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TELECOMMUNICATIONS SCIENCE 

Internet evolution, teletraffic and QoS: 

a survey of network traffic 

Seferin T. Mirtchev 

 

Over the last decade, there is tremendous growth of the Internet traffic. The new applications can 

easily overload inter-domain links, disrupting the performance of other applications using the same net-

work resources. This forces Internet Service Providers (ISPs) either to continuously invest in infra-

structure upgrades in order to support the Quality of Service (QoS) expected by customers or use special 

techniques when handling Internet traffic. In this article, it is presented a survey of network traffic. It is 

begun with the description of Internet evolution. Then it is described teletraffic engineering and QoS in 

IP networks. It is discussed the best practices and approaches developed so far to deal with management 

IP traffic, identifying those that may provide long-term benefits for both ISPs and users. With the emer-

gence of new network technologies, researchers have to decide how to implement them and to ensure 

that the internet network provide quality services. It is shown that in this area, there are many improve-

ments, but much remains to be done. The survey shows the great effort which has been undertaken by the 

research community in order to address the topic. There is an enormous pressure on ISPs to make avail-

able adequate services for the traffics like VoIP and Video on demand. Since the resources like compu-

ting power, bandwidth etc. are limited, the teletraffic engineering is needed to evaluate QoS. 
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Experts predict the Internet will become ‘like electricity’ — less visible, 

yet more deeply embedded in people’s lives for good and ill [7]. 

 

1. Introduction 

The world is moving rapidly towards ubiquitous 

connectivity that will further change how and where 

people associate, gather and share information, and 

consume media. Three major technology revolutions 

have occurred during development of the digital 

technology – broadband communication, mobile 

connectivity and social networking. The Internet has 

profoundly changed our perception of society and our 

approach to everyday life. Today with billions of 
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transactions streaming on the web, the Internet has 

certainly become the most powerful tool to share 

information.  

The history of the Internet is an incredible success 

in organically developing a self-adapting complex of 

network business relations. Now very important task 

is how to preserve the public “best-effort” Internet as 

an “open” platform for innovation and competition, 

and how to combine economic and societal value 

creation, and sustainable returns on investment. 

Serious efforts are needed to enable the Internet 

network to sustain an adequate quality of service for 

the end-user in the future. This ability may come 

under pressure by a spectacular boom in Internet 

traffic volumes in the coming years, resulting in 

unprecedented demand for reliable, ubiquitous 

Internet access and mass uptake of bandwidth-

intensive services and applications. To illustrate this 

point: by 2020, more than 50% of the world’s 

population will be online. This means an increase 

from 2.7 billion users in 2014 to 5.0 billion users by 

2020. By 2025, “The Internet of Things” will 

comprise around 50 billion connected devices. By 

2030, machine-to-machine (“M2M”) communication 

is expected to create more than 50% of IP traffic [14], 

[38]. 

In this survey, it is presented the evolution of 

Internet and described some technologies and 

solutions for improving the quality of service (QoS) of 

IP network. It is attempted to evaluate the issues that 

manage end-to-end Internet QoS. Highlighting all-

important factors then it is described means to 

maximize solutions towards better QoS from the 

Internet. It is identified some important design 

principles and open issues for Internet QoS. It is 

provided a short survey of the future internet 

architecture and discussed their approaches, major 

features, and potential impact. It is shown the key 

research topics and design goals for the future Internet 

architectures. It is intended to present the readers a 

clear overview of Internet QoS. Finally, it is 

concluded the survey with a summary. 

2. Internet is an open platform requiring quality 

delivery 

The Internet rapidly and dynamically evolved from 

an experimental network to a mass-market interaction 

platform. From its birth in 1969 to nowadays, the 

Internet has evolved and mutated in many different 

ways [38]:  

 - Internet usage achieved a global reach and 

became an open commercial platform; 

 - Traffic boomed and regional poles emerged, 

while the nature of Internet content progressively 

changed from static text and simple data to interactive 

media and entertainment;  

 - The way of accessing the Internet shifted from 

dialing in via fixed networks to an always-on mobile 

experience; 

 - New network requirements emerged, and quality 

of delivery – which, in the early stages was not that 

important – became mission critical.  

In the beginning, Internet access relied mainly on 

fixed-network infrastructure and end-users 

experienced the Internet through desktop computers. 

Over the years, a vast array of connected devices 

emerged, such as smartphones and tablets, through 

which end users could experience the Internet in 

mobility. These events significantly increased 

Internet’s accessibility and boosted its penetration in 

the global population.  

The amount of exchanged information in fixed-

Internet access accounts for about 70% of Global IP 

exchanged information and it has grown at a 

Compound Annual Growth Rate (CAGR) of 37%, 

reaching 39 EB/month (Fig.1).  

 

 
Source: ITU, Arthur D. Little analysis 

Fig.1. Global IP exchanged information by type. 

Global mobile exchanged information has grown at 

notable rates (CAGR of 117%), reaching 1.6 

EB/month in 2013, but it still accounts for only 3% of 

total IP traffic; however, Cisco expects it to rise to 11 

EB/month by 2017, accounting for more than 9% of 

total IP traffic [4]. Managed IP services such as IP 

Virtual Private Networks (IP VPN) have also grown 

significantly from 2007, at a CAGR of 49%. These 

have reached 15 EB/month in 2013, accounting for 

26% of total IP traffic. This growth of IP exchanged 

information – data consumption per user grew from 

12 gigabytes per user per month in 2008 to roughly 20 

gigabytes per user per month in 2013 – is not only 
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driven by the increase in the number of broadband 

subscribers, but is also linked to the change in nature 

of the Internet traffic itself [4].  

3. The nature of Internet traffic changed from 

static data and text to interactive media content 

The latest available measurements show that the 

bulk of total usage growth comes from real-time 

streaming devices. The Internet has transformed itself 

from a data- and file-transfer platform into a new-

media platform, and its usage has shifted to richer 

types of content, particularly video.  

Today more than 60% of fixed Internet traffic at 

busy hour in the US is media related and, seemingly, 

such share is expected to grow further in the coming 

years (Fig.2). 

 

 
* Downstream traffic  

COMMUNICATION: services provided by application (Skype, 

WhatsApp, iMessage, FaceTime,etc.);  

DATA: file sharing (Bit Torrent, eDonkey, etc), web browsing, 

social networking, email, etc.);  

MEDIA: streamed or buffered audio and video (Netflix, non-

linear TV services;  

Source: ITU, Sandvine; Arthur D. Little analysis  

Fig.2. Changing nature of the Internet. 

