs) into one judgement /PCM matrix 
valid for the group as a whole.  Then a group preference/priority vector is 
computed from such matrix. While the AIP consists of aggregating the 
preference/priority vector from each individual participant and then compute 
the preference/priority vector that represents the whole group of individual 
participants. 

 The process of deciding on which aggregation method to use involves 
three fundamental questions which the investigator has to address 
interdependently [129]. These are; 
Question I: Is the group of the individual participants assumed to be a 

synergistic unit or a collection of individuals?  

Question II: What mathematical procedures that should be used to aggregate 
individual judgments?  

Question III: For not equally weighted individuals, how does the investigator 
obtain their weights and how such weights are incorporated in 
the aggregation process?  

We present how each question was addressed and finally the solutions led 
us on arriving at the method of aggregation used in this study. 

4.5.1 Assumed Status of the Group of Individual Participants  
The assumption of the status of the group of participants – either as a 
synergistic unit or a collection of individuals directs the entire process of the 
judgements analysis. According to theory [129], the AIJ is selected when the 
group of the individual participants is considered to act as a synergistic unit. 
In the real-world practise, this method is applicable to scenarios where 
individual participants are willing to/or must relinquish their own 
preferences (values, objectives) for the good of the organisation. They (all 
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individual participants) act in concert and pool their judgments in such a way 
that the group becomes a new individual and behaves like one. Example of 
such a case is like the heads of departments making judgments to set an 
organisation policy.  

The AIP is selected when the group of the individual participants act as 
separate individuals. An individual holds one’s values and objectives to 
judge on an issue based on his/her experience, expertise, knowledge, etc.  In 
the real-world practise, this method is applicable to scenarios like when 
representatives of constituencies who have stakes in the welfare reform 
(such as health, energy, Internet, etc. services access for rural people) are set 
to make a new welfare reform agenda. 

In this study we purposefully solicited experts views globally based on 
their knowledge in respect of their formal education in the field of applied 
science or development studies, experience and expertise in ICT application 
to solve real-world problems in developing countries. Therefore the 
judgments we obtained for our respondents where based on individual’s 
discrete views but all in good faith for the usage of the ICT/Internet as a tool 
in uplifting the standards of living for the people in least developing 
countries. Consequently, from the theoretical and empirical findings in the 
previous studies above referenced, the solution to this first question 
automatically led us on selecting the AIP method of aggregation as to be 
used in this study. 

4.5.2 Mathematical Procedures for the Aggregation Process  
The selection of AIP method automatically leads to a solution of the second 
question of the mathematical procedures to be used in the aggregation 
process. In literature [129] either the arithmetic mean method (AMM) or 
geometric mean method (GMM) can be used to aggregate the individual’s 
priorities because both fulfil the basic social choice axioms [118, 132] that 
are commonly applicable in AHP. 

4.5.2.1 The AMM Definition 

Consider having a group of n items. Naturally the arithmetic mean  𝑡𝑡 �of the 
group is computed as shown in (19) below. 
 

   𝑡𝑡̅ =  (𝑡𝑡1 + 𝑡𝑡2 + … + 𝑡𝑡𝑛𝑛) 𝑛𝑛⁄  (19) 
 
That is,   𝑡𝑡 �  is commonly called the average value of such items. For example 
finding a representative value of a group of n weights, linear distances, etc. 
the arithmetic mean (average) suits better in such cases. 
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4.5.2.2 The GMM definition 

The geometric mean is the nth root of the product of n items. That is the 
geometric mean of n items is computed as shown in (20). 

  (𝑡𝑡1 ∗  𝑡𝑡2 ∗  … ∗ 𝑡𝑡𝑛𝑛)1/𝑛𝑛 (20) 

The most important property of the geometric mean is its ability to dampen 
the effect of very high or low value (outlier) whereas such an outlier would 
bias the arithmetic mean it does not affect the geometric mean. In fact the 
use of a geometric mean "normalizes" the ranges being averaged, so that no 
range dominates the weighting. 

Even though either of the aggregation method “AMM” or “GMM” can be 
used for aggregating individual priorities, we agree with Forman and 
Peniwati in [129] that geometric mean is more consistent in view of the 
meaning of priories in AHP. In particular, preferences in AHP represent 
ratios of how many times more important (preferable) one factor is than 
another. Synthesized alternative priorities in AHP are ratio scale measures 
and have meaning such that the ratio of two alternatives priorities represents 
how many times more preferable one alternative is than the other. 
Consequently in our study we decided to use the GMM in aggregating the 
individual priorities (AIP). Hence, the solutions for the first two fundamental 
questions on the aggregation method and its corresponding mathematical 
procedure to be used in this study are AIP and GMM respectively. 

4.5.2.3 The Implementation of GMM in this study 

As given in (16), let 𝕋𝕋1,𝕋𝕋2,⋯ ,𝕋𝕋𝑚𝑚 be the pairwise matrices (PCMs) given 
by 𝑚𝑚 individual participants (here-forth called decision makers); 

i.e.  𝕋𝕋𝑖𝑖 =  �𝑡𝑡𝑖𝑖𝑗𝑗𝑖𝑖 �𝑛𝑛𝑚𝑚𝑛𝑛  , for   𝑘𝑘 =  1,2, . . . ,𝑚𝑚 . Utilizing the eigenvector 
method in (16) the priority vector for each decision maker as shown in (21) 
is first computed. 

 𝒘𝒘𝑖𝑖  =   [𝑤𝑤𝑖𝑖𝑖𝑖 , … ,𝑤𝑤𝑛𝑛𝑖𝑖]𝑇𝑇 for 𝑘𝑘 =  1,2, … ,𝑚𝑚 ; 𝑖𝑖 = 1, 2, …𝑛𝑛 (21) 

                     �𝑤𝑤𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1

= 1,  𝑤𝑤𝑖𝑖𝑖𝑖  > 0 

 where k is the kth decision maker, and i is the ith alternative 

Considering the 𝑘𝑘 decision makers priority vectors then GMM is used in 
the aggregation process and the overall collective priority vector  𝒘𝒘𝑠𝑠   is 
computed as shown in (22) below.  

𝒘𝒘𝑠𝑠  =   [𝑤𝑤𝑖𝑖𝑠𝑠 , … ,𝑤𝑤𝑛𝑛𝑠𝑠]𝑇𝑇  ,  where 
 

  𝑤𝑤𝑖𝑖𝑠𝑠 = ��𝑤𝑤𝑖𝑖𝑖𝑖�
𝑚𝑚

𝑖𝑖=1

 (22) 
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4.5.3 Treatment of not Equally Weighted Participants (DMs) 
According to (22) decision makers (individual participants) are given flat 
weight when computing the Geometric Mean (GM) of priorities. In this 
study we considered different weights among the decision makers’ 
judgements because of noted varying levels of CR after computing each 
decision maker’s (individual participant’s) priority vector from the submitted 
PCMs. However, every participant’s priority vector had to conform to the 
AHP recommended level of CR < 0.1 in order to be considered for 
aggregation. As a result the weighted geometric mean method (WGMM) 
was used in the aggregation process of individual priorities. However there 
are two approaches of using the weighted geometric mean method in 
literature when computing for the collective priority vector.  These are; 

4.5.3.1 Un-normalized Weighted Geometric Mean Method 

The un-normalized weighted geometric mean method (UWGMM) is based 
on computation of GM of the individual priorities without normalization. 
Following (21) and (22) above the UWGMM introduces the participant’s 
weight (θk) respective of one’s priority vector. Consequently yielding the 
overall collective priority vector 𝒘𝒘𝑠𝑠 whose ith element is as indicated in (23) 
[125, 129]. 

  𝑤𝑤𝑖𝑖𝑠𝑠 = ��𝑤𝑤𝑖𝑖𝑖𝑖�
θk

𝑚𝑚

𝑖𝑖=1

   (23) 

where θk is the weight of the kth participant (DM), θk  > 0; k = 1, 2, … , m   

4.5.3.2 Normalized Weighted Geometric Mean Method 

The normalized weighted geometric mean method (NWGMM) is based on 
computation of GM of the individual priorities and on normalization of the 
priorities. It yields the overall collective priority vector 𝒘𝒘𝑠𝑠   whose ith 
element is computed as in (24) [130, 131].  

   𝑤𝑤𝑖𝑖𝑠𝑠 =
∏ �𝑤𝑤𝑖𝑖𝑖𝑖�

θk𝑚𝑚
𝑖𝑖=1

∑ ∏ �𝑤𝑤𝑖𝑖𝑖𝑖�
θk𝑚𝑚

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

 (24) 

where θk is the weight of the kth participant (DM), θk  > 0; k = 1, 2, … , m    

4.5.3.3 Computation of the decision makers’ weight (𝜃𝜃𝑖𝑖)  

The method used for computing the decision makers’ weight is based on 
analysis of the variance computed from one’s submitted judgments forming 
the PCM (𝕋𝕋) and its consistent matrix entries 𝕎𝕎 [133]. Unlike many other 
methods used in literature, we consider it to be objective because it assigns a 
weight to a decision maker based on the quality of the PCM one submits. 
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The quality of the PCM is basically determined by the consistency within the 
judgements from which the variance is ultimately computed. 

Having computed the priority vector for each decision maker as indicated 
in (21) then we can get the decision makers’ corresponding consistence 
matrices 𝕎𝕎𝑖𝑖   ∀ 𝑘𝑘 =  1, 2, . . ,𝑚𝑚  as; 
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   ;  𝑘𝑘 =  1, 2, . . ,𝑚𝑚   (25) 

In addition to the CI value already computed from 𝕋𝕋𝑖𝑖 in (17) and used in 
(18) to ascertain the decision maker’s judgements, we also compute the 
variance (𝛿𝛿𝑖𝑖) between the judgement entries in 𝕋𝕋𝑖𝑖  and its corresponding 
consistent entries from 𝕎𝕎𝑖𝑖 as shown below in (27). 
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𝑛𝑛
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𝑛𝑛
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𝑛𝑛  , 𝑘𝑘 = 1,2, … ,𝑚𝑚 
(26) 

The un-normalised weight of the decision maker is obtained as shown in 
(28) below. 

  𝜃𝜃𝑖𝑖 =  
1

1 + ε𝛿𝛿𝑖𝑖   , where  ε > 0, k = 1,2, …, m (27) 

In this study we use the normalised decision maker weight (𝜃𝜃𝑖𝑖∗)  which is 
computed by dividing the individual decision’s maker weight by the sum of 
the weights of all the group of decision makers  (∑  𝜃𝜃𝑖𝑖𝑚𝑚

𝑖𝑖=1 ) as shown in 28.  

 𝜃𝜃𝑘𝑘
∗ =  

 𝜃𝜃𝑘𝑘
(∑  𝜃𝜃𝑘𝑘

𝑚𝑚
𝑘𝑘=1 ) (28) 

 
    

where  �𝜃𝜃𝑖𝑖∗
𝑚𝑚

𝑖𝑖=1

 = 1  

The normalized decision maker’s weight is finally used to compute the 
overall collective priority vector 𝒘𝒘𝑠𝑠  of AIP whose ith element is computed 
from the NWGMM shown in (29) below.  
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 (29) 
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4.6 Summary 
A four level hierarchical model based on the analytical hierarchy 

processes (AHP) theory has been developed for evaluation of ISCD. The 
goal of the hierarchy which is the top most level is to establish the relative 
importance of the Internet traffic classes (therein the services they deliver to 
end users) in the context of development.  

Although establishing the relative importance among various Internet 
services is the ultimate solution, it could not be done directly through the 
model because the number of Internet applications (consequently their 
corresponding services) continues to grow daily, making it complex to make 
an objective comparison among ever changing numbers in the effort to 
establish their relative importance in context of enabling development. 
Therefore modelling the problem is approached from the point of Internet 
traffic characteristics that deliver such services since each service delivered 
over the Internet has corresponding applications that end user use to achieve 
their objectives. In turn, each application generates a kind of traffic over the 
Internet. 

Immediately below the goal is the aspect/cluster level which is composed 
of the three major factors on which the evaluation of Internet services in 
fostering development in LDCs is deemed to be based. These factors are 
services’ (a) relevance, (b) delivery mechanism convergence to IP 
Infrastructure, and (c) commensurability to specific requirements. Further, 
the model formulates a 4:3:3 ratio criteria (totalling to 10 criteria) respective 
to the (a) – (c) aspects/cluster factors. The 10 criteria form the 3rd level from 
top, which is below the aspect/cluster level. They are the actual elements that 
are directly evaluated over the atomic elements (alternatives as it called in 
the AHP terminology) which are in the bottom most level to come up with 
the real priority vectors of the traffic classes (hence therein services they 
deliver).  
The mathematical foundation of the model is based on the PCs technique 
which is the baseline method for AHP theory when measuring the intensity 
of preference between the elements during the process of formulating the 
judgment matrix.  The group of individual participants (decision makers) 
that formulate the judgment matrix are assumed to be independent of one 
another. Consequently the normalized weight geometric mean method 
(NWGMM) is used to compute the group’s priority vector for ISCD. The 
decision makers are also weighted in the process of aggregating their priority 
vectors. 
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Chapter Five 

5 The Empirical Study and Computational 
Results 

Ranking the Internet traffic classes (therein services they deliver to end 
users) based on their deemed relevance in the context development for LDCs 
is the main objective of this chapter. The objective was achieved by 
conducting a survey among the well-known experts in the field of 
ICT4D/Internet. It reveals how traffic classes deliver services with different 
levels of importance\relevance in fostering development in LDCs. 
Considering the state of available infrastructure and the associated 
bandwidth required to deliver respective services (hence the cost for Internet 
usage on the end user), the findings of this study enables the stakeholders 
(basically the policy makers and network\services providers) to lay aligned 
strategies for setting up policies and delivering the Internet services that can 
act as a springboard for fostering development. 

A group of 28 experts selected to participate in this study was composed 
of scholars and practitioners with formal education background in 
telecommunications, computer science/engineering and development 
studies. The minimum level of education was master degree, but all with a 
unifying factor of 10+ years of ICT implementation or/and research in 
LDCs. The experts were purposefully selected based on their scholarly 
and/or well documented real-world success stories of the ICT4D/Internet 
projects they have implemented (or are implementing) in LDCs. 

In order to achieve the intended objective, experts where confronted with 
questions aligned along the three major factors on which the evaluation of 
Internet services in the context of development is based. These factors are 
services’ (a) relevance, (b) delivery mechanism convergence to all-IP 
Infrastructure, and (c) commensurability to specific requirements of network 
resources. Ten guiding criteria for evaluation of the traffic classes were 
developed and distributed in a ratio of 4:3:3 respective to the (a) – (c) factors 
(therein referred to as evaluation aspects). With respect to each criterion 
every expert was tasked to perform a pairwise comparison among the five 
established Internet traffic classes at a time giving one’s judgement on a 
scale of 1-9 [38]while answering the question at hand. Following the 
hierarchal form of problem structuring each expert answered 115 questions 
to the completion of the questionnaire.  



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

100 

5.1 The Online Questionnaire/Survey 
The questionnaire/survey was intended to be compressive as we strived to 
cover most of the perspectives of ISCD. The forethought experts/ 
respondents were contacted with individualised e-mail and directed to the 
online questionnaire. A screenshot of the inviting e-mail is shown in 
appendix 1. For the purpose of (a) follow-ups on the respondents and 
providing online help, (b) enabling the respondent to break in the middle of 
the questions and later return and resume from where s/he stopped; each e-
mail sent to the respondent had a unique link pointing to the online 
questioner. The link had a unique identifier encoded in the URL to enable 
anyone to resume where s/he stopped or to overwrite own dataset but not to 
submit multiple datasets.  Also the identifier enabled us to identify the 
respondent’s dataset and track one’s progress and give help where needed.  

The respondents were presented with an introduction that gave the whole 
rationally of the research agenda on the first page of the questionnaire. Also 
an example was included in the introduction for guiding the respondent on 
what s/he is required to answer and how to present one’s responses/answers. 
The introduction to the questionnaire and the online questionnaire/survey in 
appendix 2. 

5.1.1 Questions Design, Presentation and Response 
The questions design and presentation to respondents/experts followed a 
bottom-up and then left-right approach of the model structure presented in 
figure 4.3.1. The core 100 questions out of the total 115 required the 
respondents to make judgments about the relative importance/relevance of 
Internet traffic classes (alternatives) with respect to their corresponding 
criteria.  As a rule-of-thumb in AHP models the relative importance of the 
criteria depend on the alternatives being considered, therefore the bottom-up 
(that is making the judgments first for the alternatives, then for the criteria) 
approach firmly reveals how important the criteria are in the ISCD model. 
While from the aspect level, the evaluation approach in the questioner was 
from left to right. There are three aspects (referred to as clusters in the AHP 
terminology) forming the whole ISCD model hierarchy. The bottom-up 
approach of the questionnaire first let the respondent evaluate all the lower 
levels in their respective aspect hierarchies before coming to evaluate the top 
aspect nodes but moving from left–right in the general ISCD model 
hierarchy.  In reference to ISCD model figure 4.3.1, the left-right approach 
aimed to let the respondent first make judgements on the relative importance 
of services’ criteria before judging their respective technology migration to 
all-IP and specific requirements of the network resources criteria. 

The response rate for the 28 sent out e-mails inviting experts to join the 
online survey was 48.15%. Compared to other studies [134] this was a good 
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response. Only one e-mail bounced, hence 27 requests were received. In the 
13 responses received, 2 never completed their questionnaires despite of 
repented requests to do so. A summary of the requests, responses and final 
achieved datasets used in this study is presented in table 5.1.1.1 below. 

Table 5.1.1.1: Online questionnaire responses  
Quantity Remarks 
28 Number of e-mails set out inviting experts to participate in the online survey 
17 Number of the experts that acknowledged the receipt of the invitation 
2 Number of experts that wrote back declining  to participate in the survey 
13 Number of received responses with complete and incomplete answers 
11 Number of completed questionnaires (answered from first to the last question) 
8 Number of datasets qualified to continue for further analysis  

5.1.2 Validation of Respondents’ Datasets 
The computational procedure stated in equations (12) – (16) above was 
performed on every PCM to validate the respondent’s judgments. Each 
respondent’s dataset formed 14 judgment matrices out of the 115 
questions/pairwise comparisons judgements of the complete questionnaire. 
Each dataset was treated independently before aggregation. A dataset to be 
used for further analysis in this study had to attain the minimum required 
consistency level of 90% in all its 14 matrices.  Consequently a dataset 
which could not meet the minimum required consistency level in all its 14 
matrices was directly rejected without requesting the source respondent to 
reconsider one’s judgements. A few of the datasets with some matrices not 
meeting the required consistency level, respective source respondents were 
contacted to review their judgments for particular compared pairs that had 
high levels of inconsistencies. Through additional emails and skype voice 
chats communication, we engaged individuals and provided them with more 
guidance on why such matrices where out of consistency levels. We also 
gave them insights on how to maintain the norm of ordinal and cardinal 
preferences in their judgments. In our view, contacting the expert to fix 
one’s inconsistency levels was the most appropriate than using the tool in 
use “super decisions” because the expert’s judgements are based on the real-
world experiences in the LDCs. It was laborious, time consuming and led us 
in dropping some datasets because their source respondents claimed to have 
no more time to attend our requests. To the cooperative ones the exercise 
was rewarding as it enabled us to achieve datasets that truly represent the 
real-world status in LDCs.  
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5.2 Group synthesis of AHP Priorities 
This section presents computational procedures used to aggregate individual 
experts’ datasets into a single dataset representing their opinion as a group. 

5.2.1 Computation of individual experts’ priority vectors 
The individual experts’ priority vectors were computed from the verified 
datasets which their PCMs are presented in appendix 3.  Based on the ISCD 
structured hierarchies in fig. 4.3.1 each expert created a total of 14 PCMs. 
Following the bottom-up approach used in capturing data, ten PCMs of 5x5 
were created at the alternative level, three PCMs at criteria level (of which, 
one PCM is of order 4x4 and the other two are of order 3x3), and finally one 
PCM of order 3x3 at the aspect level. The tables 5.2.1.1 - 5.2.1.3 present 
local priority vectors used in this study which are derived from the 8 experts’ 
PCMs at respective ISCD model hierarchies. All priority vectors were 
computed by the eigenvector method and their corresponding PCM 
subjected to consistency evaluation. 

Table 5.2.1.1: Local priorities of 8 experts at aspects level of the ISCD problem 

Aspects 
EXPERTS 

1 2 3 4 5 6 7 8 
AS1 0.5714 0.7143 0.4444 0.4126 0.4507 0.1349 0.7089 0.4737 

AS2 0.2857 0.1429 0.1111 0.2599 0.0592 0.0813 0.1125 0.0526 

AS3 0.1429 0.1429 0.4444 0.3275 0.4901 0.7838 0.1786 0.4737 

 

Table 5.2.1.2: Local priorities of 8 experts at criteria level of the ISCD problem  

Criteria 
EXPERTS 

1 2 3 4 5 6 7 8 

A
S1

 

C1 0.3936 0.0497 0.0838 0.3970 0.4844 0.3181 0.3242 0.1501 
C2 0.0753 0.2918 0.1472 0.2768 0.1317 0.4491 0.0597 0.3722 
C3 0.3936 0.1801 0.1548 0.1584 0.1982 0.0775 0.1282 0.1056 
C4 0.1375 0.4784 0.6142 0.1678 0.1857 0.1553 0.4878 0.3722 

A
S2

 C1 0.1429 0.1095 0.0650 0.2599 0.1692 0.0650 0.1884 0.0556 
C2 0.2857 0.5816 0.3614 0.4126 0.4434 0.3614 0.0810 0.4815 
C3 0.5714 0.3090 0.5736 0.3275 0.3874 0.5736 0.7306 0.4629 

A
S3

 C1 0.1818 0.1336 0.1939 0.4126 0.0819 0.0672 0.0877 0.0909 
C2 0.7273 0.7471 0.0633 0.3275 0.2363 0.4887 0.1392 0.0909 
C3 0.0909 0.1194 0.7429 0.2599 0.6817 0.4440 0.7732 0.8182 
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Table 5.2.1.3: Local priorities of 8 experts at alternatives of the ISCD problem 
cri/alt Expert 1  Expert 2 

 T1 T2 T3 T4 T5  T1 T2 T3 T4 T5 
A

S1
 

C1 0.3839 0.0383 0.1149 0.0987 0.3643  0.4550 0.0412 0.2780 0.0753 0.1506 
C2 0.3868 0.0406 0.0710 0.1289 0.3726  0.4557 0.0453 0.0719 0.2091 0.2181 
C3 0.3804 0.0391 0.0712 0.1075 0.4017  0.3871 0.0469 0.1773 0.1622 0.2265 
C4 0.4075 0.0351 0.2497 0.0724 0.2353  0.3224 0.1916 0.0782 0.0501 0.3578 

A
S2

 

C1 0.3519 0.0364 0.0574 0.1910 0.3633  0.5940 0.0712 0.1285 0.0779 0.1285 
C2 0.3455 0.0295 0.1077 0.1931 0.3242  0.4789 0.2166 0.0672 0.1094 0.1278 
C3 0.4919 0.0397 0.0623 0.0826 0.3235  0.5314 0.1778 0.0489 0.0796 0.1622 

A
S3

 

C1 0.4801 0.0273 0.1013 0.1072 0.2841  0.3963 0.0385 0.0857 0.0556 0.4239 
C2 0.5070 0.0274 0.1246 0.1246 0.2164  0.3945 0.0361 0.0875 0.0875 0.3945 
C3 0.3945 0.0361 0.0875 0.0875 0.3945  0.5613 0.1232 0.1232 0.0691 0.1232 

 
cri/alt Expert 3   Expert 4 

 T1 T2 T3 T4 T5   T1 T2 T3 T4 T5 

A
S1

 

C1 0.2814 0.0281 0.1162 0.2760 0.2984   0.2514 0.0536 0.1257 0.1898 0.3795 
C2 0.2422 0.0345 0.0603 0.0957 0.5673   0.1919 0.0400 0.2523 0.1843 0.3315 
C3 0.0769 0.0769 0.0769 0.0769 0.6923   0.2000 0.2000 0.2000 0.2000 0.2000 
C4 0.0593 0.0287 0.1846 0.2557 0.4717   0.1956 0.1623 0.1457 0.1716 0.3247 

A
S2

 

C1 0.1247 0.0499 0.2727 0.3406 0.2121   0.1939 0.1651 0.1651 0.1459 0.3301 
C2 0.2258 0.0396 0.0925 0.1929 0.4492   0.1405 0.1405 0.1405 0.2484 0.3301 
C3 0.1755 0.0589 0.0677 0.0890 0.6089   0.1925 0.1270 0.1676 0.2211 0.2918 

A
S3

 

C1 0.1254 0.0401 0.0674 0.3899 0.3772   0.0737 0.1117 0.1693 0.2565 0.3889 
C2 0.1302 0.0435 0.0591 0.3032 0.4640   0.2871 0.1088 0.1894 0.1649 0.2499 
C3 0.1493 0.0329 0.0617 0.3319 0.4241   0.0737 0.1117 0.1693 0.2565 0.3889 

 
cri/alt Expert 5   Expert 6 

 T1 T2 T3 T4 T5   T1 T2 T3 T4 T5 

A
S1

 

C1 0.3196 0.0564 0.0985 0.1864 0.3391   0.3959 0.0471 0.0785 0.1651 0.3134 
C2 0.3436 0.0588 0.1511 0.1987 0.2477   0.5771 0.0344 0.0652 0.1018 0.2215 
C3 0.3384 0.0487 0.1242 0.2179 0.2707   0.4493 0.0260 0.1076 0.1105 0.3067 
C4 0.3196 0.0409 0.1085 0.1869 0.3441   0.5124 0.0282 0.0767 0.1132 0.2695 

A
S2

 

C1 0.3931 0.0362 0.1088 0.1716 0.2904   0.4803 0.0384 0.0394 0.0845 0.3573 
C2 0.0663 0.0324 0.2445 0.2964 0.3603   0.4640 0.0349 0.1088 0.1823 0.2101 
C3 0.2724 0.0454 0.0816 0.1007 0.4998   0.5058 0.0351 0.0947 0.1153 0.2492 

A
S3

 

C1 0.3186 0.0371 0.1588 0.1763 0.3093   0.6081 0.0456 0.0376 0.1551 0.1535 
C2 0.4029 0.0369 0.1166 0.2011 0.2426   0.5704 0.0646 0.0755 0.0682 0.2213 
C3 0.3221 0.0528 0.1151 0.1880 0.3221   0.6176 0.0369 0.0604 0.0962 0.1889 

 
cri/alt Expert 7   Expert 8 

 T1 T2 T3 T4 T5   T1 T2 T3 T4 T5 

A
S1

 

C1 0.4057 0.0428 0.0928 0.0966 0.3621   0.0580 0.0292 0.2579 0.2579 0.3970 
C2 0.5260 0.0365 0.0789 0.1286 0.2300   0.0888 0.0511 0.1943 0.3242 0.3415 
C3 0.5064 0.0336 0.0536 0.1625 0.2440   0.0642 0.0423 0.1105 0.3101 0.4730 
C4 0.4271 0.0397 0.0385 0.1716 0.3231   0.0798 0.0411 0.1657 0.2620 0.4514 

A
S2

 

C1 0.4746 0.0355 0.0671 0.1925 0.2302   0.0821 0.0369 0.0367 0.4186 0.4256 
C2 0.3747 0.0458 0.0497 0.1745 0.3553   0.0514 0.0324 0.2331 0.2654 0.4178 
C3 0.5394 0.0330 0.0536 0.1418 0.2322   0.0560 0.0298 0.1532 0.2783 0.4827 

A
S3

 

C1 0.4484 0.0389 0.0656 0.1796 0.2675   0.0881 0.0665 0.0778 0.2356 0.5320 
C2 0.5534 0.0293 0.0739 0.0830 0.2604   0.0685 0.0626 0.0986 0.2350 0.5353 
C3 0.1618 0.0458 0.0448 0.3956 0.3519   0.0579 0.0365 0.2113 0.3583 0.3360 
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The different experiences and attitudes among experts on issues that each 
judge to be of great importance in respect of the ICT/Internet fostering 
development in LDCs expectedly implied differences in their judgments. 
Hence are the differences in their respective priorities of decision elements 
at the various hierarchies of the ISCD model. Therefore to synthesise the 
group priorities we used the normalized weighted geometric mean of final 
individual priority vector (AIP) method at each hierarchical node of the 
ISCD model. Detailed justification for using this method is given in section 
4.5 above. Consequently as stated in equation (29), establishing the weights 
of each respondent is required before the aggregation is undertaken. 

5.2.2 Computation of expert’s weight 
Despite the purposeful selection of participants/experts in this study we 
decline to weigh their judgments equally. We strongly acknowledge that the 
ISCD model needs a varied knowledge at each hierarchical node. A range of 
knowledge that cover technical aspects of the Internetworking, policy 
formulation, theories and assessment of development; all coupled with the 
real-world experiences of the ICT/Internet usage and provision in LDCs. In 
reality no single person is expected to have optimal expertise on every aspect 
of the required knowledge and real-world experiences for that suits the ISCD 
structured problem at every node. In addition, during the process of data 
validation discussed in section 5.1.2 above it clearly indicated the varied 
strength of the participants’ at various ISCD nodes based on the level of 
inconsistencies.  

The classical AHP argues that in real-world scenarios no judgment matrix 
is prune of errors/inconsistencies and recommends bounds for such 
inconsistencies to qualify the acceptability of the judgments. We adopt this 
philosophy as a basis of assigning the weights to participants’/respondents’ 
judgements (henceforth referred to as experts’ weights) by computing the 
variance between individual experts’ submitted judgment entries in the PCM 
(𝕋𝕋)  and its corresponding consistent matrix entries  𝕎𝕎 . This is achieved 
through the use of the formalised method presented in equations (25-28) 
above to evaluate expert’s respective nodal submissions in the ISCD model 
hierarchy. This method enables us to achieve every expert’s weight that is 
assigned to one’s corresponding priority vector before aggregation. From the 
individual experts’ priority vectors their respective consistent 
matrices 𝕎𝕎 were computed and presented in appendix 4. While appendix 5 
presents the un-normalised experts’ weights computed using (27) from the 
corresponding consistent matrices. The tables 5.2.2.1 - 5.2.2.3 present the 
normalised experts weights (refer (28)) used in the aggregation process at 
respective ISCD model hierarchies. 
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Table 5.2.2.1: Normalised weights (𝜃𝜃𝑘𝑘∗) of the 8 experts at aspect level 

Aspects 
level 

Experts  
1 2 3 4 5 6 7 8 

  0.1972 0.1978 0.1978 0.0869 0.0680 0.0252 0.0294 0.1978 

 

Table 5.2.2.2: Normalised weights (𝜃𝜃𝑘𝑘∗) of the 8 experts at criteria level 
Criteria 
level 

Experts  
1 2 3 4 5 6 7 8 

 
AS1 0.2916 0.0756 0.1070 0.1081 0.1615 0.0773 0.0466 0.1323 

 
AS2 0.3099 0.1765 0.0350 0.1366 0.1523 0.0350 0.0344 0.1203 

  AS3 0.2626 0.0899 0.0230 0.1157 0.1531 0.0628 0.0296 0.2633 

Table 5.2.2.3: Normalised weights (𝜃𝜃𝑘𝑘∗) of the experts at alternatives level 

Alternative 
level 

Experts  
1 2 3 4 5 6 7 8 

AS1 

C1 0.1821 0.1529 0.0694 0.1712 0.1947 0.1022 0.0576 0.0701 
C2 0.3021 0.1614 0.0418 0.1443 0.1322 0.0463 0.0482 0.1236 
C3 0.0667 0.0393 0.3612 0.3612 0.0923 0.0163 0.0209 0.0419 
C4 0.1230 0.2047 0.0523 0.2316 0.1791 0.0430 0.0757 0.0905 

AS2 
C1 0.2171 0.1126 0.0938 0.3239 0.0599 0.0718 0.0666 0.0543 
C2 0.1061 0.1185 0.1091 0.3120 0.0668 0.0880 0.1196 0.0799 
C3 0.1086 0.1031 0.2290 0.2311 0.1560 0.0644 0.0521 0.0557 

AS3 
C1 0.0702 0.1412 0.1268 0.2013 0.1400 0.0726 0.1174 0.1305 
C2 0.0496 0.1527 0.0895 0.2981 0.0707 0.2092 0.0445 0.0856 
C3 0.1468 0.1843 0.0826 0.1423 0.2122 0.0560 0.0781 0.0977 

5.2.3 Aggregation of priority vectors for weighted experts 
The GMM is the mathematical procedure used in the aggregation process of 
the AIP in this study.  The collective priority vectors were computed using 
equation (29) at respective hierarchies of the ISCD model.  

At the aspect level individual experts’ priority vectors indicated in table 
5.2.1.1 were used as the base priorities with their corresponding experts’ 
weights in table 5.2.2.1 as the powers indices as required in the formula (29). 
Similarly at criteria and alternative levels tables 5.2.1.2 and 5.2.1.3 provided 
the experts’ priority vectors while tables 5.2.2.2 and 5.2.2.3 provided their 
corresponding experts’ weights used as the powers indices respectively. 
Table 5.2.3.1 and 5.2.3.2 below present the NWGM aggregated priority 
vectors for the ISCD model at the indicated respective levels. However it 
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necessary to note that after getting the aggregated priorities at each hierarchy 
hereby noted as “local priorities” in table 5.2.3.1, the priorities were 
synthesised to get the global priorities’ vector which is an extra column. The 
global priorities are not computed using the GMM in (29). The global vector 
composes the priorities of the entire hierarchy and priories as computed 
using the AHP methods. We compute the global priorities by multiplying the 
local priority/weight of each element with the local priority/weight of its 
parent element from which it is connected. For example consider table 
5.2.3.1, AS1: Services’ relevance with a local priority/weight of 0.3615 is 
the parent of the 4 elements at ceriteria level namely C1: User 
Empowerment (local weight 0.2538), C2: Population in-need (local 
priority/weight 0.460), C3: Must have services (local priority/weight 0.2403) 
and C4: Impact to Users (local priority/weight 0.2599). Therefore 
multiplying the local weight of any element at creatreia level with its parent 
local weight gives its corresponding global weight.  