The consequences of such a shift materialized into 

increased demand for a higher bit rate and delivery 

quality. During the early ages of the Internet, 

communication interactions were established through 

sequential (asynchronous) applications, and on-time 

delivery was not important. Nowadays, higher 

throughput and reduced delivery time are essential for 

a good quality of experience (Fig.3).  

Furthermore, traffic kept doubling almost every 

two years, and traffic patterns changed because of 

real-time streaming becoming the predominant form 

of digital distribution. Access networks experienced 

significant imbalances (in the order of 5 to 1) on 

average between incoming and outgoing traffic just 

because the nature of traffic today is media related and 

streaming, and therefore mainly flows one way from 

content providers to end-users.  

Although Internet consumption changes during the 

day and peaks between 9 and 10 pm, streaming media 

and real-time applications account for the majority of 

the traffic at any time of the day (Fig.4).  

 

 
1. 2009-2012 CAGR; 2. Interviews.  

Source: ITU, Sandvine; Arthur D. Little analysis  

Fig.3. New requirements of the Internet. 

Average day fixed downstream access – North America, 2012 

 
 

Note: Storage & Back-up Services: PDBox, Netfolder, Rapidshare, etc..;  

Bulk Entertainment: iTunes, movie download services;  

P2P File sharing: BitTorrent, eDonkey, Gnutella, Ares, etc…;  

Web Browsing: HTTP, WAP browsing;  

Real-time Entertainment: streamed or buffered audio and video, 

peercasting, specific streaming sites service (Netflix, Hulu, 

YouTube, Spotify,..);  

Source: Sandvine, Arthur D. Little analysis  

Fig.4. Daily Internet traffic by content type. 

As High-Definition media becomes increasingly 

popular, reduction of delay and packet loss is 

becoming critical for the newer applications. But it 

becomes essential as a new class of applications may 

spread, such as live streaming (e.g. streaming sport 
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events across popular video platforms) or two-way 

live streaming videos (e.g. Skype video-calls and 

“Hangouts”).  

In [33] is presented a mix of high-level 

observations and analysis on fixed and mobile 

data networks around the world, identifying facts, 

fads, and the future trends that will shape the 

Internet’s future. 

Europe is a mix of mature and emerging 

markets, with cultural, economic, technological, 

and linguistic diversities that combine to create 

traffic patterns that can prove to be interesting to 

roll-up. European aggregate fixed access mean 

monthly subscriber usage is measured 28.2 GB 

and median monthly usage - 10.1 GB. The 

aggregate mean monthly usage for the mobile 

access in Europe is observed to be 449.5 MB, 

median monthly usage - 122.1 MB. 

The top traffic fixed access category is shown 

at fig.5 [33]. The Real-Time Entertainment is had 

a higher share. The traffic composition for the 

European mobile access has been similar. 

 

 
Source: Sandvine 

Fig.5. Peak period fixed access traffic composition – 

Europe. 

 

European networks have a consistent set of 

dominant applications and services that are 

available in each region, which account for 80-

85% of all traffic. A set of localized websites and 

region-restricted applications make up the 

remainder of traffic. This can be seen in the list of 

top 10 applications for the region, all of which 

have global availability (Table 1).  

 

Table 1  
Top 10-peak period fixed access applications – Europe. 

 
Source: Sandvine 

4. The IP Interconnection evolves and follows 

the evolution of the Internet 

The Internet is made up of so-called “IP 

Interconnections”, i.e. IP links that connect some tens 

of thousands of so-called “Autonomous Systems” 

(distinct IP networks: public, private, academic or 

other types) (Fig.6). This Internet suite (the Internet 

Protocol Suite - TCP/IP) provides many unique 

features.  

 

 

 
Source: Sandvine 

Fig.6. Representation of the Global Internet in polar 

coordinates: January 2000 vs January 2013. 

 

The IP confines a best effort service nature to all 

traffic sent. Internet routers are programmed to do 

“their best” to deliver packets to the requested 

destination, thereby routing them to the “next (best) 

hop” [35]. The Internet Protocol offers no guarantees 

that packets will not be lost, delayed, corrupted or 

duplicated. With this Best-Effort mechanism, all users 

are served with an unspecified variable bit rate and 

delivery delay, solely depending on the current traffic 

load.  

The lack of central intelligence makes the Internet 

an easy-to-scale network: capacity can be added 

progressively as traffic reaches capacity thresholds at 

each individual node of the global interconnected 

networks. Furthermore, the Internet protocols provide 

robustness and self-healing capabilities: in fact, 

whenever a congestion issue is revealed, packet 

delivery is slowed down and/or packets are redirected 

and find alternative routes to reach their destinations. 
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For the benefit of reducing network complexity and 

keeping the core of the Internet as simple as possible, 

the error-correction intelligence is located in the end 

nodes (the last node before reaching the destination, 

i.e. routers or computers) of each data transmission.  

Another unique feature is that the Internet Protocol 

treats all packets independently of their content. They 

are individually addressed or routed according to the 

information carried by each unit, making it an 

application-agnostic transport layer. This feature is 

often considered the magic ingredient that enabled 

newer applications to easily emerge.  

5. New solutions and technologies on the 

horizon 

Several technologies and solutions are currently 

being investigated to improve the quality control of IP 

Interconnectivity and better support new requirements 

in IP networks [38]:  

- Transparent Caching: content delivery techniques 

extended to all web content. While Content Delivery 

Networks provide web content acceleration 

exclusively to those Content and Application 

Providers that have requested a managed service and 

subscribed to a commercial agreement, Transparent 

Caching extends web content acceleration to all 

generic content that is “frequently requested” by end-

users. Such popular content is transparently and 

automatically “captured” by caches installed within 

the ISP networks, and then retransmitted from a 

location in the network that is closer to end-users. 

According to initial estimates, Transparent Caching 

could provide web content acceleration to at least 50-

60% of the total Internet traffic. Next to the benefits to 

end-users, Terminating ISPs would save costs by 

avoiding redundant retransmissions of IP traffic.  

- Multiprotocol Label Switching (MPLS): 

differentiating IP flows dynamically inside the 

network. MPLS is a technology capable of “coloring” 

IP traffic flows within a network with certain “labels”, 

with the aim of routing them, for example, according 

to their priority levels. MPLS technology has long 

been used in core networks in order to manage 

indiscriminate traffic flows or Virtual Private 

Networks (VPNs), in particular for business 

customers. Still up to now, it remained confined to the 

Business-to-Business perimeter and the core network. 