The resulting global vector of the model is then used to compute the 
relative priorities of the alternatives/traffic classes. The detailed computation 
process is presented in appendix 6, which results into the global 
alternative/traffic classes’ priorities presented in table 5.2.3.2 below. 

Table 5.2.3.1: AIP of weighted experts at aspect/criteria levels  

Aspect/criteria evaluated elements 
Local priorities Global 

Priorities Aspect 
level 

Criteria 
level 

    
AS1: Services' Relevance 0.3615   

 C1: User Empowerment  0.2538 0.0917 

 C2: Population in-need  0.2460 0.0889 

 C3: Must have services  0.2403 0.0869 
 C4: Impact to Users  0.2599 0.0940 
    

AS2: Services Delivery Mechanism Convergence to all-IP 0.3032   
 C1: Migration to all-IP  0.3029 0.0918 
 C2: Technology Availability  0.3447 0.1045 

 C3: Coverage range  0.3525 0.1069 
    

AS3: Commensurability of specific requirements 0.3353   

 C1: Network Resource Demands  0.2998 0.1005 

 C2: Affordability of Terminal Equipment (TE)  0.3414 0.1145 
 C3: Affordability of Recurring Costs  0.3588 0.1203 
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Table 5.2.3.2: Global priorities for alternatives/traffic classes - weighted experts 

Traffic class 
Priorities 

Normalised Idealised 
T1: Hard Real-Time 0.2121 0.9690 
T2: Real-Time Non-Interactive 0.1780 0.8134 
T3: Real-Time Interactive 0.1912 0.8735 
T4: Elastic Interactive 0.1998 0.9130 
T5: Elastic Non-Interactive (Best Effort) 0.2189 1.0000 

 

Table 5.2.3.3: AIP of weighted experts at alternative level (traffic classes) 

ISCD hierarchies 
Alternatives/Traffic classes 

TI T2 T3 T4 T5 
      
AS1: Services' Relevance      

 C1: User Empowerment 0.2176 0.1706 0.1956 0.1982 0.2179 

 C2: Population in-need 0.2174 0.1709 0.1910 0.2026 0.2180 

 C3: Must have services 0.2004 0.1874 0.1934 0.1969 0.2219 
  C4: Impact to Users 0.2116 0.1816 0.1926 0.1946 0.2197 

      
AS2: Services Delivery Mechanism 
Convergence to all-IP      

 C1: Migration to all-IP 0.2141 0.1795 0.1896 0.2010 0.2157 

 C2: Technology Availability 0.2065 0.1797 0.1912 0.2060 0.2166 
  C3: Coverage range 0.2141 0.1805 0.1870 0.1951 0.2233 

      
AS3: Commensurability of specific 
requirements      

 C1: Network Resource Demands 0.2086 0.1750 0.1892 0.2047 0.2225 

 C2: Affordability of  TE 0.2184 0.1775 0.1912 0.1961 0.2168 
  C3: Affordability of Recurring Costs 0.2112 0.1777 0.1917 0.2026 0.2168 

In table 5.2.3.2 the normalised vector presents the Internet traffic classes’ 
priorities/ weights which are the sole goal for this empirical study. This is 
based on our earlier argument presented in section 1.2.1 that it is practically 
impossible to make an objective comparison among ever changing numbers 
of the Internet applications (therein delivered services to end users) that 
continue to grow daily in the effort to establish their relative importance in 
context of enabling development. Consequently we opted to study the 
problem of services prioritisation in the context of development in LDCs 
from their corresponding traffic classes. Hence the traffic classes’ weights 
arrived at through the prioritisation process by the team of experts in this 
study commensurate to the importance levels for their respective delivered 
services in context of development. That is, the higher the weight of a traffic 

http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses1.pdf
http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses2.pdf
http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses3.pdf
http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses4.pdf
http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses5.pdf
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class the higher the level of importance of the services it delivers to end 
users in the context of development. 

The idealised column is obtained from the normalised vector by dividing 
each of its entries with the largest value in the column. Consequently it 
should be noted that T5: Elastic non Interactive (Best Effort) traffic has the 
priority of 100%, followed by T1: Hard real-time traffic with a priority of 
96.90%, T4: Elastic interactive and T3: Real-time interactive take the third 
and fourth positions of best ranked traffic classes with 91.30%, 87.35 
respectively.  T2: Real-time non interactive traffic class takes the fifth 
position as the least ranked by all experts in the study with priority level 
standing at 81.34%. 

The idealised column ranks the alternatives using percentage level is 
much handy for human perception, especially those in policy making 
positions. It is easier to interpret and decisions be taken based on the set 
priorities and available resources. For example, in this study T2 is the lowest 
ranked traffic class whose services stand at 81.34 percent point in fostering 
development. In reality the services are useful, but in case of meagre 
available resources the pursuance of such services in the context of 
development should halt because there are other services with higher 
percentage point. 

Table 5.2.3.3 presents the aggregated priorities of traffic classes at the 
ISCD criteria level for the weighted experts. The priority vectors give us a 
clear understanding of the relevance/importance of each traffic class to the 
corresponding criterion in its aspect hierarchy. 

To get further insight, the following example on idealising traffic classes’ 
priority/utility values at criteria level (under the aspect AS1: Services’ 
Relevance in table 5.2.3.3) clarifies on further interpretation and 
understanding the level of importance/relevance of each traffic class in 
delivering services in context of development. Such insights are paramount 
for decision making either at individual, institutional or national levels. 

Table 5.2.3.4: Example: Idealising traffic classes in respect to criteria 
AS1: Services' Relevance T1 T2 T3 T4 T5 
 C1: User Empowerment 99.85% 78.31% 89.79% 90.98% 100.00% 
 C2: Population in-need 99.71% 78.41% 87.63% 92.94% 100.00% 
 C3: Must have services 90.28% 84.45% 87.15% 88.72% 100.00% 
 C4: Impact to Users 96.31% 82.67% 87.69% 88.57% 100.00% 

Idealising priority/utility values into percentage value scale simplifies the 
human perception of decision making process. From priority/utility value 
scale to percentage scale in this example clearly shows that traffic classes T5 
and T1 delivered services to end users which are almost of equal importance 
in fostering development. Consequently such information enables an 
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individual, institution or national policy makers to make informed decisions 
on other issues like available infrastructure and capacity subscription 
requirements (addressed is AS2 and AS3 respectively of the ISCD model) 
while having a firm knowledge of the services of great importance. 

5.2.4 Aggregation of priority vectors for un-weighted experts 
The respondents (experts) of this study where purposefully selected based on 
their knowledge, experience, skills, etc., in the field of ICT/Internet and 
developments in LDCs. On assumption that all the respondents are equally 
authoritative in the field of study, we aggregated their respective priority 
vectors without taking their individual weights in consideration. Our 
motivation to consider this scenario (un-weighted respondents) is that most 
studies that use the AIP approach are silent on weighing respondents 
involved in their studies. A few of those studies that weigh their respondents 
hardly give light on the results for the un-weighted respondents so that one 
can base on such findings to make predications or generalise the possible 
trend of decisions and their consequences that come out of each scenario. 

We present the results obtained from the un-weighted respondents in 
tables 5.2.4.1 – 5.2.4.3 below from which further analysis shall be 
performed. 

Table 5.2.4.1: Aggregated priorities at aspect/criteria levels - unweighted experts 

Aspect/criteria evaluated elements 
Local priorities Global 

Priorities Aspect 
level 

Criteria 
level 

    
AS1: Services' Relevance 0.5077   

 C1: User Empowerment  0.2604 0.1322 

 C2: Population in-need  0.2180 0.1107 

 C3: Must have services  0.1880 0.0955 
 C4: Impact to Users  0.3336 0.1694 

    
AS2: Services Delivery Mechanism Convergence to all-IP 0.1329   

 C1: Migration to all-IP  0.1247 0.0166 
 C2: Technology Availability  0.3624 0.0481 

 C3: Coverage range  0.5129 0.0681 
    
AS3: Commensurability of specific requirements 0.3595   

 C1: Network Resource Demands  0.1722 0.0619 

 C2: Affordability of Terminal Equipment (TE)  0.3324 0.1195 
 C3: Affordability of Recurring Costs  0.4955 0.1781 
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Table 5.2.4.2: Global priorities for traffic classes - unweighted experts 

Traffic class 
Priorities 

Normalised Idealised 
T1: Hard Real-Time 0.2902 0.8143 
T2: Real-Time Non-Interactive 0.0554 0.1555 
T3: Real-Time Interactive 0.1187 0.3331 
T4: Elastic Interactive 0.1792 0.5028 
T5: Elastic Non-Interactive (Best Effort) 0.3564 1.0000 

Table 5.2.4.3: AIP at alternative level/traffic classes - unweighted experts 

ISCD hierarchies 
Alternatives/Traffic classes 

TI T2 T3 T4 T5 
      
AS1: Services' Relevance      

 C1: User Empowerment 0.3040 0.0446 0.1426 0.1665 0.3423 

 C2: Population in-need 0.3364 0.0462 0.1123 0.1747 0.3305 

 C3: Must have services 0.2745 0.0590 0.1205 0.1764 0.3696 
  C4: Impact to Users 0.2647 0.0600 0.1294 0.1599 0.3860 

      
AS2: Services Delivery Mechanism 
Convergence to all-IP      

 C1: Migration to all-IP 0.3222 0.0576 0.1011 0.2013 0.3177 

 C2: Technology Availability 0.2346 0.0603 0.1308 0.2286 0.3457 
  C3: Coverage range 0.3213 0.0632 0.0953 0.1438 0.3763 

      
AS3: Commensurability of specific 
requirements      

 C1: Network Resource Demands 0.2824 0.0530 0.0988 0.1948 0.3710 

 C2: Affordability of  TE 0.3378 0.0520 0.1093 0.1576 0.3433 
  C3: Affordability of Recurring Costs 0.2550 0.0617 0.1144 0.2185 0.3504 

This un-weighted respondents/experts data set shall be analyse along with 
the weighted respondents/experts data set presented in section 5.2.3, tables 
5.2.3.1 - 5.2.3.3 above to establish; (a) if there are any differences in the 
preference/priority vector structures, (b) what is the level of disparity between 
the two sets of priority vectors from the respective two data sets, and (c) if any 
difference - what would be the level of influence on decision making process 
based on any set of priority vectors. 

The outlook of the results in tables 5.2.4.1 -5.2.3.3 above motivates us to 
do a further analysis along the three guidelines stated in the above 
paragraph.  The priority vectors therein seem to satisfactory meet our initial 
perceptions and predications than those in table 5.2.3.1 - 5.2.3.3 which have 
been arrived at through a method am advocating for – weighing the 
respondents.  The un-weighted experts’ priority vectors seem to match very 
well with the arguments presented in chapter one and three. 

http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses1.pdf
http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses2.pdf
http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses3.pdf
http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses4.pdf
http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses5.pdf
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5.3 Analysis of the AHP based model of ISCD 
It should be noted that throughout the process of modelling the ISCD 
problem in this study, the priority is put on establishing which Internet 
traffic class/es that (a) deliver services of great importance to end users in 
the context of development, (b) commensurate to the present available 
technologies and infrastructure in LDCs both from the providers point of 
view and end user possession of required terminal equipment, (c) are not 
bandwidth hungry in deriving services to end user as it is the basis for 
costing Internet connectivity/usage in LDCs. 

The achieved priority vectors at the various hierarchical levels of the 
ISCD model reflect the experts’ preferences based on their individual 
experiences, knowledge, skills, values and desires on designing a well-
informed strategy for provision and usage of Internet services in LDCs that 
can act as a springboard for development. 

The following section gives a quick view of each expert’s preferences in 
context of the problem in discussion. It is an early indicator of the preference 
structures expected from the aggregated data.  Consequently acting as an 
experiment control or a check and balance on the method and computation 
process used in arriving at the aggregated data. 

5.3.1 A quick view based on individual preferences 
One of the preference structures quickly revealed from the individual 
experts’ preference graphs in figure 5.3.1 is the ranking of the Internet traffic 
class T2 as the least preferred class. From the bottom–up order of least 
preferred traffic classes, figure 5.3.1 preference graphs show that T2 is 
followed by T3 which is raked by 7 experts as the second least preferred 
while the 8th expert ranks it as the 3rd least preferred. However on a close 
look by averaging its positions, it is ranked as the overall second least 
preferred Internet traffic class that delivers services of less relevance in the 
context of development to end users.  

Conversely viewing the preference graphs from the most preferred traffic 
class, 4 experts rank T1 and 3 experts rank T5 as the most preferred traffic 
classes. While one expert ranks T1 and T5 as equally preferred traffic classes 
in delivering services of highest relevance in the context of development. 
However the graphs are not precise enough to give the actual utility levels 
for each traffic class across the model.  Similarly no clear information that 
can be deduced for the criteria level preferences. In addition, a quick look at 
the utility (vertical/the y-axis) scale show a good variation among the 
experts in the way how generous or mean they are in judging and giving 
weights to traffic classes verse criteria across the model. For the detailed 
information and computational methods addressing to such issues are 
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considered in the next sections which present the results of experts’ 
aggregated preferences.  

  

  

  

  
 

Figure 5.3.1: Experts’ preferences for traffic classes’ importance 
[Source of data – table 5.2.1.3] 
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5.3.1.1 Discussion on the individual preferences 

 All the individual experts preferences of the traffic classes visualised in 
figure 5.3.1 indicate that T2 (the Real Time Non-Interactive traffic class) as 
the least preferred. This result conforms to the standing theories [24], the 
industry and standardization bodies (TR-126, ITU-1540, ITU-T G. 1080, 
and RFC 3350) recommendations  in respect of the assumed infrasturcture to 
be in place and the level of required corresponding network resources/ 
bandwidth to deliver T2 services with the anticipated QoS. The T2 bandwidth 
requirements are high and the infrastructure status to deliver recommended 
QoS is hardly found in the last mile networks in LDCs. In addition, the 
income levels of the majority end users in LDCs can hardly afford the 
recurring cost of the capacity/bandwidth and services delivered by the T2 
class, hence such services are of less relevance in view of services that can 
act as a springboard for development. Consequently information derived 
from the preference graphs at a quick view is a good indication of how the 
survey data interpretations conform to the theory. 

5.3.2 Analysis of aggregated preferences for weighted experts 
In view of the structured ISCD problem the aggregated priority 
vectors/utility values (hereafter referred to as experts’ preferences) are 
analysed in two levels. These levels are identified as local and global 
perspective views of the ISCD model. 

The local perspective represents the empirical interpretations of the 
derived experts’ preferences for specific evaluation elements (criteria) or 
traffic classes’ performances at specific nodes of the ISCD hierarchies. The 
findings at this level suit best individual users or small scale institutions 
strategic options because the focus is mainly local to the nodes’ concerns. It 
analyses single instances at a time striving to establish the 
importance/relevance of such specific element or traffic class for a particular 
scenario. Hence findings from one node are independent of each other 
node’s findings. 

The global perspective represents the empirical interpretations of 
evaluation elements or traffic classes across the entire model hierarchies. 
Unlike the local level, the global criteria preferences have a degree of 
dependences among the other for realisation of the ISCD goals. Their 
empirical interpretations suit best strategic options at higher levels of policy 
making as they cut across the ISCD model. 

5.3.2.1 Aspect/Criteria level preference analysis  

Figure 5.3.2.1 incorporates two graphs as identified in its legend. It is 
generated from the experts aggregated data representing the aspects and 
criteria hierarchies of the ISCD model (ref. fig. 4.3.1). 
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The local priority curves represent the aggregated preferences of the 
experts at the respective ISCD model nodes in their respective three aspect 
hierarchies. Consequently are the three disjointed curves. Each curve 
(therein weights are representative of evaluation elements/criteria in that 
respective hierarchy AS1, AS2 or AS3) is independent of each other and the 
sum of the weights/utility values in each disjoint curve is equal to one 
(unity). 

The curves representing the global priorities reflect the weights of therein 
evaluation elements/criteria that each carry/contribute across the entire ISCD 
model (i.e. precisely it reflects importance level of an evaluation 
element/criterion across the model). Consequently the sum of weights/utility 
values within all the three disjoint globe priorities curves sum to one (unity). 
The three global curves correspond to the three aspects that form the ISCD 
model. Therefore the sum of weights of evaluation elements that form any of 
the curves is equal to the weight of the aspect hierarchy where those 
evaluation elements belong to, i.e. AS1, AS2 and AS3. 
 

 
Figure 5.3.2.1: Aggregated preferences at criteria level – weighted experts 

[Source of data – Table 5.2.3.1] 

5.3.2.1.1 Derived local preferences  
The local preference values indicated in figure 5.3.2.1 are the direct output 
of the aggregated individual experts’ priorities at the respective ISCD model 
hierarchies.  As earlier discussed, their interpretations and significances are 
local to the respective hierarchy in the model. Henceforth we present 
empirical findings of the study. The detailed explanations of each criterion 
with its corresponding real-world examples in respect to ISCD in LDCs are 
presented in section 4.2 above.  
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The services’ relevance hierarchy (AS1) was assessed based on the four 
criteria in view of ISCD. Their aggregated levels of preferences from the 
study are indicated in figure 5.3.2.1 above. Table 5.3.2.1 below presents 
their idealised values and ranking. Similarly are the tables 5.3.2.2 and table 
5.3.2.3 for hierarchies AS2 and AS3 respectively.  