A broader adoption of MPLS technology, i.e. to the 

very edge of the network and extended to consumer 

networks, would enable a complete new set of 

guaranteed delivery services [34]. This opportunity is 

expected to materialize in the context of a significant 

evolution of networking technologies that foresees the 

introduction of programmable and remotely 

controllable network elements. Such innovative 

concepts may come with Software Defined Network 

(SDN) and/or Network Function Virtualization (NFV) 

technologies.  

- IPX paradigms beyond mobile voice: managing 

IP quality while passing from network to network. IP 

Packet Exchange (IPX) is a technology that aims to 

interconnect IP-based networks by implementing a 

standard cascading mechanism for passing and 

enforcing QoS at the IP Interconnection interface [16]. 

The IPX concept has been around for years, and many 

believe that only now that mobile operators, deploying 

their LTE networks, are moving to full IP transition 

and IPX will at last really take off. Historically, IPX 

has been focused on voice applications, and up to 

now, it has not really addressed the general problem 

of IP Interconnection. Still, it is gradually moving to a 

multi-service platform and looking to simulate the 

way voice circuits worked on legacy networks for 

everything that will eventually pass over an IP 

network.  

6. Future Internet Architecture 

The Internet has evolved from an academic 

network to a broad commercial platform. It has 

become an integral and indispensable part of our daily 

life, economic operation, and society. However, many 

technical and non-technical challenges have emerged 

during this process, which call for potential new 

Internet architectures. Technically, the current Internet 

was designed over 40 years ago with certain design 

principles. Its continuing success has been hindered 

by more and more sophisticated network attacks due 

to the lack of security embedded in the original 

architecture. In addition, IP’s narrow waist means that 

the core architecture is hard to modify, and new 

functions have to be implemented through myopic and 

clumsy ad hoc patches on top of the existing 

architecture. Moreover, it has become extremely 

difficult to support the ever increasing demands for 

security, performance reliability, social content 

distribution, mobility, and so on through such 

incremental changes. As a result, a clean-slate 

architecture design paradigm has been suggested by 

the research community to build the future Internet. 

From a non-technical aspect, commercial usage 

requires fine-grained security enforcement as opposed 

to the current “perimeter-based” enforcement. The 

security needs to be an inherent feature and integral 

part of the architecture. In addition, there is a 

significant demand to transform the Internet from a 

simple “host-to-host” packet delivery paradigm into a 

more diverse paradigm built around the data, content, 

and users instead of the machines. All of the above 
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challenges have led to the research on future Internet 

architectures that is not a single improvement on a 

specific topic or goal [24,39]. A clean slate solution 

on a specific topic may assume the other parts of the 

architecture to be fixed and unchanged. Thus, 

assembling different clean-slate solutions targeting 

different aspects will not necessarily lead to a new 

Internet architecture. Instead, it has to be an overall 

redesign of the whole architecture, taking all the 

issues (security, mobility, performance, reliability, 

etc.) into consideration. It also needs to be evolvable 

and flexible to accommodate future changes. Most 

previous clean-slate projects were focused on 

individual topics. Through a collaborative and 

comprehensive approach, the lessons learned and 

research results obtained from these individual efforts 

can be used to build a holistic Internet architecture 

[23]. 

Another important aspect of future Internet 

architecture research is the experimentation testbeds 

for new architectures. The current Internet is owned 

and controlled by multiple stakeholders who may not 

be willing to expose their networks to the risk of 

experimentation. So the other goal of future Internet 

architecture research is to explore open virtual large-

scale testbeds without affecting existing services. New 

architectures can be tested, validated, and improved 

by running on such testbeds before they are deployed 

in the real world. 

7. Key Research Topics on Future Internet 

Architectures 

Some key research topics that are being addressed 

by different research projects are discussed in [23]. 

Content- or data-oriented paradigms: Today 

Internet builds around the “narrow waist” of IP, which 

brings the elegance of diverse design above and below 

IP, but also makes it hard to change the IP layer to 

adapt for future requirements. Since the primary usage 

of today’s Internet has changed from host-to-host 

communication to content distribution, it is desirable 

to change the architecture’s narrow waist from IP to 

the data or content distribution. Several research 

projects are based on this idea. This category of new 

paradigms introduces challenges in data and content 

security and privacy, scalability of naming and 

aggregation, compatibility and co-working with IP, 

and efficiency of the new paradigm. 

Mobility and ubiquitous access to networks: The 

Internet is experiencing a significant shift from PC-

based computing to mobile computing. Mobility has 

become the key driver for the future Internet. 

Convergence demands are increasing among 

heterogeneous networks such as cellular, IP, and 

wireless ad hoc or sensor networks that have different 

technical standards and business models. Putting 

mobility as the norm instead of an exception of the 

architecture potentially nurtures future Internet 

architecture with innovative scenarios and 

applications. Many research projects in academia and 

industry are pursuing such research topics with great 

interest. These projects also face challenges such as 

how to trade off mobility with scalability, security, 

and privacy protection of mobile users, mobile 

endpoint resource usage optimization, and so on. 

Cloud-computing-centric architectures: Migrating 

storage and computation into the “cloud” and creating 

a “computing utility” is a trend that demands new 

Internet services and applications. It creates new ways 

to provide global-scale resource provisioning in a 

“utility like” manner. Data centers are the key 

components of such new architectures. It is important 

to create secure, trustworthy, extensible, and robust 

architecture to interconnect data, control, and 

management planes of data centers. The cloud 

computing perspective has attracted considerable 

research effort and industry projects toward these 

goals. A major technical challenge is how to guarantee 

the trustworthiness of users while maintaining 

persistent service availability. 

Security: Security was added into the original 

Internet as an additional overlay instead of an inherent 

part of the Internet architecture. Now security has 

become an important design goal for the future 

Internet architecture. The research is related to both 

the technical context and the economic and public 

policy context. From the technical aspect, it has to 

provide multiple granularities (encryption, 

authentication, authorization, etc.) for any potential 

use case. In addition, it needs to be open and 

extensible to future new security related solutions. 

From the non-technical aspect, it should ensure a 

trustworthy interface among the participants (e.g., 

users, infrastructure providers, and content providers). 

There are many research projects and working groups 

related to security. The challenges on this topic are 

very diverse, and multiple participants make the issue 

complicated. 

Experimental testbeds: Developing new Internet 

architectures requires large-scale testbeds. Currently, 

testbed research includes multiple testbeds with 

different virtualization technologies, and the 

federation and coordination among these testbeds. 

Research organizations from the United States, 

European Union, and Asia have initiated several 

programs related to the research and implementation 

of large-scale testbeds. These programs explore 
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challenges related to large-scale hardware, software, 

distributed system test and maintenance, security and 

robustness, coordination, openness, and extensibility. 