Table 5.3.2.1: Idealised utility levels for criteria under the AS1 hierarchy   
AS1 hierarchy criteria Utility score Idealised utility Ranking 
C1: User Empowerment 0.2538 97.65% 2 
C2: Population in-need 0.2460 94.65% 3 
C3: Must have services 0.2403 92.46% 4 
C4: Impact to Users 0.2599 100.00% 1 

Even though services that give high “impact to user” leads the relevance in 
meeting the goals of ISCD, the other criteria are of great importance as all of 
them their idealised relevance is beyond 92.00%. In view of ISCD the direct 
interpretation is that individuals/institutions should first strive to implement 
the Internet component/application that can cause high impact to their 
transactions/ business and then followed by those services/applications that 
can “empower” them to fulfil their goals. The rest of the criteria can follow. 

Table 5.3.2.2: Idealised utility levels for criteria under the AS2 hierarchy   
Criteria under the AS2 hierarchy Utility score Idealised utility Ranking 
C1: Migration to all-IP 0.3029 85.93% 3 
C2: Technology Availability 0.3447 97.79% 2 
C3: Coverage range 0.3525 100.00% 1 

Under the AS2 hierarchy the “coverage range” factor followed by 
“technology availability” lead in ranking in respect of ISCD with idealised 
utility levels of 100.00% and 97.79% respectively. One of the direct 
interpretations from this finding show that the relevance of a service in the 
context of fostering development in LDCs is directly correlated to the size of 
area it covers. Hence the far it stretches to where people live more relevant it 
becomes in their lives. In view that the majority of the people in LDCs live 
in rural area, then the winder range a service covers (i.e. including the rural 
areas too) the winder the relevance. Hence the wider the impact such a 
service can cause to the users. The second ranking implies that the 
technology should be available too.  

To align the goals of stakeholders the network providers should ensure 
that their networks cover a wider area as possible. Not only just restricting 
the networks to urban areas because the majority of the people live in rural 
areas. The moment the technology is available in rural areas the usage 
impact will raise hence is the increased income of the network provider. 



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

116 

Consequently the more uptake of the technology the more fulfilled the 
policy makers goals becomes.  

It necessary to note that the questions design for the two evaluation 
factors (“coverage area” and “technology availability”) was not restricted to 
the Internet alone as the sole medium for services delivery. The technology 
was open to all existing technologies as longer as they can deliver a service 
the end user and if IP could run over such technologies, then the better.  The 
findings signify that for fostering development coverage and technology 
matters most regardless of what type of technology is in use as longer as the 
end user receives a service. However on the other hand services delivered on 
IP or migration to all IP ranked third, still its idealised utility level of 85.93% 
shows a significant importance.  For example, in developed countries 
empirical studies show that the Internet has already over taken other 
technologies in delivering some of the services [135]. Therefore as the 
broadband is just taking roots in LDCs, it’s now the right time to set 
strategies for aligning the stakeholders’ goals and exploit the Internet 
benefits in view of ISCD. 

The strategy for network providers and any business communities 
engaged in information technology equipment sales and promotions in LDCs 
aim at align the objectives of ISCD. Such objective can be achieved when 
network providers can deploy infrastructure that can provide wide range 
signals in their last mile nodes, while business communities should aim at 
marketing end user terminal equipment that commensurate to network 
providers installed infrastructure/equipment. To the policy makers – such 
infrastructures which are IP-based should be given concessions in terms of 
taxes both to providers and end users. 

Table 5.3.2.3: Idealised utility levels for criteria under the AS3 hierarchy   
Criteria under the AS3 hierarchy Utility score Idealised utility Ranking 
C1: Network Resource Demands 0.2998 83.56% 3 
C2: Affordability of Terminal Equipment (TE) 0.3414 95.15% 2 
C3: Affordability of Recurring Costs 0.3588 100.00% 1 

The experts’ preferences for the criteria under the AS3 hierarchy ranks 
“affordability of recurring costs” as the lead most important factor to be 
addressed if the Internet is to contribute in fostering development in LDCs. 
It is followed by the “affordability of terminal equipment” and lastly with 
“network resource demands” as shown in the table 5.3.2.3 above.  

The design of recurring costs questions addressed two main factors which 
are seen to be the main barriers of the Internet usage in LDCs. Basically 
these are the affordability of; (a) link connection costs (be monthly rate or 
volume rate),  and  (b) access to content where applicable.  In reality of the 
Internet services provision and usage in LDCs, these are the basic source of 
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misalignment of stakeholders’ goals.  The strategic options for aligning these 
goals as discussed in later sections below. 

The affordability of terminal equipment factor with an idealised 
preference value of 95.15% is another strategic factor of great importance 
for consideration in the process of achieving ISCD in LDCs. The direct 
interpretation shows that user terminal equipment should be available and 
affordable to the communities else no means for accessing and receiving the 
services. This is a strategic factor which the policy makers that put controls 
and levy taxes on the ICT/Internet equipment in LDCs must put under great 
considerations. Consequently issues of leasing or waiving some import taxes 
on some the equipment is necessary to enable end users to acquire the 
necessary equipment. 

The network resource demands is the least ranked factor with idealised 
preference value of 83.56% in this AS3 hierarchy. The questions design in 
this factor aimed at establishing the commensurability of end users services’ 
resource/bandwidth demands in last mile networks and the consequent QoS 
affect the promotion of ISCD. Though least preferred among the other two 
factors in this aspect, its utility value is also of great consideration. However, 
strategically it is obvious that affordability to recurring costs and equipment 
to be used in accessing the services take high preference before a user 
demands for the QoS. Hence the findings of this factor commensurate with 
the real-world scenarios. 

5.3.2.1.2 Derived global preferences 
The global preferences are representation of the elements’ judged important 
across the ISCD model.  The derivation of the global preferences follow the 
utility theory principles in that the sum of all the elements’ utilities at a given 
hierarchy in the model is equal to unity (one). In figure 5.3.2.1 it should be 
noted that the “AS1: Services’ relevance” carries the highest weight with a 
utility value of 0.3615 (from the sum of therein criteria values). It is 
followed by “AS3: Commensurability of specific requirements” with utility 
value of 0.3353 and lastly by “AS2: Services delivery mechanism 
convergence to all-IP” with utility value of 0.3032. Consequently the sum of 
the ten weights/utility values therein in the three aspects is equal to unity.  

Further we idealise the aspects’ level utility values as presented in table 
5.3.2.4 below for easy human perception as we discuss their respective 
importance in the forthcoming paragraphs in the view of ISCD. 

Table 5.3.2.4:  Idealising utility levels for aspects importance/relevance of ISCD 
Aspects Hierarchy Level Utility Level Idealised Level 
AS1: Services' Relevance 0.3615 100.00% 
AS2: Services Delivery Mechanism Convergence to all-IP 0.3032 83.87% 
AS3: Commensurability of specific requirements 0.3353 92.75% 
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The idealised utility levels in table 5.3.2.4 indicate that the prime goal for 
the Internet in LDCs as judged by the team of experts should be viewed from 
services’ relevance an individual, institution or the nation gains from its 
existence. This finding alerts any Internet end user (individual/homestead, 
institution, public/private entity) to first identifying the relevance of the 
Internet services in one’s functional activities/businesses. The ISCD model 
provides four criteria that further give the end user an insight on how to 
achieve the most relevant Internet services that suit one’s functional 
activities/transactions. Thus identifying the relevance (alternatively the role) 
of the Internet to play is the first step in achieving the goals of the ISCD. 

The empirical findings weighed the “commensurability of the specific 
requirements” with an idealised percentage value of 92.75% as the second 
most important aspect in view of ISCD. Finally the “services delivery 
mechanism convergence to all-IP” ranks last with an idealised percentage 
value of 83.87%. Accordingly this implies that for development context 
delivering or receiving the relevant services is the most crucial issue to be 
put under consideration first. 

Even though the AS1: Service’s relevance aspect is weighed as the most 
crucial point for consideration in view of ISCD, aspects AS3 (92.75%) and 
AS2 (83.87%) also have a strong influence on achieving the ultimate goal. 
Consequently their influence cannot be ignored. However in situations of 
limited resources (either at national, institutional, or individual level - which 
is a common phenomenon in LDCs), to implement the full scale that leads in 
achieving the relevant services, calls for a DM to have an insight on the 
global values of the inner elements of the model in their respective aspects to 
ultimately arrive at a well-informed decision for the ISCD that fits in the 
limits of the available resources. 

In reference to the ISCD model there are 10 criteria throughout the aspect 
hierarchy. Their respective global weights are show in figure 5.3.2.1 and 
presented in the below table 5.3.2.5 in a percentage value scale for easy 
human perception. The criterion “AS3C3: Affordability of recurring costs” 
with a global weight of 0.1203 leads the level of importance followed by 
“AS3C2: Affordability of terminal equipment” with a global weight of 
0.1145. Other criteria follow in ranking as shown in table 5.3.2. 
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Table 5.3.2.5: Global criteria ranking and its significance 

Aspect/criteria evaluated elements Global weight in % 
value scale 

Ranking 
Within the 
Aspect Global 

AS1: Services' Relevance    
 C1: User Empowerment 9.17% 2 8 
 C2: Population in-need 8.89% 3 9 
 C3: Must have services 8.69% 4 10 
 C4: Impact to Users 9.40% 1 6 
AS2: Services Delivery Mechanism Convergence 
to all-IP    

 C1: Migration to all-IP 9.18% 3 7 
 C2: Technology Availability 10.45% 2 4 
 C3: Coverage range 10.69% 1 3 
AS3: Commensurability of Specific Requirements    
 C1: Network Resource Demands 10.05% 3 5 
 C2: Affordability of TE 11.45% 2 2 
 C3: Affordability of Recurring Costs 12.03% 1 1 

The manifest from the study reveals that the following conditions in the 
order of importance must be must be fulfilled for the relevance of any 
service to be effective in respect of ISCD; 
(a) The running costs (recurring costs) for delivering/receiving such a 

service must be affordable 
(b) Terminal  equipment must to deliver/receive the services must be 

affordable 
(c) The coverage ranges from where the services can be accessed must be as 

wide as possible 
(d) The required technology/ies to deliver/receive such services must be 

available as widely as possible 
(e) The thought services should be commensurable to the available network 

resources so a recommended level of QoS is delivered 
It should be noted that all the above five criteria that must be observed in 

order to achieve an effective service in respect of ISCD do not come from 
the aspect AS1 hierarchy regardless of being the crucial strategy for ISCD. 
Clearly this is a proof of how the need of having an inner look at the AS2 
and AS3 are paramount in making an informed decision. 
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5.3.2.2 Traffic classes importance/relevance 
 

 
Figure 5.3.3.2: Global preference levels for traffic classes – weighted experts 

[Source of data – table 5.2.3.2] 

Figure 5.3.2.2 is a visualization of the derived aggregated individual experts’ 
preferences for Internet traffic classes.  The preference\utility values 
represent the importance levels of traffic classes (and therein their 
corresponding services) they deliver to end users in fostering development in 
LDCs. The mapping of these traffic classes and their corresponding services 
are presented in figures 2.4.1-2, while tables 2.4.1.1-4 presents a mapping of 
applications and their corresponding network protocols to traffic classes. 

The above preference values are the core basis of this study as it was 
discussed in section 5.2.3 for the data in table 5.2.3.2. In the beginning of 
modelling this problem of ISCD, we introduced a Vscale in section 2.2 which 
is formalised in (1) for bandwidth allocation to user’s traffic classes.  The 
preference values hereby derived give the network provider strategies of 
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how to partition ones available bandwidth or prioritise traffic flows in view 
of ISCD. Unlike other studies in the domain of network traffic partitioning 
or prioritisation, this study introduces a unique approach which should be 
used in policing Internet traffic (i.e. implemented as a management policy 
for the Internet traffic) in last mile networks in LDCs in view of ISCD.   

Figure 5.3.2.3 below is a visualization of table 5.2.3.3 presenting 
aggregated preferences for each traffic class in respect of the evaluation 
factors/criteria across ISCD model. 

 
Figure 5.3.2.3: Aggregated traffic class preferences - weighted experts 

[Source of data – Table 5.2.3.3] 
The empirical interpretation of the traffic curves clearly show that any traffic 
class is in position to deliver a service in any given evaluation 
factor/criterion but with varying utility levels in view of ISCD. Therefore the 
utility levels attached to each traffic class across the evaluation factors of the 
ISCD hierarchies are used as a basis of establishing the end user expected 
benefits. Further, these derived aggregated utility levels give an insight on 
setting strategic options on selecting which Internet application/s to use 
depending on one’s required services in context of development (therein the 
traffic class it/they generate in the network). However strategic options that 
would lead to optimal benefit should put in consideration the three 
dimensions for decision making in view of the ISCD goals. These strategic 
dimensions are summarised as follows; 
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(a) The services’ relevance – individual end users should be in position to 
pose questions to oneself on what service relevance will such an 
application deliver in meeting one’s goals? 

(b) Delivery mechanism – the possibility of technology availability and its 
level of coverage 

(c) The specific requirements for receiving such a service to be delivered – 
major factors attached are cost evolved in receiving such a service. 

5.3.2.2.1 Example: An end user perspective of strategic options setting for 
the Internet applications (therein services they deliver) selection 
using the ISCD model. 

For the case of clarification, we give an example that provides the process of 
setting strategic options and selecting applications to use in view of ISCD 
for low income earners. For simplicity the data used in the example is based 
on the interpretations of the two competing traffic classes T1: Hard real-time 
traffic and T5: Elastic Non-Interactive (Best Effort) traffic whose utility 
curves are visualised in figure 5.3.2.3 with leading preferences. In addition 
instead of using the preference/utility value we shall use their corresponding 
idealised utility values by including them in the discussion text for easy 
human perception.  

Dimension 1 – The AS1: Services’ relevance 
From the empirical study we note that the services’ relevancies delivered by 
T1 and T5 in respect of end user goals implied in criteria C1 and C2 are 
equally the same in utility values. Hence no traffic class is preferred over the 
other. The direct implication is that whichever application that generate 
either of the traffic class, if selected for use in the process of achieving any 
of the goals (user empowerment and population in-need) will optimally 
deliver a service that meet the end user’s expectations. 

In case of criteria C3 and C4, the findings from the study ranked T5 traffic 
class slightly over the T1 class. However, by any measure of standards for 
performance, a score of 95% and above is always regarded as an excellent 
performance. Therefore in this study, scores in such a range shall be treated 
as equally good in delivering services that can foster development. Hence for 
criterion C4, T1 and T5 are both equally good. 

In the real world scenarios as depicted in figures 2.4.1 & 2.4.2 which 
present associated application layer protocols and sample services delivered 
by T1 and T5 respectively, it is evident that T5 can deliver more services 
under criteria C3 classification because of its under laying application layer 
protocols. Hence T5 raises a wider scope of services’ relevancies in view of 
ISCD than T1. Table 5.3.2.6 shows a selection strategy at the AS1 level. 
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Table 5.3.2.6: Strategic selection for a traffic class in view of ISCD at AS1 level 
 Idealised utility values Preference Gain/Selection 
AS1: Services' Relevance T1 T5 T1 T5 
 C1: User Empowerment 99.85% 100.00% T1 = T5 0 0 
 C2: Population in-need 99.71% 100.00% T1 = T5 0 0 
 C3: Must have services 90.28% 100.00% T1 < T5 -1 1 
 C4: Impact to Users 96.31% 100.00% T1 = T5 0 0 
Score    -1 1 

 

Conclusion for dimension1 

The strategic options for selecting applications (therein services they deliver) 
based on the anticipated relevancies show that T5 and T1 traffic classes 
deliver services with equal relevance in three categories of service 
classification except the fourth category of “must have services”.  The 
outperformance of T5 over T1 in the “must have services category” is 
verified from the technical perspective of their application layer protocols. 
The “must have services” (refer section 2.3.5) application protocols (i.e. the 
initiator of services requests and final receipts protocols) have no 
intersection with the T1 application layer protocols in-that T1 is not generate 
from this category. Hence is the negative selection value (-1) against T1. 

Dimension 2 – The AS2: Services delivery mechanisms 
From the empirical findings presented in figure 5.3.2.3 above the curves 
representing T5 and T1 traffic classes under the AS2 hierarchy clearly show 
T5 preference/utility level is slightly above the T1 preference level.   

By definition of T5 section 2.3.5 the issues of delivery mechanism 
convergence to all-IP does not apply. The existence of any level of services 
being delivered by traffic class T5 automatically implies the availability of 
the IP infrastructure and other associated technologies. Any infrastructure 
that can deliver T5 traffic class services can similarly deliver the T1 traffic 
class services because of their low levels of network resource demands. 
Similarly where there is Internet services deliveries then coverage range 
applies. Consequently the performance scores for services deliveries by the 
T5 and T1 throughout the three criteria of AS2 are expected to be in the same 
range, generally it agrees with the empirical findings in figure 5.3.2.3 above. 

However the slight margin difference between the preference levels of T5 
over T1 traffic class can be explained from their traffic characteristics point 
of view when delivering services in weak infrastructures. The traffic class T5 

is characterised as elastic while T1 as hard real-time traffic. In weak 
infrastructure T5 traffic class elasticity enables it to regulate the traffic flow 
which makes it persistent and gradually delivers the services. For some 
protocols in the T5 class use the “store and forward” technique to deliver the 
required services, e.g. the SMTP. 
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Conversely the T1 traffic class in weak infrastructures because of its hard 
real-time requirement it may experience frequent connection drops, hence 
poor service deliveries. This might be caused by weak signal coverage like 
in the case of wireless connections or/and congestion on link because many 
competing users. Table 5.3.2.7 shows a selection strategy for AS2 level.  

Table 5.3.2.7: Strategic selection for a traffic class in view of ISCD at AS2 level 
AS2: Services Delivery Mechanism 
Convergence to all-IP 

Idealised utility values Preference Gain/Selection 
T1 T5 T1 T5 

 C1: Migration to all-IP 99.27% 100.00% T1 = T5 0 0 
 C2: Technology Availability 95.33% 100.00% T1 = T5 0 0 
 C3: Coverage range 95.86% 100.00% T1 = T5 0 0 
Score    0 0 

Conclusion for dimension 2  

The strategic options for selecting applications (therein services they deliver 
over weak infrastructure in respect of ISCD) based on the technology 
availability and their coverage range show no significant performance in 
delivery of such services by T5 or T1 traffic classes. Hence any technology 
that can deliver T5 in respect of ISCD can as well deliver T1 services. 

Dimension 3 – The AS3: Commensurability of Specific Requirements 
The user and network centric attributes are the major considerations in this 
last step of decision making on selecting which applications (therein services 
they deliver) to use. Refer to section 4.2.3 for the details of these centric 
attributes. 

The empirical study findings presented in figure 5.3.2.3 under AS3 
hierarchy, T5 traffic class performance is preferred over T1 in criteria “C1: 
network resource demands” and “C3: affordability of recurring costs” while 
it is a reverse in criterion “C2: affordability of terminal equipment (TE)”. 
Earlier we observed that all evaluation factors within the same hierarchy 
with idealised utility values of 95% or above are equally good in respect of 
fulfilling services that can foster development. On this basis we regard T1 
and T5 traffic classes as equally preferable in respect of criteria C2 and C3. 
Before we give a generalisation on which we base the selection of traffic 
classes (hence therein services they deliver to end users) in this hierarchy, it 
requires a further interpretation that gives an insight of the empirical 
findings. Such insights enable one to understand the interrelationship among 
the Internet applications (therein traffic they generate in the networks), 
affordability of terminal equipment, the Internet recurring cost, and their 
association to ISCD.  Consequently one would understand the significance 
of T1 and T5 traffic classes’ preferences being treated as equally good in 
respect of the two criteria the “affordability of terminal equipment” and 
“affordability of recurring costs”. 
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In consideration of the “affordability of terminal equipment” it is evident 
that the empirical findings commensurate to the real-world scenarios. 
Obviously it is more affordable to acquire handheld terminal equipment 
(which is very productive in well-established infrastructure with good 
coverage signals, mobile and convenient for conversational services) that 
suits T1 traffic class deliveries than acquiring stationary terminal equipment 
that suits T5 traffic class. From the productive point of view of ISCD in 
weak infrastructure we argue that semi-stationary equipment (e.g. a laptop) 
suits better the scenario for delivering all types of services delivered by 
traffic class T1 and T5. Hence concluding that despite T1 is preferred over T5 
against criterion C2 with a very small margin, the cost of their terminal 
equipment if strategically selected in view of ISCD are equally the same. 

In respect to criterion C3, T5 is slightly preferred to T1. In view of 
productivity in fulfilling the core services’ relevance indicated in AS1, the 
recurring costs incurred due to T5 traffic services are empirically assessed to 
be a bit cheaper than costs due to T1 traffic class. Further internalising the 
empirical findings, the application layer protocols requirements in delivering 
their respective services give better explanations for such findings. T5 traffic 
class protocols have more features for enabling the end user (low income 
earner) to work off-line and connect for transmission only at the required 
time while T1 demands on-line connection during all the time of the end user 
transactions. Consequently in view of low income earner and weak 
infrastructure T5 services delivery strategy becomes more affordable than T1. 

The empirical findings ranked T5 higher than T1 on criterion C1. The 
preference of T5 over T1 is also verified from the theoretical perspective of 
their characteristics in view of the possible quality of services they deliver 
over weak infrastructure. The characteristics of T5 traffic class is defined as 
elastic while for T1 as hard real-time. It is obvious that in weak infrastructure 
the T1 traffic class is likely to experience more degradation depending on the 
connectivity technology in place and the terrain of the area, further network 
centric attributes (packet loss, jitter, throughput, and delays) may contribute 
to delivery of services with retarded QoS in areas with poor signal coverage.   

The above discussion gives an insight on the interrelationship among the 
Internet applications, affordability of terminal equipment, the Internet 
recurring cost, and their association to ISCD. On that basis table 5.3.2.8 
below presents a selection strategy at the AS3 level.  

Table 5.3.2.8: Strategic selection for a traffic class in view of ISCD at AS3 level 
AS3: Commensurability of Specific 
Requirements 

Idealised utility values Preference Gain/Selection 
T1 T5 T1 T5 

 C1: Network Resource Demands 93.74% 100.00% T1 < T5 -1 1 
 C2: Affordability of TE 100.00% 99.24% T1 = T5 0 0 
 C3: Affordability of Recurring Costs 97.41% 100.00% T1 = T5 0 0 
Score  -1 1 
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Conclusion for dimension 3  

The strategic options for selecting applications (therein services they deliver 
over weak infrastructure in respect of ISCD) based on their 
commensurability of specific requirements show significant performance in 
delivery of such services by T5 traffic classes over T1. Aiming at using T5 
traffic class (therein services it delivers) and acquisition of semi-stationary 
terminal equipment are more productive in weak infrastructure. Hence it is 
more affordable for a low income earner from LDCs in view of ISCD. 

Concluding remarks for the example 

This example demonstrates the implementation of strategic options in ISCD 
model and shows how T5 traffic class (therein services it delivers to end 
users) takes lead over T1 traffic class in view of fostering development in 
LDCs. In addition, it has demonstrated the major considerations underlying 
the decision making for selecting Internet applications (therein traffic class 
they generate) by combining the empirical findings and the required 
theoretical background knowledge. In this scenario only two traffic classes 
were used but across the entire services relevant in view of ISCD. 
Depending on one’s goals, all the traffic classes may be put in consideration 
with entire board of services or a part of services with a few traffic classes. 

5.3.2.3 Strategic options for stakeholders  

We present strategic approaches that would contribute to the alignment of 
stakeholders goals based on the findings from the aggregated preferences for 
weighted experts. 

5.3.2.3.1 Strategic option for Internet consumption/usage 
The strategies for the Internet usage should be laid along its relevance in 
one’s/institutions’ functional activities. In tables 5.3.2.1 and 5.3.2.5 services’ 
relevance preferences in view of ISCD are presented and discussed in 
respect of local and global perspectives. From the empirical findings 
services that cause high impact to users lead in relevance towards achieving 
the objectives of ISCD. Consequently the end users need to be informed on 
such services and be educated formally or informally on how to make 
decisions on what is relevant in their respective functional activities. 

5.3.2.3.2 Strategic options for Internet provision 
The strategic options for Internet provision should be laid along the traffic 
classes’ relevance (therein services they deliver to end users) to ISCD. 
Figure 5.3.2.2 presents the global Internet traffic classes’ preferences while 
figure 5.3.2.3 presents specific preference levels for each criterion across the 
ISCD model. These would be the guiding factors/values for setting traffic 
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management policies in the network. Especially for policies for traffic 
prioritisation and the costing of network usage. 

5.3.3 Analysis of aggregated preferences for un-weighted 
experts 

This section presents the analysis of the un-weighted experts. In this analysis 
we strive to establish the priority vector structures of un-weighted experts at 
all hierarchies. Thereafter the priority structural findings shall be compared 
with the earlier established structure from the weighted experts to conclude 
on the existing similarities or differences between the two priority structures. 
The purpose is to study the (a) causes of disparity levels (if any)  in the 
vectors of un-weighted compared to the vectors of weighted, and (b) level of 
influence on decision making process based on any set of vectors from un-
weighted and weighted experts. 

The analysis is based on the un-weighted experts’ aggregated priority 
vectors presented in tables 5.2.4.1-3. These priority vectors present the local 
and global levels of ISCD structured problem. Similarly the findings shall 
also be presented corresponding to the local and global levels of aggregation.  

As earlier expressed in the section 5.3.2, the findings from the analysis of 
local level aggregated priorities suit best individual users or small scale 
institutions strategic options because the focus is mainly local to the nodes’ 
concerns. Single instances corresponding to single nodes are analysed at a 
time to establish the importance/relevance of such specific element or traffic 
class for a particular scenario. The finding from each node is independent of 
the other node’s findings. The global level findings are empirical 
interpretations of evaluated elements or traffic classes across the entire 
model hierarchies. Unlike the local level, the global criteria preferences have 
a degree of dependences among the other for realisation of the ISCD goals. 
Their empirical interpretations suit best strategic options at higher levels of 
policy making as they cut across the ISCD model. 

5.3.3.1 Criteria classes’ importance/relevance 

The aggregated preferences/priorities at criteria hierarchies of the ISCD 
model for un-weighted experts presented in table 5.2.4 are visualised in 
figure 5.3.3.1 below. The curves therein represent the two levels of 
preferences/priorities in discussion as they are defined in the figure legend. 

The local priority/utility values are represented in the 3 disjoint curves. 
Each curve corresponds to one of the three aspect hierarchies (AS1, AS2, 
and AS3) of the ISCD model. The sum of utility values of elements forming 
each curve is equal to one, which implies that each aspect’s elements utilities 
are local to their respective aspects. Therefore the utility value attached to 
each element reflects its contribution in view of its respective aspect. In this 
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context the aspects hierarchy is considered independent of the others in the 
entire ISCD model. 

The global priority curves reflect the weights of therein evaluation 
elements that each contribute across the entire ISCD model. Consequently 
the sum of weights/utility values within all the three disjoint globe priorities 
curves sum to one (unity). The three global curves correspond to the three 
aspects that form the ISCD model. The sum of weights of elements that form 
any of the curves is equal to the weight of the aspect hierarchy (alternatively 
the aspect’s importance level in view of the entire ISCD model). 

 

 
Figure 5.3.3.1: Aggregated preferences across – unweighted experts 

[Source of data – Table 5.2.4 (a)] 

5.3.3.1.1 Derived local priorities/utilities 
Tables 5.3.3(a)-(c) below present the idealised utility values which 
respectively correspond to the three curves of local preference values for the 
aggregated un-weighted individual experts’ priorities indicated in figure 
5.3.3.1. The interpretations of the preference/utility values in the tables and 
significances are local to the respective hierarchies in the ISCD model. 
Henceforth we present their respective discussions independently. 

Table 5.3.3.1 below presents the idealised values and ranking the 
services’ relevance hierarchy (AS1) evaluation factors (criteria elements).  
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Table 5.3.3.1: Idealised utility levels for criteria under the AS1 hierarchy   
AS1 hierarchy criteria Utility score Idealised utility Ranking 
C1: User Empowerment 0.2604 78.04% 2 
C2: Population in-need 0.2180 65.33% 3 
C3: Must have services 0.1880 56.36% 4 
C4: Impact to Users 0.3336 100.00% 1 

 
The “impact to users” criterion predominantly leads the services’ relevance 
in meeting the goals of ISCD. It is followed by the “user empowerment” 
criterion with an idealised relevance value of 78.04%. The “population in-
need” and “must have services” respectively follow in the list of importance. 

In view of ISCD the services with high impact to users (i.e. services 
delivered by the rich Internet applications (RIA) [136]) should be in the first 
level of consideration by individuals/institutions striving to implement the 
Internet in their transactions/ business and then followed by those 
services/applications that can “empower” them to fulfil their goals.  

The Internet usage of the people changes with time because of the 
dynamics within their needs. While one would think that end users need 
bundled services, this study proves the reverse. Least income earners are 
interested in solutions for specific problems. Solutions tailored to solving 
specific problems scored highly than the “must have services” that are 
known to have sustained the growth of the Internet through two decades ago. 

Table 5.3.3.2 below presents the idealised values and ranking the 
services’ relevance hierarchy (AS2) evaluation factors. The empirical 
findings show a disparity among the preference/utility levels of the 
evaluation elements. The “coverage range” criterion leads the priority/utility 
levels followed by “technology availability” and last in the importance is 
“migration to all-IP”. The analysis herein is similar to AS2 hierarchy in the 
weighted experts analysis discussed in section 5.3.2.1.1. However the great 
emphasis to be observed is the disparity among the preference levels of the 
evaluation elements. The direct interpretation is that the convergence to all-
IP is of no great significance in fostering development in LDCs. Therefore 
the focus should be availing a technology that covers a wider area as much 
as possible. This finding gives policy makers and network providers a 
strategic option of selecting the infrastructure types and network designs 
based on the IP that cover a wide area. 

Table 5.3.3.2: Idealised utility levels for criteria under the AS2 hierarchy   
Criteria under the AS2 hierarchy Utility score Idealised utility Ranking 
C1: Migration to all-IP 0.1247 24.32% 3 
C2: Technology Availability 0.3624 70.65% 2 
C3: Coverage range 0.5129 100.00% 1 
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Table 5.3.3.3 below presents the idealised values and ranking the 
services’ relevance of evaluation factors in AS3 hierarchy. Unlike in aspects 
AS1 and AS2 where a high utility score imply a high level of relevance of 
the evaluation item, in AS3 the score refers to the level of disutility, i.e. the 
level an evaluation factor retards the usage of the Internet in view of ISCD. 
The study proved that “affordability of recurring costs” factor leads in 
retarding the end users from Internet usage. It is followed by the 
“affordability of terminal equipment (TE)” and the least retarding factor is 
the “network resource demands” factor. The analysis herein is similar to the 
AS3 hierarchy in the weighted experts discussed in section 5.3.2.1.1. 
However the great emphasis to be observed is the disparity among the 
preference levels of the evaluation elements. 

Table 5.3.3.3: Idealised utility levels for criteria under the AS3 hierarchy   
Criteria under the AS3 hierarchy Disutility score Idealised disutility Ranking 
C1: Network Resource Demands 0.1722 34.75% 3 
C2: Affordability of TE 0.3324 67.08% 2 
C3: Affordability of Recurring Costs 0.4955 100.00% 1 

The ranking of the data conforms to the real-world norms of how to 
attach the level of importance to the criteria/factors in aspect. Obvious one 
would first consider the issue affording the recurring costs and associated 
required equipment for accessing the Internet before considering or 
complaining of the received QoS – which is a direct reflection of the 
available network resources or end user’s resource demands. 

5.3.3.1.2 Derived global priorities/utilities 
Table 5.3.3.4 and 5.3.3.5 present the aggregated global preferences for the 
unweighted experts. The therein preference values follow the utility theory 
principles in that the sum of all the elements’ utilities at a given hierarchy in 
the model is equal to unity (one). 

Table 5.3.3.4 presents the global preferences at aspect level. The utility 
values are idealised and ranked to easily reflect their respective importance 
in the view of ISCD. The ranking order of the three aspects based on their 
respective importance is similar the one achieved in the weighted experts 
empirical findings presented in table 5.3.2.4. The findings from the analysis 
herein are similar to the weighted experts’ findings in section 5.3.2.1.2. 

Table 5.3.3.4:  Idealising utility levels for aspects relevance of ISCD 
Aspects Hierarchy Level Utility level Idealised level Ranking 

AS1: Services' Relevance 0.5077 100.00% 1  
AS2: Services delivery mechanism convergence to all-IP 0.1329 26.17% 3 
AS3: Commensurability of specific requirements 0.3595 70.80% 2 
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However the great emphasis to be observed is the disparity among the 
preference levels of the evaluation elements. 

Contrary to the weighted experts’ preference level of “services delivery 
mechanism convergence to all-IP” which is given in table 5.3.2.4, the 
corresponding findings herein in table 5.3.3.4 seem to underrate its 
significance in fostering development. Direct interpretation herein show 
“services’ relevance” and “commensurability of specific requirements” to 
end users are the most important pillars for fostering development in LDCs. 

Table 5.3.3.5 gives a further insight interpretation of the findings at a 
fine-grained level of the ten evaluation elements that form the high level 
aspects discussed in table 5.3.3.4 above. Their respective global weights in a 
percentage value scale ranking are presented. The criterion “AS3C3: 
Affordability of recurring costs” with a global percentage value of 17.81% 
(weight of 0.1781) leads the level of importance followed by “AS1C4: 
Impact to users” with a global 16.94% (weight of 0.1694). Other criteria 
follow in ranking as shown in table. 