Besides these typical research topics, there are several 

others, including but not limited to networked 

multimedia; Internet of things; and Internet services 

architecture.  

8. Essential Aspects for the Future Internet 

The European Research Cluster on the Internet of 

Things (IERC) is actively involved in ITU-T Study 

Group 13, which leads the work of the International 

Telecommunications Union (ITU) on standards for 

next generation networks (NGN) and future networks 

and has been part of the team which has formulated 

the following definition [18]. “Internet of things 

(IoT): A global infrastructure for the information 

society, enabling advanced services by 

interconnecting (physical and virtual) things based on 

existing and evolving interoperable information and 

communication technologies”. 

The four essential aspects for the Future of the 

Internet are [39]: 

First is the challenge of more powerful generations 

of networks and Internet infrastructures, which will 

give on-the-move high-speed access to users, with 

rapid growth of mobile broadband Internet. They will 

strengthen our networked society economy and allow 

access to future Internet services and applications 

from billions of mobile users.  

Second, there is the development of software and 

services architectures. The foundation of new software 

and services, of platforms and structures is directed to 

supporting the industry and endorsing its global 

competitiveness.  

Third, the debate concerning the Internet of 

Things, such as Radio Frequency Identification 

systems (RFID), moves centre stage. Large-scale 

implementations using RFID provoke critical debates 

regarding security and the protection of privacy.  

Finally, there is the increasing exploration of 3D 

technologies in relation to possible new applications. 

In the near future 3D Media Internet will guarantee 

users a more intuitive, higher and enhanced level of 

interaction thanks to the possibility of creating 

realistic virtual web environments.  

In line with this development, the majority of the 

governments consider now the IoT as an area of 

innovation and growth. Although larger players in 

some application areas still do not recognize the 

potential, many of them pay high attention or even 

accelerate the pace by coining new terms for the IoT 

and adding additional components to it. Moreover, 

end-users in the private and business domain have 

nowadays acquired a significant competence in 

dealing with smart devices and network applications. 

As the Internet of Things continues to develop, 

further potential is estimated by a combination with 

related technology approaches and concepts such as 

Cloud computing, Future Internet, Big Data, Robotics 

and Semantic technologies. The idea is of course not 

new as such but becomes now evident, as those 

related concepts have started to reveal synergies by 

combining them. 

9. Internet of Things is a new revolution of the 

Internet 

Internet of Things (IoT) is a concept and a 

paradigm that considers pervasive presence in the 

environment of a variety of things/objects that through 

wireless and wired connections and unique addressing 

schemes are able to interact with each other and 

cooperate with other things/objects to create new 

applications/services and reach common goals [15]. In 

this context, the research and development challenges 

to create a smart world are enormous. A world where 

the real, digital and the virtual are converging to 

create smart environments that make energy, 

transport, cities and many other areas more intelligent. 

As the IoT evolves, these networks, and many others, 

will be connected with added security and 

management capabilities and some of them will 

converge. This will allow the IoT to become even 

more powerful in what it can help people achieve. A 

presentation of IoT as a network of networks is given 

in Figure 7. 

 
(Source: Cisco IBSG, April 2011) 

Fig.7. IoT viewed as a network of networks. 

The Internet is not only a network of computers, 

but it has evolved into a network of devices of all 

types and sizes, vehicles, smartphones, home 

appliances, toys, cameras, medical instruments and 

industrial systems, all connected, all communicating 
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and sharing information all the time as presented in 

Figure 8. 

 
(Source: Cisco) 

Fig.8. Internet of everything. 

The development of enabling technologies such as 

nanoelectronics, communications, sensors, smart 

phones, embedded systems, cloud networking, 

network virtualization and software will be essential 

to provide to things the capability to be connected all 

the time everywhere. This will also support important 

future IoT product innovations affecting many 

different industrial sectors. Some of these 

technologies such as embedded or cyber-physical 

systems form the edges of the “Internet of Things” 

bridging the gap between cyber space and the physical 

world of real “things”, and are crucial in enabling the 

“Internet of Things” to deliver on its vision and 

become part of bigger systems in a world of “systems 

of systems”. An example of technology convergence 

is presented in Figure 9. 

 

 
(Source: Towards the Future Internet. A European Research 

Perspective) 

Fig.9. Technology convergence. 

10. The future Internet is driven by the Internet 

of Things and the Internet of Humans 

The history of the Internet application landscape is 

rich in changes and disruptions. In the early 90s, the 

“File Transfer Protocol” (FTP) application accounted 

for more than 50% of the total traffic. A decade later, 

the share of FTP traffic was substantially reduced, 

being replaced by growing web browsing. Similarly, 

web browsing accounted for the lion’s share for 10 

years, before being supplanted by media content 

(particularly one-way video downloading and 

streaming), which cumulated in over 30% of total 

traffic in 2010. At the same time, peer-to-peer 

exchange of media content between end-users reached 

a similar share. Nowadays, one-way video traffic has 

grown to 60% of total Internet volumes and peer-to-

peer traffic is losing ground relative to this.  

For the next decade, most stakeholders agree with 

three likely outcomes by 2020 [38]:  

- More of the same: For the next decade, one-way 

video streaming traffic may remain the main source of 

traffic. Most of the content consumed would be 

generic, hence limiting the need for real-time 

connection – i.e. the content could easily be cached. 

Traffic volumes will continue to increase as the 

number of end-users grows, their individual usage 

increases and higher-definition standards are brought 

to the market;  

- The Future is the Internet of Things (IoT): 

Alternatively, we could experience a mass adoption of 

mission-critical machine-to-machine (M2M) 

applications, cumulating in up to 50% of traffic, such 

as remote health monitoring & care, driverless 

connected vehicles, smart grid and smart traffic 

control. Besides this, governments may seek to 

increase the efficiency of their administration and 

push for the development of secured e-Administration 

applications.  

- The Internet of Humans: We could also see the 

mass-adoption of two-way, real-time high-definition 

video applications, which would enable rich and 

remote human interactions. Such online human 

interactions would be driven by the emergence of 

advanced collaboration in the context of telemedicine, 

online crowd-working, etc.  

11. Today’s Internet is a Best-Effort and finite 

(yet-not-scarce) resource 

The Best-Effort feature is one of the magic 

ingredients that enabled the fast expansion of the IP 

technology and its intrinsic constraint. The best-effort 

servicing implies that after each aggregation node, the 

available capacity is shared among the different 

outgoing and incoming traffic flows – hence, among 



“Е+Е”, 1-2/2015 10

the different end-users. Congestion can only be 

mitigated with abundant installed resources or 

undiscriminating traffic management. Though these 

mitigation techniques can assure an average 

throughput, they can only partially assure other 

delivery features such as the variance of packet arrival 

(jitter) which greatly affects video delivery.  