Table 5.3.3.5: Global ranking of criteria and their significance in ISCD model 

Aspect/criteria evaluated elements Global weight in % 
value scale 

Ranking 
Within the 
Aspect Global 

AS1: Services' Relevance    
 C1: User Empowerment 13.22% 2 3 
 C2: Population in-need 11.07% 3 5 
 C3: Must have services 9.55% 4 6 
 C4: Impact to Users 16.94% 1 2 
AS2: Services Delivery Mechanism Convergence 
to all-IP    

 C1: Migration to all-IP 1.66% 3 10 
 C2: Technology Availability 4.81% 2 9 
 C3: Coverage range 6.81% 1 7 
AS3: Commensurability of Specific Requirements    
 C1: Network Resource Demands 6.19% 3 8 
 C2: Affordability of TE 11.95% 2 4 
 C3: Affordability of Recurring Costs 17.81% 1 1 

The study reveals strategic conditions to be considered in their order of 
importance for realising the goals of ISCD in LDCs as follows; 

(a) The recurring costs for the Internet connectivity and other associated 
services must be affordable 

(b) Impact to users services: these are services that gives high impact to 
users in there transactions/businesses 
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(c) User empowerment services: Services that can empowers end users 
to fulfil their intended goals 

(d) Making terminal equipment affordable to end users  
(e) Population in-need: service bundles that providers are accustomed to 

providing end users should be tailored to their needs.  
The five given criteria above each have a global relevance of more than 

10.00% utility value towards ISCD. Also it should be noted these 
determinant consideration/strategies for Internet provision and usage don’t 
come from one aspect hierarchy. Basically are from aspect AS1 and AS3, 
which is a direct proof for Internet stakeholders in LDCs that “services’ 
relevance” and “affordability” should be crucial strategies for consideration 
during their decision making process for ISCD. 

5.3.3.2 Traffic classes importance/relevance 

Figure 5.3.3.2 below presents the derived aggregated unweighted individual 
experts preferences for Internet traffic classes across the ISCD model.  The 
preference values reflect the importance levels of traffic classes (and therein 
their corresponding services) they deliver to end users in fostering 
development in LDCs. The finding herein is the core of this study that led to 
the modelling of the ISCD problem. 

Figure 5.3.3.2: Global preference for traffic classes – unweighted experts 
[Source of data – Table 5.2.4.2] 

The traffic classes’ preference structure herein is similar to the structure 
discussed in section 5.3.2.2 above that result from the aggregation of 
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weighted experts’ preferences. The analysis of the finding herein is similar 
to the arrived at in section 5.3.2.2 from the aggregated weighted experts’ 
preferences. Unlike results presented in figure 5.3.2.2 of the aggregated 
traffic classes’ preferences for weighted experts, the findings herein strongly 
emphasise the importance of traffic classes T5 and T1 over others. 
Consequently this gives the Internet stakeholders a strong strategic option in 
provision and usage of the Internet services. 

Figure 5.3.3.3 below is a visualization of aggregated preferences for each 
traffic class from the unweighted experts. It shows each traffic class level of 
importance across all the evaluation factors/criteria of the ISCD model. 

 
 

Figure 5.3.3.3: Aggregated traffic class preferences - unweighted experts 
[Source of data – Table 5.2.4.3] 

Traffic class T5 stands out as the most important Internet traffic class 
among all the criteria of the ISCD model. It is followed by T1, then T4, T3 
and then T2. The preference structure herein is similar to the weighted 
experts’ preference structure discussed in section 5.3.2.2 for figure 5.3.2.3 
above. There is no significant difference in the analysis of the two 
preference structures.  

5.4 Summary 
The data analysed in this study was collected from purposefully selected 
experts in ICT/Internet worldwide using online survey method.. Only eight 



Modelling Internet Usage in Context of Development Through a Utility Based Framework 

 

134 

experts’ datasets out of the 28 experts invited to participate in the survey 
were used to the final findings of this study. This was achieved through 
validating each dataset separately and only those 8 datasets that maintained a 
minimum consistency level of 90% in all their 14 nodes of the ISCD model 
(therein matrices) were considered for further analysis. The AIP is the 
method used to aggregate the experts’ data at every node of the ISCD model. 
For control purpose two aggregated datasets (weighted and unweighted) 
were used in the analysis. In the weighted dataset the experts were weighed 
before aggregation while in the unweighted dataset aggregation was done 
without weighing the experts (i.e. all the experts were assumed to have equal 
weight). 

The computation of expert’s weight was based on the variance between 
individual expert’s submitted judgment entries in the PCM (𝕋𝕋)  at every 
node of the ISCD model hierarchy and its corresponding consistent matrix 
entries 𝕎𝕎. All these resulted into 14 weights for each expert throughout the 
three levels of ISCD model which are distributed as follows; 1 weight 
representing at aspect level, 3 at criteria level and 10 at alternative levels. 

The data analysis was started by taking a glimpse of the individual 
expert’s preference for alternatives to get a filling of their views on 
importance/relevance of each alternative across the ISCD model. The 
achieved specific finding shows that the alternative “T2: real-time non-
interactive traffic class” had the least preference across all the experts and 
across all the ISCD model nodes. 

The eight experts were weighted (refer to tables 5.2.2.1-3) and their 
respective data sets were aggregated using the normalized weighted 
geometric mean method (29) including their respective weights. The analysis 
of aggregated weighted experts’ preferences ranks the “services’ relevance” 
as the leading core factor towards achieving the goals of ISCD. In respect to 
traffic classes (therein services they deliver), T5 leads the ranking followed 
by T1 as the most important traffic classes that deliver services of great 
importance in foster development, and also their network resource 
requirements commensurate to the state of infrastructure in LDCs.  

The un-weighted experts aggregated preference dataset was used as a 
control experiment to establish differences or/and similarities between its 
preference structure and the preference structure of the weighted experts 
dataset. The finding showed similarities in all the preferences structures at 
all the hierarchies of the ISCD model. However it is observed that 
preferences values from the un-weighted experts are low in value compared 
to the preference values of weighted experts. 

The ISCD strategies for Internet usage should be laid along its relevance 
in her functional activities while for provision should be laid along the traffic 
classes’ relevance (therein services they deliver to end users). 
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Chapter Six 

6 Summary of Publications 

Paper 1 

E .A. Gamukama, A. Larsson, O. Popov, and J.Y.T. Mugisha, "Group 
Decision Evaluation of Internet Services in the Context of Development, to 
appear in the " Intelligent Decision Making and Consensus: Annals of Data 
Science, vol. 3  pp. 1-20, 2016. 

Paper Summary 

The paper presents group decision assessment for the Internet services in the 
context of development (ISCD). The assessment is a5.3.2.1achieved through 
the use of a decision model whose fundamental goal is to provide a 
systematic approach for addressing the problem of misalignments among the 
Internet stakeholders’ objectives. The modelling of the problem is 
approached from the perspectives of delivering/receiving the Internet 
services that maximizes the respective stakeholders’ objectives. Based on the 
AHP theory, it structures the problem into four hierarchies with three aspects 
of consideration as (a) services relevance in context of development, (b) 
services delivery mechanism convergence to IP Infrastructure and (c) 
services commensurability to traffic classes’ requirements. An assessment of 
the aggregated individually derived final priorities (AIP) from eight experts 
that participated in the study reveals that for aligning the stakeholders’ 
objectives at local level, end users should first strive to implement the 
Internet components/applications that can cause high impact to their 
transactions/business, followed by those services/applications that can 
“empower” them to fulfil their goals. While at global level, the affordability 
of recurring subscriptions for Internet access, end user terminal equipment 
cost, and coverage rage/penetration are the key issues that the policy makers 
should address in view of achieving the ISCD objectives. The paper 
concludes by giving strategic options for the best course of action in aligning 
the stakeholders’ objectives. Examples are presented in the table below. 

Target 
Stakeholder 

Strategy  Example 

End user  
 

Internet usage should be laid 
along its relevance in 
one’s/institutions’ functional 
activities. The study revealed; 

(a) On-line streaming of public health 
education programs which are later 
broadcasted on community radios 
have high impact to 
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services which cause high impact 
to end users as most relevant in 
leading to achieving the ISCD 
objectives, followed by services 
that empower end users. 

individuals/communities in keeping 
healthy lives. 
(b) Use of VoIP with video services in 
bridging the distant gaps between 
relationships has a high impact of 
keeping family ties strong. 

Network 
providers 

Internet provision should be laid 
along the traffic classes’ 
relevance (therein services they 
deliver to end users) to ISCD. The 
study revealed; elastic non-
interactive (Best Effort) traffic 
class delivers most relevant 
services leading to achieving the 
ISCD objectives, followed by 
hard real-time traffic class. 

(a) Best-effort Internet traffic support 
platforms that deliver services well 
known for enabling sustainable social 
and economic development. Examples 
are enabling access to information, 
citizen interaction, new knowledge 
creation, citizens voluntary reporting/ 
participation (crowdsourcing), etc. 
(b) VoIP is one example of service 
delivered by the hard-real traffic class 

Policy 
makers  

Should mainly address the issues 
of affordability of 
recurring/subscription of Internet 
access and end user terminal 
equipment, and coverage 
rage/penetration are the key issues 
that should be addressed in view 
of achieving the ISCD objectives. 

Lobbying the government taxation 
arms to: 
(a) put favorable controls and levy on 
ICT/Internet equipment,  waive some 
import taxes on some the equipment to 
make them affordable 
(b) Provide concessional tax free 
period to network providers/investors. 

 

Paper 2 

E. A. Gamukama, A. Larsson, O. Popov, and J. Y. T. Mugisha, "The 
Decision Model for the Internet Services in the Context of Development," 
Procedia Computer Science, vol. 55, pp. 622-631, 2015. 

Paper Summary 

The Internet Services in the Context of Development (ISCD) model is 
structured in four levels of hierarchy based on the Analytical Hierarchy 
Processes (AHP) theory. The model provides a formal approach of 
establishing the relative importance of Internet services in the context of 
fostering national development. This paper presents the fundamental 
concepts of the model. Pairwise Comparisons (PCs) technique the 
cornerstone of the AHP theory is used as the baseline technique for 
measuring the intensity of preference between the Internet traffic classes 
(therein their respective services they deliver to end users) in the process of 
formulating the judgment matrix. The ISCD model is modelled to process 
data obtained from a group of individual decision makers that are 
independent from each other. Hence decision makers are weighted in the 
process of aggregating their priority vectors and the normalized weighted 
geometric mean method (NWGMM) is used to compute the group’s priority 
vector, which is the final output of the model. 
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Paper 3 

E. A. Gamukama, O. Popov, and A. Larsson, "A descriptive model for 
aligning the goals of the Internet stakeholders in LDCs, "Procedia Computer 
Science” vol. 31, pp. 900-909, June 2014. 

Paper Summary 
The Internet as a platform for services provision and delivery is adopted 
world over. To least developed countries it is further perceived as a medium 
for fostering development. A perception that is likely not to be easily 
achieved because the decisions that led to its existence in such countries 
never addressed the need of aligning the stakeholders’ goals which inherit 
the misalignments in present Internet architectural model. The paper presents 
the Internet Services in the Context of Development (ISCD) model based on 
AHP theory that lays strategies through which informed decisions for 
aligning stakeholders’ goals can be made to use the Internet as medium for 
enhancing national development initiatives. 

Prior to presentation of the model, the paper states the basic description of 
the fundamental problem of misalignment between the stakeholders and 
show how such misalignment is inherited from the Internet architectural 
models. The paper acknowledges the effort put in aligning the original 
misalignments within the Internet architectural models through scientific and 
technological advancement, but further it highlights the new breed of 
misalignments that have sprung up in the Internet services provision 
approaches. 

As a remedy of the misalignment problem of Internet services among the 
stakeholders’ goals, a two stage strategic approach for ISCD is present. The 
first stage handles the classification of the Internet services by their traffic 
characteristics which objectively lead to the computation of their 
corresponding utility values in context of development. While the second 
stage establishes the Internet traffic classes’ relative importance in view of 
ISCD through the use of analytic hierarchy process (AHP) methods. The 
AHP methods are used to model the problem of establishing utility vectors 
of Internet traffic classes through which the strategic options for aligning 
stakeholders’ objectives are developed. 

The AHP theory structures the problem into four hierarchies. The top of 
the hierarchy defines the ultimate goal {establish the relative importance 
among the Internet traffic class (therein Internet services) in the context of 
development}. The level immediately below the goal level is the 
aspects/clusters. This level is formed by three aspects/clusters {AS1: 
Services relevance in context of development, AS2: Services Delivery 
Mechanism Convergence to IP Infrastructure and AS3: Services 
Commensurability to Traffic Classes’ Requirements}. 
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Below the aspect/cluster level is the criteria level. Each aspect/cluster has 
corresponding criteria that are evaluated against the alternatives (atomic 
elements) which are in the lowest level of the hierarchy. These are: 
- AS1: Services relevance in context of development { C1 – User 

empowerment, C2 - Population in-need, C3 - Must have service/s, C3 - 
Must have service/s, C4 - Impact to communities/group of user} 

- AS2: Services Delivery Mechanism Convergence to IP Infrastructure 
{C1- Migration to all-IP infrastructure, C2 - Technology availability, C3 - 
Coverage range} 

- AS3: Services Commensurability to Traffic Classes’ Requirements {C1 - 
Services’ network demands, C2 - Terminal equipment affordability, C3 - 
Affordability of recurring costs of access} 
The alternatives are the atomic elements at the lowest level of the model. 

The alternatives represent the Internet traffic classes hereby numbered as 
{ 𝑇𝑇𝑖𝑖  , ∀𝑖𝑖 = 1, … , 5}. They are the elements assessed/ judged. The preference 
among the set of alternatives is determined by employing pairwise 
comparison of the hierarchy elements at all levels following the rule that; at 
a given hierarchy level elements are compared with respect to elements in a 
higher level by using the AHP fundamental importance scale. 

The synthesis is performed by multiplying the criteria-specific priority 
vector of the alternative with corresponding criterion weight and summing 
up the results to obtain the final composite of the alternatives’ priorities with 
respect to the goal. The highest value of the priority vector indicates the 
best-ranked alternative. 

The Mathematical technique of the pairwise comparison (PC) is the 
foundation of the ISCD model. The PC technique is used in measuring the 
intensity of preference between two elements applying the AHP fundamental 
scale of absolute numbers to establish the ratio while putting in 
consideration the cardinal intensity of preference between elements.   

Further the eigenvector approach is used in the process of computing the 
relative preference vector for each criterion at the respective hierarchy and 
then finally a normalized geometric mean method is applied in the 
aggregation process that leads to the ultimate goal of getting the global 
preference vector. 
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Paper 4 

E. Gamukama and O. Popov, "A Utility Based Approach for Internet 
Services in Context of Development," in Information and Business 
Intelligence (IBI), Part 1, Communications in Computer and Information 
Science (CCIS). vol. 267, X. Qu and Y. Yang, Eds.: Springer Berlin 
Heidelberg, 2012, pp. 164-171. 

Paper Summary 
The point of contention being addressed in the paper is how to align the 
apparently divergent objectives of the Network Services Provider (NSP) and 
end-users (therein referred to as stakeholders) within the present Internet 
architecture in order to maximize their benefits. 

To distinguish and outlines the basic characteristics of what would lead to 
an aligned environment for the Internet services provision and usage in view 
of fostering development in LDCs the paper presents an approach based on 
(a) the state of art of marketing the Internet services used by most of the 
Least Developing Countries (LCDs), (b) foundations of the utility theory and 
(c) the fairness concept.  

In view of the social dynamics that pose a challenge to NSP for services 
provision over weak infrastructure, the paper classifies Internet services by 
their respective traffic behavioural demands for network resource and ranks 
them with a priori thought of their importance in context of development for 
poor nations. The paper also builds on the existing theory and evidence that 
end-users use the Internet for (a) enjoyment, (b) to save money, and (c) to 
save time, to distinguish end-user benefits into two blocks (direct and 
indirect) from which a modified labour-leisure utility maximization model is 
formulated. 

On that basis, the network services provision is characterized to maximize 
the user’s satisfaction through a utility-fair resource allocation criterion in 
which the utility values are used as performance measure of the service 
delivery to end-users. While the end-user is characterize by a mapping of the 
utility value to actual benefits that foster a positive social change in one’s 
basic dimensions of life.  

Analytical model of the main characteristics is presented. It focuses on 
leading to social equity among the stakeholders.  A (ρ, α)-proportional 
fairness criterion is adopted in the comparison of the fairness of different 
allocations and evaluating the trade-off from the systems and social 
perspectives. Eventually such end user regulated bit rate based on the utility 
bounds lead to general satisfaction of all stakeholders. 

Conclusively, user satisfaction of Internet services, signifies delivery of 
expected quality of services (QoS) and as well as willing to pay for such 
services, thus achieving the goal of aligning all the stakeholders’ objectives.  
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Paper 5 

E. A. Gamukama and O. Popov, "A Social Welfare Approach in Increasing 
the Benefits from the Internet in Developing Countries," ACEEE 
International Journal on Network Security, vol. 2, pp. 29 - 33, 2011 

Paper summary 
The paper examines the Internet usage and its market environment in 
developing countries under the current assumption that the Internet is one of 
the most important drivers for development. Taking the assumptions’ 
premises that the success and the inevitability of the Internet in the 
developed world underline its proliferation and diffusion essential in less 
developed countries, it gives an insight on processes’ (unintended and 
intended) implications and their effects on achieving real Internet benefits in 
the environments where network infrastructures are limited such as the ones 
found in the developing regions.  