Jitter becomes even more critical when data 

packets (whether a file, email or video 

communication) must travel many hops from the 

Content & Application Providers (CAP) to the end-

user. In this journey, many resources are involved – 

from the originating server to the middle router of the 

terminating access network, until the processing CPU 

of the receiving device (PC, smartphone, tablet, etc.) – 

and their improper dimensioning or the instantaneous 

traffic load  

For example, contrary to wireless spectrum, the IP 

Interconnection capacity is not a scarce resource 

because it is possible to add capacity easily at each 

interconnection. However, it is finite, in the sense that 

each interconnection node can count on a finite 

amount of routing capacity before new investments 

are made. The fact that each interconnection node is 

shared among all traffic flows implies that each user 

benefits from just a small portion of the uncontended 

capacity. Given that all end-users do not use the 

Internet simultaneously, they do not request IP 

Interconnection capacity concurrently, and IP 

Interconnection nodes are therefore dimensioned 

according to statistical overbooking rules.  

The finite nature of shared resources at IP 

Interconnection level becomes even more obvious 

when comparing the current installed capacity with 

future demand scenarios in which hundreds of 

millions or even billions of end-users concurrently 

request access during primetime.  

Akamai estimates that 500Tbps are available at the 

IP Interconnection interfaces of the 100 major global 

networks. 500Tbps made available to the 2.7 billion 

global Internet end-users implies that there would be 

roughly 0.2Mbps of uncontended capacity available at 

the IP Interconnection level for each end-user. 

12. The Internet’s quality is hard to measure 

The physical distance between origination and 

termination substantially influences the final 

transmission throughput, latency and packet loss. 

The best-effort IP interconnected network delivers 

data according to the available resources, without any 

assurance of reliability, delay bounds or throughput 

requirements. As a result, the performance is highly 

variable, never guaranteed and always below its 

nominal capacity.  

It is often difficult, if not impossible, to identify 

the limiting bottleneck, which can be caused by 

congestion at an IP Interconnection or aggregation 

node, at the CAP’s server or even at the processing 

unit of the end-user’s devices. Other technical 

parameters such as link asymmetry, protocols tuning, 

front-end optimization, client elaboration time and 

policy management also play a role in the QoS of IP 

Interconnection services.  

The best-effort Internet network continuously 

achieved improvement in the average speed that end-

users enjoy. So far, the quality of delivery, based on 

an average throughput provided, was sufficient to 

allow the Internet to proliferate. As demand for 

Internet content and applications will rise, it is likely 

that more IP Interconnection capacity will be 

deployed, whether by adding resources or leveraging 

technological progress.  

However, even when substantially increasing the 

statistical overbooking ratios [1], the risk remains that, 

at a given instant, the overall number of end-users and 

the nature of their content and applications will 

generate traffic that exceeds the dimensioning of IP 

Interconnection nodes, thereby resulting in a degraded 

Quality of Experience. An overbooking factor is the 

ratio of the maximal admitted traffic of one class to the 

carried traffic from the resources assigned to that class. 

A large number of factors, in addition to 

bandwidth, affect the performance of applications on 

globally interconnected networks. At the network 

level, application performance is limited by high 

latency, jitter, packet loss and congestion. 

As a result of the non-discriminatory nature of the 

Internet Protocol, it is very likely that a substantial 

share of the traffic relates to content and applications 

that do not have the same quality requirements 

(latency, jitter, security, etc.) as the requested real-

time video, and is prevented from being more 

efficiently prioritized without degrading the end-

user’s Quality of Experience. For the above-

mentioned reasons, it is not surprising that pioneering 

applications, such as Cisco’s Telepresence and 

Telemedicine, have been rolled out via dedicated 

networks so far (i.e. static Virtual Private Networks, 

outside the open Internet) in which higher costs and 

operational complexity represent a barrier to the mass 

adoption of such applications.  

Eventually, the question is raised as to what extent 

the best- effort nature of the Internet can actually be a 

constraint to the take-up of next-generation 

applications and whether the industry should look for 

an alternative solution capable of providing on-

demand, guaranteed capacity.  
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13. New requirements beyond bandwidth 

Looking forward, we expect that next-generation 

applications will generate a demand for new IP 

Interconnection requirements going well beyond 

additional throughput capacity, expanding to delivery 

features such as latency reduction, availability, jitter 

control, packet-loss limitation and security.  

Sectors such as the Financial Services industry, 

high-security Governmental Bodies (including police, 

military, emergency services, etc.), the Electronic 

Payment sector, the Broadcast sector, etc. have all 

made ample requests for “advanced” services.  

Indeed, key data transmissions in the Business-to-

Business (B2B) segment rely on dedicated networks 

that require customized design and significant efforts 

to be developed. However, given the high price 

associated with such dedicated networks, it seems 

unfitting to promote the global mass adoption of next-

generation applications over an open-connectivity 

platform.  

Among all new requirements, security and data 

protection deserve special attention as they play a 

critical role in the safe use of next-generation 

applications, especially in scenarios foreseeing the 

Internet of Things. This highly heterogeneous network 

becomes increasingly connected and extremely 

vulnerable to cybercrime, turning security into the 

main priority.  

14. Internet traffic 

The Internet is unprecedented in its growth, 

unparalleled in its heterogeneity, and unpredictable or 

even chaotic in the behaviour of its traffic, "the 

Internet is its own revolution", as Anthony-Michael 

Rutkowski, former Executive Director of the Internet 

Society, likes to put it. 

The accurate characterization of network traffic is 

vital for efficient network engineering, design and 

management. That is the reason why in order to 

understand the characteristics of network traffic an 

enormous amount of work has begun from that day 

when long and high-precision traffic recordings was 

possible [22].  

Internet traffic is the result of interaction among 

millions of users, hundreds of heterogeneous 

applications, and dozens of sophisticated protocols. 

The technical components of the Internet are complex 

in themselves, and they are augmented by a general 

unpredictability and diversity of the human 

components. Both industry and the research 

community benefit from accurate knowledge of wide 

area Internet traffic. Their interests include 

optimization of network components, modification of 

protocols to enhance their performance, modeling the 

effects of emerging applications on the existing 

architecture, and facilitating future growth of the 

Internet. However, reliable and representative 

measurements of wide area Internet traffic are scarce. 

The study [10] aims to help fill this gap by presenting 

a longitudinal study of traffic behavior at a number of 

academic, research and commercial sites observed 

over four and a half years (1998-2003). 

Internet traffic exhibits multifaceted burstiness and 

correlation structure over a wide span of time scales. 

Many works analyzed this structure in terms of heavy-

tailed session characteristics, as well as TCP timeouts 

and congestion avoidance, in relatively long time 

scales [20,25]. In [19] is focused on shorter scales, 

typically less than 100-1000 milliseconds. Their 

objective is to identify the actual mechanisms that are 

responsible for creating bursty traffic in those scales. 

They are shown that TCP self-clocking, joint with 

queueing in the network, can shape the packet 

interarrivals of a TCP connection in a two-level ON-

OFF pattern. This structure creates strong correlations 

and burstiness in time scales that extend up to the 

Round Trip Time (RTT) of the connection. This effect 

is more important for bulk transfers that have a large 

bandwidth-delay product relative to their window size. 

In addition, the aggregation of many flows, without 

rescaling their packet interarrivals, does not converge 

to a Poisson stream, as one might expect from 

classical superposition results. Instead, the burstiness 

in those scales can be significantly reduced by TCP 

pacing. In particular, they are focused on the 

importance of the minimum pacing timer, and are 

shown that a 10-millisecond timer would be too 

coarse for removing short-scale traffic burstiness, 

while a 1-millisecond timer would be sufficient to 

make the traffic almost as smooth as a Poisson stream 

in sub-RTT scales. 

A fundamental step for any network design, 

dimensioning or management task is a deep 

understanding of the traffic that the network itself is 

expected to carry. Traffic, in its turn, is a combination 

of application mechanisms and users’ behavior, 

including attitude towards technology, life habits, and 

other intangible cultural phenomena. Such a mix of 

heterogeneous components is made even more 

difficult to understand by the fast evolution of 

technologies and the rapid raise and fall of new stars 

among applications [11]. 

In the recent years, the research community has 

increased its focus on network monitoring which is 

seen as a key tool to understand the Internet and the 

Internet users. Several studies have presented a deep 

characterization of a particular application, or a 
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particular network, considering the point of view of 

either the ISP, or the Internet user. Measurements 

often span over a limited amount of time without 

entering in the details about the presence of specific 

traffic patterns of long-term trends. 

Results depict an evolving scenario due to the 

consolidation of new services as Video Streaming and 

File Hosting and to the adoption of new P2P 

technologies [8]. Despite the heterogeneity of the 

users, some common tendencies emerge that can be 

leveraged by the ISPs to improve their service. 

Selecting the appropriate traffic model can lead to 

successful design of computer networks and accurate 

capacity planning. The more accurate the traffic 

model is the better the system quantified in terms of 

its performance. Successful design leads to 

enhancement the overall performance of the whole of 

network. In literature, there is innumerous traffic 

models proposed for understanding and analyzing the 

traffic characteristics of computer networks. 

Consequently, the study of traffic models to 

understand the features of the models and identify 

eventually the best traffic model, for a concerned 

environment has become a crucial and lucrative task. 

In [21] is provided an overview of some of the widely 

used network traffic models, highlighting the core 

features of these models and traffic characteristics. 

They have found that the ON/OFF models 

(N_BURST traffic model) can capture the traffic 

characteristics of most types of computer networks.  

The term "teletraffic theory" originally 

encompassed all mathematics applicable to the design, 

control and management of the public switched 

telephone networks (PSTN): statistical inference, 

mathematical modelling, optimization, queueing and 

performance analysis. Later, its practitioners would 

extend this to include data networks such as the 

Internet, too. Internet engineering, an activity that 

includes the design, management, control and 

operations of the global Internet, would thus become 

part of teletraffic theory, relying on the mathematical 

sciences for new insights into and a basic 

understanding of modern data communications [41]. 

Voice traffic has the property that it is relatively 

homogeneous and predictable, and, from a signalling 

perspective, spans long time scales. In contrast to 

voice traffic, data traffic is much more variable, with 

individual connections ranging from extremely short 

to extremely long and from extremely low-rate to 

extremely high-rate. These properties have led to a 

design for data networks in which each individual data 

„packet” or „datagram” transmitted over the network 

is forwarded through the network independently of 

previous packets that may have been transmitted by 

the same connection. 

However, as voice traffic turns out to differ 

drastically from data traffic, so too do the underlying 

mathematical ideas and concepts. The relevant 

mathematics for PSTN is one of limited variability in 

both times: traffic processes are either independent or 

have temporal correlations that decay exponentially 

fast and in space, i.e., the distributions of traffic-

related quantities have exponentially decaying tails. 

However, for data networks, the mathematics is one of 

high or extreme variability. Statistically, temporal 

high variability in traffic processes is captured by 

long-range dependence, i.e., autocorrelations that 

exhibit power-law decay. On the other hand, extreme 

forms of spatial variability can be described 

parsimoniously using heavy-tailed distributions with 

infinite variance. 

It turns out that power-law behaviour in time or 

space of some of their statistical descriptors often 

cause the corresponding traffic processes to exhibit 

fractal characteristics. 

15. End-to-End Internet QoS 

With the streaming multimedia applications, the 

need to provide better Internet QoS has gained 

significant importance. Internet of the future will be 

characterized by diverse traffic sources that heavily 

overburdened by real time traffic from voice to video 

and increasingly overwhelmed by the traffic generated 

through millions of e-commerce transactions [24]. 

QoS requirements of all such applications will 

introduce several new consequences along the way in 

which data is transmitted over the Internet.  

The case that can enable end-to-end Internet QoS 

represents a content server that streams real time data 

to remote players. The media data stored in some 

universal file format (e.g. Microsoft ASF, QuickTime 

etc.) is retrieved from the content server and directly 

streamed over the Internet [5]. The protocol used for 

controlling, accessing and retrieving media data from 

the content server is provided through an application 

level protocol like RTSP (Real Time Streaming 

Protocol). Using available controls, commands can be 

activated by the player to control the display of 

streams that are directly available from the server. The 

user can play, stop, pause, or record the stream. This 

also depends to the extent access restrictions exercised 

by the content server for a particular stream. For each 

of the streams, there can be a separate network 

connection used. Alternatively, multiple streams can 

be logically multiplexed over a given network 

channel. Data is delivered using simple RTP (Real 

Time Protocol) over UDP. The use of RTP is to 
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provide sequencing and timing information for the 

data, but this cannot ensure in-time data delivery by 

itself. Sequencing only helps to detect packet loss 

while timestamp is used during presentation of media 

data. Moreover, control protocols like RTCP (Real 

Time Control Protocol) can be used to provide QoS 

reports either to the sender or to the receiver. This 

information can be about packet loss, inter-arrival 

jitter etc. Using this report, the sender may shift to a 

lower bit rate encoding in case there is excess packet 

loss. RTCP is a duplex protocol; both sender and 

receiver can exchange control information. However, 

RTCP generates too many control messages that can 

act as an extra overhead to the network. This problem 

can be solved to some extent by decreasing the rate of 

transmission of these control messages with increase 

in the number of receivers. It will be nice to can 

implement IntServ in enterprise domains. In such a 

case, QoS support for the application at the network 

level will be provided by RSVP (Resource 

Reservation Protocol). Depending upon the 

application requirements, the required QoS service 

class will be introduced from the ISP providing the 

service. This session can then be mapped 

appropriately to the edge of the backbone 

implementing DiffServ. There may be one or more 

such QoS mappings for a given session before the 

application data is finally available to the receiver. 