The paper observes the social dynamics consequences coupled with 
market environments of the Internet usage in developing countries and 
identifies unintended consequences as the protocols being used and the 
applications being preferred in the end user domain. While insistences of the 
intended ones are identified as being the network providers’ objectives for 
profit maximization that drives the entire management of the network 
resources. 

To remedy the situation, the paper presents a societal approach in which 
the Internet providers and end-users identify a set of objectives that lead 
each in achieving optimal benefits. The conceptualisation of the societal 
approach is based on the concept of utility fair and network efficiency in 
view of delivering the Internet services. These two concepts are the basis 
classifying and ranking of the Internet services by their traffic classes with 
priori thought of importance/relevance to services in foster development to 
low-income earners. The societal approach also carries a hypothetical 
thought that a higher penetration of Internet can influence many aspects of 
life (economic productivity, health, education, democracy, etc.).  

An analytical model of the main characteristics of this approach is 
presented and shows how the end user bit rate could be regulated based on 
the utility bounds that lead one’s satisfaction. In this respect user satisfaction 
signifies the delivery of expected QoS and willingness to pay for the 
services. Hence user satisfaction also fulfills the goals of the network 
provider. Consequently, the benefits of network provider are quantified from 
the point of profit maximization. While the end-user benefits are modelled 
from utility-fair maximization of the connectivity paid for in respect of one’s 
preferential needs. 
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Paper 6 

E. A. Gamukama and O. Popov, "A Utility Based Framework for Internet 
Access Provision and Usage in Context of Development ", in the 
proceedings of the “2011 International Conference on Future Information 
Technology”, IACSIT Press,  ISSN 2010-460X, vol.13, pp. 101-105, 2011. 

Paper summary 

Albeit the Internet is being referred as one of the catalysts to forester 
development in poor nations it is still a mystery on how to quantify the value 
an end user gets from its access. We present a utility based framework under 
which approaches are devised to quantify the value an end user can get from 
accessing the Internet. In this paper, the utility “value” (or user utility) is 
quantified as the user’s willingness to part-off with personal resources in 
exchange of the service or services one can receive over the Internet 
connectivity. We assume that (a) a user parts-off with personal resources 
because of specific services of interest that are delivered over the Internet, 
(b) a user utility accrued from such services is determined only by the 
allocated bandwidth of the traffic class in use to deliver the services. Each 
traffic class has a network resource demand that is reflected by its utility 
function. Services are categorized based on their network resource demands 
and respective priori thought of importance/relevance in the context of 
development. The Service Relevance (SR) is ranked on the scale of 1 
(highest) to 5 (lowest) that indicates the deemed importance of the service to 
development.  The user utility of each traffic class is determined only by the 
allocated equivalent bandwidth   𝑥𝑥𝑖𝑖 , a new parameter  𝑉𝑉𝑖𝑖 =  1

𝐴𝐴𝐶𝐶𝑖𝑖�   is 
introduced in the utility function. 𝑉𝑉𝑖𝑖 is the weight of a traffic class based on 
its deemed level of importance vis-à-vis other traffic classes in the network. 

The paper adopts the aggregation method of utilities to estimate user’s 
utility. We formulate the total estimated utility  (𝐸𝐸𝑈𝑈)  as an optimization 
problem.  Due to the link constraints, the actual utility a user gets (perceived 
utility (PU))) depend on the instantaneous conditions of the network. The 
average PU in duration of   𝑇𝑇𝑑𝑑𝑑𝑑𝑟𝑟  when a user is online is computed. 

A measure for user satisfaction of the services is modeled based on one’s 
preferences and the forethought QoS. We formalize user satisfaction (𝑈𝑈𝐴𝐴)as 
a difference between the average PU the user received in duration 
 𝑇𝑇𝑑𝑑𝑑𝑑𝑟𝑟 online and the 𝐸𝐸𝑈𝑈. Consequently we summaries it as follows;  

𝑛𝑛𝑓𝑓 𝑈𝑈𝐴𝐴 𝑖𝑖𝑘𝑘 �
= 0 ;
> 0 ;
< 0 ;

 
End user is satisfied, QoS is as expected                                                               
End user is fully satisfied, QoS exceeds the user′s expectations                   
End user is unsatisfied, QoS is below the SLA obligations                              

  

Our approach enables estimation of ones’ net service utility which is a 
reflection of one’s satisfaction.  
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Paper 7 

E. A. Gamukama and O. Popov, " A Framework for Achieving Optimal 
Benefits from the Internet in the Context of Development", in the 
proceedings of the“IEEE International Conference Networking in Education 
and Research, 10th RoEduNet”  pp. 168 -173, ISSN 2247-5443,  June 2011. 

Paper summary 
The paper gives the characteristics of what would be the environment of the 
Internet services provision and usage in view of fostering development in a 
poor nation. It bases on the principles of fairness, efficiency, reliability and 
availability for a connected end-user to give pointers on how stakeholders 
would obtain optimal benefits from Internet (provision and/or usage).  

Due to openness of the Internet market in most of the developing nations, 
the characteristics of the network services provision are set to maximize the 
user’s satisfaction through a utility fair function that unifies/equalizes the 
utilities of all users irrespective of the traffic class/type of service being 
delivered. From a Network Services Provider (NSP) point of view, user 
satisfaction is a standard a performance measure of the service delivery and 
also an indicator of user willing to pay for the service received. The social 
goal of equal utility across users ensures that all instantaneous connected 
end-users go by their respective preferences without any traffic class 
swamping all the available bandwidth/network resources. Such a goal in this 
study is achieved by applying the utility proportional fair criterion as the 
resource allocation policy. 

 The end-users is characterized by mapping the utility value to actual 
benefits that foster a positive social change in one’s basic dimensions of life. 
The mapping is based on the leisure-labour theory that endeavours to explain 
why people seek some equity in the ability to access the Internet. 
Consequently, we formulate the labour-leisure utility maximisation model 
from two main blocks of benefits (a) direct benefits and (b) Indirect benefits.  
The resulting optimisation problem is formulated to maximize the utility 
function of consumption c, leisure l, bandwidth x, time online t; subject to 
monetary and time constraints.  

In the optimisation problem, bandwidth (x) and time (t) are considered as 
functions of the end-users’ actual production time in which one is 
participating in the labour market doing fundamental living activities. A 
production time function T(h, x, t, a) is formulated, where h is the number of 
hours worked, a is the efficiency parameter (the technical ability of the end-
user).  T is assumed to be convex in x and t. While x and t are complements 
in production, i.e. increase in x will raise the marginal productivity of t,  a 
augments the productivity of x and t.  
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Paper 8 

E. A. Gamukama and O. Popov, "A Framework for Evaluating Efficiency–
Fairness Tradeoffs in IP Networks in Context of Development" in IEEE 
ISCIT 2009: Proceedings of the 9th International Symposium on 
Communications and Information Technologies 2009, pp. 507-512, 
September 2009,  ISBN: 978-1-4244-4522-6.5. 

Paper summary 

The proposed framework is based on the present nature of the Internet 
hierarchical market setup in developing countries. It intends to address 
fairness importance in context of development issues earlier discussed in 
paper 8. The tradeoff study approach strives to establish a point that would 
lead to an alignment of the network provider and the end-user objectives. 

The framework interprets efficiency as a value of a general utility 
function of flow rate allocation. Utility function is interpreted to be profit, 
revenue, investment costs, utilization, throughput, or a combination. The 
framework strives on establishing the operational feasible set of a network 
from which an optimal point can be achieved for maximizing the efficiency. 
Consequently an efficiency-fairness tradeoff analysis can be performed to 
determine the global network performance in respect of utility function. In a 
broad generalization a tradeoff analysis can be used as a basis of determining 
the types of services to be offered and the level of accrued benefits to the 
corresponding end users. 

The model description of the network and its preliminary parameter 
settings considered in the framework are stated. Under the stated 
assumptions a feasible rate vector 𝒙𝒙 is defined as 𝒙𝒙 = [𝑥𝑥1,𝑥𝑥2,𝑥𝑥3, … , 𝑥𝑥𝑠𝑠] : 
𝑥𝑥𝑠𝑠  ∈  [𝑚𝑚𝑠𝑠 ,𝑀𝑀𝑠𝑠 ] and ∑ 𝑥𝑥𝑠𝑠 ≤ 𝑐𝑐𝑠𝑠𝑠𝑠∈𝒮𝒮𝑙𝑙  ∀𝑙𝑙 ∈ ℒ 

Attainment of a feasible rate vector implies no link is congested and the 
network is in equilibrium (steady) state.  Therefore a unique feasible and 
efficient rate vector that satisfies the condition ∑ 𝑥𝑥𝑠𝑠 = 𝑐𝑐𝑠𝑠𝑠𝑠∈𝒮𝒮𝑙𝑙   ∀𝑙𝑙 ∈ ℒ , there 
exists that maximizes the network throughput. The framework considers 
network efficiency to have a monotonic correspondence to the throughput. 
Likewise, it is a function of bandwidth utilization. Since the network 
operator’s objective is profit maximization, then the higher the bandwidth 
utilization is, the higher the revenue generated. Consequently, we define 
network efficiency index 𝜂𝜂𝐸𝐸  at some feasible rate vector 𝑥𝑥𝑠𝑠 as the ratio of the 
sum of all feasible rates to total capacities of the path links.  

The end users objective is to achieve the maximum aggregate utility in 
the system (maximizing the social welfare). This this objective is formulated 
as an optimization problem P subject to capacity constraints. However, this 
objective does not ensure fair bandwidth allocation among competing end-
users. This approach used always favors those sources in low demand, and is 
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not willing to allocate bandwidth to sources in high demand. The framework 
proposes introduction of control bounds based on the (α-β) – fairness 
concept on the flow rate as one the constraints in the optimization problem. 
The use of control bounds ensures that every end user get a flow rate that 
delivers a service with the minimum expected QoS level. Hence, no end user 
incurs a utility loss.  

 
Paper 9 

E. A. Gamukama, "Towards a Framework for Evaluating Efficiency–
Fairness Tradeoffs on the Internet in Development Context", in the IEEE 
ISCIT 2008 proceedings of the International Symposium on Communications 
and Information Technologies,2008, pp.551-556, ISBN: 978-1-4244-2336-1. 

Paper summary 
Efficiency and Fairness with respect to resource sharing are main objectives 
in any system design. Many choices in life are made based on their tradeoffs. 
Part of our research presented in this paper is striving to develop a 
framework to evaluate these concepts that may provide a sound basis for a 
model of providing Internet services to users with a diversity level of income 
in developing regions. This paper gives new pointers for the extension of the 
efficiency and fairness concepts that should be put under consideration 
during the process of formulating a framework for evaluating efficiency-
fairness tradeoffs on the Internet in the context development. 

Prior to pointers, the paper defines the Internet for development and gives 
premises/basis for extension of efficiency and fairness concepts. In the 
perspective of the last mile user in developing regions the Internet for 
development is summarized in the access-domain as, access to (a) market 
information (b) Medical information/awareness (c) Affordable and quick 
communication services (d) human skills upgrade; able to access web-based 
self-tutors/guides both online or offline that would enhance one’s skills e.g. 
in ICTs, agriculture, cookery, health/hygiene, (e) access to existing national 
policies and contributing to formation of new ones for promotion of 
democracy and better governance, and (f) Local and international news and 
keep embraced with current affairs. 

The premise/basis for the extension of the concepts in the process of 
formulating the framework stands as (a) the present level of the Internet 
technology is sufficient enough to foster development in developing regions. 
However the challenge is to guard the perpetuating distortion of the fairness 
notion on the Internet while maintaining a recommendable level of 
efficiency in networks, and (b) there are social inequities of access between 
urban and rural Internet users partly due to the current ambiguities in 
understating these concepts in the context of development. 
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The paper presents three pointers for extending the efficiency and fairness 
concepts on the Internet in the context of development as follows; 

Redefining the network efficiency in respect of the benefits it delivers to the 
Internet users and network operators. 

Traditionally network efficiency is strongly related to the bandwidth sharing 
objectives and quantitatively presented as a ratio of the overall network 
goodput. We extend the network efficiency concept to include benefits 
accrued to the users and operators. In respect to the operator, benefits are 
interpreted in view of revenue, profit, (investment returns) that can be 
generated by the network. While to an end-user benefits are viewed from the 
level of the network contribution in fostering one’s development. That is 
how efficient is the Internet\network benefits the end-user in achieving one’s 
goals that lead to personal development. 

Identifying the fairness bounds 

The central issue is to identify the fairness bounds under which the set 
targets can be achieved by maximizing efficiency given constraints that 
uniquely define the area in developing regions. To overcome the 
fundamental conflicts between fairness and efficiency [137], we propose to 
adopt the bounded fairness compromise ((α-β) – fairness) concept similar to 
that of Zukerman et al [138]. Such an approach is not biased to any 
particular fairness criteria and can be applied to any topology of network. It 
also enables one to set minimum and upper allowable bounds that meet 
specific target benefits. However for clear understanding of the tradeoff 
between efficiency and fairness there is need to define utility functions that 
uniquely defines or have a direct interpretation of the level of satisfaction 
attained by the users/operator in the study area.  Hence this leads in defining 
an efficiency-fairness functions that will qualify the tradeoff. 

Extension of fairness concept therough creation of new policies and controls 
to address the social dynamics on the Internet 

The research notes how the society’s dynamics drives the present Internet 
applications’ development and use. However some applications in use are 
not in position to foster development in developing regions especially in 
weak network infrastructures. This paper extends the fairness concept 
through introducting new policies and controls that can effectively protect 
the network while at the same time fairly meeting the users’ dynamics. Such 
policies set fairness controls on-fly at run-time and address issues of intra- 
and inter-protocol fairness and implementation of application based costing. 

The implication is that access to the Internet services not tailored to the 
context of development would cost a bit higher hence bringing more profit 
and revenue to the operator and the nation, indirectly introducing subsides to 
the user whose Internet access services are classified under development 
context. 
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Paper 10 

E. A. Gamukama, "Fairness on the Internet and its Importance in 
Development Context," in CECIIS 2008, Proceedings of the 19th Central 
European Conference on Information and Intelligent systems, pp. 247 - 254, 
September 2008, ISBN: 978-953-6071-04-3. 

Paper summary 
This paper investigates the current trends in understanding and applying the 
fairness concept and its importance on the Internet. Further it examines the 
extension of the fairness concept in the context of development (in particular 
for developing regions where the Internet is seen as a means to facilitate 
their national development).  

The study is motivated by the applications that are becoming 
indispensable on the Internet due to the social dynamics despite their unfair 
sharing of network resources. Conceptually fairness is associated with 
allocation of limited resources among competing users. This paper gives 
pointers on formulation of a framework based on the fairness concept to 
remedy the existing situation among the Internet users in developing regions 
where network resources are still limited. Hence it adopts the Max-Min and 
Proportional fairness models. 

Trends in understanding fairness: It is established in this paper that the 
concept of fairness has been the central criteria in guiding the design and 
implementation for the best effort Internet. The successes achieved have 
resulted into a brief that the Internet connectionless model needs not to 
change as long as there is adequate provisioning of the network resources. 
That what is needed is a relaxed end system congestion control that can co-
exist with the widely used TCP congestion control. 

Admission control trend: Advances the idea of flow co-existence with 
each implementing its own flow controls. Admission controls for inelastic 
flows and aggregate level flow control for elastic traffic unlike the present 
per-flow TCP-friendly control. This approach proposes the use of stochastic 
process to model the co-existence of the different flows under different 
controls. It further strives to extend the standard network utility 
maximization by considering non-concave utility functions to model 
inelastic traffic as well considering both the elastic and inelastic flows as 
stochastic processes with finite sizes. 

Shift controls to application run-time: argues that based on the principals 
of theoretical economics, fairness concerns the comparing of benefits, costs 
or both. Fairness should be concerned with the benefit, cost or both for data 
transfer over the network. Though the benefits of data transfer is assumed to 
increase with flow rate, the utility function relating the two is unknown or is 
unclear and even is subjective and private to individual users. The overall 
thesis is to create a run-time policy framework within which users and 
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operators can control relative resource shares. A policy that principled and 
enforceable bring an agreement between users and operators on which fair 
use policy they want locally to use at run-time. 

Bounded fairness compromise: The thesis of the study is to investigate to 
what extent fairness can be compromised by maximizing the efficiency. 
Efficiency refers to a value of a general utility function of flows rate 
allocation. Utility functions are interpreted to be profit, revenue, investment 
costs, utilization, throughput, etc.  

Conclusively; can be achieved by considering the usage of (this paper 
highlights the following pointers for formulating a framework based on 
fairness concept through which the Internet services can contribute in 
initiatives of national development in poor regions: 
- Enforce fair use of the available limited network resources in developing 

countries to leverage the state of the present Internet technology in 
fostering development 

- Address the ambiguities in the present Internet costing models that have 
led social inequities of access between the urban and rural Internet users 
in developing regions 

- Introduce new policies and controls of social dynamics that can 
effectively protect capacity constrained networks from aggressive and 
capacity hungry applications but at the same time efficiently and fairy 
meeting the user’s dynamics.  

 

Paper 11 

E. A. Gamukama and O. Popov, "The Level of Scientific Methods Use in 
Computing Research Programs," in MIPRO 2008, Proceedings of the 31st 
International Convention on Information and Communication Technology, 
Electronics and Microelectronics, Croatia, 2008, pp. 176 – 183, ISBN 978-
953-233-039-7. 