IntServ [43] is a per-flow based QoS framework 

with dynamic resource reservation. Its fundamental 

philosophy is that routers need to reserve resources in 

order to provide quantifiable QoS for specific traffic 

flows. For real-time applications, before data are 

transmitted, the applications must first set up paths 

and reserve resources. RSVP is a signaling protocol 

for setting up paths and reserving resources. DiffServ 

is a per-aggregate-class based service framework 

using packet tagging. Packet tagging uses bits in the 

packet header to mark a packet to create several 

packet classes for preferential treatment. In IPv4, the 

type-of-service (TOS) byte is used to mark packets. 

The TOS byte consists of a 3-bits precedence field, a 

4-bits field indicating requests for minimum delay, 

maximum throughput, maximum reliability and 

minimum cost, and one unused bit. 

The basic data path operations in routers include 

packet classification, marking, metering, policing, and 

shaping. The two basic router mechanisms are queue 

management and scheduling. They are closely related, 

but they address rather different performance issues. 

Queue management controls the length of packet 

queues by dropping or marking packets when 

necessary or appropriate, while scheduling determines 

which packet to send next and is used primarily to 

manage the allocation of bandwidth among flows 

[36]. The basic control path mechanisms include 

admission control, policy control, and bandwidth 

brokers. 

Usually it is addressed Internet routing and QoS as 

two separate issues. Merging routing with QoS can 

result in better performance. The efforts in this area 

MPLS are constraint-based routing. 

MPLS is a forwarding scheme. Packets are 

assigned labels at the ingress of a MPLS-capable 

domain. Subsequent classification, forwarding, and 

services for the packets are based on the labels. 

Traffic Engineering is the process of arranging how 

traffic flows through the network. Constraint based 

routing is to find routes that are subject to some 

constraints such as bandwidth or delay requirement.  

The network QoS by itself is not sufficient to 

deliver end-to-end QoS. End host support for QoS, 

including server QoS and application adaptation, also 

play an important role. Although important technical 

progress has been made, much work needs to be done 

before QoS mechanisms will be widely deployed [12], 

[17]. 

In [37] is described the design, implementation, 

and experimental evaluation of OverQoS, an overlay-

based architecture for enhancing the best-effort 

service of today’s Internet. Using a controlled loss 

virtual link abstraction to bound the loss rate observed 

by a traffic aggregate, OverQoS can provide a variety 

of services including: (a) smoothing packet losses; (b) 

prioritizing packets within an aggregate; (c) statistical 

loss and bandwidth guarantees.  

In [42] a framework for the emerging Internet QoS 

is presented. All the important components of this 

framework, i.e., IntServ, RSVP, DiffServ, MPLS and 

Constraint Based Routing are covered. Two likely 

service architectures are presented, and the end-to-end 

service deliveries in these two architectures are 

illustrated.  

16. Overprovisioned best effort network 

Today’s Internet provides best effort service. 

Traffic is processed as quickly as possible, but there is 

no guarantee as to timeliness or actual delivery. With 

the rapid transformation of the Internet into a 

commercial infrastructure, demands for service 

quality have rapidly developed [42]. It is becoming 

apparent that several service classes will likely be 

demanded. One service class will provide predictable 

Internet services for companies that do business on the 

Web. Such companies will be willing to pay a certain 

price to make their services reliable and to give their 

users a fast feel of their Web sites. Another service 
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class will provide low delay and low jitter services to 

applications such as Internet Telephony and Video 

Conferencing. Companies will be willing to pay a 

premium price to run a high quality videoconference 

to save travel time and cost. Finally, the best effort 

service will remain for those customers who only need 

connectivity. 

Whether mechanisms to provide QoS are needed is 

a hotly debated issue. One opinion is that fibers and 

Wavelength Division Multiplexing (WDM) will make 

bandwidth so abundant and cheap that QoS will be 

automatically delivered. The other opinion is that no 

matter how much bandwidth the networks can 

provide, new applications will be invented to consume 

them. Therefore, mechanisms will still be needed to 

provide QoS. Even if bandwidth will eventually 

become abundant and cheap, it is not going to happen 

soon. For now, some simple mechanisms are 

definitely needed in order to provide QoS on the 

Internet. Our view is supported by the fact that all the 

major router/switch vendors now provide some QoS 

mechanisms in their high-end products. 

The Internet Engineering Task Force (IETF) has 

proposed many service models and mechanisms to 

meet the demand for QoS. Notably among them are 

the IntServ/RSVP model, the DiffServ model, MPLS, 

Traffic Engineering and Constraint Based Routing 

[27-31]. Although there are many papers on each of 

these models, they are not discussed together in a 

single paper. As a result, it is difficult for readers to 

understand the relationships among them and to grasp 

the big picture of the QoS framework. 

In [32] is discussed the appropriateness of 

commonly proposed QoS mechanisms, based on an 

analysis of the statistical nature of IP traffic and the 

way this influences the performance of voice, video 

and data services. It is also discussed pricing issues 

and proposed an alternative flow-aware networking 

architecture based on novel router design called 

Cross-protect. In this architecture, performance 

requirements are satisfied without explicit service 

differentiation creating a particularly simple platform 

for the converged network. 

A recognized goal in networking is to realize the 

convergence of all communications services, voice, 

video and data, on to a common IP platform. It is 

necessary that this converged network be able to meet 

the various performance requirements of the range of 

envisaged applications, implying enhancements to the 

current “best effort” Internet. An overprovisioned best 

effort network can meet most user requirements and 

has the advantage of relatively low capital and 

operational costs. However, several disadvantages 

make simple overprovisioning inadequate as a 

solution for the converged network. It is not possible 

to provide back up selectively, just for the customers 

who are prepared to pay for it so that redundant 

capacity tends to be provided for either all traffic or 

none. The network is not able to ensure low latency 

for packets of interactive real time services while 

maintaining sufficiently high throughput for data 

transfers. Quality of service depends on the 

cooperation of users in implementing end-to-end 

congestion control. The best effort Internet does not 

have a satisfactory business model and few network 

providers currently make a profit. 