Paper summary 
The paper presents findings of a study that investigated the use of scientific 
methods in computing research programs and what makes some artifacts 
more popular than the others. The study was motivated by the current trends 
in the usage of some aggressive and network resource hungry applications 
(hereby referred as computing artifacts) that are gaining popularity on the 
Internet. Despite the fact that some of these applications use TCP the gentile 
crafted protocol for network resource, their usage cause unevenly allocation 
of network resources. Such uneven capacity allocations in constrained 
networks lead to starvation of other applications flows and deterioration in 
QoS deliveries to the end user.  
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Findings derived from the data analysis collected from 445 scientists in 
the field of computing (ref. to section V, Table II for details) indicated that 
computing is an interdisciplinary body of knowledge cutting across all the 
scientific hierarchies as perceived in the classical view of the anatomy of 
science (see details in Table I in the paper). 

On methodological choice, 64% of the respondents acknowledged that 
market forces had a great influence on methodology to be used in their 
research program. 92% of these reported partnerships with the industry in 
their research programs and their research are the direct inputs of the 
industry. Consequently, we concluded that the choice of methods used have 
to fulfil the industries’ objectives of satisfying the market demands. 
Henceforth confirms to us that industries’ products are social demands 
driven.  

The usage of combined methodologies was found to be the method in use 
compared to the usage of distinct classical methods (theoretical, 
experimental and simulation). The overall adherence to scientific methods 
use was to a level of 95.39% despite the research products are geared to 
market demand satisfaction. The experimental (both simulation and 
observations) was the major method for data collection while the use of 
mixed methods (in this context mixed mean induction and deduction – 
through logic was acknowledged as the major method for data interpretation.  

On general research process, 75% of the respondents acknowledged the 
conformity of logical processes in their research programs to the classical 
logical processes of conduction scientific research programs (see figure 3.1 
in the paper – the research flow process under the scientific framework). 
Unlike in the classical research process, to achieve better results in 
performance, hypotheses are set as in terms of goals. More interesting (but 
was outside the scope of this study), to find out what research and how 
scientific that research is for the 25% of respondents how seemed not to 
follow the classical view of conducting scientific research programs. 

Conclusively research scientists in the computing field go through a 
processes and use methods that adherent to the universal methods from the 
classical theory of science. However, their hypothesis settings and 
consequent empirical tests have a big component of market sensitivity i.e. 
the research outputs (artifacts) are targeted to meet the “on time market 
demands”. The consequence of such tendencies is that computing artifacts 
have resulted into a versatile venture. Their performance, concepts and 
existence have to remain in phase with the social dynamics or market 
dynamics. This might be one of the reasons why some applications on the 
Internet are more popular despite their use bring unfairness to some sectors 
of users. 
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Chapter Seven 

7 Conclusions and Future Research 
Directions 

7.1 Concluding Remarks 
The Internet as a platform for services provision and delivery is adopted 
world over. To LDCs it is further perceived as a medium for fostering 
development. A perception that is likely not to be easily achieved because 
the decisions that led to its existence in such countries never addressed the 
need of aligning the stakeholders’ goals. This study observes the 
misalignments as one of the barriers for exploitation of the Internet benefits 
in LDCs and consequently develops scientific grounded social-technical 
approaches for their alignment. 

In view of the Internet as a catalyst for development in LDCs this study 
groups the Internet stakeholders into three groups based on the role each 
group plays and its deemed goal. These are (a) network provider whose goal 
is profit maximisation on one’s network investments, (b) end user who pays 
for the Internet connectivity and services with the goal of maximizing ones’ 
utility, and (c) the policy maker whose goal is the establishment of an 
enabling environment in which the access to the Internet services would lead 
to a positive livelihood transformation of society. Ultimately such a positive 
livelihood transformation leads to an information society where everyone 
competitiveness market edge is increased. 

This study identified two broad categories of misalignments of the 
stakeholders’ goals over the Internet. The first category originates from the 
Internet architectural model in the way the link resource adaptations for 
competing end users converge to optimal allocations that optimise the 
utilization of network resources which turns to favour only the network 
provider but not necessarily the end user. The second identified source of 
misalignment is the placement of the value that stakeholders get from the 
Internet services provided or received in the network. This study proves that 
it is only the network provider whose value of the Internet services provided 
to end user is found in the network. Other stakeholders the value they 
achieve from the Internet services is made outside the network though the 
network facilitates its making.  
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The methodological approach developed in this study aiming at aligning 
the stakeholders’ goals for provision and usage of the Internet services 
without jeopardising their envisaged benefits stem from establishing the 
Internet services of great importance in fostering development and whose 
network resource requirements commensurate to the level of available 
network capacities commonly found in last miles networks in LDCs. 
Systematically the following steps were taken; 
- Classification of the Internet services by their traffic classes 
- Development of a frame of reference - a structural framework under 

which DMs can make scientifically informed subjective judgment for 
ISCD   

- Development of the ISCD model - a model that leads to validation of 
the hypothesis for the alignment of Internet stakeholders’ goals for their 
benefits 

7.1.1 Internet services classification by their traffic classes 
This study defined the context in which the term “service” is used. In the IP 
infrastructure services are requested and delivered by using specific 
applications which generate traffic with specific characteristics through the 
networks to the end users. The number of applications on the Internet is 
increasing daily, which complicates the process of applications identification 
to their corresponding services they deliver, and establishment of the 
services’ relative importance in the context of development. A remedy to 
such complication in this study is the introduction mapping each service 
onto a specific traffic class that delivers it to the end users. Traffic classes 
are categorised according to their respective utility functions which 
ultimately lead to forming five traffic classes in the present Internet. 

To quantify the user’s utility from such a service received, we introduce a 
scalar 𝑉𝑉𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠    in the utility function of each traffic class/group. It denotes the 
importance of the users’ traffic class in context of development compared 
with other traffic classes.  Equally too, it may denote the user’s preference to 
particular services in a given traffic class in relation to other traffic classes 
and therein services. 

Methodologically this study’s Internet services classification approach 
maps the ever increasing number of Internet applications (therein services 
they deliver) into only five classes. The traffic classes can individually 
or/and comparatively be analysed with respect to establishing the relevance 
of such class (therein services) contribution to the transformation of users’ 
livelihood in context of enabling development. 
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7.1.2 Frame of reference for subjective judgments 
This study adopted the AHP method because of its scientific principles of 
converting subjective assessments of relative importance to a set of overall 
scores/weights. A frame of reference purposefully geared to the role of 
Internet services in context of development is developed. It addresses the 
ambiguity of framing subjective questions which apply to the real-world 
problems that a DM must answer in the process of formulating the judgment 
matrix that result from the use of the AHP method.  That is, it is a reference 
point used by the DM during the process of structuring the ISCD problem 
into the framework of the AHP method. 

The ISCD problem is structured into three dimensions under the 
framework of the AHP method using the developed frame of reference. The 
first dimension guides the DM on structuring the Internet services’ relevance 
to stakeholders in LDCs and what are the key issues to put under 
consideration as developed in the frame of reference (ref. figure 3.2). The 
second dimension gives guideline on service delivery converging on all-IP, 
while matching the technological trends, available infrastructure status in 
LDCs, level of penetration, e.t.c. The third dimension requires the DM to 
structure the ISCD problem in view of specific infrastructure requirements. 
Reference points in this dimension include issues like services affordability, 
while  putting in consideration the expectations of the end users’ quality of 
services requirements for the services in need and their specific 
infrastructure requirements from the stakeholders (mainly the network 
providers and end users).  

The frame of reference lays down a framework in which the ISCD 
problem can repeatedly be tested with subjective inputs and consistently 
output results (weights/priority levels) that are objectively representing the 
real world scenarios of the study. 

The frame of reference appends a baseline for eliciting numerical values 
to subjective evaluations. The baseline is based on real world scenarios in 
LDCs and are categorised following the Internet traffic classification 
developed in this study. 

7.1.3 ISCD model 
This study has developed the ISCD model whose foundation is based on the 
analytical hierarchy processes (AHP) theory for establishing of the relative 
importance of the Internet traffic classes (therein the services they deliver to 
end users) in the context of development.  

It is a four hierarchy model (ref. figure 4.1.2) structured following the 
frame of reference principles with a mathematical foundation of the pairwise 
comparison technique. The pairwise comparison is the baseline method for 
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AHP theory when measuring the intensity of preference between the 
elements during the process of formulating the judgment matrix. 

The Internet traffic classes are the atomic elements (alternatives) of the 
model occupying the lowest level. They are the elements to be assessed/ 
judged. The preference among the set of atomic elements was determined by 
employing pairwise comparison of the hierarchy elements at all levels 
following the rule that; at a given hierarchy level elements are compared 
with respect to elements in a higher level by using the fundamental 
importance scale (ref. table 3.1.1 above). 

In this study the group of individual participants (decision makers) that 
formulate the judgment matrix are assumed to be independent of one 
another. Consequently model adopted the AIP approach (in the process of 
computing the group’s priority vector for ISCD) using the normalized 
weight geometric mean method (NWGMM). 

7.1.4 Strategic approaches for aligning Internet stakeholders’ 
goals in LCDs 

The ISCD model was validated using an emprical study that involved eight 
experts in the field of ICT/Internet. The results of the emprical findings leads 
in setting the strategic options for aligning stakeholders goals in view of the 
ISCD as follows; 

7.1.4.1  Strategic options for network management policies in view of ISCD 

The ISCD problem was structured using the AHP methods. The traffic 
classes were structured as atomic elements of the model and became the 
elements to be assessed/ judged. The outcome of the problem synthesis leads 
decision making for aligning the misalignments in the Internet stakeholder 
goals. In addition to reasons given in the classification section above for 
structuring the traffic classes as atomic elements of the model, they (traffic 
classes) are the elements that form the intersection set representing the 
stakeholders’ interests. From a monetary view point, each volume unit of the 
Internet traffic that traverses the provider’s network is equivalent to a 
specific revenue/income. To the end users, the higher the rate of the Internet 
traffic available to one’s request the better the delivery of service with 
expected quality of services. Hence the satisfaction of end user with the 
service, which can also be translated in respect of utlity maximazation.  

The empirical study findings ranked traffic classes (therein services they 
deliver) with T5: Elastic Non-Interactive (Best Effort) in the lead followed 
by T1: Hard Real-Time as the most important traffic classes that deliver 
services of great importance in foster development. Also it is noted that their 
network resource requirements commensurate to the state of infrastructure in 
LDCs [ref. section 2.3.5 and 2.3.1 respectively]. T4: Elastic Interactive was 

http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses5.pdf
http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses1.pdf
http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses4.pdf
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in the third position, T3: Real-Time Interactive in the fourth and T2: Real-
Time Non-Interactive ranked last.  The presented order of preference 
appeared in both of our studies (the weighted and unweighted experts). 

 This is a clear manifest that the strategic options for Internet provision 
should be laid along the traffic classes’ relevance (therein services they 
deliver to end users) to ISCD. As guiding factors/utility values for setting 
traffic management policies in networks LDCs the weighted experts’ global 
preferences for traffic classes indicated in table 7.1 below may be used for 
the Vscale parameters. 

Table 7.1.4.1: Vscale parameters for network traffic management in view of ISCD 

Traffic classes T1 T2 T3 T4 T5 
Vscale (utility values) 0.2121 0.1780 0.1912 0.1998 0.2189 

In other studies of traffic classification [7-9, 24, 32, 139] and therein 
references the Vscale used for setting network traffic management policies are 
developed based on the network statistical usage or using machine learning 
techniques. The methods used are network centric that only favour the 
network provider.  Our Vscale is based on empirical findings in view of ISCD 
taking the interests of the Internet stakeholders in LDCs.  

7.1.4.2 Strategic options for Internet consumption/usage 

The empirical finds proved that the strategies for the Internet usage should 
be laid along its relevance in one’s/institutions’ functional activities. 

The empirical finds proved that the strategies for the Internet usage 
should be laid along its relevance in one’s/institutions’ functional activities.  
The services’ relevance was followed by the commensurability to specific 
requirements in ranking and last in ranking was services delivery mechanism 
convergence to all-IP. However noting that every activity over the Internet is 
a service, strategically the model further identified the level of importance in 
context of development among the services’ relevance criteria. 

(a) Strategic option - Services relevance 
From the empirical findings services that cause high impact to users lead in 
relevance towards achieving the objectives of ISCD, followed be services 
deemed to user empowerment. For reference purpose tables 5.3.2.1 and 
5.3.2.5 services’ relevance preferences in view of ISCD are presented and 
discussed in respect of local and global perspectives.  

Strategically this call upon the governments in LDCs, civil societies, 
education systems to sensitise on the importance of such services and be 
educated formally or informally on how to make decisions on what is 
relevant in their respective functional activities. 

http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses3.pdf
http://freeonlinesurveys.com/UserFiles/1060700/files/Trafficclasses2.pdf
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(b) Strategic option - Commensurability to specific requirements 
The global perspective of the empirical findings of the ISCD model, the 
criterion AS2C3: Affordability of recurring costs, followed by the AS2C2: 
Affordability of terminal equipment led the level of disutility. In the context 
of development this calls upon the policy maker to have strategic 
negotiations with the network provider on how to cost the InternetInternet 
connectivity and services so that most of the people in LDCS are able to 
afford the services. Similarly strategic approaches are need between the 
policy makers and the business communities that import of Internet terminal 
services in LDCs such that pricing of the terminal equipment is affordable to 
the communities. 

(c) Strategic option - Services delivery mechanism convergence to all-IP 
“Coverage range” in the 3rd position followed by the “technology 
availability” in the 4th position of the global preference ranking of the ISCD 
elements (ref. table 5.3.2.5) are the prominent elements in view of fostering 
development from this aspect in consideration. 

Empirically this finding proves that the winder the coverage range (in 
respect of the area receiving a communication signal) the more end users are 
likely to be connected as longer as the available technology is compatible 
with their access terminal equipment. Strategically to align the goals of 
stakeholders the network providers should ensure that their networks cover a 
wider area as possible. Not only just restricting the networks to urban areas 
because the majority of the people live in rural areas in LDCs. The moment 
the technology is available in rural areas the usage impact will raise hence is 
the increased income of the network provider. Consequently the more uptake 
of the technology the more fulfilled the policy makers goals becomes. 

7.2 Research Limitations  
This research followed well defined but rigorous scientific methods. 
However we acknowledge there are limitations the research experienced that 
could not be avoided neither has this research accomplished every tasks as 
we would have wished. 

On a generalised point of view, the limitations are due to the cross 
disciplinary nature of research, sensitivity of the data representing real world 
scenarios that can be collected from operational networks, and the limited 
literature that understands the barriers of the Internet usage from the Internet 
architectural models point of view. Specifically these limitations can be 
enumerated as follows; 

First, our approach to the study of evaluating the value/utility of Internet 
services to an individual, institution, or a national development is unique. All 
the studies we have come across look or strive to establish the role or the 
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impact of the Internet to an individual/nation from social or economic 
perspectives. A few are also focused on measuring the Internet economy in 
developed countries [112, 114, 115]. Such approaches we term them as 
“Internet surface” studies, i.e. hardly establish how much is the value/utility 
one gets from the Internet usage before studying how it impacts ones’ 
life/communities lives or establishing the Internet economy. We are not 
aware of any study that approach the process of establishing the Internet 
services’ value/utility individuals, institutions or the nation in view of 
fostering development from the Internet architectural concepts “internals” as 
we have done. Consequently we used an assembly of literature from 
interdisciplinary studies because our research area is a new approach to the 
ICT/Internet studies for people with limited income and it has no literature.  

Second, one of the tasks of this research was derivation of a Vscale (i.e. an 
Internet traffic class priority/utility vector – ref. (table 7.1.4.1)). It was not 
possible to acquire data from one of the operating networks in LDCs to 
make comparative studies between their Vscale parameters used in managing 
/policing traffic with our empirically derived Vscale parameters. 

7.3 Future research Directions 
While this research has proved and clearly laid down strategies for aligning 
stakeholders’ goals in view of ISCD for their benefits, some specific 
tasks/areas are recommended for further research to enhance the 
implementation of the ISCD model objectives in the real world. Specifically 
these are; 
(a) ISCD visualization and predictive research: the goal of this research 

should be to develop a software platform in which a stakeholder can 
enter/code one’s goals and be able to visualise the present and predicated 
future benefits of using the ISCD strategic options. For example, the 
network provider should be in position to find out what would be one’s 
net benefits (profits) if ISCD strategic options are the baseline 
management policies for one’s network. 

(b) ISCD based curriculum development:  Especially the end users in LDCs 
need to be educated on the services types, services relevance in context 
of self-development, relationship between services type and capacity 
requirements and how such capacities are associated to costing (volume 
or/rate based) 

(c) Measuring of the value of the Internet based on the ISCD strategic 
options in public organisations 

Other research directions: One of the open research challenge we have 
identified is the quantification of the value of the Internet in an individual (a 
real person end user) functional activities. In this study we identified and 
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proved that the individual’s value of the Internet is made outside the 
network. However, we acknowledge that the Internet services facilitate the 
individual achieving that value outside the network. Therefore what is that 
value of due to the Internet facilitation? 
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