The converged network should have a pricing 

scheme ensuring return on investment while 

remaining sufficiently simple and transparent to be 

acceptable to users. Prices thus need to reflect capital 

and operational costs and this need to be kept to a 

minimum. To this end, it is necessary to perform 

efficient capacity planning and to implement simple 

traffic management. Both planning and the design of 

traffic control mechanisms require a sound 

understanding of how perceived performance depends 

on demand and available capacity. The analysis of the 

effectiveness of standard QoS mechanisms turns out 

that network performance is typically very good as 

long as demand does not exceed capacity. It is 

sufficient to give priority to packets of real time flows 

to ensure their performance requirements. On the 

other hand, performance deteriorates rapidly 

whenever demand exceeds capacity, due to a traffic 

surge or an equipment failure, for instance. QoS 

mechanisms thus tend to play the role of overload 

controls: they preserve the quality of users of 

premium services in these exceptional situations. 

We argue that a better method for dealing with 

overload is to perform proactive admission control at 

the level of a user-defined flow. This is the basis of 

the proposal for a flow-aware networking architecture. 

A recent development, known as the Cross-protect 

router, allows this architecture to meet the distinct 

performance requirements of real time and data 

transfer services without the need to explicitly 

distinguish traffic classes [44]. 

17. Contention Ratios in Network Traffic 

Modeling 

Since the dawn of the telecom service industry, 

system architects have used contention ratios to 

determine the level of investment in backhauling 

infrastructure needed to provide all required services. 

For example, the contention ratio used for PSTN 

services was 1:8, whereas the contention ratio for 



“Е+Е”, 1-2/2015 15

broadband access is factored more aggressively, 

ranging from 1:20 to 1:50 [13].  

The "contention ratio" is the maximum number of 

other people you will have to share the connection 

infrastructure [9]. Therefore, a contention ratio of 50:1 

would mean that the maximum number of people you 

could be sharing the connection with at anytime is 49 

other people. If all 50 people were downloading at the 

same time then your download speed could drop 

hugely, in reality though this does not happen and you 

can enjoy much faster download speeds. Therefore, 

from this you can see that a contention ratio of "20:1" 

should be more beneficial although for most home 

users you should not have any problems with a 

contention ratio of "50:1" now. 

Operators adjust these contention ratios 

periodically in order to reach quality of experience 

and revenue targets, while keeping an eye on 

expenses. It is important to note that worst-case 

scenario contention ratios, used primarily in defense 

and public safety networks, are rarely used in the 

telecom industry. Instead, operators design and 

implement their networks using more profitable, 

average-case scenarios.  

In a contended network, the speed a customer 

achieves is almost entirely dependent upon the 

demand that other customers are putting on the 

network at the same time. If there is no contention on 

a network, and all equipment is capable of process all 

data packets in a timely fashion, then a customer 

should be able to achieve the maximum speed of the 

connection at all times. 

18. Internet Network Oversubscription 

ISPs have long used network oversubscription. 

They recognize that users in a given area do not all 

access the Internet at the same time; therefore, ISPs 

only subscribe to a portion of their networks’ total 

potential demand. For example, an ISP that has 1,000 

subscribers with 10 Mbps service might contract for a 

100 Mbps connection rather than the maximum 10 

Gbps Internet connection its users might require. The 

ratio of a network’s maximum potential demand to its 

contracted rates is its oversubscription ratio. In this 

example, the oversubscription ratio is 100:1 [40]. 

While high oversubscription ratios can hamper the 

end user experience, low oversubscription rates may 

result in an under-utilization of resources. In [26] is 

investigated the impacts of oversubscription, both 

from a technical (OpEx, Energy footprint etc.) and 

from a value network point of view (Control and 

Value creation etc.). A multi-parameter sensitivity 

analysis of a power model is performed to establish 

that the choice of oversubscription ratio by an ISP can 

have a serious impact on their operational energy and 

capital expenditures. As a next step, a set of business 

model parameters are operationalized in order to 

evaluate and establish long-term and short-term 

impacts of network oversubscription on business 

stakeholders. Key findings include that there is a need 

to establish a fit between the technical and business 

gains of network oversubscription, and that is possible 

only when an ISP leverages its control and influence 

over its customer base to better understand and 

anticipate the network usage, thereby being able to 

promptly adapting the overall network 

oversubscription ratios. 

Oversubscription is a powerful technique to 

increase the network utilization by taking advantage 

of the fact that many customer facing links operate 

significantly below capacity most of the time. 

However, oversubscription requires careful planning 

and intelligent network design. If an oversubscribed 

link or service experiences an excess of traffic it can 

result in losses or delays that could potentially affect 

other services and links. In order to maximize profits 

and reduce waste, providers have started to explore 

the role of oversubscribing cloud resources [2]. 

Today’s networks carry a large variety of traffic of 

different types. While some of the services can be 

buffered or dropped with little or no side effects, 

many real-time services are sensitive to the smallest 

amount of delay or packet loss. Services such as voice 

can use a small amount of relative capacity, but are 

extremely sensitive to delay. Other services such as 

Internet access (fixed or mobile) are best effort and 

constitute a large majority of traffic that can be 

buffered or dropped with little or no problems. 

Besides the difference in needs among different 

services types, some services are more critical for a 

service provider than others due to the associated 

service-level agreement (SLA). This necessitates that 

certain services be given preferential treatment, 

delivering intelligence in oversubscription. This is the 

ability for operators to fine-tune configuration to 

ensure that the important services for a particular 

network and customer remain protected [3]. 

19. Summary 

In this article, it is surveyed related work in the 

literature on future telecommunication networks, 

focusing on teletraffic engineering in Internet. It is 

presented a state of the art survey about QoS over IP 

network. As we could see, the state of QoS have 

changed in the last years. There is a large research 

community working in this field in order to 

encompass QoS over IP network.  
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It is described the future Internet architectures. By 

doing this, we hope to draw an approximate overall 

picture of the up-to-date status in this area. 

It is surveyed various techniques proposed for load 

evaluation that are available on the Internet. It is 

evaluated the end-to-end Internet QoS, the 

overprovisioning of the best effort network, 

contention ratios in network traffic modeling and 

internet network oversubscription. We hope that 

present survey can give a new direction to the research 

in this field. 
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